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7KRXVDQG�2DNV��&DOLIRUQLD������
(�PDLO��RUGHU#VDJHSXE�FRP

6$*(�3XEOLFDWLRQV�/WG�
��2OLYHU¶V�<DUG
���&LW\�5RDG
/RQGRQ�(&�<��63
8QLWHG�.LQJGRP

6$*(�3XEOLFDWLRQV�,QGLD�3YW��/WG�
%���,���0RKDQ�&RRSHUDWLYH�,QGXVWULDO�$UHD
0DWKXUD�5RDG��1HZ�'HOKL��������
,QGLD

6$*(�3XEOLFDWLRQV�$VLD�3DFLILF�3WH��/WG�
��&KXUFK�6WUHHW
�������6DPVXQJ�+XE
6LQJDSRUH�������

�

$FTXLVLWLRQV�(GLWRU����5HLG�+HVWHU
$VVRFLDWH�(GLWRU����7KHUHVD�$FFRPD]]R
'LJLWDO�&RQWHQW�(GLWRU����5DFKDHO�/H%ORQG
3URGXFWLRQ�(GLWRU����/DXUD�%DUUHWW
&RS\�(GLWRU����3DXOD�/��)OHPLQJ
7\SHVHWWHU����&	0�'LJLWDOV��3��/WG�
3URRIUHDGHU����6WHIDQLH�6WRUKROW
,QGH[HU����:HQG\�$OOH[
&RYHU�'HVLJQHU����(GJDU�$EDUFD
0DUNHWLQJ�0DQDJHU����7HUUD�6FKXOW]
3HUPLVVLRQV�(GLWRU����-HQQLIHU�%DUURQ

mailto:order@sagepub.com


����6L[�0DMRU�0HWKRGV�RI�'DWD�&ROOHFWLRQ

�����6DPSOLQJ�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

�����9DOLGLW\�RI�5HVHDUFK�5HVXOWV�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG
5HVHDUFK

3$57�,9��6(/(&7,1*�$�5(6($5&+�0(7+2'

6HFWLRQ�$��4XDQWLWDWLYH�5HVHDUFK�0HWKRGV��)LYH�0DMRU�$SSURDFKHV
�����([SHULPHQWDO�5HVHDUFK��:HDN�DQG�6WURQJ�'HVLJQV

�����([SHULPHQWDO�5HVHDUFK��4XDVL�DQG�6LQJOH�&DVH�'HVLJQV

�����1RQH[SHULPHQWDO�4XDQWLWDWLYH�5HVHDUFK

6HFWLRQ�%��4XDOLWDWLYH�5HVHDUFK�0HWKRGV��)LYH�0DMRU�$SSURDFKHV�3OXV�+LVWRULFDO
5HVHDUFK

�����1DUUDWLYH�,QTXLU\�DQG�&DVH�6WXG\�5HVHDUFK
'��-HDQ�&ODQGLQLQ�DQG�5��%XUNH�-RKQVRQ

�����3KHQRPHQRORJ\��(WKQRJUDSK\��DQG�*URXQGHG�7KHRU\

�����+LVWRULFDO�5HVHDUFK

6HFWLRQ�&��0L[HG�0HWKRGV�5HVHDUFK��0DQ\�$SSURDFKHV
�����0L[HG�5HVHDUFK

3$57�9��$1$/<=,1*�7+(�'$7$

�����'HVFULSWLYH�6WDWLVWLFV

�����,QIHUHQWLDO�6WDWLVWLFV

�����'DWD�$QDO\VLV�LQ�4XDOLWDWLYH�DQG�0L[HG�5HVHDUFK

3$57�9,��:5,7,1*�7+(�5(6($5&+�5(3257

�����+RZ�WR�3UHSDUH�D�5HVHDUFK�5HSRUW�DQG�8VH�$3$�6W\OH�*XLGHOLQHV

�

$SSHQGL[��&LWDWLRQV�IRU�-RXUQDO�$UWLFOHV�1RWHG�LQ�WKH�0DUJLQV

*ORVVDU\

5HIHUHQFHV

$XWKRU�,QGH[
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$FNQRZOHGJPHQWV

3$57�,��,1752'8&7,21

� �,QWURGXFWLRQ�WR�(GXFDWLRQDO�5HVHDUFK

:K\�6WXG\�(GXFDWLRQDO�5HVHDUFK"
$UHDV�RI�(GXFDWLRQDO�5HVHDUFK
([DPSOHV�RI�(GXFDWLRQDO�5HVHDUFK
*HQHUDO�.LQGV�RI�5HVHDUFK

%DVLF�DQG�$SSOLHG�5HVHDUFK
(YDOXDWLRQ�5HVHDUFK
$FWLRQ�5HVHDUFK
2ULHQWDWLRQDO�5HVHDUFK

6RXUFHV�RI�.QRZOHGJH
([SHULHQFH
5HDVRQLQJ

7KH�6FLHQWLILF�$SSURDFK�WR�.QRZOHGJH�*HQHUDWLRQ
'\QDPLFV�RI�6FLHQFH
%DVLF�$VVXPSWLRQV�RI�6FLHQFH
6FLHQWLILF�0HWKRGV
7KHRU\
7KH�3ULQFLSOH�RI�(YLGHQFH

2EMHFWLYHV�RI�(GXFDWLRQDO�5HVHDUFK
2YHUYLHZ�RI�%RRN
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ

� �4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

&KDUDFWHULVWLFV�RI�WKH�7KUHH�5HVHDUFK�3DUDGLJPV
4XDQWLWDWLYH�5HVHDUFK�0HWKRGV��([SHULPHQWDO�DQG�1RQH[SHULPHQWDO
5HVHDUFK

9DULDEOHV
([SHULPHQWDO�5HVHDUFK
1RQH[SHULPHQWDO�5HVHDUFK

4XDOLWDWLYH�5HVHDUFK�0HWKRGV
3KHQRPHQRORJ\
(WKQRJUDSK\



1DUUDWLYH�,QTXLU\
&DVH�6WXG\�5HVHDUFK
*URXQGHG�7KHRU\
+LVWRULFDO�5HVHDUFK

0L[HG�5HVHDUFK��RU�0L[HG�0HWKRGV�5HVHDUFK�
7KH�$GYDQWDJHV�RI�0L[HG�5HVHDUFK

2XU�5HVHDUFK�7\SRORJ\
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ

� �$FWLRQ�5HVHDUFK�IRU�/LIHORQJ�/HDUQLQJ

'HILQLQJ�$FWLRQ�5HVHDUFK
2ULJLQV�RI�$FWLRQ�5HVHDUFK
%DVLF�6FLHQWLILF�5HVHDUFK�9HUVXV�$FWLRQ�5HVHDUFK
7\SHV�RI�$FWLRQ�5HVHDUFK
7KH�&\FOH�RI�$FWLRQ�5HVHDUFK
6WUHQJWKV�DQG�:HDNQHVVHV�RI�$FWLRQ�5HVHDUFK
$FWLRQ�5HVHDUFK�-RXUQDOLQJ
$FWLRQ�5HVHDUFK�LQ�WKH�5HPDLQLQJ�&KDSWHUV�RI�WKLV�%RRN
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWH

3$57�,,��3/$11,1*�7+(�5(6($5&+�678'<

� �+RZ�WR�5HYLHZ�WKH�/LWHUDWXUH�DQG�'HYHORS�5HVHDUFK�4XHVWLRQV

6RXUFHV�RI�5HVHDUFK�,GHDV
(YHU\GD\�/LIH
3UDFWLFDO�,VVXHV
3DVW�5HVHDUFK
7KHRU\

,GHDV�7KDW�&DQ¶W�%H�5HVROYHG�7KURXJK�(PSLULFDO�5HVHDUFK
5HYLHZ�RI�WKH�/LWHUDWXUH



/LWHUDWXUH�5HYLHZ�IRU�4XDQWLWDWLYH�5HVHDUFK�6WXGLHV
/LWHUDWXUH�5HYLHZ�IRU�4XDOLWDWLYH�5HVHDUFK�6WXGLHV
6RXUFHV�RI�,QIRUPDWLRQ

&RQGXFWLQJ�WKH�/LWHUDWXUH�6HDUFK
8VLQJ�'DWDEDVHV
8VLQJ�WKH�3XEOLF�,QWHUQHW

)HDVLELOLW\�RI�WKH�6WXG\
6WDWHPHQW�RI�WKH�5HVHDUFK�3UREOHP

6WDWLQJ�D�4XDQWLWDWLYH�5HVHDUFK�3UREOHP
6WDWLQJ�D�4XDOLWDWLYH�5HVHDUFK�3UREOHP

6WDWHPHQW�RI�WKH�3XUSRVH�RI�WKH�6WXG\
6WDWHPHQW�RI�3XUSRVH�LQ�D�4XDQWLWDWLYH�6WXG\
6WDWHPHQW�RI�3XUSRVH�LQ�D�4XDOLWDWLYH�6WXG\

6WDWHPHQW�RI�5HVHDUFK�4XHVWLRQV
6WDWHPHQW�RI�D�4XDQWLWDWLYH�5HVHDUFK�4XHVWLRQ
6WDWHPHQW�RI�D�4XDOLWDWLYH�5HVHDUFK�4XHVWLRQ

)RUPXODWLQJ�+\SRWKHVHV
&RQVXPHU�8VH�RI�WKH�/LWHUDWXUH
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ

� �+RZ�WR�:ULWH�D�5HVHDUFK�3URSRVDO

)UDPHZRUN�RI�WKH�5HVHDUFK�3URSRVDO
6WUDWHJLHV�IRU�:ULWLQJ�(DFK�6HFWLRQ�RI�WKH�5HVHDUFK�3URSRVDO

,QWURGXFWLRQ
0HWKRG
5HVHDUFK�3DUWLFLSDQWV
'HVLJQ
$SSDUDWXV�DQG�RU�,QVWUXPHQWV
3URFHGXUH
'DWD�$QDO\VLV
$EVWUDFW

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVH
5HOHYDQW�,QWHUQHW�6LWHV



5HFRPPHQGHG�5HDGLQJ

� �5HVHDUFK�(WKLFV

:KDW�$UH�5HVHDUFK�(WKLFV"
(WKLFDO�&RQFHUQV

5HODWLRQVKLS�%HWZHHQ�6RFLHW\�DQG�6FLHQFH
3URIHVVLRQDO�,VVXHV
7UHDWPHQW�RI�5HVHDUFK�3DUWLFLSDQWV

(WKLFDO�*XLGHOLQHV�IRU�5HVHDUFK�:LWK�+XPDQV
,QIRUPHG�&RQVHQW
,QIRUPHG�&RQVHQW�DQG�0LQRUV�DV�5HVHDUFK�3DUWLFLSDQWV
3DVVLYH�9HUVXV�$FWLYH�&RQVHQW
$GGLWLRQDO�&RQVHQW
'HFHSWLRQ
)UHHGRP�WR�:LWKGUDZ
3URWHFWLRQ�)URP�0HQWDO�DQG�3K\VLFDO�+DUP
&RQILGHQWLDOLW\��$QRQ\PLW\��DQG�WKH�&RQFHSW�RI�3ULYDF\

,QVWLWXWLRQDO�5HYLHZ�%RDUG
(WKLFDO�,VVXHV�LQ�(OHFWURQLF�5HVHDUFK

,QIRUPHG�&RQVHQW�DQG�,QWHUQHW�5HVHDUFK
3ULYDF\�DQG�,QWHUQHW�5HVHDUFK
'HEULHILQJ�DQG�,QWHUQHW�5HVHDUFK

(WKLFDO�,VVXHV�LQ�3UHSDULQJ�WKH�5HVHDUFK�5HSRUW
$XWKRUVKLS
:ULWLQJ�WKH�5HVHDUFK�5HSRUW

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ

3$57�,,,��)281'$7,216�2)�5(6($5&+

� �6WDQGDUGL]HG�0HDVXUHPHQW�DQG�$VVHVVPHQW

'HILQLQJ�0HDVXUHPHQW
6FDOHV�RI�0HDVXUHPHQW

1RPLQDO�6FDOH
2UGLQDO�6FDOH
,QWHUYDO�6FDOH



5DWLR�6FDOH
$VVXPSWLRQV�8QGHUO\LQJ�7HVWLQJ�DQG�$VVHVVPHQW
,GHQWLI\LQJ�D�*RRG�7HVW�RU�$VVHVVPHQW�3URFHGXUH

2YHUYLHZ�RI�5HOLDELOLW\�DQG�9DOLGLW\
5HOLDELOLW\
9DOLGLW\
8VLQJ�5HOLDELOLW\�DQG�9DOLGLW\�,QIRUPDWLRQ

(GXFDWLRQDO�DQG�3V\FKRORJLFDO�7HVWV
,QWHOOLJHQFH�7HVWV
3HUVRQDOLW\�7HVWV
(GXFDWLRQDO�$VVHVVPHQW�7HVWV

6RXUFHV�RI�,QIRUPDWLRQ�$ERXW�7HVWV
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
([HUFLVH�6KHHW
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

� �+RZ�WR�&RQVWUXFW�D�4XHVWLRQQDLUH

:KDW�,V�D�4XHVWLRQQDLUH"
3ULQFLSOHV�RI�4XHVWLRQQDLUH�&RQVWUXFWLRQ

3ULQFLSOH����0DNH�VXUH�WKH�TXHVWLRQQDLUH�LWHPV�PDWFK�\RXU�UHVHDUFK
REMHFWLYHV�
3ULQFLSOH����8QGHUVWDQG�\RXU�UHVHDUFK�SDUWLFLSDQWV�
3ULQFLSOH����8VH�QDWXUDO�DQG�IDPLOLDU�ODQJXDJH�
3ULQFLSOH����:ULWH�LWHPV�WKDW�DUH�FOHDU��SUHFLVH��DQG�UHODWLYHO\�VKRUW�
3ULQFLSOH����'R�QRW�XVH�³OHDGLQJ´�RU�³ORDGHG´�TXHVWLRQV�
3ULQFLSOH����$YRLG�GRXEOH�EDUUHOHG�TXHVWLRQV�
3ULQFLSOH����$YRLG�GRXEOH�QHJDWLYHV�
3ULQFLSOH����'HWHUPLQH�ZKHWKHU�DQ�RSHQ�HQGHG�RU�D�FORVHG�HQGHG
TXHVWLRQ�LV�QHHGHG�
3ULQFLSOH����8VH�PXWXDOO\�H[FOXVLYH�DQG�H[KDXVWLYH�UHVSRQVH�FDWHJRULHV
IRU�FORVHG�HQGHG�TXHVWLRQV�
3ULQFLSOH�����&RQVLGHU�WKH�GLIIHUHQW�W\SHV�RI�UHVSRQVH�FDWHJRULHV
DYDLODEOH�IRU�FORVHG�HQGHG�TXHVWLRQQDLUH�LWHPV�
3ULQFLSOH�����8VH�PXOWLSOH�LWHPV�WR�PHDVXUH�DEVWUDFW�FRQVWUXFWV�
3ULQFLSOH�����&RQVLGHU�XVLQJ�PXOWLSOH�PHWKRGV�ZKHQ�PHDVXULQJ�DEVWUDFW
FRQVWUXFWV�
3ULQFLSOH�����8VH�FDXWLRQ�LI�\RX�UHYHUVH�WKH�ZRUGLQJ�LQ�VRPH�RI�WKH�LWHPV



WR�SUHYHQW�UHVSRQVH�VHWV�LQ�PXOWL�LWHP�VFDOHV�
3ULQFLSOH�����'HYHORS�D�TXHVWLRQQDLUH�WKDW�LV�SURSHUO\�RUJDQL]HG�DQG
HDV\�IRU�WKH�SDUWLFLSDQW�WR�XVH�
3ULQFLSOH�����$OZD\V�SLORW�WHVW�\RXU�TXHVWLRQQDLUH�

3XWWLQJ�,W�$OO�7RJHWKHU
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

� �6L[�0DMRU�0HWKRGV�RI�'DWD�&ROOHFWLRQ

7HVWV
4XHVWLRQQDLUHV
,QWHUYLHZV

4XDQWLWDWLYH�,QWHUYLHZV
4XDOLWDWLYH�,QWHUYLHZV

)RFXV�*URXSV
2EVHUYDWLRQ

4XDQWLWDWLYH�2EVHUYDWLRQ
4XDOLWDWLYH�2EVHUYDWLRQ
9LVXDO�'DWD

&RQVWUXFWHG�DQG�6HFRQGDU\�RU�([LVWLQJ�'DWD
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWH
5HFRPPHQGHG�5HDGLQJ

�� �6DPSOLQJ�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

7HUPLQRORJ\�8VHG�LQ�6DPSOLQJ
5DQGRP�6DPSOLQJ�7HFKQLTXHV

6LPSOH�5DQGRP�6DPSOLQJ
6\VWHPDWLF�6DPSOLQJ
6WUDWLILHG�5DQGRP�6DPSOLQJ
&OXVWHU�5DQGRP�6DPSOLQJ

1RQUDQGRP�6DPSOLQJ�7HFKQLTXHV
&RQYHQLHQFH�6DPSOLQJ



4XRWD�6DPSOLQJ
3XUSRVLYH�6DPSOLQJ
6QRZEDOO�6DPSOLQJ

5DQGRP�6HOHFWLRQ�DQG�5DQGRP�$VVLJQPHQW
'HWHUPLQLQJ�WKH�6DPSOH�6L]H�:KHQ�5DQGRP�6DPSOLQJ�,V�8VHG
6DPSOLQJ�LQ�4XDOLWDWLYH�5HVHDUFK
6DPSOLQJ�LQ�0L[HG�5HVHDUFK
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

�� �9DOLGLW\�RI�5HVHDUFK�5HVXOWV�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG
5HVHDUFK
9DOLGLW\�,VVXHV�LQ�WKH�'HVLJQ�RI�4XDQWLWDWLYH�5HVHDUFK
,QWHUQDO�9DOLGLW\��RU�&DXVDO�9DOLGLW\�

7ZR�0DMRU�7\SHV�RI�&DXVDO�5HODWLRQVKLSV
&ULWHULD�IRU�,QIHUULQJ�&DXVDWLRQ
7KUHDWV�WR�,QWHUQDO�9DOLGLW\�LQ�6LQJOH�*URXS�'HVLJQV
7KUHDWV�WR�,QWHUQDO�9DOLGLW\�LQ�0XOWLJURXS�'HVLJQV

([WHUQDO�9DOLGLW\��RU�*HQHUDOL]LQJ�9DOLGLW\�
3RSXODWLRQ�9DOLGLW\
(FRORJLFDO�9DOLGLW\
7HPSRUDO�9DOLGLW\
7UHDWPHQW�9DULDWLRQ�9DOLGLW\
2XWFRPH�9DOLGLW\

&RQVWUXFW�9DOLGLW\
2SHUDWLRQDOLVP
7UHDWPHQW�'LIIXVLRQ

6WDWLVWLFDO�&RQFOXVLRQ�9DOLGLW\
5HVHDUFK�9DOLGLW\��RU�³7UXVWZRUWKLQHVV´?��LQ�4XDOLWDWLYH�5HVHDUFK

'HVFULSWLYH�9DOLGLW\
,QWHUSUHWLYH�9DOLGLW\
7KHRUHWLFDO�9DOLGLW\
,QWHUQDO�9DOLGLW\
([WHUQDO�9DOLGLW\

5HVHDUFK�9DOLGLW\��RU�³/HJLWLPDWLRQ´��LQ�0L[HG�5HVHDUFK
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\



.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

3$57�,9��6(/(&7,1*�$�5(6($5&+�0(7+2'

6HFWLRQ�$��4XDQWLWDWLYH�5HVHDUFK�0HWKRGV��)LYH�0DMRU�$SSURDFKHV

�� �([SHULPHQWDO�5HVHDUFK��:HDN�DQG�6WURQJ�'HVLJQV

7KH�([SHULPHQW
([SHULPHQWDO�5HVHDUFK�6HWWLQJV

)LHOG�([SHULPHQW
/DERUDWRU\�([SHULPHQW
,QWHUQHW�([SHULPHQW

,QGHSHQGHQW�9DULDEOH�0DQLSXODWLRQ
:D\V�WR�0DQLSXODWH�DQ�,QGHSHQGHQW�9DULDEOH

&RQWURO�RI�&RQIRXQGLQJ�9DULDEOHV
5DQGRP�$VVLJQPHQW
0DWFKLQJ
+ROGLQJ�WKH�([WUDQHRXV�9DULDEOH�&RQVWDQW
%XLOGLQJ�WKH�([WUDQHRXV�9DULDEOH�,QWR�WKH�5HVHDUFK�'HVLJQ
$QDO\VLV�RI�&RYDULDQFH
&RXQWHUEDODQFLQJ

([SHULPHQWDO�5HVHDUFK�'HVLJQV
:HDN�([SHULPHQWDO�5HVHDUFK�'HVLJQV
6WURQJ�([SHULPHQWDO�5HVHDUFK�'HVLJQV
)DFWRULDO�'HVLJQV
5HSHDWHG�0HDVXUHV�'HVLJQV
)DFWRULDO�'HVLJQV�%DVHG�RQ�D�0L[HG�0RGHO

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

�� �([SHULPHQWDO�5HVHDUFK��4XDVL�DQG�6LQJOH�&DVH�'HVLJQV



4XDVL�([SHULPHQWDO�5HVHDUFK�'HVLJQV
1RQHTXLYDOHQW�&RPSDULVRQ�*URXS�'HVLJQ
,QWHUUXSWHG�7LPH�6HULHV�'HVLJQ
5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQ

6LQJOH�&DVH�([SHULPHQWDO�'HVLJQV
$�%�$�DQG�$�%�$�%�'HVLJQV
0XOWLSOH�%DVHOLQH�'HVLJQ
&KDQJLQJ�&ULWHULRQ�'HVLJQ
0HWKRGRORJLFDO�&RQVLGHUDWLRQV�LQ�8VLQJ�6LQJOH�&DVH�'HVLJQV

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWH

�� �1RQH[SHULPHQWDO�4XDQWLWDWLYH�5HVHDUFK

6WHSV�LQ�1RQH[SHULPHQWDO�5HVHDUFK
,QGHSHQGHQW�9DULDEOHV�LQ�1RQH[SHULPHQWDO�5HVHDUFK
6LPSOH�&DVHV�RI�1RQH[SHULPHQWDO�4XDQWLWDWLYH�5HVHDUFK
7KUHH�5HTXLUHG�&RQGLWLRQV�IRU�&DXVH�DQG�(IIHFW�5HODWLRQVKLSV
$SSO\LQJ�WKH�7KUHH�5HTXLUHG�&RQGLWLRQV�IRU�&DXVDWLRQ�LQ�1RQH[SHULPHQWDO
5HVHDUFK
7HFKQLTXHV�RI�&RQWURO�LQ�1RQH[SHULPHQWDO�5HVHDUFK��L�H���+RZ�WR�'HVLJQ
6WURQJ�1RQH[SHULPHQWDO�5HVHDUFK�

0DWFKLQJ
+ROGLQJ�WKH�([WUDQHRXV�9DULDEOH�&RQVWDQW
6WDWLVWLFDO�&RQWURO

,QWHUOXGH��7KH�6WXG\�RI�&DXVDO�5HODWLRQVKLSV�LQ�(SLGHPLRORJ\�
&ODVVLI\LQJ�1RQH[SHULPHQWDO�5HVHDUFK�E\�7LPH�DQG�5HVHDUFK�2EMHFWLYH
7KH�7LPH�'LPHQVLRQ�LQ�1RQH[SHULPHQWDO�5HVHDUFK

&URVV�6HFWLRQDO�5HVHDUFK
/RQJLWXGLQDO�5HVHDUFK
5HWURVSHFWLYH�5HVHDUFK

7KH�5HVHDUFK�2EMHFWLYH�'LPHQVLRQ�LQ�1RQH[SHULPHQWDO�5HVHDUFK
'HVFULSWLYH�1RQH[SHULPHQWDO�5HVHDUFK
3UHGLFWLYH�1RQH[SHULPHQWDO�5HVHDUFK
([SODQDWRU\�1RQH[SHULPHQWDO�5HVHDUFK

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV



'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

6HFWLRQ�%��4XDOLWDWLYH�5HVHDUFK�0HWKRGV��)LYH�0DMRU�$SSURDFKHV�3OXV�+LVWRULFDO
5HVHDUFK

�� �1DUUDWLYH�,QTXLU\�DQG�&DVH�6WXG\�5HVHDUFK

1DUUDWLYH�,QTXLU\
,��,QWURGXFWLRQ��7KH�,PSRUWDQFH�RI�&RPLQJ�WR�7HUPV�DQG�'HILQLWLRQV
,,��'HVLJQLQJ�D�1DUUDWLYH�6WXG\
���)RXU�.H\�7HUPV�WR�6WUXFWXUH�D�1DUUDWLYH�,QTXLU\
���,QTXLU\�6WDUWLQJ�3RLQWV
���$WWHQGLQJ�WR�-XVWLILFDWLRQV�DW�WKH�,QTXLU\�2XWVHW�DQG�7KURXJKRXW�WKH
,QTXLU\
���5HVHDUFK�3X]]OHV�5DWKHU�7KDQ�5HVHDUFK�4XHVWLRQV
���(QWHULQJ�,QWR�WKH�0LGVW
���)URP�)LHOG�WR�)LHOG�7H[WV
���)URP�)LHOG�7H[WV�WR�,QWHULP�DQG�)LQDO�5HVHDUFK�7H[WV
���5HODWLRQDO�(WKLFV�DW�WKH�+HDUW�RI�1DUUDWLYH�,QTXLU\²5HODWLRQDO
5HVSRQVLELOLWLHV
,,,��1DUUDWLYH�,QTXLU\��6R�0XFK�0RUH�7KDQ�7HOOLQJ�6WRULHV

&DVH�6WXG\�5HVHDUFK
:KDW�,V�D�&DVH"
7\SHV�RI�&DVH�6WXG\�5HVHDUFK�'HVLJQV
'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
([HUFLVH�6KHHW
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWH

�� �3KHQRPHQRORJ\��(WKQRJUDSK\��DQG�*URXQGHG�7KHRU\

3KHQRPHQRORJ\
([DPSOHV�RI�3KHQRPHQRORJ\
7\SHV�RI�3KHQRPHQRORJ\



'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ
(WKQRJUDSK\

7KH�,GHD�RI�&XOWXUH
([DPSOHV�RI�(WKQRJUDSKLF�5HVHDUFK
7\SHV�RI�(WKQRJUDSKLF�5HVHDUFK
'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ

*URXQGHG�7KHRU\
&KDUDFWHULVWLFV�RI�D�*URXQGHG�7KHRU\
([DPSOH�RI�D�*URXQGHG�7KHRU\
'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
([HUFLVH�6KHHW
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWH

�� �+LVWRULFDO�5HVHDUFK

:KDW�,V�+LVWRULFDO�5HVHDUFK"
6LJQLILFDQFH�RI�+LVWRULFDO�5HVHDUFK
+LVWRULFDO�5HVHDUFK�0HWKRGRORJ\
,GHQWLILFDWLRQ�RI�WKH�5HVHDUFK�7RSLF�DQG�)RUPXODWLRQ�RI�WKH�5HVHDUFK
3UREOHP�RU�4XHVWLRQ
'DWD�&ROOHFWLRQ�RU�/LWHUDWXUH�5HYLHZ

'RFXPHQWV�DQG�2WKHU�:ULWWHQ�5HFRUGV
3KRWRJUDSKV
5HOLFV
2UDO�+LVWRULHV

+RZ�WR�/RFDWH�+LVWRULFDO�,QIRUPDWLRQ
3ULPDU\�9HUVXV�6HFRQGDU\�6RXUFHV

(YDOXDWLRQ�RI�+LVWRULFDO�6RXUFHV
([WHUQDO�&ULWLFLVP
,QWHUQDO�&ULWLFLVP

'DWD�6\QWKHVLV�DQG�5HSRUW�3UHSDUDWLRQ
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV



5HFRPPHQGHG�5HDGLQJ

6HFWLRQ�&��0L[HG�0HWKRGV�5HVHDUFK��0DQ\�$SSURDFKHV

�� �0L[HG�5HVHDUFK

7KH�5HVHDUFK�&RQWLQXXP
7\SHV�RI�0L[HG�5HVHDUFK�'HVLJQV

([DPSOHV�RI�4XDOLWDWLYHO\�'ULYHQ��4XDQWLWDWLYHO\�'ULYHQ��DQG�(TXDO�
(PSKDVLV�RU�,QWHUDFWLYH�6WXGLHV

6WDJHV�RI�WKH�0L[HG�5HVHDUFK�3URFHVV
6WHS����'HWHUPLQH�:KHWKHU�D�0L[HG�'HVLJQ�,V�$SSURSULDWH
6WHS����'HWHUPLQH�WKH�5DWLRQDOH�IRU�8VLQJ�D�0L[HG�'HVLJQ
6WHS����6HOHFW�RU�&RQVWUXFW�WKH�0L[HG�5HVHDUFK�'HVLJQ�DQG�0L[HG
6DPSOLQJ�'HVLJQ
6WHS����&ROOHFW�'DWD
6WHS����$QDO\]H�WKH�'DWD
6WHS����&RQWLQXDOO\�9DOLGDWH�WKH�'DWD
6WHS����&RQWLQXDOO\�,QWHUSUHW�WKH�'DWD�DQG�)LQGLQJV
6WHS����:ULWH�WKH�5HVHDUFK�5HSRUW

/LPLWDWLRQV�RI�0L[HG�5HVHDUFK
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ

3$57�9��$1$/<=,1*�7+(�'$7$

�� �'HVFULSWLYH�6WDWLVWLFV

'HVFULSWLYH�6WDWLVWLFV
)UHTXHQF\�'LVWULEXWLRQV
*UDSKLF�5HSUHVHQWDWLRQV�RI�'DWD

%DU�*UDSKV
+LVWRJUDPV
/LQH�*UDSKV
6FDWWHU�3ORWV

0HDVXUHV�RI�&HQWUDO�7HQGHQF\
0RGH
0HGLDQ
0HDQ



$�&RPSDULVRQ�RI�WKH�0HDQ��0HGLDQ��DQG�0RGH
0HDVXUHV�RI�9DULDELOLW\

5DQJH
9DULDQFH�DQG�6WDQGDUG�'HYLDWLRQ
6WDQGDUG�'HYLDWLRQ�DQG�WKH�1RUPDO�'LVWULEXWLRQ

0HDVXUHV�RI�5HODWLYH�6WDQGLQJ
3HUFHQWLOH�5DQNV
]�6FRUHV

([DPLQLQJ�5HODWLRQVKLSV�$PRQJ�9DULDEOHV
&RQWLQJHQF\�7DEOHV
5HJUHVVLRQ�$QDO\VLV

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

�� �,QIHUHQWLDO�6WDWLVWLFV

6DPSOLQJ�'LVWULEXWLRQV
6DPSOLQJ�'LVWULEXWLRQ�RI�WKH�0HDQ

(VWLPDWLRQ
3RLQW�(VWLPDWLRQ
,QWHUYDO�(VWLPDWLRQ

+\SRWKHVLV�7HVWLQJ
1XOO�DQG�$OWHUQDWLYH�+\SRWKHVHV
'LUHFWLRQDO�$OWHUQDWLYH�+\SRWKHVHV
([DPLQLQJ�WKH�3UREDELOLW\�9DOXH�DQG�0DNLQJ�D�'HFLVLRQ
7KH�+\SRWKHVLV�7HVWLQJ�'HFLVLRQ�0DWUL[
&RQWUROOLQJ�WKH�5LVN�RI�(UURUV

+\SRWKHVLV�7HVWLQJ�LQ�3UDFWLFH
W�7HVW�IRU�,QGHSHQGHQW�6DPSOHV
2QH�:D\�$QDO\VLV�RI�9DULDQFH
3RVW�+RF�7HVWV�LQ�$QDO\VLV�RI�9DULDQFH
W�7HVW�IRU�&RUUHODWLRQ�&RHIILFLHQWV
W�7HVW�IRU�5HJUHVVLRQ�&RHIILFLHQWV
&KL�6TXDUH�7HVW�IRU�&RQWLQJHQF\�7DEOHV
2WKHU�6LJQLILFDQFH�7HVWV

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV



'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
([HUFLVH�6KHHW
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

�� �'DWD�$QDO\VLV�LQ�4XDOLWDWLYH�DQG�0L[HG�5HVHDUFK

,QWHULP�$QDO\VLV
0HPRLQJ
$QDO\VLV�RI�9LVXDO�'DWD
'DWD�(QWU\�DQG�6WRUDJH
6HJPHQWLQJ��&RGLQJ��DQG�'HYHORSLQJ�&DWHJRU\�6\VWHPV

,QGXFWLYH�DQG�$�3ULRUL�&RGHV
&R�2FFXUULQJ�DQG�)DFHVKHHW�&RGHV

(QXPHUDWLRQ
&UHDWLQJ�+LHUDUFKLFDO�&DWHJRU\�6\VWHPV
,GHQWLI\LQJ�5HODWLRQVKLSV�$PRQJ�&DWHJRULHV

'UDZLQJ�'LDJUDPV
&RUURERUDWLQJ�DQG�9DOLGDWLQJ�5HVXOWV
&RPSXWHU�3URJUDPV�IRU�4XDOLWDWLYH�'DWD�$QDO\VLV
'DWD�$QDO\VLV�LQ�0L[HG�5HVHDUFK

0L[HG�$QDO\VLV�0DWUL[
$QDO\WLFDO�3URFHGXUHV�LQ�0L[HG�'DWD�$QDO\VLV

$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUPV
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVH
([HUFLVH�6KHHW
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ
1RWHV

3$57�9,��:5,7,1*�7+(�5(6($5&+�5(3257

�� �+RZ�WR�3UHSDUH�D�5HVHDUFK�5HSRUW�DQG�8VH�$3$�6W\OH�*XLGHOLQHV

*HQHUDO�3ULQFLSOHV�5HODWHG�WR�:ULWLQJ�WKH�5HVHDUFK�5HSRUW��,�
/DQJXDJH��,���
(GLWRULDO�6W\OH��,���
5HIHUHQFH�/LVW��,���



7\SLQJ��,���
:ULWLQJ�DQ�$3$�6W\OH�4XDQWLWDWLYH�5HVHDUFK�5HSRUW��,,�

7LWOH�3DJH��,,���
$EVWUDFW��,,���
,QWURGXFWLRQ��,,���
0HWKRG��,,���
5HVXOWV��,,���
'LVFXVVLRQ��,,���
5HIHUHQFHV��,,���
)RRWQRWHV��,,���
7DEOHV��,,���
)LJXUHV��,,����

([DPSOH�RI�DQ�$3$�6W\OH�0DQXVFULSW
:ULWLQJ�4XDOLWDWLYH�5HVHDUFK�5HSRUWV
:ULWLQJ�0L[HG�5HVHDUFK�5HSRUWV
$FWLRQ�5HVHDUFK�5HIOHFWLRQ
6XPPDU\
.H\�7HUP
'LVFXVVLRQ�4XHVWLRQV
5HVHDUFK�([HUFLVHV
5HOHYDQW�,QWHUQHW�6LWHV
5HFRPPHQGHG�5HDGLQJ

$SSHQGL[��&LWDWLRQV�IRU�-RXUQDO�$UWLFOHV�1RWHG�LQ�WKH�0DUJLQV

*ORVVDU\

5HIHUHQFHV

$XWKRU�,QGH[

6XEMHFW�,QGH[

$ERXW�WKH�$XWKRUV



:

35()$&(

HOFRPH� WR� WKH� ILIWK� HGLWLRQ� RI� (GXFDWLRQDO� 5HVHDUFK�� 4XDQWLWDWLYH�
4XDOLWDWLYH�� DQG� 0L[HG� $SSURDFKHV�� 7KLV� WH[W� LV� ZULWWHQ� IRU� WKH
LQWURGXFWRU\�UHVHDUFK�PHWKRGV�FRXUVH�WKDW�LV�UHTXLUHG�LQ�PRVW�FROOHJHV

LQ�WKH�8QLWHG�6WDWHV��:H�DVVXPH�QR�SULRU�NQRZOHGJH�RI�UHVHDUFK�PHWKRGV�RQ�WKH�SDUW
RI�RXU�UHDGHUV��2XU�ERRN�FDQ�EH�XVHG�DV�D�ILUVW�WH[W�IRU�XQGHUJUDGXDWH��RU�JUDGXDWH�
OHYHO� FRXUVHV�� ,QVWUXFWRUV� VKRXOG� EH� DEOH� WR� FRYHU� WKH� PDWHULDO� LQ� RQH� VHPHVWHU�
,QVWUXFWRUV�DOVR�FDQ�FKRRVH�WR�HPSKDVL]H�VRPH�PDWHULDO�RYHU�WKH�RWKHU�

385326(
:H�KDG�VHYHUDO�SXUSRVHV�LQ�ZULWLQJ�WKLV�WH[WERRN��7KH�ILUVW�ZDV�D�GHVLUH�WR�ZULWH�DQ
LQWURGXFWRU\� UHVHDUFK� PHWKRGV� ERRN� WKDW� ZDV� DFFXUDWH� DQG� XS�WR�GDWH��:H� FRPH
IURP� LQWHUGLVFLSOLQDU\� EDFNJURXQGV� DQG� KDYH� DWWHPSWHG� WR� LQFRUSRUDWH� RXU
UHVSHFWLYH� LQVLJKWV� LQWR� WKLV� ERRN�� 'U�� -RKQVRQ� LV� DQ� HGXFDWLRQDO� UHVHDUFK
PHWKRGRORJLVW� DQG� SURJUDP� HYDOXDWRU�� ZLWK� DGGLWLRQDO� JUDGXDWH� WUDLQLQJ� LQ
SV\FKRORJ\�� SXEOLF� SROLF\�� DQG� VRFLRORJ\�� 'U�� &KULVWHQVHQ� LV� D� SV\FKRORJLFDO
UHVHDUFK� PHWKRGRORJLVW� DQG� WKH� DXWKRU� RI� D� KLJKO\� VXFFHVVIXO� ERRN� HQWLWOHG
([SHULPHQWDO� 0HWKRGRORJ\� �QRZ� LQ� LWV� ��WK� HGLWLRQ� XQGHU� WKH� WLWOH� 5HVHDUFK
0HWKRGV��'HVLJQ��DQG�$QDO\VLV���:H�KDYH�NHSW�XS�ZLWK�WKH�FKDQJHV�WDNLQJ�SODFH�LQ
WKH�ILHOG�RI�UHVHDUFK�PHWKRGV�LQ�RXU�GLVFLSOLQHV��DQG�ZH�FRQWLQXH�WR�LQFRUSRUDWH�WKH
ODWHVW� LQIRUPDWLRQ� LQ� WKLV� WH[WERRN�� LQFOXGLQJ� UHIHUHQFHV� WKDW� DOORZ� LQWHUHVWHG
UHDGHUV�WR�IXUWKHU�H[DPLQH�RULJLQDO�VRXUFHV�

6HFRQG�� ZH� KDYH� WULHG� WR� ZULWH� D� UHVHDUFK� PHWKRGV� WH[WERRN� WKDW� WDNHV� DQ
HYHQKDQGHG�DSSURDFK�WR�WKH�GLIIHUHQW�W\SHV�RI�HGXFDWLRQDO�UHVHDUFK��:KHUHDV�PDQ\
WH[WV� HPSKDVL]H� RQH�PHWKRG� DW� WKH� H[SHQVH� RI� RWKHUV�� ZH� EHOLHYH� WKDW� DOO� PDMRU
DSSURDFKHV�WR�UHVHDUFK�GLVFXVVHG�LQ�WKLV�WH[W�KDYH�PHULW�ZKHQ�WKH\�DUH�HPSOR\HG
FDUHIXOO\�DQG�SURSHUO\��:H�VKRZ�WKH�VWUHQJWKV�DQG�DSSURSULDWHQHVV�RI�HDFK�PHWKRG
DQG� GHPRQVWUDWH� KRZ� WKH� H[SHUWV� LQ� HDFK� DUHD� FRQGXFW� KLJK�TXDOLW\� UHVHDUFK� DQG
KRZ�WKH\�YLHZ�WKHLU�DSSURDFK�WR�UHVHDUFK�

7KLUG��ZH�KDYH�WULHG�WR�PDNH�RXU�WH[WERRN�KLJKO\�UHDGDEOH�DQG�WR�PDNH�OHDUQLQJ
DERXW� UHVHDUFK� IXQ�� %HOLHYH� LW� RU� QRW�� OHDUQLQJ� DERXW� UHVHDUFK� PHWKRGV� FDQ� EH
H[FLWLQJ��:H�DUH�H[FLWHG�DERXW�UHVHDUFK�PHWKRGV��DQG�ZH�VKDUH�RXU�HQWKXVLDVP�ZLWK
\RX�ZLWKRXW�ORVLQJ�WKH�QHFHVVDU\�ULJRU�

)LQDOO\�� ZH� KDYH� WULHG� WR� HQDEOH� UHDGHUV� WR� EHFRPH� FULWLFDO� FRQVXPHUV� RI
UHVHDUFK�DQG�XVHUV� RI� UHVHDUFK��:H� VXVSHFW� WKDW�PRVW� UHDGHUV�RI� WKLV� WH[W�ZLOO� EH
FDOOHG�RQ�DW� VRPH�SRLQW� LQ� WKHLU� FDUHHUV� WR� VXPPDUL]H� UHVHDUFK� OLWHUDWXUH��ZULWH�D



UHVHDUFK� SURSRVDO�� FRQVWUXFW� D� TXHVWLRQQDLUH�� RU� WHVW� DQ� LGHD� HPSLULFDOO\�
(GXFDWLRQDO�5HVHDUFK��ILIWK�HGLWLRQ��ZLOO�KHOS�SUHSDUH�\RX�IRU�WKHVH�DFWLYLWLHV�DQG
ZLOO�KHOS�\RX�EHFRPH�DGHSW�DW� UHDGLQJ��XQGHUVWDQGLQJ��FULWLTXLQJ��DQG�EXLOGLQJ�RQ
SXEOLVKHG�HPSLULFDO�UHVHDUFK�DUWLFOHV�

25*$1,=$7,21�2)�7+(�%22.
:H�KDYH�RUJDQL]HG� WKH�ILIWK�HGLWLRQ�RI�(GXFDWLRQDO�5HVHDUFK� WR� IROORZ� WKH�PDMRU
FRPSRQHQWV�RU�VWHSV�LQYROYHG�LQ�WKH�UHVHDUFK�SURFHVV�

3DUW�,��,QWURGXFWLRQ
,Q�WKLV�VHFWLRQ�ZH�LQWURGXFH�\RX�WR�WKH�ILHOG�RI�HGXFDWLRQDO�UHVHDUFK��:H�EHJLQ

E\� GHILQLQJ� VFLHQFH� LQ� DQ� LQFOXVLYH� ZD\� DQG� H[SODLQLQJ� WKH� JHQHUDO� UHVHDUFK
SURFHVV�� :H� GLVFXVV� LQGXFWLYH� DQG� GHGXFWLYH� UHDVRQLQJ�� DQG� ZH� GHVFULEH� WKH
H[SORUDWRU\� �NQRZOHGJH�JHQHUDWLRQ�� DQG� FRQILUPDWRU\� �NQRZOHGJH�WHVWLQJ�
FRPSRQHQWV�RI�WKH�UHVHDUFK�ZKHHO��:H�RXWOLQH�VRPH�JHQHUDO�DUHDV�RI�UHVHDUFK��VXFK
DV� EDVLF� UHVHDUFK�� DSSOLHG� UHVHDUFK�� DFWLRQ� UHVHDUFK�� HYDOXDWLRQ� UHVHDUFK�� DQG
RULHQWDWLRQDO� UHVHDUFK�� :H� H[DPLQH� WKH� WKUHH� PDMRU� UHVHDUFK� SDUDGLJPV�� ���
TXDQWLWDWLYH� UHVHDUFK�� ���� TXDOLWDWLYH� UHVHDUFK�� DQG� ����PL[HG� UHVHDUFK�� /DVW�� ZH
LQFOXGH�D�QHZ�FKDSWHU�RQ�DFWLRQ�UHVHDUFK�WR�HQJDJH�VWXGHQWV�LQ�WKLQNLQJ�DERXW�DQG
DSSO\LQJ�WKH�LGHDV�GLVFXVVHG�LQ�WKLV�ERRN��(DFK�RI�WKH�UHPDLQLQJ����FKDSWHUV�HQGV
ZLWK�D�VHFWLRQ�HQWLWOHG�³$FWLRQ�5HVHDUFK�5HIOHFWLRQ´�²WKH�SXUSRVH�RI�WKLV�VHFWLRQ
LV� WR� KHOS� VWXGHQWV� UHIOHFW� RQ� WKH� FKDSWHU�PDWHULDO� DQG� UHODWH� LW� WR� WKHLU� OLYHV� DQG
SODFHV�RI�ZRUN�

3DUW�,,��3ODQQLQJ�WKH�5HVHDUFK�6WXG\
,Q� WKLV� VHFWLRQ� ZH� FDUHIXOO\� H[SODLQ� KRZ� WR� FRPH� XS� ZLWK� D� UHVHDUFK� LGHD�

FRQGXFW� D� UHYLHZ� RI� WKH� UHVHDUFK� OLWHUDWXUH�� ZULWH� UHVHDUFK� TXHVWLRQV� DQG
K\SRWKHVHV�� DQG� RUJDQL]H� DQG� ZULWH� D� UHVHDUFK� SURSRVDO�� :H� DOVR� H[SODLQ� WKH
LPSRUWDQFH�RI�HWKLFV�LQ�HGXFDWLRQDO�UHVHDUFK�DQG�KRZ�WR�ZULWH�DQ�LQIRUPHG�FRQVHQW
IRUP��8SRQ� FRPSOHWLRQ� RI� WKLV� VHFWLRQ�� VWXGHQWV�ZLOO� EH� UHDG\� WR� EHJLQ�ZULWLQJ� D
UHVHDUFK�SURSRVDO�

3DUW�,,,��)RXQGDWLRQV�RI�5HVHDUFK
,Q� 3DUW� ,,,� ZH� FRYHU� FRQFHSWV� WKDW� UHVHDUFKHUV� PXVW� PDVWHU� EHIRUH� IXOO\

XQGHUVWDQGLQJ� RU� FRQGXFWLQJ� D� UHVHDUFK� VWXG\�� :H� EHJLQ� ZLWK� DQ� LQWURGXFWLRQ� WR
PHDVXUHPHQW��:LWKRXW�UHOLDEOH�DQG�YDOLG�PHDVXUHPHQW��QRWKLQJ�HOVH�UHDOO\�PDWWHUV
EHFDXVH�SRRU�GDWD�TXDOLW\�FDQQRW�EH�IL[HG��1H[W�ZH�GLVFXVV�WKH�VL[�PDMRU�PHWKRGV
RI� GDWD� FROOHFWLRQ�� WHVWV�� TXHVWLRQQDLUHV�� LQWHUYLHZV�� IRFXV� JURXSV�� REVHUYDWLRQV�
DQG�FRQVWUXFWHG�DQG�VHFRQGDU\�RU�H[LVWLQJ�GDWD��:H�WKHQ�H[SODLQ�WKH�SURFHGXUHV�IRU
VHOHFWLQJ�VDPSOHV�RI�SHRSOH�WR�SDUWLFLSDWH�LQ�D�UHVHDUFK�VWXG\��)LQDOO\��ZH�GLVFXVV
WKH� LPSRUWDQFH� RI� UHVHDUFK� YDOLGLW\� �RU� WUXVWZRUWKLQHVV� RU� OHJLWLPDWLRQ�� LQ



TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG�UHVHDUFK��VKRZLQJ�WKH�SULPDU\�WKUHDWV� WR�JRRG
UHVHDUFK�DQG�SURYLGLQJ�VSHFLILF�WHFKQLTXHV�XVHG�WR�SUHYHQW�PLVWDNHV�

3DUW�,9��6HOHFWLQJ�D�5HVHDUFK�0HWKRG
,Q�3DUW�,9�ZH�SURYLGH�H[WHQVLYH�GLVFXVVLRQ�RI�WKH�PDMRU�PHWKRGV�RI�UHVHDUFK�RU

³UHVHDUFK�PHWKRGV´�DQG�GHPRQVWUDWH�KRZ�WR�PDWFK�WKH�DSSURSULDWH�UHVHDUFK�GHVLJQ
ZLWK�YDULRXV�UHVHDUFK�TXHVWLRQV��:H�GLYLGH�3DUW�,9�LQWR�WKUHH�VHFWLRQV��,Q�6HFWLRQ�$
ZH� H[SODLQ� WKH� ILYH� PDMRU� DSSURDFKHV� WR� TXDQWLWDWLYH� UHVHDUFK²VWURQJ
H[SHULPHQWDO� UHVHDUFK�� TXDVL�H[SHULPHQWDO� UHVHDUFK��ZHDN� H[SHULPHQWDO� UHVHDUFK�
VLQJOH�FDVH� UHVHDUFK��DQG�QRQH[SHULPHQWDO�TXDQWLWDWLYH� UHVHDUFK�� ,Q�6HFWLRQ�%�ZH
H[SODLQ�WKH�ILYH�PDMRU�DSSURDFKHV�WR�TXDOLWDWLYH�UHVHDUFK²QDUUDWLYH�LQTXLU\��FDVH
VWXG\�UHVHDUFK��SKHQRPHQRORJ\��HWKQRJUDSK\��DQG�JURXQGHG� WKHRU\�� ,Q� WKLV�VHFWLRQ�
ZH� DOVR� H[SODLQ� KLVWRULFDO� UHVHDUFK�� ,Q� 6HFWLRQ� &� ZH� H[SODLQ� PL[HG� PHWKRGV
UHVHDUFK��ZKLFK�LQFOXGHV�PDQ\�DSSURDFKHV�DQG�SRVVLELOLWLHV�

3DUW�9��$QDO\]LQJ�WKH�'DWD
,Q� WKLV� VHFWLRQ� ZH� SURYLGH� WZR� FKDSWHUV� RQ� TXDQWLWDWLYH� GDWD� DQDO\VLV

�GHVFULSWLYH� DQG� LQIHUHQWLDO� VWDWLVWLFV�� DQG� RQH� FKDSWHU� RQ� KRZ� WR� DQDO\]H
TXDOLWDWLYH�DQG�PL[HG�UHVHDUFK�GDWD�

3DUW�9,��:ULWLQJ�WKH�5HVHDUFK�5HSRUW
,Q�WKLV�ILQDO�SDUW��ZH�H[SODLQ�KRZ�WR�SUHSDUH�UHVHDUFK�PDQXVFULSWV�LQ�D�IRUPDW

WKDW�FDQ�EH�VXEPLWWHG�WR�DQ�DFDGHPLF�MRXUQDO�IRU�SXEOLFDWLRQ��:H�H[SODLQ�KRZ�WR�XVH
WKH� JXLGHOLQHV� IURP� WKH� �WK� HGLWLRQ� RI� WKH�3XEOLFDWLRQ�0DQXDO� RI� WKH� $PHULFDQ
3V\FKRORJLFDO�$VVRFLDWLRQ���������WKH�JXLGHOLQHV�UHTXLUHG�E\�WKH�YDVW�PDMRULW\�RI
MRXUQDOV�LQ�HGXFDWLRQ�DQG�SV\FKRORJ\�

)($785(6�2)�7+(�7(;7
:H�KDYH�LQFOXGHG�VHYHUDO�IHDWXUHV�LQ�WKH�ILIWK�HGLWLRQ�RI�(GXFDWLRQDO�5HVHDUFK� WR
PDNH�WKH�WDVN�RI�OHDUQLQJ�DERXW�UHVHDUFK�HDVLHU�IRU�VWXGHQWV�

,Q�DGGLWLRQ�WR�RSHQLQJ�YLJQHWWHV�WKDW�FRQQHFW�UHVHDUFK�ZLWK�FXUUHQW�HYHQWV��HDFK
FKDSWHU�EHJLQV�ZLWK�D�OLVW�RI�REMHFWLYHV�WR�JHW�VWXGHQWV�WKLQNLQJ�DERXW�ZKDW�WKH\�DUH
JRLQJ�WR�OHDUQ�

:LWKLQ� WKH�FKDSWHUV��VHYHUDO� OHDUQLQJ�DLGV�DVVLVW�ZLWK�UHYLHZLQJ�NH\�FRQFHSWV�
7KHVH� LQFOXGH� PDUJLQ� GHILQLWLRQV� RI� DOO� WKH� NH\� WHUPV�� PXOWLSOH� H[DPSOHV� RI
FRQFHSWV� IURP� SXEOLVKHG� UHVHDUFK� VWXGLHV�� UHYLHZ� TXHVWLRQV� DW� WKH� HQG� RI�PDMRU
VHFWLRQV��DQG�PDUJLQ� LFRQV� WR�FRQQHFW� WKH� UHDGHU� WR� MRXUQDO�DUWLFOHV�DQG� WRROV�DQG
WLSV�SURYLGHG�DW�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH�

(DFK�FKDSWHU�HQGV�ZLWK�D�IXOO�FKDSWHU�VXPPDU\��D�OLVW�RI�WKH�NH\�WHUPV�XVHG�LQ
WKH�FKDSWHU��GLVFXVVLRQ�TXHVWLRQV��UHVHDUFK�H[HUFLVHV��UHOHYDQW�,QWHUQHW�VLWHV��DQG



UHFRPPHQGHG�UHDGLQJ�

1(:�72�7+(�),)7+�(',7,21
:H� KDYH� PDGH� PXOWLSOH� FKDQJHV� LQ� WKH� ILIWK� HGLWLRQ� WR� EHWWHU� UHIOHFW� WKH� ODWHVW
DGYDQFHV� LQ�HGXFDWLRQDO� UHVHDUFK�DQG� WR� LPSURYH� WKH� VWXGHQW� OHDUQLQJ�H[SHULHQFH�
7KH�IROORZLQJ�DUH�RI�SDUWLFXODU�QRWH�

�� � $GGHG� D� QHZ� FKDSWHU� HDUO\� LQ� WKH� ERRN� �&KDSWHU� ��� HQWLWOHG� ³$FWLRQ
5HVHDUFK� IRU� /LIHORQJ� /HDUQLQJ�´� 7KH� SXUSRVH� RI� WKLV� FKDSWHU� LV� WR�PDNH
OHDUQLQJ� DERXW� UHVHDUFK� UHOHYDQW� WR� VWXGHQWV� DQG� HPSKDVL]H� KRZ� WR� WKLQN
DERXW�FRQGXFWLQJ� UHJXODU� VFLHQWLILF� UHVHDUFK�DQG�DFWLRQ� UHVHDUFK� �ZKLFK� LV
PRUH�ORFDOO\�IRFXVHG��

�� � $GGHG� D� VHFWLRQ� LQ� &KDSWHUV� �� WKURXJK� ��� GLUHFWO\� EHIRUH� WKH� FKDSWHU
VXPPDU\�HQWLWOHG�³$FWLRQ�5HVHDUFK�5HIOHFWLRQ�´�7KLV�LV�GHVLJQHG�WR�HQJDJH
VWXGHQWV� LQ� WKLQNLQJ� DERXW� WKH�PDWHULDO� LQ� HDFK� FKDSWHU� DQG� DSSO\LQJ� LW� LQ
WKHLU�OLYHV�DQG�ZRUN�

�� � ,Q�&KDSWHU���� XSGDWHG� WKH�$(5$� HWKLFDO� FRGH� WR� WKH�PRVW� UHFHQW� YHUVLRQ
�L�H���������DQG�DGGHG�GHILQLWLRQV�RI�QRQPDOHILFHQFH�DQG�EHQHILFHQFH�

�� � ,Q�&KDSWHU���� WKH� ODVW� RI� WKH� VL[�PDMRU�PHWKRGV�RI� GDWD� FROOHFWLRQ� LV� QRZ
ODEHOHG�³&RQVWUXFWHG�DQG�6HFRQGDU\�RU�([LVWLQJ�'DWD�´

�� � ,Q� &KDSWHU� ���� XSGDWHG� PDWHULDO� RQ� WULDQJXODWLRQ� DQG� DGGHG� D� YDOLGLW\
VWUDWHJ\�IRU�TXDOLWDWLYH�UHVHDUFK�FDOOHG�³FULWLFDO�IULHQG�´

�� � 'LYLGHG� ³3DUW� ,9�� 6HOHFWLQJ� D� 5HVHDUFK� 0HWKRG´� LQWR� WKUHH� VHFWLRQV�
6HFWLRQ� $� LV� HQWLWOHG� ³4XDQWLWDWLYH� 5HVHDUFK� 0HWKRGV�� )LYH� 0DMRU
$SSURDFKHV´�� 6HFWLRQ� %� LV� ³4XDOLWDWLYH� 5HVHDUFK� 0HWKRGV�� )LYH� 0DMRU
$SSURDFKHV�3OXV�+LVWRULFDO�5HVHDUFK´��DQG�6HFWLRQ�&�LV�³0L[HG�0HWKRGV
5HVHDUFK��0DQ\�$SSURDFKHV�´

�� � $GGHG� D� FKDSWHU� WLWOHG� ³1DUUDWLYH� ,QTXLU\� DQG� &DVH� 6WXG\� 5HVHDUFK�´
&KDSWHU���� LV�FRZULWWHQ�E\�RQH�RI� WKH� OHDGLQJ�QDUUDWLYH� LQTXLU\�H[SHUWV� LQ
WKH�ZRUOG��'��-HDQ�&ODQGLQLQ��DORQJ�ZLWK�5��%XUNH�-RKQVRQ�

���,Q�&KDSWHU�����DGGHG�DQ�H[SODQDWLRQ�RI�KRZ�WR�FRQVWUXFW�D�PL[HG�GHVLJQ�LQ
DGGLWLRQ�WR�VHOHFWLQJ�RQH�RI�WKH�EDVLF�GHVLJQV�

$1&,//$5,(6�)25�,16758&7256�$1'�678'(176
$GGLWLRQDO�DQFLOODU\�PDWHULDOV�IXUWKHU�VXSSRUW�DQG�HQKDQFH�WKH�OHDUQLQJ�JRDOV�RI�WKH
ILIWK� HGLWLRQ� RI� (GXFDWLRQDO� 5HVHDUFK�� 4XDQWLWDWLYH�� 4XDOLWDWLYH�� DQG� 0L[HG
$SSURDFKHV��7KHVH�DQFLOODU\�PDWHULDOV�LQFOXGH�WKH�IROORZLQJ�

3DVVZRUG�3URWHFWHG�,QVWUXFWRU�7HDFKLQJ�6LWH



ZZZ�VDJHSXE�FRP�EMRKQVRQ�H�
7KLV� SDVVZRUG�SURWHFWHG� VLWH� RIIHUV� LQVWUXFWRUV� D� YDULHW\� RI� UHVRXUFHV� WKDW

VXSSOHPHQW�WKH�ERRN�PDWHULDO��LQFOXGLQJ�WKH�IROORZLQJ�

�� � $Q� HOHFWURQLF� WHVW� EDQN�� DYDLODEOH� WR� 3&V� WKURXJK�5HVSRQGXV� VRIWZDUH�
RIIHUV�D�ODUJH�DQG�GLYHUVH�VHW�RI�WHVW�TXHVWLRQV�DQG�DQVZHUV�IRU�HDFK�FKDSWHU
RI� WKH� ERRN� �WKH� WRWDO� QXPEHU� LV� PRUH� WKDQ� ��������� 0XOWLSOH�FKRLFH� DQG
WUXH�IDOVH� TXHVWLRQV� DUH� LQFOXGHG� IRU� HYHU\� FKDSWHU� WR� DLG� LQVWUXFWRUV� LQ
DVVHVVLQJ�VWXGHQWV¶�SURJUHVV�DQG�XQGHUVWDQGLQJ�

���3RZHU3RLQW�SUHVHQWDWLRQV�DUH�GHVLJQHG�WR�DVVLVW�ZLWK�OHFWXUH�DQG�UHYLHZ�
KLJKOLJKWLQJ�HVVHQWLDO�FRQWHQW��IHDWXUHV��DQG�DUWZRUN�IURP�WKH�ERRN�

���&DUHIXOO\�VHOHFWHG��ZHE�EDVHG�YLGHR�UHVRXUFHV�IHDWXUH�UHOHYDQW�FRQWHQW�IRU
XVH�LQ�LQGHSHQGHQW�DQG�FODVVURRP�EDVHG�H[SORUDWLRQ�RI�NH\�WRSLFV�

�� �7HDFKLQJ�WLSV� DUH�GHVLJQHG� WR�KHOS� LQVWUXFWRUV�FRQFHSWXDOL]H� WKHLU�RYHUDOO
WHDFKLQJ�SODQ�IRU�HDFK�FKDSWHU�

�� �/HFWXUH�QRWHV� VXPPDUL]H� NH\� FRQFHSWV� RQ� D� FKDSWHU�E\�FKDSWHU� EDVLV� WR
DVVLVW�LQ�SUHSDULQJ�IRU�OHFWXUH�DQG�FODVV�GLVFXVVLRQ�

���/LYHO\�DQG�VWLPXODWLQJ�LGHDV�IRU�FODVV�DFWLYLWLHV�LQ�DQG�RXW�RI�WKH�FODVVURRP
DUH�SURYLGHG��7KHVH�DUH�GHVLJQHG�WR�UHLQIRUFH�DFWLYH�OHDUQLQJ�

�� �/LQNV� WR� UHOHYDQW�ZHE�UHVRXUFHV� GLUHFW� LQVWUXFWRUV� WR� DGGLWLRQDO� WRROV� IRU
IXUWKHU�UHVHDUFK�RQ�LPSRUWDQW�FKDSWHU�WRSLFV�

���'RZQORDGDEOH�YHUVLRQV�RI�WKH�WDEOHV��ILJXUHV��DQG�ZRUNVKHHWV�DUH�SURYLGHG�
�� � 7KH� DXWKRUV� KDYH� SURYLGHG� VXJJHVWHG� DQVZHUV� WR� WKH� UHYLHZ�TXHVWLRQV
WKDW�DUH�IRXQG�WKURXJKRXW�HDFK�FKDSWHU�

���6DPSOH�V\OODEL�IRU�TXDUWHU��VHPHVWHU��DQG�RQOLQH�FRXUVHV�DUH�SURYLGHG�

2SHQ�$FFHVV�6WXGHQW�6WXG\�6LWH
ZZZ�VDJHSXE�FRP�EMRKQVRQ�H�

7KLV�ZHE�EDVHG�VWXGHQW�VWXG\�VLWH�SURYLGHV�D�YDULHW\�RI�DGGLWLRQDO�UHVRXUFHV�WR
HQKDQFH� VWXGHQWV¶� XQGHUVWDQGLQJ� RI� WKH� ERRN¶V� FRQWHQW� DQG� WDNH� WKHLU� OHDUQLQJ� RQH
VWHS�IXUWKHU��7KH�VLWH�LQFOXGHV�WKH�IROORZLQJ�

���/HFWXUH�QRWHV�DUH�KHUH�IRU�VWXGHQWV�WR�SULQW�RXW�DQG�EULQJ�WR�FODVV�
�� � 6HOI�TXL]]HV� DOORZ� VWXGHQWV� WR� LQGHSHQGHQWO\� DVVHVV� WKHLU� SURJUHVV� LQ
OHDUQLQJ�FRXUVH�PDWHULDO�

�� � H)ODVKFDUGV� DUH� VWXG\� WRROV� WKDW� UHLQIRUFH� VWXGHQW� XQGHUVWDQGLQJ� DQG
OHDUQLQJ�RI�WKH�NH\�WHUPV�DQG�FRQFHSWV�RXWOLQHG�LQ�WKH�FKDSWHUV�

�� �&DUHIXOO\�VHOHFWHG��ZHE�EDVHG�YLGHR�OLQNV� IHDWXUH�UHOHYDQW�FRQWHQW�IRU�XVH
LQ�LQGHSHQGHQW�DQG�FODVVURRP�EDVHG�H[SORUDWLRQ�RI�NH\�WRSLFV�

�� � /LQNV� WR� UHOHYDQW�ZHE� UHVRXUFHV� GLUHFW� VWXGHQWV� WR� DGGLWLRQDO� WRROV� IRU
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IXUWKHU�UHVHDUFK�RQ�LPSRUWDQW�FKDSWHU�WRSLFV�
���$�GRZQORDGDEOH�3')�YHUVLRQ�RI�WKH�IXOO�JORVVDU\�LV�D�FRQYHQLHQW�UHIHUHQFH
IRU�VWXGHQWV�

%RRN�,FRQV
%HORZ�DUH�VHYHUDO�LFRQV�\RX�ZLOO�ILQG�WKURXJKRXW�WKH�WH[W��ZKLFK�ZLOO�JXLGH�\RX

WR�DGGLWLRQDO�PDWHULDOV�IRXQG�RQ�WKH�VWXGHQW�VWXG\�VLWH�

,QWHUDFWLYH�DQG�H[SDQGDEOH�FRQFHSW�PDSV�IRU�HDFK�FKDSWHU��7KHVH�FOLFNDEOH�
GRZQZDUG�EUDQFKLQJ�PDSV�SUHVHQW�HDFK�FKDSWHU¶V�FRQWHQW�LQ�D�KLHUDUFKLFDO
VWUXFWXUH�VR�WKDW�VWXGHQWV�FDQ�YLVXDOL]H�WKH�UHODWLRQVKLSV�DPRQJ�GLIIHUHQW
FRQFHSWV�

)XOO�WH[W�6$*(�UHVHDUFK�DUWLFOHV�DUH�SUHVHQWHG�IRU�HDFK�FKDSWHU�VR�WKDW
VWXGHQWV�FDQ�LGHQWLI\�WKH�NH\�WRSLFV�FRYHUHG�

$XWKRU�FUHDWHG�WRROV�DQG�WLSV�SURYLGH�LQIRUPDWLRQ�RQ�D�YDULHW\�RI�VXEMHFWV�DQG
LQFOXGH�KHOSIXO�ZHE�UHVRXUFHV��ZULWLQJ�WLSV��DQG�DQ�6366�GDWD�VHW�

127(�72�678'(176
<RX� DUH� SUREDEO\� ZRQGHULQJ� KRZ� EHVW� WR� VWXG\� UHVHDUFK� PHWKRGV�� 1RWH� WKDW� LQ
DGGLWLRQ� WR� UHDGLQJ� WKH� ERRN�� \RX� FDQ� QRZ� DOVR� OLVWHQ� WR� WKH� ERRN�� IRU� H[DPSOH�
ZKLOH�\RX�GULYH�WR�ZRUN�DQG�VFKRRO��MRJ��GR�ODXQGU\��RU�ZKDWHYHU��:KHQ�VWXG\LQJ�
ILUVW�DQG�IRUHPRVW��XVH�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH��ZKLFK�KDV�EHHQ�GHYHORSHG
WR�KHOS�\RX�OHDUQ�WKH�PDWHULDO��$V�\RX�UHDG�WKH�ERRN��ZH�VXJJHVW�WKDW�\RX�EHJLQ�HDFK
FKDSWHU�E\�UHDGLQJ�WKH�OHDUQLQJ�REMHFWLYHV�DQG�WKH�FKDSWHU�VXPPDU\��7KLV�ZLOO�JLYH
\RX�DQ�RYHUYLHZ�RI�WKH�PDWHULDO��7KHQ�ORRN�DW�WKH�FKDSWHU�FRQFHSW�PDS�LQFOXGHG�DW
WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH��1H[W��UHDG�WKH�FKDSWHU�FDUHIXOO\��$IWHU�ILQLVKLQJ�WKH
FKDSWHU�� DQVZHU� WKH� VWXG\� TXHVWLRQV� DQG�PDNH� VXUH� \RX� XQGHUVWDQG� HDFK� FRQFHSW
VKRZQ� LQ� WKH� FRQFHSW� PDS�� $OVR�� UHDG� WKH� OHFWXUH� SURYLGHG� DW� WKH� FRPSDQLRQ
ZHEVLWH��ZKHUH�ZH�WRXFK�RQ�PRVW�RI�WKH�PDMRU�SRLQWV�RI�HDFK�FKDSWHU��WKLV�ZLOO�EH
TXLFN�UHDGLQJ�DIWHU�KDYLQJ�UHDG�WKH�FKDSWHU��7R�JHW�SUDFWLFH�GRLQJ�UHVHDUFK�DQG�WR
OHDUQ�E\�GRLQJ��FRPSOHWH�DW� OHDVW�RQH�RI� WKH�UHVHDUFK�H[HUFLVHV�DW� WKH�HQG�RI�HDFK
FKDSWHU�DQG�FRQVLGHU�FRPSOHWLQJ�WKH�DFWLRQ�UHVHDUFK�DFWLYLWLHV��$V�\RX�SUHSDUH�IRU
WHVWV��PDNH�VXUH�WKDW�\RX�NQRZ�WKH�GHILQLWLRQV�RI�DOO�WKH�NH\�WHUPV�EHFDXVH�WKHVH�DUH
WKH�EXLOGLQJ�EORFNV�DQG�WKH�YRFDEXODU\�RI�WKH�UHVHDUFK�³ODQJXDJH�´�'RQ¶W�JHW�ORVW�LQ
WKH�GHWDLOV��&RQWLQXH�WR�XVH�WKH�FRQFHSW�PDSV�WR�UHPLQG�\RXUVHOI�RI�WKH�ELJ�SLFWXUH�
)LQDOO\��UHDG�DV�PDQ\�RI�WKH�HPSLULFDO�UHVHDUFK�DUWLFOHV�DV�\RX�FDQ��EHFDXVH�RQH�RI
WKH�EHVW�ZD\V�WR�OHDUQ�KRZ�WR�XQGHUVWDQG��GHVLJQ��DQG�FRQGXFW�HGXFDWLRQDO�UHVHDUFK
LV� WR� UHDG�PDQ\�KLJK�TXDOLW\��SXEOLVKHG� UHVHDUFK�DUWLFOHV� LQ�\RXU� UHVHDUFK�DUHD�� ,I
\RX�GR�WKHVH�WKLQJV��\RX�FDQ�EHFRPH�DQ�H[SHUW�FRQVXPHU�DQG�SURGXFHU�RI�UHVHDUFK�
DV�ZHOO�DV�JHW�DQ�$�LQ�\RXU�FODVV�



127(�72�,16758&7256
7R�KHOS�NHHS�WKH�OHQJWK�DQG�SULFH�RI�WKH�WH[WERRN�ORZ�IRU�VWXGHQWV��ZH�KDYH�SODFHG
WKH�PDQ\�VXSSRUWLQJ�HPSLULFDO�UHVHDUFK�DUWLFOHV�RQ�WKH�FRPSDQLRQ�ZHEVLWH��UDWKHU
WKDQ� LQFOXGLQJ� WKHP� LQ� WKH� WH[WERRN��� <RXU� VWXGHQWV� FDQ� HDVLO\� SULQW� RXW� WKHVH
DUWLFOHV�� $OVR�� \RX� ZLOO� ILQG� PDQ\� KHOSIXO� WHDFKLQJ� WLSV� DQG� PDWHULDOV� DW� WKH
,QVWUXFWRU�7HDFKLQJ�6LWH�GHVFULEHG�DERYH��<RX�DOVR�ZLOO�ILQG�WKH�VWXGHQW�FRPSDQLRQ
ZHEVLWH�XVHIXO��HVSHFLDOO\�WKH�OHFWXUHV�DQG�WKH�FRQFHSW�PDSV��2QH�HIIHFWLYH�LQ�FODVV
WHDFKLQJ�VWUDWHJ\�ZRXOG�EH�WR�FRQQHFW�WR�WKH�FRQFHSW�PDSV��YLD�WKH�,QWHUQHW��GXULQJ
FODVV�DQG�GLVFXVV�WKHVH�LQ�FODVV��$QRWKHU�VWUDWHJ\�LV�WR�KDYH�\RXU�VWXGHQWV�SULQW�RXW
WKH�OHFWXUHV�DQG�WKHQ�GLVFXVV�WKH�OHFWXUHV�LQ�FODVV��<HW�DQRWKHU�VWUDWHJ\�LV�WR�XVH�WKH
3RZHU3RLQW� SUHVHQWDWLRQV� SURYLGHG� DW� WKH� ,QVWUXFWRU�7HDFKLQJ�6LWH�� 7KLV� WH[W� DOVR
ZRUNV�YHU\�ZHOO�RQOLQH��WKH�OHFWXUHV�RQ�WKH�FRPSDQLRQ�ZHEVLWH�ZHUH�GHYHORSHG�E\
%XUNH�-RKQVRQ�VSHFLILFDOO\�IRU�KLV�RQOLQH�UHVHDUFK�FRXUVH��2XU�JRDO� LV� WR�SURYLGH
\RX� ZLWK� WKH� PRVW� XS�WR�GDWH� DQG� XVHIXO� ERRN� DQG� WKH� EHVW� VHW� RI� VXSSOHPHQWV
DYDLODEOH��3OHDVH�FRQWDFW�XV�LI�\RX�KDYH�DQ\�TXHVWLRQV�RU�VXJJHVWLRQV�

&200(176
:H�KRSH�WKDW�\RX��VWXGHQWV�DQG�LQVWUXFWRUV��ZLOO�VHQG�\RXU�FRPPHQWV�WR�XV�VR�WKDW
ZH� FDQ� FRQWLQXDOO\� LPSURYH� RXU� WH[WERRN� DQG� WKH� FRPSDQLRQ� ZHEVLWH�� <RX� FDQ
FRQWDFW� XV� DW� WKH� IROORZLQJ� HPDLO� DGGUHVV�� EMRKQVRQ#VRXWKDODEDPD�HGX� �%XUNH
-RKQVRQ��
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LUVW�DQG�IRUHPRVW��%XUNH�-RKQVRQ�ZRXOG�OLNH�WR�WKDQN�KLV�ZLIH��'U��/LVD�$�
7XUQHU��IRU�SXWWLQJ�XS�ZLWK�WKH�ORQJ�GD\V�DQG�IRU�EHLQJ�WKH�ILUVW�UHYLHZHU�RI
HYHU\WKLQJ�KH�ZURWH�� 6HFRQG��ZH�RIIHU� RXU� VLQFHUH� DQG� VSHFLDO� WKDQNV� WR

'LDQH� 0F'DQLHO� �DVVRFLDWH� GLUHFWRU��� 5HLG� +HVWHU� �VHQLRU� HGLWRU��� 7HUUL
$FFRPD]]R� �DVVRFLDWH� HGLWRU��� 6DULWD� 6DUDN� �HGLWRULDO� DVVLVWDQW��� DQG� 5DFKDHO
/HEORQG� �GLJLWDO� FRQWHQW� HGLWRU��� 7KDQNV� DOVR� JR� WR� RXU� RXWVWDQGLQJ� FRS\� HGLWRU�
3DXOD� /�� )OHPLQJ�� DQG� RXU� SURGXFWLRQ� HGLWRU�� /DXUD� %DUUHWW�� ZKR� PHWLFXORXVO\
ZRUNHG�ZLWK�XV�WR�JHW�WKH�PDQXVFULSW�LQWR�LWV�³SHUIHFW´�ILQDO�IRUP��,Q�VKRUW��ZH�WKDQN
WKH� HQWLUH� 6$*(� WHDP� IRU� WKHLU� SURIHVVLRQDOLVP�� IULHQGOLQHVV�� HPSKDVLV� RQ� KLJK�
TXDOLW\�ZRUN��DQG�RSHQQHVV�WR�LQQRYDWLRQ²HYHU\RQH�DW�6$*(�ZDV�DOZD\V�UHDG\�WR
SURYLGH�LGHDV�DQG�KHOS�ZKHQ�LW�ZDV�QHHGHG��:H�UHSHDW�RXU�SUHYLRXV�WKDQNV�WR�-RKQ
+LWFKFRFN�� RI� 2KLR� 8QLYHUVLW\�� IRU� FRQWULEXWLQJ� D� WDEOH� WR� WKH� ODVW� HGLWLRQ� �DQG
FRQWLQXHG� LQ� WKH� SUHVHQW� HGLWLRQ�� RQ� $SSO\LQJ� 4XDOLWDWLYH� 5HVHDUFK� 9DOLGLW\
6WUDWHJLHV� �7DEOH��������:H� DOVR� UHSHDW� RXU� WKDQNV� WR� RXU� FROOHDJXHV� IRU�ZRUNLQJ
ZLWK�%XUNH�RQ�VHYHUDO�VHFWLRQV�LQ�SDVW�HGLWLRQV��LQFOXGLQJ�7RQ\�2QZXHJEX]LH��6DP
+RXVWRQ�6WDWH�8QLYHUVLW\���ZKR�ZDV�WKH�RULJLQDO�FRDXWKRU�RI�WKH�FKDSWHU�RQ�PL[HG
PHWKRGV� UHVHDUFK�� -DFN� 'HPSVH\� �8QLYHUVLW\� RI� 6RXWK� $ODEDPD��� DQG� 7HUHVD
:DJQHU� �&DVH� :HVWHUQ� 5HVHUYH� 8QLYHUVLW\��� 0RVW� LPSRUWDQWO\�� ZH� WKDQN� RXU
VWXGHQWV� IRU� WKHLU�YHU\� LPSRUWDQW� WKRXJKWV�RQ�KRZ�WR� LPSURYH� WKH�ERRN� IURP� WKHLU
SHUVSHFWLYHV�

)LQDOO\��ZH�RIIHU�RXU�JUDWLWXGH�DQG�WKDQNV�WR�RXU�H[SHUW�UHYLHZHUV�IRU�WKHLU�PDQ\
LQVLJKWV�DQG�XVHIXO�FRPPHQWV��2XU�UHYLHZHUV�DUH�DV�IROORZV�

)LUVW�HGLWLRQ�UHYLHZHUV�

$P\�*LOOHW��8QLYHUVLW\�RI�:LVFRQVLQ±6WRXW
%LOO�*LOOH\��8QLYHUVLW\�RI�6RXWK�$ODEDPD
%U\DQ�*ULIILQ��*HRUJLD�6RXWKHUQ�8QLYHUVLW\
%HYHUO\�$��-R\FH��'RZOLQJ�&ROOHJH
5REHUW�:��/LVVLW]��8QLYHUVLW\�RI�0DU\ODQG�DW�&ROOHJH�3DUN
-RH�1HZPDQ��8QLYHUVLW\�RI�6RXWK�$ODEDPD
'RULV�/��3UDWHU��8QLYHUVLW\�RI�+RXVWRQ±&OHDU�/DNH
-RDQ�4XLOOLQJ��8QLYHUVLW\�RI�0LVVRXUL±&ROXPELD



7KRPDV�$��5RPEHUJ��8QLYHUVLW\�RI�:LVFRQVLQ
%LNDV�6LQKD��,QGLDQ�6WDWLVWLFDO�,QVWLWXWH��&DOFXWWD��,QGLD
3DXO�:HVWPH\HU��7KH�8QLYHUVLW\�RI�7H[DV�DW�6DQ�$QWRQLR

6HFRQG�HGLWLRQ�UHYLHZHUV�

.DWK\�*UHHQ��8QLYHUVLW\�RI�'HQYHU
7RQ\�2QZXHJEX]LH��8QLYHUVLW\�RI�6RXWK�)ORULGD
6KDLUHHQ�5DVKHHG��/RQJ�,VODQG�8QLYHUVLW\
9HPHOOH�7\OHU��8QLYHUVLW\�RI�6RXWK�&DUROLQD±$LNHQ
'DQLHO�:HLJHO��6RXWKHUQ�2NODKRPD�6WDWH�8QLYHUVLW\

7KLUG�HGLWLRQ�UHYLHZHUV�

'RQ�'LOOPDQ��:DVKLQJWRQ�6WDWH�8QLYHUVLW\
-LP�9DQ�+DQHJKDQ��8QLYHUVLW\�RI�6RXWK�$ODEDPD
-DVRQ�'��%DNHU��5HJHQW�8QLYHUVLW\
5RQDOG�6��%HHEH��&OHYHODQG�6WDWH�8QLYHUVLW\
'RULQGD�-��*DOODQW��7KH�2KLR�6WDWH�8QLYHUVLW\
-RKQ�+DQHV��5HJHQW�8QLYHUVLW\
-RKQ�$��+XVV��1RUWKHUQ�.HQWXFN\�8QLYHUVLW\
'DYLG�5��.RYDFK��7KH�8QLYHUVLW\�RI�7ROHGR
9LQFHQW�5LQDOGR��1LDJDUD�8QLYHUVLW\
6DQGUD�/��6WHLQ��5LGHU�8QLYHUVLW\
:LOIRUG�$��:HEHU��8QLYHUVLW\�RI�+RXVWRQ

)RXUWK�HGLWLRQ�UHYLHZHUV�

-HII�/RUHQW]��8QLYHUVLW\�RI�+RXVWRQ±&OHDU�/DNH
5HEHFFD�6��/DNH��1DWLRQDO�/RXLV�8QLYHUVLW\
(��/HD�:LWWD��8QLYHUVLW\�RI�&HQWUDO�)ORULGD
'DYLG�5��.RYDFK��8QLYHUVLW\�RI�7ROHGR
-DPLH�%UDQDP�.ULGOHU��(DVW�7HQQHVVHH�6WDWH�8QLYHUVLW\

)LIWK�HGLWLRQ�UHYLHZHUV�

'LDQH�%DJZHOO��8QLYHUVLW\�RI�:HVW�)ORULGD



'HQHWWD�'RZOHU��:HVW�9LUJLQLD�8QLYHUVLW\
&\QWKLD�/��-HZ��&DOLIRUQLD�/XWKHUDQ�8QLYHUVLW\
6KORPR�6��6DZLORZVN\��:D\QH�6WDWH�8QLYHUVLW\
-HQQLIHU�9HOWVRV��0LQQHVRWD�6WDWH�8QLYHUVLW\
/LKVKLQJ�/HLJK�:DQJ��8QLYHUVLW\�RI�&LQFLQQDWL
7LPRWK\�*��)RUG��8QLYHUVLW\�RI�/RXLVLDQD±0RQURH
0LVW\�0��*LQLFROD��6RXWKHUQ�&RQQHFWLFXW�6WDWH�8QLYHUVLW\
-RKQ�+XVV��1RUWKHUQ�.HQWXFN\�8QLYHUVLW\
6DUD�&��/DZUHQFH��7H[DV�$	0�8QLYHUVLW\±7H[DUNDQD
6��.LP�0DF*UHJRU��/RXLVLDQD�6WDWH�8QLYHUVLW\
3DWULFH�'��3HWURII��4XHHQV�8QLYHUVLW\�RI�&KDUORWWH
(OL]DEHWK�$QQ�5LYHW��%D\�3DWK�&ROOHJH



3$57�,

,QWURGXFWLRQ

&KDSWHU��
,QWURGXFWLRQ�WR�(GXFDWLRQDO�5HVHDUFK

&KDSWHU��
4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

&KDSWHU��
$FWLRQ�5HVHDUFK�IRU�/LIHORQJ�/HDUQLQJ



&KDSWHU��

,QWURGXFWLRQ�WR�(GXFDWLRQDO�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�WKH�LPSRUWDQFH�RI�HGXFDWLRQDO�UHVHDUFK�
��/LVW�DW�OHDVW�ILYH�DUHDV�RI�HGXFDWLRQDO�UHVHDUFK�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�EDVLF�DQG�DSSOLHG�UHVHDUFK�
��'HVFULEH�HYDOXDWLRQ�UHVHDUFK��DFWLRQ�UHVHDUFK��DQG�RULHQWDWLRQDO�UHVHDUFK�
��'LVFXVV�WKH�GLIIHUHQW�VRXUFHV�RI�NQRZOHGJH�
��([SODLQ�WKH�VFLHQWLILF�DSSURDFK�WR�NQRZOHGJH�JHQHUDWLRQ�
��([SODLQ�KRZ�WR�GHWHUPLQH�WKH�TXDOLW\�RI�D�WKHRU\�RU�H[SODQDWLRQ�
��/LVW�WKH�ILYH�REMHFWLYHV�RI�HGXFDWLRQDO�UHVHDUFK�DQG�SURYLGH�DQ�H[DPSOH�RI
HDFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�5HVHDUFK�$LGV�'HFLVLRQ�0DNLQJ

,Q�-XQH�������1HZ�<RUN�JRYHUQRU�*HRUJH�3DWDNL�VLJQHG�D�VWDWH� ODZ
JLYLQJ�1HZ�<RUN�&LW\�PD\RU�0LFKDHO�%ORRPEHUJ�FRQWURO�RI�WKDW�FLW\¶V
SXEOLF� VFKRRO� V\VWHP�� 0RVW� REVHUYHUV� DJUHH� WKDW� WKLV� LV� D� VFKRRO
V\VWHP�GHVSHUDWHO\� LQ�QHHG�RI� UHIRUP��7KH������� VFKRROV�ZLWKLQ� WKLV
V\VWHP� HGXFDWH� ���� PLOOLRQ� NLGV�� +RZHYHU�� XVLQJ� WKH� ZRUG� HGXFDWH
ZRXOG�VHHP�WR�EH�VRPHZKDW�RI�D�PLVQRPHU�EHFDXVH�RQO\�DERXW�KDOI
RI�WKH�FLW\¶V�SXEOLF�VFKRRO�VWXGHQWV�ILQLVK�KLJK�VFKRRO�LQ���\HDUV��2QO\
��� SHUFHQW� RI� WKLUG�� WKURXJK� HLJKWK�JUDGH� VWXGHQWV� VFRUH� DW� DQ
DFFHSWDEOH�OHYHO�LQ�UHDGLQJ��DQG�RQO\����SHUFHQW�GR�VR�LQ�PDWK��$ERXW
���� RI� WKH� ������ VFKRROV� DUH� FODVVLILHG� E\� WKH� VWDWH� DV� IDLOLQJ�� DQG
DQRWKHU�����DUH�DOPRVW�DV�EDG��&OHDUO\��VRPHWKLQJ�QHHGV�WR�EH�GRQH�

:KLOH� FDPSDLJQLQJ� IRU� PD\RU�� 0LFKDHO� %ORRPEHUJ� KDG� PDQ\
LGHDV��RQH�RI�ZKLFK�ZDV�WR�HVWDEOLVK�DQ�XQSDLG�ERDUG�RI�HGXFDWLRQ�WKDW
IXQFWLRQHG� OLNH� D� FRUSRUDWH� ERDUG�� SURYLGLQJ� ILVFDO� RYHUVLJKW� DQG
H[SHUWLVH�� 7KLV� LGHD� ZDV� DSSURYHG� E\� QHZ� OHJLVODWLRQ� DQG� ZDV� D
UDGLFDO� GHSDUWXUH� IURP� WKH� ROG� ERDUG� RI� HGXFDWLRQ�� ZKLFK� ZDV
UHVSRQVLEOH� IRU� GD\�WR�GD\� PDQDJHPHQW� GHFLVLRQV�� LQFOXGLQJ� HYHQ

URXWLQH�FRQWUDFWLQJ�DQG�SURFXUHPHQW�GHFLVLRQV�



:

%ORRPEHUJ�QHHGV� WR�GR�D� ORW�PRUH� WKDQ� MXVW� UHFRQVWLWXWH� WKH�ERDUG�RI�HGXFDWLRQ�EHFDXVH�QR�VLQJOH
SDQDFHD�ZLOO� IL[�DOO�RI� WKH�SUREOHPV�IDFLQJ�WKH�1HZ�<RUN�&LW\�VFKRRO�V\VWHP��7KHUH� LV�QR�VKRUWDJH�RI
LGHDV�WR�DVVLVW�%ORRPEHUJ�LQ�WKLV�SURFHVV��&ROHV��������ZURWH�DQ�DUWLFOH�LQ�WKH�&LW\�-RXUQDO� JLYLQJ�KLV
RSLQLRQ�DV�WR�ZKDW�VKRXOG�EH�GRQH��+H�VWDWHG�WKDW�%ORRPEHUJ�VKRXOG�FKRRVH�D�FKDQFHOORU�IURP�RXWVLGH
WKH� V\VWHP�VR� WKDW�KH�RU� VKH�ZRXOG�QRW�EH�FRQVWUDLQHG�E\�H[LVWLQJ� UHODWLRQVKLSV�RU�YHVWHG� LQWHUHVWV��$
XQLIRUP� FRUH� FXUULFXOXP� VKRXOG� EH� HVWDEOLVKHG� WKDW� ZRXOG� IRFXV� RQ� EDVLF� VNLOOV�� SDUWLFXODUO\� LQ� WKH
HOHPHQWDU\� DQG� PLGGOH� VFKRROV�� 6RFLDO� SURPRWLRQ� VKRXOG� HQG�� )LQDOO\�� WKH� EHVW� WHDFKHUV� VKRXOG� EH
UHZDUGHG�� FRQWHQGHG� &ROHV�� EHFDXVH� IXOO\� ���� RI� WKH� FLW\¶V� WHDFKHUV� KDG� IDLOHG� WKH� EDVLF� WHDFKHU
FHUWLILFDWLRQ�WHVW�

*LYHQ�GLIIHULQJ�RSLQLRQV�DERXW�ZKDW�VKRXOG�EH�GRQH�ZLWK�D�VFKRRO�V\VWHP�VXFK�DV�1HZ�<RUN�&LW\¶V�
ZKLFK�LGHDV�GR�\RX�WKLQN�VKRXOG�EH�LPSOHPHQWHG"�:KLFK�RQHV�ZRXOG�SURYLGH�WKH�EHVW�UHWXUQ�RQ�FDSLWDO
H[SHQGLWXUHV� DQG� EHVW� KHOS� VWXGHQWV"� 2EYLRXVO\�� WKHUH� DUH� PDQ\� GLIIHULQJ� SKLORVRSKLHV� DQG� PDQ\
GLIIHULQJ�RSLQLRQV��+RZHYHU��ZH�FRQWHQG� WKDW�SROLF\PDNHUV�ZLOO�EHQHILW� LI� WKH\�H[DPLQH� WKH�ILQGLQJV�RI
HGXFDWLRQDO�UHVHDUFK�VWXGLHV�WKDW�FRPSDUH�WKH�RXWFRPHV�UHVXOWLQJ�IURP�LPSOHPHQWLQJ�GLIIHUHQW�LGHDV�DQG
DSSURDFKHV�� 7KLV� ZLOO� KHOS� HOLPLQDWH� SHUVRQDO� ELDV� DQG� YHVWHG� LQWHUHVWV� LQ� SDUWLFXODU� DSSURDFKHV� E\
SURYLGLQJ� VWURQJ� HYLGHQFH� RI� ZKDW� UHDOO\� ZRUNV� EHVW�� ,Q� VKRUW�� UHVHDUFK� SURYLGHV� DQ� HIIHFWLYH� DQG
HYLGHQWLDU\�ZD\�WR�VRUW�RXW�DQG�UHVROYH�GLIIHULQJ�LGHDV�DQG�RSLQLRQV�RQ�HGXFDWLRQDO�LVVXHV��3HUKDSV�RXU
PRVW� LPSRUWDQW� JRDO� LQ�ZULWLQJ� WKLV� ERRN� LV� WR� FRQYLQFH� \RX� WKDW� LW� LV� LPSRUWDQW� DQG� KHOSIXO� WR� DGG� WKH
H[DPLQDWLRQ� DQG� FRQGXFW� RI� UHVHDUFK� WR� \RXU� OLVW� RI� LQJUHGLHQWV� WR� XVH� ZKHQ�PDNLQJ� GHFLVLRQV� DERXW
HGXFDWLRQ�

HOFRPH� WR� WKH� ZRUOG� RI� HGXFDWLRQDO� UHVHDUFK�� 5HVHDUFK� KDV� EHHQ
FRQGXFWHG�LQ�YLUWXDOO\�HYHU\�DUHD�LQ�WKH�ILHOG�RI�HGXFDWLRQ��,Q�IDFW��WKH
UHVHDUFK�WHFKQLTXHV�GHVFULEHG�LQ�WKLV�ERRN�DUH�XVHG�DOO�RYHU�WKH�ZRUOG

WR�KHOS�SHRSOH� LQ�PDQ\� ILHOGV� DGYDQFH� WKHLU� NQRZOHGJH� DQG� VROYH�SUREOHPV��7KH
VHDUFK� IRU�EHWWHU�DQG�EHWWHU�DQVZHUV� WR� LPSRUWDQW�TXHVWLRQV�ZLOO�SUREDEO\�DOZD\V
FRQWLQXH�� ,Q� WKLV� ERRN��ZH� GLVFXVV� WKH�ZD\� LQ�ZKLFK� UHVHDUFK� LV� FRQGXFWHG� LQ� DQ
DWWHPSW�WR�SURYLGH�DQVZHUV�WR�LPSRUWDQW�TXHVWLRQV��:H�KRSH�\RX�ZLOO�HQMR\�OHDUQLQJ
DERXW�UHVHDUFK��DQG�ZH�KRSH�LW�RSHQV�XS�QHZ�ZD\V�RI�WKLQNLQJ�IRU�\RX�

$V� \RX� UHDG� WKLV� ERRN�� \RX� ZLOO� OHDUQ� KRZ� WR� WKLQN� DERXW� UHVHDUFK�� KRZ� WR
HYDOXDWH�WKH�TXDOLW\�RI�SXEOLVKHG�UHVHDUFK�UHSRUWV��DQG�KRZ�WR�FRQGXFW�UHVHDUFK�RQ
\RXU�RZQ�� ,Q�D�VHQVH��\RX�ZLOO�DOVR�EH� OHDUQLQJ�D�QHZ� ODQJXDJH�� WKH� ODQJXDJH�RI
UHVHDUFKHUV�� EHFDXVH� UHVHDUFKHUV� XVH� D� VSHFLDOL]HG� ODQJXDJH� RU� MDUJRQ�� %XW
UHPHPEHU�� GRQ¶W� EH� DIUDLG� RI� QHZ� ZRUGV�� 7KH� ZRUGV� XVHG� LQ� WKLV� ERRN� KDYH
GHILQLWLRQV�WKDW�UHSUHVHQW�LGHDV�\RX�FDQ�XQGHUVWDQG��DQG�\RX�KDYH�EHHQ�OHDUQLQJ�QHZ
ZRUGV�DQG�LGHDV�DOO�RI�\RXU�OLIH��2Q�WKH�OLJKWHU�VLGH��SHUKDSV�\RX�FDQ�XVH�VRPH�RI
WKH�QHZ�ZRUGV� WR� LPSUHVV�\RXU� IULHQGV�� ,Q�VXP��ZH�ZHOFRPH�\RX� WR� WKH�ZRUOG�RI
UHVHDUFK� DQG� KRSH� WKDW� \RX�ZLOO� HQMR\� LW��%HFDXVH� WKLV� LV� OLNHO\� WR� EH� D� UHTXLUHG
FRXUVH� IRU� \RX�� ZH� EHJLQ� E\� GLVFXVVLQJ� D� IHZ� UHDVRQV� IRU� WDNLQJ� D� FRXUVH� RQ
HGXFDWLRQDO�UHVHDUFK�PHWKRGV�

:+<�678'<�('8&$7,21$/�5(6($5&+"
<RX�PLJKW�KDYH�DVNHG��³:K\�GR� ,�KDYH� WR� WDNH�D�FODVV�RQ�HGXFDWLRQDO� UHVHDUFK"´
)LUVW�RI�DOO��UHVHDUFK�FDQ�EH�PRUH�LQWHUHVWLQJ�WKDQ�\RX�PLJKW�WKLQN��DQG�ZH�KRSH�WKDW
LQ�WLPH�\RX�ZLOO�ILQG�WKH�PDWHULDO�DQG�WKH�ZD\V�RI�WKLQNLQJ�QRW�RQO\�LQWHUHVWLQJ�EXW
DOVR�EHQHILFLDO��6HFRQG��WKURXJKRXW�WKLV�ERRN��\RX�ZLOO�EH�OHDUQLQJ�FULWLFDO�WKLQNLQJ



VNLOOV��5DWKHU�WKDQ�DVVXPLQJ�WKDW�ZKDW�LV�ZULWWHQ�LQ�D�ERRN�RU�ZKDW�VRPHRQH�VD\V�LV
³IDFW´� RU� XQGHQLDEOH� ³WUXWK�´� \RX� FDQ� XVH� WKH� WHFKQLTXHV� WKDW� \RX� ZLOO� OHDUQ� IRU
HYDOXDWLQJ�DUJXPHQWV��,Q�DOO�FDVHV�� WKH�TXHVWLRQ�LV�RQH�RI�HYLGHQFH��$V�D�VWDUW��ZH
VXJJHVW� WKDW� \RX� WDNH� WKH�ZRUG� SURRI� DQG� HOLPLQDWH� LW� IURP� \RXU� YRFDEXODU\� WKLV
VHPHVWHU�RU�TXDUWHU�ZKHQ�\RX�WDON�DERXW�UHVHDUFK�UHVXOWV��3URRI�H[LVWV�LQ�WKH�UHDOPV
RI�PDWKHPDWLFV�DQG�GHGXFWLYH�ORJLF��EXW�LQ�VFLHQFH�DQG�UHVHDUFK��WKH�EHVW�ZH�FDQ�GR
LV�WR�SURYLGH�HYLGHQFH��6RPHWLPHV�WKH�HYLGHQFH�LV�YHU\�FRQYLQFLQJ��DW�RWKHU�WLPHV�
LW�PLJKW� QRW� EH�� <RX�PXVW� XVH� \RXU� FULWLFDO� WKLQNLQJ� VNLOOV� WR� MXGJH� WKH� DYDLODEOH
HYLGHQFH�RQ�DQ\�JLYHQ�WRSLF��7KHVH�FULWLFDO� WKLQNLQJ�VNLOOV�ZLOO�EH�KHOSIXO� LQ�\RXU
VWXGLHV�DQG�SURIHVVLRQDO�ZRUN�DV�ORQJ�DV�\RX�OLYH��/HDUQLQJ�DERXW�UHVHDUFK�PHWKRGV
VKRXOG�KHOS�VKDUSHQ�\RXU�FULWLFDO�WKLQNLQJ�VNLOOV�

$QRWKHU� LPSRUWDQW� UHDVRQ� WR� VWXG\� UHVHDUFK� LV� WR� KHOS� \RX� EHWWHU� XQGHUVWDQG
GLVFXVVLRQV�RI� UHVHDUFK�\RX�KHDU�DQG� VHH� LQ� WKH�PHGLD�� VXFK�DV�RQ� WHOHYLVLRQ�DQG
UDGLR�� RQ� WKH� ,QWHUQHW�� RU� DW� SURIHVVLRQDO� PHHWLQJV�� ([DPSOHV� RI� UHVHDUFK� LQ� RXU
VRFLHW\�DERXQG��)RU�H[DPSOH��ZKHQ�\RX�ZDWFK�D� WHOHYLVLRQ�SURJUDP��ZKDW� FRPHV
EHWZHHQ�WKRVH�VKRUW�VHJPHQWV�RI�DFWXDO�SURJUDPPLQJ"�&RPPHUFLDOV��'R�\RX�HYHU
ZRQGHU� DERXW� WKRVH� ³UHVHDUFK� VWXGLHV´� WKDW� FODLP� WR� ³SURYH´� WKDW� RQH� ODXQGU\
GHWHUJHQW� LV� EHWWHU� WKDQ� DQRWKHU"�$V� \RX� NQRZ�� WKH� SXUSRVH� RI� FRPPHUFLDOV� LV� WR
LQIOXHQFH� ZKDW� \RX� EX\�� $GYHUWLVHUV� VSHQG� PLOOLRQV� RI� GROODUV� HDFK� \HDU� RQ
PDUNHWLQJ� UHVHDUFK� WR� XQGHUVWDQG� \RXU� WKLQNLQJ� DQG� EHKDYLRU�� ,I� \RX� ZDWFK� D
VSRUWLQJ� HYHQW�� \RX�ZLOO� OLNHO\� VHH� FRPPHUFLDOV� IRU� EHHU�� FDUV�� WUXFNV�� IRRG�� DQG
WHQQLV�VKRHV��,I�\RX�ZDWFK�VRDS�RSHUDV�LQ�WKH�DIWHUQRRQ��\RX�DUH�OLNHO\�WR�VHH�YHU\
GLIIHUHQW� FRPPHUFLDOV�� 7KH� UHDVRQ� IRU� WKLV� YDULDWLRQ� LV� WKDW� DGYHUWLVHUV� JHQHUDOO\
NQRZ� ZKR� LV� ZDWFKLQJ� ZKDW� SURJUDPV� DW� ZKLFK� WLPHV�� 7KH� FRPPHUFLDOV� DUH
GHYHORSHG�WR�DSSHDO�WR�YLHZHUV¶�ZD\V�RI�WKLQNLQJ�DERXW�ZKDW�LV�IXQ��H[FLWLQJ��DQG
LPSRUWDQW��$QG�GLG�\RX�NQRZ�WKDW�HYHU\�PDMRU�SUHVLGHQWLDO�FDQGLGDWH�KDV�D�UHVHDUFK
FRQVXOWDQW�ZKR�WULHV�WR�LGHQWLI\�WKH�PRVW�HIIHFWLYH�ZD\V�WR�JHW�\RXU�YRWH�DQG�ZLQ�WKH
HOHFWLRQ"�7KH�SRLQW�LV�WKDW�RWKHU�SHRSOH�VWXG\�\RX�DOO�WKH�WLPH�DQG��LQ�WKLV�ERRN��\RX
ZLOO� OHDUQ� DERXW� WKH� WHFKQLTXHV� WKH\� XVH�� 8QGHUVWDQGLQJ� WKHVH� WHFKQLTXHV� VKRXOG
KHOS�\RX�EH�PRUH�DZDUH�RI�WKHLU�HIIRUWV�

<RX�ZLOO�OHDUQ�KHUH�WKDW�QRW�DOO�UHVHDUFK�LV�FUHDWHG�HTXDO��7KDW�LV��VRPH�UHVHDUFK
VWXGLHV� DUH� PRUH� GHIHQVLEOH� WKDQ� RWKHUV�� <RX� ZLOO� OHDUQ� KRZ� WR� DVN� WKH� ULJKW
TXHVWLRQV�DERXW�UHVHDUFK�VWXGLHV��DQG�\RX�ZLOO�ILQG�RXW�ZKHQ�WR�SXW�FRQILGHQFH�LQ�D
VHW� RI� UHVHDUFK� ILQGLQJV��<RX�ZLOO� OHDUQ� WR� DVN� TXHVWLRQV� VXFK� DV� WKHVH��:DV� WKH
VWXG\�DQ�H[SHULPHQW��RU�ZDV� LW�QRQH[SHULPHQWDO"�:HUH�FRQWURO�JURXSV� LQFOXGHG� LQ
WKH� GHVLJQ"� 'LG� WKH� UHVHDUFKHU� UDQGRPO\� DVVLJQ� SDUWLFLSDQWV� WR� WKH� GLIIHUHQW
FRPSDULVRQ� JURXSV"� +RZ� GLG� WKH� UHVHDUFKHUV� FRQWURO� IRU� WKH� LQIOXHQFH� RI
H[WUDQHRXV�YDULDEOHV"�+RZ�ZHUH�WKH�SDUWLFLSDQWV�LQ�WKH�UHVHDUFK�VHOHFWHG"�'LG�WKH
UHVHDUFKHU�XVH�WHFKQLTXHV�WKDW�KHOS�UHGXFH�WKH�HIIHFWV�RI�KXPDQ�ELDV"

2QH� GD\� \RX� PLJKW� QHHG� WR� H[DPLQH� WKH� UHVHDUFK� RQ� D� WRSLF� DQG� PDNH� DQ
LQIRUPHG�MXGJPHQW�DERXW�ZKDW�FRXUVH�RI�DFWLRQ�WR�WDNH�RU�WR�UHFRPPHQG�WR�VRPHRQH
HOVH�� 7KHUHIRUH�� LW� LV� LPSRUWDQW� WKDW� \RX� XQGHUVWDQG� KRZ� WR� UHYLHZ� DQG� HYDOXDWH
UHVHDUFK�� 8QGHUVWDQGLQJ� UHVHDUFK� WHUPLQRORJ\�� WKH� FKDUDFWHULVWLFV� RI� WKH� GLIIHUHQW
W\SHV�RI�UHVHDUFK��DQG�KRZ�UHVHDUFK�FDQ�EH�GHVLJQHG�WR�SURYLGH�VROLG�HYLGHQFH�ZLOO



DOORZ� \RX� WR� HYDOXDWH� UHVHDUFK� UHVXOWV� FULWLFDOO\� DQG� PDNH� LQIRUPHG� GHFLVLRQV
EDVHG� RQ� UHVHDUFK� OLWHUDWXUHV�� $� UHVHDUFK� OLWHUDWXUH� LV� WKH� VHW� RI� SXEOLVKHG
UHVHDUFK�VWXGLHV�RQ�D�SDUWLFXODU�WRSLF��$�IXQGDPHQWDO�SRLQW�WR�UHPHPEHU�LV�WKDW�\RX
VKRXOG�DOZD\V�SODFH�PRUH�FRQILGHQFH�LQ�D�UHVHDUFK�ILQGLQJ�ZKHQ�VHYHUDO�GLIIHUHQW
UHVHDUFKHUV�LQ�GLIIHUHQW�SODFHV�DQG�VHWWLQJV�KDYH�IRXQG�WKH�VDPH�UHVXOW��<RX�VKRXOG
QHYHU�WUHDW�D�VLQJOH�UHVHDUFK�VWXG\�DV�WKH�ILQDO�ZRUG�RQ�DQ\�WRSLF�

��5HVHDUFK�OLWHUDWXUH�6HW�RI�SXEOLVKHG�UHVHDUFK�VWXGLHV�RQ�D�SDUWLFXODU�WRSLF

2Q�D�SUDFWLFDO�OHYHO��XQGHUVWDQGLQJ�UHVHDUFK�WHFKQLTXHV�PLJKW�HYHQ�KHOS�\RX�LQ
\RXU�FDUHHU�DV�D�VWXGHQW�DQG�DV�D�SURIHVVLRQDO�WHDFKHU��FRXQVHORU��RU�FRDFK��3HUKDSV
RQH� GD\� \RX� ZLOO� EH� DVNHG� WR� ZULWH� D� SURSRVDO� WR� REWDLQ� D� JUDQW� RU� FRQGXFW� D
UHVHDUFK�VWXG\�RQ�\RXU�RZQ��,I�\RX�VWXG\�WKH�FRQWHQWV�RI� WKLV�ERRN��\RX�ZLOO� OHDUQ
KRZ�WR�GHVLJQ�DQG�FRQGXFW�D�GHIHQVLEOH�VWXG\��DQG�\RX�ZLOO�OHDUQ�DERXW�WKH�GLIIHUHQW
VHFWLRQV� LQ� D� UHVHDUFK� JUDQW� SURSRVDO�� <RX� ZLOO� OHDUQ� KRZ� WR� FRQVWUXFW� D
TXHVWLRQQDLUH� DQG� KRZ� WR� ZULWH� D� SURSRVDO�� )XUWKHUPRUH�� LI� \RX� ORRN� DW� WKH
ELEOLRJUDSKLHV�LQ�WKH�ERRNV�\RX�XVH�LQ�\RXU�RWKHU�HGXFDWLRQ�FRXUVHV��\RX�ZLOO�VHH
WKDW�PDQ\�RI� WKHVH� UHIHUHQFHV� DUH� UHVHDUFK� VWXGLHV��$IWHU� OHDUQLQJ�DERXW� UHVHDUFK�
\RX� ZLOO� EH� DEOH� WR� JR� EDFN� DQG� HYDOXDWH� WKH� UHVHDUFK� VWXGLHV� RQ� ZKLFK� \RXU
WH[WERRNV�DUH�EDVHG��,Q�RWKHU�ZRUGV��\RX�ZLOO�QRW�KDYH�WR�DFFHSW�VRPHWKLQJ�DV�WUXH
MXVW�EHFDXVH�VRPHRQH�VDLG�LW�ZDV�WUXH��<RX�PLJKW�ILQG�WKDW�DQ�DUWLFOH�ZLWK�ZKDW�\RX
EHOLHYH� WR� EH� D� TXHVWLRQDEOH� ILQGLQJ� LV� EDVHG� RQ� KLJKO\� TXHVWLRQDEOH� UHVHDUFK
VWUDWHJLHV�

5(9,(:
48(67 ,21

�������:K\�VKRXOG�ZH�VWXG\�HGXFDWLRQDO�UHVHDUFK"

$5($6�2)�('8&$7,21$/�5(6($5&+
7R� JLYH� \RX� D� IHHO� IRU� HGXFDWLRQDO� UHVHDUFK�� OHW¶V� ORRN� DW� VRPH� RI� WKH� DUHDV� RI
UHVHDUFK�LQ�HGXFDWLRQ��,Q�7DEOH�����\RX�ZLOO� ILQG�D� OLVW�RI� WKH�PDMRU�GLYLVLRQV�DQG
WKH� VSHFLDO� LQWHUHVW� DUHDV� LQ� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK� $VVRFLDWLRQ
�$(5$��� �7KH�$(5$�ZHEVLWH� LV� DW�KWWS���DHUD�QHW���7KH�$(5$� LV� WKH� ODUJHVW� DQG
PRVW� SUHVWLJLRXV� UHVHDUFK� DVVRFLDWLRQ� LQ� WKH� ILHOG� RI� HGXFDWLRQ�� DQG� LW� KDV
DSSUR[LPDWHO\� �������PHPEHUV�� ,W� LV� FRPSRVHG� RI� XQLYHUVLW\� SURIHVVRUV� IURP� DOO
DUHDV� RI� HGXFDWLRQ�� JRYHUQPHQWDO� HPSOR\HHV�� WHDFKHUV�� DQG� SURIHVVLRQDOV� IURP
HGXFDWLRQDO� WKLQN� WDQNV�� FRQVXOWLQJ� ILUPV�� DQG� WHVWLQJ� FRPSDQLHV�� (DFK� \HDU�
DSSUR[LPDWHO\� ������� RI� WKHVH�PHPEHUV� DQG�PDQ\� QRQPHPEHUV� DWWHQG� D� QDWLRQDO
FRQIHUHQFH� VSRQVRUHG�E\� WKH�$(5$��ZKHUH�PDQ\�DWWHQGHHV�SUHVHQW� WKH� UHVXOWV� RI
WKHLU�ODWHVW�UHVHDUFK�

<RX� FDQ� VHH� LQ� 7DEOH� ���� WKDW� HGXFDWLRQ� LV� D� EURDG� ILHOG� WKDW� LQFOXGHV� PDQ\
UHVHDUFK�DUHDV��'R�\RX�VHH�DQ\�DUHDV�RI�UHVHDUFK�LQ�7DEOH�����WKDW�VHHP�HVSHFLDOO\
LQWHUHVWLQJ"�,I�\RX�DUH�ZULWLQJ�D�UHVHDUFK�SDSHU��\RX�PLJKW�SLFN�RQH�RI�WKHVH�DV�\RXU
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VWDUWLQJ� SRLQW�� 7KH� DUHDV� RI� UHVHDUFK� OLVWHG� LQ� 7DEOH� ���� DUH� VWLOO� IDLUO\� JHQHUDO�
KRZHYHU�� 7R� VHH� WKH� VSHFLILF� DUHDV� DQG� WRSLFV� RI� FXUUHQW� LQWHUHVW� WR� HGXFDWLRQDO
UHVHDUFKHUV��JR�WR�WKH�OLEUDU\�DQG�EURZVH�WKURXJK�WKH�HGXFDWLRQ�MRXUQDOV�

�7$%/(�������'LYLVLRQV�DQG�6SHFLDO�,QWHUHVW�*URXSV�LQ�WKH�$PHULFDQ�(GXFDWLRQDO
5HVHDUFK�$VVRFLDWLRQ������±����





)RU� PRUH� LQIRUPDWLRQ� DERXW� DQ\� RI� WKHVH� GLYLVLRQV� RU� VSHFLDO� LQWHUHVW� JURXSV�� JR� WR� WKH� $(5$� ZHEVLWH� DW
KWWS���DHUD�QHW�

(;$03/(6�2)�('8&$7,21$/�5(6($5&+
7KH�PDMRULW\�RI�MRXUQDO�DUWLFOHV�LQ�HGXFDWLRQ�LQFOXGH�DQ�DEVWUDFW�RQ�WKH�IURQW�SDJH�RI
WKH�DUWLFOH��$Q�DEVWUDFW� LV�D�EULHI�VXPPDU\�RI�ZKDW� LV� LQFOXGHG�LQ� WKH�DUWLFOH��:H
KDYH�UHSURGXFHG�WKH�DEVWUDFWV�RI�VHYHUDO�UHVHDUFK�DUWLFOHV�KHUH�VR�WKDW�\RX�FDQ�JHW�D
IHHO�IRU�ZKDW�LV�GRQH�LQ�DQ�DFWXDO�UHVHDUFK�VWXG\��$EVWUDFWV�DUH�KHOSIXO�EHFDXVH�WKH\
DUH�VKRUW�DQG�LQFOXGH�WKH�PDLQ�LGHDV�RI�WKH�VWXG\��<RX�FDQ�RIWHQ�GHFLGH�ZKHWKHU�\RX
ZDQW�WR�UHDG�D�MRXUQDO�DUWLFOH�E\�ILUVW�UHDGLQJ�LWV�DEVWUDFW��:H�UHFRPPHQG�WKDW�\RX
UHDG� VRPH� IXOO�OHQJWK� UHVHDUFK� DUWLFOHV� DV� VRRQ� DV� SRVVLEOH� WR� VHH� VRPH� IXOO
H[DPSOHV�RI�HGXFDWLRQDO�UHVHDUFK��7KURXJKRXW�WKLV�ERRN��ZH�ZLOO�EH�SXWWLQJ�DQ�LFRQ
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LQ� WKH� PDUJLQ� WHOOLQJ� \RX� WR� JR� WR� WKH� FRPSDQLRQ� ZHEVLWH� WR� H[DPLQH� D� UHOHYDQW
MRXUQDO� DUWLFOH��<RX�FDQ� VHH� WKH� MRXUQDO� DUWLFOH� LFRQ� ULJKW�QRZ� LQ� WKH�PDUJLQ��7KH
QH[W�WLPH�\RX�VHH�LW��LW�ZLOO�EH�UHIHUULQJ�\RX�WR�D�IXOO�OHQJWK�DUWLFOH�WR�GRZQORDG�DW
\RXU�FRQYHQLHQFH�

��$EVWUDFW�%ULHI�VXPPDU\�RI�ZKDW�LV�LQ�DQ�DUWLFOH

)RU� WKH�PRPHQW�� MXVW�H[DPLQH� WKH�IROORZLQJ�WKUHH�DEVWUDFWV�DQG�VHH� LI�\RX�FDQ
GHWHUPLQH� �D�� WKH� SXUSRVH� RI� WKH� VWXG\�� �E�� KRZ� WKH� UHVHDUFKHUV� VWXGLHG� WKH
SKHQRPHQRQ��DQG��F��ZKDW�WKH�PDMRU�UHVXOWV�ZHUH�

�6HH�6WXGHQW�6WXG\�6LWH�IRU�MRXUQDO�DUWLFOHV�

� � ,�� � 7KH� 'HYHORSPHQW� RI� D� *RDO� WR� %HFRPH� D� 7HDFKHU�� E\� 3DXO� $�� 6FKXW]
�8QLYHUVLW\� RI� *HRUJLD��� .ULVWHQ� &�� &URGHU� �8QLYHUVLW\� RI� *HRUJLD��� DQG
9LFWRULD�(��:KLWH��8QLYHUVLW\�RI�1RUWK�&DUROLQD�DW�*UHHQVERUR���������IURP
-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������SS�����±����

7KH�SXUSRVH�RI�WKLV�SURMHFW�ZDV�WR�LQYHVWLJDWH�KRZ�WKH�JRDO�RI�EHFRPLQJ�D
WHDFKHU�HPHUJHV��7KH�VWXG\�XVHG�LQWHUYLHZV�WR�GHYHORS�JRDO�KLVWRULHV�IRU��
SUHVHUYLFH�WHDFKHUV��7KHUH�WHQGHG�WR�EH���VRXUFHV�RI�LQIOXHQFH�IRU�WKHLU�JRDO
WR�EHFRPH�D� WHDFKHU�� �D��IDPLO\� LQIOXHQFHV�� �E�� WHDFKHU� LQIOXHQFHV�� �F��SHHU
LQIOXHQFHV��DQG��G��WHDFKLQJ�H[SHULHQFHV��7KH�FDWHJRULHV�GHYHORSHG�IURP�WKH
LQWHUYLHZV�WR�GHVFULEH�WKH�W\SHV�RI�LQIOXHQFHV�WKRVH�VRXUFHV�SURYLGHG�ZHUH
�D��VXJJHVWLQJ�WKDW�WKH�SHUVRQ�EHFRPH�D�WHDFKHU���E��HQFRXUDJLQJ�WKH�SHUVRQ
WR�EHFRPH�D�WHDFKHU���F��PRGHOLQJ�WHDFKHU�EHKDYLRU���G��H[SRVLQJ�WKH�SHUVRQ
WR� WHDFKLQJ� H[SHULHQFHV�� DQG� �H�� GLVFRXUDJLQJ� WKH� SHUVRQ� IURP�EHFRPLQJ� D
WHDFKHU�� ,Q� DGGLWLRQ�� LQIOXHQFHV� VXFK� DV� FULWLFDO� LQFLGHQWV�� HPRWLRQV�� DQG
VRFLDO�KLVWRULFDO� IDFWRUV�� VXFK� DV� WKH� VWDWXV� DQG� SD\� RI� WHDFKHUV�� ZHUH
SURPLQHQW�LQ�WKH�JRDO�KLVWRULHV�RI�WKH�SDUWLFLSDQWV��)LQDOO\��WKH�UHVXOWV�RI�WKH
VWXG\�DUH�GLVFXVVHG�ZLWKLQ�WKH�FRQWH[W�RI�JRDOV�DQG�VHOI�GLUHFWHG�EHKDYLRU�

�,,�� �*HWWLQJ�7RXJK"�7KH�,PSDFW�RI�+LJK�6FKRRO�*UDGXDWLRQ�([DPV��E\�%ULDQ�$�
-DFRE�DW�-RKQ�)��.HQQHG\�6FKRRO�RI�*RYHUQPHQW��+DUYDUG�8QLYHUVLW\�������
IURP�(GXFDWLRQDO�(YDOXDWLRQ�DQG�3ROLF\�$QDO\VLV���������SS����±����

7KH�LPSDFW�RI�KLJK�VFKRRO�JUDGXDWLRQ�H[DPV�RQ�VWXGHQW�DFKLHYHPHQW�DQG
GURSRXW� UDWHV� LV� H[DPLQHG�� 8VLQJ� GDWD� IURP� WKH� 1DWLRQDO� (GXFDWLRQDO
/RQJLWXGLQDO�6XUYH\��1(/6���WKLV�DQDO\VLV�LV�DEOH�WR�FRQWURO�IRU�SULRU�VWXGHQW
DFKLHYHPHQW�DQG�D�YDULHW\�RI�RWKHU�VWXGHQW��VFKRRO��DQG�VWDWH�FKDUDFWHULVWLFV�
,W�ZDV� IRXQG� WKDW�JUDGXDWLRQ� WHVWV�KDYH�QR�VLJQLILFDQW� LPSDFW�RQ���WK�JUDGH
PDWK� RU� UHDGLQJ� DFKLHYHPHQW�� 7KHVH� UHVXOWV� DUH� UREXVW� ZLWK� D� YDULHW\� RI
VSHFLILFDWLRQ� FKHFNV��$OWKRXJK� JUDGXDWLRQ� WHVWV� KDYH� QR� DSSUHFLDEOH� HIIHFW
RQ�WKH�SUREDELOLW\�RI�GURSSLQJ�RXW�IRU�WKH�DYHUDJH�VWXGHQW��WKH\�LQFUHDVH�WKH
SUREDELOLW\�RI�GURSSLQJ�RXW�DPRQJ�WKH�ORZHVW�DELOLW\�VWXGHQWV��7KHVH�UHVXOWV
VXJJHVW� WKDW� SROLF\PDNHUV� ZRXOG� EH� ZHOO� DGYLVHG� WR� UHWKLQN� FXUUHQW� WHVW



SROLFLHV�

,,,�� � *LYLQJ�9RLFH� WR�+LJK� 6FKRRO� 6WXGHQWV�� 3UHVVXUH� DQG�%RUHGRP��<D�.QRZ
:KDW�,¶P�6D\LQJ"�E\�(GZLQ�)DUUHOO��*HRUJH�3HJXHUR��5DVKHG�/LQGVH\��DQG
5RQDOG�:KLWH�� ������ IURP�$PHULFDQ� (GXFDWLRQ� 5HVHDUFK� -RXUQDO�� ������
SS�����±����

7KH�FRQFHUQV�RI�VWXGHQWV�LGHQWLILHG�DV�DW�ULVN�RI�GURSSLQJ�RXW�RI�VFKRRO�LQ
DQ� XUEDQ� VHWWLQJ� ZHUH� VWXGLHG� XVLQJ� LQQRYDWLYH� HWKQRJUDSKLF� PHWKRGV�
6WXGHQWV� IURP� WKH� VXEMHFW� SRSXODWLRQ� ZHUH� KLUHG� WR� DFW� DV� FROODERUDWRUV
UDWKHU� WKDQ� LQIRUPDQWV� DQG� WR� FROOHFW� WDSHG� GLDORJXHV� EHWZHHQ� WKHPVHOYHV
DQG� WKHLU� SHHUV��$V� FROODERUDWRUV�� WKH\� DOVR� SDUWLFLSDWHG� LQ� WKH� DQDO\VLV� RI
GDWD�DQG�FRQWULEXWHG�WR�LGHQWLI\LQJ�WKH�UHVHDUFK�TXHVWLRQV�RI�WKH�LQTXLU\��'DWD
LQGLFDWHG�WKDW�SUHVVXUH�DQG�ERUHGRP�ZHUH�PRVW�RIWHQ�PHQWLRQHG�DV�QHJDWLYH
IDFWRUV� LQ� WKH� OLYHV� RI� WKH� VWXGHQWV�� ZLWK� SUHVVXUH� HPDQDWLQJ� IURP� VRFLDO
IRUFHV�RXWVLGH�RI�VFKRRO�EXW�FRQWULEXWLQJ�WR�ERUHGRP�LQVLGH�

*(1(5$/�.,1'6�2)�5(6($5&+
,Q�WKLV�VHFWLRQ�ZH�LQWURGXFH�\RX�WR�VRPH�RI�WKH�JHQHUDO�NLQGV�RI�UHVHDUFK�FRQGXFWHG
E\�HGXFDWLRQDO�UHVHDUFKHUV��VHH�7DEOH�������$OWKRXJK� WKHVH�JHQHUDO� UHVHDUFK� W\SHV
FDQ� RYHUODS� DW� WLPHV�� WKH\� KDYH� GLIIHUHQW� SXUSRVHV� DQG� DUH� LQWHQGHG� IRU� GLIIHUHQW
DXGLHQFHV�

�7$%/(�������6XPPDU\�RI�*HQHUDO�.LQGV�RI�5HVHDUFK

%DVLF�DQG�$SSOLHG�5HVHDUFK
5HVHDUFK� VWXGLHV� FDQ� EH� SODFHG� DORQJ� D� FRQWLQXXP� ZLWK� WKH� ZRUGV� EDVLF

UHVHDUFK� DW� RQH� HQG� DQG� WKH�ZRUGV�DSSOLHG�UHVHDUFK� DW� WKH� RWKHU� HQG�� 7KH�ZRUG
PL[HG�FDQ�EH�SODFHG�LQ�WKH�FHQWHU�WR�UHSUHVHQW�UHVHDUFK�WKDW�KDV�FKDUDFWHULVWLFV�RI
ERWK�EDVLF�DQG�DSSOLHG�UHVHDUFK��%DVLF�UHVHDUFK�DQG�DSSOLHG�UHVHDUFK�DUH�W\SLFDOO\
FRQGXFWHG�E\�UHVHDUFKHUV�DW�XQLYHUVLWLHV��%DVLF�UHVHDUFK�DQG�DSSOLHG�UHVHDUFK�DUH
DOVR� FRQGXFWHG� E\� UHVHDUFKHUV�ZRUNLQJ� IRU� WKLQN� WDQNV�� FRUSRUDWLRQV�� JRYHUQPHQW
DJHQFLHV�� DQG� IRXQGDWLRQV�� 7KH� SULPDU\� RXWOHW� IRU� EDVLF� DQG� DSSOLHG� UHVHDUFK� LV
DFDGHPLF�DQG�SURIHVVLRQDO�UHVHDUFK�MRXUQDOV�

%DVLF�UHVHDUFK� LV�DLPHG�DW�JHQHUDWLQJ�IXQGDPHQWDO�NQRZOHGJH�DQG� WKHRUHWLFDO
XQGHUVWDQGLQJ�DERXW�EDVLF�KXPDQ�DQG�RWKHU�QDWXUDO�SURFHVVHV��$Q�H[DPSOH�RI�EDVLF



UHVHDUFK� LV� D� VWXG\� H[DPLQLQJ� WKH� HIIHFW� RI� SULPLQJ� LQ� PHPRU\�� 3ULPLQJ� LV� ³DQ
HQKDQFHPHQW� RI� WKH� SURFHVVLQJ� RI� D� VWLPXOXV� DV� D� IXQFWLRQ� RI� SULRU� H[SRVXUH´
�$QGHUVRQ��������S��������$VVXPH� WKDW�D� UHVHDUFKHU�DVNV�\RX� WR�QDPH�D� IUXLW�DQG
\RX� VD\�� ³3LQHDSSOH�´�7KHQ�RQ� WKH� VHFRQG� WULDO�� WKH� UHVHDUFKHU� HLWKHU� DVNV� \RX� WR
QDPH�DQRWKHU� W\SH�RI�IUXLW�RU�DVNV�\RX� WR�QDPH�D� W\SH�RI�GRJ��:KLFK�UHVSRQVH�GR
\RX� WKLQN� \RX� FRXOG� SURYLGH�PRUH� TXLFNO\"� ,W� WXUQV� RXW� WKDW� UHVHDUFK� SDUWLFLSDQWV
FRXOG�QDPH�DQRWKHU�W\SH�RI�IUXLW�IDVWHU�WKDQ�WKH\�FRXOG�QDPH�D�W\SH�RI�GRJ�ZKHQ�WKH\
ZHUH�DVNHG�WR�QDPH�D�W\SH�RI�IUXLW�ILUVW��/RIWXV��FLWHG�LQ�$QGHUVRQ���7KH�QDPLQJ�RI
WKH� IUXLW� RQ� WKH� ILUVW� WULDO� SULPHG� WKH� UHVHDUFK� SDUWLFLSDQWV¶� PHQWDO� SURFHVVLQJ� WR
QDPH�DQRWKHU� IUXLW�� ,W� LV�EHOLHYHG� WKDW�SULPLQJ�RSHUDWHV�EHFDXVH� WKH�ILUVW�H[SRVXUH
DFWLYDWHV�WKH�FRPSOH[�RI�QHXURQV�LQ�ORQJ�WHUP�PHPRU\��ZKHUH�WKH�FRQFHSW�LV�EHLQJ
VWRUHG�� %DVLF� UHVHDUFK� LV� XVXDOO\� FRQGXFWHG� E\� XVLQJ� WKH�PRVW� ULJRURXV� UHVHDUFK
PHWKRGV� �H�J��� H[SHULPHQWDO�� XQGHU� WLJKWO\� FRQWUROOHG� ODERUDWRU\� FRQGLWLRQV�� 7KH
SULPDU\� DXGLHQFH� LQFOXGHV� WKH� RWKHU� UHVHDUFKHUV� LQ� WKH� UHVHDUFK� DUHD�� 7KH� NH\
SXUSRVH� RI� EDVLF� UHVHDUFK� LV� WR� GHYHORS� D� VROLG� IRXQGDWLRQ� RI� UHOLDEOH� DQG
IXQGDPHQWDO�NQRZOHGJH�DQG�WKHRU\�RQ�ZKLFK�IXWXUH�UHVHDUFK�FDQ�EH�EXLOW�

��%DVLF�UHVHDUFK�5HVHDUFK�DLPHG�DW�JHQHUDWLQJ�IXQGDPHQWDO�NQRZOHGJH�DQG
WKHRUHWLFDO�XQGHUVWDQGLQJ�DERXW�EDVLF�KXPDQ�DQG�RWKHU�QDWXUDO�SURFHVVHV

$W� WKH� RWKHU� HQG� RI� WKH� FRQWLQXXP� LV� DSSOLHG� UHVHDUFK�� $SSOLHG� UHVHDUFK
IRFXVHV� RQ� DQVZHULQJ� UHDO�ZRUOG�� SUDFWLFDO� TXHVWLRQV� WR� SURYLGH� UHODWLYHO\
LPPHGLDWH� VROXWLRQV�� 7RSLFV� IRU� DSSOLHG� UHVHDUFK� DUH� RIWHQ� GULYHQ� E\� FXUUHQW
SUREOHPV� LQ� HGXFDWLRQ� DQG� E\� SROLF\PDNHUV¶� FRQFHUQV��$SSOLHG� UHVHDUFK� LV� RIWHQ
FRQGXFWHG�LQ�PRUH�QDWXUDO�VHWWLQJV��L�H���PRUH�UHDOLVWLF�RU�UHDO�ZRUOG�VHWWLQJV��WKDQ
EDVLF� UHVHDUFK��$Q� DSSOLHG� UHVHDUFK� VWXG\�PLJKW� IRFXV� RQ� WKH� HIIHFWV� RI� UHWDLQLQJ
ORZ�SHUIRUPLQJ� HOHPHQWDU\� VFKRRO� VWXGHQWV� LQ� WKHLU� SUHVHQW� JUDGH� OHYHO� RU� RQ� WKH
UHODWLYH� HIIHFWLYHQHVV� RI� WZR� DSSURDFKHV� WR� FRXQVHOLQJ� �H�J��� EHKDYLRU� WKHUDS\
YHUVXV�FRJQLWLYH�WKHUDS\���,Q�WKH�IRUPHU��WKH�UHVXOWV�ZRXOG�SRWHQWLDOO\�KDYH�SUDFWLFDO
LPSOLFDWLRQV� IRU�HGXFDWLRQ�SROLF\�� LQ� WKH� ODWWHU�� WKH� UHVXOWV�ZRXOG�SRWHQWLDOO\�KDYH
LPSOLFDWLRQV�IRU�SUDFWLFLQJ�FRXQVHORUV��7KH�SULPDU\�DXGLHQFHV�IRU�DSSOLHG�UHVHDUFK
DUH� RWKHU� DSSOLHG� UHVHDUFKHUV� �ZKR� UHDG� WKH� UHVXOWV� LQ� HGXFDWLRQDO� UHVHDUFK
MRXUQDOV��DV�ZHOO�DV�SROLF\PDNHUV��GLUHFWRUV��DQG�PDQDJHUV�RI�SURJUDPV�ZKR�DOVR
UHDG� UHVHDUFK� MRXUQDOV�� $SSOLHG� UHVHDUFK� RIWHQ� OHDGV� WR� WKH� GHYHORSPHQW� RI
LQWHUYHQWLRQV�DQG�SURJUDPV�DLPHG�DW�LPSURYLQJ�VRFLHWDO�FRQGLWLRQV��ZKLFK�OHDGV�XV
WR�WKH�QH[W�W\SH�RI�UHVHDUFK�

��$SSOLHG�UHVHDUFK�5HVHDUFK�IRFXVHG�RQ�DQVZHULQJ�SUDFWLFDO�TXHVWLRQV�WR
SURYLGH�UHODWLYHO\�LPPHGLDWH�VROXWLRQV

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

(YDOXDWLRQ�5HVHDUFK



:KHQ� LQWHUYHQWLRQV� DQG� VRFLDO� RU� HGXFDWLRQDO� SURJUDPV� DLPHG� DW� LPSURYLQJ
YDULRXV� FRQGLWLRQV� DUH� LPSOHPHQWHG�� HYDOXDWLRQ� UHVHDUFK� LV� RIWHQ� FDUULHG� RXW� WR
GHWHUPLQH� KRZ�ZHOO� WKH� SURJUDPV�ZRUN� LQ� UHDO�ZRUOG� VHWWLQJV� DQG� WR� VKRZ� KRZ
WKH\� PLJKW� EH� LPSURYHG�� (YDOXDWLRQ� UHVHDUFK�� RU�� PRUH� VLPSO\�� HYDOXDWLRQ�
VSHFLILFDOO\� LQYROYHV� GHWHUPLQLQJ� WKH� ZRUWK�� PHULW�� RU� TXDOLW\� RI� DQ� HYDOXDWLRQ
REMHFW�� VXFK� DV� DQ� HGXFDWLRQDO� SURJUDP�� (YDOXDWLRQ� UHTXLUHV� HYDOXDWRUV� WR� PDNH
YDOXH� MXGJPHQWV�DERXW�HYDOXDWLRQ�REMHFWV� �H�J���3URJUDP�;<=�LV�D�JRRG�SURJUDP�
DQG� LW� VKRXOG� EH� FRQWLQXHG�� 3URJUDP� $%&� LV� D� EDG� SURJUDP�� DQG� LW� VKRXOG� EH
GLVFRQWLQXHG���$Q�HYDOXDWLRQ�REMHFW� �DOVR� FDOOHG� WKH�HYDOXDQG�� LV� WKH� WKLQJ� EHLQJ
HYDOXDWHG�� D� SURJUDP�� D� SHUVRQ�� RU� D� SURGXFW� �*XED� 	� /LQFROQ�� ������ 6FULYHQ�
������:RUWKHQ��6DQGHUV��	�)LW]SDWULFN���������$Q�HGXFDWLRQDO�SURJUDP�PLJKW�EH�DQ
DIWHUVFKRRO�SURJUDP�IRU�VWXGHQWV�ZLWK�EHKDYLRUDO�SUREOHPV�RU�D�QHZ�FXUULFXOXP�DW
VFKRRO��$�SHUVRQ�PLJKW�EH�\RXU�QHZ�VFKRRO�GLVWULFW�VXSHULQWHQGHQW��$�SURGXFW�PLJKW
EH� D� QHZ� WH[WERRN� RU� D� QHZ� SLHFH� RI� HTXLSPHQW� WKDW� D� VFKRRO� LV� FRQVLGHULQJ
SXUFKDVLQJ�

��(YDOXDWLRQ�'HWHUPLQLQJ�WKH�ZRUWK��PHULW��RU�TXDOLW\�RI�DQ�HYDOXDWLRQ�REMHFW

(YDOXDWLRQ�WUDGLWLRQDOO\�LV�VXEGLYLGHG�LQWR�WZR�W\SHV�DFFRUGLQJ�WR�WKH�SXUSRVH
RI� WKH� HYDOXDWLRQ�� :KHQ� WKH� SULPDU\� SXUSRVH� RI� DQ� HYDOXDWLRQ� LV� WR� OHDG� WR
MXGJPHQWV� DERXW� KRZ� D� SURJUDP� FDQ� EH� LPSURYHG�� LW� LV� FDOOHG� D� IRUPDWLYH
HYDOXDWLRQ�� )RUPDWLYH� HYDOXDWLRQ� LQIRUPDWLRQ� KHOSV� SURJUDP� GHYHORSHUV� DQG
VXSSRUW�VWDII�GHVLJQ�� LPSOHPHQW��DQG�LPSURYH�WKHLU�SURJUDP�VR�WKDW� LW�ZRUNV�ZHOO�
:KHQ�WKH�SULPDU\�SXUSRVH�RI�DQ�HYDOXDWLRQ�LV�WR�OHDG�WR�MXGJPHQWV�DERXW�ZKHWKHU�D
SURJUDP�LV�HIIHFWLYH�DQG�ZKHWKHU�LW�VKRXOG�EH�FRQWLQXHG��LW�LV�FDOOHG�D�VXPPDWLYH
HYDOXDWLRQ�� 6XPPDWLYH� HYDOXDWLRQ� LQIRUPDWLRQ� LV� LPSRUWDQW� IRU� SROLF\PDNHUV� DQG
RWKHUV�ZKR�FRPPLVVLRQ�SURJUDPV�ZKHQ�WKH\�PDNH�IXQGLQJ�GHFLVLRQV�DQG�ZKHQ�WKH\
KDYH� WR� PDNH� FKRLFHV� DERXW� ZKLFK� FRPSHWLQJ� SURJUDPV� ZLOO� EH� VXSSRUWHG� DQG
ZKLFK�ZLOO�EH�HOLPLQDWHG�

��)RUPDWLYH�HYDOXDWLRQ�(YDOXDWLRQ�IRFXVHG�RQ�LPSURYLQJ�WKH�HYDOXDWLRQ
REMHFW

��6XPPDWLYH�HYDOXDWLRQ�(YDOXDWLRQ�IRFXVHG�RQ�GHWHUPLQLQJ�WKH�RYHUDOO
HIIHFWLYHQHVV�DQG�XVHIXOQHVV�RI�WKH�HYDOXDWLRQ�REMHFW

,W�LV�FXUUHQWO\�SRSXODU�WR�GLYLGH�HYDOXDWLRQ�LQWR�ILYH�DUHDV�RU�W\SHV��H�J���5RVVL�
/LSVH\��	� )UHHPDQ�� ������� HDFK� RI� ZKLFK� LV� EDVHG� RQ� D� IXQGDPHQWDO� HYDOXDWLRQ
TXHVWLRQ�

����1HHGV�DVVHVVPHQW��,V�WKHUH�D�QHHG�IRU�WKLV�W\SH�RI�SURJUDP"

����7KHRU\�DVVHVVPHQW��,V�WKLV�SURJUDP�FRQFHSWXDOL]HG�LQ�D�ZD\�WKDW�LW�VKRXOG
ZRUN"



����,PSOHPHQWDWLRQ�DVVHVVPHQW��:DV�WKLV�SURJUDP�LPSOHPHQWHG�SURSHUO\�DQG
DFFRUGLQJ�WR�WKH�SURJUDP�SODQ"

����,PSDFW�DVVHVVPHQW��'LG�WKLV�SURJUDP�KDYH�DQ�LPSDFW�RQ�LWV�LQWHQGHG�WDUJHWV"

����(IILFLHQF\�DVVHVVPHQW��,V�WKLV�SURJUDP�FRVW�HIIHFWLYH"

$V�\RX�FDQ�VHH��HYDOXDWLRQ�FDQ�SURYLGH�LPSRUWDQW�LQIRUPDWLRQ�WR�HGXFDWRUV��2Q
WKH� EDVLV� RI� WKH� HYLGHQFH� FROOHFWHG� DQG� WKH� UHFRPPHQGDWLRQV� PDGH�� SURJUDP
HYDOXDWRUV� SURYLGH� DQ� LPSRUWDQW� YRLFH� LQ� GHFLVLRQ�PDNLQJ� DERXW� HGXFDWLRQDO� DQG
RWKHU�VRFLDO�SURJUDPV�

$FWLRQ�5HVHDUFK
,Q�&KDSWHU����ZH�GHYRWH�DQ�HQWLUH�FKDSWHU�WR�DFWLRQ�UHVHDUFK��7KHUHIRUH��IRU�WKH

PRPHQW�� ZH� MXVW� ZDQW� WR� JHW� WKH� EDVLF� LGHD� DQG� D� GHILQLWLRQ� LQWR� \RXU� WKLQNLQJ�
$FWLRQ�UHVHDUFK� LV� IRFXVHG�RQ� VROYLQJ� VSHFLILF� SUREOHPV� WKDW� ORFDO� SUDFWLWLRQHUV
IDFH�LQ�WKHLU�VFKRROV�DQG�FRPPXQLWLHV��/HZLQ��������6WULQJHU���������,W�YLHZV�\RXU
FODVVURRP� RU� RWKHU� ZRUN� HQYLURQPHQW� DV� WKH� SODFH� WR� FRQGXFW� UHVHDUFK�� $FWLRQ
UHVHDUFK� LV� EDVHG� RQ� WKH� LGHD� WKDW� KDYLQJ� D� ³UHVHDUFKHU� DWWLWXGH´� LV� KHOSIXO� LQ
GHDOLQJ� ZLWK� \RXU� FRPSOH[� DQG� FKDQJLQJ� HQYLURQPHQWV�� 7KLV� DWWLWXGH� LQYROYHV
FRQWLQXRXVO\� LGHQWLI\LQJ� QHZ� SUREOHPV� WKDW� \RX�ZDQW� WR�ZRUN� RQ� DQG� WU\LQJ� QHZ
VWUDWHJLHV�DQG�DFWLRQV�WR�VHH�ZKDW�LPSURYHV�\RXU�VLWXDWLRQ��0DQ\�SUDFWLWLRQHUV�ILQG
DFWLRQ�UHVHDUFK�KHOSIXO�EHFDXVH�LW�KHOSV�WKHP�WR�LQWHJUDWH�WKHRU\�DQG�UHVHDUFK�ZLWK
SUDFWLFH��:H�KRSH�DOO�RI�RXU�UHDGHUV�RI�WKLV�ERRN�ZLOO�WDNH�WKH�DWWLWXGH�RI�WKH�³DFWLRQ
UHVHDUFKHU´� DV� WKH\� JR� DERXW� WKHLU� SURIHVVLRQDO� FDUHHUV� �L�H��� WKLQN� DERXW� KRZ
UHVHDUFK�FDQ�KHOS�\RX� LPSURYH�\RXU�SUDFWLFHV�DQG�FRQGXFW� UHVHDUFK�VRPHWLPHV� WR
HPSLULFDOO\�WHVW�\RXU�LGHDV��

��$FWLRQ�UHVHDUFK�$SSOLHG�UHVHDUFK�IRFXVHG�RQ�VROYLQJ�SUDFWLWLRQHUV¶�ORFDO
SUREOHPV

2ULHQWDWLRQDO�5HVHDUFK
7KH� ODVW� JHQHUDO� W\SH� RI� UHVHDUFK�� FDOOHG� RULHQWDWLRQDO� UHVHDUFK�� IRFXVHV� RQ

FROOHFWLQJ� LQIRUPDWLRQ� WR� KHOS� D� UHVHDUFKHU� DGYDQFH� D� VSHFLILF� LGHRORJLFDO� RU
SROLWLFDO�SRVLWLRQ�RU�RULHQWDWLRQ�WKDW�KH�RU�VKH�EHOLHYHV�ZLOO�LPSURYH�VRPH�SDUW�RI
RXU�VRFLHW\��H�J���6DQGRYDO��������/��7��6PLWK���������2ULHQWDWLRQDO� UHVHDUFK�DOVR
IRFXVHV� RQ� ³JLYLQJ� YRLFH´� DQG� LQFUHDVHG� SRZHU� WR� WKH� GLVDGYDQWDJHG� LQ� VRFLHW\�
2ULHQWDWLRQDO�UHVHDUFKHUV�DUH�FRQFHUQHG�DERXW�VXFK�LVVXHV�DV�VRFLDO�GLVFULPLQDWLRQ
DQG� WKH� LQHTXLWDEOH� GLVWULEXWLRQ� RI� SRZHU� DQG� ZHDOWK� LQ� VRFLHW\�� $OWKRXJK� DOO
RULHQWDWLRQDO� UHVHDUFKHUV� DUH� FRQFHUQHG� ZLWK� UHGXFLQJ� LQHTXDOLW\� RI� VRPH� IRUP�
WKHUH� DUH� VHYHUDO� YDULDQWV� RI� RULHQWDWLRQDO� UHVHDUFK�� 7KH� PRVW� FRPPRQ� DUHDV� RI
IRFXV�DUH�FODVV�VWUDWLILFDWLRQ��L�H���LQFRPH�DQG�ZHDOWK�LQHTXDOLW\���JHQGHU�LQHTXDOLW\�
UDFLDO� DQG� HWKQLF� LQHTXDOLW\�� VH[XDO� RULHQWDWLRQ� LQHTXDOLW\�� DQG� LQWHUQDWLRQDO



LQHTXDOLW\��L�H���ULFK�DQG�SRRU�QDWLRQV��

��2ULHQWDWLRQDO�UHVHDUFK�5HVHDUFK�H[SOLFLWO\�GRQH�IRU�WKH�SXUSRVH�RI
DGYDQFLQJ�DQ�LGHRORJLFDO�SRVLWLRQ�RU�RULHQWDWLRQ

$OO�UHVHDUFKHUV�DUH�LGHRORJLFDO�WR�VRPH�GHJUHH��H�J���LQ�WKHLU�VHOHFWLRQ�RI�WKHLU
UHVHDUFK� WRSLFV�� LQ� WKH� UHFRPPHQGDWLRQV� WKH\�PDNH���EXW�RULHQWDWLRQDO� UHVHDUFKHUV
PDNH� WKHLU� LGHRORJ\�DQG�SROLWLFDO�DJHQGDV�YHU\�H[SOLFLW��2ULHQWDWLRQDO� UHVHDUFK� LV
VRPHWLPHV� FDOOHG� FULWLFDO� WKHRU\� UHVHDUFK� �$Q\RQ�� ������� 7KLV� LV� DSSURSULDWH
EHFDXVH� WKHVH�UHVHDUFKHUV�RIWHQ�DUH�FULWLFDO�RI�³PDLQVWUHDP�UHVHDUFK�´�ZKLFK� WKH\
DUJXH� VXSSRUWV� WKH� FXUUHQW� SRZHU� VWUXFWXUH� LQ� VRFLHW\�� ,I� RULHQWDWLRQDO� UHVHDUFK
VRXQGV�LQWHUHVWLQJ��\RX�ZLOO�ILQG�D�ZHDOWK�RI�LQIRUPDWLRQ�RQ�WKH�ZHE��XVLQJ�VHDUFK
WHUPV�VXFK�DV�FULWLFDO�WKHRU\��HWKQLF�VWXGLHV��IHPLQLVP��SRVWFRORQLDOLVP��DQG�TXHHU
WKHRU\��

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

5(9,(:
48(67 ,21 6

�������:KDW�DUH�WKH�GHILQLWLRQV�RI�WKH�ILYH�JHQHUDO
NLQGV�RI�UHVHDUFK"

�������:K\�LV�LW�LPSRUWDQW�WKDW�ERWK�EDVLF�DQG�DSSOLHG
UHVHDUFK�EH�GRQH"

�������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�IRUPDWLYH�DQG
VXPPDWLYH�HYDOXDWLRQ"

�������:KDW�LV�WKH�NH\�TXHVWLRQ�DVVRFLDWHG�ZLWK�HDFK
RI�WKH�IROORZLQJ�IRUPV�RI�HYDOXDWLRQ��QHHGV
DVVHVVPHQW��WKHRU\�DVVHVVPHQW��LPSOHPHQWDWLRQ
DVVHVVPHQW��LPSDFW�DVVHVVPHQW��DQG�HIILFLHQF\
DVVHVVPHQW"

6285&(6�2)�.12:/('*(
7DNH�D�PRPHQW�QRZ�WR�FRQVLGHU�KRZ�\RX�KDYH�OHDUQHG�DERXW�WKH�ZRUOG�DURXQG�\RX�
7U\�WR�LGHQWLI\�WKH�VRXUFH�RU�VRXUFHV�RI�RQH�RI�\RXU�SDUWLFXODU�EHOLHIV��H�J���SDUHQWV�
IULHQGV�� ERRNV�� WUDGLWLRQ�� FXOWXUH�� WKLQNLQJ�� H[SHULHQFHV��� )RU� H[DPSOH�� FRQVLGHU
\RXU� SROLWLFDO� SDUW\� LGHQWLILFDWLRQ� �L�H��� 'HPRFUDW�� 5HSXEOLFDQ�� LQGHSHQGHQW�� RU
VRPHWKLQJ� HOVH��� 3ROLWLFDO� VFLHQWLVWV� KDYH� VKRZQ� WKDW� FROOHJH� VWXGHQWV¶� SDUW\
LGHQWLILFDWLRQ� FDQ� RIWHQ� EH� SUHGLFWHG� E\� WKHLU� SDUHQWV¶� SDUW\� LGHQWLILFDWLRQ�� +RZ
GRHV�\RXU�SDUW\�LGHQWLILFDWLRQ�FRPSDUH�ZLWK�WKDW�RI�\RXU�SDUHQWV"�2EYLRXVO\��PDQ\
DGGLWLRQDO�LQIOXHQFHV�DIIHFW�SDUW\�LGHQWLILFDWLRQ��&DQ�\RX�LGHQWLI\�VRPH�RI�WKHP"

,Q� WKLV� VHFWLRQ�� ZH� H[DPLQH� WKH� SULPDU\� ZD\V� LQ� ZKLFK� SHRSOH� UHODWH� WR� WKH
ZRUOG� DQG� KRZ� WKH\� JHQHUDWH� NQRZOHGJH��7KH� VWXG\� RI� NQRZOHGJH²LQFOXGLQJ� LWV
QDWXUH��KRZ�LW�LV�JDLQHG�RU�JHQHUDWHG��KRZ�LW�LV�ZDUUDQWHG��DQG�WKH�VWDQGDUGV�WKDW�DUH



XVHG�WR�MXGJH�LWV�DGHTXDF\²LV�NQRZQ�DV�HSLVWHPRORJ\��(SLVWHPRORJ\�VRPHWLPHV�LV
FDOOHG� WKH� ³WKHRU\� RI� NQRZOHGJH�´� :H� JURXS� WKH� VRXUFHV� RI� NQRZOHGJH� LQWR� WKH
SULPDU\�DUHDV�GLVFXVVHG�LQ�WKH�ILHOG�RI�HSLVWHPRORJ\�

��(SLVWHPRORJ\�7KH�WKHRU\�RI�NQRZOHGJH�DQG�LWV�MXVWLILFDWLRQ

([SHULHQFH
(PSLULFLVP�LV�WKH�LGHD�WKDW�DOO�NQRZOHGJH�FRPHV�IURP�H[SHULHQFH��:H�OHDUQ�E\

REVHUYLQJ��DQG�ZKHQ�ZH�REVHUYH��ZH�UHO\�RQ�RXU�VHQVRU\�SHUFHSWLRQ��(DFK�GD\�RI
RXU� OLYHV�� ZH� ORRN�� IHHO�� KHDU�� VPHOO�� DQG� WDVWH� VR� WKDW� ZH� FDQ� XQGHUVWDQG� RXU
VXUURXQGLQJV�� $FFRUGLQJ� WR� WKH� SKLORVRSKLFDO� GRFWULQH� RI� HPSLULFLVP�� ZKDW� ZH
REVHUYH�ZLWK�RXU�VHQVHV�LV�VDLG�WR�EH�WUXH��-RKQ�/RFNH������±�������D�SURSRQHQW
RI�WKLV�LGHD��VDLG�WKDW�RXU�PLQG�DW�ELUWK�LV�D�WDEXOD�UDVD��D�EODQN�VODWH�UHDG\�WR�EH
ZULWWHQ� RQ� E\� RXU� HQYLURQPHQW�� 7KURXJKRXW� RXU� OLYHV�� RXU� VODWH� LV� ILOOHG� XS�ZLWK
NQRZOHGJH� EDVHG� RQ� RXU� H[SHULHQFHV�� 7KH� VWDWHPHQW� ³,� NQRZ� WKH� FDU� LV� EOXH
EHFDXVH�,�VDZ�LW�´�LV�DQ�H[DPSOH�RI�DQ�HPSLULFDO�VWDWHPHQW��D�VWDWHPHQW�EDVHG�RQ
REVHUYDWLRQ��H[SHULPHQW��RU�H[SHULHQFH��(PSLULFDO�LV�D�IDQF\�ZRUG�PHDQLQJ�³EDVHG
RQ� REVHUYDWLRQ�� H[SHULPHQW�� RU� H[SHULHQFH�´� 7KH� ZRUG� HPSLULFDO� GHQRWHV� WKDW� D
VWDWHPHQW�LV�FDSDEOH�RI�EHLQJ�YHULILHG�RU�GLVSURYHG�E\�REVHUYDWLRQ��H[SHULPHQW��RU
H[SHULHQFH�� ,Q� WKH� QH[W� SDUDJUDSK�� ZH� WU\� WR� WUDFH� VRPH� RI� WKH� VRXUFHV� RI
H[SHULHQFHV�\RX�PLJKW�KDYH�KDG�GXULQJ�\RXU�OLIHWLPH�

��(PSLULFLVP�7KH�LGHD�WKDW�NQRZOHGJH�FRPHV�IURP�H[SHULHQFH

��(PSLULFDO�VWDWHPHQW�$�VWDWHPHQW�EDVHG�RQ�REVHUYDWLRQ��H[SHULPHQW��RU
H[SHULHQFH

7KURXJKRXW�RXU� OLYHV��ZH�SDUWLFLSDWH� LQ� DQG� OHDUQ� DERXW� WKH�ZRUOG� DURXQG�XV�
:H�LQWHUDFW�ZLWK�SHRSOH�DQG�JHQHUDWH�RXU�SHUVRQDO�NQRZOHGJH��,Q�WKH�EHJLQQLQJ��ZH
DUH� ERUQ� DW� D� FHUWDLQ� WLPH�� LQ� D� FHUWDLQ� SODFH�� LQWR� D� VSHFLILF� IDPLO\� WKDW� XVHV� D
VSHFLILF�ODQJXDJH��:KHQ�ZH�DUH�\RXQJ��RXU�IDPLO\�LV�WKH�PRVW�LPSRUWDQW�VRXUFH�RI
RXU�NQRZOHGJH��RXU�DWWLWXGHV��DQG�RXU�YDOXHV��$V�ZH�JURZ�ROGHU��RWKHU�SHRSOH�DQG
VRFLDO� LQVWLWXWLRQV� DURXQG�XV²LQFOXGLQJ�RXU�SHHUV�� RXU� UHOLJLRQ��RXU� VFKRROV� �DQG
OLEUDULHV���RXU�HFRQRP\��RXU�JRYHUQPHQW��DQG�WKH�YDULRXV�PHGLD�ZH�DUH�H[SRVHG�WR
RU� VHHN� RXW²LQIOXHQFH� XV� PRUH� DQG� PRUH�� :H� OHDUQ� WKH� FXVWRPV�� EHOLHIV�� DQG
WUDGLWLRQV�RI�WKH�SHRSOH�DURXQG�XV��$V�ZH�OHDUQ�³KRZ�WKLQJV�DUH�´�ZH�FRQVWUXFW�RXU
SHUVRQDO� NQRZOHGJH� DQG� YLHZSRLQWV� DERXW� RXU� ZRUOGV�� 2YHU� WLPH�� PDQ\� RI� RXU
DFWLRQV�DQG�EHOLHIV�EHFRPH�DXWRPDWLF�DQG�XQTXHVWLRQHG�

5HDVRQLQJ
5DWLRQDOLVP� LV� WKH� SKLORVRSKLFDO� LGHD� WKDW� UHDVRQ� LV� WKH� SULPDU\� VRXUFH� RI

NQRZOHGJH��2QH�IDPRXV�UDWLRQDOLVW�SKLORVRSKHU�ZDV�5HQp�'HVFDUWHV������±������



5HDVRQ� LQYROYHV� WKLQNLQJ� DERXW� VRPHWKLQJ� DQG� GHYHORSLQJ� DQ� XQGHUVWDQGLQJ� RI� LW
WKURXJK� UHDVRQLQJ�� ,Q� LWV� VWURQJ� IRUP�� UDWLRQDOLVP� PHDQV� WKDW� PDQ\� WUXWKV� DUH
NQRZDEOH�LQGHSHQGHQW�RI�REVHUYDWLRQ��,Q�LWV�ZHDNHU�IRUP��UDWLRQDOLVP�VLPSO\�UHIHUV
WR� RXU� XVH� RI� UHDVRQ� LQ� GHYHORSLQJ� XQGHUVWDQGLQJV� DERXW� WKH� ZRUOG�� 'HGXFWLYH
UHDVRQLQJ�DQG�LQGXFWLYH�UHDVRQLQJ�DUH�WKH�WZR�PDMRU�NLQGV�RI�UHDVRQLQJ�

��5DWLRQDOLVP�7KH�SKLORVRSKLFDO�LGHD�WKDW�UHDVRQ�LV�WKH�SULPDU\�VRXUFH�RI
NQRZOHGJH

'HGXFWLYH�UHDVRQLQJ�LV�WKH�SURFHVV�RI�GUDZLQJ�D�FRQFOXVLRQ�WKDW�LV�QHFHVVDULO\
WUXH� LI� WKH� SUHPLVHV� DUH� WUXH�� 2QH� IRUP� RI� GHGXFWLYH� UHDVRQLQJ� LV� WKH� V\OORJLVP�
+HUH�LV�DQ�H[DPSOH�

��'HGXFWLYH�UHDVRQLQJ�7KH�SURFHVV�RI�GUDZLQJ�D�FRQFOXVLRQ�WKDW�LV�QHFHVVDULO\
WUXH�LI�WKH�SUHPLVHV�DUH�WUXH

0DMRU�3UHPLVH��$OO�VFKRROWHDFKHUV�DUH�PRUWDO�

0LQRU�3UHPLVH��-RKQ�LV�D�VFKRROWHDFKHU�

&RQFOXVLRQ��7KHUHIRUH��-RKQ�LV�PRUWDO�

$FFRUGLQJ� WR� WKLV� GHGXFWLYH� DUJXPHQW�� -RKQ�QHFHVVDULO\� LV� D�PRUWDO�� .HHS� LQ
PLQG��KRZHYHU��WKDW�UHDVRQLQJ�OLNH�WKLV�GHSHQGV�RQ�WKH�YDOLGLW\�RI�WKH�SUHPLVHV��-XVW
WU\�UHSODFLQJ�WKH�ZRUG�PRUWDO�ZLWK�WKH�ZRUG�0DUWLDQ��\RX�WKHQ�FRQFOXGH�WKDW�-RKQ
LV�D�0DUWLDQ��'HGXFWLYH�UHDVRQLQJ�LV�XVHIXO�DV�ZH�UHDVRQ�DERXW�WKLQJV�LQ�RXU�ZRUOG�
EXW�ZH�PXVW�DOZD\V�PDNH�VXUH� WKDW�RXU�SUHPLVHV�DUH� WUXH��DQG�ZH�PXVW�XVH�YDOLG
DUJXPHQW�IRUPV��:H�QHHG�WR�EH�FDUHIXO�DERXW�ZKDW�ZH�DVVXPH�ZKHQ�ZH�GUDZ�RXU
FRQFOXVLRQV�

,QGXFWLYH�UHDVRQLQJ� LV� WKH�IRUP�RI� UHDVRQLQJ� LQ�ZKLFK� WKH�SUHPLVHV�³SURYLGH
JRRG�UHDVRQV��EXW�QRW�FRQFOXVLYH�UHDVRQV�WR�DFFHSW�WKH�FRQFOXVLRQ´��6DOPRQ�������
S�������:H�HQJDJH�LQ�LQGXFWLYH�UHDVRQLQJ�IUHTXHQWO\�LQ�RXU�HYHU\GD\�OLYHV�ZKHQ�ZH
REVHUYH�PDQ\�VSHFLILF�LQVWDQFHV�RI�VRPH�SKHQRPHQRQ�DQG�GUDZ�FRQFOXVLRQV�DERXW
LW��)RU�H[DPSOH��\RX�KDYH�FHUWDLQO\�REVHUYHG�DOO�RI�\RXU� OLIH� WKDW� WKH�VXQ�DSSHDUV
HYHU\� PRUQLQJ� �H[FHSW� RQ� FORXG\� GD\V��� 2Q� WKH� EDVLV� RI� \RXU� REVHUYDWLRQV�� \RX
SUREDEO\�IHHO�FRPIRUWDEOH�FRQFOXGLQJ�WKDW� WKH�VXQ�ZLOO�PDNH�LWV�DSSHDUDQFH�DJDLQ
WRPRUURZ��LI�LW�LV�QRW�FORXG\���,Q�WKLV�FDVH��\RX�DUH�LQGHHG�OLNHO\�WR�EH�FRUUHFW��%XW
QRWLFH�WKDW��ZKHQ�\RX�XVH�LQGXFWLYH�UHDVRQLQJ��\RX�DUH�XVLQJ�D�SUREDELOLVWLF�IRUP�RI
UHDVRQLQJ��7KDW�LV��\RX�DUH�VWDWLQJ�ZKDW�LV�OLNHO\�WR�RFFXU��QRW�ZKDW�ZLOO�QHFHVVDULO\
RFFXU��%HFDXVH�RI�WKLV��\RX�DUH�WDNLQJ�D�ULVN��DOEHLW�D�YHU\�VPDOO�ULVN�LQ�WKLV�FDVH�
EHFDXVH�LQGXFWLRQ�LQYROYHV�PDNLQJ�FRQFOXVLRQV�WKDW�JR�EH\RQG�WKH�HYLGHQFH�LQ�WKH
SUHPLVHV� �H�J��� JRLQJ� IURP� VRPH� WR�PRUH�� IURP� WKH� H[DPLQHG� WR� WKH� XQH[DPLQHG�
IURP�WKH�REVHUYHG� WR� WKH�XQREVHUYHG���7KLV� LV�QRW�QHFHVVDULO\�D�SUREOHP��EXW�\RX
VKRXOG�EH�DZDUH�WKDW�LW�FRXOG�EH�RQH�LI�\RX�H[SHFW�FHUWDLQW\�LQ�\RXU�FRQFOXVLRQV�



��,QGXFWLYH�UHDVRQLQJ�7KH�SURFHVV�RI�GUDZLQJ�D�FRQFOXVLRQ�WKDW�LV�³SUREDEO\´
WUXH

��3UREDELOLVWLF�6WDWLQJ�ZKDW�LV�OLNHO\�WR�RFFXU��QRW�ZKDW�ZLOO�QHFHVVDULO\�RFFXU

7KH�IDPRXV�SKLORVRSKHU�QDPHG�'DYLG�+XPH������±������SRLQWHG�RXW�ZKDW�LV
FDOOHG� WKH�SUREOHP�RI� LQGXFWLRQ��$OWKRXJK� VRPHWKLQJ�PLJKW� KDYH�KDSSHQHG�PDQ\
WLPHV�LQ�WKH�SDVW��LW�LV�VWLOO�SRVVLEOH�WKDW�LW�ZLOO�QRW�KDSSHQ�LQ�WKH�IXWXUH��,Q�VKRUW��WKH
IXWXUH�PLJKW�QRW�UHVHPEOH�WKH�SDVW��/HW¶V�VD\�WKDW�HYHU\�FDW�\RX�KDYH�HYHU�VHHQ�KDG
D� WDLO��8VLQJ� LQGXFWLYH� UHDVRQLQJ��\RX�PLJKW�EH� OHG� WR� FRQFOXGH� WKDW� DOO� FDWV�KDYH
WDLOV�� <RX� FDQ� VHH� WKH� SUREOHP� KHUH��2QH� GD\� \RX�PLJKW� UXQ� DFURVV� D�0DQ[� FDW�
ZKLFK�KDV�QR�WDLO��7KH�SRLQW�LV�WKDW�LQGXFWLYH�UHDVRQLQJ�LV�XVHIXO�LQ�KHOSLQJ�XV�FRPH
XS� ZLWK� XVHIXO� FRQFOXVLRQV�� SUHGLFWLRQV�� DQG� JHQHUDOL]DWLRQV� DERXW� WKH� ZRUOG�
KRZHYHU��ZH�PXVW� UHPHPEHU� WKDW�ZH�KDYH�QRW�SURYHQ� WKHVH� WR� EH� WUXH�� ,QGXFWLRQ
RQO\�SURYLGHV�VWDWHPHQWV�RI�SUREDELOLW\�

��3UREOHP�RI�LQGXFWLRQ�7KH�IXWXUH�PLJKW�QRW�UHVHPEOH�WKH�SDVW

5(9,(:
48(67 ,21 6

�������:KDW�DUH�WKH�GLIIHUHQW�VRXUFHV�RI�NQRZOHGJH"
:KLFK�RQHV�DUH�HVSHFLDOO\�LPSRUWDQW�IRU
HGXFDWLRQDO�UHVHDUFK"

�������:KDW�LV�WKH�NH\�GLIIHUHQFH�EHWZHHQ�LQGXFWLYH
UHDVRQLQJ�DQG�GHGXFWLYH�UHDVRQLQJ"

7+(�6&,(17,),&�$3352$&+�72�.12:/('*(�*(1(5$7,21
$OWKRXJK� WKH� ZRUG� VFLHQFH� KDV� EHFRPH� D� KRW�EXWWRQ� RU� ORDGHG� ZRUG� LQ� VRPH
FLUFOHV�� WKH� URRW� RI� WKH� ZRUG� LV� WKH� /DWLQ� VFLHQWLD�� ZKLFK� VLPSO\� PHDQV
³NQRZOHGJH�´�:H� GHILQH� VFLHQFH� LQ� WKLV� ERRN� LQ� D� ZD\� WKDW� LV� LQFOXVLYH� RI� WKH
GLIIHUHQW� DSSURDFKHV� WR� HGXFDWLRQDO� UHVHDUFK��:H� GHILQH� LW� DV� DQ� DSSURDFK� WR� WKH
JHQHUDWLRQ� RI� NQRZOHGJH� WKDW� KROGV� HPSLULFDO� GDWD� LQ� KLJK� UHJDUG� DQG� IROORZV
FHUWDLQ�QRUPV�DQG�SUDFWLFHV� WKDW�GHYHORSHG�RYHU� WLPH�EHFDXVH�RI� WKHLU�XVHIXOQHVV�
0DQ\�RI�WKHVH�QRUPV�DQG�HIIHFWLYH�SUDFWLFHV�DUH�H[SODLQHG�LQ�WKLV�ERRN�

6FLHQFH�LQFOXGHV�DQ\�V\VWHPDWLF�RU�FDUHIXOO\�GRQH�DFWLRQV�WKDW�DUH�FDUULHG�RXW�WR
DQVZHU� UHVHDUFK� TXHVWLRQV� RU�PHHW� RWKHU� QHHGV� RI� D� GHYHORSLQJ� UHVHDUFK� GRPDLQ
�H�J���GHVFULELQJ� WKLQJV��H[SORULQJ��H[SHULPHQWLQJ��H[SODLQLQJ��SUHGLFWLQJ���6FLHQFH
RIWHQ�LQYROYHV�WKH�DSSOLFDWLRQ�RI�D�VFLHQWLILF�PHWKRG��KRZHYHU��DV�SKLORVRSKHUV�DQG
KLVWRULDQV� RI� VFLHQFH� KDYH� SRLQWHG� RXW�� VFLHQFH� LQFOXGHV� PDQ\� PHWKRGV� DQG
DFWLYLWLHV� WKDW�DUH�FDUULHG�RXW�E\�UHVHDUFKHUV�DV� WKH\�DWWHPSW� WR�JHQHUDWH�VFLHQWLILF
NQRZOHGJH�� 6FLHQFH� GRHV� QRW� DFFHSW� DW� IDFH� YDOXH� WDNHQ�IRU�JUDQWHG� NQRZOHGJH
�L�H��� WKLQJV� WKDW� ZH� DVVXPH� WR� EH� WUXH��� LQVWHDG�� LW� XQFRYHUV� DQG� MXVWLILHV



GHVFULSWLRQV�DQG�H[SODQDWLRQV�RI�SHRSOH��JURXSV��DQG� WKH�ZRUOG�DURXQG�XV�� ,Q� WKLV
ERRN��ZH�JHQHUDOO\�WUHDW�WKH�WHUP�VFLHQFH��DV�MXVW�GHILQHG��DQG�WKH�WHUP�UHVHDUFK�DV
V\QRQ\PV�

��6FLHQFH�$Q�DSSURDFK�IRU�WKH�JHQHUDWLRQ�RI�NQRZOHGJH

'\QDPLFV�RI�6FLHQFH
2YHU�WLPH��VFLHQFH�UHVXOWV�LQ�DQ�DFFXPXODWLRQ�RI�VSHFLILF�ILQGLQJV��WKHRULHV��DQG

RWKHU�NQRZOHGJH��,Q�WKLV�VHQVH��VFLHQFH�LV�VDLG�WR�EH�SURJUHVVLYH��:KHQ�UHVHDUFKHUV
FRQGXFW� QHZ� UHVHDUFK� VWXGLHV�� WKH\� WU\� WR� EXLOG� RQ� DQG� H[WHQG� FXUUHQW� UHVHDUFK
WKHRULHV�DQG�UHVXOWV��6LU�,VDDF�1HZWRQ�H[SUHVVHG�LW�ZHOO�ZKHQ�KH�VDLG��³:H�VWDQG
RQ�WKH�VKRXOGHUV�RI�JLDQWV�´�1HZWRQ¶V�SRLQW�ZDV�WKDW�UHVHDUFKHUV�GR�QRW�DQG�FDQQRW
VWDUW�FRPSOHWHO\� IURP�VFUDWFK��DQG�1HZWRQ�NQHZ� WKDW�KH�ZDV�QR�H[FHSWLRQ� WR� WKLV
UXOH��,Q�VKRUW��UHVHDUFKHUV�XVXDOO\�EXLOG�RQ�SDVW�ILQGLQJV�DQG�XQGHUVWDQGLQJV�

$W�WKH�VDPH�WLPH��VFLHQFH�LV�G\QDPLF�DQG�RSHQ�WR�QHZ�LGHDV�DQG�WKHRULHV�WKDW
VKRZ�SURPLVH��'LIIHUHQW�UHVHDUFKHUV�DSSURDFK�UHVHDUFK�GLIIHUHQWO\��DQG�WKH\�RIWHQ
GHVFULEH�� H[SODLQ�� DQG� LQWHUSUHW� WKLQJV� LQ� GLIIHUHQW� WKRXJK� RIWHQ� FRPSOHPHQWDU\
ZD\V��1HZ� LGHDV�HPHUJH��$V�QHZ� LGHDV� DUH�JHQHUDWHG�DQG�HYLGHQFH� LV�REWDLQHG�
UHVXOWV�DUH�SUHVHQWHG�DW�FRQIHUHQFHV�DQG�DUH�SXEOLVKHG�LQ�PRQRJUDSKV��ERRNV��DQG
MRXUQDOV�VR�WKDW�RWKHU�PHPEHUV�RI�WKH�UHVHDUFK�FRPPXQLW\�FDQ�H[DPLQH�WKHP��%HIRUH
ILQGLQJV�DUH�SXEOLVKHG�LQ�MRXUQDOV�� WKH�VWXGLHV�DUH�XVXDOO\�HYDOXDWHG�E\�D�JURXS�RI
H[SHUWV�� FDOOHG� UHIHUHHV�� WR� PDNH� VXUH� WKHUH� DUH� QR� PDMRU� IODZV� DQG� WKDW� WKH
SURFHGXUHV�DUH�GHIHQVLEOH��5HVHDUFKHUV�DUH�XVXDOO\�UHTXLUHG�WR�UHSRUW�H[DFWO\�KRZ
WKH\�FRQGXFWHG�WKHLU�UHVHDUFK�VR�WKDW�RWKHU�UHVHDUFKHUV�FDQ�HYDOXDWH�WKH�SURFHGXUHV
RU�HYHQ�UHSOLFDWH�WKH�VWXG\��2QFH�SXEOLVKHG��UHVHDUFK�ILQGLQJV�DUH�RSHQO\�GLVFXVVHG
DQG� DUH� FULWLFDOO\� HYDOXDWHG� E\�PHPEHUV� RI� WKH� UHVHDUFK� FRPPXQLW\��2YHUDOO��ZH
FDQ� VD\� WKDW� VFLHQFH� LV� D� QHYHU�HQGLQJ� SURFHVV� WKDW� LQFOXGHV� UDWLRQDO� WKLQNLQJ�
UHOLDQFH�RQ�HPSLULFDO�REVHUYDWLRQ��FRQVWDQW�SHHU�HYDOXDWLRQ�DQG�FULWLTXH��DQG²YHU\
LPSRUWDQWO\²DFWLYH�FUHDWLYLW\�DQG�DWWHPSWV�DW�GLVFRYHU\�

%DVLF�$VVXPSWLRQV�RI�6FLHQFH
(GXFDWLRQDO�UHVHDUFKHUV�PXVW�PDNH�D�IHZ�JHQHUDO�DVVXPSWLRQV�VR�WKDW�WKH\�FDQ

JR�DERXW�WKHLU�GDLO\�EXVLQHVV�RI�GRLQJ�UHVHDUFK��0RVW�SUDFWLFLQJ�UHVHDUFKHUV�GR�QRW
WKLQN� PXFK� DERXW� WKHVH� SKLORVRSKLFDO� DVVXPSWLRQV� DV� WKH\� FDUU\� RXW� WKHLU� GDLO\
UHVHDUFK� DFWLYLWLHV�� QRQHWKHOHVV�� LW� LV� KHOSIXO� WR� H[DPLQH� VRPH� RI� WKHP��7KH�PRVW
FRPPRQ�DVVXPSWLRQV�DUH�VXPPDUL]HG�LQ�7DEOH�����

�7$%/(�������6XPPDU\�RI�&RPPRQ�$VVXPSWLRQV�0DGH�E\�(GXFDWLRQDO
5HVHDUFKHUV

����7KHUH�LV�D�ZRUOG�WKDW�FDQ�EH�VWXGLHG��7KLV�FDQ�LQFOXGH�VWXG\LQJ�WKH�LQQHU�ZRUOGV�RI�LQGLYLGXDOV�

����6RPH�RI�WKH�ZRUOG�LV�XQLTXH��VRPH�RI�LW�LV�UHJXODU�RU�SDWWHUQHG�RU�SUHGLFWDEOH��DQG�PXFK�RI�LW�LV�G\QDPLF�DQG
FRPSOH[�



����7KH�XQLTXH��WKH�UHJXODU��DQG�WKH�FRPSOH[�LQ�WKH�ZRUOG�DOO�FDQ�EH�H[DPLQHG�DQG�VWXGLHG�E\�UHVHDUFKHUV�

����5HVHDUFKHUV�VKRXOG�WU\�WR�IROORZ�FHUWDLQ�DJUHHG�RQ�QRUPV�DQG�SUDFWLFHV�

����,W�LV�SRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�PRUH�DQG�OHVV�SODXVLEOH�FODLPV�DQG�EHWZHHQ�JRRG�DQG�SRRU�UHVHDUFK�

����6FLHQFH�FDQQRW�SURYLGH�DQVZHUV�WR�DOO�TXHVWLRQV�

)LUVW�� DW� WKH�PRVW� EDVLF� OHYHO�� HGXFDWLRQDO� UHVHDUFKHUV� DVVXPH� WKDW� WKHUH� LV� D
ZRUOG�WKDW�FDQ�EH�VWXGLHG��,Q�HGXFDWLRQ��WKLV�LQFOXGHV�VWXG\LQJ�PDQ\�SKHQRPHQD�WKDW
DUH�LQWHUQDO�WR�SHRSOH��H�J���DWWLWXGHV��YDOXHV��EHOLHIV��OLYHG�H[SHULHQFHV���DV�ZHOO�DV
PDQ\� EURDGHU� SKHQRPHQD� RU� LQVWLWXWLRQV� WKDW� DUH� HLWKHU� FRQQHFWHG� WR� SHRSOH� RU
H[WHUQDO� WR� WKHP� �H�J��� VFKRROV�� FXOWXUHV�� DQG�SK\VLFDO� HQYLURQPHQWV���(GXFDWLRQDO
UHVHDUFKHUV� VWXG\� KRZ� WKH� IROORZLQJ� IDFWRUV� UHODWH� WR� HGXFDWLRQDO� LVVXHV�
SV\FKRORJLFDO� IDFWRUV� �H�J��� FKDUDFWHULVWLFV� RI� LQGLYLGXDOV� DQG� LQGLYLGXDO�OHYHO
SKHQRPHQD���VRFLDO�SV\FKRORJLFDO�IDFWRUV��H�J���H[DPLQLQJ�KRZ�LQGLYLGXDOV�LQWHUDFW
DQG�UHODWH�WR�RQH�DQRWKHU�DQG�KRZ�JURXSV�DQG�LQGLYLGXDOV�DIIHFW�RQH�DQRWKHU���DQG
VRFLRORJLFDO�IDFWRUV��H�J���H[DPLQLQJ�KRZ�JURXSV�IRUP�DQG�FKDQJH��GRFXPHQWLQJ�WKH
FKDUDFWHULVWLFV� RI� JURXSV�� VWXG\LQJ� LQWHUJURXS� UHODWLRQV�� DQG� VWXG\LQJ� JURXS�OHYHO
SKHQRPHQD��VXFK�DV�FXOWXUDO��VRFLDO��SROLWLFDO��IDPLOLDO��DQG�HFRQRPLF�LQVWLWXWLRQV��

��3V\FKRORJLFDO�IDFWRUV�,QGLYLGXDO�OHYHO�IDFWRUV

��6RFLDO�SV\FKRORJLFDO�IDFWRUV�)DFWRUV�UHODWLQJ�LQGLYLGXDOV�WR�RWKHU
LQGLYLGXDOV�DQG�WR�VRFLDO�JURXSV

��6RFLRORJLFDO�IDFWRUV�*URXS��DQG�VRFLHW\�OHYHO�IDFWRUV

6HFRQG��UHVHDUFKHUV�DVVXPH�WKDW�SDUW�RI�WKH�ZRUOG�LV�XQLTXH��SDUW�RI�WKH�ZRUOG�LV
UHJXODU� RU� SDWWHUQHG� RU� SUHGLFWDEOH�� DQG� PXFK� RI� WKH� ZRUOG� LV� G\QDPLF� �L�H��
FKDQJLQJ��DQG�FRPSOH[��H�J���LQYROYLQJ�PDQ\�SLHFHV�RU�IDFWRUV���2QH�LPSRUWDQW�WDVN
RI� HGXFDWLRQDO� UHVHDUFK� LV� WR� GRFXPHQW� WKH� VWRULHV� DQG� H[SHULHQFHV� RI� SDUWLFXODU
SHRSOH�DQG�JURXSV��$QRWKHU�LPSRUWDQW�WDVN�LV�WR�LGHQWLI\�WKH�SUHGLFWDEOH�SDUW�RI�WKH
ZRUOG�LQ�RUGHU�WR�JHQHUDWH�ILQGLQJV�WKDW�ZLOO�DSSO\�WR�PRUH�WKDQ�RQH�SHUVRQ��JURXS�
NLQG� RI� SHUVRQ�� FRQWH[W�� RU� VLWXDWLRQ�� $V� \RX� FDQ� LPDJLQH�� FRQGXFWLQJ� UHVHDUFK
ZRXOG�EH�YHU\�GLIILFXOW� LI�ZH�KDG� WR�GR�VR�RQ�HYHU\�VLQJOH� LQGLYLGXDO��7R�VHH�DQ
H[DPSOH�RI�UHJXODULW\�LQ�WKH�ZRUOG��WKH�QH[W�WLPH�\RX�JR�WR�\RXU�UHVHDUFK�FODVV��QRWH
WKH�VHDWV�WKDW�\RX�DQG�D�IHZ�SHRSOH�DURXQG�\RX�DUH�VLWWLQJ�LQ��:KHQ�\RXU�FODVV�PHHWV
DJDLQ��VHH�ZKHWKHU�\RX�DQG�WKH�RWKHUV�\RX�REVHUYHG�VLW�LQ�WKH�VDPH�VHDWV�DV�GXULQJ
WKH�SUHYLRXV�PHHWLQJ��<RX�ZLOO�SUREDEO\�QRWLFH� WKDW�PDQ\�RI� WKH�SHRSOH�VLW� LQ� WKH
VDPH� VHDWV�� :K\� LV� WKLV"� 7KLV� KDSSHQV� EHFDXVH� KXPDQV� DUH� WR� VRPH� GHJUHH
SUHGLFWDEOH��8QGHUVWDQGLQJ�WKH�SUHGLFWDEOH�SDUW�RI�WKH�ZRUOG�DOORZV�UHVHDUFKHUV�WR
JHQHUDOL]H� DQG� DSSO\� WKHLU� ILQGLQJV� EH\RQG� WKH� SHRSOH� DQG� SODFHV� XVHG� LQ� WKHLU
SDUWLFXODU�VWXGLHV�

7KLUG�� WKH�XQLTXH�� WKH� UHJXODU��DQG� WKH�FRPSOH[� LQ� WKH�ZRUOG�FDQ�EH�H[DPLQHG



DQG�VWXGLHG�E\� UHVHDUFKHUV�� ,Q�RWKHU�ZRUGV��³GLVFRYHUDELOLW\´�H[LVWV� LQ�RXU�ZRUOG
�L�H��� LW� LV� SRVVLEOH� WR� GRFXPHQW� WKH� XQLTXH�� GLVFRYHU� WKH� UHJXODULW\� LQ� KXPDQ
EHKDYLRU�� DQG�� LQ� WLPH�� EHWWHU� XQGHUVWDQG� PDQ\� RI� WKH� FRPSOH[LWLHV� RI� KXPDQ
EHKDYLRU���7KLV�GRHV�QRW�PHDQ�WKDW�WKH�WDVN�RI�GLVFRYHULQJ�WKH�QDWXUH�RI�HGXFDWLRQDO
SKHQRPHQD� LV� VLPSOH��)RU� H[DPSOH�� DOWKRXJK� VLJQLILFDQW� SURJUHVV� KDV� EHHQ�PDGH�
ZH�VWLOO�GR�QRW�NQRZ�DOO�RI�WKH�FDXVHV�RI�PDQ\�OHDUQLQJ�GLVDELOLWLHV��5HVHDUFK�PXVW
FRQWLQXH��DQG�RYHU�WLPH��ZH�KRSH�WR�ILQG�PRUH�DQG�PRUH�SLHFHV�WR�WKH�SX]]OHV�ZH
DUH� WU\LQJ� WR�VROYH��2QH�GD\�ZH�KRSH�ZH�ZLOO�EH�DEOH� WR�VROYH�PDQ\�HGXFDWLRQDO
SUREOHPV�

7KH� IRXUWK� DVVXPSWLRQ� LV� WKDW� UHVHDUFKHUV� VKRXOG� IROORZ� FHUWDLQ� DJUHHG�RQ
QRUPV� DQG� SUDFWLFHV�� $� IHZ� RI� WKHVH� DUH� WKH� VHOHFWLRQ� RI� HGXFDWLRQDO� DQG� VRFLDO
SUREOHPV� LQ� QHHG� RI� DWWHQWLRQ�� FROOHFWLRQ� RI� HPSLULFDO� GDWD�� RSHQ� GLVFXVVLRQ� RI
ILQGLQJV��LQWHJULW\��KRQHVW\��FRPSHWHQFH��V\VWHPDWLF�LQTXLU\��HPSDWKLF�QHXWUDOLW\�DQG
UHVSHFW� WRZDUG� UHVHDUFK� SDUWLFLSDQWV�� D� KHDOWK\� VNHSWLFLVP� WRZDUG� UHVXOWV� DQG
H[SODQDWLRQV��D�VHQVH�RI�FXULRVLW\�DQG�RSHQQHVV�WR�GLVFRYHU\��WKH�DFWLYH�VHDUFK�IRU
QHJDWLYH� HYLGHQFH� �H�J��� LQVWDQFHV� WKDW� GR� QRW� ILW� \RXU� HPHUJLQJ� RU� FXUUHQW
H[SODQDWLRQ�RI�D�SKHQRPHQRQ��� WKH�FDUHIXO�H[DPLQDWLRQ�RI�DOWHUQDWLYH�H[SODQDWLRQV
IRU�\RXU�ILQGLQJV��DQG�DQ�DGKHUHQFH�WR�WKH�SULQFLSOH�RI�HYLGHQFH��2QH�RI�WKLV�ERRN¶V
DXWKRUV��-RKQVRQ��OLNHV�WR�WHOO�KLV�VWXGHQWV�WKDW�D�UHVHDUFKHU�LV�D�ORW�OLNH�WKH�VORJDQ
RQ�0LVVRXUL¶V�OLFHQVH�SODWHV��³7KH�6KRZ�0H�6WDWH�´�,I�\RX�KDYH�D�FODLP�WR�PDNH�
WKHQ� ³VKRZ� PH� WKH� HYLGHQFH�� SOHDVH�´� $� JRRG� UHVHDUFKHU� WULHV� WR� FROOHFW� DQG
DVVHPEOH� KLJK�TXDOLW\� HYLGHQFH� DQG� H[SHFWV� RWKHU� UHVHDUFKHUV� WR� GR� WKH� VDPH�
2EYLRXVO\��LW�LV�DOO�EXW�LPSRVVLEOH�IRU�D�UHVHDUFKHU�WR�IROORZ�IXOO\�DOO�RI�WKH�LGHDOV
OLVWHG�KHUH��)XUWKHUPRUH��EHFDXVH�VFLHQFH�LV�D�KXPDQ�DFWLYLW\��LW�LV�DOVR�DIIHFWHG�E\
VRFLDO� DQG� SRZHU� UHODWLRQVKLSV� DPRQJ� UHVHDUFKHUV� DQG� VRFLHW\� �.XKQ�� �����
/LQFROQ�	�*XED�� ������� 7KDW¶V� ZK\� LW� LV� VR� LPSRUWDQW� WKDW� UHVHDUFKHUV� VWULYH� WR
IROORZ�WKH�QRUPV�ZH�KDYH�OLVWHG�

7KH�ILIWK�DVVXPSWLRQ�LV�WKDW�LW�LV�SRVVLEOH�WR�GLVWLQJXLVK�EHWZHHQ�PRUH�DQG�OHVV
SODXVLEOH� FODLPV� DQG� EHWZHHQ� JRRG� DQG� SRRU� UHVHDUFK�� )RU� H[DPSOH�� WKURXJK
HPSLULFDO� UHVHDUFK�� ZH� FDQ� FKRRVH� EHWZHHQ� FRPSHWLQJ� WKHRULHV� E\� GHWHUPLQLQJ
ZKLFK�WKHRU\�EHVW�ILWV�WKH�GDWD��:H�FDQ�DOVR�MXGJH�WKH�TXDOLW\�RI�D�UHVHDUFK�VWXG\�E\
H[DPLQLQJ�WKH�UHVHDUFK�VWUDWHJLHV�XVHG�DQG�WKH�HYLGHQFH�WKDW�LV�SURYLGHG�IRU�HDFK�RI
WKH�FRQFOXVLRQV�GUDZQ�E\�D� UHVHDUFKHU��:H�VD\� WKDW�KLJK�TXDOLW\� UHVHDUFK� LV�PRUH
WUXVWZRUWK\� RU�PRUH� YDOLG� WKDQ� ORZ�TXDOLW\� UHVHDUFK��:H�ZLOO� H[SODLQ� WKURXJKRXW
WKLV� WH[WERRN� KRZ� WR� LGHQWLI\� DQG� FDUU\� RXW� UHVHDUFK� WKDW� LV� WUXVWZRUWK\�� YDOLG�
FUHGLEOH��DQG��WKHUHIRUH��GHIHQVLEOH�

7KH� VL[WK� DVVXPSWLRQ� PDGH� E\� UHVHDUFKHUV� LV� WKDW� VFLHQFH� FDQQRW� SURYLGH
DQVZHUV� WR� DOO� TXHVWLRQV�� )RU� H[DPSOH�� VFLHQFH� FDQQRW� DQVZHU� SKLORVRSKLFDO
TXHVWLRQV� VXFK� DV�ZKDW� WKH�PHDQLQJ� RI� OLIH� LV��ZKDW� YLUWXH� LV�� RU�ZKDW� EHDXW\� LV�
6FLHQFH� FDQQRW� VHWWOH� LVVXHV� RI� ZKLFK� SRVLWLRQ� LV� PRUDOO\� FRUUHFW� �H�J��� KXPDQ
FORQLQJ�YHUVXV�QR�KXPDQ�FORQLQJ��SUR�FKRLFH�YHUVXV�SUR�OLIH�LQ�WKH�DERUWLRQ�GHEDWH�
RU�SROLWLFDOO\�FRUUHFW��H�J���5HSXEOLFDQ�RU�'HPRFUDW��DQG�FDQQRW�H[SODLQ�LGHDV�VXFK
DV�WKH�GLIIHUHQFH�EHWZHHQ�JRRG�DQG�HYLO�LQ�WKH�ZRUOG�RU�WKH�YHUDFLW\�RI�FODLPV�DERXW
WKH�H[LVWHQFH�RI�OLIH�DIWHU�GHDWK��$V�\RX�FDQ�VHH��PDQ\�LPSRUWDQW�TXHVWLRQV�VLPSO\



OLH�RXWVLGH�WKH�GRPDLQ�RI�VFLHQFH�DQG�HPSLULFDO�UHVHDUFK�

6FLHQWLILF�0HWKRGV
6FLHQFH�LV�QRW�D�SHUIHFWO\�RUGHUO\�SURFHVV��.XKQ���������,W�LV�D�G\QDPLF�SURFHVV

WKDW� LQFOXGHV�FRXQWOHVV�DFWLYLWLHV��+RZHYHU��VHYHUDO�RI� WKH�NH\�IHDWXUHV�RI�VFLHQFH
DUH� ���� PDNLQJ� HPSLULFDO� REVHUYDWLRQV�� ���� JHQHUDWLQJ� DQG� WHVWLQJ� K\SRWKHVHV
�SUHGLFWLRQV� RU� HGXFDWHG� JXHVVHV��� ���� JHQHUDWLQJ� RU� FRQVWUXFWLQJ� DQG� WHVWLQJ� RU
MXVWLI\LQJ� WKHRULHV� �H[SODQDWLRQV� RU� H[SODQDWRU\� V\VWHPV��� DQG� ���� DWWHPSWLQJ� WR
SUHGLFW� DQG� LQIOXHQFH� WKH� ZRUOG� WR� PDNH� LW� D� EHWWHU� SODFH� WR� OLYH� �$PHULFDQ
$VVRFLDWLRQ� IRU� WKH� $GYDQFHPHQW� RI� 6FLHQFH�� ������� $OWKRXJK� WKH� FRQGXFW� RI
UHVHDUFK� LV� FOHDUO\� QRW� D� SHUIHFWO\� RUGHUO\� SURFHVV� DQG� LV� FRPSRVHG� RI� PDQ\
DFWLYLWLHV��LW�VWLOO�LV�KHOSIXO�WR�VWDUW�ZLWK�VRPH�FRPPRQO\�XVHG�VFLHQWLILF�PHWKRGV�

��+\SRWKHVLV�$�SUHGLFWLRQ�RU�HGXFDWHG�JXHVV

��7KHRU\�$Q�H[SODQDWLRQ�RU�H[SODQDWRU\�V\VWHP�WKDW�GLVFXVVHV�KRZ�D
SKHQRPHQRQ�RSHUDWHV�DQG�ZK\�LW�RSHUDWHV�DV�LW�GRHV

:H�GLVWLQJXLVK�WZR�PDMRU�VFLHQWLILF�PHWKRGV�KHUH��WKH�H[SORUDWRU\�PHWKRG�DQG
WKH� FRQILUPDWRU\�PHWKRG�� �6HYHUDO� DGGLWLRQDO� PHWKRGV� DUH� OLVWHG� XQGHU� 5HVHDUFK
([HUFLVH���DW�WKH�HQG�RI�WKLV�FKDSWHU���$OWKRXJK�ERWK�RI�WKHVH�PHWKRGV�XVH�HPSLULFDO
GDWD��WKHLU�SXUSRVH�LV�GLIIHUHQW��7KH�EDVLF�H[SORUDWRU\�PHWKRG�LQFOXGHV�WKUHH�VWHSV�
)LUVW��WKH�UHVHDUFKHU�VWDUWV�E\�PDNLQJ�REVHUYDWLRQV��6HFRQG��WKH�UHVHDUFKHU�VWXGLHV
WKH�REVHUYDWLRQV�DQG�VHDUFKHV�IRU�SDWWHUQV��L�H���D�VWDWHPHQW�RI�ZKDW�LV�RFFXUULQJ��
7KLUG�� WKH� UHVHDUFKHU� PDNHV� D� WHQWDWLYH� FRQFOXVLRQ� RU� D� JHQHUDOL]DWLRQ� DERXW� WKH
SDWWHUQ�RU�KRZ�VRPH�DVSHFW�RI�WKH�ZRUOG�RSHUDWHV��7KH�EDVLF�FRQILUPDWRU\�PHWKRG
DOVR� LQFOXGHV� WKUHH� VWHSV�� )LUVW�� WKH� UHVHDUFKHU� VWDWHV� D� K\SRWKHVLV�� ZKLFK� LV
IUHTXHQWO\� EDVHG� RQ� H[LVWLQJ� WKHRU\� �L�H��� FXUUHQWO\� DYDLODEOH� VFLHQWLILF
H[SODQDWLRQV���6HFRQG��WKH�UHVHDUFKHU�FROOHFWV�GDWD�WR�EH�XVHG�WR�WHVW�WKH�K\SRWKHVLV
HPSLULFDOO\�� 7KLUG�� WKH� UHVHDUFKHU� GHFLGHV� WHQWDWLYHO\� WR� DFFHSW� RU� UHMHFW� WKH
K\SRWKHVLV�RQ�WKH�EDVLV�RI�WKH�GDWD�

��([SORUDWRU\�PHWKRG�$�ERWWRP�XS�RU�WKHRU\�JHQHUDWLRQ�DSSURDFK�WR�UHVHDUFK

��&RQILUPDWRU\�PHWKRG�$�WRS�GRZQ�RU�WKHRU\�WHVWLQJ�DSSURDFK�WR�UHVHDUFK

7KH�H[SORUDWRU\�PHWKRG�FDQ�EH�WKRXJKW�RI�DV�D�ERWWRP�XS�DSSURDFK�EHFDXVH�LW
HPSKDVL]HV�VWDUWLQJ�ZLWK�SDUWLFXODU�GDWD�DQG�REVHUYDWLRQV�DQG�GLVFRYHULQJ�ZKDW�LV
RFFXUULQJ� PRUH� JHQHUDOO\� �L�H��� PRYHPHQW� IURP� GDWD� WR� SDWWHUQV� WR� WKHRU\��� 7KLV
H[SORUDWRU\�PHWKRG� LV� VRPHWLPHV� FDOOHG� WKH� LQGXFWLYH�PHWKRG� EHFDXVH� LW� PRYHV
IURP�WKH�³SDUWLFXODU�WR�WKH�JHQHUDO�´�2Q�WKH�RWKHU�KDQG��WKH�FRQILUPDWRU\�PHWKRG�FDQ
EH�WKRXJKW�RI�DV�D�WRS�GRZQ�DSSURDFK�EHFDXVH�LW�HPSKDVL]HV�WKH�SURFHVV�RI�VWDUWLQJ
ZLWK�D�JHQHUDO�WKHRU\�DQG�WHVWLQJ�LW�ZLWK�SDUWLFXODU�GDWD��L�H���PRYHPHQW�IURP�WKHRU\



WR�K\SRWKHVLV�WR�GDWD���7KLV�FRQILUPDWRU\�PHWKRG�LV�VRPHWLPHV�FDOOHG�WKH�GHGXFWLYH
PHWKRG�EHFDXVH�LW�PRYHV�IURP�WKH�³JHQHUDO�WR�WKH�SDUWLFXODU�´

7KH�H[SORUDWRU\�PHWKRG�LV�WKH�WKHRU\�JHQHUDWLRQ�DSSURDFK��,W�IROORZV�D�³ORJLF
RI�GLVFRYHU\´�WKDW�VD\V�WR�ORRN�DW�\RXU�ZRUOG�DQG�WU\�WR�JHQHUDWH�LGHDV�DQG�FRQVWUXFW
WKHRULHV�DERXW�KRZ�LW�RSHUDWHV��7KH�FRQILUPDWRU\�PHWKRG�LV�WKH�WUDGLWLRQDO�WKHRU\�
WHVWLQJ�DSSURDFK��,W�IROORZV�D�³ORJLF�RI�MXVWLILFDWLRQ´�WKDW�VD\V�DOZD\V�WR�WHVW�\RXU
WKHRULHV�DQG�K\SRWKHVHV�ZLWK�QHZ�GDWD�WR�VHH�LI�WKH\�DUH�MXVWLILHG��1HZ�NQRZOHGJH
LV� JHQHUDWHG� XVLQJ� WKH� H[SORUDWRU\� RU� LQGXFWLYH� PHWKRG�� DQG� WKLV� WHQWDWLYH
NQRZOHGJH� LV� WHVWHG�RU� MXVWLILHG�XVLQJ� WKH� FRQILUPDWRU\�RU�GHGXFWLYH�PHWKRG��7KH
ERWWRP�OLQH�LV�WKLV��7KH�H[SORUDWRU\�VFLHQWLILF�PHWKRG�IRFXVHV�RQ�WKHRU\�GLVFRYHU\�
JHQHUDWLRQ�� DQG� FRQVWUXFWLRQ�� DQG� WKH� FRQILUPDWRU\� VFLHQWLILF� PHWKRG� IRFXVHV� RQ
WKHRU\�WHVWLQJ�RU�MXVWLILFDWLRQ�

$OWKRXJK�ZH�KDYH�WDONHG�DERXW�WZR�VHSDUDWH�VFLHQWLILF�PHWKRGV��WKH�H[SORUDWRU\
PHWKRG�DQG�WKH�FRQILUPDWRU\�PHWKRG���LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�UHVHDUFKHUV
XVH�ERWK�RI�WKHVH�PHWKRGV�LQ�SUDFWLFH��$V�\RX�FDQ�VHH�LQ�)LJXUH������WKH�XVH�RI�WKH
PHWKRGV� IROORZV� D� F\FOLFDO� SURFHVV�� 2QH� UHVHDUFKHU� PLJKW� IRFXV� RQ� WKH� WKHRU\�
WHVWLQJ�SURFHVV��DQG�DQRWKHU�UHVHDUFKHU�PLJKW�IRFXV�RQ� WKHRU\�JHQHUDWLRQ��EXW�ERWK
UHVHDUFKHUV�ZLOO� XVXDOO\�JR� WKURXJK� WKH� IXOO� F\FOH�PDQ\��PDQ\� WLPHV� DV� WKH\� WKLQN
DERXW� DQG� FDUU\� RXW� WKHLU� UHVHDUFK� SURJUDPV� RYHU� WLPH�� ,Q� IDFW�� TXDQWLWDWLYH
UHVHDUFKHUV��L�H���HGXFDWLRQDO�UHVHDUFKHUV�ZKR�OLNH�³KDUG´�TXDQWLWDWLYH�GDWD��VXFK
DV� VWDQGDUGL]HG� WHVW� UHVXOWV�� DQG� IRFXV� RQ� K\SRWKHVLV� WHVWLQJ�� DQG� TXDOLWDWLYH
UHVHDUFKHUV� �L�H���HGXFDWLRQDO� UHVHDUFKHUV�ZKR� OLNH� WR�H[SORUH�HGXFDWLRQDO� LVVXHV
XVLQJ�TXDOLWDWLYH�GDWD�� VXFK�DV�RSHQ�HQGHG� LQWHUYLHZV� WKDW�SURYLGH�GDWD�EDVHG�RQ
WKH� SDUWLFLSDQWV¶� SHUVSHFWLYHV� DQG� WKHLU� DFWXDO� ZRUGV�� ERWK� JR� WKURXJK� WKH� IXOO
UHVHDUFK� F\FOH�� EXW� WKH\� HPSKDVL]H� GLIIHUHQW� SDUWV�� 4XDQWLWDWLYH� UHVHDUFKHUV
HPSKDVL]H� PRYHPHQW� IURP� WKHRU\� WR� K\SRWKHVHV� WR� GDWD� WR� FRQFOXVLRQV� �L�H��� WKH
³ORJLF�RI�MXVWLILFDWLRQ´���DQG�TXDOLWDWLYH�UHVHDUFKHUV�HPSKDVL]H�PRYHPHQW�GLUHFWO\
IURP�REVHUYDWLRQV�DQG�GDWD�WR�GHVFULSWLRQV�DQG�SDWWHUQV�DQG��VRPHWLPHV�� WR� WKHRU\
JHQHUDWLRQ��L�H���WKH�³ORJLF�RI�GLVFRYHU\´��

��4XDQWLWDWLYH�UHVHDUFKHU�$�UHVHDUFKHU�ZKR�IRFXVHV�RQ�WHVWLQJ�WKHRULHV�DQG
K\SRWKHVHV�XVLQJ�TXDQWLWDWLYH�GDWD�WR�VHH�LI�WKH\�DUH�FRQILUPHG�RU�QRW

��4XDOLWDWLYH�UHVHDUFKHU�$�UHVHDUFKHU�ZKR�IRFXVHV�RQ�WKH�H[SORUDWLRQ�
GHVFULSWLRQ��DQG�VRPHWLPHV�JHQHUDWLRQ�DQG�FRQVWUXFWLRQ�RI�WKHRULHV�XVLQJ
TXDOLWDWLYH�GDWD

�),*85(�������7KH�UHVHDUFK�ZKHHO



7KHRU\
7KH�H[SORUDWRU\�DQG�FRQILUPDWRU\�PHWKRGV�ERWK� LQYROYH� WKH�FRQFHSW�RI� WKHRU\

�L�H���H[SODQDWLRQ���7KH� WHUP� WKHRU\� DV�XVHG� LQ� WKLV�ERRN�PRVW� VLPSO\� UHIHUV� WR�DQ
H[SODQDWLRQ� RU� DQ� H[SODQDWRU\� V\VWHP� WKDW� GLVFXVVHV�KRZ� D� SKHQRPHQRQ� RSHUDWHV
DQG�ZK\� LW� RSHUDWHV� DV� LW� GRHV�� 7KHRU\� RIWHQ� UHIHUV� WR� D� JHQHUDOL]DWLRQ� RU� VHW� RI
JHQHUDOL]DWLRQV�WKDW�DUH�XVHG�V\VWHPDWLFDOO\�WR�H[SODLQ�VRPH�SKHQRPHQRQ��,Q�RWKHU
ZRUGV��D�ZHOO�GHYHORSHG�WKHRU\�H[SODLQV�KRZ�VRPHWKLQJ�RSHUDWHV�LQ�JHQHUDO��L�H��
IRU�PDQ\� SHRSOH��� DQG� LW� HQDEOHV� RQH� WR�PRYH� EH\RQG� WKH� ILQGLQJV� RI� DQ\� VLQJOH
UHVHDUFK� VWXG\�� 8VLQJ� D� ZHOO�GHYHORSHG� WKHRU\�� \RX� VKRXOG� EH� DEOH� WR� H[SODLQ� D
SKHQRPHQRQ�� PDNH� VHQVH� RI� LW�� DQG� PDNH� XVHIXO� SUHGLFWLRQV�� :KHQ� \RX� QHHG� WR
MXGJH� WKH� TXDOLW\� RI� D� WKHRU\� RU� H[SODQDWLRQ�� \RX� VKRXOG� WU\� WR� DQVZHU� WKH� QLQH
TXHVWLRQV�OLVWHG�LQ�7DEOH������:H�QRZ�GHILQH�DQG�EULHIO\�HODERUDWH�RQ�WKH�FULWHULRQ
RI�IDOVLILDELOLW\�DQG�WKH�UXOH�RI�SDUVLPRQ\�

�7$%/(�������+RZ�WR�(YDOXDWH�WKH�4XDOLW\�RI�D�7KHRU\�RU�([SODQDWLRQ

����,V�WKH�WKHRU\�RU�H[SODQDWLRQ�ORJLFDO�DQG�FRKHUHQW"

����,V�LW�FOHDU�DQG�SDUVLPRQLRXV"

����'RHV�LW�ILW�WKH�DYDLODEOH�GDWD"

����'RHV�LW�SURYLGH�WHVWDEOH�FODLPV"

����+DYH�WKHRU\�EDVHG�SUHGLFWLRQV�EHHQ�WHVWHG�DQG�VXSSRUWHG"

����+DV�LW�VXUYLYHG�QXPHURXV�DWWHPSWV�E\�UHVHDUFKHUV�WR�LGHQWLI\�SUREOHPV�ZLWK�LW�RU�WR�IDOVLI\�LW"

����'RHV�LW�ZRUN�EHWWHU�WKDQ�FRPSHWLQJ�RU�ULYDO�WKHRULHV�RU�H[SODQDWLRQV"

����,V�LW�JHQHUDO�HQRXJK�WR�DSSO\�WR�PRUH�WKDQ�RQH�SODFH��VLWXDWLRQ��RU�SHUVRQ"

����&DQ�SUDFWLWLRQHUV�XVH�LW�WR�FRQWURO�RU�LQIOXHQFH�WKLQJV�LQ�WKH�ZRUOG��H�J���D�JRRG�WKHRU\�RI�WHDFKLQJ�KHOSV
WHDFKHUV�WR�LQIOXHQFH�VWXGHQW�OHDUQLQJ�SRVLWLYHO\��D�JRRG�WKHRU\�RI�FRXQVHOLQJ�KHOSV�FRXQVHORUV�WR�LQIOXHQFH
WKHLU�FOLHQWV¶�PHQWDO�KHDOWK�SRVLWLYHO\�"

6LU�.DUO�3RSSHU������±�������ZKR�ZDV�RQH�RI�WKH�PRVW�IDPRXV�SKLORVRSKHUV�RI
VFLHQFH� RI� WKH� ��WK� FHQWXU\�� FRQWHQGHG� WKDW� WKH� PRVW� LPSRUWDQW� FULWHULRQ� XVHG� WR
MXGJH� WKHRULHV� LV� WKH�FULWHULRQ�RI� IDOVLILDELOLW\� �3RSSHU�� ������ ������ �����������
7KH� FULWHULRQ� RI� IDOVLILDELOLW\� LV� ³WKH� SURSHUW\� RI� D� VWDWHPHQW� RU� WKHRU\� WKDW� LW� LV



FDSDEOH� RI� EHLQJ� UHIXWHG� E\� H[SHULHQFH´� �%ODFNEXUQ�� ������ S�� ������ ,I� VRPHRQH
VDLG��³,�GRQ¶W�FDUH�ZKDW�WKH�UHVXOWV�RI�P\�UHVHDUFK�VWXG\�DUH�EHFDXVH�,¶P�JRLQJ�WR
FRQFOXGH� WKDW� P\� WKHRU\� LV� VXSSRUWHG�� QR� PDWWHU� ZKDW�´� WKHQ� WKDW� SHUVRQ� ZRXOG
REYLRXVO\� QRW� EH� GRLQJ� WKH� NLQG� RI� UHVHDUFK� WKDW� FRXOG� HYHU� UHMHFW� RU� IDOVLI\� D
WKHRU\��7KHUH�PXVW�EH� WZR�VRUWV�RI�SRVVLEOH�RXWFRPHV� IRU�HPSLULFDO� UHVHDUFK�� �D�
RXWFRPHV�WKDW�ZRXOG�VXSSRUW� WKH�WKHRU\��WKDW�ZRXOG�³FRQILUP´�WKH�WKHRU\��DQG��E�
RXWFRPHV�WKDW�ZRXOG�QRW�VXSSRUW�WKH�WKHRU\��WKDW�ZRXOG�³QRW�FRQILUP´�WKH�WKHRU\�DQG
RYHU�PDQ\� WHVWV�ZRXOG�EH�XVHG� WR� UHMHFW� RU� IDOVLI\� WKH� WKHRU\���7KHQ�\RX� FRQGXFW
\RXU�UHVHDUFK�WR�ILQG�RXW�ZKLFK�W\SH�RI�RXWFRPH�RFFXUV��,Q�SUDFWLFH��UHVHDUFKHUV�GR
QRW�JLYH�XS�RQ�SURPLVLQJ� WKHRULHV�EDVHG�RQ�D� VLQJOH�QHJDWLYH� WHVW��EXW� LI� D� WKHRU\
IDLOV�PDQ\�WLPHV��WKHQ�WKH�WKHRU\�ZLOO�EH�DEDQGRQHG��7KH�FULWHULRQ�RI�IDOVLILDELOLW\
DOVR� VD\V� WKDW� ZH� VKRXOG� QRW� VHOHFWLYHO\� VHDUFK� IRU� FRQILUPLQJ� HYLGHQFH� IRU� RXU
EHOLHIV� DQG� H[SODQDWLRQV� DQG� WKHQ� VWRS� ZLWK� WKDW� VR�FDOOHG� HYLGHQFH�� *RRG
UHVHDUFKHUV� FDUHIXOO\� VHDUFK� IRU� DQG�H[DPLQH�DQ\�QHJDWLYH�HYLGHQFH� WKDW�RSHUDWHV
DJDLQVW�WKHLU�EHOLHIV��UHVHDUFK�FRQFOXVLRQV��DQG�WKHRUHWLFDO�H[SODQDWLRQV�

��&ULWHULRQ�RI�IDOVLILDELOLW\�7KH�SURSHUW\�WKDW�VWDWHPHQWV�DQG�WKHRULHV�VKRXOG
EH�WHVWDEOH�DQG�UHIXWDEOH

$QRWKHU� FULWHULRQ� IRU� HYDOXDWLQJ� WKHRULHV� LV� FDOOHG� WKH� UXOH� RI� SDUVLPRQ\�� $
WKHRU\�LV�SDUVLPRQLRXV�ZKHQ�LW� LV�VLPSOH��FRQFLVH��DQG�VXFFLQFW��,I� WZR�FRPSHWLQJ
WKHRULHV� H[SODLQ� DQG� SUHGLFW� D� SKHQRPHQRQ� HTXDOO\� ZHOO�� WKHQ� WKH� PRUH
SDUVLPRQLRXV�WKHRU\�LV�WR�EH�SUHIHUUHG�DFFRUGLQJ�WR�WKH�UXOH�RI�SDUVLPRQ\��,Q�RWKHU
ZRUGV��VLPSOH�WKHRULHV�DUH�SUHIHUUHG�RYHU�KLJKO\�FRPSOH[�RQHV��RWKHU�WKLQJV�EHLQJ
HTXDO�

��5XOH�RI�SDUVLPRQ\�3UHIHUULQJ�WKH�PRVW�VLPSOH�WKHRU\�WKDW�ZRUNV

1RZ�OHW¶V�EULHIO\�H[DPLQH�DQ�HGXFDWLRQDO�WKHRU\�WR�JLYH�\RX�DQ�LGHD�RI�ZKDW�D
UHODWLYHO\� ZHOO�GHYHORSHG� WKHRU\� ORRNV� OLNH�� $FFRUGLQJ� WR� H[SHFWDWLRQ� WKHRU\�
WHDFKHUV¶� H[SHFWDWLRQV� DERXW� WKHLU� VWXGHQWV� DIIHFW� WKHLU� EHKDYLRU� WRZDUG� WKHLU
VWXGHQWV��ZKLFK�LQ�WXUQ�DIIHFWV� WKHLU�VWXGHQWV¶�EHKDYLRU��7KH�WKHRU\�LV�EDVHG�RQ�WKH
VHOI�IXOILOOLQJ� SURSKHF\� �0HUWRQ�� ������� 5REHUW� 5RVHQWKDO� DQG� /HQRUH� -DFREVRQ
������� VWXGLHG� WKH�HIIHFWV�RI� WHDFKHUV¶�H[SHFWDWLRQV�DQG� IRXQG� WKDW� VWXGHQWV�ZKRP
WHDFKHUV� H[SHFWHG� WR� SHUIRUP� ZHOO� KDG� KLJKHU� LQFUHDVHV� LQ� ,4� WKDQ� GLG� RWKHU
VWXGHQWV��7KHVH�DXWKRUV�ODEHOHG�WKLV�WKH�3\JPDOLRQ�HIIHFW��5RVHQWKDO�DOVR�IRXQG�WKDW
³WKRVH� FKLOGUHQ� LQ� ZKRP� LQWHOOHFWXDO� JURZWK� ZDV� H[SHFWHG� ZHUH� GHVFULEHG� DV
KDYLQJ� D� VLJQLILFDQWO\� EHWWHU� FKDQFH� RI� EHFRPLQJ� VXFFHVVIXO� LQ� WKH� IXWXUH�� DV
VLJQLILFDQWO\�PRUH�LQWHUHVWLQJ��FXULRXV��DQG�KDSS\´��5RVHQWKDO��������S������6WXGHQWV
ZKR�KDG�,4�LQFUHDVHV�EXW�KDG�QRW�EHHQ�H[SHFWHG�WR�KDYH�LQFUHDVHV�E\�WKH�WHDFKHUV
ZHUH�QRW�YLHZHG�PRUH�IDYRUDEO\�E\�WKH�WHDFKHUV��7KHVH�UHVXOWV�VXJJHVW�WKDW�WHDFKHU
H[SHFWDWLRQV�FDQ�VRPHWLPHV�DIIHFW�VWXGHQW�SHUIRUPDQFH��1RWH��KRZHYHU��WKDW�UHFHQW
UHVHDUFK� KDV� VXJJHVWHG� WKDW� WKH� SRZHU� RI� H[SHFWDWLRQV� LV� QRW� DV� JUHDW� DV� KDG
RULJLQDOO\� EHHQ� FRQFOXGHG� �*ROGHQEHUJ�� ������� 1RQHWKHOHVV�� WKH� WKHRU\� RI



H[SHFWDWLRQV�LV�D�XVHIXO�LGHD�
7KHUH� DUH� PDQ\� WKHRULHV� LQ� HGXFDWLRQ�� $� IHZ� DUH� DWWULEXWLRQ� WKHRU\�

FRQVWUXFWLYLVP�� ODEHOLQJ� WKHRU\��.RKOEHUJ¶V� WKHRU\�RI�PRUDO�GHYHORSPHQW�� RSHUDQW
FRQGLWLRQLQJ�� SUR[LPDO� GHYHORSPHQW�� UDWLRQDO� HPRWLYH� WKHUDS\�� VLWH�EDVHG
PDQDJHPHQW�� VLWXDWHG� OHDUQLQJ�� DQG� VRFLDO� OHDUQLQJ� WKHRU\�� ,I�\RX�ZDQW� WR� ILQG�RXW
PRUH�DERXW�DQ\�RI�WKHVH�WKHRULHV��MXVW�JR�WR�WKH�OLEUDU\��RU��XVLQJ�\RXU�FRPSXWHU��JR
WR� ZZZ�HULF�HG�JRY�� DQG� FRQGXFW� D� VHDUFK� XVLQJ� (5,&� RU� RQH� RI� WKH� RWKHU
FRPSXWHUL]HG� VHDUFK� WRROV��ZKLFK� DUH� GLVFXVVHG� LQ�&KDSWHU� ���<RX� FDQ� DOVR� ILQG
QLFH� GHVFULSWLRQV� RI� PDQ\� HGXFDWLRQDO� DQG� SV\FKRORJLFDO� WKHRULHV� DW
KWWS���ZZZ�LQVWUXFWLRQDOGHVLJQ�RUJ�WKHRULHV��

.HHS� LQ�PLQG� DV� \RX� UHDG� UHVHDUFK� DUWLFOHV� WKDW� \RX�ZLOO� QRW� DOZD\V� ILQG� WKH
ZRUG�WKHRU\�LQ�WKH�DUWLFOH�EHFDXVH�RIWHQ�D�ZHOO�GHYHORSHG�RU�H[SOLFLW�WKHRU\�ZLOO
QRW�EH�DYDLODEOH�WR�WKH�UHVHDUFKHU��RU�WKH�UHVHDUFKHU�PLJKW�QRW�KDYH�D�IDQF\�QDPH�IRU
KLV� RU� KHU� WKHRU\�� ,Q� WKLV� FDVH�� \RX� FDQ� YLHZ� WKH� DXWKRUV¶� H[SODQDWLRQV� RI� WKHLU
ILQGLQJV� DV� WKH� WKHRU\�� 5HPHPEHU� WKDW� VRPH� WKHRULHV� DUH� KLJKO\� GHYHORSHG� DQG
RWKHUV�DUH�YHU\�EULHI�RU�QRW�ZHOO�GHYHORSHG��:KHQ�ZH�XVH�WKH�ZRUG�WKHRU\�LQ�WKLV
ERRN��\RX�PLJKW�UHSODFH�LW�ZLWK�WKH�ZRUG�H[SODQDWLRQ�XQWLO�\RX�JHW�XVHG�WR�WKH�LGHD
WKDW�WKHRU\�PRVW�VLPSO\�PHDQV�³H[SODQDWLRQ�´

7KH�3ULQFLSOH�RI�(YLGHQFH
0DQ\� EHJLQQLQJ� VWXGHQWV� EHOLHYH� WKDW� VFLHQFH� DQG� UHVHDUFK� DUH� SURFHVVHV� LQ

ZKLFK� UHVHDUFKHUV�FRQVWDQWO\�SURYH�ZKDW� LV� WUXH��<RX�PLJKW�EH� VXUSULVHG� WR� OHDUQ
WKDW�UHVHDUFKHUV�UDUHO\�XVH�WKH�ZRUG�SURYH�ZKHQ�GLVFXVVLQJ�WKHLU�UHVHDUFK�ILQGLQJV�
,Q�IDFW��DV�ZH�PHQWLRQHG�HDUOLHU��ZH�UHFRPPHQG�WKDW�\RX�HOLPLQDWH�WKH�ZRUG�SURYH
IURP� \RXU� YRFDEXODU\� ZKHQ� \RX� DUH� WDONLQJ� DERXW� UHVHDUFK� EHFDXVH� PRVW
UHVHDUFKHUV�KROG�NQRZOHGJH�WR�EH�XOWLPDWHO\�WHQWDWLYH��'��&��3KLOOLSV�	�%XUEXOHV�
������6KDGLVK��&RRN��	�&DPSEHOO���������7KH\�UHFRJQL]H� WKDW�SULQFLSOHV� WKDW�DUH
EHOLHYHG� WR� EH� WUXH� WRGD\�PLJKW� FKDQJH� HYHQWXDOO\�� VRPH�RI� WRGD\¶V� ILQGLQJV�ZLOO
ODWHU�EH�IRXQG�WR�EH�SDUWLDOO\�WUXH�RU�HYHQ�SDWHQWO\�IDOVH��:KDW�ZH�REWDLQ�LQ�UHVHDUFK
LV�VFLHQWLILF�³HYLGHQFH�´�,W�LV�HVVHQWLDO�WKDW�\RX�XQGHUVWDQG�WKLV�LGHD��$Q�LPSRUWDQW
HGXFDWLRQDO� PHWKRGRORJLVW�� WKH� ODWH� )UHG� .HUOLQJHU� �������� PDGH� WKLV� SRLQW� YHU\
FOHDUO\�

7KH� LQWHUSUHWDWLRQ� RI� UHVHDUFK� GDWD� FXOPLQDWHV� LQ� FRQGLWLRQDO� SUREDELOLVWLF
VWDWHPHQWV�RI� WKH� ³,I�S�� WKHQ�T´�NLQG��:H�HQULFK� VXFK� VWDWHPHQWV�E\�TXDOLI\LQJ
WKHP�LQ�VRPH�VXFK�ZD\�DV��,I�S��WKHQ�T��XQGHU�FRQGLWLRQV�U��V��DQG�W��/HW�XV�IODWO\
DVVHUW�WKDW�QRWKLQJ�FDQ�EH�³SURYHG´�VFLHQWLILFDOO\��$OO�RQH�FDQ�GR�LV�WR�EULQJ
HYLGHQFH� WR� EHDU� WKDW� VXFK�DQG�VXFK� D� SURSRVLWLRQ� LV� WUXH�� 3URRI� LV� D
GHGXFWLYH�PDWWHU��DQG�H[SHULPHQWDO�PHWKRGV�RI�LQTXLU\�DUH�QRW�PHWKRGV�RI�SURRI
>HPSKDVLV�DGGHG@���S������

+HUH� LV� WKH� ZD\� WKH� $PHULFDQ� $VVRFLDWLRQ� IRU� WKH� $GYDQFHPHQW� RI� 6FLHQFH
�������SXW�LW�
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6FLHQFH�LV�D�SURFHVV�IRU�SURGXFLQJ�NQRZOHGJH��7KH�SURFHVV�GHSHQGV�RQ�PDNLQJ
FDUHIXO�REVHUYDWLRQV�RI�SKHQRPHQD�DQG�RQ�LQYHQWLQJ�WKHRULHV�IRU�PDNLQJ�VHQVH
RXW� RI� WKRVH� REVHUYDWLRQV�� &KDQJH� LQ� NQRZOHGJH� LV� LQHYLWDEOH� EHFDXVH� QHZ
REVHUYDWLRQV�PD\�FKDOOHQJH�SUHYDLOLQJ�WKHRULHV��1R�PDWWHU�KRZ�ZHOO�RQH�WKHRU\
H[SODLQV�D�VHW�RI�REVHUYDWLRQV��LW�LV�SRVVLEOH�WKDW�DQRWKHU�WKHRU\�PD\�ILW�MXVW�DV
ZHOO� RU� EHWWHU�� RU�PD\� ILW� D� VWLOO�ZLGHU� UDQJH� RI� REVHUYDWLRQV�� ,Q� VFLHQFH�� WKH
WHVWLQJ� DQG� LPSURYLQJ� DQG� RFFDVLRQDO� GLVFDUGLQJ� RI� WKHRULHV��ZKHWKHU� QHZ�RU
ROG��JR�RQ�DOO�WKH�WLPH���S����

$V� \RX� OHDUQ� PRUH� DERXW� UHVHDUFK�� NHHS� WKHVH� SRLQWV� LQ� PLQG�� ,W� LV� DOVR
LPSRUWDQW� WR�XQGHUVWDQG� WKDW�\RX� VKRXOG�QHYHU�SODFH� WRR�PXFK�ZHLJKW�RQ� D� VLQJOH
UHVHDUFK�VWXG\��5HSOLFDWLRQ�E\�RWKHU�UHVHDUFKHUV��L�H���UHVHDUFK�H[DPLQLQJ�WKH�VDPH
YDULDEOHV� ZLWK� GLIIHUHQW� SHRSOH� DQG� LQ� GLIIHUHQW� ZD\V�� VKRXOG� PDNH� \RX� PRUH
FRQILGHQW�DERXW�D�UHVHDUFK�ILQGLQJ�EHFDXVH�WKH�UHVXOWLQJ�HYLGHQFH�LV�PXFK�VWURQJHU�
%XW�HYHQ�LQ�WKH�IDFH�RI�UHSOLFDWLRQ��VWURQJ�HYLGHQFH�UDWKHU�WKDQ�SURRI�LV�DOO� WKDW� LV
REWDLQHG�EHFDXVH�ZH�DOZD\V�OHDYH�RSHQ�WKH�SRVVLELOLW\�WKDW�IXWXUH�UHVHDUFKHUV�ZLOO
FRPH�XS�ZLWK�QHZ�WKHRULHV�DQG�QHZ�FRQFOXVLRQV�

��5HSOLFDWLRQ�5HVHDUFK�H[DPLQLQJ�WKH�VDPH�YDULDEOHV�ZLWK�GLIIHUHQW�SHRSOH

:KHQHYHU�\RX�DUH� WHPSWHG� WR�XVH� WKH�ZRUG�SURYH�� VWRS� DQG� WKLQN� DQG� UHPLQG
\RXUVHOI�DERXW�WKH�IXQGDPHQWDO�QDWXUH�RI�HGXFDWLRQDO�UHVHDUFK��)RU�QRZ��ZKHQHYHU
\RX�ZDQW� WR�XVH�WKH�ZRUG�SURRI�� MXVW�XVH� WKH�ZRUG�HYLGHQFH� LQVWHDG��6RPHWLPHV�,
�-RKQVRQ��OLNH�WR�WHOO�P\�VWXGHQWV�WKDW�SURRI�LV�ZKDW�WHOHYLVLRQ�FRPPHUFLDOV�FODLP
IRU� WKHLU� SURGXFWV¶� SHUIRUPDQFH�� EXW� LQ� UHVHDUFK� WKH� EHVW� ZH� FDQ� GR� LV� WR� REWDLQ
HYLGHQFH��'XULQJ�D�SUHVLGHQWLDO�HOHFWLRQ�LQ�WKH�����V��D�FDPSDLJQ�PDQDJHU�NHSW�D
VORJDQ�SRVWHG�LQ�WKH�FDPSDLJQ�RIILFH�WKDW�UHDG��³,W¶V�WKH�HFRQRP\��VWXSLG�´�WR�NHHS
WKH�VWDII�IRFXVHG�RQ�WKH�HFRQRPLF�SHUIRUPDQFH�RI�WKH�FXUUHQW�DGPLQLVWUDWLRQ�DV�WKH
SULPDU\�FDPSDLJQ�LVVXH��,Q�UHVHDUFK�RXU�VORJDQ�JRHV�OLNH�WKLV��³,W¶V�DERXW�HYLGHQFH�
QRW�SURRI�´�:H�FDOO�WKLV�LGHD�WKH�SULQFLSOH�RI�HYLGHQFH�

��3ULQFLSOH�RI�HYLGHQFH�7KH�SKLORVRSKLFDO�LGHD�WKDW�HPSLULFDO�UHVHDUFK
SURYLGHV�HYLGHQFH��QRW�SURRI

5(9,(:
48(67 ,21 6

�������'HVFULEH�WKH�WZR�IRUPV�RI�WKH�VFLHQWLILF�PHWKRG
DQG�H[SODLQ�ZK\�ERWK�DUH�LPSRUWDQW�

�������([SODLQ�ZK\�UHVHDUFKHUV�GR�QRW�XVH�WKH�ZRUG
SURRI�ZKHQ�WKH\�ZULWH�XS�WKH�UHVXOWV�RI�WKHLU
UHVHDUFK�LQ�MRXUQDO�DUWLFOHV�

������:KDW�FULWHULD�FDQ�\RX�XVH�WR�GHWHUPLQH�WKH
TXDOLW\�RI�D�WKHRU\�RU�DQ�H[SODQDWLRQ"

������:KDW�GRHV�WKH�SULQFLSOH�RI�HYLGHQFH�VWDWH"



2%-(&7,9(6�2)�('8&$7,21$/�5(6($5&+
'LVFXVVLRQV� RI� VFLHQFH� DQG� HPSLULFDO� UHVHDUFK� RIWHQ� IRFXV� RQ� WKH� LPSRUWDQFH� RI
H[SODQDWLRQ��+RZHYHU��VHYHUDO�DGGLWLRQDO�REMHFWLYHV�DUH�DOVR�LPSRUWDQW�LI�WKH�ILHOG
RI�HGXFDWLRQDO� UHVHDUFK� LV� WR�FRQWLQXH� WR�RSHUDWH�HIIHFWLYHO\�DQG� WR�SURJUHVV��7KH
ILUVW�REMHFWLYH�LV�H[SORUDWLRQ��RU�DWWHPSWLQJ�WR�OHDUQ�DERXW�DQG�JHQHUDWH�LGHDV�DERXW
SKHQRPHQD�� ([SORUDWLRQ� LV� HVSHFLDOO\� LPSRUWDQW� LQ� WKH� HDUO\� SKDVHV� RI� UHVHDUFK
EHFDXVH� UHVHDUFKHUV� PXVW� JHQHUDWH� LGHDV� DERXW� SKHQRPHQD� EHIRUH� DGGLWLRQDO
UHVHDUFK� FDQ� SURJUHVV�� 7R� GHWHUPLQH�ZKHWKHU� H[SORUDWLRQ�ZDV� WKH� REMHFWLYH� RI� D
SDUWLFXODU�UHVHDUFK�VWXG\��DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

��([SORUDWLRQ�$WWHPSWLQJ�WR�JHQHUDWH�LGHDV�DERXW�SKHQRPHQD

����:HUH�WKH�UHVHDUFKHUV�VWXG\LQJ�D�SKHQRPHQRQ�RU�VRPH�DVSHFW�RI�D
SKHQRPHQRQ�DERXW�ZKLFK�OLWWOH�ZDV�SUHYLRXVO\�NQRZQ"

����'LG�WKH�UHVHDUFKHUV�FKRRVH�WR�LJQRUH�SUHYLRXV�UHVHDUFK�RU�H[SODQDWLRQV�VR
WKDW�WKH\�FRXOG�VWXG\�D�SKHQRPHQRQ�ZLWKRXW�DQ\�SUHFRQFHLYHG�QRWLRQV"

����:HUH�WKH�UHVHDUFKHUV�WU\LQJ�WR�³GLVFRYHU´�LPSRUWDQW�IDFWRUV�RU�³JHQHUDWH´
QHZ�LGHDV�IRU�IXUWKHU�UHVHDUFK"

,I�\RX�DQVZHU�\HV�WR�DQ\�RI�WKHVH�TXHVWLRQV��WKHQ�WKH�UHVHDUFKHUV�ZHUH�SUREDEO\
RSHUDWLQJ�LQ�WKH�H[SORUDWRU\�PRGH�RI�UHVHDUFK�

$V� LV� LPSOLHG� LQ� WKH� VHFRQG�DQG� WKLUG�TXHVWLRQV�� H[SORUDWLRQ�GRHV�QRW� DOZD\V
KDYH�WR�EH�GRQH�LQ�WKH�HDUO\�SKDVHV�RI�UHVHDUFK��6RPHWLPHV�UHVHDUFKHUV�PLJKW�ZDQW
WR� HQWHU� WKH� ILHOG� ZLWKRXW� IL[HG� RU� SUHFRQFHLYHG� QRWLRQV� DERXW� ZKDW� WKH\� DUH
VWXG\LQJ�VR�WKDW�WKH\�FDQ�H[SORUH�D�SKHQRPHQRQ�LQ�D�QHZ�ZD\�DQG�VR�WKDW�WKH\�FDQ
DYRLG� EHLQJ� ELDVHG� RU� EOLQGHG� E\� SUHYLRXV� ILQGLQJV� RU� WKHRULHV�� 7KH� DUWLFOH
PHQWLRQHG� HDUOLHU� LQ� WKLV� FKDSWHU� �LQ� WKH� VHFWLRQ� ³([DPSOHV� RI� (GXFDWLRQDO
5HVHDUFK´�� HQWLWOHG� ³*LYLQJ� 9RLFH� WR� +LJK� 6FKRRO� 6WXGHQWV´� ZDV� H[SORUDWRU\
EHFDXVH� WKH� UHVHDUFKHUV� WULHG� WR� XQFRYHU� ZKDW� DW�ULVN� VWXGHQWV� WKRXJKW� ZDV
LPSRUWDQW� LQ�WKHLU� OLYHV��ZK\�WKH�VWXGHQWV�DFWHG�LQ�WKH�ZD\V�WKH\�GLG��DQG�KRZ�WKH
VWXGHQWV� YLHZHG� YDULRXV� IRUPDO� DQG� LQIRUPDO� JURXSV� �H�J��� WHDFKHUV��� 7KH
UHVHDUFKHUV� WULHG� WR�GHVFULEH� WKH�DW�ULVN�DGROHVFHQWV¶�EHOLHIV�DQG�FLUFXPVWDQFHV� WR
H[SODLQ� ZK\� WKH\� DFWHG� DV� WKH\� GLG�� 2QH� ILQGLQJ� ZDV� WKDW� VRPH� DW�ULVN� VWXGHQWV
IRUPHG� VXEFXOWXUHV� WKDW� ZHUH� LQ� FRQIOLFW� ZLWK� WKH� WHDFKHUV¶� FXOWXUH�� WKDW� LV�� WKH
JURXSV� GLIIHUHG� RQ� VXFK� FULWHULD� DV� YDOXHV�� EHOLHIV�� DQG� DFWLYLWLHV� WKDW� ZHUH
FRQVLGHUHG�DSSURSULDWH��7KHVH�GLIIHUHQFHV�PDGH�LW�GLIILFXOW�IRU�WKH�WHDFKHUV�DQG�WKH
VWXGHQWV� WR� FRPPXQLFDWH�� ZKLFK� UHVXOWHG� LQ� VWXGHQW� DSDWK\� DQG� ERUHGRP� LQ� WKH
FODVVURRP��)RU�DQRWKHU�H[DPSOH� LQ�ZKLFK� WKH�REMHFWLYH�ZDV�H[SORUDWRU\��\RX�FDQ
UHUHDG� WKH� DEVWUDFW� RI� WKH� DUWLFOH� PHQWLRQHG� LQ� WKH� VDPH� VHFWLRQ� HQWLWOHG� ³7KH
'HYHORSPHQW�RI�D�*RDO�WR�%HFRPH�D�7HDFKHU�´

([SORUDWLRQ� VRPHWLPHV� LV� IRFXVHG� RQ� GHVFULELQJ� WKH� QDWXUH� RI� VRPHWKLQJ� WKDW
SUHYLRXVO\�ZDV�XQNQRZQ��LW�DOVR�LV�XVHG�ZKHQ�WKH�UHVHDUFKHU�WULHV�WR�XQGHUVWDQG�WKH



VSHFLILFV�RI�VRPH�SKHQRPHQRQ�RU�VRPH�VLWXDWLRQ�WR�GHYHORS�WHQWDWLYH�K\SRWKHVHV�RU
JHQHUDOL]DWLRQV�DERXW�LW��([SORUDWLRQ�LV�VLPLODU�WR�EDVLF�GHVFULSWLYH�DFWLYLWLHV�LQ�WKDW
LW� RIWHQ� LQFOXGHV� GHVFULSWLRQ�� +RZHYHU�� DWWHPSWV� DUH� DOVR� IUHTXHQWO\� PDGH� LQ
H[SORUDWRU\� UHVHDUFK� WR� JHQHUDWH� SUHOLPLQDU\� H[SODQDWLRQV� RU� WKHRULHV� DERXW� KRZ
DQG�ZK\�D�SKHQRPHQRQ�RSHUDWHV�DV�LW�GRHV�

7KH� VHFRQG� REMHFWLYH� LV� GHVFULSWLRQ�� RU� DWWHPSWLQJ� WR� GHVFULEH� WKH
FKDUDFWHULVWLFV�RI� D�SKHQRPHQRQ��7R�GHWHUPLQH�ZKHWKHU�GHVFULSWLRQ�ZDV� WKH�PDLQ
REMHFWLYH�RI�D�SDUWLFXODU�UHVHDUFK�VWXG\��DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

��'HVFULSWLRQ�$WWHPSWLQJ�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�D�SKHQRPHQRQ

����:HUH�WKH�UHVHDUFKHUV�SULPDULO\�GHVFULELQJ�D�SKHQRPHQRQ"

����:HUH�WKH�UHVHDUFKHUV�GRFXPHQWLQJ�WKH�FKDUDFWHULVWLFV�RI�VRPH�SKHQRPHQRQ"

'HVFULSWLRQ� LV� RQH� RI� WKH� PRVW� EDVLF� DFWLYLWLHV� LQ� UHVHDUFK�� ,W� PLJKW� VLPSO\
LQYROYH� REVHUYLQJ� D� SKHQRPHQRQ� DQG� UHFRUGLQJ� ZKDW� RQH� VHHV�� )RU� H[DPSOH�� D
VHDVRQHG�WHDFKHU�PLJKW�REVHUYH�WKH�EHKDYLRU�RI�D�VWXGHQW�WHDFKHU�DQG�WDNH�QRWHV��$W
RWKHU�WLPHV��GHVFULSWLRQ�PLJKW�UHO\�RQ�WKH�XVH�RI�TXDQWLWDWLYH�PHDVXULQJ�LQVWUXPHQWV
VXFK� DV� VWDQGDUGL]HG� WHVWV�� )RU� H[DPSOH�� D� UHVHDUFKHU�PLJKW�ZDQW� WR�PHDVXUH� WKH
LQWDQJLEOH� FRQVWUXFW� FDOOHG� LQWHOOLJHQFH�TXRWLHQW�� RU� ,4��7R�GR� WKLV�� WKH� UHVHDUFKHU
PXVW� UHO\� RQ� VRPH� W\SH� RI� WHVW� WKDW� KDV� EHHQ� FRQVWUXFWHG� VSHFLILFDOO\� IRU� WKLV
SXUSRVH��$W�RWKHU�WLPHV��GHVFULSWLRQ�PLJKW�LQYROYH�UHSRUWLQJ�DWWLWXGHV�DQG�RSLQLRQV
DERXW�FHUWDLQ� LVVXHV��)RU�DQ�H[DPSOH��VHH� WKH�6HSWHPEHU������ LVVXH�RI�3KL�'HOWD
.DSSDQ��ZKLFK�UHSRUWV�QDWLRQDO�DWWLWXGHV�WRZDUG�HGXFDWLRQ�HDFK�\HDU��7KH�VWXG\�LV
FRQGXFWHG�E\�WKH�*DOOXS�2UJDQL]DWLRQ�DQG�LV�FRPPLVVLRQHG�E\�WKH�HGXFDWLRQ�KRQRU
VRFLHW\�3KL�'HOWD�.DSSD���������7ZR�TXHVWLRQV�DQG�WKHLU�UHVSRQVHV�DUH�VKRZQ�LQ
7DEOH�����

�7$%/(�������,WHPV�)URP�3KL�'HOWD�.DSSD�*DOOXS�3ROO��6HSWHPEHU������




/HVV�WKDQ�RQH�KDOI�RI���SHUFHQW

7KH� WKLUG� REMHFWLYH� LV� H[SODQDWLRQ�� RU� DWWHPSWLQJ� WR� VKRZ� KRZ� DQG� ZK\� D
SKHQRPHQRQ�RSHUDWHV�DV�LW�GRHV��$FFRUGLQJ�WR�PDQ\�ZULWHUV��WKLV�LV�WKH�NH\�SXUSRVH
RI� VFLHQFH�� 7R� GHWHUPLQH� ZKHWKHU� H[SODQDWLRQ� ZDV� WKH� SULPDU\� REMHFWLYH� RI� D
SDUWLFXODU�UHVHDUFK�VWXG\��DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

��([SODQDWLRQ�$WWHPSWLQJ�WR�VKRZ�KRZ�DQG�ZK\�D�SKHQRPHQRQ�RSHUDWHV�DV�LW
GRHV

����:HUH�WKH�UHVHDUFKHUV�WU\LQJ�WR�GHYHORS�D�WKHRU\�DERXW�D�SKHQRPHQRQ�WR
H[SODLQ�KRZ�DQG�ZK\�LW�RSHUDWHV�DV�LW�GRHV"

����:HUH�WKH�UHVHDUFKHUV�WU\LQJ�WR�H[SODLQ�KRZ�FHUWDLQ�SKHQRPHQD�RSHUDWH�E\
LGHQWLI\LQJ�WKH�IDFWRUV�WKDW�SURGXFH�FKDQJH�LQ�WKHP"�0RUH�VSHFLILFDOO\��ZHUH
WKH�UHVHDUFKHUV�VWXG\LQJ�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV"

,I� WKH�DQVZHU� WR�HLWKHU�RI� WKHVH�TXHVWLRQV� LV�\HV�� WKHQ� WKH�UHVHDUFKHUV¶�SULPDU\
REMHFWLYH� LV� SUREDEO\� H[SODQDWLRQ�� 7KH� REMHFWLYH� RI� WKH� PDMRULW\� RI� HGXFDWLRQDO
UHVHDUFK�LV�H[SODQDWLRQ��$Q�H[DPSOH�RI�D�UHVHDUFK�VWXG\�IRFXVLQJ�RQ�H[SODQDWLRQ�LV
D�VWXG\�HQWLWOHG�³$UH�(IIHFWV�RI�6PDOO�&ODVVHV�&XPXODWLYH"´�E\�1\H��+HGJHV��DQG
.RQVWDQWRSRXORV� �������� ,Q� WKDW� VWXG\�� WKH� UHVHDUFKHUV� ZHUH� LQWHUHVWHG� LQ
GHWHUPLQLQJ�WKH�HIIHFW�RI�FODVV�VL]H�RQ�VWXGHQW�SHUIRUPDQFH��7KH\�IRXQG�WKDW�VPDOOHU
FODVVHV� LQ� *UDGHV� �� WKURXJK� �� UHVXOWHG� LQ� LPSURYHG� UHDGLQJ� DQG� PDWKHPDWLFV
DFKLHYHPHQW�VFRUHV�DQG�WKDW�WKH�HIIHFW�FRQWLQXHV�WR�RFFXU�RYHU�WLPH��7KH�VWXG\�XVHG
D� VWURQJ� H[SHULPHQWDO� GHVLJQ� WKDW� SURYLGHG� UHODWLYHO\� VROLG� HYLGHQFH� DERXW� FDXVH
DQG�HIIHFW��,Q�D�VWXG\�OLNH�WKLV��WKH�FDXVH��L�H���VPDOOHU�FODVV�VL]HV��LV�XVHG�WR�H[SODLQ
WKH� HIIHFW� �L�H��� LPSURYHG�DFKLHYHPHQW� VFRUHV���)RU� DQRWKHU� H[DPSOH� LQ�ZKLFK� WKH
REMHFWLYH� ZDV� H[SODQDWLRQ�� VHH� WKH� DUWLFOH� PHQWLRQHG� HDUOLHU� �LQ� WKH� VHFWLRQ
³([DPSOHV�RI�(GXFDWLRQDO�5HVHDUFK´��HQWLWOHG�³*HWWLQJ�7RXJK"�7KH�,PSDFW�RI�+LJK
6FKRRO�*UDGXDWLRQ�([DPV�´

7KH� IRXUWK� REMHFWLYH� LV� SUHGLFWLRQ�� RU� DWWHPSWLQJ� WR� SUHGLFW� RU� IRUHFDVW� D
SKHQRPHQRQ�� 7R� GHWHUPLQH� ZKHWKHU� SUHGLFWLRQ� ZDV� WKH� SULPDU\� REMHFWLYH� RI� D
SDUWLFXODU� UHVHDUFK� VWXG\�� DQVZHU� WKH� IROORZLQJ� TXHVWLRQ�� 'LG� WKH� UHVHDUFKHUV
FRQGXFW�WKH�UHVHDUFK�VR�WKDW�WKH\�FRXOG�SUHGLFW�RU�IRUHFDVW�VRPH�HYHQW�LQ�WKH�IXWXUH"
$�UHVHDUFKHU�LV�DEOH�WR�PDNH�D�SUHGLFWLRQ�ZKHQ�FHUWDLQ�LQIRUPDWLRQ�WKDW�LV�NQRZQ�LQ
DGYDQFH� FDQ� EH� XVHG� WR� GHWHUPLQH� ZKDW� ZLOO� KDSSHQ� DW� D� ODWHU� SRLQW� LQ� WLPH�
6RPHWLPHV� SUHGLFWLRQV� FDQ� DOVR� EH� PDGH� IURP� UHVHDUFK� VWXGLHV� LQ� ZKLFK� WKH
SULPDU\� IRFXV� LV� RQ� H[SODQDWLRQ��7KDW� LV��ZKHQ� UHVHDUFKHUV� GHWHUPLQH� FDXVH�DQG�
HIIHFW�RSHUDWLRQV��H[SODQDWLRQV���WKH\�FDQ�XVH�WKLV�LQIRUPDWLRQ�WR�IRUP�SUHGLFWLRQV�

��3UHGLFWLRQ�$WWHPSWLQJ�WR�SUHGLFW�RU�IRUHFDVW�D�SKHQRPHQRQ

2QH� UHVHDUFK� VWXG\� LQ� ZKLFK� WKH� IRFXV� ZDV� RQ� SUHGLFWLRQ� ZDV� FRQGXFWHG� E\
)XHUWHV��6HGODFHN��DQG�/LX���������7KHVH�UHVHDUFKHUV�FRQGXFWHG�D����\HDU�UHVHDUFK



VWXG\� DQG� IRXQG� WKDW� $VLDQ� $PHULFDQ� XQLYHUVLW\� VWXGHQWV¶� DFDGHPLF� SHUIRUPDQFH
DQG� UHWHQWLRQ� FRXOG� EH� SUHGLFWHG� E\� XVLQJ� WKH� 6FKRODVWLF�$VVHVVPHQW� 7HVW� �6$7�
DQG� DQRWKHU� LQVWUXPHQW� FDOOHG� WKH� 1RQFRJQLWLYH� 4XHVWLRQQDLUH�� 7KH� VWURQJHVW
SUHGLFWRU�RI�WKH�VWXGHQWV¶�*3$V�ZDV�WKHLU�6$7�PDWK�VFRUHV��2WKHU�XVHIXO�SUHGLFWRUV
�IURP� WKH� 1RQFRJQLWLYH� 4XHVWLRQQDLUH�� ZHUH� FRPPXQLW\� VHUYLFH�� UHDOLVWLF� VHOI�
DSSUDLVDO��DFDGHPLF�VHOI�FRQFHSW��QRQWUDGLWLRQDO�NQRZOHGJH��DQG�KDQGOLQJ� UDFLVP�
7KH�VWURQJHVW�SUHGLFWRUV�RI�HQUROOPHQW��L�H���UHWHQWLRQ��ZHUH�VHOI�FRQFHSW��UHDOLVWLF
VHOI�DSSUDLVDO��DQG�6$7�PDWK�VFRUH�

7KH� ILIWK� REMHFWLYH� LV� FDOOHG� FRQWURO� RU� LQIOXHQFH�� RU� DWWHPSWLQJ� WR� DSSO\
UHVHDUFK�WR�PDNH�FHUWDLQ�RXWFRPHV�RFFXU��7KLV�REMHFWLYH�UHIHUV�WR�WKH�DSSOLFDWLRQ�RI
UHVHDUFK�NQRZOHGJH� UDWKHU� WKDQ� WKH�JHQHUDWLRQ�RI� UHVHDUFK�NQRZOHGJH�� ,W� UHIHUV� WR
WKH�DSSOLFDWLRQ�RI�SUHYLRXV�UHVHDUFK�WR�FRQWURO�YDULRXV�DVSHFWV�RI�WKH�ZRUOG��+HUH
\RX�VKRXOG�DVN�WKH�IROORZLQJ�TXHVWLRQV�

��,QIOXHQFH�$WWHPSWLQJ�WR�DSSO\�UHVHDUFK�WR�PDNH�FHUWDLQ�RXWFRPHV�RFFXU

����:HUH�WKH�UHVHDUFKHUV�DSSO\LQJ�UHVHDUFK�NQRZOHGJH�WR�PDNH�VRPHWKLQJ�XVHIXO
KDSSHQ�LQ�WKH�ZRUOG"

����:HUH�WKH�UHVHDUFKHUV�FKHFNLQJ�D�³GHPRQVWUDWLRQ�SURJUDP´�WR�VHH�LI�LW�ZRUNV
LQ�SUDFWLFH"

7KH�XOWLPDWH�REMHFWLYH�RI�PRVW�VRFLDO��EHKDYLRUDO��DQG�HGXFDWLRQDO�UHVHDUFK�LV
LPSURYHPHQW�RI� WKH�ZRUOG�RU�VRFLDO�EHWWHUPHQW��7KHUHIRUH�� LQIOXHQFH� LV� LPSRUWDQW�
)RU� WHDFKHUV�� LQIOXHQFH� LQYROYHV� WKLQJV� OLNH�KHOSLQJ� VWXGHQWV� OHDUQ�PRUH� WKDQ� WKH\
SUHYLRXVO\� NQHZ�� KHOSLQJ� FKLOGUHQ� ZLWK� VSHFLDO� QHHGV�� DQG� SUHYHQWLQJ� QHJDWLYH
RXWFRPHV�VXFK�DV�GURSSLQJ�RXW�RI�VFKRRO�RU�GLVUXSWLYH�EHKDYLRU�LQ�WKH�FODVVURRP�
)RU� FRXQVHORUV�� LQIOXHQFH� PLJKW� LQYROYH� KHOSLQJ� FOLHQWV� RYHUFRPH� SV\FKRORJLFDO
SUREOHPV�VXFK�DV�GHSUHVVLRQ��SHUVRQDOLW\�GLVRUGHUV��DQG�G\VIXQFWLRQDO�EHKDYLRUV�

$V� \RX� ZRUN� WKURXJK� WKLV� ERRN� DQG� OHDUQ� DERXW� WKH� GLIIHUHQW� PHWKRGV� RI
UHVHDUFK�� \RX� ZLOO� EH� OHDUQLQJ� PRUH� DERXW� WKHVH� REMHFWLYHV�� $W� WKLV� SRLQW�� \RX
VKRXOG�EH�DEOH� WR�H[DPLQH�D�UHVHDUFK�DUWLFOH�DQG�GHWHUPLQH�ZKDW� WKH�UHVHDUFKHU¶V
REMHFWLYHV�ZHUH��'RQ¶W�EH�VXUSULVHG�LI�WKHUH�DSSHDUV�WR�EH�PRUH�WKDQ�RQH�REMHFWLYH�
7KDW� LV�QRW�DW�DOO�XQFRPPRQ��<RX�VKRXOG�DOVR�EH�DZDUH�WKDW�UHVHDUFKHUV�RIWHQ�XVH
WKH� WHUPV�GHVFULSWLYH� UHVHDUFK�� H[SORUDWRU\� UHVHDUFK�� H[SODQDWRU\� UHVHDUFK�� DQG
SUHGLFWLYH� UHVHDUFK�� :KHQ� WKH\� GR� WKLV�� WKH\� DUH� VLPSO\� GHVFULELQJ� WKH� SULPDU\
REMHFWLYH�RI�WKH�UHVHDUFK�

5(9,(:
48(67 ,21 6

������:KDW�DUH�WKH�ILYH�PDLQ�REMHFWLYHV�RI�VFLHQFH"
�+LQW��7KH�ILUVW�OHWWHUV�IRUP�WKH�DFURQ\P
('(3,��

������:K\�LV�HDFK�RI�WKH�ILYH�PDLQ�REMHFWLYHV�RI
VFLHQFH�LPSRUWDQW"



29(59,(:�2)�%22.
:H� KDYH� RUJDQL]HG� \RXU� WH[WERRN� WR� IROORZ� WKH� JHQHUDO� VWHSV� LQYROYHG� LQ� WKH
UHVHDUFK�SURFHVV�� ,Q�3DUW� ,�ZH� LQWURGXFH�\RX� WR� WKH�NLQGV�RI� HGXFDWLRQDO� UHVHDUFK
DQG�WKH�SURFHVV�DQG�DVVXPSWLRQV�RI�UHVHDUFK��,Q�3DUW�,,�ZH�VKRZ�KRZ�WR�FRPH�XS
ZLWK� D� UHVHDUFK� LGHD� DQG� KRZ� WR� SODQ� D� UHVHDUFK� VWXG\�� ,Q� 3DUW� ,,,�ZH� LQWURGXFH
VRPH�FRQFHSWV�UHTXLUHG�WR�GHVLJQ�DQG�FRQGXFW�D�JRRG�VWXG\��,Q�3DUW�,9�ZH�GLVFXVV
WKH�PDMRU�PHWKRGV�RI� UHVHDUFK�� ,Q�3DUW�9�ZH� VKRZ�KRZ� WR� DQDO\]H�GDWD� UHVXOWLQJ
IURP�D�UHVHDUFK�VWXG\��,Q�3DUW�9,�ZH�H[SODLQ�KRZ�WR�ZULWH�D�UHVHDUFK�PDQXVFULSW�

7R�PDVWHU� WKH�PDWHULDO� IXOO\�� \RX�ZLOO� QHHG� WR� WDNH� DGYDQWDJH� RI� VRPH� RI� WKH
DSSOLFDWLRQ�H[HUFLVHV�SURYLGHG�LQ�WKH�ERRN�DQG�RQ�WKH�FRPSDQLRQ�ZHEVLWH�EHFDXVH
WKH\�ZLOO�JLYH�\RX�VRPH�SUDFWLFH�DSSO\LQJ�WKH�PDWHULDO��$V�\RX�VWDUW�WR�UHYLHZ�IRU
H[DPV��\RX�FDQ�WHVW�\RXU�RYHUDOO�NQRZOHGJH�RI� WKH�PDWHULDO�E\�WDNLQJ�WKH�SUDFWLFH
TXL]]HV� RQ� WKH� FRPSDQLRQ�ZHEVLWH� DQG�E\� DQVZHULQJ� WKH� FKDSWHU� VWXG\�TXHVWLRQV�
<RX�FDQ�DOVR�SULQW�WKH�GHILQLWLRQV�RI�WKH�WHUPV�JLYHQ�LQ�WKH�FKDSWHUV��'RQ¶W�ORRN�DW
WKH� DQVZHUV� LQ� WKH� ERRN� RU� RQ� WKH� FRPSDQLRQ�ZHEVLWH� XQWLO� \RX� KDYH� VWDWHG� \RXU
RZQ�DQVZHUV��WKHQ�FRPSDUH�DQG�LGHQWLI\�\RXU�DUHDV�RI�VWUHQJWK�DQG�ZHDNQHVV��8VH
WKH�FRQFHSW�PDSV�RQ� WKH�FRPSDQLRQ�ZHEVLWH� WR�NHHS�ZKDW�\RX� OHDUQ�RUJDQL]HG� LQ
WHUPV�RI�WKH�ELJ�SLFWXUH�DQG�LWV�SDUWV�

:H� DOVR� VWURQJO\� UHFRPPHQG� WKDW� \RX� UHDG� VRPH� H[DPSOHV� RI� SXEOLVKHG
UHVHDUFK�WR�VHH�IXOO�OHQJWK�H[DPSOHV�RI�KRZ�UHVHDUFK�LV�GRQH��7KURXJKRXW�WKH�WH[W�
ZH�SURYLGH� UHIHUHQFHV� WR�PDQ\�SXEOLVKHG� UHVHDUFK�DUWLFOHV� WKDW�\RX�FDQ�H[DPLQH�
)XUWKHUPRUH��ZH�KDYH�SURYLGHG�GRZQORDGDEOH�FRSLHV�RI����MRXUQDO�DUWLFOHV�RQ�WKH
FRPSDQLRQ�ZHEVLWH�WKDW�\RX�FDQ�SULQW�RXW�DQG�UHDG�DQG�GLVFXVV�LQ�FODVV��<RX�FDQ
VWDUW� ULJKW� QRZ� E\� JRLQJ� WR� WKH� FRPSDQLRQ� ZHEVLWH� DQG� SULQWLQJ� DQG� UHDGLQJ� WKH
DUWLFOH� HQWLWOHG� ³*LIWHG� 'URSRXWV�� 7KH�:KR� DQG� WKH�:K\�´� 5HDGLQJ� RU� FDUHIXOO\
H[DPLQLQJ�WKLV�DUWLFOH�ZLOO�JLYH�\RX�D�FRQFUHWH�H[DPSOH�RI�HGXFDWLRQDO�UHVHDUFK�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

2XU�SUDFWLFDO�FRQFOXVLRQ�IRU�WKLV�FKDSWHU�LV�FOHDU��$Q\RQH�FDQ�OHDUQ�WKH�PDWHULDO
LQ�WKLV�ERRN�LI�KH�RU�VKH�ZRUNV�KDUG�DW�LW��DQG�WKDW�PHDQV�WKDW�\RX�FDQ�GR�LW��:H�KRSH
WR�VKRZ�\RX�WKDW�OHDUQLQJ�DERXW�UHVHDUFK�FDQ�DFWXDOO\�EH�IXQ��*RRG�OXFN��DQG�GRQ¶W
IRUJHW�WR�XVH�WKH�PDQ\�OHDUQLQJ�WRROV�WKDW�DUH�DYDLODEOH�DW�WKH�FRPSDQLRQ�ZHEVLWH
WR�PDNH�\RXU�OHDUQLQJ�H[SHULHQFH�HDVLHU�DQG�PRUH�SURGXFWLYH�

6800$5<

,W� LV� LPSRUWDQW� WKDW� HGXFDWRUV� DQG� FRXQVHORUV� EH� UHVHDUFK� OLWHUDWH� EHFDXVH� RI� WKH
LPSRUWDQFH�RI� UHVHDUFK� LQ� HGXFDWLRQ� DQG�RXU� VRFLHW\��%\� OHDUQLQJ� DERXW� UHVHDUFK�
\RX� ZLOO� EH� DEOH� WR� ILQG� SXEOLVKHG� UHVHDUFK� DUWLFOHV� WKDW� DUH� UHOHYDQW� IRU� \RXU
SURIHVVLRQ�� HYDOXDWH� WKRVH� UHVHDUFK� DUWLFOHV�� DQG� SURSRVH� DQG� FRQGXFW� UHVHDUFK
VWXGLHV�RQ�\RXU�RZQ�LI� WKH�QHHG�HYHU�DULVHV� LQ�\RXU�FDUHHU� �H�J���SHUKDSV�RQH�GD\



\RXU� SULQFLSDO� RU� PDQDJHU� ZLOO� DVN� \RX� WR� FRQGXFW� D� VXUYH\� RU� WR� ZULWH� D� JUDQW
SURSRVDO��� (GXFDWLRQDO� UHVHDUFKHUV� JHQHUDWH� HYLGHQFH� DERXW� HGXFDWLRQDO
SKHQRPHQD�E\�FROOHFWLQJ�HPSLULFDO�GDWD�DQG�XVLQJ�WKH�H[SORUDWRU\�DQG�FRQILUPDWRU\
VFLHQWLILF�PHWKRGV��:H�DOVR�H[SODLQHG�WKDW�ILYH�JHQHUDO�REMHFWLYHV�RI�UHVHDUFK�DUH�WR
H[SORUH��WR�GHVFULEH��WR�H[SODLQ��WR�SUHGLFW��DQG�WR�LQIOXHQFH�RU�FRQWURO�WKLQJV�LQ�RXU
ZRUOG��:KHQ�UHDGLQJ�UHVHDUFK�DUWLFOHV��\RX�VKRXOG�GHWHUPLQH�WKH�SULPDU\�REMHFWLYH
UHVHDUFKHUV�KDG�ZKHQ�WKH\�FRQGXFWHG�WKHLU�UHVHDUFK�VWXGLHV��,Q�WKH�QH[W�FKDSWHU��ZH
ZLOO�ILQLVK�RXU� LQWURGXFWLRQ�WR�HGXFDWLRQDO�UHVHDUFK�E\�GHVFULELQJ�WKH�NH\�IHDWXUHV
RI�WKH�WKUHH�PDMRU�UHVHDUFK�SDUDGLJPV��TXDQWLWDWLYH�UHVHDUFK��TXDOLWDWLYH�UHVHDUFK�
DQG�PL[HG�UHVHDUFK�

.(<�7(506

DEVWUDFW��S����
DFWLRQ�UHVHDUFK��S�����
DSSOLHG�UHVHDUFK��S�����
EDVLF�UHVHDUFK��S����
FRQILUPDWRU\�PHWKRG��S�����
FULWHULRQ�RI�IDOVLILDELOLW\��S�����
GHGXFWLYH�UHDVRQLQJ��S�����
GHVFULSWLRQ��S�����
HPSLULFDO�VWDWHPHQW��S�����
HPSLULFLVP��S�����
HSLVWHPRORJ\��S�����
HYDOXDWLRQ��S�����
H[SODQDWLRQ��S�����
H[SORUDWLRQ��S�����
H[SORUDWRU\�PHWKRG��S�����
IRUPDWLYH�HYDOXDWLRQ��S�����
K\SRWKHVLV��S�����
LQGXFWLYH�UHDVRQLQJ��S�����
LQIOXHQFH��S�����
RULHQWDWLRQDO�UHVHDUFK��S�����
SUHGLFWLRQ��S�����
SULQFLSOH�RI�HYLGHQFH��S�����
SUREDELOLVWLF��S�����
SUREOHP�RI�LQGXFWLRQ��S�����
SV\FKRORJLFDO�IDFWRUV��S�����
TXDOLWDWLYH�UHVHDUFKHU��S�����



TXDQWLWDWLYH�UHVHDUFKHU��S�����
UDWLRQDOLVP��S�����
UHSOLFDWLRQ��S�����
UHVHDUFK�OLWHUDWXUH��S����
UXOH�RI�SDUVLPRQ\��S�����
VFLHQFH��S�����
VRFLDO�SV\FKRORJLFDO�IDFWRUV��S�����
VRFLRORJLFDO�IDFWRUV��S�����
VXPPDWLYH�HYDOXDWLRQ��S�����
WKHRU\��S�����

',6&866,21�48(67,216

����:KLFK�RI�WKH�IROORZLQJ�GR�\RX�WKLQN�LV�WKH�PRVW�LPSRUWDQW�NLQG�RI�UHVHDUFK�
EDVLF��DSSOLHG��HYDOXDWLRQ��DFWLRQ��RU�FULWLFDO�WKHRU\�UHVHDUFK"�:K\"

����:K\�LV�LW�DVVHUWHG�LQ�WKLV�FKDSWHU�WKDW�RQH�GRHV�QRW�REWDLQ�QHFHVVDU\�RU�ILQDO
SURRI�LQ�HGXFDWLRQDO�UHVHDUFK"

����+RZ�GRHV�WKH�SUHVHQWDWLRQ�RI�H[SORUDWRU\�DQG�FRQILUPDWRU\�VFLHQWLILF�PHWKRGV
ILW�ZLWK�\RXU�SULRU�XQGHUVWDQGLQJ�RI�WKH�PHWKRGV�RI�VFLHQWLILF�UHVHDUFK"

����:KDW�LV�D�UHVHDUFK�ILQGLQJ�WKDW�\RX�KDYH�KHDUG��H�J���RQ�WKH�QHZV�RU�LQ�DQRWKHU
FODVV��DQG�ZRQGHUHG�DERXW"

5(6($5&+�(;(5&,6(6

����:H�KDYH�SXW�D�5HVHDUFK�0HWKRGV�4XHVWLRQQDLUH�RQ�WKH�ERRN¶V�FRPSDQLRQ
ZHEVLWH�XQGHU�&KDSWHU���ERQXV�PDWHULDOV��)LOO�LW�RXW�DQG�WHVW�\RXU�SULRU
NQRZOHGJH�DERXW�UHVHDUFK�PHWKRGV�

����6HDUFK�RQ�WKH�ZHE�IRU�PRUH�LQIRUPDWLRQ�RQ�VRPH�RI�WKH�WHUPV�WKDW�\RX�IRXQG
PRVW�LQWHUHVWLQJ�LQ�WKH�FKDSWHU��)RU�H[DPSOH��\RX�PLJKW�ZDQW�WR�VHDUFK�IRU�PRUH
PDWHULDO�RQ�FULWLFDO�WKHRU\��LQGXFWLYH�UHDVRQLQJ��SURJUDP�HYDOXDWLRQ��RU
HSLVWHPRORJ\�

����,Q�WKLV�FKDSWHU�ZH�GLVWLQJXLVKHG�EHWZHHQ�WKH�H[SORUDWRU\�DQG�FRQILUPDWRU\
PHWKRGV�RI�VFLHQFH��$V�ZH�PHQWLRQHG��KRZHYHU��UHVHDUFKHUV�XVH�PDQ\
DSSURDFKHV�WR�JDLQ�NQRZOHGJH��$V�DQ�H[HUFLVH��ILQG�WKH�QHHGHG�LQIRUPDWLRQ�RQ
WKH�ZHE�DQG�VXPPDUL]H��LQ�D�WZR�SDJH�SDSHU��RQH�RI�WKHVH�VFLHQWLILF�PHWKRGV�
LQIHUHQFH�WR�EHVW�H[SODQDWLRQ��0LOO¶V�PHWKRGV��DEGXFWLYH�UHDVRQLQJ��DQDORJLFDO
UHDVRQLQJ��GHGXFWLYH�QRPRWKHWLF�PRGHO��K\SRWKHWLFR�GHGXFWLYH�PRGHO��LQGXFWLYH
PHWKRGV��RU�GHGXFWLYH�PHWKRGV�



����7DNH�D�PRPHQW��ULJKW�QRZ��WR�H[DPLQH�ZKDW�LV�DYDLODEOH�DW�WKH�FRPSDQLRQ
ZHEVLWH�WKDW�JRHV�ZLWK�WKLV�ERRN��+HUH�DUH�VRPH�RI�WKH�PDQ\�IHDWXUHV�\RX�ZLOO
ILQG��OHFWXUHV��FRQFHSW�PDSV��DQVZHUV�WR�WKH�UHYLHZ�TXHVWLRQV��TXL]]HV��ZHE
UHVRXUFHV��FKDSWHU�VXSSOHPHQWV��DQG�PRUH��,I�\RX�WKLQN�RI�VRPHWKLQJ�HOVH�WKDW
ZLOO�KHOS�\RX�OHDUQ�WKH�PDWHULDO�LQ�\RXU�ERRN��SOHDVH�HPDLO�XV�DQG�OHW�XV�NQRZ
EHFDXVH�ZH�DUH�DOZD\V�DGGLQJ�QHZ�IHDWXUHV�WR�WKH�FRPSDQLRQ�ZHEVLWH��2XU
HPDLO�DGGUHVVHV�DUH�EMRKQVRQ#XVRXWKDO�HGX�DQG�OFKULVWH#XVRXWKDO�HGX�

5(/(9$17�,17(51(7�6,7(6

$FWLRQ�5HVHDUFK�6SHFLDO�,QWHUHVW�*URXS
KWWS���FRH�ZHVWJD�HGX�DUVLJ�

$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ
KWWS���ZZZ�DHUD�QHW

$PHULFDQ�(YDOXDWLRQ�$VVRFLDWLRQ��SURJUDP�HYDOXDWLRQ�
KWWS���ZZZ�HYDO�RUJ

&HQWHU�IRU�WKH�3KLORVRSK\�RI�6FLHQFH
KWWS���ZZZ�SLWW�HGX�aSLWWFQWU�$ERXW�OLQNV�KWP

7KH�(YDOXDWLRQ�&HQWHU�DW�:HVWHUQ�0LFKLJDQ�8QLYHUVLW\��SURJUDP�HYDOXDWLRQ�
KWWS���ZZZ�ZPLFK�HGX�HYDOFWU�

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

'DYLGVRQ��(��-����������(YDOXDWLRQ�PHWKRGRORJ\�EDVLFV��7KH�QXWV�DQG�EROWV�RI
VRXQG�HYDOXDWLRQ��7KRXVDQG�2DNV��&$��6DJH�
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+DUGLQJ��6���(G������������7KH�IHPLQLVW�VWDQGSRLQW�WKHRU\�UHDGHU��1HZ�<RUN��1<�
5RXWOHGJH�

.LUNSDWULFN��'��/����������(YDOXDWLQJ�WUDLQLQJ�SURJUDPV��7KH�IRXU�OHYHOV��6DQ
)UDQFLVFR��&$��%HUUHWW�.RHKOHU�

3KLOOLSV��'��&���	�%XUEXOHV��1��&����������3RVWSRVLWLYLVP�DQG�HGXFDWLRQDO
UHVHDUFK��1HZ�<RUN��1<��5RZPDQ�	�/LWWOHILHOG�

5HDVRQ��3���	�%UDGEXU\��+���(GV������������+DQGERRN�RI�DFWLRQ�UHVHDUFK��&RQFLVH
SDSHUEDFN�HGLWLRQ��7KRXVDQG�2DNV��&$��6DJH�

6DQGRYDO��&����������0HWKRGRORJ\�RI�WKH�RSSUHVVHG��0LQQHDSROLV��8QLYHUVLW\�RI
0LQQHVRWD�3UHVV�



&KDSWHU��

4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��'HVFULEH�WKH�FKDUDFWHULVWLFV�RI�TXDQWLWDWLYH�UHVHDUFK�
��/LVW�DQG�H[SODLQ�WKH�GLIIHUHQW�W\SHV�RI�YDULDEOHV�XVHG�LQ�TXDQWLWDWLYH�UHVHDUFK�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�H[SHULPHQWDO�DQG�QRQH[SHULPHQWDO
TXDQWLWDWLYH�UHVHDUFK�

��([SODLQ�WKH�FRQFHSW�RI�D�FRUUHODWLRQ�FRHIILFLHQW�
��'HVFULEH�WKH�FKDUDFWHULVWLFV�RI�TXDOLWDWLYH�UHVHDUFK�
��/LVW�DQG�H[SODLQ�WKH�GLIIHUHQFHV�DPRQJ�WKH�GLIIHUHQW�W\SHV�RI�TXDOLWDWLYH
UHVHDUFK�LQWURGXFHG�LQ�WKLV�FKDSWHU�

��'HVFULEH�WKH�FKDUDFWHULVWLFV�RI�PL[HG�UHVHDUFK�
��([SODLQ�ZKHQ�HDFK�RI�WKH�WKUHH�PDMRU�UHVHDUFK�SDUDGLJPV��TXDQWLWDWLYH�
TXDOLWDWLYH��DQG�PL[HG��ZRXOG�EH�DSSURSULDWH�WR�XVH�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�3DUDGLJPV�DQG�3HUVSHFWLYHV

7KLV�FKDSWHU�LV�DERXW�WKH�WKUHH�PDMRU�UHVHDUFK�SDUDGLJPV�LQ
HGXFDWLRQDO� UHVHDUFK�� (DFK� RI� WKHVH� SDUDGLJPV� WHQGV� WR
EULQJ� D� VOLJKWO\� GLIIHUHQW� YLHZ� RU� SHUVSHFWLYH� WR� ZKDW� ZH
VWXG\��,W�VHHPV�DSSURSULDWH�WR�VWDUW�WKLV�FKDSWHU�ZLWK�DQ�DJH�
ROG� SRHP� �ZULWWHQ� E\� WKH� 3HUVLDQ� SRHW�SKLORVRSKHU� 5XPL�
WKDW� WHOOV� XV� WKDW� GLIIHUHQW� SHUVSHFWLYHV� FDQ� DOO� KDYH� WUXWK
YDOXH� DQG� WKDW�� ZKHQ� ZH� SXW� WKRVH� SHUVSHFWLYHV� WRJHWKHU�
ZH� FDQ� FRPH� DZD\� ZLWK� D� IXOOHU� SLFWXUH� RI� ZKDW� ZH� DUH
VWXG\LQJ�� :H� XVH� WKH� SRHP� WR� VXSSRUW� RXU� YLHZ� RI� WKH
LPSRUWDQFH� RI� XVLQJ� DOO� WKUHH�PDMRU� UHVHDUFK� SDUDGLJPV� LQ

HGXFDWLRQDO�UHVHDUFK�

(OHSKDQW�LQ�WKH�'DUN

6RPH�+LQGXV�KDYH�DQ�HOHSKDQW�WR�VKRZ�



$

1R�RQH�KHUH�KDV�HYHU�VHHQ�DQ�HOHSKDQW�
7KH\�EULQJ�LW�DW�QLJKW�WR�D�GDUN�URRP�
2QH�E\�RQH��ZH�JR�LQ�WKH�GDUN�DQG�FRPH�RXW
VD\LQJ�KRZ�ZH�H[SHULHQFH�WKH�DQLPDO�
2QH�RI�XV�KDSSHQV�WR�WRXFK�WKH�WUXQN�
³$�ZDWHU�SLSH�NLQG�RI�FUHDWXUH�´
$QRWKHU��WKH�HDU��³$�YHU\�VWURQJ��DOZD\V�PRYLQJ
EDFN�DQG�IRUWK��IDQ�DQLPDO�´
$QRWKHU��WKH�OHJ��³,�ILQG�LW�VWLOO�
OLNH�D�FROXPQ�RQ�D�WHPSOH�´
$QRWKHU�WRXFKHV�WKH�FXUYHG�EDFN�
³$�OHDWKHU\�WKURQH�´
$QRWKHU��WKH�FOHYHUHVW��IHHOV�WKH�WXVN�
³$�URXQGHG�VZRUG�PDGH�RI�SRUFHODLQ�´
+H¶V�SURXG�RI�KLV�GHVFULSWLRQ�
(DFK�RI�XV�WRXFKHV�RQH�SODFH
DQG�XQGHUVWDQGV�WKH�ZKROH�LQ�WKDW�ZD\�
7KH�SDOP�DQG�WKH�ILQJHUV�IHHOLQJ�LQ�WKH�GDUN�DUH
KRZ�WKH�VHQVHV�H[SORUH�WKH�UHDOLW\�RI�WKH�HOHSKDQW�
,I�HDFK�RI�XV�KHOG�D�FDQGOH�WKHUH�
DQG�LI�ZH�ZHQW�LQ�WRJHWKHU�
ZH�FRXOG�VHH�LW�

6RXUFH�� )URP� -HODOXGGLQ� 5XPL�� 7KH� (VVHQWLDO� 5XPL�� WUDQV�� 	� HG�� E\� &ROHPDQ� %DUNV�� ������ 6DQ
)UDQFLVFR�&$��&DVWOH�%RRNV��������S���������&ROHPDQ�%DUNV�

UHVHDUFK�SDUDGLJP�LV�D�ZRUOGYLHZ�RU�SHUVSHFWLYH�DERXW�UHVHDUFK�KHOG�E\
D�FRPPXQLW\�RI�UHVHDUFKHUV�WKDW�LV�EDVHG�RQ�D�VHW�RI�VKDUHG�DVVXPSWLRQV�
FRQFHSWV��YDOXHV��DQG�SUDFWLFHV��0RUH�VLPSO\��LW�LV�DQ�DSSURDFK�WR�WKLQNLQJ

DERXW� DQG� GRLQJ� UHVHDUFK�� ,Q� WKLV� FKDSWHU� ZH� LQWURGXFH� \RX� WR� WKH� WKUHH� PDMRU
HGXFDWLRQDO�UHVHDUFK�SDUDGLJPV�RU�DSSURDFKHV��TXDQWLWDWLYH�UHVHDUFK��TXDOLWDWLYH
UHVHDUFK�� DQG�PL[HG� UHVHDUFK�� 0L[HG� UHVHDUFK� DOVR� LV� FRPPRQO\� FDOOHG� PL[HG
PHWKRGV� UHVHDUFK�� EXW�ZH� XVH� WKH� VLPSOHU� WHUP�PL[HG� UHVHDUFK�� 1RW� RQO\� LV� WKH
ODEHO�PL[HG�UHVHDUFK�VLPSOHU�WKDQ�WKH�ODEHO�PL[HG�PHWKRGV�UHVHDUFK��EXW�LW�DOVR�LV
PRUH�DFFXUDWH�EHFDXVH�WKH�TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG�UHVHDUFK�GHEDWHV�DUH
DERXW� PXFK� PRUH� WKDQ� MXVW� PHWKRGV�� 4XDQWLWDWLYH� UHVHDUFK� ZDV� WKH� JHQHUDOO\
DFFHSWHG�UHVHDUFK�SDUDGLJP�LQ�HGXFDWLRQDO�UHVHDUFK�XQWLO�WKH�HDUO\�����V��ZKHQ�WKH
³SDUDGLJP� ZDUV´� EHWZHHQ� DGYRFDWHV� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFK
UHDFKHG�D�QHZ�SHDN��*XED��������7DVKDNNRUL�	�7HGGOLH���������'XULQJ�WKH�����V�
PDQ\� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFKHUV� DUJXHG� WKDW� WKHLU� DSSURDFK� ZDV



VXSHULRU��6RPH�RI� WKHVH� UHVHDUFKHUV�ZHUH� ³SXULVWV�´� LQ� WKH� VHQVH� WKDW� WKH\� DUJXHG
WKDW� WKH� WZR� DSSURDFKHV� FRXOG� QRW� EH� XVHG� WRJHWKHU� EHFDXVH� RI� GLIIHUHQFHV� LQ� WKH
ZRUOGYLHZV�RU�SKLORVRSKLHV�DVVRFLDWHG�ZLWK�WKH�WZR�DSSURDFKHV�

��5HVHDUFK�SDUDGLJP�$�ZRUOGYLHZ�RU�SHUVSHFWLYH�KHOG�E\�D�FRPPXQLW\�RI
UHVHDUFKHUV�WKDW�LV�EDVHG�RQ�D�VHW�RI�VKDUHG�DVVXPSWLRQV��FRQFHSWV��YDOXHV�
DQG�SUDFWLFHV

7KLV� HLWKHU�RU� SRVLWLRQ� �L�H��� RQH�PXVW� XVH�TXDQWLWDWLYH�RU� TXDOLWDWLYH� UHVHDUFK
EXW� QRW� ERWK�� LV� FDOOHG� WKH� LQFRPSDWLELOLW\� WKHVLV�� 7KH� SUREOHP� ZLWK� WKH
LQFRPSDWLELOLW\�WKHVLV�LV�LWV�IDLOXUH�WR�UHFRJQL]H�WKDW�FUHDWLYH�DQG�WKRXJKWIXO�PL[LQJ
RI�DVVXPSWLRQV��LGHDV��DQG�PHWKRGV�FDQ�EH�YHU\�KHOSIXO�DQG�RIIHUV�D�WKLUG�SDUDGLJP�
7KH�PL[LQJ�RI� LGHDV� DQG� DSSURDFKHV�KDV�EHHQ�SUHVHQW� WKURXJKRXW�KLVWRU\�EHFDXVH
PL[LQJ�RU�FRPELQLQJ�EXLOGV�XSRQ�ZKDW�ZH�NQRZ�DQG�RIIHUV�QHZ�ZD\V�WR�XQGHUVWDQG
DQG�VWXG\�RXU�ZRUOG��,Q�VKRUW��LQ�DGGLWLRQ�WR�TXDQWLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK�
PL[HG�UHVHDUFK�RIIHUV�DQ�H[FLWLQJ�ZD\�RI�FRQGXFWLQJ�HGXFDWLRQDO�UHVHDUFK�

��,QFRPSDWLELOLW\�WKHVLV�7KH�SURSRVLWLRQ�WKDW�RQH�FDQQRW�PL[�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�UHVHDUFK

([KLELW�����VKRZV�RQH�RI�WKH�OHDGLQJ�ILJXUHV�LQ�WKH�SDUDGLJP�GLDORJXH�WKDW�KDG
EHFRPH�D�ZRUOGZLGH�SKHQRPHQRQ�E\�WKH�����V�DQG�FRQWLQXHV�WR�SOD\�DQ�LPSRUWDQW
SDUW�LQ�HGXFDWLRQDO�UHVHDUFK�WRGD\�

�(;+,%,7�������(JRQ�*��*XED������±�����

'XULQJ�WKH�����V������V��DQG�HDUO\�����V��(JRQ�*XED�KHOSHG�LQLWLDWH�WKH�³SDUDGLJP
GLDORJXH´� EHWZHHQ� TXDQWLWDWLYH� UHVHDUFK� DQG� WKH� ³QHZ´� UHVHDUFK� SDUDGLJP� RI
TXDOLWDWLYH�UHVHDUFK��*XED�HPSKDVL]HG�WKDW�UHVHDUFK�SDUDGLJPV�DUH�FKDUDFWHUL]HG
E\� WKHLU�GLVWLQFWLYH�RQWRORJ\²³:KDW� LV� WKH�QDWXUH�RI� WKH�NQRZDEOH"�2U�ZKDW� LV
WKH� QDWXUH� RI� UHDOLW\"´� �� HSLVWHPRORJ\²³:KDW� LV� WKH� UHODWLRQVKLS� EHWZHHQ� WKH
NQRZHU��WKH� LQTXLUHU��DQG� WKH�NQRZQ��RU�NQRZDEOH�"´�RU�:KDW� LV� WKH�SDUDGLJP¶V
WKHRU\� RI� NQRZOHGJH�� DQG� PHWKRGRORJ\²³+RZ� VKRXOG� WKH� LQTXLUHU� JR� DERXW
ILQGLQJ� RXW� NQRZOHGJH"´� RU�� PRUH� VSHFLILFDOO\��:KDW� PHWKRGV� VKRXOG� EH� XVHG� LQ
UHVHDUFK"� �TXRWHV� DUH� IURP� *XED�� ������� /DWHU�� WZR� PRUH� GLPHQVLRQV� RI

SDUDGLJPV�ZHUH�DGGHG��D[LRORJ\²:KDW� LV� WKH� UROH�RI�YDOXHV� LQ� WKH� LQTXLU\�SURFHVV"�DQG�UKHWRULF²
:KDW� NLQG� RI� ODQJXDJH� DQG� FRPPXQLFDWLRQ� VKRXOG� EH� XVHG� LQ� UHVHDUFK"� 7KH� GLIIHUHQFHV� DPRQJ
TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG�UHVHDUFK�RQ� WKHVH�DQG�DGGLWLRQDO�GLPHQVLRQV�DUH� IRXQG� LQ�7DEOH� ���
DQG� LQ� WKH� VHFWLRQ� ³&KDUDFWHULVWLFV� RI� WKH� 7KUHH� 5HVHDUFK� 3DUDGLJPV�´� *XED� ZDV� DXWKRU� RI� PDQ\
LPSRUWDQW� ERRNV�� FKDSWHUV�� DQG� DUWLFOHV� RQ� TXDOLWDWLYH� UHVHDUFK� DQG� HYDOXDWLRQ� �H�J��� *XED�� *XED� 	
/LQFROQ��������������/LQFROQ�	�*XED��������

([KLELW�GHILQLWLRQV�

�� � 2QWRORJ\²WKH� EUDQFK� RI� SKLORVRSK\� GHDOLQJ� ZLWK� WKH� QDWXUH� RI
UHDOLW\�DQG�WUXWK

�� � (SLVWHPRORJ\²WKH� EUDQFK� RI� SKLORVRSK\� GHDOLQJ� ZLWK� NQRZOHGJH



DQG�LWV�MXVWLILFDWLRQ
���0HWKRGRORJ\²WKH�LGHQWLILFDWLRQ��VWXG\��DQG�MXVWLILFDWLRQ�RI�UHVHDUFK
PHWKRGV

���$[LRORJ\²WKH�EUDQFK�RI�SKLORVRSK\�GHDOLQJ�ZLWK�YDOXHV�DQG�HWKLFV
�� � 5KHWRULF²WKH� DUW� RU� VFLHQFH� RI� ODQJXDJH� DQG� RUDO� DQG� ZULWWHQ
FRPPXQLFDWLRQ�DQG�DUJXPHQW

6WDUWLQJ�LQ�WKH�����V��PDQ\�UHVHDUFKHUV�UHMHFWHG�WKH�LQFRPSDWLELOLW\�WKHVLV�DQG
VWDUWHG� DGYRFDWLQJ� WKH� SUDJPDWLF� SRVLWLRQ� WKDW� VD\V� WKDW� ERWK� TXDQWLWDWLYH� DQG
TXDOLWDWLYH� UHVHDUFK�DUH�YHU\� LPSRUWDQW� DQG�RIWHQ� VKRXOG�EH� WKRXJKWIXOO\�PL[HG� LQ
VLQJOH�UHVHDUFK�VWXGLHV��$FFRUGLQJ�WR�SUDJPDWLVP��ZKDW�LV�XOWLPDWHO\�LPSRUWDQW�DQG
MXVWLILHG� RU� ³YDOLG´� LV� ZKDW� ZRUNV� LQ� SDUWLFXODU� VLWXDWLRQV� LQ� SUDFWLFH� DQG� ZKDW
SURPRWHV� VRFLDO� MXVWLFH�� 3UDJPDWLVP� LV� IRFXVHG� RQ� WKH� HQGV� WKDW� ZH� YDOXH�
$FFRUGLQJ� WR�SUDJPDWLVP��\RXU� UHVHDUFK�GHVLJQ�VKRXOG�EH�SODQQHG�DQG�FRQGXFWHG
EDVHG� RQ� ZKDW� ZLOO� EHVW� KHOS� \RX� DQVZHU� \RXU� UHVHDUFK� TXHVWLRQV�� WKH� UHVXOW� LV
SUDJPDWLF�NQRZOHGJH�� 3UDJPDWLVP� VD\V� WKDW� WKHRULHV� RU� SURJUDPV� RU� DFWLRQV� WKDW
DUH� GHPRQVWUDWHG� WR� ZRUN� IRU� SDUWLFXODU� JURXSV� RI� SHRSOH� DUH� WKH� RQHV� WKDW� ZH
VKRXOG�YLHZ�DV�FXUUHQWO\�EHLQJ�WKH�PRVW�YDOLG�IRU�WKRVH�SHRSOH��:H�VSHFLILFDOO\�FDOO
RXU� YHUVLRQ� RI� SUDJPDWLVP� ³GLDOHFWLFDO� SUDJPDWLVP´� EHFDXVH� D� SKLORVRSK\� IRU
PL[HG�UHVHDUFK�VKRXOG�FDUHIXOO\�OLVWHQ�WR�LGHDV��DVVXPSWLRQV��DQG�DSSURDFKHV�IRXQG
LQ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� UHVHDUFK� DQG� LQ� DQ\� RWKHU� UHOHYDQW� GRPDLQ� �H�J��
SHUVSHFWLYHV� IRXQG� LQ� GLIIHUHQW� DFDGHPLF� GLVFLSOLQHV�� YLHZSRLQWV� RI� GLIIHUHQW
VWDNHKROGHU� DQG� VRFLDO� JURXSV��� 7KH� ZRUG� GLDOHFWLFDO� LV� LQWHQGHG� WR� LPSO\� D
G\QDPLF� EDFN�DQG�IRUWK� OLVWHQLQJ� WR� PXOWLSOH� SHUVSHFWLYHV� DQG� PXOWLSOH� IRUPV� RI
GDWD�� $OWKRXJK� PL[HG� UHVHDUFK� LV� VWLOO� WKH� ³QHZ� NLG� RQ� WKH� EORFN�´� WKH� OLVW� RI
UHVHDUFKHUV�LGHQWLI\LQJ�ZLWK�WKLV�DSSURDFK�LV�LQFUHDVLQJ�UDSLGO\�

��3UDJPDWLVP�3KLORVRSKLFDO�SRVLWLRQ�WKDW�ZKDW�ZRUNV�LQ�SDUWLFXODU�VLWXDWLRQV
LV�ZKDW�LV�LPSRUWDQW�DQG�MXVWLILHG�RU�³YDOLG´

<RX� FDQ� VHH� LQ� )LJXUH� ���� WKDW� WKH� WKUHH� PDMRU� UHVHDUFK� DSSURDFKHV� FDQ� EH
YLHZHG�DV�IDOOLQJ�RQ�D�UHVHDUFK�FRQWLQXXP�ZLWK�TXDOLWDWLYH�UHVHDUFK�RQ�WKH�OHIW�VLGH�
TXDQWLWDWLYH� UHVHDUFK� RQ� WKH� ULJKW� VLGH�� DQG� PL[HG� UHVHDUFK� LQ� WKH� FHQWHU� RI� WKH
FRQWLQXXP�� ,Q� RWKHU� ZRUGV�� UHVHDUFK� FDQ� EH� IXOO\� TXDOLWDWLYH� RU� PL[HG� ZLWK� DQ
HPSKDVLV� RQ� TXDOLWDWLYH�� IXOO\� TXDQWLWDWLYH� RU� PL[HG� ZLWK� DQ� HPSKDVLV� RQ
TXDQWLWDWLYH�� RU�PL[HG� ZLWK� DQ� HTXDO� HPSKDVLV� RQ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH��$
SDUWLFXODU�UHVHDUFK�VWXG\�ZRXOG�IDOO�DW�D�SDUWLFXODU�SRLQW�RQ�WKH�FRQWLQXXP�

:H�QRZ�FRPSDUH�WKH�FKDUDFWHULVWLFV�RU�WHQHWV�RI�WKH�WKUHH�UHVHDUFK�SDUDGLJPV�LQ
WKHLU� SXUH� IRUPV�� /DWHU� LQ� WKH� FKDSWHU�� ZH�ZLOO� LQWURGXFH� \RX� WR� VRPH� LGHDV� DQG
WHUPLQRORJ\�DVVRFLDWHG�ZLWK�HDFK�RI�WKH�UHVHDUFK�SDUDGLJPV�

�),*85(�������7KH�UHVHDUFK�FRQWLQXXP



&+$5$&7(5,67,&6�2)�7+(�7+5((�5(6($5&+�3$5$',*06

3XUH� TXDQWLWDWLYH� UHVHDUFK� UHOLHV� RQ� WKH� FROOHFWLRQ� RI� TXDQWLWDWLYH� GDWD� �L�H��
QXPHULFDO� GDWD�� DQG� IROORZV� WKH� RWKHU� FKDUDFWHULVWLFV� RI� WKH� TXDQWLWDWLYH� UHVHDUFK
SDUDGLJP�VKRZQ�LQ�7DEOH������3XUH�TXDOLWDWLYH�UHVHDUFK�UHOLHV�RQ�WKH�FROOHFWLRQ�RI
TXDOLWDWLYH�GDWD� �L�H���QRQQXPHULFDO�GDWD�VXFK�DV�ZRUGV�DQG�SLFWXUHV��DQG� IROORZV
WKH�RWKHU�FKDUDFWHULVWLFV�RI� WKH�TXDOLWDWLYH�UHVHDUFK�SDUDGLJP�VKRZQ�LQ�7DEOH� ����
0L[HG� UHVHDUFK� LQYROYHV� WKH� PL[LQJ� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFK
PHWKRGV��DSSURDFKHV��RU�RWKHU�SDUDGLJP�FKDUDFWHULVWLFV��7KH�H[DFW�PL[WXUH� WKDW� LV
FRQVLGHUHG� DSSURSULDWH�ZLOO� GHSHQG�RQ� WKH� UHVHDUFK�TXHVWLRQV� DQG� WKH� VLWXDWLRQDO
DQG�SUDFWLFDO�LVVXHV�IDFLQJ�D�UHVHDUFKHU��$OO�WKUHH�UHVHDUFK�SDUDGLJPV�DUH�LPSRUWDQW
DV�ZH�DWWHPSW�WR�VROYH�WKH�PDQLIROG�DQG�FRPSOH[�SUREOHPV�IDFLQJ�XV�LQ�WKH�ILHOG�RI
HGXFDWLRQ��7DNH�D�PRPHQW�QRZ� WR�H[DPLQH�7DEOH����� DQG� WKHQ� UHDG� WKH� IROORZLQJ
GLVFXVVLRQ�RI�WKH�NH\�GLIIHUHQFHV�DPRQJ�WKH�WKUHH�DSSURDFKHV�

��4XDQWLWDWLYH�UHVHDUFK�5HVHDUFK�WKDW�UHOLHV�SULPDULO\�RQ�WKH�FROOHFWLRQ�RI
TXDQWLWDWLYH�GDWD

��4XDOLWDWLYH�UHVHDUFK�5HVHDUFK�WKDW�UHOLHV�SULPDULO\�RQ�WKH�FROOHFWLRQ�RI
TXDOLWDWLYH�GDWD

��0L[HG�UHVHDUFK�5HVHDUFK�WKDW�LQYROYHV�WKH�PL[LQJ�RI�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�PHWKRGV�RU�RWKHU�SDUDGLJP�FKDUDFWHULVWLFV

)LUVW�� WKH� TXDQWLWDWLYH� UHVHDUFK� DSSURDFK� SULPDULO\� IROORZV� WKH� FRQILUPDWRU\
VFLHQWLILF�PHWKRG��GLVFXVVHG�LQ�&KDSWHU����EHFDXVH�LWV�IRFXV�LV�RQ�K\SRWKHVLV�WHVWLQJ
DQG�WKHRU\�WHVWLQJ��4XDQWLWDWLYH�UHVHDUFKHUV�FRQVLGHU�LW�WR�EH�RI�SULPDU\�LPSRUWDQFH
WR�VWDWH�RQH¶V�K\SRWKHVHV�DQG�WKHQ�WHVW�WKRVH�K\SRWKHVHV�ZLWK�HPSLULFDO�GDWD�WR�VHH�LI
WKH\� DUH� VXSSRUWHG��2Q� WKH� RWKHU� KDQG�� TXDOLWDWLYH� UHVHDUFK�SULPDULO\� IROORZV� WKH
H[SORUDWRU\�VFLHQWLILF�PHWKRG��DOVR�GLVFXVVHG�LQ�&KDSWHU�����4XDOLWDWLYH�UHVHDUFK�LV
XVHG�WR�GHVFULEH�ZKDW�LV�VHHQ�ORFDOO\�DQG�VRPHWLPHV�WR�FRPH�XS�ZLWK�RU�JHQHUDWH
QHZ� K\SRWKHVHV� DQG� WKHRULHV�� 4XDOLWDWLYH� UHVHDUFK� LV� XVHG� ZKHQ� OLWWOH� LV� NQRZQ
DERXW�D�WRSLF�RU�SKHQRPHQRQ�DQG�ZKHQ�RQH�ZDQWV�WR�GLVFRYHU�RU�OHDUQ�PRUH�DERXW
LW�� ,W� LV� FRPPRQO\� XVHG� WR� XQGHUVWDQG� SHRSOH¶V� H[SHULHQFHV� DQG� WR� H[SUHVV� WKHLU
SHUVSHFWLYHV��5HVHDUFKHUV�DGYRFDWLQJ�PL[HG�UHVHDUFK�DUJXH�WKDW�WKDW�LW�LV�LPSRUWDQW
WR�XVH�ERWK�WKH�H[SORUDWRU\�DQG�WKH�FRQILUPDWRU\�PHWKRGV�LQ�RQH¶V�UHVHDUFK��5��%�
-RKQVRQ�	�2QZXHJEX]LH��������

0RVW� UHVHDUFKHUV� XVH� LQGXFWLYH� DQG� GHGXFWLYH� UHDVRQLQJ� ZKHQ� WKH\� FRQGXFW
UHVHDUFK��)RU�H[DPSOH��WKH\�XVH�LQGXFWLYH�UHDVRQLQJ�ZKHQ�WKH\�VHDUFK�IRU�SDWWHUQV
LQ� WKHLU� SDUWLFXODU� GDWD�� ZKHQ� WKH\� PDNH� JHQHUDOL]DWLRQV� �H�J��� IURP� VDPSOHV� WR



SRSXODWLRQV���DQG�ZKHQ�WKH\�PDNH�LQIHUHQFHV�DV�WR�WKH�EHVW�H[SODQDWLRQ��8OWLPDWHO\�
WKH�ORJLF�RI�FRQILUPDWLRQ�LV�LQGXFWLYH�EHFDXVH�ZH�GR�QRW�JHW�FRQFOXVLYH�SURRI�IURP
HPSLULFDO� UHVHDUFK� �VHH� SULQFLSOH� RI� HYLGHQFH� LQ� &KDSWHU� ���� 5HVHDUFKHUV� XVH
GHGXFWLYH� UHDVRQLQJ� ZKHQ� WKH\� GHGXFH� IURP� WKHLU� K\SRWKHVHV� WKH� REVHUYDEOH
FRQVHTXHQFHV� WKDW� VKRXOG� RFFXU� ZLWK� QHZ� HPSLULFDO� GDWD� LI� WKHLU� K\SRWKHVHV� DUH
WUXH�� 5HVHDUFKHUV� DOVR� XVH� GHGXFWLYH� UHDVRQLQJ� LI� WKH\� FRQFOXGH� WKDW� D� WKHRU\� LV
IDOVH��,I�WKH\�GUDZ�WKLV�FRQFOXVLRQ��WKH\�ZLOO�WKHQ�PRYH�RQ�WR�JHQHUDWH�DQG�WHVW�QHZ
LGHDV�DQG�QHZ�WKHRULHV�

4XDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�DUH�DOVR�GLVWLQJXLVKHG�E\�GLIIHUHQW�YLHZV
RI� KXPDQ� EHKDYLRU�� ,Q� TXDQWLWDWLYH� UHVHDUFK�� LW� LV� DVVXPHG� WKDW� FRJQLWLRQ� DQG
EHKDYLRU� DUH� KLJKO\� SUHGLFWDEOH� DQG� H[SODLQDEOH��7UDGLWLRQDOO\�� WKH� DVVXPSWLRQ�RI
GHWHUPLQLVP�� ZKLFK� PHDQV� WKDW� DOO� HYHQWV� DUH� IXOO\� GHWHUPLQHG� E\� RQH� RU� PRUH
FDXVHV�� ZDV� PDGH� LQ� TXDQWLWDWLYH� UHVHDUFK� �6DOPRQ�� ������� )RU� H[DPSOH�� WKH
SURFHVV� E\� ZKLFK� FKLOGUHQ� OHDUQ� WR� UHDG� LV� GHWHUPLQHG� E\� RQH� RU� PRUH� FDXVHV�
%HFDXVH�TXDQWLWDWLYH�UHVHDUFK�KDV�QRW�LGHQWLILHG�DQ\�XQLYHUVDO�RU�XQHUULQJ�ODZV�RI
KXPDQ� EHKDYLRU�� PRVW� FRQWHPSRUDU\� TXDQWLWDWLYH� UHVHDUFKHUV� VHDUFK� IRU
SUREDELOLVWLF�FDXVHV� �+XPSKUH\V�� �������$� SUREDELOLVWLF� VWDWHPHQW�PLJKW� JR� OLNH
WKLV��³$GROHVFHQWV�ZKR�EHFRPH�LQYROYHG�ZLWK�GUXJV�DQG�DOFRKRO�DUH�PRUH�OLNHO\�WR
GURS� RXW� RI� KLJK� VFKRRO� WKDQ� DUH� DGROHVFHQWV�ZKR� GR� QRW� EHFRPH� LQYROYHG�ZLWK
GUXJV�DQG�DOFRKRO�´�7KH�SRLQW� LV� WKDW�PRVW�TXDQWLWDWLYH� UHVHDUFKHUV� WU\� WR� LGHQWLI\
FDXVH�DQG�HIIHFW� UHODWLRQVKLSV� WKDW� HQDEOH� WKHP� WR�PDNH� SUREDELOLVWLF� SUHGLFWLRQV
DQG�JHQHUDOL]DWLRQV�

��'HWHUPLQLVP�$VVXPSWLRQ�WKDW�DOO�HYHQWV�KDYH�FDXVHV

��3UREDELOLVWLF�FDXVHV�&DXVHV�WKDW�XVXDOO\�SURGXFH�DQ�RXWFRPH

�7$%/(�������(PSKDVHV�RI�4XDQWLWDWLYH��0L[HG��DQG�4XDOLWDWLYH�5HVHDUFK





2Q�WKH�RWKHU�KDQG��TXDOLWDWLYH�UHVHDUFKHUV�RIWHQ�YLHZ�KXPDQ�EHKDYLRU�DV�EHLQJ
IOXLG�� G\QDPLF�� DQG� FKDQJLQJ� RYHU� WLPH� DQG� SODFH�� DQG� WKH\� XVXDOO\� DUH� QRW
LQWHUHVWHG� LQ� JHQHUDOL]LQJ� EH\RQG� WKH� SDUWLFXODU� SHRSOH� ZKR� DUH� VWXGLHG�� ,Q
TXDOLWDWLYH�UHVHDUFK��GLIIHUHQW�JURXSV�DUH�VDLG�WR�FRQVWUXFW�WKHLU�GLIIHUHQW�UHDOLWLHV�RU
SHUVSHFWLYHV��DQG�WKHVH�VRFLDO�FRQVWUXFWLRQV��UHFLSURFDOO\��LQIOXHQFH�KRZ�WKH\�³VHH´
RU�XQGHUVWDQG� WKHLU�ZRUOGV��ZKDW� WKH\�VHH�DV�QRUPDO�DQG�DEQRUPDO��DQG�KRZ�WKH\
VKRXOG�DFW�

0L[HG� UHVHDUFKHUV� VHH� SRVLWLYH� YDOXH� LQ� ERWK� WKH� TXDQWLWDWLYH� DQG� WKH
TXDOLWDWLYH� YLHZV� RI� KXPDQ� EHKDYLRU�� 7KH\� YLHZ� WKH� XVH� RI� RQO\� TXDQWLWDWLYH
UHVHDUFK�RU�RQO\�TXDOLWDWLYH�UHVHDUFK�DV�OLPLWLQJ�DQG�LQFRPSOHWH�IRU�PDQ\�UHVHDUFK
SUREOHPV�� $V� FDQ� EH� VHHQ� E\� H[DPLQLQJ� WKH�PLGGOH� FROXPQ� LQ� 7DEOH� ����� PL[HG
UHVHDUFKHUV� XVH� D� FRPELQDWLRQ� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� FRQFHSWV� DQG
DSSURDFKHV�WR�XQGHUVWDQG�WKH�ZRUOG�PRUH�IXOO\�

4XDQWLWDWLYH� UHVHDUFK� RIWHQ� XVHV�ZKDW�PLJKW� EH� FDOOHG� D� ³QDUURZ�DQJOH� OHQV´
EHFDXVH� WKH� IRFXV� LV� RQ� RQO\� RQH� RU� D� IHZ� FDXVDO� IDFWRUV� DW� WKH� VDPH� WLPH�
4XDQWLWDWLYH� UHVHDUFKHUV� DWWHPSW� WR� KROG� FRQVWDQW� WKH� IDFWRUV� WKDW� DUH� QRW� EHLQJ
VWXGLHG�� 7KLV� LV� RIWHQ� DFFRPSOLVKHG� XQGHU� ODERUDWRU\� FRQGLWLRQV� LQ� ZKLFK� DQ
H[SHULPHQWHU�UDQGRPO\�DVVLJQV�SDUWLFLSDQWV�WR�JURXSV��PDQLSXODWHV�RQO\�RQH�IDFWRU�
DQG� WKHQ� H[DPLQHV� WKH� RXWFRPH�� )RU� H[DPSOH�� D� UHVHDUFKHU� PLJKW� ILUVW� UDQGRPO\
DVVLJQ� UHVHDUFK� YROXQWHHUV� WR� WZR� JURXSV�� 5DQGRP� DVVLJQPHQW� PDNHV� WKH� WZR
JURXSV�YHU\�VLPLODU��7KHQ�WKH�UHVHDUFKHU�PLJKW�H[SRVH�RQH�JURXS�WR�D�QHZ�WHDFKLQJ
PHWKRG�DQG� DQRWKHU�JURXS� WR� D�GLIIHUHQW� WHDFKLQJ�PHWKRG�� WUHDWLQJ� WKH� WZR�JURXSV



VLPLODUO\� GXULQJ� WKH� VWXG\� H[FHSW� IRU� WKH� UHVHDUFK�PDQLSXODWHG� GLIIHUHQFH� LQ
WHDFKLQJ�PHWKRG�� 7KH� UHVHDUFKHU� WKHQ� H[DPLQHV�ZKLFK� JURXS� OHDUQV� WKH�PRVW� DQG
DWWULEXWHV�WKH�GLIIHUHQFH�LQ�OHDUQLQJ�WR�WKH�WHDFKLQJ�PHWKRG�UHFHLYHG��7KH�UHVHDUFKHU
LV�DEOH�WR�PDNH�D�FDXVDO�DWWULEXWLRQ�EHFDXVH�WKH�WZR�JURXSV�ZHUH�VLPLODU�DW�WKH�VWDUW
RI�WKH�H[SHULPHQW�DQG�WKH�RQO\�IDFWRU�WKH\�GLIIHUHG�RQ�ZDV�ZKLFK�WHDFKLQJ�PHWKRG
WKH\�UHFHLYHG�

4XDOLWDWLYH�UHVHDUFK�XVHV�D�ZLGH��DQG�GHHS�DQJOH�OHQV��H[DPLQLQJ�KXPDQ�FKRLFH
DQG�EHKDYLRU�DV� LW�RFFXUV�QDWXUDOO\� LQ�DOO�RI� LWV�GHWDLO��4XDOLWDWLYH� UHVHDUFKHUV�GR
QRW�ZDQW�WR�LQWHUYHQH�LQ�WKH�QDWXUDO�IORZ�RI�EHKDYLRU��4XDOLWDWLYH�UHVHDUFKHUV�VWXG\
EHKDYLRU� QDWXUDOLVWLFDOO\� DQG� KROLVWLFDOO\�� 7KH\� WU\� WR� XQGHUVWDQG� PXOWLSOH
GLPHQVLRQV�DQG�OD\HUV�RI�UHDOLW\��VXFK�DV�WKH�W\SHV�RI�SHRSOH�LQ�D�JURXS��KRZ�WKH\
WKLQN��KRZ�WKH\�LQWHUDFW��ZKDW�NLQGV�RI�DJUHHPHQWV�RU�QRUPV�DUH�SUHVHQW��DQG�KRZ
WKHVH� GLPHQVLRQV� FRPH� WRJHWKHU� KROLVWLFDOO\� WR� GHVFULEH� WKH� JURXS�� )RU� H[DPSOH�
SHUKDSV�D�TXDOLWDWLYH�UHVHDUFKHU�ZDQWV�WR�VWXG\�WKH�VRFLDO�FOLPDWH�DQG�FXOWXUH�RI�D
KLJKO\�VXFFHVVIXO�VFKRRO��7KH�UHVHDUFKHU�ZRXOG�VSHQG�D�JUHDW�GHDO�RI�WLPH�VWXG\LQJ
WKH� PDQ\� DVSHFWV� RI� WKH� VFKRRO� WR� FRPH� XS� ZLWK� DQ� DQDO\VLV� RI� KRZ� WKH� VFKRRO
RSHUDWHV� DQG� IRU� ZKRP� DQG� ZK\� LW� LV� VXFFHVVIXO�� 'HSHQGLQJ� RQ� WKH� UHVHDUFK
TXHVWLRQV�� D� UHVHDUFKHU�XVLQJ� WKH�PL[HG�DSSURDFK�ZRXOG� VSHQG�SDUW� RI�KLV�RU�KHU
WLPH� LQ� HDFK�RI� WKH� GLIIHUHQW� IRFXV�PRGHV��PRYLQJ�EDFN� DQG� IRUWK� EHWZHHQ�ZLGH�
DQJOH��QDUURZ�DQJOH��DQG�GHHS�DQJOH�YLHZSRLQWV�

4XDQWLWDWLYH�UHVHDUFKHUV�DWWHPSW�WR�RSHUDWH�XQGHU�WKH�DVVXPSWLRQ�RI�REMHFWLYLW\�
7KH\�DVVXPH�WKDW�WKHUH�LV�D�UHDOLW\�WR�EH�REVHUYHG�DQG�WKDW�UDWLRQDO�REVHUYHUV�ZKR
ORRN� DW� WKH� VDPH� SKHQRPHQRQ� ZLOO� EDVLFDOO\� DJUHH� RQ� LWV� H[LVWHQFH� DQG� LWV
FKDUDFWHULVWLFV�� 7KH\� WU\� WR� UHPDLQ� DV� QHXWUDO� RU� YDOXH�IUHH� DV� WKH\� FDQ�� DQG� WKH\
DWWHPSW�WR�DYRLG�KXPDQ�ELDV�ZKHQHYHU�SRVVLEOH��,Q�D�VHQVH��TXDQWLWDWLYH�UHVHDUFKHUV
DWWHPSW�WR�VWXG\�WKH�SKHQRPHQD�WKDW�DUH�RI� LQWHUHVW� WR�WKHP�³IURP�D�GLVWDQFH�´�)RU
H[DPSOH�� VWDQGDUGL]HG� TXHVWLRQQDLUHV� DQG� RWKHU� TXDQWLWDWLYH� PHDVXULQJ� WRROV� DUH
RIWHQ� XVHG� WR� PHDVXUH� FDUHIXOO\� ZKDW� LV� REVHUYHG�� ,Q� H[SHULPHQWV�� UHVHDUFKHUV
IUHTXHQWO\� XVH� UDQGRP� DVVLJQPHQW� WR� SODFH� SDUWLFLSDQWV� LQWR� GLIIHUHQW� JURXSV� WR
HOLPLQDWH�WKH�SRVVLELOLW\�RI�KXPDQ�ELDV�ZKLOH�FRQVWUXFWLQJ�WKH�FRPSDULVRQ�JURXSV�
,Q�MXGJLQJ�UHVXOWV��VWDWLVWLFDO�FULWHULD�DUH�XVHG�WR�IRUP�PDQ\�FRQFOXVLRQV�

4XDOLWDWLYH�UHVHDUFKHUV�JHQHUDOO\�FRQWHQG�WKDW�³UHDOLW\�LV�VRFLDOO\�FRQVWUXFWHG´
�H�J��� *XED� 	� /LQFROQ�� ������� )RU� H[DPSOH�� VRFLDO� EHKDYLRU� IROORZV� VRFLDOO\
FRQVWUXFWHG�QRUPV��/DQJXDJH�DOVR�KDV�DQ� LPSRUWDQW� LQIOXHQFH�RQ�RXU�YLHZV�RI� WKH
ZRUOG��)RU�H[DPSOH��LW�KDV�EHHQ�VXJJHVWHG�WKDW�WKH�,QXLW�³VHH´�PDQ\�W\SHV�RI�VQRZ�
ZKHUHDV� WKH� DYHUDJH� $PHULFDQ� SUREDEO\� RQO\� VHHV� D� IHZ� W\SHV�� ,QXLWV¶� ORFDO
ODQJXDJHV�PLJKW�DOORZ�WKHP�WR�VHH�GLVWLQFWLRQV� WKDW�\RX�GR�QRW�QRWLFH�� WKLV� LGHD�LV
NQRZQ�DV�WKH�OLQJXLVWLF�UHODWLYLW\�K\SRWKHVLV�

��/LQJXLVWLF�UHODWLYLW\�K\SRWKHVLV�7KH�LGHD�WKDW�SHRSOH�VHH�DQG�XQGHUVWDQG�WKH
ZRUOG�WKURXJK�WKH�OHQV�RI�WKHLU�ORFDO�ODQJXDJH�DQG�WKHLU�WKRXJKWV�DUH�ERXQG�E\
WKHLU�ODQJXDJH�

4XDOLWDWLYH�UHVHDUFKHUV�DUJXH�WKDW�LW�LV�LPSRUWDQW�WR�³JHW�FORVH´�WR�WKHLU�REMHFWV



RI�VWXG\�WKURXJK�SDUWLFLSDQW�REVHUYDWLRQ�VR�WKDW�WKH\�FDQ�H[SHULHQFH�IRU�WKHPVHOYHV
WKH�VXEMHFWLYH�GLPHQVLRQV�RI�WKH�SKHQRPHQD�WKH\�VWXG\��,Q�TXDOLWDWLYH�UHVHDUFK��WKH
UHVHDUFKHU� LV� VDLG� WR� EH� WKH� ³LQVWUXPHQW� RI� GDWD� FROOHFWLRQ�´� 5DWKHU� WKDQ� XVLQJ� D
VWDQGDUGL]HG� LQVWUXPHQW� RU� PHDVXULQJ� GHYLFH�� WKH� TXDOLWDWLYH� UHVHDUFKHU� DVNV� WKH
TXHVWLRQV��FROOHFWV� WKH�GDWD��PDNHV� LQWHUSUHWDWLRQV��DQG� UHFRUGV�ZKDW� LV�REVHUYHG�
7KH� TXDOLWDWLYH� UHVHDUFKHU� FRQVWDQWO\� WULHV� WR� XQGHUVWDQG� WKH� SHRSOH� KH� RU� VKH� LV
REVHUYLQJ�IURP�WKH�SDUWLFLSDQWV¶�RU�³QDWLYHV¶´�RU�³DFWRUV¶´�YLHZSRLQWV��7KLV�LV�WKH
FRQFHSW�RI�³HPSDWKHWLF�XQGHUVWDQGLQJ�´�7KH�IDPRXV�VRFLRORJLVW�0D[�:HEHU��ZULWLQJ
LQ�WKH�HDUO\���WK�FHQWXU\��FDOOHG�WKLV�LGHD�RI�XQGHUVWDQGLQJ�VRPHWKLQJ�IURP�WKH�RWKHU
SHUVRQ¶V�YLHZSRLQW�YHUVWHKHQ��0��:HEHU���������7KLV�LV�H[SUHVVHG�LQ�DQ�$PHULFDQ
LGLRP�DV�³SXWWLQJ�\RXUVHOI�LQWR�VRPHRQH�HOVH¶V�VKRHV�´�,W�LV�LPSRUWDQW�WR�UHPHPEHU
WKDW�TXDOLWDWLYH�UHVHDUFK�LV�IRFXVHG�RQ�XQGHUVWDQGLQJ�WKH�³LQVLGHU¶V�SHUVSHFWLYH´�RI
SHRSOH�DQG�WKHLU�FXOWXUHV�DQG�WKLV�UHTXLUHV�GLUHFW�SHUVRQDO�DQG�RIWHQ�SDUWLFLSDWRU\
FRQWDFW�

��9HUVWHKHQ�0HWKRG�RI�HPSDWKHWLF�XQGHUVWDQGLQJ�RI�RWKHUV¶�YLHZSRLQWV�
PHDQLQJV��LQWHQWLRQV��DQG�FXOWXUDO�EHOLHIV

$FFRUGLQJ� WR� PL[HG� UHVHDUFK�� LW� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKH� VXEMHFWLYH
�LQGLYLGXDO��� LQWHUVXEMHFWLYH� �ODQJXDJH�EDVHG��GLVFXUVLYH�� FXOWXUDO��� DQG�REMHFWLYH
�PDWHULDO� DQG� FDXVDO�� UHDOLWLHV� LQ� RXU� ZRUOG�� $OWKRXJK� LW� LV� LPSRUWDQW� QRW� WR
LQIOXHQFH� RU� ELDV� ZKDW� \RX� DUH� REVHUYLQJ�� LW� DOVR� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKH
LQVLGHUV¶�PHDQLQJV�DQG�YLHZSRLQWV��)RU�H[DPSOH��LI�\RX�ZHUH�VWXG\LQJ�WKH�FXOWXUH�RI
WKH� VQDNH�KDQGOLQJ� FKXUFKHV� LQ� WKH� DUHD�ZKHUH�$ODEDPD��7HQQHVVHH�� DQG�*HRUJLD
FRPH�WRJHWKHU��LW�PLJKW�EH�KHOSIXO�WR�FROOHFW�TXDQWLWDWLYH�GDWD�E\�KDYLQJ�WKH�FKXUFK
PHPEHUV� ILOO� RXW� VWDQGDUGL]HG� LQVWUXPHQWV� PHDVXULQJ� WKHLU� SHUVRQDOLW\� DQG
GHPRJUDSKLF�FKDUDFWHULVWLFV�� ,W�ZRXOG�DOVR�EH�HVVHQWLDO� WR�FROOHFW�TXDOLWDWLYH�GDWD
WKURXJK�LQ�GHSWK�SHUVRQDO�LQWHUYLHZV�DQG�FORVH�REVHUYDWLRQV�RI�WKH�PHPEHUV�WR�JDLQ
D� EHWWHU� XQGHUVWDQGLQJ� �IURP� WKH� LQVLGHUV¶� SHUVSHFWLYHV�� RI� WKH� VQDNH�KDQGOLQJ
FXOWXUH��,Q�VKRUW��WKH�PL[LQJ�RI�PHWKRGV�ZRXOG�DGG�YHU\�XVHIXO�DQG�FRPSOHPHQWDU\
LQIRUPDWLRQ�

4XDQWLWDWLYH� UHVHDUFK� JHQHUDOO\� UHGXFHV� PHDVXUHPHQW� WR� QXPEHUV�� ,Q� VXUYH\
UHVHDUFK�� IRU�H[DPSOH��DWWLWXGHV�DUH�XVXDOO\�PHDVXUHG�E\�XVLQJ�UDWLQJ�VFDOHV��7KH
IROORZLQJ���SRLQW�DJUHHPHQW�VFDOH�LV�DQ�H[DPSOH�

7KH� LQWHUYLHZHU� RU� TXHVWLRQQDLUH� SURYLGHV� D� VWDWHPHQW�� DQG� WKH� UHVSRQGHQWV
UHSO\� ZLWK� RQH� RI� WKH� ILYH� DOORZDEOH� UHVSRQVH� FDWHJRULHV�� $IWHU� DOO� UHVSRQGHQWV
KDYH� SURYLGHG� WKHLU� DQVZHUV�� WKH� UHVHDUFKHU� W\SLFDOO\� FDOFXODWHV� DQG� UHSRUWV� DQ
DYHUDJH�IRU�WKH�JURXS�RI�UHVSRQGHQWV��/HW�XV�VD\��IRU�H[DPSOH��WKDW�D�UHVHDUFKHU�DVNV
D� JURXS� RI� WHDFKHUV� IRU� WKHLU� GHJUHH� RI� DJUHHPHQW� ZLWK� WKH� IROORZLQJ� VWDWHPHQW�
³7HDFKHUV�QHHG�PRUH�WUDLQLQJ�LQ�WKH�DUHD�RI�FKLOG�SV\FKRSDWKRORJ\�´�7KH�UHVHDUFKHU



PLJKW�WKHQ�FDOFXODWH�WKH�DYHUDJH�UHVSRQVH�IRU�WKH�ZKROH�JURXS��ZKLFK�PLJKW�EH�����
EDVHG�RQ�D���SRLQW�VFDOH��7KH�UHVHDUFKHU�PLJKW�DOVR�GHWHUPLQH�ZKHWKHU�WKH�UDWLQJV
YDU\� E\� \HDUV� RI� WHDFKLQJ� H[SHULHQFH�� 3HUKDSV� WKH� DYHUDJH� DJUHHPHQW� IRU� QHZ
WHDFKHUV�LV������DQG�WKH�DYHUDJH�IRU�WHDFKHUV�ZLWK���RU�PRUH�\HDUV�RI�H[SHULHQFH�LV
�����$V�\RX�PLJKW�JXHVV��TXDQWLWDWLYH�GDWD�DUH�XVXDOO\�DQDO\]HG�E\�XVLQJ�VWDWLVWLFDO
DQDO\VLV�SURJUDPV�RQ�D�FRPSXWHU�

2Q�WKH�RWKHU�KDQG��TXDOLWDWLYH�UHVHDUFKHUV�GR�QRW�XVXDOO\�FROOHFW�GDWD�LQ�WKH�IRUP
RI�QXPEHUV��5DWKHU��WKH\�FRQGXFW�REVHUYDWLRQV�DQG�LQ�GHSWK�LQWHUYLHZV��DQG�WKH�GDWD
DUH� XVXDOO\� LQ� WKH� IRUP� RI� ZRUGV�� )RU� H[DPSOH�� D� TXDOLWDWLYH� UHVHDUFKHU� PLJKW
FRQGXFW� D� IRFXV� JURXS� GLVFXVVLRQ�ZLWK� VL[� RU� VHYHQ� QHZ� WHDFKHUV� WR� GLVFXVV� WKH
DGHTXDF\� RI� WKHLU� XQGHUJUDGXDWH� HGXFDWLRQDO� SURJUDPV� LQ� SUHSDULQJ� WKHP� WR� GHDO
ZLWK� UHDO�ZRUOG� SUREOHPV� WKDW� WKH\� IDFH� LQ� VFKRROV�� 7KH� IDFLOLWDWRU� RI� WKH� IRFXV
JURXS�ZRXOG�SUREDEO\�YLGHRWDSH�WKH�JURXS�DQG�WDSH�UHFRUG�ZKDW�ZDV�VDLG��/DWHU�
WKH�UHFRUGLQJ�ZRXOG�EH�WUDQVFULEHG�LQWR�ZRUGV��ZKLFK�ZRXOG�WKHQ�EH�DQDO\]HG�E\
XVLQJ� WKH� WHFKQLTXHV� RI� TXDOLWDWLYH� GDWD� DQDO\VLV� �VHH�&KDSWHU� �����$OVR��ZKHQ� D
TXDOLWDWLYH�UHVHDUFKHU�HQWHUV�WKH�ILHOG�DQG�PDNHV�REVHUYDWLRQV��WKH�UHVHDUFKHU�ZLOO
ZULWH�GRZQ�ZKDW�KH�RU�VKH�VHHV��DV�ZHOO�DV�UHOHYDQW�LQVLJKWV�DQG�WKRXJKWV��7KH�GDWD
DUH�DJDLQ�LQ�WKH�IRUP�RI�ZRUGV��'XULQJ�TXDOLWDWLYH�GDWD�DQDO\VLV��WKH�UHVHDUFKHU�ZLOO
WU\� WR� LGHQWLI\�FDWHJRULHV� WKDW�GHVFULEH�ZKDW�KDSSHQHG��DV�ZHOO� DV�JHQHUDO� WKHPHV
DSSHDULQJ�DJDLQ�DQG�DJDLQ� LQ� WKH�GDWD��7KH�PL[HG�UHVHDUFK�DSSURDFK�ZRXOG�XVH�D
YDULHW\�RI�GDWD�FROOHFWLRQ�DQG�DQDO\VLV�DSSURDFKHV�

)LQDOO\�� TXDOLWDWLYH�� PL[HG�� DQG� TXDQWLWDWLYH� UHVHDUFK� UHSRUWV� WHQG� WR� GLIIHU�
4XDQWLWDWLYH�UHSRUWV�DUH�FRPPRQO\�UHSRUWHG�LQ�MRXUQDO�DUWLFOHV�UDQJLQJ�IURP���WR���
SDJHV�� 7KH� UHSRUWV� LQFOXGH� PDQ\� QXPEHUV� DQG� UHVXOWV� RI� VWDWLVWLFDO� VLJQLILFDQFH
WHVWLQJ��WR�EH�H[SODLQHG�ODWHU���,Q�FRQWUDVW��TXDOLWDWLYH�UHVHDUFK�UHSRUWV�DUH�JHQHUDOO\
ORQJHU�� DQG� WKH\� DUH� ZULWWHQ� LQ� QDUUDWLYH� IRUP�� GHVFULELQJ� ZKDW� ZDV� IRXQG�
HVSHFLDOO\�IURP�WKH� LQVLGHU�SHUVSHFWLYHV�RI� WKH�SHRSOH� LQ� WKH�JURXS�EHLQJ�VWXGLHG�
7KLV� UHSRUW� LV� PRUH� LQWHUSUHWDWLYH�� DV� WKH� UHVHDUFKHU� DWWHPSWV� WR� XQGHUVWDQG� DQG
SRUWUD\� WKH� OLYHV� DQG� H[SHULHQFHV� DQG� ODQJXDJH� RI� WKH� UHVHDUFK� SDUWLFLSDQWV�
4XDOLWDWLYH� MRXUQDO� DUWLFOHV� DUH� IUHTXHQWO\� ��±��� SDJHV� ORQJ�� DQG� WKH� UHVXOWV� RI
TXDOLWDWLYH�UHVHDUFK�DUH�RIWHQ�SXEOLVKHG�LQ�WKH�IRUP�RI�ERRNV�RU�PRQRJUDSKV�UDWKHU
WKDQ� MRXUQDO� DUWLFOHV�� 0L[HG� UHVHDUFK� PLJKW� IROORZ� WKH� TXDQWLWDWLYH� VW\OH� RU� WKH
TXDOLWDWLYH�VW\OH�RU��PRUH�IUHTXHQWO\��PLJKW�XVH�D�PL[WXUH�RI�WKH�VW\OHV�
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<RX�QRZ�NQRZ�VRPH�RI� WKH�FKDUDFWHULVWLFV�RI�TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG
UHVHDUFK��:H�QH[W�LQWURGXFH�VRPH�RI�WKH�GLIIHUHQW�PHWKRGV�RI�TXDQWLWDWLYH�UHVHDUFK�
%HIRUH� ZH� GR� WKDW�� KRZHYHU�� \RX� QHHG� WR� NQRZ� DERXW� YDULDEOHV�� EHFDXVH
TXDQWLWDWLYH� UHVHDUFKHUV� XVXDOO\� GHVFULEH� WKH� ZRUOG� E\� XVLQJ� YDULDEOHV� DQG� WKH\
DWWHPSW� WR� H[SODLQ� DQG� SUHGLFW� DVSHFWV� RI� WKH� ZRUOG� E\� GHPRQVWUDWLQJ� WKH
UHODWLRQVKLSV�DPRQJ�YDULDEOHV��<RX�FDQ�VHH�D�VXPPDU\�RI�WKH�W\SHV�RI�YDULDEOHV�LQ
7DEOH�����

�7$%/(�������&RPPRQ�7\SHV�RI�9DULDEOHV�&ODVVLILHG�E\�/HYHO�RI�0HDVXUHPHQW
DQG�E\�5ROH�RI�9DULDEOH

9DULDEOHV
$�YDULDEOH� LV�D�FRQGLWLRQ�RU�FKDUDFWHULVWLF�WKDW�FDQ�WDNH�RQ�GLIIHUHQW�YDOXHV�RU

FDWHJRULHV��$�PXFK�VWXGLHG�HGXFDWLRQDO�YDULDEOH�LV�LQWHOOLJHQFH��ZKLFK�YDULHV�IURP
ORZ� WR�KLJK� IRU�GLIIHUHQW�SHRSOH��$JH� LV� DQRWKHU�YDULDEOH� WKDW�YDULHV� IURP� ORZ� WR
KLJK��H�J���IURP���PLQXWH�ROG�WR�����\HDUV�ROG�RU�VR���$QRWKHU�YDULDEOH�LV�JHQGHU�
ZKLFK�LV�HLWKHU�PDOH�RU�IHPDOH��7R�EHWWHU�XQGHUVWDQG�WKH�FRQFHSW�RI�D�YDULDEOH��LW�LV
KHOSIXO�WR�FRPSDUH�LW�ZLWK�D�FRQVWDQW��LWV�RSSRVLWH��$�FRQVWDQW�LV�D�VLQJOH�YDOXH�RU
FDWHJRU\�RI�D�YDULDEOH��+HUH¶V� WKH� LGHD��7KH�YDULDEOH�JHQGHU� LV�D�PDUNHU� IRU� WZR
FRQVWDQWV��PDOH�DQG�IHPDOH��7KH�FDWHJRU\��L�H���FRQVWDQW��PDOH�LV�D�PDUNHU�IRU�RQO\
RQH�WKLQJ��LW�LV�RQH�RI�WKH�WZR�FRQVWDQWV�IRUPLQJ�WKH�YDULDEOH�FDOOHG�JHQGHU��*HQGHU
YDULHV�� EXW�PDOH� GRHV� QRW� YDU\�� 7KHUHIRUH�� JHQGHU� LV� D� YDULDEOH�� DQG�PDOH� LV� D
FRQVWDQW�� ,Q� WKH�FDVH�RI� WKH�YDULDEOH�DJH�� DOO�RI� WKH�DJHV�PDNH�XS� WKH�YDOXHV� �L�H��
FRQVWDQWV��RI�WKH�YDULDEOH��DQG�HDFK�YDOXH��H�J������\HDUV�ROG��LV�D�FRQVWDQW��,I�\RX



DUH�VWLOO�KDYLQJ�D�KDUG�WLPH�ZLWK�WKH�GLVWLQFWLRQ�EHWZHHQ�D�YDULDEOH�DQG�D�FRQVWDQW�
WKLQN�RI�LW�OLNH�WKLV��$�YDULDEOH�LV�OLNH�D�VHW�RI�WKLQJV��DQG�D�FRQVWDQW�LV�RQH�RI�WKRVH
WKLQJV�

��9DULDEOH�$�FRQGLWLRQ�RU�FKDUDFWHULVWLF�WKDW�FDQ�WDNH�RQ�GLIIHUHQW�YDOXHV�RU
FDWHJRULHV

��&RQVWDQW�$�VLQJOH�YDOXH�RU�FDWHJRU\�RI�D�YDULDEOH

7KH�YDULDEOHV�WKDW�ZH�MXVW�XVHG��DJH�DQG�JHQGHU��DUH�DFWXDOO\�GLIIHUHQW�W\SHV�RI
YDULDEOHV��$JH� LV�D�TXDQWLWDWLYH�YDULDEOH��DQG�JHQGHU� LV�D�FDWHJRULFDO�YDULDEOH��$
TXDQWLWDWLYH� YDULDEOH� LV� D� YDULDEOH� WKDW� YDULHV� LQ� GHJUHH� RU� DPRXQW�� ,W� XVXDOO\
LQYROYHV�QXPEHUV��$�FDWHJRULFDO�YDULDEOH�LV�D�YDULDEOH�WKDW�YDULHV�LQ�W\SH�RU�NLQG�
,W�XVXDOO\� LQYROYHV�GLIIHUHQW�JURXSV��$JH� WDNHV�RQ�QXPEHUV� �H�J���QXPEHU�RI�\HDUV
ROG���DQG�JHQGHU�WDNHV�RQ�WZR�W\SHV�RU�NLQGV��PDOH�DQG�IHPDOH���1RZ�FRQVLGHU�WKH
YDULDEOH�DQQXDO� LQFRPH��+RZ�GRHV� LW�YDU\"� ,W�YDULHV� LQ�DPRXQW�� UDQJLQJ� IURP�QR
LQFRPH� DW� DOO� WR� VRPH� YHU\� ODUJH� DPRXQW� RI� LQFRPH�� 7KHUHIRUH�� LQFRPH� LV� D
TXDQWLWDWLYH�YDULDEOH��,I�\RX�WKLQN�DERXW�KRZ�PXFK�PRQH\�\RX�PDGH�ODVW�\HDU��\RX
FDQ� GHWHUPLQH� \RXU� YDOXH� RQ� WKH� YDULDEOH� DQQXDO� LQFRPH�� 1RZ� WKLQN� DERXW� WKH
YDULDEOH� UHOLJLRQ�� +RZ� GRHV� WKLV� YDULDEOH� YDU\"� ,W� YDULHV� LQ� NLQG� RU� W\SH�� )RU
LQVWDQFH�� LW� FDQ� WDNH� RQ� DQ\� RI� WKH� FDWHJRULHV� VWDQGLQJ� IRU� WKH� GLIIHUHQW� ZRUOG
UHOLJLRQV� �H�J���&KULVWLDQLW\�� -XGDLVP�� ,VODP��� )RU� SUDFWLFH� LGHQWLI\LQJ� TXDQWLWDWLYH
DQG�FDWHJRULFDO�YDULDEOHV��WDNH�D�ORRN�DW�WKH�H[DPSOHV�LQ�7DEOH�����

��4XDQWLWDWLYH�YDULDEOH�9DULDEOH�WKDW�YDULHV�LQ�GHJUHH�RU�DPRXQW

��&DWHJRULFDO�YDULDEOH�9DULDEOH�WKDW�YDULHV�E\�W\SH�RU�NLQG

�7$%/(�������([DPSOHV�RI�4XDQWLWDWLYH�DQG�&DWHJRULFDO�9DULDEOHV



<HW�DQRWKHU�FDWHJRUL]DWLRQ�VFKHPH�IRU�YDULDEOHV�LV�WR�VSHDN�RI�LQGHSHQGHQW�DQG
GHSHQGHQW� YDULDEOHV��$Q� LQGHSHQGHQW�YDULDEOH� LV� D� YDULDEOH� WKDW� LV� SUHVXPHG� WR
FDXVH�D�FKDQJH�WR�RFFXU�LQ�DQRWKHU�YDULDEOH��6RPHWLPHV�WKH�LQGHSHQGHQW�YDULDEOH�LV
PDQLSXODWHG� E\� WKH� UHVHDUFKHU� �L�H��� WKH� UHVHDUFKHU� GHWHUPLQHV� WKH� YDOXH� RI� WKH
LQGHSHQGHQW� YDULDEOH��� DW� RWKHU� WLPHV�� WKH� LQGHSHQGHQW� YDULDEOH� LV� VWXGLHG� E\� WKH
UHVHDUFKHU�EXW�LV�QRW�GLUHFWO\�PDQLSXODWHG��L�H���WKH�UHVHDUFKHU�VWXGLHV�ZKDW�KDSSHQV
ZKHQ�DQ� LQGHSHQGHQW�YDULDEOH�FKDQJHV�QDWXUDOO\���7KH� LQGHSHQGHQW�YDULDEOH� LV� DQ
DQWHFHGHQW�YDULDEOH�EHFDXVH�LW�PXVW�FRPH�EHIRUH�DQRWKHU�YDULDEOH�LI�LW�LV�WR�SURGXFH
D� FKDQJH� LQ� LW�� $� GHSHQGHQW� YDULDEOH� LV� WKH� YDULDEOH� WKDW� LV� SUHVXPHG� WR� EH
LQIOXHQFHG� E\� RQH� RU�PRUH� LQGHSHQGHQW� YDULDEOHV�� 7KH� GHSHQGHQW� YDULDEOH� LV� WKH
YDULDEOH� WKDW� LV� ³GHSHQGHQW� RQ´� WKH� LQGHSHQGHQW� �L�H��� DQWHFHGHQW�� YDULDEOH�V��� $
FDXVH�DQG�HIIHFW�UHODWLRQVKLS� EHWZHHQ�DQ� LQGHSHQGHQW�YDULDEOH� DQG� D�GHSHQGHQW
YDULDEOH�LV�SUHVHQW�ZKHQ�FKDQJHV�LQ�WKH�LQGHSHQGHQW�YDULDEOH�WHQG�WR�FDXVH�FKDQJHV
LQ� WKH� GHSHQGHQW� YDULDEOH�� 6RPHWLPHV� UHVHDUFKHUV� FDOO� WKH� GHSHQGHQW� YDULDEOH� DQ
RXWFRPH�YDULDEOH�RU�D�UHVSRQVH�YDULDEOH�EHFDXVH�LW�LV�XVHG�WR�PHDVXUH�WKH�HIIHFW�RI
RQH�RU�PRUH�LQGHSHQGHQW�YDULDEOHV�

��,QGHSHQGHQW�YDULDEOH�$�YDULDEOH�WKDW�LV�SUHVXPHG�WR�FDXVH�D�FKDQJH�LQ



DQRWKHU�YDULDEOH

��'HSHQGHQW�YDULDEOH�$�YDULDEOH�WKDW�LV�SUHVXPHG�WR�EH�LQIOXHQFHG�E\�RQH�RU
PRUH�LQGHSHQGHQW�YDULDEOHV

��&DXVH�DQG�HIIHFW�UHODWLRQVKLS�5HODWLRQVKLS�LQ�ZKLFK�RQH�YDULDEOH�DIIHFWV
DQRWKHU�YDULDEOH

+HUH�LV�D�VLPSOH�H[DPSOH�RI�D�FDXVH�DQG�HIIHFW�UHODWLRQVKLS��7KLQN�DERXW�WKH�86
6XUJHRQ�*HQHUDO¶V�ZDUQLQJ�SULQWHG�RQ�FLJDUHWWH�SDFNDJHV��³6PRNLQJ�&DXVHV�/XQJ
&DQFHU�� +HDUW� 'LVHDVH�� (PSK\VHPD�� DQG� 0D\� &RPSOLFDWH� 3UHJQDQF\�´� &DQ� \RX
LGHQWLI\�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�LQ�WKLV�UHODWLRQVKLS"�,W�LV�VPRNLQJ
WKDW� LV�SUHVXPHG� WR�FDXVH� OXQJ�FDQFHU�DQG�VHYHUDO�RWKHU�GLVHDVHV�� �<RX�VKRXOG�EH
DZDUH� WKDW� H[WHQVLYH� UHVHDUFK� EH\RQG� VLPSO\� REVHUYLQJ� WKDW� VPRNLQJ� DQG� OXQJ
FDQFHU�ZHUH�DVVRFLDWHG�ZDV�FRQGXFWHG� WR�HVWDEOLVK� WKDW� WKH� OLQN�EHWZHHQ�VPRNLQJ
DQG�FDQFHU�ZDV�FDXVDO���,Q�WKLV�H[DPSOH��VPRNLQJ� LV�WKH�LQGHSHQGHQW�YDULDEOH��WKH
YDOXHV�FRUUHVSRQGLQJ� WR� WKH�QXPEHU�RI�FLJDUHWWHV�VPRNHG�D�GD\���DQG�SUHVHQFH�RI
OXQJ�FDQFHU� LV� WKH�GHSHQGHQW�YDULDEOH� �WKH�YDOXHV�EHLQJ� OXQJ�FDQFHU�SUHVHQW�DQG
OXQJ�FDQFHU�QRW�SUHVHQW��

$V�VKRUWKDQG��ZH�FDQ�XVH�,9�WR�VWDQG�IRU�LQGHSHQGHQW�YDULDEOH�DQG�'9�WR�VWDQG
IRU�GHSHQGHQW�YDULDEOH��:H�DOVR�VRPHWLPHV�XVH�DQ�DUURZ��,9�ĺ�'9��7KH�DUURZ�ĺ
PHDQV� ³WHQGV� WR� FDXVH� FKDQJHV� LQ´� RU� ³DIIHFWV�´� ,Q� ZRUGV�� WKLV� VD\V� WKDW� WKH
UHVHDUFKHU�EHOLHYHV�³FKDQJHV�LQ�WKH�LQGHSHQGHQW�YDULDEOH�WHQG�WR�FDXVH�FKDQJHV�LQ
WKH�GHSHQGHQW�YDULDEOH�´� ,Q� WKH� VPRNLQJ�H[DPSOH��ZH�ZULWH�6PRNLQJ�ĺ�2QVHW�RI
/XQJ�&DQFHU�

$QRWKHU� W\SH�RI�YDULDEOH� LV�DQ� LQWHUYHQLQJ�YDULDEOH� �DOVR�FRPPRQO\�FDOOHG�D
PHGLDWLQJ� RU�PHGLDWRU� YDULDEOH��� $Q� LQWHUYHQLQJ� RU�PHGLDWLQJ� YDULDEOH� RFFXUV
EHWZHHQ�WZR�RWKHU�YDULDEOHV�LQ�D�FDXVDO�FKDLQ��.HQQ\��.DVK\��	�%ROJHU���������,Q
WKH�FDVH�;�ĺ�<��ZH�KDYH�RQO\�DQ�LQGHSHQGHQW�YDULDEOH�DQG�D�GHSHQGHQW�YDULDEOH��,Q
WKH�FDVH�;�ĺ�,�ĺ�<��ZH�KDYH�DQ� LQWHUYHQLQJ�YDULDEOH� �,��RFFXUULQJ�EHWZHHQ� WKH
WZR�RWKHU�YDULDEOHV��,Q�WKH�FDVH�RI�VPRNLQJ��SHUKDSV�DQ�LQWHUYHQLQJ�YDULDEOH�LV�WKH
GHYHORSPHQW�RI�GDPDJHG� OXQJ�FHOOV�� ,Q�RWKHU�ZRUGV�� VPRNLQJ� WHQGV� WR� OHDG� WR� WKH
GHYHORSPHQW�RI�GDPDJHG�OXQJ�FHOOV��ZKLFK�WHQGV�WR�OHDG�WR�OXQJ�FDQFHU��,W�LV�KHOSIXO
WR� LGHQWLI\� LQWHUYHQLQJ� YDULDEOHV� EHFDXVH� WKHVH� YDULDEOHV� PD\� KHOS� H[SODLQ� WKH
SURFHVV� E\� ZKLFK� DQ� LQGHSHQGHQW� YDULDEOH� OHDGV� WR� FKDQJHV� LQ� D� GHSHQGHQW
YDULDEOH�

��,QWHUYHQLQJ�RU�PHGLDWLQJ�YDULDEOH�$�YDULDEOH�WKDW�RFFXUV�EHWZHHQ�WZR�RWKHU
YDULDEOHV�LQ�D�FDXVDO�FKDLQ

$V�DQRWKHU�H[DPSOH�� OHW�;� VWDQG� IRU� WHDFKLQJ� DSSURDFK� �SHUKDSV� WKH� OHYHOV� RI
WKLV�YDULDEOH�DUH�OHFWXUH�PHWKRG�DQG�FRRSHUDWLYH�JURXS�PHWKRG���DQG�OHW�<�VWDQG�IRU
WHVW� VFRUH� RQ� FODVV� H[DP� �YDU\LQJ� IURP��� WR� ���� SHUFHQW� FRUUHFW���5HVHDUFK�PD\



VKRZ�WKDW�;�ĺ�<��WKDW�LV��WHVW�VFRUHV�GHSHQG�RQ�ZKLFK�WHDFKLQJ�DSSURDFK�LV�XVHG��,Q
WKLV� FDVH�� DQ� LQWHUYHQLQJ� YDULDEOH�PLJKW� EH� VWXGHQW�PRWLYDWLRQ� �YDU\LQJ� IURP� ORZ
PRWLYDWLRQ� WR� KLJK�PRWLYDWLRQ��� 7KHUHIRUH�� WKH� IXOO� FDXVDO� FKDLQ� LV� ;�ĺ� ,�ĺ�<�
ZKHUH�;�LV�WHDFKLQJ�DSSURDFK��,�LV�VWXGHQW�PRWLYDWLRQ��DQG�<�LV�VWXGHQWV¶�WHVW�VFRUHV�
WKDW�LV��WHDFKLQJ�PHWKRG�ĺ�VWXGHQW�PRWLYDWLRQ�ĺ�VWXGHQW�WHVW�VFRUHV�

7KH�QH[W�W\SH�RI�YDULDEOH�LV�D�PRGHUDWRU�YDULDEOH��$�PRGHUDWRU�YDULDEOH� LV�D
YDULDEOH�WKDW�FKDQJHV��L�H���PRGHUDWHV��WKH�UHODWLRQVKLS�EHWZHHQ�RWKHU�YDULDEOHV��,W¶V
D�YDULDEOH�WKDW�GHOLQHDWHV�KRZ�D�UHODWLRQVKLS�FKDQJHV�XQGHU�GLIIHUHQW�FRQGLWLRQV�RU
FRQWH[WV�RU�IRU�GLIIHUHQW�NLQGV�RI�SHRSOH��)RU�H[DPSOH��\RX�PLJKW�DQDO\]H�D�VHW�RI
UHVHDUFK� GDWD� DQG� ILQG� OLWWOH� RU� QR� GLIIHUHQFH� EHWZHHQ� WKH� SHUIRUPDQFH� VFRUHV� RI
VWXGHQWV�ZKR� DUH� WDXJKW� E\� XVLQJ� WKH� OHFWXUH� DSSURDFK� DQG� WKH� VFRUHV� RI� VWXGHQWV
ZKR� DUH� WDXJKW� E\� XVLQJ� WKH� FRRSHUDWLYH� OHDUQLQJ� DSSURDFK�� 2Q� IXUWKHU� DQDO\VLV�
KRZHYHU�� \RX�PLJKW� OHDUQ� WKDW� FRRSHUDWLYH� OHDUQLQJ� ZRUNV� EHWWHU� IRU� H[WURYHUWHG
VWXGHQWV� DQG� WKDW� OHFWXUH� ZRUNV� EHWWHU� IRU� LQWURYHUWHG� VWXGHQWV�� ,Q� WKLV� H[DPSOH�
SHUVRQDOLW\� W\SH� LV� D� PRGHUDWRU� YDULDEOH�� 7KH� UHODWLRQVKLS� EHWZHHQ� WHDFKLQJ
DSSURDFK� DQG�SHUIRUPDQFH� VFRUHV�GHSHQGV�RQ� WKH�SHUVRQDOLW\� W\SH�RI� WKH� VWXGHQW�
2QH� WKLQJ� ZH� FRPPRQO\� ILQG� LQ� UHVHDUFK� RQ� WHDFKLQJ� LV� WKDW� ZKDW� ZRUNV� ZHOO
GHSHQGV�RQ�WKH�W\SH�RI�VWXGHQW��$V�\RX�FDQ�VHH��LW�LV�KHOSIXO�WR�NQRZ�WKH�LPSRUWDQW
PRGHUDWRU�YDULDEOHV�VR�WKDW�\RX�FDQ�DGMXVW�\RXU�WHDFKLQJ�DFFRUGLQJO\�

��0RGHUDWRU�YDULDEOH�$�YDULDEOH�WKDW�FKDQJHV�WKH�UHODWLRQVKLS�EHWZHHQ�RWKHU
YDULDEOHV

([SHULPHQWDO�5HVHDUFK
7KH� SXUSRVH� RI� H[SHULPHQWDO� UHVHDUFK� LV� WR� GHWHUPLQH� FDXVH�DQG�HIIHFW

UHODWLRQVKLSV�� 7KH� H[SHULPHQWDO� UHVHDUFK� PHWKRG� HQDEOHV� XV� WR� LGHQWLI\� FDXVDO
UHODWLRQVKLSV� EHFDXVH� LW� DOORZV� XV� WR� REVHUYH�� XQGHU� FRQWUROOHG� FRQGLWLRQV�� WKH
HIIHFWV� RI� V\VWHPDWLFDOO\� FKDQJLQJ� RQH� RU� PRUH� YDULDEOHV�� 6SHFLILFDOO\�� LQ
H[SHULPHQWDO� UHVHDUFK�� WKH� UHVHDUFKHU� PDQLSXODWHV� WKH� LQGHSHQGHQW� YDULDEOH�
DFWLYHO\� LQWHUYHQLQJ� LQ� WKH� ZRUOG�� DQG� WKHQ� REVHUYHV� ZKDW� KDSSHQV�� 7KXV�
PDQLSXODWLRQ�� DQ� LQWHUYHQWLRQ� VWXGLHG� E\� DQ� H[SHULPHQWHU�� LV� WKH� NH\� GHILQLQJ
FKDUDFWHULVWLF�RI�H[SHULPHQWDO�UHVHDUFK��7KH�XVH�RI�PDQLSXODWLRQ�LQ�VWXG\LQJ�FDXVH�
DQG�HIIHFW�UHODWLRQVKLSV�LV�EDVHG�RQ�WKH�DFWLYLW\�WKHRU\�RI�FDXVDWLRQ��&ROOLQJZRRG�
������ &RRN� 	� 6KDGLVK�� ������� $FWLYH� PDQLSXODWLRQ� LV� LQYROYHG� RQO\� LQ
H[SHULPHQWDO� UHVHDUFK�� %HFDXVH� RI� WKLV� �DQG� EHFDXVH� RI� H[SHULPHQWDO� FRQWURO��
H[SHULPHQWDO�UHVHDUFK�SURYLGHV�WKH�VWURQJHVW�HYLGHQFH�RI�DOO�WKH�UHVHDUFK�PHWKRGV
DERXW�WKH�H[LVWHQFH�RI�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV�

��([SHULPHQWDO�UHVHDUFK�5HVHDUFK�LQ�ZKLFK�WKH�UHVHDUFKHU�PDQLSXODWHV�WKH
LQGHSHQGHQW�YDULDEOH�DQG�LV�LQWHUHVWHG�LQ�VKRZLQJ�FDXVH�DQG�HIIHFW

��0DQLSXODWLRQ�$Q�LQWHUYHQWLRQ�VWXGLHG�E\�DQ�H[SHULPHQWHU



,Q� D� VLPSOH� H[SHULPHQW�� D� UHVHDUFKHU�ZLOO� V\VWHPDWLFDOO\� YDU\� DQ� LQGHSHQGHQW
YDULDEOH�DQG�DVVHVV� LWV� HIIHFWV�RQ�D�GHSHQGHQW�YDULDEOH��)RU�H[DPSOH��SHUKDSV�DQ
HGXFDWLRQDO�UHVHDUFKHU�ZDQWV�WR�GHWHUPLQH�WKH�HIIHFW�RI�D�QHZ�WHDFKLQJ�DSSURDFK�RQ
UHDGLQJ� DFKLHYHPHQW�� 7KH� UHVHDUFKHU� FRXOG� SHUIRUP� WKH� QHZ� WHDFKLQJ� DSSURDFK
ZLWK�RQH�JURXS�RI�SDUWLFLSDQWV�DQG�SHUIRUP�WKH�WUDGLWLRQDO�WHDFKLQJ�DSSURDFK�ZLWK
DQRWKHU� JURXS� RI� SDUWLFLSDQWV�� $IWHU� WKH� WUHDWPHQW�� WKH� H[SHULPHQWHU� ZRXOG
GHWHUPLQH� ZKLFK� JURXS� VKRZHG� WKH� JUHDWHU� DPRXQW� RI� OHDUQLQJ� �UHDGLQJ
DFKLHYHPHQW���,I�WKH�JURXS�UHFHLYLQJ�WKH�QHZ�WHDFKLQJ�DSSURDFK�VKRZHG�WKH�JUHDWHU
JDLQ��WKHQ�WKH�UHVHDUFKHU�ZRXOG�WHQWDWLYHO\�FRQFOXGH�WKDW�WKH�QHZ�DSSURDFK�LV�EHWWHU
WKDQ�WKH�WUDGLWLRQDO�DSSURDFK�

$OWKRXJK� WKH� W\SH� RI� H[SHULPHQW� MXVW� GHVFULEHG� LV� VRPHWLPHV� GRQH�� WKHUH� LV� D
SRWHQWLDO�SUREOHP�ZLWK�LW��:KDW�LI�WKH�WZR�JURXSV�RI�VWXGHQWV�GLIIHUHG�RQ�YDULDEOHV�
VXFK� DV� YRFDEXODU\�� UHDGLQJ� DELOLW\�� DQG�RU� DJH"� 0RUH� VSHFLILFDOO\�� ZKDW� LI� WKH
VWXGHQWV� LQ� WKH� QHZ� WHDFKLQJ� DSSURDFK� JURXS� KDSSHQHG� WR� EH� ROGHU�� KDG� EHWWHU
YRFDEXODULHV��DQG�ZHUH�EHWWHU� UHDGHUV� WKDQ� WKH�VWXGHQWV� LQ� WKH� WUDGLWLRQDO� WHDFKLQJ
DSSURDFK�JURXS"�)XUWKHUPRUH��VXSSRVH�WKH�VWXGHQWV�ZLWK�EHWWHU�YRFDEXODULHV��ZKR
ZHUH�ROGHU�� DQG�ZKR�ZHUH� EHWWHU� UHDGHUV� DOVR� WHQGHG� WR� OHDUQ�PRUH�TXLFNO\� WKDQ
RWKHU� VWXGHQWV�� ,I� WKLV�ZHUH� WKH� FDVH�� WKHQ� LW� LV� OLNHO\� WKDW� WKH� VWXGHQWV� LQ� WKH� QHZ
WHDFKLQJ� DSSURDFK� JURXS� ZRXOG� KDYH� OHDUQHG� IDVWHU� UHJDUGOHVV� RI� WKH� WHDFKLQJ
DSSURDFK��,Q�WKLV�H[DPSOH��WKH�YDULDEOHV�DJH��YRFDEXODU\��DQG�UHDGLQJ�DELOLW\�DUH
FDOOHG�H[WUDQHRXV�YDULDEOHV�

([WUDQHRXV� YDULDEOHV� DUH� YDULDEOHV� RWKHU� WKDQ� WKH� LQGHSHQGHQW� YDULDEOH� RI
LQWHUHVW� �H�J��� WHDFKLQJ� DSSURDFK�� WKDW� PD\� EH� UHODWHG� WR� WKH� RXWFRPH�� :KHQ
H[WUDQHRXV�YDULDEOHV�DUH�QRW�FRQWUROOHG�IRU�RU�GHDOW�ZLWK� LQ�VRPH�ZD\��DQ�RXWVLGH
UHYLHZHU�RI� WKH� UHVHDUFK� VWXG\�PD\�FRPH�XS�ZLWK�FRPSHWLQJ�H[SODQDWLRQV� IRU� WKH
UHVHDUFK�ILQGLQJV��7KH�UHYLHZHU�PLJKW�DUJXH�WKDW�WKH�RXWFRPH�LV�GXH�WR�D�SDUWLFXODU
H[WUDQHRXV� YDULDEOH� UDWKHU� WKDQ� WR� WKH� LQGHSHQGHQW� YDULDEOH�� 7KHVH� FRPSHWLQJ
H[SODQDWLRQV�IRU�WKH�UHODWLRQVKLS�EHWZHHQ�DQ�LQGHSHQGHQW�DQG�D�GHSHQGHQW�YDULDEOH
DUH� VRPHWLPHV� FDOOHG� DOWHUQDWLYH� H[SODQDWLRQV� RU� ULYDO� K\SRWKHVHV�� ,Q� RXU
H[DPSOH�� WKH� UHVHDUFKHU� FDQQRW� NQRZ� ZKHWKHU� WKH� VWXGHQWV� LQ� WKH� QHZ� WHDFKLQJ
DSSURDFK�SHUIRUPHG�EHWWHU�EHFDXVH�RI� WKH� WHDFKLQJ�DSSURDFK�RU�EHFDXVH� WKH\�KDG
EHWWHU�YRFDEXODULHV��ZHUH�ROGHU��RU�ZHUH�EHWWHU�UHDGHUV��$OO�WKHVH�IDFWRUV�DUH�VDLG
WR�EH�FRQIRXQGHG��WKDW�LV��WKHVH�IDFWRUV�DUH�HQWDQJOHG�ZLWK�WKH�LQGHSHQGHQW�YDULDEOH�
DQG�WKH�UHVHDUFKHU�FDQ¶W�VWDWH�ZKLFK�LV�WKH�PRVW�LPSRUWDQW�IDFWRU��6RPHWLPHV�ZH�XVH
WKH� WHUP� FRQIRXQGLQJ� YDULDEOHV� WR� UHIHU� WR� H[WUDQHRXV� YDULDEOHV� WKDW� ZHUH� QRW
FRQWUROOHG�IRU�E\�WKH�UHVHDUFKHU�DQG�DUH�WKH�UHDVRQ�D�SDUWLFXODU�UHVXOW�RFFXUUHG�

��([WUDQHRXV�YDULDEOH�$�YDULDEOH�WKDW�PD\�FRPSHWH�ZLWK�WKH�LQGHSHQGHQW
YDULDEOH�LQ�H[SODLQLQJ�WKH�RXWFRPH

��&RQIRXQGLQJ�YDULDEOH�$Q�H[WUDQHRXV�YDULDEOH�WKDW�ZDV�QRW�FRQWUROOHG�IRU
DQG�LV�WKH�UHDVRQ�D�SDUWLFXODU�³FRQIRXQGHG´�UHVXOW�LV�REVHUYHG

%HFDXVH� WKH� SUHVHQFH� RI� H[WUDQHRXV� YDULDEOHV� PDNHV� WKH� LQWHUSUHWDWLRQ� RI



UHVHDUFK� ILQGLQJV� GLIILFXOW�� WKH� HIIHFWLYH� UHVHDUFKHU� DWWHPSWV� WR� FRQWURO� WKHP
ZKHQHYHU� SRVVLEOH�� 7KH� EHVW� ZD\� WR� FRQWURO� IRU� H[WUDQHRXV� YDULDEOHV� LQ� DQ
H[SHULPHQW� OLNH� WKH� RQH� DERYH� LV� WR� UDQGRPO\� DVVLJQ� UHVHDUFK� SDUWLFLSDQWV� WR� WKH
JURXSV� WR� EH� FRPSDUHG�� 5DQGRP� DVVLJQPHQW� KHOSV� HQVXUH� WKDW� WKH� SHRSOH� LQ� WKH
JURXSV� WR� EH� FRPSDUHG� DUH� VLPLODU� EHIRUH� WKH� LQWHUYHQWLRQ� RU� PDQLSXODWLRQ�� )RU
H[DPSOH��LI�WKH�UHVHDUFKHU�ZDQWV�WR�UDQGRPO\�DVVLJQ����SHRSOH�WR�WZR�JURXSV��WKHQ
WKH�UHVHDUFKHU�PLJKW�SXW����VOLSV�RI�SDSHU��HDFK�ZLWK�RQH�QDPH�RQ�LW��LQWR�D�KDW�DQG
UDQGRPO\�SXOO�RXW����VOLSV��7KH����QDPHV�WKDW�DUH�SXOOHG�RXW�ZLOO�EHFRPH�RQH�RI�WKH
WZR�JURXSV�� DQG� WKH� ���QDPHV� UHPDLQLQJ� LQ� WKH� KDW�ZLOO� EHFRPH� WKH� RWKHU� JURXS�
:KHQ�WKLV�LV�GRQH��WKH�RQO\�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV�ZLOO�EH�GXH�WR�FKDQFH�
,Q� RWKHU� ZRUGV�� WKH� SHRSOH� LQ� WKH� JURXSV� ZLOO� EH� VLPLODU� DW� WKH� VWDUW� RI� WKH
H[SHULPHQW��$IWHU�PDNLQJ�WKH�JURXSV�VLPLODU�� WKH�UHVHDUFKHU�DGPLQLVWHUV�WKH�OHYHOV
RI� WKH� LQGHSHQGHQW� YDULDEOH�� PDNLQJ� WKH� JURXSV� GLIIHUHQW� RQO\� RQ� WKLV� YDULDEOH�
3HUKDSV� WHDFKLQJ� PHWKRG� LV� WKH� LQGHSHQGHQW� YDULDEOH�� DQG� WKH� OHYHOV� DUH
FRRSHUDWLYH�OHDUQLQJ�DQG�OHFWXUH��7KH�DGPLQLVWUDWLRQ�RI�WKH�LQGHSHQGHQW�YDULDEOH��RU
PDQLSXODWLRQ��ZRXOG� LQYROYH� H[SRVLQJ� RQH� JURXS� WR� FRRSHUDWLYH� OHDUQLQJ� DQG� WKH
RWKHU� JURXS� WR� OHFWXUH�� 7KHQ� LI� WKH� WZR� JURXSV� EHFRPH� GLIIHUHQW� DIWHU� WKH
PDQLSXODWLRQ�� WKH� UHVHDUFKHU� FDQ� FRQFOXGH� WKDW� WKH� GLIIHUHQFH� ZDV� GXH� WR� WKH
LQGHSHQGHQW�YDULDEOH�

,Q� VXPPDU\�� ���� WKH�H[SHULPHQWHU�XVHV� UDQGRP�DVVLJQPHQW� WR�PDNH� WKH�JURXSV
VLPLODU�� ���� WKH�H[SHULPHQWHU�GRHV� VRPHWKLQJ�GLIIHUHQW�ZLWK� WKH�JURXSV��DQG� ���� LI
WKH� JURXSV� WKHQ� EHFRPH� GLIIHUHQW�� WKH� H[SHULPHQWHU� FRQFOXGHV� WKDW� WKH� GLIIHUHQFH
ZDV�GXH�WR�ZKDW�WKH�H[SHULPHQWHU�GLG��L�H���LW�ZDV�GXH�WR�WKH�LQGHSHQGHQW�YDULDEOH��
,Q� ODWHU� FKDSWHUV�� ZH� ZLOO� LQWURGXFH� \RX� WR� DGGLWLRQDO� PHWKRGV� WKDW� DUH� XVHG� WR
FRQWURO� IRU� H[WUDQHRXV�YDULDEOHV�ZKHQ�RQH� LV� QRW� DEOH� WR� XVH� UDQGRP�DVVLJQPHQW�
)RU�QRZ��UHPHPEHU�WKDW�UDQGRP�DVVLJQPHQW�WR�JURXSV�LV�WKH�PRVW�HIIHFWLYH�ZD\�WR
PDNH�WKH�JURXSV�VLPLODU�DQG�WKHUHIRUH�FRQWURO�IRU�H[WUDQHRXV�YDULDEOHV�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

1RQH[SHULPHQWDO�5HVHDUFK
,Q� QRQH[SHULPHQWDO� UHVHDUFK�� WKHUH� LV� QR� PDQLSXODWLRQ� RI� DQ� LQGHSHQGHQW

YDULDEOH�� 7KHUH� DOVR� LV� QR� UDQGRP� DVVLJQPHQW� WR� JURXSV� E\� WKH� UHVHDUFKHU²\RX
ZLOO�OHDUQ�LQ�ODWHU�FKDSWHUV�WKDW�UDQGRP�DVVLJQPHQW�LV�RQO\�SRVVLEOH�LQ�WKH�VWURQJHVW
RI� WKH� YDULRXV� H[SHULPHQWDO� GHVLJQV�� $V� D� UHVXOW� RI� WKHVH� WZR� GHILFLHQFLHV� �QR
PDQLSXODWLRQ� DQG�QR� UDQGRP�DVVLJQPHQW��� HYLGHQFH�JDWKHUHG� LQ� VXSSRUW� RI� FDXVH�
DQG�HIIHFW�UHODWLRQVKLSV�LQ�QRQH[SHULPHQWDO�UHVHDUFK�LV�VHYHUHO\�OLPLWHG�DQG�PXFK
ZHDNHU� WKDQ�HYLGHQFH�JDWKHUHG� LQ�H[SHULPHQWDO� UHVHDUFK� �HVSHFLDOO\�H[SHULPHQWDO
UHVHDUFK�GHVLJQV� WKDW� LQFOXGH� UDQGRP�DVVLJQPHQW��� ,I�\RX�ZDQW� WR�VWXG\�FDXVH�DQG
HIIHFW��\RX�VKRXOG�WU\�WR�FRQGXFW�DQ�H[SHULPHQW��EXW�VRPHWLPHV�WKLV�LV�QRW�IHDVLEOH�
:KHQ�LPSRUWDQW�FDXVDO�UHVHDUFK�TXHVWLRQV�QHHG�WR�EH�DQVZHUHG�DQG�DQ�H[SHULPHQW
FDQQRW�EH�GRQH��UHVHDUFK�PXVW�VWLOO�EH�FRQGXFWHG��,Q�UHVHDUFK��ZH�WU\�WR�GR�WKH�EHVW
ZH�FDQ��DQG�VRPHWLPHV�WKLV�PHDQV�WKDW�ZH�PXVW�XVH�ZHDNHU�UHVHDUFK�PHWKRGV��)RU



H[DPSOH�� GXULQJ� WKH� ����V�� H[WHQVLYH� UHVHDUFK� OLQNLQJ� FLJDUHWWH� VPRNLQJ� WR� OXQJ
FDQFHU� ZDV� FRQGXFWHG�� ([SHULPHQWDO� UHVHDUFK� ZLWK� KXPDQV� ZDV� QRW� SRVVLEOH
EHFDXVH� LW� ZRXOG� KDYH� EHHQ� XQHWKLFDO�� 7KHUHIRUH�� LQ� DGGLWLRQ� WR� H[SHULPHQWDO
UHVHDUFK�ZLWK� ODERUDWRU\� DQLPDOV��PHGLFDO� UHVHDUFKHUV� UHOLHG�RQ�QRQH[SHULPHQWDO
UHVHDUFK�PHWKRGV�IRU�WKHLU�H[WHQVLYH�VWXG\�RI�KXPDQV�

��1RQH[SHULPHQWDO�UHVHDUFK�5HVHDUFK�LQ�ZKLFK�WKH�LQGHSHQGHQW�YDULDEOH�LV
QRW�PDQLSXODWHG�DQG�WKHUH�LV�QR�UDQGRP�DVVLJQPHQW�WR�JURXSV

2QH�W\SH�RI�QRQH[SHULPHQWDO�UHVHDUFK�LV�VRPHWLPHV�FDOOHG�FDXVDO�FRPSDUDWLYH
UHVHDUFK��,Q�FDXVDO�FRPSDUDWLYH�UHVHDUFK�� WKH�UHVHDUFKHU�VWXGLHV�WKH�UHODWLRQVKLS
EHWZHHQ� RQH� RU� PRUH� FDWHJRULFDO� LQGHSHQGHQW� YDULDEOHV� DQG� RQH� RU� PRUH
TXDQWLWDWLYH� GHSHQGHQW� YDULDEOHV�� ,Q� WKH� PRVW� EDVLF� FDVH�� WKHUH� DUH� D� VLQJOH
FDWHJRULFDO� LQGHSHQGHQW� YDULDEOH� DQG� D� VLQJOH� TXDQWLWDWLYH� GHSHQGHQW� YDULDEOH�
%HFDXVH� WKH� LQGHSHQGHQW� YDULDEOH� LV� FDWHJRULFDO� �H�J���PDOHV� YV�� IHPDOHV�� SDUHQWV
YV��QRQSDUHQWV��RU�SXEOLF�VFKRRO�WHDFKHUV�YV��SULYDWH�VFKRRO�WHDFKHUV���WKH�GLIIHUHQW
JURXSV¶�DYHUDJH�VFRUHV�RQ�D�GHSHQGHQW�YDULDEOH�DUH�FRPSDUHG�WR�GHWHUPLQH�ZKHWKHU
D� UHODWLRQVKLS� LV� SUHVHQW� EHWZHHQ� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW� YDULDEOHV�� )RU
H[DPSOH��LI�WKH�LQGHSHQGHQW�YDULDEOH�LV�VWXGHQW�UHWHQWLRQ��DQG�WKH�FDWHJRULHV�RI�WKH
YDULDEOH�DUH�UHWDLQHG�LQ�WKH�ILUVW�JUDGH�DQG�QRW�UHWDLQHG�LQ�WKH�ILUVW�JUDGH��DQG�WKH
GHSHQGHQW� YDULDEOH� LV� OHYHO� RI� DFKLHYHPHQW�� WKHQ� WKH� UHWDLQHG� VWXGHQWV¶� DYHUDJH
DFKLHYHPHQW�ZRXOG�EH�FRPSDUHG�WR�WKH�QRQUHWDLQHG�VWXGHQWV¶�DYHUDJH�DFKLHYHPHQW�
�:KLFK� JURXS� GR� \RX� WKLQN� ZRXOG� KDYH� KLJKHU� DFKLHYHPHQWV� RQ� DYHUDJH�� WKH
UHWDLQHG�RU�WKH�QRQUHWDLQHG�VWXGHQWV"�

��&DXVDO�FRPSDUDWLYH�UHVHDUFK�$�IRUP�RI�QRQH[SHULPHQWDO�UHVHDUFK�LQ�ZKLFK
WKH�SULPDU\�LQGHSHQGHQW�YDULDEOH�RI�LQWHUHVW�LV�D�FDWHJRULFDO�YDULDEOH

'HVSLWH� WKH� SUHVHQFH� RI� WKH� ZRUG� FDXVDO� LQFOXGHG� LQ� WKH� WHUP� FDXVDO�
FRPSDUDWLYH� UHVHDUFK�� NHHS� LQ� PLQG� WKDW� FDXVDO�FRPSDUDWLYH� UHVHDUFK� LV� D
QRQH[SHULPHQWDO�UHVHDUFK�PHWKRG��ZKLFK�PHDQV�WKDW�WKHUH�LV�QR�PDQLSXODWLRQ�RI�DQ
LQGHSHQGHQW�YDULDEOH� E\� D� UHVHDUFKHU�� )XUWKHUPRUH�� WHFKQLTXHV� RI� FRQWUROOLQJ� IRU
H[WUDQHRXV� YDULDEOHV� DUH� PRUH� OLPLWHG� WKDQ� LQ� H[SHULPHQWDO� UHVHDUFK� �LQ� ZKLFK
UDQGRP� DVVLJQPHQW� PD\� EH� SRVVLEOH��� %HFDXVH� RI� WKH� ODFN� RI� PDQLSXODWLRQ� DQG
ZHDNHU�WHFKQLTXHV�RI�FRQWUROOLQJ�IRU�H[WUDQHRXV�YDULDEOHV��LW�LV�PXFK�PRUH�GLIILFXOW
WR�PDNH� VWDWHPHQWV�DERXW�FDXVH�DQG�HIIHFW� LQ�FDXVDO�FRPSDUDWLYH� UHVHDUFK� WKDQ� LQ
H[SHULPHQWDO� UHVHDUFK��'R�QRW� EH�PLVOHG� E\� WKH�ZRUG�FDXVDO� LQ� WKH� QDPH�RI� WKLV
W\SH� RI� UHVHDUFK�� DQG� UHPHPEHU� WKDW� ZHOO�GHVLJQHG� H[SHULPHQWDO� UHVHDUFK� LV
YLUWXDOO\�DOZD\V�EHWWHU�IRU�GHWHUPLQLQJ�FDXVH�DQG�HIIHFW�

$Q� H[DPSOH� RI� FDXVDO�FRPSDUDWLYH� UHVHDUFK� LV� D� VWXG\� HQWLWOHG� ³*HQGHU
'LIIHUHQFHV� LQ�0DWKHPDWLFV� $FKLHYHPHQW� DQG�2WKHU� 9DULDEOHV�$PRQJ�8QLYHUVLW\
6WXGHQWV´��5HFK���������5HFK�FRPSDUHG�WKH�DYHUDJH�SHUIRUPDQFH�OHYHOV�RI�PDOHV
ZLWK�WKH�DYHUDJH�SHUIRUPDQFH�OHYHOV�RI�IHPDOHV�LQ�LQWHUPHGLDWH�DOJHEUD�DQG�FROOHJH
DOJHEUD�FRXUVHV�DW� D� ODUJH�XUEDQ�FRPPXWHU�XQLYHUVLW\�� ,Q� WKH� LQWHUPHGLDWH�DOJHEUD



FRXUVH�� 5HFK� IRXQG� WKDW� IHPDOHV� GLG� VOLJKWO\� EHWWHU� WKDQ� PDOHV�� 7KH� DYHUDJH
SHUFHQWDJH�FRUUHFW�IRU�IHPDOHV�ZDV����SHUFHQW��DQG�WKH�DYHUDJH�SHUFHQWDJH�FRUUHFW
IRU�PDOHV�ZDV������SHUFHQW��,Q�WKH�FROOHJH�DOJHEUD�FRXUVH��WKH�GLIIHUHQFH�LQ�IHPDOH
DQG�PDOH�SHUIRUPDQFH�ZDV�HYHQ�VPDOOHU�������SHUFHQW�YV�������SHUFHQW���7KH�GDWD
ZHUH�FROOHFWHG�IURP�PRUH�WKDQ�������UHVHDUFK�SDUWLFLSDQWV�RYHU�VL[�VHPHVWHUV�

,W� ZDV� PHQWLRQHG� HDUOLHU� WKDW� WKH� EDVLF� FDVH� RI� FDXVDO�FRPSDUDWLYH� UHVHDUFK
LQYROYHV� D� VLQJOH� FDWHJRULFDO� LQGHSHQGHQW� YDULDEOH� DQG� D� VLQJOH� TXDQWLWDWLYH
GHSHQGHQW� YDULDEOH�� 7R� GHVLJQ� D� EDVLF� FDXVDO�FRPSDUDWLYH� VWXG\� DV� DQ� H[HUFLVH�
ORRN�DW�7DEOH�����DQG�ILQG�D�FDWHJRULFDO�YDULDEOH�WKDW�FDQ�VHUYH�DV�\RXU�LQGHSHQGHQW
YDULDEOH��L�H���RQH� WKDW�\RX�ZRXOG�QRW�PDQLSXODWH��DQG�D�TXDQWLWDWLYH�YDULDEOH� WKDW
FDQ� EH� \RXU� GHSHQGHQW� YDULDEOH�� $V� DQ� H[DPSOH�� ZH� FDQ� VHOHFW� UHWHQWLRQ� DV� WKH
LQGHSHQGHQW�YDULDEOH�DQG�VHOI�HVWHHP�DV�D�GHSHQGHQW�YDULDEOH��:H�K\SRWKHVL]H�WKDW
VWXGHQW� UHWHQWLRQ��UHWDLQHG�YV��QRQUHWDLQHG��KDV�DQ� LQIOXHQFH�RQ�VHOI�HVWHHP��0RUH
VSHFLILFDOO\��ZH� SUHGLFW� WKDW�� RQ� DYHUDJH�� UHWDLQHG� VWXGHQWV�ZLOO� KDYH� ORZHU� VHOI�
HVWHHP�WKDQ�QRQUHWDLQHG�VWXGHQWV��:H�ZRXOG�KDYH�WR�JR�WR�D�VFKRRO�DQG�FROOHFW�GDWD
LI� ZH� DFWXDOO\� ZDQWHG� WR� FRQGXFW� D� UHVHDUFK� VWXG\� WR� VHH� ZKHWKHU� WKHUH� LV� DQ\
VXSSRUW�IRU�WKLV�K\SRWKHVLV�

$QRWKHU�QRQH[SHULPHQWDO�UHVHDUFK�PHWKRG�LV�FDOOHG�FRUUHODWLRQDO�UHVHDUFK��$V
LQ� FDXVDO�FRPSDUDWLYH� UHVHDUFK�� WKHUH� LV� QR� PDQLSXODWLRQ� RI� DQ� LQGHSHQGHQW
YDULDEOH��,Q�FRUUHODWLRQDO�UHVHDUFK��WKH�UHVHDUFKHU�VWXGLHV�WKH�UHODWLRQVKLS�EHWZHHQ
RQH� RU� PRUH� TXDQWLWDWLYH� LQGHSHQGHQW� YDULDEOHV� DQG� RQH� RU� PRUH� TXDQWLWDWLYH
GHSHQGHQW� YDULDEOHV�� WKDW� LV�� LQ� FRUUHODWLRQDO� UHVHDUFK�� WKH� LQGHSHQGHQW� DQG
GHSHQGHQW�YDULDEOHV�DUH�TXDQWLWDWLYH��,Q�WKLV�FKDSWHU��ZH�LQWURGXFH�WKH�EDVLF�FDVH�LQ
ZKLFK� WKH� UHVHDUFKHU� KDV� D� VLQJOH� TXDQWLWDWLYH� LQGHSHQGHQW� YDULDEOH� DQG� D� VLQJOH
TXDQWLWDWLYH� GHSHQGHQW� YDULDEOH�� 7R� XQGHUVWDQG� KRZ� WR� VWXG\� WKH� UHODWLRQVKLS
EHWZHHQ� WZR� YDULDEOHV� ZKHQ� ERWK� YDULDEOHV� DUH� TXDQWLWDWLYH�� \RX� QHHG� D� EDVLF
XQGHUVWDQGLQJ�RI�D�FRUUHODWLRQ�FRHIILFLHQW�

��&RUUHODWLRQDO�UHVHDUFK�$�IRUP�RI�QRQH[SHULPHQWDO�UHVHDUFK�LQ�ZKLFK�WKH
SULPDU\�LQGHSHQGHQW�YDULDEOH�RI�LQWHUHVW�LV�D�TXDQWLWDWLYH�YDULDEOH

$�FRUUHODWLRQ�FRHIILFLHQW�LV�D�QXPHULFDO�LQGH[�WKDW�SURYLGHV�LQIRUPDWLRQ�DERXW
WKH� VWUHQJWK� DQG� GLUHFWLRQ� RI� WKH� UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV�� ,W� SURYLGHV
LQIRUPDWLRQ� DERXW� KRZ� WZR� YDULDEOHV� DUH� DVVRFLDWHG�� 0RUH� VSHFLILFDOO\�� D
FRUUHODWLRQ�FRHIILFLHQW�LV�D�QXPEHU�WKDW�FDQ�UDQJH�IURP�±��WR����ZLWK�]HUR�VWDQGLQJ
IRU� QR� FRUUHODWLRQ� DW� DOO�� ,I� WKH� QXPEHU� LV� JUHDWHU� WKDQ� ]HUR�� WKHUH� LV� D� SRVLWLYH
FRUUHODWLRQ�� ,I� WKH�QXPEHU� LV� OHVV� WKDQ� ]HUR�� WKHUH� LV� D�QHJDWLYH� FRUUHODWLRQ�� ,I� WKH
QXPEHU� LV� HTXDO� WR� ]HUR�� WKHQ� WKHUH� LV� QR� FRUUHODWLRQ� EHWZHHQ� WKH� WZR� YDULDEOHV
EHLQJ�FRUUHODWHG��,I�WKH�QXPEHU�LV�HTXDO�WR�������RU�HTXDO�WR�±������WKH�FRUUHODWLRQ
LV�FDOOHG�SHUIHFW��WKDW�LV��LW�LV�DV�VWURQJ�DV�SRVVLEOH��1RZ�ZH�SURYLGH�DQ�H[SODQDWLRQ
RI�WKHVH�SRLQWV�

��&RUUHODWLRQ�FRHIILFLHQW�$�QXPHULFDO�LQGH[�WKDW�LQGLFDWHV�WKH�VWUHQJWK�DQG
GLUHFWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV



$�SRVLWLYH�FRUUHODWLRQ�LV�SUHVHQW�ZKHQ�VFRUHV�RQ�WZR�YDULDEOHV�WHQG�WR�PRYH�LQ
WKH�VDPH�GLUHFWLRQ��)RU�H[DPSOH��FRQVLGHU�WKH�YDULDEOHV�KLJK�VFKRRO�*3$�DQG�6$7
�WKH�FROOHJH�HQWUDQFH�H[DP���+RZ�GR�\RX�WKLQN�VFRUHV�RQ�WKHVH� WZR�YDULDEOHV�DUH
UHODWHG"�$�GLDJUDP�RI� WKLV� UHODWLRQVKLS� LV� VKRZQ� LQ�)LJXUH����D��$V� \RX� FDQ� VHH
WKHUH��WKH�VWXGHQWV�ZKR�KDYH�KLJK�*3$V�WHQG�DOVR�WR�KDYH�KLJK�VFRUHV�RQ�WKH�6$7�
DQG�VWXGHQWV�ZKR�KDYH�ORZ�*3$V�WHQG�WR�KDYH�ORZ�VFRUHV�RQ�WKH�6$7��7KDW¶V� WKH
UHODWLRQVKLS��:H�VD\� WKDW�*3$�DQG�6$7�DUH�SRVLWLYHO\�FRUUHODWHG�EHFDXVH�DV�6$7
VFRUHV� LQFUHDVH��*3$V�DOVR� WHQG� WR� LQFUHDVH��L�H��� WKH�YDULDEOHV�PRYH� LQ� WKH�VDPH
GLUHFWLRQ��� %HFDXVH� RI� WKLV� UHODWLRQVKLS�� UHVHDUFKHUV� FDQ� XVH� 6$7� VFRUHV� WR� KHOS
PDNH�SUHGLFWLRQV�DERXW�*3$V��+RZHYHU��EHFDXVH�WKH�FRUUHODWLRQ�LV�QRW�SHUIHFW��WKH
SUHGLFWLRQ�LV�DOVR�IDU�IURP�SHUIHFW�

��3RVLWLYH�FRUUHODWLRQ�7KH�VLWXDWLRQ�ZKHQ�VFRUHV�RQ�WZR�YDULDEOHV�WHQG�WR
PRYH�LQ�WKH�VDPH�GLUHFWLRQ

$�QHJDWLYH� FRUUHODWLRQ� LV� SUHVHQW�ZKHQ� WKH� VFRUHV� RQ� WZR� YDULDEOHV� WHQG� WR
PRYH�LQ�RSSRVLWH�GLUHFWLRQV²DV�RQH�YDULDEOH�JRHV�XS��WKH�RWKHU�WHQGV�WR�JR�GRZQ�
DQG�YLFH�YHUVD��)RU�H[DPSOH��FRQVLGHU�WKHVH�YDULDEOHV��DPRXQW�RI�GDLO\�FKROHVWHURO
FRQVXPSWLRQ�DQG�OLIH�H[SHFWDQF\��+RZ�GR�\RX�WKLQN�WKHVH�YDULDEOHV�DUH�UHODWHG"�'R
\RX�WKLQN�WKH�UHODWLRQVKLS�PHHWV�WKH�GHILQLWLRQ�RI�D�QHJDWLYH�FRUUHODWLRQ"�$�GLDJUDP
RI�WKLV�UHODWLRQVKLS�LV�VKRZQ�LQ�)LJXUH����E��<RX�FDQ�VHH� WKDW�DV�GDLO\�FKROHVWHURO
FRQVXPSWLRQ� LQFUHDVHV�� OLIH� H[SHFWDQF\� WHQGV� WR� GHFUHDVH�� 7KDW� LV�� WKH� YDULDEOHV
PRYH� LQ� RSSRVLWH� GLUHFWLRQV�� 7KHUHIRUH�� UHVHDUFKHUV� FDQ� XVH� LQIRUPDWLRQ� DERXW
FKROHVWHURO� FRQVXPSWLRQ� WR� KHOS� SUHGLFW� OLIH� H[SHFWDQFLHV�� +LJK� YDOXHV� RQ� RQH
YDULDEOH�DUH�DVVRFLDWHG�ZLWK�ORZ�YDOXHV�RQ�WKH�RWKHU�YDULDEOH��DQG�YLFH�YHUVD��7KLV
LV�ZKDW�ZH�PHDQ�E\�D�QHJDWLYH�FRUUHODWLRQ�

��1HJDWLYH�FRUUHODWLRQ�7KH�VLWXDWLRQ�ZKHQ�VFRUHV�RQ�WZR�YDULDEOHV�WHQG�WR
PRYH�LQ�RSSRVLWH�GLUHFWLRQV

$W� WKLV� SRLQW�� \RX� NQRZ� WKH� GLIIHUHQFH� EHWZHHQ� D� SRVLWLYH� FRUUHODWLRQ� �WKH
YDULDEOHV� PRYH� LQ� WKH� VDPH� GLUHFWLRQ�� DQG� D� QHJDWLYH� FRUUHODWLRQ� �WKH� YDULDEOHV
PRYH� LQ� RSSRVLWH� GLUHFWLRQV��� 7KHUH� LV�� KRZHYHU�� RQH� PRUH� SRLQW� DERXW� D
FRUUHODWLRQ� FRHIILFLHQW� WKDW� \RX� QHHG� WR� NQRZ�� ,Q� DGGLWLRQ� WR� WKH� GLUHFWLRQ� RI� D
FRUUHODWLRQ� �SRVLWLYH� RU� QHJDWLYH��� ZH� DUH� LQWHUHVWHG� LQ� WKH� VWUHQJWK� RI� WKH
FRUUHODWLRQ�� %\� VWUHQJWK�� ZH�PHDQ� ³+RZ� VWURQJ� LV� WKH� UHODWLRQVKLS"´�5HPHPEHU
WKLV� SRLQW�� =HUR�PHDQV� QR� UHODWLRQVKLS� DW� DOO�� DQG������� DQG� ±�����PHDQ� WKDW� WKH
UHODWLRQVKLS�LV�DV�VWURQJ�DV�SRVVLEOH�

7KH� KLJKHU� WKH� QXPEHU� �WKH� QHJDWLYH� VLJQ� LV� LJQRUHG��� WKH� VWURQJHU� WKH
UHODWLRQVKLS� LV�� )RU� H[DPSOH�� LI� \RX� KDYH� D� FRUUHODWLRQ� RI� ±���� WKHQ� LJQRUH� WKH
QHJDWLYH� VLJQ� DQG� \RX� KDYH� ���� ZKLFK� VKRZV� WKH� VWUHQJWK� RI� WKH� FRUUHODWLRQ�
7KHUHIRUH��D�FRUUHODWLRQ�RI�±���DQG�D�FRUUHODWLRQ�RI�����KDYH�WKH�VDPH�VWUHQJWK��7KH
RQO\� GLIIHUHQFH� EHWZHHQ� WKH� WZR� LV� WKH� GLUHFWLRQ� RI� WKH� UHODWLRQVKLS� �±��� LV� D
QHJDWLYH�FRUUHODWLRQ��DQG�����LV�D�SRVLWLYH�FRUUHODWLRQ���:KHQ�\RX�DUH�LQWHUHVWHG�LQ



LWV� VWUHQJWK�� LW� GRHV� QRW�PDWWHU�ZKHWKHU� D� FRUUHODWLRQ� LV� SRVLWLYH� RU� QHJDWLYH��7KH
VWUHQJWK� RI� D� FRUUHODWLRQ� RSHUDWHV� OLNH� WKLV�� =HUR� VWDQGV� IRU� QR� FRUUHODWLRQ� DW� DOO
�L�H���LW�LV�WKH�VPDOOHVW�SRVVLEOH�VWUHQJWK���DQG�������DQG�±�����DUH�ERWK�DV�VWURQJ�DV
D�FRUUHODWLRQ�FDQ�HYHU�EH��7KDW�LV��������DQG�±�����DUH�HTXDOO\�VWURQJ��LQ�UHVHDUFK
MDUJRQ�� ZH� VD\� WKDW� ERWK� ������ DQG� ±����� DUH� SHUIHFW� FRUUHODWLRQV�� 7KH� RQO\
GLIIHUHQFH� EHWZHHQ� ������ DQG� ±����� LV� WKH� GLUHFWLRQ� RI� WKH� UHODWLRQVKLS�� QRW� WKH
VWUHQJWK�� <RX� FDQ� VHH� VRPH� GLDJUDPV� RI� FRUUHODWLRQV� RI� GLIIHUHQW� VWUHQJWKV� DQG
GLUHFWLRQV�LQ�)LJXUH�����

�),*85(�������([DPSOHV�RI�SRVLWLYH�DQG�QHJDWLYH�FRUUHODWLRQ

,I� \RX� IRXQG� WKH� SUHYLRXV� SDUDJUDSK� D� OLWWOH� KDUG� WR� XQGHUVWDQG�� KHUH� LV� D
GLIIHUHQW�ZD\�WR�GHWHUPLQH�KRZ�VWURQJ�D�FRUUHODWLRQ�LV��6LPSO\�FKHFN�WR�VHH�KRZ�IDU
DZD\�WKH�QXPEHU�LV�IURP�]HUR��7KH�IDUWKHU�WKH�QXPEHU�LV�IURP�]HUR��WKH�VWURQJHU�WKH
FRUUHODWLRQ�LV��$�FRUUHODWLRQ�RI����LV�VWURQJHU�WKDQ�D�FRUUHODWLRQ�RI����EHFDXVH�LW�LV
IDUWKHU�IURP�]HUR��/LNHZLVH��D�FRUUHODWLRQ�RI�±���LV�VWURQJHU�WKDQ�D�FRUUHODWLRQ�RI�±��
EHFDXVH�LW��WRR��LV�IDUWKHU�IURP�]HUR��1RZ�IRU�D�WULFN�TXHVWLRQ��:KLFK�FRUUHODWLRQ�GR
\RX�EHOLHYH�LV�VWURQJHU��±����RU�����"�7KH�DQVZHU�LV�±����EHFDXVH�±����LV�IDUWKHU
IURP�]HUR�WKDQ��������,�WKLQN�\RX¶YH�JRW�LW��

7KLV� LV� RQO\� D� EULHI� LQWURGXFWLRQ� WR� WKH� LGHD� RI� D� FRUUHODWLRQ� FRHIILFLHQW��<RX
ZLOO�EHFRPH�PRUH�FRPIRUWDEOH�ZLWK�WKH�FRQFHSW�WKH�PRUH�\RX�XVH�LW��DQG�ZH�ZLOO�EH
XVLQJ� WKH�FRQFHSW�RIWHQ� LQ� ODWHU� FKDSWHUV��)RU�QRZ��\RX� VKRXOG�FOHDUO\�XQGHUVWDQG
WKDW�\RX�FDQ�KDYH�SRVLWLYH�DQG�QHJDWLYH�FRUUHODWLRQV�RU�QR�FRUUHODWLRQ�DW�DOO�DQG�WKDW
VRPH� FRUUHODWLRQV� DUH� VWURQJHU� WKDQ� RWKHU� FRUUHODWLRQV�� <RX� KDYH� OHDUQHG� PRUH
DOUHDG\�WKDQ�\RX�WKRXJKW�\RX�ZRXOG��KDYHQ¶W�\RX"

,Q� WKH�PRVW� EDVLF� IRUP�RI� FRUUHODWLRQDO� UHVHDUFK�� WKH� UHVHDUFKHU� H[DPLQHV� WKH
FRUUHODWLRQ� EHWZHHQ� WZR� TXDQWLWDWLYH� YDULDEOHV�� )RU� H[DPSOH�� SHUKDSV� DQ
HGXFDWLRQDO� SV\FKRORJLVW� KDV� D� WKHRU\� VWDWLQJ� WKDW� JOREDO� VHOI�HVWHHP� �ZKLFK� LV� D
UHODWLYHO\� VWDEOH� SHUVRQDOLW\� WUDLW�� VKRXOG� SUHGLFW� FODVV� SHUIRUPDQFH�� 0RUH
VSHFLILFDOO\��WKH�HGXFDWLRQDO�SV\FKRORJLVW�SUHGLFWV�WKDW�VWXGHQWV�HQWHULQJ�D�SDUWLFXODU
KLVWRU\�FODVV�ZLWK�KLJK�VHOI�HVWHHP�ZLOO�WHQG�WR�GR�EHWWHU�WKDQ�VWXGHQWV�HQWHULQJ�WKH



FODVV�ZLWK�ORZ�VHOI�HVWHHP��DQG�YLFH�YHUVD��7R�WHVW�WKLV�K\SRWKHVLV��WKH�UHVHDUFKHU
FRXOG� FROOHFW� WKH� UHOHYDQW� GDWD� DQG� FDOFXODWH� WKH� FRUUHODWLRQ� EHWZHHQ� VHOI�HVWHHP
DQG�SHUIRUPDQFH�RQ�WKH�FODVV�H[DPLQDWLRQV��:H�ZRXOG�H[SHFW�D�SRVLWLYH�FRUUHODWLRQ
�L�H���WKH�KLJKHU�WKH�VHOI�HVWHHP��WKH�KLJKHU�WKH�SHUIRUPDQFH�RQ�WKH�KLVWRU\�H[DP���,Q
RXU�K\SRWKHWLFDO�H[DPSOH��OHW¶V�VD\�WKDW�WKH�FRUUHODWLRQ�ZDV������7KDW�LV�D�PHGLXP�
VL]H� SRVLWLYH� FRUUHODWLRQ�� DQG� LW� ZRXOG� VXSSRUW� RXU� K\SRWKHVLV� RI� D� SRVLWLYH
FRUUHODWLRQ�

�),*85(�������&RUUHODWLRQV�RI�GLIIHUHQW�VWUHQJWKV�DQG�GLUHFWLRQV



,Q�RXU�H[DPSOH�RI�VHOI�HVWHHP�DQG�FODVV�SHUIRUPDQFH��WKH�UHVHDUFKHU�ZRXOG�EH
DEOH�WR�VD\�YLUWXDOO\�QRWKLQJ�DERXW�FDXVH�DQG�HIIHFW�EDVHG�RQ�WKH�FRUUHODWLRQ�RI����
$ERXW�DOO�WKDW�RQH�FDQ�FODLP�LV�WKDW�WKHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�VHOI�HVWHHP�DQG
FODVV� SHUIRUPDQFH�� 7KH� KLJKHU� WKH� VHOI�HVWHHP�� WKH� EHWWHU� WKH� FODVV� SHUIRUPDQFH�
7KLV� LV� WKH� VDPH� SUREOHP� WKDW� ZH� H[SHULHQFHG� LQ� WKH� EDVLF� FDVH� RI� FDXVDO�
FRPSDUDWLYH� UHVHDUFK� LQ� ZKLFK� WKHUH� LV� RQH� LQGHSHQGHQW� YDULDEOH� DQG� RQH
GHSHQGHQW�YDULDEOH�

7KHUH� DUH� WKUHH� NH\� SUREOHPV� ZLWK� WKH� EDVLF� �WZR�YDULDEOH�� FDVHV� RI� ERWK
FRUUHODWLRQDO�DQG�FDXVDO�FRPSDUDWLYH�UHVHDUFK�GHVFULEHG�LQ�WKLV�FKDSWHU�

����7KHUH�LV�QR�PDQLSXODWLRQ�RI�WKH�LQGHSHQGHQW�YDULDEOH�E\�WKH�UHVHDUFKHU�

����,W�FDQ�EH�GLIILFXOW�WR�GHWHUPLQH�WKH�WHPSRUDO�RUGHU�RI�WKH�YDULDEOHV��L�H��
ZKLFK�RI�WKH�YDULDEOHV�RFFXUV�ILUVW��

����7KHUH�DUH�XVXDOO\�WRR�PDQ\�RWKHU�UHDVRQV�ZK\�ZH�PLJKW�REVHUYH�WKH
UHODWLRQVKLS��L�H���WKH�FRUUHODWLRQ�RU�WKH�GLIIHUHQFH�EHWZHHQ�JURXSV���WKDW�LV�
WKHUH�DUH�XVXDOO\�WRR�PDQ\�H[WUDQHRXV�YDULDEOHV�WKDW�DUH�OHIW�XQH[SODLQHG�DQG
DFW�DV�ULYDO�RU�DOWHUQDWLYH�H[SODQDWLRQV�IRU�ZK\�VRPHWKLQJ�RFFXUV�LQ�WKH
ZRUOG�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

5HPHPEHU� WKLV� LPSRUWDQW� SRLQW�� <RX� PXVW� QRW� MXPS� WR� D� FRQFOXVLRQ� DERXW
FDXVH�DQG�HIIHFW�LQ�D�QRQH[SHULPHQWDO�UHVHDUFK�VWXG\�LQ�ZKLFK�WKH�UHVHDUFKHU�KDV
H[DPLQHG� RQO\� WKH� UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV�� VXFK� DV� H[DPLQLQJ� D
FRUUHODWLRQ�FRHIILFLHQW�LQ�FRUUHODWLRQDO�UHVHDUFK�RU�FRPSDULQJ�WZR�JURXS�PHDQV�LQ
FDXVDO�FRPSDUDWLYH� UHVHDUFK�� 6LPSO\� ILQGLQJ� D� UHODWLRQVKLS� EHWZHHQ� VHOI�HVWHHP
DQG� FODVV� SHUIRUPDQFH� �FRUUHODWLRQDO� UHVHDUFK�� RU� EHWZHHQ� JHQGHU� DQG� FODVV
SHUIRUPDQFH� �FDXVDO�FRPSDUDWLYH� UHVHDUFK�� LV� QRW� VXIILFLHQW� HYLGHQFH� IRU
FRQFOXGLQJ� WKDW� WKH� UHODWLRQVKLS� LV� FDXVDO�� 7KHUHIRUH�� \RX� PXVW� QRW� MXPS� WR� WKDW
FRQFOXVLRQ��:H�ZLOO�GLVFXVV�WKH�LVVXH�RI�FDXVH�DQG�HIIHFW�PRUH�LQ�ODWHU�FKDSWHUV��:H
ZLOO� DOVR� VKRZ� KRZ� \RX� FDQ� REWDLQ� VRPH� HYLGHQFH� RI� FDXVH� DQG� HIIHFW� XVLQJ
QRQH[SHULPHQWDO� UHVHDUFK� E\� LPSURYLQJ� RQ� WKH� EDVLF� FDVHV� RI� FRUUHODWLRQDO� DQG
FDXVDO�FRPSDUDWLYH� UHVHDUFK� GLVFXVVHG� LQ� WKLV� FKDSWHU��:H� FRQWHQG� WKDW� WKH� WHUPV
FRUUHODWLRQDO�DQG�FDXVDO�FRPSDUDWLYH�DUH�QRW�YHU\�XVHIXO�IRU�HGXFDWLRQDO�UHVHDUFK
�5�� %�� -RKQVRQ�� ������� ZH� WKLQN� LW� LV� EHWWHU� WR� IRFXV� RQ� ZHDN� DQG� VWURQJHU
QRQH[SHULPHQWDO� UHVHDUFK� DQG� WR� OHDUQ� ZKDW� IDFWRUV� PDNH� QRQH[SHULPHQWDO
TXDQWLWDWLYH� UHVHDUFK�ZHDN�RU� VWURQJHU�ZLWK� UHJDUG� WR� FDXVH� DQG� HIIHFW�� )RU� QRZ�
PDNH� VXUH� \RX� UHPHPEHU� WKLV� NH\� SRLQW�� ([SHULPHQWDO� UHVHDUFK� ZLWK� UDQGRP
DVVLJQPHQW� LV� WKH�VLQJOH�EHVW�UHVHDUFK�PHWKRG� IRU�GHWHUPLQLQJ�FDXVH�DQG�HIIHFW
UHODWLRQVKLSV�� DQG� QRQH[SHULPHQWDO� UHVHDUFK� PHWKRGV� �L�H��� FRUUHODWLRQDO� DQG
FDXVDO�FRPSDUDWLYH��DUH�PXFK�ZHDNHU�

�������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�FDWHJRULFDO
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YDULDEOH�DQG�D�TXDQWLWDWLYH�YDULDEOH"�7KLQN�RI
DQ�H[DPSOH�RI�HDFK�

�������:K\�LV�H[SHULPHQWDO�UHVHDUFK�PRUH�HIIHFWLYH
WKDQ�QRQH[SHULPHQWDO�UHVHDUFK�ZKHQ�D
UHVHDUFKHU�LV�LQWHUHVWHG�LQ�VWXG\LQJ�FDXVH�DQG
HIIHFW"

�������:KDW�DUH�WKH�WKUHH�PDLQ�SUREOHPV�ZLWK�WKH
VLPSOH�FDVHV�RI�FDXVDO�FRPSDUDWLYH�DQG
FRUUHODWLRQDO�UHVHDUFK"

�������:KDW�DUH�WZR�YDULDEOHV�WKDW�\RX�EHOLHYH�DUH
SRVLWLYHO\�FRUUHODWHG"

�������:KDW�DUH�WZR�YDULDEOHV�WKDW�\RX�EHOLHYH�DUH
QHJDWLYHO\�FRUUHODWHG"

48$/,7$7,9(�5(6($5&+�0(7+2'6
$V�\RX�VDZ�LQ�7DEOH������TXDOLWDWLYH�UHVHDUFK�LV�EDVHG�RQ�TXDOLWDWLYH�GDWD�DQG�WHQGV
WR�IROORZ�WKH�H[SORUDWRU\�PRGH�RI� WKH�VFLHQWLILF�PHWKRG�� ,Q� WKLV�ERRN��ZH�ZLOO�EH
GLVFXVVLQJ�VL[�VSHFLILF�W\SHV�RI�TXDOLWDWLYH�UHVHDUFK��SKHQRPHQRORJ\��HWKQRJUDSK\�
QDUUDWLYH� LQTXLU\�� FDVH� VWXG\� UHVHDUFK�� JURXQGHG� WKHRU\�� DQG� KLVWRULFDO� UHVHDUFK�
&KDSWHUV� ���� ���� DQG� ��� SURYLGH� GHWDLOHG� GLVFXVVLRQV� RI� WKHVH� ILYH� NLQGV� RI
UHVHDUFK��QRZ�ZH�LQWURGXFH�\RX�WR�WKH�NH\�LGHDV�RI�HDFK�RI�WKHVH�UHVHDUFK�PHWKRGV
WR�IRUHVKDGRZ�RXU�ODWHU��LQ�GHSWK�GLVFXVVLRQV�RI�WKHVH�PHWKRGV�

3KHQRPHQRORJ\
7KH� ILUVW� PDMRU� W\SH� RI� TXDOLWDWLYH� UHVHDUFK� LV� SKHQRPHQRORJ\�� :KHQ

FRQGXFWLQJ�D�SKHQRPHQRORJLFDO�UHVHDUFK�VWXG\��D�UHVHDUFKHU�DWWHPSWV�WR�XQGHUVWDQG
KRZ�RQH�RU�PRUH� LQGLYLGXDOV�H[SHULHQFH� D� SKHQRPHQRQ��)RU� H[DPSOH�� \RX�PLJKW
FRQGXFW�D�SKHQRPHQRORJLFDO� VWXG\�RI�HOHPHQWDU\�VFKRRO� VWXGHQWV�ZKR�KDYH� ORVW�D
SDUHQW�WR�GHVFULEH�WKH�HOHPHQWV�DQG�ZKROH�RI�WKH�H[SHULHQFH�RI�SDUHQWDO�ORVV��7KH
NH\�HOHPHQW�RI�D�SKHQRPHQRORJLFDO�UHVHDUFK�VWXG\�LV�WKDW�WKH�UHVHDUFKHU�DWWHPSWV�WR
XQGHUVWDQG� KRZ� SHRSOH� H[SHULHQFH� D� SKHQRPHQRQ� IURP� HDFK� SHUVRQ¶V� RZQ
SHUVSHFWLYH��<RXU�JRDO�LV�WR�HQWHU�WKH�LQQHU�ZRUOG�RI�HDFK�SDUWLFLSDQW�WR�XQGHUVWDQG
KLV�RU�KHU�SHUVSHFWLYH�DQG�H[SHULHQFH��3KHQRPHQRORJLFDO�UHVHDUFKHUV�KDYH�VWXGLHG
PDQ\� SKHQRPHQD�� VXFK� DV� ZKDW� LW� LV� OLNH� WR� SDUWLFLSDWH� LQ� D� UHOLJLRXV� JURXS� WKDW
KDQGOHV� VHUSHQWV� DV� SDUW� RI� WKH� ZRUVKLS� VHUYLFH� �:LOOLDPVRQ�� 3ROOLR�� 	� +RRG�
�������WKH�H[SHULHQFH�RI�JULHI��%DLOOH\��'XQKDP��	�.UDO���������WKH�H[SHULHQFH�RI
OHDUQLQJ�WR�EHFRPH�D�PXVLF�WHDFKHU��'HYULHV���������WKH�H[SHULHQFH�RI�OLYLQJ�ZLWK
DOFRKROLVP� �%�� $�� 6PLWK�� ������� WKH� PHDQLQJ� RI� DJH� IRU� \RXQJ� DQG� ROG� DGXOWV
�$GDPV�3ULFH�� +HQOH\�� 	� +DOH�� ������� DQG� HOHPHQWDU\� VFKRRO� FKLOGUHQ¶V
H[SHULHQFHV�RI�VWUHVV��2PL]R�	�2PL]R��������



��3KHQRPHQRORJ\�$�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�LQ�ZKLFK�WKH�UHVHDUFKHU
DWWHPSWV�WR�XQGHUVWDQG�KRZ�RQH�RU�PRUH�LQGLYLGXDOV�H[SHULHQFH�D�SDUWLFXODU
SKHQRPHQRQ

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

(WKQRJUDSK\
(WKQRJUDSK\� LV� RQH�RI� WKH�PRVW� SRSXODU� DSSURDFKHV� WR�TXDOLWDWLYH� UHVHDUFK� LQ

HGXFDWLRQ��7KH�ZRUG�HWKQRJUDSK\� OLWHUDOO\�PHDQV� ³ZULWLQJ� DERXW� SHRSOH�´�:KHQ
HWKQRJUDSKHUV�FRQGXFW� UHVHDUFK�� WKH\�DUH� LQWHUHVWHG� LQ�GHVFULELQJ� WKH�FXOWXUH� RI� D
JURXS�RI�SHRSOH�DQG�OHDUQLQJ�ZKDW�LW�LV�OLNH�WR�EH�D�PHPEHU�RI�WKH�JURXS�IURP�WKH
SHUVSHFWLYH� RI� WKH� PHPEHUV� RI� WKDW� JURXS�� 7KDW� LV�� WKH\� DUH� LQWHUHVWHG� LQ
GRFXPHQWLQJ� WKLQJV� OLNH� WKH� VKDUHG� DWWLWXGHV�� YDOXHV�� QRUPV�� SUDFWLFHV�� SDWWHUQV� RI
LQWHUDFWLRQ�� SHUVSHFWLYHV�� DQG� ODQJXDJH� RI� D� JURXS� RI� SHRSOH�� 7KH\� PD\� DOVR� EH
LQWHUHVWHG� LQ� WKH�PDWHULDO� WKLQJV� WKDW� WKH� JURXS�PHPEHUV� SURGXFH� RU� XVH�� VXFK� DV
FORWKLQJ� VW\OHV�� HWKQLF� IRRGV�� DQG� DUFKLWHFWXUDO� VW\OHV�� (WKQRJUDSKHUV� WU\� WR� XVH
KROLVWLF� GHVFULSWLRQV�� WKDW� LV�� WKH\� WU\� WR� GHVFULEH� KRZ� WKH� PHPEHUV� RI� D� JURXS
LQWHUDFW� DQG� KRZ� WKH\� FRPH� WRJHWKHU� WR�PDNH� XS� WKH� JURXS� DV� D� ZKROH�� ,Q� RWKHU
ZRUGV�� WKH� JURXS� LV� PRUH� WKDQ� MXVW� WKH� VXP� RI� LWV� SDUWV�� -XVW� D� IHZ� RI� WKH�PDQ\
JURXSV� WKDW� HWKQRJUDSKHUV� KDYH� VWXGLHG� UHFHQWO\� DUH� SDQKDQGOHUV� OLYLQJ� RQ� WKH
VWUHHWV�RI�:DVKLQJWRQ��'�&���/DQNHQDX���������PHQ�ZLWK�PHQWDO�UHWDUGDWLRQ�OLYLQJ�LQ
D� JURXS� KRPH� �&URIW�� ������� EODFN� DQG� ZKLWH� VRURULW\� PHPEHUV� �%HUNRZLW]� 	
3DGDYLF���������VWXGHQWV�LQ�D�86�KLVWRU\�FODVV��.HHG\��)OHPLQJ��*HQWU\��	�:KHDW�
�������VL[WK�JUDGH�VWXGHQWV�LQ�VFLHQFH�FODVVHV��6RORW�	�$UOXNH���������NDUDRNH�EDU
SHUIRUPHUV��'UHZ���������3XHUWR�5LFDQ�$PHULFDQ�SDUHQWV�ZLWK�FKLOGUHQ�LQ�VSHFLDO
HGXFDWLRQ� �+DUU\�� ������� DQG� D� JURXS� RI� 1DWLYH� $PHULFDQ� VWXGHQWV� ZKR� KDG
GURSSHG�RXW�RI�VFKRRO��'H\KOH���������,Q�DOO�RI�WKHVH�VWXGLHV��WKH�UHVHDUFKHUV�ZHUH
LQWHUHVWHG�LQ�GHVFULELQJ�VRPH�DVSHFW�RI�WKH�FXOWXUH�RI�WKH�SHRSOH�LQ�WKH�VWXG\�

��(WKQRJUDSK\�$�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�IRFXVHG�RQ�GLVFRYHULQJ�DQG
GHVFULELQJ�WKH�FXOWXUH�RI�D�JURXS�RI�SHRSOH

��&XOWXUH�7KH�VKDUHG�DWWLWXGHV��YDOXHV��QRUPV��SUDFWLFHV��SDWWHUQV�RI
LQWHUDFWLRQ��SHUVSHFWLYHV��DQG�ODQJXDJH�RI�D�JURXS�RI�SHRSOH

��+ROLVWLF�GHVFULSWLRQ�7KH�GHVFULSWLRQ�RI�KRZ�PHPEHUV�RI�D�JURXS�LQWHUDFW�DQG
KRZ�WKH\�FRPH�WRJHWKHU�WR�PDNH�XS�WKH�JURXS�DV�D�ZKROH

1DUUDWLYH�,QTXLU\
,Q�QDUUDWLYH� LQTXLU\�� SDUWLFLSDQWV� WHOO� VWRULHV� RI� WKHLU� OLYHG� H[SHULHQFHV�� DQG



WKHQ�� LQ� UHODWLRQDO� ZD\V�� UHVHDUFKHUV� LQTXLUH� LQWR� DQG� DERXW� WKH� H[SHULHQFHV�
5HVHDUFKHUV�PLJKW�VKDUH�ZLWK�D�SDUWLFLSDQW�VLPLODU�H[SHULHQFHV�WKDW�WKH\�KDYH�KDG�
,Q� FRQWUDVW� WR� SKHQRPHQRORJ\�� ZKHUH� WKH� JRDO� LV� WR� GHVFULEH� WKH� HVVHQFH� RI� WKH
H[SHULHQFH�RI�D�SKHQRPHQRQ��WKH�QDUUDWLYH�UHVHDUFKHU�ZRUNV�ZLWK�WKH�SDUWLFLSDQW�WR
GLVFHUQ� WKH� LQGLYLGXDO� VWRULHG� H[SHULHQFH� WKURXJK� QDUUDWLYH� WKUHDGV�� QDUUDWLYH
WHQVLRQV��SORWOLQHV��QDUUDWLYH�FRKHUHQFHV��DQG�RU�VLOHQFHV�DQG�FRPSRVHV�D�QDUUDWLYH
DFFRXQW�RI�WKH�SDUWLFLSDQW¶V�VWRULHG�H[SHULHQFH��1DUUDWLYH�LQTXLUHUV�DOVR�LQTXLUH�LQWR
WKH� LQVWLWXWLRQDO�� VRFLDO�� FXOWXUDO�� IDPLOLDO�� DQG� OLQJXLVWLF� QDUUDWLYHV� LQ�ZKLFK� HDFK
SDUWLFLSDQW¶V�H[SHULHQFHV�DUH�HPEHGGHG�DQG�WKDW�VKDSH�WKH�LQGLYLGXDO¶V�H[SHULHQFH�
0XOWLSOH� GDWD� VRXUFHV�� VXFK� DV� FRQYHUVDWLRQV�� ILHOG� QRWHV�� PHPRU\� ER[� LWHPV�
SKRWRJUDSKV��DQG�ILHOG�QRWHV��DPRQJ�RWKHUV��DUH�DOVR�XVHG�

��1DUUDWLYH�LQTXLU\�7KH�VWXG\�RI�OLIH�H[SHULHQFHV�DV�D�VWRULHG�SKHQRPHQRQ�

:KDW�DOO�QDUUDWLYH�LQTXLU\�KDV�LQ�FRPPRQ�LV�WKDW�LW�LV�WKH�VWXG\�RI�H[SHULHQFH�DV
D�VWRULHG�SKHQRPHQRQ��)RU�H[DPSOH��LQ�&RPSRVLQJ�/LYHV�LQ�7UDQVLWLRQ��&ODQGLQLQ�
6WHHYHV��	�&DLQH�� ������� QDUUDWLYH� LQTXLUHUV� LQTXLUHG� LQWR� WKH� VWRULHV� WROG� E\� ��
\RXWK�ZKR�KDG�OHIW�VFKRRO�EHIRUH�JUDGXDWLQJ��7KH�UHVHDUFKHUV�DWWHQGHG�WR�KRZ�WKH
VWRULHV�HDFK�\RXWK�WROG�RI�WKHLU�H[SHULHQFH�RI�OHDYLQJ�VFKRRO�HDUO\�VKDSHG�WKHLU�OLIH
DQG� KRZ� WKHLU� OLIH� VKDSHG� WKHLU� OHDYLQJ� RI� VFKRRO�� )RU� H[DPSOH�� LQ� ³$�1DUUDWLYH
$FFRXQW�RI�6N\H´��/HVVDUG�LQ�&ODQGLQLQ�HW�DO���LV�D�FRPSHOOLQJ�DFFRXQW�RI�D�\RXQJ
ZRPDQ¶V� H[SHULHQFHV� RI� FRPSRVLQJ� KHU� OLIH� LQ� GLIIHUHQW� SODFHV�� WLPHV�� DQG
UHODWLRQVKLSV�DV�VKH�DWWHQGV�VFKRRO�DQG�OHDYHV�VFKRRO�HDUO\�

&DVH�6WXG\�5HVHDUFK
,Q�FDVH�VWXG\�UHVHDUFK�� WKH� UHVHDUFKHU�SURYLGHV�D�GHWDLOHG�DFFRXQW�RI�RQH�RU

PRUH� FDVHV�� $OWKRXJK� FDVH� VWXG\� UHVHDUFK� XVXDOO\� UHOLHV� RQ� TXDOLWDWLYH� GDWD�
PXOWLSOH� PHWKRGV� DUH� DOVR� XVHG�� &DVH� VWXG\� UHVHDUFK� FDQ� EH� XVHG� WR� DGGUHVV
H[SORUDWRU\�� GHVFULSWLYH�� DQG� H[SODQDWRU\� UHVHDUFK� TXHVWLRQV� �6WDNH�� ������ <LQ�
�������&DVH�VWXG\�UHVHDUFK�LV�PRUH�YDULHG�WKDQ�SKHQRPHQRORJ\��ZKLFK�IRFXVHV�RQ
LQGLYLGXDOV¶�H[SHULHQFH�RI�VRPH�SKHQRPHQRQ��HWKQRJUDSK\��ZKLFK�IRFXVHV�RQ�VRPH
DVSHFW�RI�FXOWXUH��RU�JURXQGHG�WKHRU\��ZKLFK�IRFXVHV�RQ�GHYHORSLQJ�DQ�H[SODQDWRU\
WKHRU\��:KDW� DOO� SXUH� FDVH� VWXGLHV�KDYH� LQ� FRPPRQ��KRZHYHU�� LV� D� IRFXV�RQ� HDFK
FDVH�DV�D�ZKROH�XQLW��L�H���FDVH�VWXG\�UHVHDUFK�LV�KROLVWLF��DV�LW�H[LVWV�LQ�LWV�UHDO�OLIH
FRQWH[W�� )RU� H[DPSOH�� LQ� ³%XLOGLQJ� /HDUQLQJ� 2UJDQL]DWLRQV� LQ� (QJLQHHULQJ
&XOWXUHV�´� )RUG�� 9R\HU�� DQG� :LONLQVRQ� ������� H[DPLQHG� KRZ� D� VSHFLILF
RUJDQL]DWLRQ� FKDQJHG�RYHU� WLPH� LQWR� D� OHDUQLQJ�RUJDQL]DWLRQ��$OWKRXJK� WKHLU� IRFXV
ZDV� RQ� D� VLQJOH� FDVH�� RWKHU� RUJDQL]DWLRQV� PLJKW� EH� DEOH� WR� OHDUQ� IURP� WKH
H[SHULHQFHV� RI� )RUG� DQG� FROOHDJXHV�� ,Q� ³7KH� -RXUQH\� 7KURXJK�&ROOHJH� RI� 6HYHQ
*LIWHG� )HPDOHV�� ,QIOXHQFHV� RQ� 7KHLU� &DUHHU� 5HODWHG� 'HFLVLRQV�´� *UDQW� ������
H[DPLQHG�LQ�GHWDLO�WKH�SHUVRQDO��VRFLDO��DQG�DFDGHPLF�H[SHULHQFHV�RI�VHYHQ�SHRSOH�
$IWHU� DQDO\]LQJ� HDFK� FDVH�� *UDQW� PDGH� FURVV�FDVH� FRPSDULVRQV�� VHDUFKLQJ� IRU
VLPLODULWLHV�DQG�GLIIHUHQFHV�



��&DVH�VWXG\�UHVHDUFK�$�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�WKDW�IRFXVHV�RQ
SURYLGLQJ�D�GHWDLOHG�DFFRXQW�RI�RQH�RU�PRUH�FDVHV

*URXQGHG�7KHRU\
*URXQGHG� WKHRU\� UHVHDUFK� LV� D� TXDOLWDWLYH� DSSURDFK� WR� JHQHUDWLQJ� DQG

GHYHORSLQJ�D�WKHRU\�IURP�WKH�GDWD�\RX�FROOHFW�LQ�D�UHVHDUFK�VWXG\��<RX�ZLOO�UHFDOO
IURP�&KDSWHU���WKDW�D�WKHRU\�LV�DQ�H[SODQDWLRQ�RI�KRZ�DQG�ZK\�VRPHWKLQJ�RSHUDWHV�
:H�ZLOO� H[SODLQ� WKH�GHWDLOV�RI�JURXQGHG� WKHRU\� LQ�&KDSWHU���� IRU�QRZ�� UHPHPEHU
WKDW� JURXQGHG� WKHRU\� LV� DQ� LQGXFWLYH� DSSURDFK� IRU� JHQHUDWLQJ� WKHRULHV� RU
H[SODQDWLRQV�� 2QH� H[DPSOH� RI� D� JURXQGHG� WKHRU\� LV� IRXQG� LQ� ³$Q� $QDO\VLV� RI
)DFWRUV�7KDW�&RQWULEXWH� WR�3DUHQW�6FKRRO�&RQIOLFW� LQ�6SHFLDO�(GXFDWLRQ´�E\�/DNH
DQG�%LOOLQJVOH\���������/DNH�DQG�%LOOLQJVOH\�ZDQWHG�WR�H[SODLQ�ZK\�FRQIOLFW�WDNHV
SODFH� EHWZHHQ� WKH� SDUHQWV� RI� FKLOGUHQ� LQ� VSHFLDO� HGXFDWLRQ� SURJUDPV� DQG� VFKRRO
RIILFLDOV��7KH� UHVHDUFKHUV� FRQGXFWHG� LQ�GHSWK� LQWHUYLHZV� �ODVWLQJ� DQ� DYHUDJH�RI��
KRXU��ZLWK�SDUHQWV��SULQFLSDOV��VSHFLDO�HGXFDWLRQ�SURJUDP�GLUHFWRUV��DQG�PHGLDWRUV�
7KH\� LGHQWLILHG� VHYHUDO� IDFWRUV� DV� FRQWULEXWLQJ� WR� WKH� HVFDODWLRQ� RI� SDUHQW�VFKRRO
FRQIOLFW��7KH�SULPDU\�RU�FRUH�IDFWRU�ZDV�D�GLVFUHSDQF\�LQ�YLHZV�DERXW�WKH�FKLOG¶V
QHHGV�� 7KH� RWKHU� IDFWRUV� ZHUH� ODFN� RI� NQRZOHGJH� �H�J��� ODFN� RI� SUREOHP�VROYLQJ
NQRZOHGJH���GLVDJUHHPHQWV�RYHU�VHUYLFH�GHOLYHU\��WKH�SUHVHQFH�RI�FRQVWUDLQWV��H�J��
VXFK�DV�WKH�ODFN�RI�IXQGV�WR�GHOLYHU�VHUYLFHV���GLIIHUHQFHV�LQ�KRZ�D�FKLOG�LV�YDOXHG�
XQLODWHUDO� XVH� RI� SRZHU�� SRRU� FRPPXQLFDWLRQ�� DQG� ODFN� RI� WUXVW�� ,Q� DGGLWLRQ� WR
GLVFXVVLQJ�ZKDW�IDFWRUV�OHDG�WR�FRQIOLFW��WKH�DXWKRUV�GLVFXVVHG�KRZ�FRQIOLFW�FDQ�EH
UHGXFHG�DQG�KRZ�LW�FDQ�EH�SUHYHQWHG��7KH�DXWKRUV�JHQHUDWHG�D�WHQWDWLYH�H[SODQDWLRQ
DERXW�FRQIOLFW�EDVHG�RQ�WKHLU�GDWD��7R�VWUHQJWKHQ�WKHLU�H[SODQDWLRQ��WKH\�ZRXOG�QHHG
WR�GHYHORS� WKHLU� WKHRU\� IXUWKHU� DQG� WHVW� LW�ZLWK�QHZ�HPSLULFDO�GDWD� �ZKLFK�ZRXOG
UHVXOW�LQ�D�PL[HG�UHVHDUFK�DSSURDFK��

��*URXQGHG�WKHRU\�UHVHDUFK�$�TXDOLWDWLYH�DSSURDFK�WR�JHQHUDWLQJ�DQG
GHYHORSLQJ�D�WKHRU\�IURP�WKH�GDWD�WKDW�WKH�UHVHDUFKHU�FROOHFWV

+LVWRULFDO�5HVHDUFK
7KH�ODVW�JHQHUDO�W\SH�RI�UHVHDUFK�XVHG�E\�HGXFDWLRQDO�UHVHDUFKHUV�DQG�GLVFXVVHG

LQ�WKLV�FKDSWHU�LV�KLVWRULFDO�UHVHDUFK��RU�UHVHDUFK�DERXW�SHRSOH��SODFHV��DQG�HYHQWV
LQ�WKH�SDVW��7KLV�W\SH�RI�UHVHDUFK�LV�VRPHWLPHV�FDOOHG�QDUUDWLYH�UHVHDUFK�EHFDXVH�LW
VWXGLHV� ³WKH� WH[W� RI� KLVWRU\´� DQG� LW� RIWHQ� SUHVHQWV� LWV� UHVXOWV� WKURXJK� VWRULHV� RU
QDUUDWLYHV��$OWKRXJK�PDQ\�KLVWRULFDO�UHVHDUFK�VWXGLHV�DUH�EHVW�FODVVLILHG�DV�PL[HG
�H�J��� ZKHQ� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� GDWD� DUH� XVHG��� ZH� SODFH� WKLV� W\SH� RI
UHVHDUFK�XQGHU�WKH�KHDGLQJ�RI�TXDOLWDWLYH�UHVHDUFK�EHFDXVH��JHQHUDOO\�VSHDNLQJ��WKH
GDWD�WHQG�WR�EH�TXDOLWDWLYH�DQG�WKH�DSSURDFK�WR�WKH�XVH�RI�HYLGHQFH�DQG�WKH�IRUPLQJ
RI�DUJXPHQWV�LV�FORVHU�WR�WKDW�RI�TXDOLWDWLYH�UHVHDUFK�WKDQ�WR�TXDQWLWDWLYH�UHVHDUFK�
$V�\RX�NQRZ��KLVWRULFDO�UHVHDUFK�LV�GRQH�VR�WKDW�UHVHDUFKHUV�FDQ�EHWWHU�XQGHUVWDQG



HYHQWV�WKDW�KDYH�DOUHDG\�RFFXUUHG�

��+LVWRULFDO�UHVHDUFK�5HVHDUFK�DERXW�SHRSOH��SODFHV��DQG�HYHQWV�LQ�WKH�SDVW

(GXFDWLRQDO� KLVWRULDQV� KDYH� EHHQ� DEOH� WR� ILQG� KLVWRULFDO� GDWD� WKDW� OHQG
WKHPVHOYHV�WR�GDWD�DQDO\VLV�DQG�KDYH�VWXGLHG�KRZ�YDULRXV�HGXFDWLRQDO�SKHQRPHQD
RSHUDWHG�LQ�WKH�SDVW��)RU�H[DPSOH��HGXFDWLRQDO�UHVHDUFKHUV�GRFXPHQW�WKH�KLVWRU\�RI
HGXFDWLRQ�DQG�LPSRUWDQW�HYHQWV�WKDW�RFFXUUHG�LQ�WKH�SDVW��VWXG\�WUHQGV�LQ�HGXFDWLRQ
RFFXUULQJ�RYHU�WLPH��VWXG\�WKH�PXOWLSOH�IDFWRUV�WKDW�OHG�WR�FHUWDLQ�HYHQWV�LQ�WKH�SDVW�
DQG�VWXG\�KRZ�WKLQJV�RSHUDWHG�LQ�WKH�SDVW��H�J���GLIIHUHQW�WHDFKLQJ�SUDFWLFHV�DQG�WKH
GLIIHUHQW� RXWFRPHV� WKDW� UHVXOWHG� IURP� WKRVH� SUDFWLFHV��� 7KH\�PLJKW� DOVR� VWXG\� WKH
RULJLQ�RI�FXUUHQW�SUDFWLFHV�DQG�GRFXPHQW�DQ\�FKDQJHV�RYHU�WLPH��+LVWRULRJUDSK\�LV
WKH�ZRUG�KLVWRULDQV�VRPHWLPHV�XVH�WR�PHDQ�³UHVHDUFK�PHWKRGV�´�$V�\RX�ZLOO�OHDUQ
LQ�&KDSWHU� ���� KLVWRULRJUDSK\� LQYROYHV� WKH� SRVLQJ� RI� TXHVWLRQV�� WKH� FROOHFWLRQ� RI
DXWKHQWLF� VRXUFH�PDWHULDOV�� WKH� DQDO\VLV� DQG� LQWHUSUHWDWLRQ� RI� WKRVH�PDWHULDOV�� DQG
WKH�FRPSRVLWLRQ�RI�WKH�UHVXOWV�LQWR�D�ILQDO�UHSRUW��+LVWRULFDO�UHVHDUFK��OLNH�WKH�RWKHU
PHWKRGV�RI�UHVHDUFK��KDV�DQ�LPSRUWDQW�SODFH�LQ�HGXFDWLRQ�
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�������:KDW�DUH�WKH�GLIIHUHQW�W\SHV�RI�TXDOLWDWLYH
UHVHDUFK��DQG�ZKDW�LV�WKH�GHILQLQJ�IHDWXUH�RI
HDFK�RI�WKHVH"

0,;('�5(6($5&+��25�0,;('�0(7+2'6�5(6($5&+�
,Q�PL[HG�UHVHDUFK��WKH�UHVHDUFKHU�XVHV�D�PL[WXUH�RU�FRPELQDWLRQ�RI�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�PHWKRGV��DSSURDFKHV��RU�FRQFHSWV�LQ�D�VLQJOH�UHVHDUFK�VWXG\�RU�LQ�D�VHW
RI�UHODWHG�VWXGLHV��7KH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SDUWV�RI�D�UHVHDUFK�VWXG\�PLJKW
EH� FRQGXFWHG� FRQFXUUHQWO\� �FRQGXFWLQJ� ERWK� SDUWV� DW� URXJKO\� WKH� VDPH� WLPH�� RU
VHTXHQWLDOO\��FRQGXFWLQJ�RQH�SDUW�ILUVW�DQG�WKH�RWKHU�VHFRQG��WR�DGGUHVV�D�UHVHDUFK
TXHVWLRQ�RU�D�VHW�RI�UHODWHG�TXHVWLRQV��)RU�H[DPSOH��OHW¶V�VD\�WKDW�\RX�DUH�LQWHUHVWHG
LQ� VWXG\LQJ� WKH�SKHQRPHQRQ�RI� OLYLQJ�ZLWK�G\VOH[LD� IRU�KLJK� VFKRRO� VWXGHQWV��<RX
PLJKW�GHFLGH�ILUVW�WR�FRQGXFW�D�TXDOLWDWLYH��H[SORUDWRU\��FRPSRQHQW�RI�\RXU�UHVHDUFK
VWXG\� E\� FRQGXFWLQJ� RSHQ�HQGHG� RU� XQVWUXFWXUHG� LQWHUYLHZV� ZLWK� ��� RU� ��� KLJK
VFKRRO�VWXGHQWV�ZKR�KDYH�G\VOH[LD�VR�WKDW�\RX�FDQ�GLUHFWO\�KHDU�IURP�WKHVH�VWXGHQWV
LQ� WKHLU�RZQ�ZRUGV�ZKDW� LW� LV� OLNH� WR� OLYH�ZLWK�G\VOH[LD��2Q� WKH�EDVLV�RI� WKH�GDWD
IURP�WKLV�SKDVH�RI�\RXU�RYHUDOO�VWXG\�DQG�IURP�\RXU�UHDGLQJ�RI�WKH�FXUUHQW�UHVHDUFK
OLWHUDWXUH��\RX�FRQVWUXFW�D�FORVHG�HQGHG�DQG�PRUH�VWUXFWXUHG�TXHVWLRQQDLUH��1H[W��LQ
WKH�TXDQWLWDWLYH�SKDVH�RI�\RXU�VWXG\��\RX�DVN�DQRWKHU�JURXS�RI�KLJK�VFKRRO�VWXGHQWV
ZLWK�G\VOH[LD�WR�UDWH�KRZ�GHVFULSWLYH�HDFK�RI�WKH�FKDUDFWHULVWLFV�RQ�WKH�VWUXFWXUHG
TXHVWLRQQDLUH�LV�RI�WKHP��)RU�WKLV�TXDQWLWDWLYH�SKDVH�RI�\RXU�VWXG\��\RX�PLJKW�VHOHFW
D� VDPSOH� RI� VWXGHQWV� ZLWK� G\VOH[LD� IURP� VHYHUDO� KLJK� VFKRROV� DQG� KDYH� WKHVH
VWXGHQWV� ILOO�RXW�\RXU�TXHVWLRQQDLUH��<RX� WKHQ�DQDO\]H�\RXU�TXHVWLRQQDLUH�GDWD�DQG
ZULWH� XS� \RXU� ³LQWHJUDWHG´� ILQGLQJV� IURP� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� SDUWV� RI



\RXU�UHVHDUFK�VWXG\��,Q�WKLV�H[DPSOH��WKH�TXDOLWDWLYH�SKDVH�ZDV�XVHG�WR�H[SORUH�WKH
ZRUGV�� FDWHJRULHV�� DQG� GLPHQVLRQV� WR� LQFOXGH� LQ� D� VWUXFWXUHG� TXHVWLRQQDLUH�� 7KHQ
\RX� VWDUWHG� WHVWLQJ� �RU� YDOLGDWLQJ�� KRZ� ZHOO� WKH� TXHVWLRQQDLUH� RSHUDWHG� LQ� WKH
TXDQWLWDWLYH�SKDVH��7RJHWKHU��WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DSSURDFKHV�SURGXFHG�D
VXSHULRU�TXHVWLRQQDLUH�

7KH�$GYDQWDJHV�RI�0L[HG�5HVHDUFK
:H�YLHZ�WKH�XVH�RI�PXOWLSOH�SHUVSHFWLYHV��WKHRULHV��DQG�UHVHDUFK�PHWKRGV�DV�D

VWUHQJWK� LQ� HGXFDWLRQDO� UHVHDUFK�� ,Q� IDFW��ZH�YLHZ� WKH�TXDQWLWDWLYH� DQG�TXDOLWDWLYH
UHVHDUFK�PHWKRGV�DV�FRPSOHPHQWDU\��:KHQ�PL[LQJ�UHVHDUFK�RU�ZKHQ�\RX�UHDG�DQG
HYDOXDWH� UHVHDUFK� WKDW� LQYROYHG� PL[LQJ�� EH� VXUH� WR� FRQVLGHU� WKH� IXQGDPHQWDO
SULQFLSOH�RI�PL[HG�UHVHDUFK��ZKLFK�VD\V�WKDW�LW�LV�ZLVH�WR�FROOHFW�PXOWLSOH�VHWV�RI
GDWD� XVLQJ� GLIIHUHQW� UHVHDUFK�PHWKRGV�� HSLVWHPRORJLHV�� DQG� DSSURDFKHV� LQ� VXFK� D
ZD\� WKDW� WKH� UHVXOWLQJ� PL[WXUH� RU� FRPELQDWLRQ� KDV� PXOWLSOH� �FRQYHUJHQW� DQG
GLYHUJHQW�� DQG� FRPSOHPHQWDU\� VWUHQJWKV� DQG� QRQRYHUODSSLQJ� ZHDNQHVVHV� �5�� %�
-RKQVRQ�	�7XUQHU���������7KH�LGHD�RI�PXOWLSOH�PHDQV�WKDW�\RXU�UHVHDUFK�FDQ�LQFOXGH
PRUH� WKDQ� RQH� SXUSRVH� RU� D� FUHDWLYH� PL[WXUH� RI� SXUSRVHV�� 7KH� LGHD� RI
FRPSOHPHQWDU\�VWUHQJWKV�KHUH�PHDQV�WKDW�WKH�ZKROH�LQ�D�PL[HG�UHVHDUFK�VWXG\�LV
JUHDWHU� WKDQ� WKH� VXP� RI� WKH� SDUWV�� 7KH� PL[HG� DSSURDFK� KHOSV� LPSURYH� UHVHDUFK
EHFDXVH�WKH�GLIIHUHQW�UHVHDUFK�DSSURDFKHV�SURYLGH�GLIIHUHQW�VRUWV�RI�NQRZOHGJH�DQG
WKH\�KDYH�GLIIHUHQW�VWUHQJWKV�DQG�GLIIHUHQW�ZHDNQHVVHV�

��)XQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK�$GYLVHV�UHVHDUFKHUV�WR
WKRXJKWIXOO\�DQG�VWUDWHJLFDOO\�PL[�RU�FRPELQH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH
UHVHDUFK�PHWKRGV��DSSURDFKHV��SURFHGXUHV��FRQFHSWV��DQG�RWKHU�SDUDGLJP
FKDUDFWHULVWLFV�LQ�D�ZD\�WKDW�SURGXFHV�DQ�RYHUDOO�GHVLJQ�ZLWK�PXOWLSOH
�FRQYHUJHQW�DQG�GLYHUJHQW��DQG�FRPSOHPHQWDU\�VWUHQJWKV��EURDGO\�YLHZHG�
DQG�QRQRYHUODSSLQJ�ZHDNQHVVHV�

��&RPSOHPHQWDU\�VWUHQJWKV�,GHD�WKDW�WKH�ZKROH�LV�JUHDWHU�WKDQ�WKH�VXP�RI�LWV
SDUWV

%\� FRPELQLQJ� WZR� �RU� PRUH�� UHVHDUFK� PHWKRGV� ZLWK� GLIIHUHQW� VWUHQJWKV� DQG
ZHDNQHVVHV� LQ� D� UHVHDUFK� VWXG\�� \RX� FDQ� PDNH� LW� OHVV� OLNHO\� WKDW� \RX� ZLOO� PLVV
VRPHWKLQJ�LPSRUWDQW�RU�PDNH�D�PLVWDNH��7KH�IDPRXV�TXDOLWDWLYH�UHVHDUFKHUV�/LQFROQ
DQG�*XED� ������� H[SODLQHG� WKLV� LGHD� XVLQJ� WKH�PHWDSKRU� RI� ILVK� QHWV�� 3HUKDSV� D
ILVKHUPDQ�KDV�VHYHUDO�ILVKLQJ�QHWV��HDFK�ZLWK�RQH�RU�PRUH�KROHV��7R�FRPH�XS�ZLWK
RQH�JRRG�QHW�� WKH� ILVKHUPDQ�GHFLGHV� WR�RYHUODS� WKH�GLIIHUHQW� ILVKLQJ�QHWV�� IRUPLQJ
RQH�RYHUDOO� QHW��$OO� WKH� QHWV� KDYH�KROHV� LQ� WKHP��KRZHYHU��ZKHQ� WKH� QHWV� DUH� SXW
WRJHWKHU�� WKHUH�ZLOO�SUREDEO\�QR�ORQJHU�EH�D�KROH�LQ�WKH�RYHUDOO�QHW��,Q�WKH�FDVH�RI
UHVHDUFK�PHWKRGV��DQ�H[SHULPHQWDO�UHVHDUFK�VWXG\�PLJKW�GHPRQVWUDWH�FDXVDOLW\�ZHOO�
EXW�LW�PLJKW�EH�OLPLWHG�LQ�UHDOLVP�EHFDXVH�RI�WKH�FRQILQHV�RI�WKH�UHVHDUFK�ODERUDWRU\�
2Q�WKH�RWKHU�KDQG��DQ�HWKQRJUDSKLF�UHVHDUFK�VWXG\�PLJKW�QRW�GHPRQVWUDWH�FDXVDOLW\



HVSHFLDOO\� ZHOO�� EXW� LW� FDQ� EH� GRQH� LQ� WKH� ILHOG�� ZKLFK� HQDEOHV� D� UHVHDUFKHU� WR
REVHUYH�EHKDYLRU�DV�LW�QDWXUDOO\�WDNHV�SODFH�DQG�WKHUHIRUH�LQFUHDVHV�UHDOLVP��:KHQ
ERWK�PHWKRGV�DUH�XVHG��FDXVDOLW\�LV�VWURQJ��DQG�UHDOLVP�LV�QR�ORQJHU�D�ELJ�SUREOHP�
$OWKRXJK� LW� LV� VRPHWLPHV� QRW� SUDFWLFDO� WR� XVH�PRUH� WKDQ� RQH� UHVHDUFK�PHWKRG� RU
VWUDWHJ\�LQ�D�VLQJOH�UHVHDUFK�VWXG\��\RX�VKRXOG�EH�DZDUH�RI�WKH�SRWHQWLDO�EHQHILW�RI
XVLQJ�PXOWLSOH�PHWKRGV�DQG�VWUDWHJLHV��)XUWKHUPRUH��HYHQ� LI�D� UHVHDUFKHU�GRHV�QRW
XVH�PXOWLSOH�DSSURDFKHV�RU�PHWKRGV�LQ�D�VLQJOH�UHVHDUFK�VWXG\�� WKH�UHOHYDQW�VHW�RI
SXEOLVKHG�UHVHDUFK�VWXGLHV�ZLOO�XVXDOO\�LQFOXGH�UHVHDUFK�EDVHG�RQ�VHYHUDO�GLIIHUHQW
UHVHDUFK�PHWKRGV��7KH� UHVHDUFK� OLWHUDWXUH� LV� WKHUHIRUH�PL[HG�PHWKRG��$V�D� UHVXOW�
WKH�PL[HG�PHWKRG� �RU�PL[HG� ILVKLQJ� QHW�� DGYDQWDJH�ZLOO� EH� JDLQHG� LQ� WKH� RYHUDOO
DUHD�RI�UHVHDUFK�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

5(9,(:
48(67 ,21

�������:KDW�LV�PL[HG�UHVHDUFK��DQG�ZKDW�LV�DQ�H[DPSOH
RI�WKLV�NLQG�RI�UHVHDUFK"

285�5(6($5&+�7<32/2*<
7KH�IRUPV�RI�UHVHDUFK�WKDW�ZH�KDYH�FRYHUHG�LQ�WKLV�FKDSWHU�DUH�VKRZQ�LQ�)LJXUH�����
:H�ZLOO�GLVFXVV�HDFK�RI�WKHVH�W\SHV�RI�UHVHDUFK�LQ�ODWHU�FKDSWHUV��,W�LV�LPSRUWDQW�WR
XQGHUVWDQG� WKDW�DOO�RI� WKH�PDMRU� W\SHV�RI�UHVHDUFK� WKDW�ZH�GLVFXVV� LQ� WKLV� WH[WERRN
KDYH� YDOXH�� ,W� LV� QRW� XQFRPPRQ� IRU� DQ� HGXFDWLRQDO� UHVHDUFKHU� WR� XVH� VHYHUDO
GLIIHUHQW�W\SHV�RI�UHVHDUFK�DW�GLIIHUHQW�WLPHV��$�UHVHDUFKHU�VKRXOG�DOZD\V�VHOHFW�WKH
DSSURSULDWH� UHVHDUFK� PHWKRG� RQ� WKH� EDVLV� RI� D� FRQVLGHUDWLRQ� RI� WKH� UHVHDUFK
TXHVWLRQ�V��RI� LQWHUHVW�� WKH�REMHFWLYH�V��RI� WKH� UHVHDUFK�� WLPH�DQG�FRVW�FRQVWUDLQWV�
DYDLODEOH�SRSXODWLRQV��WKH�SRVVLELOLW\��RU�QRW��RI�WKH�PDQLSXODWLRQ�RI�DQ�LQGHSHQGHQW
YDULDEOH��DQG� WKH�DYDLODELOLW\�RI�GDWD��6RPHWLPHV�D� UHVHDUFKHU�ZLOO�XVH�PRUH� WKDQ
RQH� UHVHDUFK�DSSURDFK�ZLWKLQ�D� VLQJOH� VWXG\��+RZHYHU��HYHQ� LI� UHVHDUFKHUV�QHYHU
XVHG�PRUH� WKDQ�RQH�PHWKRG� LQ�D�VLQJOH�VWXG\��SXEOLVKHG� UHVHDUFK� OLWHUDWXUH�ZRXOG
VWLOO�WHQG�WR�LQFOXGH�DUWLFOHV�EDVHG�RQ�GLIIHUHQW�DSSURDFKHV�DQG�PHWKRGV�EHFDXVH�RI
WKH�GLYHUVLW\�RI�WKH�UHVHDUFKHUV�ZRUNLQJ�LQ�WKH�DUHD�

�),*85(�������5HVHDUFK�W\SRORJ\��/DWHU�FKDSWHUV�ZLOO�DGG�D�WKLUG�OHYHO�WR�WKLV
W\SRORJ\��



5(9,(:
48(67 ,21

������:KDW�DUH�WKH�WKUHH�UHVHDUFK�SDUDGLJPV�LQ
HGXFDWLRQ��DQG�ZKDW�DUH�WKH�PDMRU�W\SHV�RI
UHVHDUFK�LQ�HDFK�RI�WKHVH�SDUDGLJPV"��+LQW��6HH
)LJXUH������

:KHQ�D�UHVHDUFK�ILQGLQJ�KDV�EHHQ�GHPRQVWUDWHG�E\�XVLQJ�PRUH�WKDQ�RQH�W\SH�RI
UHVHDUFK�� RQH� FDQ� SODFH� PRUH� FRQILGHQFH� LQ� LW�� :H� VD\� WKDW� D� ILQGLQJ� KDV� EHHQ
FRUURERUDWHG� LI� WKH� VDPH� UHVXOW� LV� IRXQG� E\� XVLQJ� GLIIHUHQW� W\SHV� RI� UHVHDUFK�
&RQYHUVHO\�� LI� GLIIHUHQW� GDWD� VRXUFHV� RU� W\SHV� RI� UHVHDUFK� UHVXOW� LQ� FRQIOLFWLQJ
LQIRUPDWLRQ�� WKHQ� DGGLWLRQDO� UHVHDUFK�ZLOO� EH� QHHGHG� WR� H[SORUH� WKH� QDWXUH� RI� WKH
SKHQRPHQRQ�PRUH� FRPSOHWHO\� DQG� WR� GHWHUPLQH� WKH� VRXUFH� RI� FRQIOLFW�� 7KDW� LV�� LI
GLIIHUHQW� W\SHV� RI� UHVHDUFK� UHVXOW� LQ� GLIIHUHQW� ILQGLQJV�� WKHQ� WKH� UHVHDUFKHU� VKRXOG
VWXG\� WKH� SKHQRPHQRQ� LQ� PRUH� GHSWK� WR� GHWHUPLQH� WKH� H[DFW� UHDVRQ� IRU� WKH
FRQIOLFWLQJ�ILQGLQJV��7KH�ZRUOG�LV�D�FRPSOH[�DQG�HYHU�FKDQJLQJ�SODFH��$V�ZH�VWXG\
LW�� LW� LV� KHOSIXO� WR� EH� HTXLSSHG� ZLWK� WKH� EHVW� PHWKRGV� DQG� DSSURDFKHV� FXUUHQWO\
DYDLODEOH��<RX�ZLOO� SUREDEO\� ILQG� WKDW� VRPH�PHWKRGV� DQG�DSSURDFKHV�ZH�GLVFXVV
ZLOO�ILW�\RXU�VW\OH�RU�SHUVRQDOLW\�EHWWHU�WKDQ�RWKHUV��+RZHYHU��ZH�KRSH�WKDW�\RX�ZLOO
NHHS�DQ�RSHQ�PLQG�DV�\RX�OHDUQ�DERXW�DOO�RI�WKH�NLQGV�RI�UHVHDUFK��$OO�WKH�UHVHDUFK
PHWKRGV�FDQ�EH�XVHIXO�LI�XVHG�SURSHUO\�

6800$5<

7KH� WKUHH� PDMRU� UHVHDUFK� WUDGLWLRQV� LQ� HGXFDWLRQDO� UHVHDUFK� DUH� TXDOLWDWLYH
UHVHDUFK��TXDQWLWDWLYH�UHVHDUFK��DQG�PL[HG�UHVHDUFK��$OO�WKUHH�RI�WKHVH�WUDGLWLRQV�DUH
LPSRUWDQW� DQG� KDYH� YDOXH�� 4XDOLWDWLYH� UHVHDUFK� WHQGV� WR� XVH� WKH� H[SORUDWRU\
VFLHQWLILF� PHWKRG� WR� JHQHUDWH� K\SRWKHVHV� DQG� GHYHORS� XQGHUVWDQGLQJV� DERXW
SDUWLFXODU� SHRSOH�� SODFHV�� DQG� JURXSV� �H�J��� LQ� FDVH� VWXGLHV�� HWKQRJUDSK\�
SKHQRPHQRORJ\��DQG�KLVWRULFDO�UHVHDUFK���4XDOLWDWLYH�UHVHDUFKHUV�W\SLFDOO\�DUH�QRW
LQWHUHVWHG� LQ� PDNLQJ� JHQHUDOL]DWLRQV�� $Q� H[FHSWLRQ� WR� WKLV� ODFN� RI� LQWHUHVW� LQ
JHQHUDOL]LQJ� LV� IRXQG� LQ� WKH� JURXQGHG� WKHRU\� DSSURDFK� WR� TXDOLWDWLYH� UHVHDUFK�
4XDOLWDWLYH�UHVHDUFK�LV�GLVFRYHU\�RULHQWHG�DQG�LV�FRQGXFWHG�LQ�QDWXUDO�VHWWLQJV��2Q
WKH�RWKHU�KDQG��TXDQWLWDWLYH�UHVHDUFK�LV�W\SLFDOO\�GRQH�XQGHU�PRUH�WLJKWO\�FRQWUROOHG
FRQGLWLRQV� DQG� WHQGV� WR� XVH� WKH� FRQILUPDWRU\� VFLHQWLILF� PHWKRG�� IRFXVLQJ� RQ



K\SRWKHVLV�WHVWLQJ�DQG�WKHRU\�WHVWLQJ��4XDQWLWDWLYH�UHVHDUFKHUV�KRSH�WR�ILQG�FRPPRQ
SDWWHUQV� LQ� WKRXJKW� DQG� EHKDYLRU� DQG� WR� JHQHUDOL]H� EURDGO\�� 0L[HG� UHVHDUFK
LQYROYHV� PL[LQJ� DQG� FRPELQLQJ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� UHVHDUFK� LQ� VLQJOH
UHVHDUFK� VWXGLHV�� ,W� LV� EDVHG� RQ� WKH� SKLORVRSK\� RI� SUDJPDWLVP� �L�H��� ZKDW� ZRUNV
VKRXOG�EH�FRQVLGHUHG� LPSRUWDQW� LQ� DQVZHULQJ� UHVHDUFK�TXHVWLRQV��� ,Q� WKLV� FKDSWHU�
WZR� TXDQWLWDWLYH� UHVHDUFK� W\SHV� RU� PHWKRGV� ZHUH� LQWURGXFHG� �H[SHULPHQWDO� DQG
QRQH[SHULPHQWDO� UHVHDUFK��� VL[� W\SHV� RI� TXDOLWDWLYH� UHVHDUFK� ZHUH� LQWURGXFHG
�SKHQRPHQRORJ\��HWKQRJUDSK\��FDVH�VWXG\��QDUUDWLYH�UHVHDUFK��JURXQGHG�WKHRU\��DQG
KLVWRULFDO�UHVHDUFK���DQG�PL[HG�UHVHDUFK��ZKLFK�PL[HV�RU�FRPELQHV�TXDOLWDWLYH�DQG
TXDQWLWDWLYH� UHVHDUFK� DSSURDFKHV� LQ� VLQJOH� UHVHDUFK� VWXGLHV�� ZDV� LQWURGXFHG�� ,Q
ODWHU� FKDSWHUV�� ZH� HODERUDWH� RQ� HDFK� SDUW� RI� WKH� UHVHDUFK� W\SRORJ\� �L�H��� RXU
FODVVLILFDWLRQ�RI�WKH�GLIIHUHQW�W\SHV�RI�UHVHDUFK��VKRZQ�LQ�)LJXUH�����

.(<�7(506

FDVH�VWXG\�UHVHDUFK��S�����
FDWHJRULFDO�YDULDEOH��S�����
FDXVDO�FRPSDUDWLYH�UHVHDUFK��S�����
FDXVH�DQG�HIIHFW�UHODWLRQVKLS��S�����
FRPSOHPHQWDU\�VWUHQJWKV��S�����
FRQIRXQGLQJ�YDULDEOH��S�����
FRQVWDQW��S�����
FRUUHODWLRQ�FRHIILFLHQW��S�����
FRUUHODWLRQDO�UHVHDUFK��S�����
FXOWXUH��S�����
GHSHQGHQW�YDULDEOH��S�����
GHWHUPLQLVP��S�����
HWKQRJUDSK\��S�����
H[SHULPHQWDO�UHVHDUFK��S�����
H[WUDQHRXV�YDULDEOH��S�����
IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK��S�����
JURXQGHG�WKHRU\�UHVHDUFK��S�����
KLVWRULFDO�UHVHDUFK��S�����
KROLVWLF�GHVFULSWLRQ��S�����
LQFRPSDWLELOLW\�WKHVLV��S�����
LQGHSHQGHQW�YDULDEOH��S�����
LQWHUYHQLQJ�YDULDEOH��S�����
OLQJXLVWLF�UHODWLYLW\�K\SRWKHVLV��S�����
PDQLSXODWLRQ��S�����



PHGLDWLQJ�YDULDEOH��S�����
PL[HG�UHVHDUFK��S�����
PRGHUDWRU�YDULDEOH��S�����
QDUUDWLYH�LQTXLU\��S�����
QHJDWLYH�FRUUHODWLRQ��S�����
QRQH[SHULPHQWDO�UHVHDUFK��S�����
SKHQRPHQRORJ\��S�����
SRVLWLYH�FRUUHODWLRQ��S�����
SUDJPDWLVP��S�����
SUREDELOLVWLF�FDXVHV��S�����
TXDOLWDWLYH�UHVHDUFK��SS�����
TXDQWLWDWLYH�UHVHDUFK��SS�����
TXDQWLWDWLYH�YDULDEOH��S�����
UHVHDUFK�SDUDGLJP��S�����
YDULDEOH��S�����
YHUVWHKHQ��S�����

',6&866,21�48(67,216

����:KLFK�RI�WKH�WKUHH�UHVHDUFK�SDUDGLJPV�GR�\RX�OLNH�WKH�PRVW"�([SODLQ�ZK\"

����,I�\RX�ILQG�D�VWDWLVWLFDO�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV��H�J���LQFRPH�DQG
HGXFDWLRQ��RU�JHQGHU�DQG�JUDGHV��RU�WLPH�VSHQW�VWXG\LQJ�DQG�JUDGHV��LQ�D
QRQH[SHULPHQWDO�UHVHDUFK�VWXG\��VKRXOG�\RX�FRQILGHQWO\�FRQFOXGH�WKDW�RQH
YDULDEOH�LV�WKH�FDXVH�RI�WKH�RWKHU�YDULDEOH"

����:KDW�LV�DQ�H[DPSOH�RI�D�SRVLWLYH�FRUUHODWLRQ"�:KDW�LV�DQ�H[DPSOH�RI�D�QHJDWLYH
FRUUHODWLRQ"

����)ROORZLQJ�DUH�VHYHUDO�UHVHDUFK�TXHVWLRQV��)RU�HDFK��OLVW�WKH�UHVHDUFK�PHWKRG�WKDW
\RX�EHOLHYH�ZRXOG�EH�PRVW�DSSURSULDWH�WR�XVH�LQ�DQVZHULQJ�WKH�TXHVWLRQ�

D���+RZ�GR�LQGLYLGXDOV�H[SHULHQFH�WKH�SKHQRPHQRQ�RI�EHLQJ�RQH�RI�RQO\�D�IHZ
PLQRULW\�VWXGHQWV�LQ�D�SUHGRPLQDQWO\�KRPRJHQHRXV�KLJK�VFKRRO"

E���:KDW�LV�WKH�HIIHFW�RI�D�QHZ�WHDFKLQJ�WHFKQLTXH�RQ�HOHPHQWDU\�VFKRRO�VWXGHQWV¶
DULWKPHWLF�SHUIRUPDQFH"

F���'RHV�FRJQLWLYH�WKHUDS\�RU�EHKDYLRUDO�WKHUDS\�ZRUN�EHWWHU�IRU�WUHDWLQJ
FKLOGKRRG�GHSUHVVLRQ"

G���:KDW�LV�WKH�FXOWXUH�RI�WKH�EDQG�DW�D�KLJK�VFKRRO�LQ�\RXU�ORFDO�FRPPXQLW\"

H���:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�*5(�DQG�VWXGHQW�SHUIRUPDQFH�LQ



JUDGXDWH�VFKRRO"

I���'R�PDOHV�DQG�IHPDOHV�KDYH�GLIIHUHQW�SHUIRUPDQFH�OHYHOV�LQ�KLJK�VFKRRO
(QJOLVK�FODVVHV"

J���'RHV�WKH�VWXGHQW�WR�WHDFKHU�UDWLR�KDYH�DQ�HIIHFW�RQ�HOHPHQWDU\�VWXGHQWV¶�OHYHO
RI�SHUIRUPDQFH�LQ�WKH�FODVVURRP"

K���:KDW�ZDV�LW�OLNH�EHLQJ�D�PLGGOH�VFKRRO�VWXGHQW�LQ������LQ�WKH�IRXU�URRP
VFKRRO��ZKHUH�SULPDU\�WKURXJK�KLJK�VFKRRO�ZHUH�WDXJKW��LQ�*UHDW�%ULGJH�
9LUJLQLD��ZKLFK�LV�ORFDWHG�LQ�WKH�FLW\�RI�&KHVDSHDNH�"

L���:DV�-RKQ�'HZH\�DQ�HIIHFWLYH�VFKRROWHDFKHU"

M���'R�VWXGHQWV�SHUIRUP�EHWWHU�RQ�DQ�DFDGHPLF�WHVW�ZKHQ�WKH\�DUH�H[SRVHG�WR�D
FRRSHUDWLYH�OHDUQLQJ�VW\OH�RU�D�OHFWXUH�VW\OH�RI�WHDFKLQJ"

5(6($5&+�(;(5&,6(6

����*R�WR�WKLV�ERRN¶V�FRPSDQLRQ�ZHEVLWH�RU�WR�D�GDWDEDVH�RQ�WKH�ZHEVLWH�RI�\RXU
XQLYHUVLW\�OLEUDU\�DQG�ORFDWH�D�TXDOLWDWLYH�UHVHDUFK�DUWLFOH��D�TXDQWLWDWLYH
UHVHDUFK�DUWLFOH��RU�D�PL[HG�PHWKRGV�UHVHDUFK�DUWLFOH��%ULHIO\�VXPPDUL]H�WKH
SXUSRVH�RI�WKH�UHVHDUFK�DQG�WKH�PHWKRGRORJ\��L�H���KRZ�LW�DWWHPSWHG�WR�DQVZHU
WKH�UHVHDUFK�TXHVWLRQV���([SODLQ�ZK\�\RX�FODVVLILHG�\RXU�DUWLFOH�DV�D�TXDOLWDWLYH�
D�TXDQWLWDWLYH��RU�D�PL[HG�UHVHDUFK�VWXG\�

����5HDG�WKH�TXDQWLWDWLYH�UHVHDUFK�VWXG\�RQ�WKH�FRPSDQLRQ�ZHEVLWH�DQG�ZULWH�D�WZR�
SDJH��W\SHG��GRXEOH�VSDFHG��VXPPDU\�RI�WKH�DUWLFOH��2UJDQL]H�\RXU�SDSHU�LQWR
WKH�IROORZLQJ�WKUHH�VHFWLRQV�

�����3XUSRVH��:KDW�ZDV�WKH�UHVHDUFK�VWXG\�DERXW"�:KDW�GLG�WKH�UHVHDUFKHUV�KRSH
WR�OHDUQ"

�����0HWKRGV��+RZ�GLG�WKH�UHVHDUFKHUV�FDUU\�RXW�WKHLU�UHVHDUFK�VWXG\"�:KDW�GLG
WKH\�DFWXDOO\�GR"

�����5HVXOWV��:KDW�ZHUH�WKH�NH\�ILQGLQJV�RI�WKH�UHVHDUFK�VWXG\"�'RQ¶W�ZRUU\
DERXW�WKH�WHFKQLFDO�MDUJRQ�LQ�WKH�UHVHDUFK�DUWLFOH��-XVW�WU\�WR�XQGHUVWDQG�DQG
FOHDUO\�FRPPXQLFDWH�LWV�PDLQ�LGHDV�

����5HDG�WKH�TXDOLWDWLYH�UHVHDUFK�VWXG\�RQ�WKH�FRPSDQLRQ�ZHEVLWH�DQG�ZULWH�D�WZR�
SDJH�VXPPDU\�RI�WKH�DUWLFOH��2UJDQL]H�\RXU�SDSHU�LQWR�WKH�WKUHH�VHFWLRQV
GHVFULEHG�LQ�([HUFLVH����SXUSRVH��PHWKRGV��DQG�UHVXOWV��

����5HDG�WKH�PL[HG�UHVHDUFK�VWXG\�RQ�WKH�FRPSDQLRQ�ZHEVLWH�DQG�ZULWH�D�WZR�SDJH
VXPPDU\�RI�WKH�DUWLFOH��2UJDQL]H�\RXU�SDSHU�LQWR�WKH�WKUHH�VHFWLRQV�GHVFULEHG�LQ
([HUFLVH����SXUSRVH��PHWKRGV��DQG�UHVXOWV��



5(/(9$17�,17(51(7�6,7(6

4XDQWLWDWLYH�UHVHDUFK±RULHQWHG�ERRN�PDWHULDOV�DQG�OLQNV

*R� WR� WKH�5HVHDUFK�0HWKRGV��'HVLJQ�� DQG�$QDO\VLV� WH[WERRN�ZHEVLWH� �XQGHU� WKH
:HEVLWH�*DOOHU\� VHFWLRQ���0DNH� VXUH� WKDW� \RX�XVH� WKH� UHVRXUFHV� DYDLODEOH� IRU� WKH
��WK�HGLWLRQ�
KWWS���ZZZ�SHDUVRQKLJKHUHG�FRP�HGXFDWRU�SURGXFW�5HVHDUFK�0HWKRGV�
'HVLJQ�DQG�$QDO\VLV���������������SDJH

4XDO�3DJH��5HVRXUFHV�IRU�4XDOLWDWLYH�5HVHDUFK
KWWS���ZZZ�TXDOLWDWLYHUHVHDUFK�XJD�HGX�4XDO3DJH�

3HDUVRQ�&RUUHODWLRQ�&RHIILFLHQW�&DOFXODWRU
KWWS���ZZZ�VRFVFLVWDWLVWLFV�FRP�WHVWV�SHDUVRQ�'HIDXOW�DVS[
0L[HG�0HWKRGV�1HWZRUN�IRU�%HKDYLRUDO��6RFLDO��DQG�+HDOWK�6FLHQFHV
KWWS���ZZZ�ILX�HGX�aEULGJHV�

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

%DURQ��5��0���	�.HQQ\��'��$����������7KH�PRGHUDWRU�PHGLDWRU�YDULDEOH�GLVWLQFWLRQ
LQ�VRFLDO�SV\FKRORJLFDO�UHVHDUFK��&RQFHSWXDO��VWUDWHJLF��DQG�VWDWLVWLFDO
FRQVLGHUDWLRQV��-RXUQDO�RI�3HUVRQDOLW\�DQG�6RFLDO�3V\FKRORJ\�������������±
�����

&KULVWHQVHQ��/��%���-RKQVRQ��5��%���	�7XUQHU��/��$����������5HVHDUFK�PHWKRGV�
GHVLJQ��DQG�DQDO\VLV����WK�HG����%RVWRQ��1-��3HDUVRQ�

+HVVH�%LEHU��6��1���	�-RKQVRQ��5��%���(GV�����������2[IRUG�KDQGERRN�RI�PXOWLSOH
DQG�PL[HG�PHWKRGV�UHVHDUFK��1HZ�<RUN��1<��2[IRUG�

-RKQVRQ��5��%����������7RZDUG�D�QHZ�FODVVLILFDWLRQ�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH

http://www.pearsonhighered.com/educator/product/Research-Methods-Design-and-Analysis/9780205701650.page
http://www.qualitativeresearch.uga.edu/QualPage/
http://www.socscistatistics.com/tests/pearson/Default.aspx
http://www.fiu.edu/~bridges/
http://www.sagepub.com/bjohnson5e/


UHVHDUFK��(GXFDWLRQDO�5HVHDUFKHU����������±���
-RKQVRQ��5��%���	�2QZXHJEX]LH��$��-����������0L[HG�PHWKRGV�UHVHDUFK��$�UHVHDUFK
SDUDGLJP�ZKRVH�WLPH�KDV�FRPH��(GXFDWLRQDO�5HVHDUFKHU�����������±���

-RKQVRQ��5��%���2QZXHJEX]LH��$��-���	�7XUQHU��/��$����������7RZDUG�D�GHILQLWLRQ�RI
PL[HG�PHWKRGV�UHVHDUFK��-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK��������±����

3DWWRQ��0��4����������4XDOLWDWLYH�UHVHDUFK�DQG�HYDOXDWLRQ�PHWKRGV���UG�HG���
7KRXVDQG�2DNV��&$��6DJH�

3HGKD]XU��(��-���	�6FKPHONLQ��/��3����������0HDVXUHPHQW��GHVLJQ��DQG�DQDO\VLV��$Q
LQWHJUDWHG�DSSURDFK��+LOOVGDOH��1-��(UOEDXP�

7DVKDNNRUL��$���	�7HGGOLH��&���(GV������������+DQGERRN�RI�PL[HG�PHWKRGV�LQ�WKH
VRFLDO�DQG�EHKDYLRUDO�VFLHQFHV��7KRXVDQG�2DNV��&$��6DJH�



&KDSWHU��

$FWLRQ�5HVHDUFK�IRU�/LIHORQJ�/HDUQLQJ

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��'HILQH�DFWLRQ�UHVHDUFK�DQG�GHVFULEH�LWV�RULJLQV�
��&RQWUDVW�WKH�GLIIHUHQW�W\SHV�RI�DFWLRQ�UHVHDUFK�
��'HVFULEH�/HZLQ¶V�FKDQJH�WKHRU\�
��'HVFULEH�'HZH\¶V�DSSURDFK�WR�LQTXLU\�
��([SODLQ�WKH�&\FOH�RI�$FWLRQ�5HVHDUFK�
��&RPSDUH�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�DFWLRQ�UHVHDUFK�
��6WDWH�D�SUREOHP�DW�\RXU�ZRUNSODFH�WKDW�FDQ�EH�DGGUHVVHG�YLD�DFWLRQ�UHVHDUFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

55(6($5&+�,1�5($/�/,)(�6ROYLQJ�D�3UREOHP�DW�<RXU
6FKRRO

&RQVWUXFWLYH�GLVFLSOLQH�IRU�PLVEHKDYLQJ�VFKRRO�VWXGHQWV�LV�DQ�LPSRUWDQW
DQG�RIWHQ�SRRUO\�DGGUHVVHG�WDVN�WKDW�WHDFKHUV�DQG�DGPLQLVWUDWRUV�IDFH�
/RVHQ� DQG� 6NLED� ������� UHSRUWHG�� LQ�6XVSHQGHG� (GXFDWLRQ��8UEDQ
0LGGOH�6FKRROV�LQ�&ULVLV��WKDW�PLGGOH�VFKRROV�KDYH�UHFHQWO\�LQFUHDVHG
WKHLU� XVH� RI� RXW�RI�VFKRRO� VXVSHQVLRQ� DV� D�PHDQV� WR� SXQLVK� D� KRVW� RI
RIIHQVHV��$OWKRXJK�RXW�RI�VFKRRO� VXVSHQVLRQ�PD\�EH�QHHGHG� LQ� FDVHV
RI� VHULRXV� PLVFRQGXFW�� DQDO\VLV� RI� VXVSHQVLRQ� GDWD� IURP� ��� ODUJH
VFKRRO� GLVWULFWV� VKRZHG� WKDW� RXW�RI�VFKRRO� VXVSHQVLRQ� LV� IUHTXHQWO\
XVHG�IRU�QRQYLROHQW�RIIHQVHV��7KH�GDWD�DOVR�UHYHDOHG�VWURQJ�UDFLDO�DQG

JHQGHU� GLIIHUHQFHV� LQ� WKH� XVH� RI� RXW�RI�VFKRRO� VXVSHQVLRQV�� $IULFDQ� $PHULFDQV� ZHUH� VXVSHQGHG� DW
KLJKHU�UDWHV�WKDQ�RWKHU�JURXSV��DQG�PDOHV�ZHUH�VXVSHQGHG�DW�KLJKHU�UDWHV�WKDQ�IHPDOHV��,Q�IDFW��LQ�WZR
GLVWULFWV��WKH�VXVSHQVLRQ�UDWH�IRU�$IULFDQ�$PHULFDQ�PDOHV�ZDV�JUHDWHU�WKDQ������8QIRUWXQDWHO\��RXW�RI�
VFKRRO� VXVSHQVLRQ� EULQJV� VHYHUDO� XQZDQWHG� E\�SURGXFWV�� 6XVSHQGHG� VWXGHQWV� PLVV� LQVWUXFWLRQDO� WLPH�
WKH\�RIWHQ�DUH�OHIW�XQVXSHUYLVHG�GXULQJ�WKHLU�WLPH�DZD\�IURP�VFKRRO��DQG�WKH\�PD\�IHHO�WKDW�WKH�VFKRRO
GRHV� QRW� ZDQW� WKHP� DQG� GRHV� QRW� FDUH� DERXW� WKHP�� 7KHVH� ³E\�SURGXFWV´� DUH� NQRZQ� SUHGLFWRUV� RI
JUHDWHU� VFKRRO� GLIILFXOWLHV�� =HUR� WROHUDQFH� GRHV� QRW� ZRUN� YHU\� ZHOO�� 3ULQFLSDOV� ZKR� VXSSRUWHG� ]HUR
WROHUDQFH�WHQGHG�WR�PDNH�JUHDWHU�XVH�RI�RXW�RI�VFKRRO�VXVSHQVLRQ�

+RZ�GRHV�WKH�ORFDO�VFKRRO�\RX�DUH�PRVW�IDPLOLDU�ZLWK�GHDO�ZLWK�GLVUXSWLYH�VWXGHQWV"�:KHQ�GR�VFKRRO
DXWKRULWLHV� XVH� RXW�RI�VFKRRO� VXVSHQVLRQ"� 'RHV� WKH� DGPLQLVWUDWLRQ� WUDFN� WKH� HIIHFWLYHQHVV� RI� LWV



SURFHGXUHV"�&DQ�\RX� WKLQN� RI� DQ� LQQRYDWLYH�PHWKRG� WKDW� VKRXOG� EH� WULHG� DW� \RXU� ORFDO� VFKRRO"�$FWLRQ
UHVHDUFK�ZLOO�SUHSDUH�\RX�WR�DGGUHVV�WKHVH�NLQGV�RI�TXHVWLRQV�DQG�KHOS�\RX�WKLQN�DERXW�KRZ�WR�FRQGXFW
\RXU�RZQ�UHVHDUFK�VWXG\�

'(),1,1*�$&7,21�5(6($5&+

,Q� &KDSWHU� �� \RX� OHDUQHG� WKDW� DFWLRQ� UHVHDUFK� LV� IRFXVHG� RQ� VROYLQJ� VSHFLILF
SUREOHPV� WKDW� ORFDO� SUDFWLWLRQHUV� IDFH� LQ� WKHLU� VFKRROV� DQG� FRPPXQLWLHV� �/HZLQ�
������6WULQJHU���������$FWLRQ�UHVHDUFK�LV�D�FRPELQDWLRQ�RI�UHVHDUFK�DQG�DFWLRQ��,W
JHQHUDWHV� ORFDO� NQRZOHGJH�� DQG� LW� RIWHQ� UHVXOWV� LQ� FKDQJHV� LQ� SUDFWLFHV�� $FWLRQ
UHVHDUFK�LV�XVHG�WR�WU\�RXW�QHZ�VWUDWHJLHV�DQG�SUDFWLFHV��DQG�WKH�UHVHDUFKHU�FDUHIXOO\
PHDVXUHV�DQG�REVHUYHV�WKH�RXWFRPHV�DQG�FRQVHTXHQFHV�RI�WKHVH�DFWLRQV�

��$FWLRQ�UHVHDUFK�6WXGLHV�WKDW�IRFXV�RQ�VROYLQJ�SUDFWLWLRQHUV¶�ORFDO�SUREOHPV

<RX� KDYH� WKH� DFWLRQ� UHVHDUFK� DWWLWXGH� ZKHQ� \RX� WDNH� RQ� WKH� DWWLWXGH� RI� D
SUDFWLWLRQHU� DQG� D� UHVHDUFKHU� DQG� \RX� WKLQN� DERXW� KRZ� \RX� FDQ� LPSURYH� \RXU
ZRUNSODFH��WU\�QHZ�VWUDWHJLHV��DQG�GHWHUPLQH�WKH�FRQVHTXHQFHV��7KH�LGHD�LV�IRU�\RX
WR� LGHQWLI\�SUREOHPV�\RX� IDFH�DQG�DFW� LQ�ZD\V� WKDW�FDQ�KHOS�³IL[´� WKRVH�SUREOHPV
DQG� REVHUYH� ZKHWKHU� \RXU� ³IL[´� KDV� ZRUNHG�� 7KLV� DWWLWXGH� DVNV� \RX� WR� EH� ERWK
UHIOHFWLYH�DQG�IRUZDUG�WKLQNLQJ�DQG�WR�EH�D�JRRG�REVHUYHU��,I�\RX�EHFRPH�DQ�DFWLRQ
UHVHDUFKHU�� \RX� FDQ� FRQWLQXDOO\� GHYHORS� WKHRULHV� �\RXU� XQGHUVWDQGLQJV�
H[SODQDWLRQV��SUHGLFWLRQV���WHVW�\RXU�WKHRU\��DQG�LQWHJUDWH�\RXU�WKHRU\�ZLWK�SUDFWLFH�
<RX�VKRXOG�JHQHUDWH�DQG�WHVW�\RXU�WKHRU\�EXW�DOVR�LQIRUP�\RXU�WKHRU\�EDVHG�RQ�ZKDW
\RX� ILQG� LQ� WKH�SXEOLVKHG� UHVHDUFK� OLWHUDWXUH��$FWLRQ� UHVHDUFK� VWDUWV�ZLWK�\RX�DQG
\RXU� SODFH� RI� ZRUN�� DQG� LW� LV� XVHG� WR� DGGUHVV� ZKDW� \RX� EHOLHYH� LV� LPSRUWDQW� WR
DGGUHVV�� 7KH� SXUSRVH� RI� WKLV� FKDSWHU� LV� WR� KHOS� \RX� EHJLQ� \RXU� MRXUQH\� WRZDUG
EHFRPLQJ�DQ�³DFWLRQ�UHVHDUFKHU�´

��$FWLRQ�UHVHDUFK�DWWLWXGH�9DOXLQJ�DQG�WKLQNLQJ�OLNH�D�SUDFWLWLRQHU�DQG
UHVHDUFKHU�LQ�\RXU�MRE�DQG�OLIH

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

25,*,16�2)�$&7,21�5(6($5&+
7KHUH�LV�QR�SHUIHFW�VWDUWLQJ�SRLQW�IRU�WKH�RULJLQ�RU�IRXQGLQJ�RI�DFWLRQ�UHVHDUFK��EXW
DOPRVW� DOO� DFWLRQ� UHVHDUFK�KLVWRULDQV� FRQVLGHU�.XUW�/HZLQ� �����±������ WR�EH� WKH
IRXQGHU�� 7KLV� LV� EHFDXVH� /HZLQ� ILUVW� FRLQHG� WKH� WHUP� DFWLRQ� UHVHDUFK� DQG� KH
SUDFWLFHG� DSSOLHG� VRFLDO� UHVHDUFK� GXULQJ� WKH� ����V� DQG� ����V� XQWLO� KLV� XQWLPHO\
GHDWK� LQ� ������ .XUW� /HZLQ� ZDV� DOVR� D� JUHDW� VRFLDO� SV\FKRORJLVW�� +H� LV� RIWHQ
FRQVLGHUHG� WKH� IDWKHU� RI� DFDGHPLF� VRFLDO� SV\FKRORJ\� LQ� WKH�8QLWHG� 6WDWHV�� /HZLQ
WULHG�WR�OLQN�WKHRU\�ZLWK�SUDFWLFH��DQG�KH�VSHQW�KLV�FDUHHU�DWWHPSWLQJ�WR�VROYH�VRFLDO



SUREOHPV��+H�VRPHWLPHV�ZRUNHG�DW�WKH�ORFDO�OHYHO�EXW�DWWHPSWHG�WR�PRYH�XS�WR�FLW\�
VWDWH�� DQG� QDWLRQDO� OHYHOV� ZKHQHYHU� SRVVLEOH�� /HZLQ� ZDQWHG� WR� FRQQHFW� QDWLRQDO
SUREOHPV�ZLWK� ORFDO� SUREOHPV�� )RU� H[DPSOH�� UDFLVP�� VH[LVP�� DQWL�6HPLWLVP�� DQG
SRYHUW\�DUH�ERWK�ORFDO�DQG�QDWLRQDO�SUREOHPV�

/HZLQ� HPSKDVL]HG� WKDW� UHVHDUFK� DQG� WKHRU\� EH� FRQQHFWHG� DQG� VKRXOG� OHDG� WR
DFWLRQ��VSHFLILFDOO\�VRFLDO�LPSURYHPHQW��7KURXJKRXW�KLV�FDUHHU��/HZLQ�HPSKDVL]HG
WKH�LPSRUWDQFH�RI�FRQQHFWLQJ�WKHRU\�DQG�SUDFWLFH�DQG�GHYHORSLQJ�WKHRULHV�WKDW�ZRUN�
$FFRUGLQJ�WR�KLV�IULHQG�DQG�FROOHDJXH�'RUZLQ�&DUWZULJKW���������/HZLQ�IDPRXVO\
VDLG�� ³7KHUH� LV� QRWKLQJ� VR� SUDFWLFDO� DV� D� JRRG� WKHRU\�´� 7KLV� TXRWH� KDV� EHHQ
UHSURGXFHG�LQ�SHUKDSV�D�KXQGUHG�ERRNV�EHFDXVH�RI�LWV�VLPSOLFLW\�DQG�LWV�SRZHU�WR
JXLGH�XV��:H�DOO�VWULYH�IRU�SUDFWLFDO�WKHRU\�

:KHQ�FRQVLGHULQJ�FKDQJH�LQ�D�FRPPXQLW\��DQ�RUJDQL]DWLRQ��H�J���D�VFKRRO���RU�LQ
D�VPDOOHU�SODFH� �H�J��� LQ�D�FODVVURRP�RU�HYHQ�DQ� LQGLYLGXDO���/HZLQ¶V� IRUFH� ILHOG
WKHRU\� LV�KHOSIXO��$FFRUGLQJ�WR�WKLV�WKHRU\��ZKHUH�ZH�DUH�ULJKW�QRZ�DQG�ZKDW�ZH
URXWLQHO\� GR� LQ� RXU� OLYHV� WHQGV� QRW� WR� FKDQJH� YHU\� PXFK��:K\"�:H� DUH� LQ� ZKDW
/HZLQ�FDOOHG�D�TXDVL�VWDWLRQDU\�HTXLOLEULXP�WKDW�LV�WKH�UHVXOW�RI�PXOWLSOH�G\QDPLF
IRUFHV�RSHUDWLQJ�XSRQ�XV��3XW�PRUH�VLPSO\��LQ�RXU�HTXLOLEULXP�VWDWH��WKH�IRUFHV�IRU
FKDQJH� �GULYLQJ� IRUFHV�� DQG� WKH� IRUFHV� DJDLQVW� FKDQJH� �UHVWUDLQLQJ� IRUFHV�� DUH
DERXW�HTXDO��7KDW¶V�ZK\�ZH�GRQ¶W�FKDQJH�PXFK��DQG�WKDW¶V�ZK\�WKLQJV�GRQ¶W�FKDQJH
PXFK�LQ�RXU�SODFHV�RI�ZRUN��VXFK�DV�RXU�VFKRROV�DQG�RXU�FODVVURRPV�

��)RUFH�ILHOG�WKHRU\�([SODQDWLRQ�RI�DFWLRQ�DQG�LQDFWLRQ�DV�UHVXOWLQJ�IURP
GULYLQJ�DQG�UHVWUDLQLQJ�IRUFHV

��'ULYLQJ�IRUFHV�)RUFHV�SXVKLQJ�IRU�FKDQJHV�IURP�WKH�FXUUHQW�VWDWH

��5HVWUDLQLQJ�IRUFHV�)RUFHV�UHVLVWLQJ�FKDQJH�DQG�VXSSRUWLQJ�WKH�VWDWXV�TXR

7\SHV� RI� GULYLQJ� DQG� UHVWUDLQLQJ� IRUFHV� LQFOXGH� �D�� SK\VLFDO� IRUFHV� �H�J��
SK\VLFDO�DELOLWLHV��VFKRRO�EXLOGLQJV��WHFKQRORJ\����E��SV\FKRORJLFDO�IRUFHV��H�J���RXU
GHVLUH�IRU�FKDQJH�RU�RXU�UHVLVWDQFH�WR�SHUVRQDO�FKDQJH�EHFDXVH�RI�KDELW��SHUVRQDOLW\�
EHOLHIV�� RU� IHDU��� �F�� JURXS� IRUFHV� �H�J��� VFKRRO� FXOWXUHV�� FRPPXQLW\� FXOWXUHV�
SDUHQWDO�YDOXHV�DQG�EHOLHIV��VRFLDO�DQG�JURXS�LQVWLWXWLRQV��DQG�VRFLDO�DWWLWXGHV�VXFK
DV� VWHUHRW\SHV� RI� JURXSV� RI� SHRSOH��� DQG� �G�� DQ\�RWKHU� IRUFHV� WKDW� DIIHFW� XV� �H�J��
JUDYLW\����<RX�FDQ�FRQGXFW�D�IRUFH�ILHOG�DQDO\VLV�E\�LGHQWLI\LQJ�WKH�IRUFHV�WKDW�DUH
SXVKLQJ�IRU�FKDQJH��H�J���YLVLRQ�IRU�VRPHWKLQJ�EHWWHU� WKDQ� WKH�VWDWXV�TXR��GHVLUH� WR
WU\�VRPHWKLQJ�QHZ� LQ�\RXU�FODVVURRP��DQG� LGHQWLI\LQJ� WKH� IRUFHV� WKDW�DUH� UHVLVWLQJ
FKDQJH� LQ� WKH� VWDWXV� TXR� �H�J��� SROLWLFV�� SRZHU�� FXVWRP�� WUDGLWLRQ��� ,Q� \RXU� FXUUHQW
HTXLOLEULXP� VWDWH�� \RX�ZLOO� SUREDEO\� ILQG� WKDW� WKHVH� WZR� VHWV� RI� IRUFHV� DUH� DERXW
HTXDO�� 6R� KRZ� FDQ� \RX� FKDQJH� RU� SURGXFH� FKDQJH� LQ� RWKHUV"� $QVZHU�� 5HGXFH
UHVLVWLQJ� IRUFHV�DQG� LQFUHDVH�GULYLQJ� IRUFHV�� ,W� VRXQGV�HDV\��EXW�DV�\RX�NQRZ�� LW¶V
QRW�



��)RUFH�ILHOG�DQDO\VLV�,GHQWLI\LQJ�DQG�XQGHUVWDQGLQJ�WKH�GULYLQJ�DQG�UHVWUDLQLQJ
IRUFHV�SUHVHQW�LQ�D�VLWXDWLRQ

$FFRUGLQJ�WR�/HZLQ¶V�FKDQJH�WKHRU\��V\VWHPDWLF�FKDQJH�IROORZV�WKUHH�SKDVHV�
XQIUHH]LQJ� �L�H��� LGHQWLI\LQJ� DQG� UHPRYLQJ� WKH� UHVLVWLQJ� IRUFHV��� FKDQJLQJ� �L�H��
FUHDWLQJ�DQ�XQEDODQFH�RI�IRUFHV�VXFK�WKDW�WKH�GULYLQJ�IRUFHV�DUH�JUHDWHU�UHODWLYH�WR
WKH� UHVLVWLQJ� IRUFHV�� IRU� H[DPSOH�� LPSOHPHQWLQJ� \RXU� QHZ� FODVVURRP�PDQDJHPHQW
V\VWHP���DQG�UHIUHH]LQJ��L�H���UHDFKLQJ�D�QHZ�HTXLOLEULXP�VWDWH��H�J���PDNLQJ�WKH�QHZ
FODVVURRP�PDQDJHPHQW�V\VWHP�WKH�QHZ�DQG�H[SHFWHG�ZD\�RI�GRLQJ�WKLQJV���:KDW�GR
\RX�WKLQN�LV�WKH�KDUGHVW��XQIUHH]LQJ��FKDQJLQJ��RU�UHIUHH]LQJ"�,W¶V�XVXDOO\�XQIUHH]LQJ
�L�H��� JHWWLQJ� SHRSOH� WR� EH� RSHQ� WR� QHZ�ZD\V� RI� GRLQJ� WKLQJV�� UHDOL]LQJ� WKDW� WKHLU
FXUUHQW�EHOLHIV�DQG�EHKDYLRUV�DUH�SUREOHPDWLF��DQG�PDNLQJ�WKH�GHFLVLRQ�WR�DFW�UDWKHU
WKDQ� EHLQJ� FRQWHQW� ZLWK� WKH� VWDWXV� TXR��� /HZLQ¶V� FKDQJH� WKHRU\� DQG� IRUFH� ILHOG
FRQFHSWV�DUH�FRPELQHG�LQWR�/HZLQ¶V�RYHUDOO�WKHRU\�GHSLFWHG�LQ�)LJXUH�����

��/HZLQ¶V�FKDQJH�WKHRU\�$�GHWDLOHG�WKHRU\�RI�FKDQJH�WKDW�LQFOXGHV�D�WKUHH�
VWHS�SURFHVV�IRU�SODQQHG�FKDQJHV�LQ�KXPDQ�VHWWLQJV

�),*85(�������/HZLQ¶V�IRUFH�ILHOG�DQDO\VLV�DQG�WKUHH�VWDJHV�RI�FKDQJH��,I�\RX
PDNH�LW�WR�VWDJH����WKDW�EHFRPHV�\RXU�QHZ�EHJLQQLQJ�SRLQW�IRU
IXWXUH�FKDQJH�

$QRWKHU�PDMRU� LQIOXHQFH� RQ� DFWLRQ� UHVHDUFK�� HVSHFLDOO\� LQ� HGXFDWLRQ��ZDV� WKH
ZRUN�RI�-RKQ�'HZH\������±�������'HZH\�ZDV�DQ�HGXFDWRU��D�SKLORVRSKHU��DQG�D
SV\FKRORJLVW�� +LV� FDUHHU� VSDQQHG� PDQ\� GHFDGHV�� EHJLQQLQJ� LQ� WKH� ����V� DQG
FRQWLQXLQJ�XQWLO�KLV�GHDWK�DW�DJH���� LQ������� ,Q� WKH� ODWH���WK�FHQWXU\��KH�FULWLTXHG
VWLPXOXV�UHVSRQVH� �6�5�� SV\FKRORJ\� WKDW� YLHZHG� KXPDQ� EHKDYLRU� DV� PHUHO\� WKH
UHVXOW� RI� VWLPXOL� DQG� UHVSRQVHV� SDLULQJV� �DQG� SXQLVKPHQW� DQG� UHLQIRUFHPHQW��
,QVWHDG�� 'HZH\� LQ� ����� ZDV� WKH� HDUOLHVW� DGYRFDWH� IRU� 6�2�5� SV\FKRORJ\�� +H
LQVHUWHG�WKH�WKLQNLQJ�DQG�DFWLQJ�RUJDQLVP��2��LQWR�WKH�REVHUYHG�VWLPXOXV�UHVSRQVH
UHODWLRQVKLS�� ,Q� WKH� HDUO\� ��WK� FHQWXU\� DQG� FRQWLQXLQJ� IRU� PDQ\� GHFDGHV�� 6�5



SV\FKRORJ\�EHFDPH�WKH�GRPLQDQW�OHDUQLQJ�SDUDGLJP�LQ�HGXFDWLRQ�DQG�SV\FKRORJ\��,W
EHFDPH�NQRZQ�DV�EHKDYLRULVP��DQG�%��)��6NLQQHU������±������ZDV�RQH�RI�LWV�PRVW
SUROLILF� DGYRFDWHV� DQG� WKHRULVWV�� $V� \RX� SUREDEO\� NQRZ�� FRJQLWLYLVP�
FRQVWUXFWLYLVP��QHXURSV\FKRORJ\�� DQG� DGGLWLRQDO� VSHFLDOL]HG�SDUDGLJPV�KDYH�QRZ
EHHQ�DGGHG�WR�EHKDYLRULVP�DV�VFKRROV�RI�WKRXJKW�LQ�HGXFDWLRQDO�SV\FKRORJ\��7RGD\�
ZH� KDYH� PDQ\� DSSURDFKHV� WR� GUDZ� XSRQ�� ,QWHUHVWLQJO\�� KRZHYHU�� WKHUH� LV� D
UHVXUJHQFH�RI�LQWHUHVW�LQ�WKH�ZRUNV�RI�-RKQ�'HZH\�

'HZH\�EHOLHYHG�WKDW� WKH� WKLQNLQJ�KXPDQ�RUJDQLVP�LV�DOZD\V�HPEHGGHG�LQ�DQG
SDUW� RI� D� G\QDPLF�� ORFDO�� DQG� FRPSOH[� HFRORJ\�� $FFRUGLQJ� WR� KLV� WUDQVDFWLRQDO
WKHRU\��ZH�DUH�QRW�VHSDUDWH�IURP�RXU�HQYLURQPHQWV�EXW�DUH�SDUW�RI�RXU�HQYLURQPHQWV�
2XU�HQYLURQPHQWV� DIIHFW�XV�DQG�ZH�DIIHFW�RXU� HQYLURQPHQWV�� FRQWLQXRXVO\��'HZH\
DUJXHG� WKDW� KXPDQV� DUH� DGDSWLYH� RUJDQLVPV�� FRQWLQXRXVO\� WU\LQJ� WR� LPSURYH� WKHLU
ZRUOG��'HZH\� DOVR�ZDV� RQH� RI� WKH� RULJLQDO�$PHULFDQ� SKLORVRSKLFDO�SUDJPDWLVWV
ZKR�VDLG� WKDW�KXPDQV� �D��REVHUYH� WKH�FRQVHTXHQFHV�RI�RXU�DFWLRQV�� �E��GHWHUPLQH
ZKDW�ZRUNV�LQ�ZKDW�VLWXDWLRQV��DQG��F��DFW�LQ�ZD\V�WR�SURGXFH�ZKDW�ZH�YDOXH�DQG
LPSURYH�RXU�ZRUOG��$OWKRXJK�'HZH\�ZDV�ZRUULHG�WKDW�PDQ\�SHRSOH�KDG�QRW�EHHQ
UDLVHG� WR� WKLQN� IRU� WKHPVHOYHV� DQG� WR� IXOO\�SDUWLFLSDWH� LQ� D�GHOLEHUDWLYH�WKRXJKWIXO
GHPRFUDF\��KH�EHOLHYHG� WKDW�HGXFDWLRQ�ZDV� WKH�FXUH��2XU� IUHHGRP� LQFUHDVHV�DQG
ZH�EHFRPH�EHWWHU�FLWL]HQV�ZKHQ�HGXFDWLRQ�HPSRZHUV�XV��DQG�RXU�VWXGHQWV��WR�WKLQN
LQWHOOLJHQWO\��'HZH\�KDG�JUHDW�IDLWK�LQ�WKH�SRZHU�RI�HGXFDWLRQ�WR�LPSURYH�VRFLHW\�

3V\FKRORJLFDOO\�VSHDNLQJ��'HZH\�EHOLHYHG�WKDW�SHRSOH�DUH�SUREOHP�VROYHUV��$V
LQGLYLGXDOV��ZH�ZLOO�ILQG�RXUVHOYHV�LQ�SUREOHPDWLF�VLWXDWLRQV�DQG�H[SHULHQFH�GRXEW�
:KHQ�ZH� H[SHULHQFH� GRXEW��ZH� VWDUW� WKLQNLQJ� DQG�SODQQLQJ�ZD\V� WR�DFW� WKDW�ZLOO
EULQJ�XV�LQWR�D�PRUH�VDWLVIDFWRU\�FRQGLWLRQ�RI�HTXLOLEULXP�EHWZHHQ�RXU�EHOLHIV�DQG
RXU�HQYLURQPHQW��9HU\�PXFK� OLNH�D�VFLHQWLVW��ZH� LGHQWLI\�D�SUREOHP��ZH� WKLQN�DQG
K\SRWKHVL]H� DERXW� OLNHO\� RXWFRPHV� RI� QHZ� DFWLRQV�� ZH� DFW�� ZH� H[DPLQH� WKH
FRQVHTXHQFHV�� DQG�ZH� FRQWLQXH� WKLV� SURFHVV�XQWLO�ZH�JHW� EDFN� WR�RXU� QRUPDO� DQG
SUHIHUUHG�VWDWH�RI�HTXLOLEULXP�

'HZH\�KDG�JUHDW�IDLWK�LQ�WKH�PHWKRG�RI�VFLHQWLILF�H[SHULPHQWDWLRQ�WKDW�KH�WKRXJKW
KDG�EHHQ�VXFFHVVIXO�LQ�WKH�PDWXUH�KDUG�VFLHQFHV��H�J���ELRORJ\��SK\VLFV��FKHPLVWU\��
'HZH\�WDONHG�DERXW�VFLHQWLILF�H[SHULPHQWDWLRQ�RIWHQ��EXW�KH�EURXJKW�LW�GRZQ�WR�WKH
OHYHO� RI� GDLO\� OLIH�� +H� HPSKDVL]HG� WKDW� HYHU\� SHUVRQ� FDQ� HQJDJH� LQ
H[SHULPHQWDWLRQ�LQ�WKH�ZRUNSODFH�DQG�LQ�GDLO\�OLIH��L�H���H[SHULPHQWV�ZHUH�QRW�MXVW
IRU� VFLHQWLVWV� LQ� XQLYHUVLWLHV��� 'HZH\� EHOLHYHG� WKDW� DOO� KXPDQV� FRXOG� EH
³LQWHOOLJHQW´� DQG� WKDW� LQWHOOLJHQW� KXPDQV� ZHUH� DFWLYH� SDUWLFLSDQWV� LQ� WKHLU
HQYLURQPHQWV��WU\LQJ�QHZ�DSSURDFKHV�WR�ILQG�ZKDW�ZRUNV�DQG�WR�PDNH�WKHLU�VFKRROV�
FRPPXQLWLHV��DQG�VRFLHW\�EHWWHU�

)RU�'HZH\��WKH�VFLHQWLILF�PHWKRG�ZDV�MXVW�DQRWKHU�QDPH�IRU�LQTXLU\��,QTXLU\�LV
VRPHWKLQJ� LQGLYLGXDOV�KDYH�EHHQ�GRLQJ�VLQFH� WKH�EHJLQQLQJ�RI� WLPH��7KH\�GR� LW� WR
PRYH�WKHPVHOYHV�IURP�GRXEW�WRZDUG�EHOLHI²VSHFLILFDOO\�WRZDUG�EHOLHIV�WKDW�ZRUN�
%HFDXVH�'HZH\�WKRXJKW�WKDW�HDFK�RI�XV�VKRXOG�WU\�QHZ�DSSURDFKHV�WR�SUREOHPDWLF
VLWXDWLRQV� WR�GHWHUPLQH�ZKDW�ZRUNV�EHWWHU��KH�VRPHWLPHV�UHIHUUHG� WR�KLPVHOI�DV�DQ
LQVWUXPHQWDOLVW�� ,Q� SKLORVRSK\�� 'HZH\� LV� RQH� RI� WKH� WKUHH� FODVVLFDO� $PHULFDQ
SUDJPDWLVWV� �WKH� RWKHU� WZR� DUH� &KDUOHV� 6DQGHUV� 3HLUFH� DQG� :LOOLDP� -DPHV��



$OWKRXJK�'HZH\�ZDV�DQ� LQVWUXPHQWDOLVW� IRU� OHDUQLQJ�DQG�PHDQLQJ�DV� WHVWHG� LQ�RXU
DFWLRQV� �L�H��� KH� ZDQWHG� WR� OHDUQ� ZKDW� DFWLRQV� DQG�PHDQLQJV� ZRUNHG� EHVW� LQ� RXU
H[SHULHQFHV���KH�DOVR�YLHZHG�YDOXHV�DV�FHQWUDO� WR� LQTXLU\��)RU�'HZH\��RXU�YDOXHV
DOZD\V� JXLGH� XV�� DQG� ZH� OHDUQ� ZKDW� YDOXHV� DUH� PRVW� LPSRUWDQW� LQ� SDUWLFXODU
VLWXDWLRQV�WKURXJK�LQTXLU\��'HZH\¶V�SUDJPDWLVP�ZDV�D�YDOXHV�EDVHG�SUDJPDWLVP�

'DYLG� +LOGHEUDQG� �������� D� SKLORVRSKHU� DQG� 'HZH\� VFKRODU�� KDV� GHVFULEHG
'HZH\DQ�LQTXLU\�DV�IROORZLQJ�ILYH�SKDVHV��7KH�SKDVHV�DUH�D�VOLJKW�VLPSOLILFDWLRQ
RI�'HZH\¶V�ZULWLQJV��EXW�WKH\�DUH�GLUHFWO\�EDVHG�RQ�WZR�ERRNV�ZULWWHQ�E\�'HZH\�
����+RZ�:H� 7KLQN�� SXEOLVKHG� LQ� ������ DQG� ���� /RJLF�� 7KH� 7KHRU\� RI� ,QTXLU\�
SXEOLVKHG� LQ� �����E��� ,Q� FDVH� \RX� GLGQ¶W� UHDOL]H� LW�� 'HZH\¶V� ZULWLQJV� ZHUH� IDU
DKHDG� RI� KLV� WLPH�� 0DQ\� FXUUHQW� FRQFHSWV� DQG� DSSURDFKHV� LQ� HGXFDWLRQ� ZHUH
VXJJHVWHG�E\�'HZH\�DOPRVW�����\HDUV�DJR��<RX�FDQ�ILQG�PDQ\�RI�KLV�LQVLJKWV�DERXW
HGXFDWLRQ� LQ� KLV� 'HPRFUDF\� DQG� (GXFDWLRQ� ������� DQG� KLV� ([SHULHQFH� DQG
(GXFDWLRQ� �����D��� 'HZH\� ZDV� ��� \HDUV� ROG� ZKHQ� KH� ZURWH� ([SHULHQFH� DQG
(GXFDWLRQ��+HUH�DUH�'HZH\¶V�ILYH�SKDVHV�RI�LQTXLU\��SDUDSKUDVHG�E\�+LOGHEUDQG��

��'HZH\DQ�LQTXLU\�3UREOHP�VROYLQJ�WKDW�UHOLHV�RQ�UHIOHFWLRQ��REVHUYDWLRQ��DQG
H[SHULPHQWDWLRQ

�����$Q�LQGHWHUPLQDWH�VLWXDWLRQ�LQ�ZKLFK�D�GLIILFXOW\�LV�IHOW²³6RPHWKLQJ¶V�ZURQJ
�����´

�����7KH�LQVWLWXWLRQ�RI�D�SUREOHP��LWV�ORFDWLRQ�DQG�GHILQLWLRQ²³7KH�SUREOHP
VHHPV�WR�EH������´

�����+\SRWKHVLV�RI�D�SRVVLEOH�VROXWLRQ²³0D\EH�ZKDW�,�VKRXOG�GR�LV������´

�����5HDVRQLQJ�RXW�RI�WKH�EHDULQJV�RI�WKH�VXJJHVWLRQ²³'RLQJ�WKDW�ZRXOG�PHDQ����
�´

�����$FWLYH�H[SHULPHQWDO�RU�REVHUYDWLRQDO�WHVWLQJ�RI�WKH�K\SRWKHVLV²³/HW¶V�WU\
WKLV�DQG�VHH�ZKDW�KDSSHQV������´��SS����±���

2QH� FDQ� PRYH� EDFN� DQG� IRUWK� EHWZHHQ� SKDVHV� DV� ZHOO� DV� PRYH� WKURXJK� WKH
SKDVHV� OLQHDUO\��'HZH\�HPSKDVL]HG� WKDW� WKHUH� LV�QR�HQG� WR� WKH�SURFHVV�RI� LQTXLU\�
DQG�WKLV�LV�H[DFWO\�WKH�VDPH�HPSKDVLV�WKDW�\RX�ZLOO�ILQG�LQ�DFWLRQ�UHVHDUFK�

<RX� PLJKW� ZRQGHU� ZKHWKHU�� DFFRUGLQJ� WR� 'HZH\�� ³ZH� REWDLQ� WUXWK� LQ
HGXFDWLRQDO�UHVHDUFK�´�+LV�DQVZHU�ZDV�\HV�DQG�QR��$FFRUGLQJ�WR�'HZH\��ZH�REWDLQ
SURYLVLRQDO� RU� ZRUNLQJ� WUXWKV� WKDW� DUH� DOZD\V� VXEMHFW� WR� XSGDWLQJ� DQG
LPSURYHPHQW�� +H� EHOLHYHG� WKDW� ZH� GR� QRW� ILQG� ILQDO�� HWHUQDO�� RU� XQLYHUVDO� WUXWKV
�H�J��� WKDW� D� FHUWDLQ� HGXFDWLRQDO� VWUDWHJ\�ZRUNV� EHVW� LQ� DOO� SODFHV�� VLWXDWLRQV�� DQG
WLPHV���)RU�'HZH\��ZKDW�ZRUNV�LQ�VFKRROV�KDV�D�VWURQJ��ERWWRP�XS��DQG�ORFDO�IODYRU
WKDW�HPSKDVL]HV�FRQWH[W��<RX�ZRUN�LQ�D�SDUWLFXODU�SODFH²LQ�D�SDUWLFXODU�FRQWH[W²
DQG��DFFRUGLQJ�WR�'HZH\��\RX�ZLOO�QHHG�WR�FRQWLQXDOO\�GHWHUPLQH�ZKDW�ZRUNV�WKHUH
DQG�WU\�WR�LPSURYH�LW�



5(9,(:
48(67 ,21

�������:KDW�DUH�WKH�URRWV�DQG�HDUO\�YLVLRQ�IURP�ZKLFK
DFWLRQ�UHVHDUFK�HPHUJHG"

%$6,&�6&,(17,),&�5(6($5&+�9(5686�$&7,21�5(6($5&+
:H�KDYH�SRLQWHG�RXW�WKDW�DFWLRQ�UHVHDUFK�LV�D�FRPELQDWLRQ�RI�UHVHDUFK�DQG�DFWLRQ�
+RZHYHU�� LW� DOVR� LV�KHOSIXO� WR�FRQWUDVW� DFWLRQ� UHVHDUFK�ZLWK�PRUH�EDVLF� VFLHQWLILF
UHVHDUFK�� $FWLRQ� UHVHDUFK� IDOOV� RQ� WKH� DSSOLHG� HQG� RI� WKH� EDVLF�YHUVXV�DSSOLHG
UHVHDUFK� FRQWLQXXP� GHVFULEHG� LQ� &KDSWHU� ��� )XUWKHUPRUH�� LQ� EDVLF� RU� UHJXODU
VFLHQWLILF� UHVHDUFK�� WKH�SULPDU\�JRDO� LV� WR�SURGXFH�NQRZOHGJH��$SSOLFDWLRQ�RI� WKH
NQRZOHGJH� LV� LPSRUWDQW�� EXW� WKH� SULPDU\� SXUSRVH� LV� WR� SURGXFH� VFLHQWLILF
NQRZOHGJH��$QRWKHU�JRDO�RI�UHJXODU�HGXFDWLRQDO�UHVHDUFK�LV�WR�ILQG�SULQFLSOHV�WKDW
ZRUN� EURDGO\�� WKDW� JHQHUDOL]H�� WKDW� FDQ� EH� XVHG� LQ� PXOWLSOH� SODFHV�� ,Q� FRQWUDVW�
DFWLRQ�UHVHDUFK�KDV� LQ�FRPPRQ�ZLWK�TXDOLWDWLYH�UHVHDUFK�D� IRFXV�RQ� WKH� ORFDO�DQG
WKH�SDUWLFXODU��UDWKHU�WKDQ�RQ�WKH�QDWLRQDO�DQG�WKH�JHQHUDO�

<RX�OHDUQHG�LQ�&KDSWHU���WKDW�ERWK�TXDQWLWDWLYH�UHVHDUFK��IRFXVHG�RQ�WKH�JHQHUDO
DQG�RQ�WHVWLQJ�WKHRULHV��DQG�TXDOLWDWLYH�UHVHDUFK��IRFXVHG�RQ�WKH�SDUWLFXODU�DQG�RQ
JHQHUDWLQJ�GHYHORSLQJ� WKHRULHV�� DUH� LPSRUWDQW� IRU� HGXFDWLRQ� VFLHQFH��:H� EHOLHYH
WKDW�PL[HG�PHWKRGV�UHVHDUFK�LV�HVSHFLDOO\�LPSRUWDQW�EHFDXVH�LW�EULQJV�WRJHWKHU�WKH
LQVLJKWV� RI� ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFK�� :H� DOVR� EHOLHYH� WKDW
HGXFDWLRQ�ZLOO�EH� VHUYHG�ZHOO�E\�EULQJLQJ� WRJHWKHU�QDWLRQDO�DQG� ORFDO�H[SHUWV�� DV
ZHOO�DV�ERWK�DFDGHPLF�UHVHDUFKHUV�DQG�ORFDO�SUDFWLWLRQHUV��2XU�LGHDV�DUH�GHSLFWHG
LQ�)LJXUH������1DWLRQDO�HGXFDWLRQ�SROLF\�VKRXOG�HPSKDVL]H�WKDW�ZH�KHOS�RXU�VWXGHQWV
WR�WKLQN�LQWHOOLJHQWO\��LQ�'HZH\¶V�VHQVH���7KLV�UHTXLUHV�WKDW�ZH�HPSRZHU�VWXGHQWV�WR
EHFRPH� OLIHORQJ� WKLQNHUV� DQG� OHDUQHUV� DQG� FRQWULEXWRUV� WR� WKHLU� FRPPXQLW\� DQG
VRFLHW\�

,Q� )LJXUH� ����� ZH� VKRZ� WKDW� WKH� HQWHUSULVH� RI� HGXFDWLRQ� VFLHQFH� QHHGV� ERWK
SURGXFHUV�RI�JHQHUDO�WKHRUHWLFDO�NQRZOHGJH�DQG�SURGXFHUV�RI� ORFDO�SDUWLFXODULVWLF
NQRZOHGJH� �-RKQVRQ� 	� 6WHIXUDN�� ������� 2Q� WKH� RQH� KDQG�� WKH� WRS�GRZQ� DUURZ
VKRZV� WKDW� ORFDO� SUDFWLFH� VKRXOG� EH� LQIRUPHG� E\� DFDGHPLF� UHVHDUFK� DERXW� EHVW
SUDFWLFHV�� WUDQVODWLRQDO� UHVHDUFK� LV� LPSRUWDQW� IRU� WKLV� HQGHDYRU� E\� WUDQVODWLQJ
VFLHQWLILF�UHVHDUFK�LQWR�HDVLO\�XQGHUVWRRG�ODQJXDJH�DQG�SURFHGXUHV�RI�SUDFWLFH��2Q
WKH� RWKHU� KDQG�� WKH� ERWWRP�XS� DUURZ� VKRZV� WKDW� ³EHVW� SUDFWLFHV´� DOVR� VKRXOG� EH
LQIRUPHG�E\�ZKDW� SUDFWLWLRQHUV� ILQG�ZRUNV�ZHOO� DW� WKH� ORFDO� OHYHO��(DFK� RI� WKHVH
WZR� OHYHOV� QHHGV� WR� OHDUQ� IURP� WKH� RWKHU�� VRPHWLPHV� FROODERUDWLYHO\� �H�J��� ZKHQ
XQLYHUVLW\�UHVHDUFKHUV�DQG�ORFDO�WHDFKHU�UHVHDUFKHUV�ZRUN�WRJHWKHU��

��7UDQVODWLRQDO�UHVHDUFK�6WXGLHV�IRFXVHG�RQ�FRQYHUWLQJ�VFLHQWLILF�UHVHDUFK
LQWR�HDVLO\�XQGHUVWRRG�ODQJXDJH�DQG�SURFHGXUHV

7KH�PRGHO� LQ�)LJXUH����� LV� FHQWHUHG� RQ� WKH� LPSRUWDQFH� RI� YDOXHV��$� IHZ� NH\
YDOXHV� WKDW� ZH� UHFRPPHQG� DUH� WKH� LPSRUWDQFH� RI� OHDUQLQJ� IURP� RWKHUV�� DFWLYH
OLVWHQLQJ�� WROHUDQFH��GLYHUVLW\��DQG�GHOLEHUDWLYH�GHPRFUDF\��:H�IXUWKHU�UHFRPPHQG



WKH� WUDGLWLRQDO� DQG� LPSRUWDQW� TXDQWLWDWLYH� UHVHDUFK� YDOXHV� RI� H[SODQDWLRQ� DQG
SUHGLFWLRQ�DQG�WKH�TXDOLWDWLYH�UHVHDUFK�YDOXHV�RI�XQGHUVWDQGLQJ�ORFDO�PHDQLQJV��,I
QDWLRQDO� DQG� ORFDO� NQRZOHGJH� SURGXFHUV� FDQ� ZRUN� WRJHWKHU�� WKHQ�� WKURXJK� PDQ\
F\FOHV� RU� LWHUDWLRQV� RI� WKH� PRGHO�� HGXFDWLRQDO� VFLHQFH� FDQ� EHFRPH� D� OHDUQLQJ
V\VWHP� WKDW�RSHUDWHV� LQ� WRS�GRZQ�DQG�ERWWRP�XS�GLUHFWLRQV�DQG�FRQWLQXDOO\� OHDUQV
DQG�LPSURYHV�

$�NH\�SRLQW�KHUH� LV� WKDW�DFWLRQ�UHVHDUFK�XVXDOO\�RSHUDWHV�DW� WKH� ORFDO� �ERWWRP�
OHYHO�LQ�)LJXUH������$FWLRQ�UHVHDUFK�ORRNV�IRU�ZKDW�ZRUNV�ZHOO�LQ�SDUWLFXODU�SODFHV
DQG�FRQWH[WV��,W�KHOSV�WHDFKHUV�DQG�SUDFWLWLRQHUV�WR�VROYH�WKH�SUREOHPV�WKH\�IDFH��EXW
WKLV� UHVHDUFK� VKRXOG� RYHU� WLPH� EH� GLVVHPLQDWHG� WR� WKH� PRUH� JHQHUDO� OHYHO� �H�J��
XQLYHUVLWLHV�� JRYHUQPHQW�� QDWLRQDO� DQG� LQWHUQDWLRQDO� MRXUQDOV�� VR� WKDW� WKH� ORFDO
NQRZOHGJH�FDQ�EH� LQWHJUDWHG� LQWR�PRUH�JHQHUDO� WKHRU\��7KLV� LPSURYHG�WKHRU\�ZLOO
LQFRUSRUDWH�ZKDW�DUH�FDOOHG�FRQWH[WXDO�FRQWLQJHQFLHV��RU�PRGHUDWRU�YDULDEOHV�DV
H[SODLQHG�LQ�7DEOH����� LQ�&KDSWHU���RQ�SDJH������ ,Q�RWKHU�ZRUGV�� WKLV� WKHRU\�ZLOO
VKRZ�ZKDW�FDQ�EH�GRQH�EURDGO\�EXW�DOVR�ZKHQ�DQG�KRZ�LW�PLJKW�QHHG�WR�EH�DGDSWHG
IRU�LW�WR�ZRUN�LQ�SDUWLFXODU�VLWXDWLRQV�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

$JDLQ��D�NH\�LGHD�RI�DFWLRQ�UHVHDUFK�LV�IRU�\RX�WR�FRQGXFW�UHVHDUFK�LQ�\RXU�SODFH
RI�ZRUN��:KHQ�\RX�ILQG�VWUDWHJLHV�DQG�SULQFLSOHV�WKDW�ZRUN��\RX�VKRXOG�VKDUH�WKHP
ZLWK� RWKHUV� LQ� MRXUQDOV�� SURIHVVLRQDO� DVVRFLDWLRQV�� DQG� XQLYHUVLWLHV�� 7KDW¶V� KRZ
ORFDO�SUDFWLFH�FDQ�LQIRUP�EURDGHU�SUDFWLFH�DQG�SROLF\�

,Q�WKH�QH[W�VHFWLRQ�ZH�LQWURGXFH�\RX�WR�VRPH�GLIIHUHQW�W\SHV�RI�DFWLRQ�UHVHDUFK�
<RX�PLJKW�VHOHFW�RQH�W\SH�IRU�\RXU�SUDFWLFH��RU�\RX�FDQ�FRQVWUXFW�\RXU�RZQ�PL[HG
W\SH�E\�VHOHFWLQJ�IHDWXUHV�IURP�WKH�GLIIHUHQW�W\SHV��<RX�PLJKW�ILQG�WKDW�WKH�W\SH�\RX
OLNH�WKH�PRVW�GHSHQGV�RQ�\RXU�VLWXDWLRQDO�QHHGV�

5(9,(:
48(67 ,21

�������:KDW�NLQG�RI�NQRZOHGJH�GRHV�DFWLRQ�UHVHDUFK
SURGXFH"

�),*85(�������&LUFOH�RI�NQRZOHGJH�IRU�WKH�HQWHUSULVH�RI�HGXFDWLRQ�VFLHQFH



7<3(6�2)�$&7,21�5(6($5&+
7KH� W\SHV�RI�$5�ZH�GLVFXVV�QRZ�DUH�QRW�PXWXDOO\� H[FOXVLYH��7KH\�GR�� KRZHYHU�
KDYH�GLIIHUHQW�HPSKDVHV��:H�WDNH�D�³PL[HG�YLHZ´�RI�DFWLRQ�UHVHDUFK��7KDW� LV��ZH
WKLQN�LW�LV�ILQH�IRU�DQ�DFWLRQ�UHVHDUFKHU�WR�VHOHFW�IURP�DQG�PL[�WKH�YDULRXV�W\SHV�ZH
GLVFXVV�EHORZ��7KH�$5�W\SHV�IRFXV�RQ�VOLJKWO\�GLIIHUHQW�NLQGV�RI�UHVHDUFK�TXHVWLRQV�
DQG�D�FRPSOH[�UHVHDUFK�TXHVWLRQ�PLJKW�UHTXLUH�D�FRPELQDWLRQ�RI�$5�W\SHV�

:H� YLHZ� DFWLRQ� UHVHDUFK� DV� D� ORFDO� IRUP� RI� UHVHDUFK�� SURGXFLQJ� ORFDO
NQRZOHGJH�� EXW� WKDW� NQRZOHGJH� FDQ� DQG� VKRXOG� ZRUN� LWV� ZD\� XS� DQG� LQIRUP� WKH
HQWLUH� ILHOG� RI� HGXFDWLRQ�� <RX� VKRXOG� ³GLDORJXH´� ZLWK� WKH� PXOWLSOH� W\SHV� RI� $5
GLVFXVVHG� QH[W�� GLDORJXH� ZLWK� PXOWLSOH� UHVHDUFK� DSSURDFKHV� �GLVFXVVHG� LQ� WKH
UHPDLQGHU�RI�WKLV�ERRN���DQG�GLDORJXH�ZLWK�DQ\�UHOHYDQW�SHUVRQ�RU�OLWHUDWXUH�WKDW�\RX
EHOLHYH�ZLOO�EH�KHOSIXO�IRU�\RXU�UHVHDUFK�VWXG\��<RXU�UHVHDUFK�PLJKW�IRFXV�RQ�\RXU
FODVVURRP�DQG�SURIHVVLRQDO�GHYHORSPHQW��EXW�\RXU�ZRUN�LV�SDUW�RI�D� ODUJHU�VRFLDO
HFRORJLFDO� V\VWHP��2WKHUV�PLJKW� EH� DIIHFWHG� E\� \RXU� UHVHDUFK�� DQG� WKH\�PLJKW� EH
LQWHUHVWHG� LQ� \RXU� UHVHDUFK� UHVXOWV�� 7KHUHIRUH�� FRQVLGHU� LQYROYLQJ� RWKHUV� WKURXJK
FROODERUDWLRQ�DQG�SDUWLFLSDWLRQ�

7KH� ILUVW� VSHFLILF� W\SH� RI� DFWLRQ� UHVHDUFK� LV� SDUWLFLSDWRU\� DFWLRQ� UHVHDUFK
�3$5���ZKLFK�HPSKDVL]HV� WKDW�PXOWLSOH�SDUWLHV�RU�VWDNHKROGHUV�ZLWK�DQ� LQWHUHVW� LQ
WKH�UHVHDUFK�WRSLF�DQG�SURMHFW�PXVW�ZRUN�WRJHWKHU�DV�D�UHVHDUFK�WHDP�LQ�FRQGXFWLQJ
WKH�DFWLRQ�UHVHDUFK�VWXG\��<RX�ZRXOG�EH�MXVW�RQH�PHPEHU�LQ�VXFK�D�WHDP�DQG�ZRXOG
KDYH� WR� UHOLQTXLVK� VRPH� SRZHU�� 3$5� LV� FRQGXFWHG� E\� WHDFKHUV�� DGPLQLVWUDWRUV�
FRXQVHORUV�� FRDFKHV�� DQG� RWKHU� SURIHVVLRQDOV� WR� VROYH� YHU\� VSHFLILF� SUREOHPV�
6RPHWLPHV�3$5�PHPEHUV�FROODERUDWH�ZLWK�XQLYHUVLW\�EDVHG�UHVHDUFKHUV��ZKHQ�WKLV
LV�GRQH�� WKRVH� UHVHDUFKHUV�DOVR�PXVW�JLYH�XS�SRZHU��7KH� VWUDWHJ\� LV� WR�ZRUN� LQ�D
FRPSOHPHQWDU\�ZD\�VXFK�WKDW�HDFK�SHUVRQ�FRQWULEXWHV�WR�WKH�ZKROH��6RPH�H[DPSOHV
DUH� D� SULQFLSDO� VWXG\LQJ� WHDFKHU� EXUQRXW� DQG� GLVVDWLVIDFWLRQ� LQ� D� ORFDO� VFKRRO
FRQWH[W�� D� JURXS� RI� WHDFKHUV� VWXG\LQJ� FODVVURRP� GLVFLSOLQH� SUREOHPV� LQ� WKHLU
FODVVURRPV�� WHDFKHUV�DQG�DGPLQLVWUDWRUV�VWXG\LQJ�WKH� ODFN�RI�SDUHQWDO� LQYROYHPHQW



ZLWK�WKHLU�VFKRRO¶V�37$��DQG�D�WHDFKHU�VWXG\LQJ�SUREOHPV�RI�D�SDUWLFXODU�FKLOG�LQ�KLV
RU�KHU�FODVVURRP�

��3DUWLFLSDWRU\�DFWLRQ�UHVHDUFK�6WXGLHV�LQ�ZKLFK�WHDP�PHPEHUV�MRLQWO\�IUDPH
DQG�FRQGXFW�UHVHDUFK��SURGXFLQJ�NQRZOHGJH�DERXW�D�VKDUHG�SUREOHP

3DUWLFLSDWRU\� UHVHDUFK� EUHDNV� GRZQ� WKH� WUDGLWLRQDO� GLVWLQFWLRQ� EHWZHHQ
REMHFWLYH�UHVHDUFKHUV�DQG� WKHLU� UHVHDUFK�VXEMHFWV��3DUWLFLSDWRU\�UHVHDUFK�FDQ�YDU\
LQ� GHJUHH�� ,Q� LWV� IXOO� IRUP�� UHVHDUFK� SDUWLFLSDQWV� IUDPH� DQG� ZULWH� WKH� UHVHDUFK
TXHVWLRQV�� FROOHFW� WKH� GDWD�� DQDO\]H� DQG� LQWHUSUHW� WKH� GDWD�� DQG� ZULWH� UHSRUWV� RU
SUHVHQW�WKH�GDWD�LQ�DGGLWLRQDO�ZD\V��SUHVHQWDWLRQV��PHHWLQJV��ZRUG�RI�PRXWK���,I�\RX
ZDQW�\RXU�UHVHDUFK�WR�EH�XVHG�E\�RWKHUV��\RX�QHHG�WR�WDNH�GLVVHPLQDWLRQ�RI�UHVXOWV
VHULRXVO\� DQG� JHW� WKH� ILQGLQJV� LQWR� WKH� KDQGV� RI� HYHU\RQH�ZKR� KDV� D� VWDNH� LQ� WKH
UHVXOWV�DQG�LV�SRWHQWLDOO\� LQWHUHVWHG��:KHQ�SDUWLFLSDQWV�DUH� LQYROYHG�LQ�D�UHVHDUFK
VWXG\�� WKH\�DUH� OLNHO\� WR�UHPHPEHU� WKH�UHVXOWV�DQG�VKDUH� WKH�UHVXOWV�ZLWK�RWKHUV��$
NH\�SRLQW�RI�SDUWLFLSDWRU\�DFWLRQ�UHVHDUFK�LV�LQYROYHPHQW�RI�SDUWLFLSDQWV�LQ�FRQGXFW
RI�WKH�UHVHDUFK�DQG�LWV�GLVVHPLQDWLRQ�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

$�SXEOLVKHG�H[DPSOH�RI�3$5�LV�LQ�DQ�DUWLFOH�WLWOHG�³6HHNLQJ�5HQHZDO��)LQGLQJ
&RPPXQLW\��3DUWLFLSDWRU\�$FWLRQ�5HVHDUFK�LQ�7HDFKHU�(GXFDWLRQ´�E\�'UDSHU�HW�DO�
�������� ,Q� WKLV� VWXG\�� ��� HGXFDWLRQ� SURIHVVRUV� DW� %ULJKDP� <RXQJ� 8QLYHUVLW\
FROODERUDWHG�RYHU���\HDUV�E\�H[DPLQLQJ�DQG�DWWHPSWLQJ�WR�LPSURYH�WKHLU�SUDFWLFHV�
7KH\�F\FOHG�PDQ\�WLPHV�WKURXJK�LGHQWLI\LQJ�SUREOHPV��WU\LQJ�RXW�SRVVLEOH�VROXWLRQV�
REVHUYLQJ� DQG� FROOHFWLQJ� GDWD�� UHIOHFWLQJ� RQ� WKH� UHVXOWV�� DQG� GHFLGLQJ�ZKDW� WR� GR
QH[W�� 7KH\� UHSRUWHG� WKDW� WKHLU� VHQVH� RI� VHOI� FKDQJHG� �LPSURYHG�� RYHU� WLPH�� WKHLU
YLHZV�RI� WKHLU� VXEMHFW�PDWHULDO� FKDQJHG�� WKH\� HQJDJHG�ZLWK� WKHLU� VWXGHQWV� DQG� WKH
FRPPXQLW\�PRUH��WKH\�LPSURYHG�WKHLU�DSSURDFK�WR�WHDFKLQJ��DQG�WKH\�FKDQJHG�WKHLU
YLHZV�DERXW�UHVHDUFK��3DUWLFLSDWRU\�FROODERUDWLYH�UHVHDUFK�ZRUNHG�ZHOO�IRU�WKHP�
:H�ZHUH� VXUSULVHG� WKDW� WKH� SURIHVVRUV� GLG� QRW�PRUH�GLUHFWO\� LQFOXGH� VWXGHQW� DQG
FRPPXQLW\�SDUWLFLSDQWV� LQ� WKHLU� VWXG\��ZKLFK�ZRXOG�KDYH� LQFUHDVHG� WKH�DPRXQW�RI
SDUWLFLSDWLRQ�� 1RQHWKHOHVV�� WKH\� DOO� VKDUHG� WKHLU� H[SHULHQFHV�� SDUWLFLSDWHG�� JDYH
HDFK�RWKHU�HTXDO�SRZHU��GLDORJXHG�ZLWK�HDFK�RWKHU�DQG�ZLWK�VWXGHQWV�DQG�SDUHQWV
DQG�FRPPXQLW\�PHPEHUV��OHDUQHG��DQG�LPSURYHG�WKHLU�SUDFWLFHV�

$QRWKHU� W\SH� RI� DFWLRQ� UHVHDUFK� LV� FULWLFDO� DFWLRQ� UHVHDUFK� �&$5��� &$5� LV
VLPLODU� WR� SDUWLFLSDWRU\� DFWLRQ� UHVHDUFK�� DQG� WKH� WHUPV� DUH� VRPHWLPHV� XVHG
LQWHUFKDQJHDEO\�� +RZHYHU�� &$5� SODFHV� PRUH� HPSKDVLV� RQ� WKH� SROLWLFDO
SRVVLELOLWLHV�RI�DFWLRQ�UHVHDUFK�DQG�HPSKDVL]HV�WKH�HPSRZHUPHQW�RI�WKRVH�ZLWK�WKH
OLWWOH�SRZHU�LQ�WKHLU�FRPPXQLWLHV�DQG�VRFLHW\��,Q�HGXFDWLRQ��RQH�³IDWKHU´�RI�WKLV�NLQG
RI�DFWLRQ�UHVHDUFK�LV�3DXOR�)UHLUH��ZKR�ZURWH�WKH�IDPRXV�ERRN�WLWOHG�3HGDJRJ\�RI
WKH� 2SSUHVVHG� ������������� )UHLUH� ZDQWHG� WR� XVH� HGXFDWLRQ� WR� IUHH� WKH
GLVDGYDQWDJHG�IURP�ZKDW�KH�FDOOHG�RSSUHVVLRQ�



��&ULWLFDO�DFWLRQ�UHVHDUFK�2SHQO\�WUDQVSDUHQW�IRUP�RI�LGHRORJ\�GULYHQ
UHVHDUFK�GHVLJQHG�WR�HPDQFLSDWH�DQG�UHGXFH�RSSUHVVLRQ�RI�GLVDGYDQWDJHG
JURXSV�LQ�VRFLHW\

7KH� ZRUG� FULWLFDO� LQ� FULWLFDO� DFWLRQ� UHVHDUFK� VLJQLILHV� WKH� DGGLWLRQ� RI� DQ
LGHRORJLFDO�HOHPHQW� WR� WKH� UHVHDUFK�� LW� LV�D� W\SH�RI�ZKDW�ZH�FDOOHG�� LQ�&KDSWHU� ��
RULHQWDWLRQDO�UHVHDUFK��VHH�SDJH������,Q�DGGLWLRQ�WR�EHLQJ�SDUWLFLSDWRU\��DV�LQ�3$5�
&$5� DWWHPSWV� WR� WDNH� DQ� HPDQFLSDWRU\� VWDQFH�� LW� VWULYHV� IRU� LPPHGLDWH� VRFLDO
FKDQJH�� DQG� LW� HPSKDVL]HV� LQFUHDVLQJ� VRFLDO� MXVWLFH� �L�H��� UHGXFWLRQ� RI� VRFLDO
LQHTXDOLWLHV� UHVXOWLQJ� IURP� VRFLHWDO� QRUPV� VXFK� DV� VH[LVP�� UDFLVP�� HWF���� 7KH� NH\
SRLQW� LV� WKDW�&$5� VWXGLHV� IRFXV� RQ� UHGXFWLRQ� RI� LQHTXDOLW\� RI� LQFRPH� DQG�ZHDOWK
DQG�RU�UHGXFWLRQ�RI�VRPH�IRUP�RI�GLVFULPLQDWLRQ��JHQGHU��UDFH��HWKQLFLW\��GLVDELOLW\��
&$5� VWXGLHV� RIWHQ� LQFOXGH� DWWHPSWV� DW� ³FRQVFLRXVQHVV� UDLVLQJ´� RI� WKH� LQGLYLGXDOV
DQG�JURXSV�WKDW�KDYH�PLQLPDO�SRZHU�LQ�VRFLHW\�

$Q� H[DPSOH� RI� &$5� LV� D� VWXG\� E\� /LQGVD\�0DFN� ������� WLWOHG� ³'RHV� (YHU\
6WXGHQW� +DYH� D� 9RLFH"� &ULWLFDO� $FWLRQ� 5HVHDUFK� RQ� (TXLWDEOH� &ODVVURRP
3DUWLFLSDWLRQ�3UDFWLFHV�´�7KH�VWXG\�ZDV�FRQGXFWHG�LQ�D�PXOWLFXOWXUDO�(6/��(QJOLVK
DV� D� VHFRQG� ODQJXDJH�� FODVVURRP�� DQG� RQH� JRDO�ZDV� WR� SURGXFH� HTXDO� FODVVURRP
SDUWLFLSDWLRQ�E\�VWXGHQWV� UHJDUGOHVV�RI� WKHLU�QDWLRQDO��FXOWXUDO��RU� OLQJXLVWLF�JURXS�
7KH� WHDFKHU� KDG� REVHUYHG� WKDW� KHU� $VLDQ� VWXGHQWV� ZHUH� TXLHW� GXULQJ� FODVV
GLVFXVVLRQV��DQG�KHU�LPPHGLDWH�JRDO�ZDV�WR�LQFUHDVH�WKHLU�FRPIRUW�DQG�SDUWLFLSDWLRQ
OHYHOV��/DFN�RI�SDUWLFLSDWLRQ�FDQ�DOVR�PHDQ�D�ODFN�RI�YRLFH�DQG�SRZHU�DQG�D�ODFN�RI
VRFLDO� MXVWLFH� LQ� WKH�FODVVURRP��7R�GHWHUPLQH� WKH�PXOWLSOH�FDXVHV�RI�SDUWLFLSDWLRQ�
WKH� WHDFKHU� VWDUWHG� E\� KDYLQJ� VWXGHQWV� ILOO� RXW� D� TXHVWLRQQDLUH�� 7KHQ� WKH� WHDFKHU
LQWHUYLHZHG�VWXGHQWV�WR�OHDUQ�WKHLU�UHDVRQV�DQG�XQGHUVWDQG�WKHLU�SHUVSHFWLYHV��+HU
DFWLYH� LQWHUYHQWLRQ� ZDV� WR� VKDUH� WKHVH� UHVXOWV� DQG� WR� SXW� VWXGHQWV� LQ� JURXSV� WR
GLVFXVV� DQG�PDNH� VXJJHVWLRQV� IRU� FKDQJH�� )URP� WKLV� DFWLYLW\�� WKH� WHDFKHU� DQG� KHU
VWXGHQWV� FRQVWUXFWHG� D� QHZ� VHW� RI� FODVVURRP� SROLFLHV�� 7KH� WHDFKHU� IRXQG� LQLWLDO
SRVLWLYH� UHVXOWV�� EXW�\RX�FDQ� VHH� WKDW� WKLV� VWXG\�ZRXOG�QDWXUDOO\� OHDG� LQWR� DQRWKHU
F\FOH�RI�GDWD�FROOHFWLRQ�WR�GHWHUPLQH�WKH�HIIHFWLYHQHVV�RI�WKH�QHZ�SROLFLHV��$FWLRQ
UHVHDUFK� WHQGV� WR�EH�F\FOLFDO�RU�RQJRLQJ�EHFDXVH�DV�\RX� UHIOHFW�RQ�\RXU� ILQGLQJV�
\RX�ZLOO�XVXDOO\�ZDQW�WR�SODQ�DQRWKHU�URXQG�RI�LQWHUYHQWLRQ�DQG�GDWD�FROOHFWLRQ�

2QH�W\SH�RI�FULWLFDO�DFWLRQ�UHVHDUFK��ZKLFK�KDV�PDQ\�VLPLODULWLHV�ZLWK�FULWLFDO
DFWLRQ�UHVHDUFK�DV�MXVW�GHVFULEHG��LV�IHPLQLVW�DFWLRQ�UHVHDUFK��)$5���7KH�IRFXV�LV
RQ� YLHZLQJ� WKH� ZRUOG� WKURXJK� D� IHPLQLVW� OHQV�� HOLPLQDWLQJ� ELQDU\� �HLWKHU�RU�
WKLQNLQJ��UDLVLQJ�FRQVFLRXVQHVV�DERXW�ZRPHQ¶V�LVVXHV��DQG�DGGLQJ�ZRPHQ¶V�YRLFHV
WR�FRQYHUVDWLRQV�WKDW�DUH�W\SLFDOO\�FRQWUROOHG�E\�ZKLWH�PHQ��8OWLPDWHO\��WKH�JRDO�LV
WR�LPSURYH�WKH�OLYHV�RI�ZRPHQ�LQ�VRFLHW\��LQFOXGLQJ�WKHLU�SV\FKRORJLFDO�KHDOWK��WKHLU
FXOWXUDO� SRZHU�� WKH� SUHVWLJH� RI� WKHLU� FRQWULEXWLRQV� WR� VRFLHW\�� DQG� WKHLU� PDWHULDO
ZHDOWK��2WKHU�NLQGV�RI�FULWLFDO�DFWLRQ�UHVHDUFK�IRFXV�RQ�LQHTXDOLWLHV�LQ�VRFLHW\�GXH
WR� RWKHU� LQGLYLGXDO�JURXS� FKDUDFWHULVWLFV�� VXFK� DV� LQHTXDOLWLHV� EDVHG� RQ� UDFH�
HWKQLFLW\��SK\VLFDO�RU�PHQWDO�GLVDELOLW\��VH[XDO�RULHQWDWLRQ²\RX�FDQ�DGG�WR�WKLV�OLVW
DV�QHHGHG�



��)HPLQLVW�DFWLRQ�UHVHDUFK�6WXGLHV�WKDW�SURYLGH�D�IHPLQLVW�OHQV�WR�KHOS
HOLPLQDWH�YDULRXV�IRUPV�RI�VH[LVP�DQG�HPSRZHU�ZRPHQ�LQ�VRFLHW\

7KH�QH[W� W\SH�RI�DFWLRQ� UHVHDUFK��DFWLRQ�VFLHQFH� �$6���ZDV� IRXQGHG�E\�&KULV
$UJ\ULV�DQG�'RQDOG�6FK|Q�� ,WV� IRFXV� LV�RQ� UHVHDUFK� LQ�RUJDQL]DWLRQV��:KDW�PDNHV
$6� GLIIHUHQW� IURP� RWKHU� IRUPV� RI� DFWLRQ� UHVHDUFK� �H�J��� 3$5��&$5�� LV� WKDW� LW� �D�
SODFHV�PRUH�HPSKDVLV�RQ�WUDGLWLRQDO�VFLHQWLILF�ULJRU�DQG��E��HPSKDVL]HV�WKDW�\RX�WU\
WR�PDNH�\RXU�RUJDQL]DWLRQ�D� OHDUQLQJ�RUJDQL]DWLRQ� LQ�ZKLFK�SHRSOH�ZRUN� WRJHWKHU
DQG� JURZ� RYHU� WLPH��$FWLRQ� VFLHQFH� HQFRXUDJHV� ULJRURXV� H[SHULPHQWDWLRQ�� DQG� LW
EXLOGV�RQ�/HZLQ¶V�LGHD�WKDW�WKH�EHVW�ZD\�WR�XQGHUVWDQG�KXPDQ�EHKDYLRU�LV�WR�WU\�WR
FKDQJH�LW��<RX�FDQ�WKLQN�RI�DFWLRQ�VFLHQFH�DV�D�VFLHQFH�RI�SUDFWLFH��,Q�WKH�ZRUGV�RI
$UJ\ULV��3XWQDP��DQG�0F/DLQ�6PLWK��������

��$FWLRQ�VFLHQFH�6FLHQFH�RI�SUDFWLFH��ZLWK�WKH�DLP�RI�PDNLQJ�WKHRULHV�LQ�XVH
H[SOLFLW�DQG�SURGXFH�D�OHDUQLQJ�RUJDQL]DWLRQ

$FWLRQ�VFLHQFH�LV�FHQWUDOO\�FRQFHUQHG�ZLWK�WKH�SUDFWLFH�RI�LQWHUYHQWLRQ��,W�LV�E\
UHIOHFWLQJ�RQ�WKLV�SUDFWLFH�WKDW�ZH�KRSH�WR�FRQWULEXWH�WR�DQ�XQGHUVWDQGLQJ�RI�KRZ
NQRZOHGJH� FODLPV� FDQ� EH� WHVWHG� DQG� MXVWLILHG� LQ� SUDFWLFH� DQG� RI� KRZ� VXFK
LQTXLU\�LV�VLPLODU�WR�DQG�GLIIHUHQW�IURP�PDLQVWUHDP�VFLHQFH���S�����

$FWLRQ�VFLHQFH�UHVHDUFKHUV�KRSH�WR�EXLOG�OHDUQLQJ�RUJDQL]DWLRQV��7KH�FRQFHSW�RI
D�OHDUQLQJ�RUJDQL]DWLRQ�FDPH�IURP�&KULV�$UJ\ULV�DQG�'RQDOG�6FK|Q��H�J���$UJ\ULV
	�6FK|Q���������������,I�\RX�DUH�LQ�D�OHDGHUVKLS�UROH��\RX�VKRXOG�DWWHPSW�WR�EXLOG
DQ� RUJDQL]DWLRQ� ZKRVH� PHPEHUV� FRQWLQXDOO\� OHDUQ�� GHYHORS�� DQG� JURZ�� 7KH\
WRJHWKHU� SURGXFH� DQ� RUJDQL]DWLRQ� DV� D�ZKROH� WKDW� FRQWLQXDOO\� LPSURYHV� DW�ZKDW� LW
GRHV� DQG� FRQWLQXDOO\� DGDSWV� WR� LWV� FKDQJLQJ� HQYLURQPHQW�� 7KH� LGHD� RI� D� OHDUQLQJ
RUJDQL]DWLRQ� KDV� EHHQ� H[WHQGHG� E\� $UJ\ULV¶V� VWXGHQW� 3HWHU� 6HQJH� LQ� 7KH� )LIWK
'LVFLSOLQH��7KH�$UW�DQG�3UDFWLFH�RI�WKH�/HDUQLQJ�2UJDQL]DWLRQ��6HQJH��������DQG
6FKRROV� 7KDW� /HDUQ�� $�)LIWK�'LVFLSOLQH� )LHOGERRN� IRU� (GXFDWRUV�� 3DUHQWV�� DQG
(YHU\RQH�:KR�&DUHV�$ERXW�(GXFDWLRQ��6HQJH�HW�DO����������+HUH�LV�WKH�FRQFHSW�LQ
WKH�ZRUGV�RI�6HQJH��������

��/HDUQLQJ�RUJDQL]DWLRQ�2UJDQL]DWLRQ�LQ�ZKLFK�PHPEHUV�ZRUN�WRJHWKHU�DQG
JURZ�RYHU�WLPH��FRQWLQXDOO\�LPSURYLQJ�WKH�RUJDQL]DWLRQ�DV�D�ZKROH

7KH� WRROV� DQG� LGHDV� SUHVHQWHG� LQ� WKLV� ERRN� >7KH� )LIWK� 'LVFLSOLQH@� DUH� IRU
GHVWUR\LQJ� WKH� LOOXVLRQ� WKDW� WKH�ZRUOG� LV� FUHDWHG�RI� VHSDUDWH��XQUHODWHG� IRUFHV�
:KHQ� ZH� JLYH� XS� WKLV� LOOXVLRQ²ZH� FDQ� WKHQ� EXLOG� ³OHDUQLQJ� RUJDQL]DWLRQV�´
ZKHUH�SHRSOH�FRQWLQXDOO\�H[SDQG�WKHLU�FDSDFLW\� WR�FUHDWH� WKH�UHVXOWV� WKH\� WUXO\
GHVLUH�� ZKHUH� QHZ� DQG� H[SDQVLYH� SDWWHUQV� RI� WKLQNLQJ� DUH� QXUWXUHG�� ZKHUH
FROOHFWLYH�DVSLUDWLRQ�LV�VHW�IUHH��DQG�ZKHUH�SHRSOH�DUH�FRQWLQXDOO\�OHDUQLQJ�KRZ
WR�OHDUQ�WRJHWKHU���S����



:H�HQFRXUDJH�\RX�WR�VHDUFK�WKH�,QWHUQHW�DQG�OHDUQ�PRUH��HVSHFLDOO\�LI�\RX�DUH�LQ
OHDGHUVKLS��DERXW�D�OHDUQLQJ�RUJDQL]DWLRQ�DQG�LWV�ILYH�PDMRU�FKDUDFWHULVWLFV��6HQJH�
�������

$FWLRQ� VFLHQWLVWV� DUJXH� WKDW� WR�SURGXFH�FKDQJH� LQ�RUJDQL]DWLRQDO�PHPEHUV��ZH
QHHG�WR�GHWHUPLQH�WKHLU�HVSRXVHG�WKHRU\��L�H���LQGLYLGXDOV¶�VWDWHG�UHDVRQV�IRU�WKHLU
DFWLRQV�� DQG� HVSHFLDOO\� WKHLU� WKHRU\� LQ�XVH� �L�H��� LQGLYLGXDOV¶� RSHUDWLYH� EXW� RIWHQ
WDFLW� RU� XQFRQVFLRXV�PHQWDO�PRGHOV� WKDW� FDQ� EH� LQIHUUHG� IURP� WKHLU� DFWLRQV��� 7KH
IRUPHU�UHIHUV�WR�ZKDW�ZH�VD\�ZH�GR�DQG�WKH�ODWWHU�UHIHUV�WR�ZKDW�ZH�DFWXDOO\�GR��:H
QHHG�WR�GHWHUPLQH�ZK\�SHRSOH�DFW�DV�WKH\�GR��LQFOXGLQJ�WKHLU�FRQVFLRXV�UHDVRQV��DV
ZHOO�DV� WKHLU� WDFLW�PHQWDO�PRGHOV��6FK|Q�ZURWH�HQWLUH�ERRNV�RQ�KRZ�WR�EHFRPH�D
UHIOHFWLYH�SUDFWLWLRQHU��6FK|Q���������������ZKLFK�DVNV�\RX�WR�FDUHIXOO\�UHIOHFW�RQ
\RXU�DFWLRQV�DQG�ZKDW�WKHRU\�LW�H[SUHVVHV�

��(VSRXVHG�WKHRU\�7KH�WKHRU\�RU�H[SODQDWLRQ�ZH�SURYLGH�IRU�RXU�DFWLRQV

��7KHRU\�LQ�XVH�7KH�WKHRU\�RU�H[SODQDWLRQ�WKDW�H[SODLQV�ZKDW�ZH�DFWXDOO\�GR

$FWLRQ� VFLHQFH� DOVR� DVNV�XV� WR� H[DPLQH� VLQJOH�ORRS� DQG�GRXEOH�ORRS� OHDUQLQJ
ZLWKLQ�RUJDQL]DWLRQV��6LQJOH�ORRS�OHDUQLQJ� IRFXVHV�RQ�ILQGLQJ�DQ�HIILFLHQW�VROXWLRQ
WR� D� VPDOO� SUREOHP��7KLV� LV� JRRG�� EXW� XQIRUWXQDWHO\� LW� RIWHQ� OHDGV� WR� D� VKRUW�WHUP
VROXWLRQ��0DQ\� LQWHUYHQWLRQV�ZRUN�IRU�D�ZKLOH�EXW�XOWLPDWHO\�IDLO�EHFDXVH� WKH\�GR
QRW� VROYH� WKH� ODUJHU� DQG� GHHSHU� RUJDQL]DWLRQDO� SUREOHP�� 'RXEOH�ORRS� OHDUQLQJ
FULWLFDOO\� H[DPLQHV� DQG� FKDOOHQJHV� RXU� GHHS� DVVXPSWLRQV�� YDOXHV�� UHDOLWLHV�� DQG
UHDVRQV� IRU� DFWLRQV� DQG� OHDUQV�KRZ� WKH�SUREOHP� UHODWHV� WR� WKH� ODUJHU� V\VWHP��7KH
GHHSHU� XQGHUO\LQJ� FDXVHV� DUH� LGHQWLILHG��'RXEOH�ORRS� OHDUQLQJ� WUDQVIRUPV� XV� DQG
RXU�RUJDQL]DWLRQ¶V�ZRUOGYLHZ�DQG�SUDFWLFH�LQWR�D�EHWWHU��ZLVHU��PRUH�VXFFHVVIXO�LQ�
WKH�ORQJ�UXQ� RUJDQL]DWLRQ� LQ� ZKLFK� DOO� PHPEHUV� DQG� WKH� RUJDQL]DWLRQ� FRQWLQXDOO\
OHDUQ� DQG� JURZ�� 8OWLPDWHO\�� LW� LV� GRXEOH�ORRS� OHDUQLQJ� WKDW� OHDGV� WR� D� OHDUQLQJ
RUJDQL]DWLRQ�

��6LQJOH�ORRS�OHDUQLQJ�³)L[LQJ´�D�VPDOO�SUREOHP�WR�JHW�WKH�LPPHGLDWHO\
GHVLUHG�UHVXOW

��'RXEOH�ORRS�OHDUQLQJ�/HDUQLQJ�KRZ�D�SUREOHP�UHODWHV�WR�WKH�V\VWHP�LW
UHVLGHV�LQ�VR�WKDW�D�PRUH�VDWLVI\LQJ�VROXWLRQ�FDQ�EH�IRXQG

7KH�QH[W�W\SH�RI�DFWLRQ�UHVHDUFK�LV�DSSUHFLDWLYH�LQTXLU\�RU�$,��&RRSHUULGHU�	
:KLWQH\�� ������ &RRSHUULGHU�� :KLWQH\�� 	� 6WUDYRV�� ������� 7KLV� W\SH� RI� UHVHDUFK
IRFXVHV� RQ� ILQGLQJ� WKH� EHVW� LQ� RXUVHOYHV� DQG� LQ� RWKHUV� DQG� ZRUNLQJ� WRJHWKHU� WR
DFKLHYH�D� MRLQWO\�FRQVWUXFWHG�DQG�VKDUHG�SXUSRVH��YLVLRQ��DQG�JRDO��$,�IRFXVHV�RQ
WKH�SRVLWLYHV� UDWKHU� WKDQ� WKH�QHJDWLYHV��EDVHG�RQ� WKH� WKHRU\� WKDW� WKLV�SUDFWLFH�ZLOO
EULQJ�RXW�WKH�EHVW�LQ�HYHU\RQH��&RRSHUULGHU��:KLWQH\��DQG�6WDYURV�GHILQHG�$,�DV



��$SSUHFLDWLYH�LQTXLU\�)LQGLQJ�WKH�EHVW�LQ�RUJDQL]DWLRQ�PHPEHUV�DQG�ZRUNLQJ
ZLWK�WKHP�WR�DFKLHYH�D�MRLQWO\�FRQVWUXFWHG�DQG�VKDUHG�SXUSRVH��YLVLRQ��DQG
JRDO

WKH�FRRSHUDWLYH�VHDUFK�IRU�WKH�EHVW�LQ�SHRSOH��WKHLU�RUJDQL]DWLRQ��DQG�WKH�ZRUOG
DURXQG�WKHP��,W�LQYROYHV�WKH�V\VWHPDWLF�GLVFRYHU\�RI�ZKDW�JLYHV�D�V\VWHP�µOLIH¶
ZKHQ� WKH� V\VWHP� LV�PRVW� HIIHFWLYH� DQG� FDSDEOH� LQ� HFRQRPLF�� HFRORJLFDO�� DQG
KXPDQ�WHUPV���S������

$,�IROORZV�IRXU�SKDVHV��FDOOHG�WKH�IRXU�'V��

����'LVFRYHU\��<RX�LGHQWLI\��YLD�IRFXV�JURXSV�DQG�LQWHUYLHZV��DQG�DSSUHFLDWH
WKH�VWUHQJWKV�SUHVHQW�LQ�WKH�RUJDQL]DWLRQ�DQG�GLVFRYHU�WKH�RUJDQL]DWLRQ¶V
SRWHQWLDO�

����'UHDP��$�FURVV�VHFWLRQ�RI�PHPEHUV�PHHW�DQG�FUHDWH�D�UHVXOWV�RULHQWHG
YLVLRQ�IRU�WKH�RUJDQL]DWLRQ��LW�LV�FR�FUHDWHG��VKDUHG��UHYLVHG��DQG�DJUHHG
XSRQ�

����'HVLJQ��0HPEHUV�FROODERUDWH�DQG�GHWHUPLQH�KRZ�WKH�RUJDQL]DWLRQ�ZLOO�QHHG
WR�EH�VWUXFWXUHG�WR�DFKLHYH�LWV�YLVLRQ

����'HVWLQ\��0HPEHUV�DQG�WHDPV�FUHDWLYHO\�ZRUN�WRJHWKHU�WR�HQDFW�WKH�QHZ
GHVLJQ�VWUXFWXUH�DQG�VXVWDLQ�LWV�PRPHQWXP�RYHU�WLPH�

7KH�OHDUQLQJ�RUJDQL]DWLRQ�DQG�$,�DUH�ERWK�WUDQVIRUPDWLYH�WKHRULHV��DWWHPSWLQJ�WR
WUDQVIRUP�RUJDQL]DWLRQV���EXW�WKH�IRUPHU�HPSKDVL]HV�FRQWLQXDO�OHDUQLQJ�DQG�WKH�ODWHU
HPSKDVL]HV� EXLOGLQJ� RQ� LWV� VWUHQJWKV��2QH� GD\�� \RX�PLJKW� FRQGXFW� DQ�$,� VWXG\� LQ
\RXU� VFKRRO�RU� DQ\�RWKHU�SODFH� WKDW�\RX� VSHQG�PXFK� WLPH�� ,I�\RX�FRXOG�GR� WKLV� LQ
\RXU� VFKRRO�� LW� ZRXOG� PDNH� LW� D� PRUH� SRVLWLYH� ZRUNLQJ� HQYLURQPHQW�� )RU� RQH
H[DPSOH��VHH�&DODEUHVH�HW�DO���������

7KH� NH\� SRLQW� LV� WKDW� $,� LV� WKH� NLQG� RI� DFWLRQ� UHVHDUFK� LQ� ZKLFK� \RX� ZRXOG
FROOHFW� \RXU� FROOHDJXHV¶� VWRULHV� DERXW� ZKDW� KDV� ZRUNHG� ZHOO� DQG� IRUP� WKHVH
WRJHWKHU� LQWR�D�SODQ�RI�DFWLRQ� WR�FUHDWH� WKH�NLQG�RI�RUJDQL]DWLRQ� WKDW�\RX�DQG�\RXU
FROOHDJXHV�KDYH�GUHDPHG�DERXW�

7KH� ODVW� ZD\� RI� FODVVLI\LQJ� DFWLRQ� UHVHDUFK� LQ� HGXFDWLRQ� LV� DFFRUGLQJ� WR� LWV
VFRSH�� $FWLRQ� UHVHDUFK� FDQ� EH� LQGLYLGXDO�� FROODERUDWLYH�� RU� V\VWHPZLGH�� ,Q
LQGLYLGXDO� DFWLRQ� UHVHDUFK� �RU� LQGLYLGXDO� WHDFKHU� $5� RU� LQGLYLGXDO� FRDFK� RU
FRXQVHORU�$5���WKH�UHVHDUFK�TXHVWLRQ�LV�GHFLGHG�E\�WKH�LQGLYLGXDO�UHVHDUFKHU��DQG
WKH� UHVHDUFK� VWXG\� LV� FRQGXFWHG� E\� WKH� LQGLYLGXDO� UHVHDUFKHU�� ,Q� WKLV� FDVH�� DQ
LQGLYLGXDO� WHDFKHU� PLJKW� WU\� D� GLIIHUHQW� FODVVURRP� PDQDJHPHQW� DSSURDFK� LQ� WKH
FODVVURRP�DQG�REVHUYH� WKH�RXWFRPH��7KH� LPPHGLDWH�DXGLHQFH� IRU� WKLV� UHVHDUFK� LV
WKH� LQGLYLGXDO�ZKR� LV� DGGUHVVLQJ� D� SUREOHP� VKH� RU� KH� IDFHV� DQG�ZDQWV� WR� ILQG� D
³EHWWHU�ZD\´��H�J���%RXUNH��������&DSRELDQFR�	�/HKPDQ��������



��,QGLYLGXDO�DFWLRQ�UHVHDUFK�$5�WKDW�LV�SODQQHG��GHVLJQHG��DQG�FRQGXFWHG�E\
RQH�SULPDU\�SHUVRQ��VXFK�DV�D�WHDFKHU

,Q� FROODERUDWLYH� DFWLRQ� UHVHDUFK�� D� WHDP� RI� UHVHDUFKHUV�� XVXDOO\� EULQJLQJ
GLIIHUHQW�EXW�FRPSOHPHQWDU\�VWUHQJWKV�WR�WKH�WHDP��ZRUN�WRJHWKHU�LQ�GHYHORSLQJ�WKH
UHVHDUFK� TXHVWLRQV� DQG� GHVLJQLQJ� DQG� FRQGXFWLQJ� WKH� UHVHDUFK� VWXG\�� (DFK�PDNHV
LPSRUWDQW� FRQWULEXWLRQV� WR� WKH� SURMHFW�� $Q� H[DPSOH� RI� WKLV�ZDV� WKH�'UDSHU� HW� DO�
�������VWXG\�H[DPLQHG�HDUOLHU�LQ�WKLV�FKDSWHU�

��&ROODERUDWLYH�DFWLRQ�UHVHDUFK�$Q�$5�VWXG\�LQ�ZKLFK�D�WHDP�GHVLJQV�DQG
HQDFWV�UHVHDUFK�RQ�RQH�SDUW�RI�DQ�RUJDQL]DWLRQ

,Q� VFKRROZLGH� RU� V\VWHPZLGH� DFWLRQ� UHVHDUFK�� WKH� IRFXV� LV� RQ� FKDQJLQJ
VRPHWKLQJ� ODUJH�� VXFK� DV� DQ� HQWLUH� VFKRRO� RU� HYHQ� DQ� HQWLUH� VFKRRO� GLVWULFW�� )RU
H[DPSOH�� WKH� HQWLUH� IDFXOW\� DW� RQH� VFKRRO� PLJKW� ZRUN� WRJHWKHU� RQ� LGHQWLI\LQJ� D
SUREOHP� DQG� GHWHUPLQLQJ� ZKDW� DFWLRQV� ZLOO� VROYH� WKLV� V\VWHP� SUREOHP�� RU
UHSUHVHQWDWLYHV� IURP�GLIIHUHQW� VFKRROV�PLJKW�ZRUN� WRJHWKHU� RQ� VROYLQJ� D� SUREOHP
IRU� WKH� HQWLUH� VFKRRO� V\VWHP� �H�J��� &ODUN�� /HH�� *RRGPDQ�� 	� <DFFR�� ������
6\VWHPZLGH�$5�KDV�WKH�ODUJHVW�VFRSH�RI�WKH�WKUHH�W\SHV��FROODERUDWLYH�$5�KDV�WKH
VHFRQG� ODUJHVW�� DQG� LQGLYLGXDO�$5�KDV� WKH� VPDOOHVW� VFRSH��:KHQ�\RX� DUH� VWDUWLQJ
\RXU�ILUVW�DFWLRQ�UHVHDUFK�VWXG\��\RX�ZLOO�SUREDEO\�ZDQW�WR�DFW�DORQH�RU�ZRUN�ZLWK�D
VPDOO�WHDP�WR�VROYH�D�IDLUO\�VPDOO�ORFDO�SUREOHP�

��6\VWHPZLGH�DFWLRQ�UHVHDUFK�$Q�$5�VWXG\�LQ�ZKLFK�DOO�RUJDQL]DWLRQ
PHPEHUV�ZRUN�WR�SURGXFH�V\VWHPZLGH�FKDQJH

5(9,(:
48(67 ,21

�������:KDW�RQH�VHQWHQFH�GHVFULSWRU�GHVFULEHV�WKH
HPSKDVLV�RI�HDFK�RI�WKH�NLQGV�RI�DFWLRQ�UHVHDUFK
GLVFXVVHG�LQ�WKLV�VHFWLRQ�RI�WKH�FKDSWHU"

7+(�&<&/(�2)�$&7,21�5(6($5&+
)LJXUH�����GHSLFWV�WKH�SURFHVV�RI�DFWLRQ�UHVHDUFK�DV�D�F\FOH�RI�UHIOHFW��SODQ��DFW��DQG
REVHUYH��53$2���'HSHQGLQJ�RQ�WKH�VLWXDWLRQ��DQ�DFWLRQ�UHVHDUFKHU�PLJKW�VWDUW�DW�WKH
UHIOHFWLRQ�SKDVH��DQRWKHU�DW�WKH�SODQQLQJ�SKDVH��DQRWKHU�DW�WKH�DFWLRQ�SKDVH��DQG�\HW
RWKHUV� DW� WKH� REVHUYDWLRQ�SKDVH�� ,W� GHSHQGV�RQ�ZKHUH� \RX� DUH�� DQG�PRVW� RI� XV� JR
WKURXJK�WKLV�F\FOH�PDQ\�WLPHV��,Q�RWKHU�ZRUGV��\RX�FDQ�HQWHU�WKH�F\FOH�DW�DQ\�SRLQW�
)RU� H[DPSOH�� DFWLQJ� �DW� \RXU� ZRUNSODFH��� REVHUYLQJ� RXWFRPHV�� UHIOHFWLQJ�� DQG
SODQQLQJ� DUH� DOO� ILQH� VWDUWLQJ� SRLQWV��7KLV� F\FOLFDO� SURFHVV� LV� VLPLODU� WR�'HZH\¶V
LGHD� WKDW�ZH�QHHG� WR� OHDUQ�DQG�JURZ�RYHU�RXU� OLIHWLPH��+H�JURXQGHG�KLV�ZRUN� LQ
ZKDW�KH�FDOOHG�D�SKLORVRSK\�RI�H[SHULHQFH�

:KHUH�DUH�\RX�LQ�\RXU�H[SHULHQFH"�5HJDUGOHVV��\RX��DQG�DOO�RI�XV��VKRXOG�VWULYH



WR� EHFRPH� ZKDW� 6FK|Q� FDOOHG� D� UHIOHFWLYH� SUDFWLWLRQHU�� :H� QHHG� WR� EH� VHOI�
UHIOHFWLYH��ZH�QHHG� WR� WKLQN�DERXW�ZKDW�ZH�GR�DQG�ZK\�� DQG�ZH�QHHG� WR�EHFRPH
LQWHOOLJHQW� REVHUYHUV� RI� RXU� DFWLRQV� DQG� WKH� RXWFRPHV�� 1RW� RQO\� LV� WKH� DFWLRQ
UHVHDUFK�F\FOH�FRQWLQXRXV��EXW�\RX�DOVR�FDQ�FLUFOH�EDFN�WR�HDUOLHU�SKDVHV�ZLWKLQ�D
F\FOH� �H�J��� F\FOH� EDFN� DQG� IRUWK� EHWZHHQ� UHIOHFWLRQ� DQG� SODQQLQJ� RU� EHWZHHQ
REVHUYLQJ�DQG�UHIOHFWLQJ���:KHQ�\RX�ILQLVK�D�IXOO�F\FOH��\RX�ZLOO�W\SLFDOO\�HQWHU�LQWR
DQRWKHU� F\FOH� DV� \RX� WKLQN� DERXW� DQG� WU\� WR� LPSURYH� RQ� ZKDW� \RX� KDYH� DOUHDG\
DFFRPSOLVKHG� �RU� QRW� DFFRPSOLVKHG��� 0DQ\� DFWLRQ� UHVHDUFK� SURMHFWV� UHTXLUH
PXOWLSOH� F\FOHV� LQ� ZKLFK� \RX� SODQ� DQG� WU\� VRPHWKLQJ� VPDOO�� REVHUYH� DQG� UHIOHFW
�H�J���PDNH� D� IRUPDWLYH� HYDOXDWLRQ� DQG� DGMXVW� \RXU� WKHRU\��� DQG� WKHQ� SODQ� D� QHZ
F\FOH�RI�LPSURYHPHQW��,Q�HGXFDWLRQ��ZH�RIWHQ�FDOO�WKLV�SURFHVV�OLIHORQJ�OHDUQLQJ��LQ
WKH�EXVLQHVV�ZRUOG��LW�LV�RIWHQ�FDOOHG�FRQWLQXRXV�TXDOLW\�LPSURYHPHQW�

,I�\RX�FRQGXFW�DQ�DFWLRQ�UHVHDUFK�VWXG\��\RX�ZLOO�QHHG�WR�GLDJQRVH�WKH�VSHFLILF
SUREOHP�\RX�DUH�IDFLQJ�DQG�FRQGXFW�D�WKRURXJK�OLWHUDWXUH�UHYLHZ�WR�VHH�LI�D�XVHIXO
DQVZHU�DOUHDG\�H[LVWV�WKDW�\RX�FDQ�WU\�RXW�LQ�\RXU�FRQWH[W�VHWWLQJ��<RX�ZLOO�WKHQ�SODQ
DQG�FDUU\�RXW�\RXU�RZQ�DFWLRQ�UHVHDUFK�VWXG\��L�H���FROOHFW�GDWD�WR�KHOS�DQVZHU�\RXU
TXHVWLRQ�� LQ� \RXU� HQYLURQPHQW� ZLWK� \RXU� VWXGHQWV� RU� FOLHQWV�� 7KH� JRDO� LV� WR� KHOS
VROYH� \RXU� ORFDO� SUREOHP�� $� NH\� HOHPHQW�� DJDLQ�� LV� IRU� \RX� WR� EH� D� UHIOHFWLYH
SUDFWLWLRQHU²WR� FRQWLQXDOO\� UHIOHFW� RQ� \RXU� DFWLRQV�� RXWFRPHV�� DQG� DQ\� RWKHU
IDFWRUV��$V�D�UHVXOW�RI�WKLV�UHIOHFWLRQ��DW�VRPH�SRLQW�\RX�ZLOO�EH�UHDG\�WR�SODQ�\RXU
RZQ�V\VWHPDWLF�VWXG\�

�),*85(�������$FWLRQ�UHVHDUFK�LV�D�G\QDPLF�F\FOH��<RX�FDQ�HQWHU�DW�DQ\�SRLQW
�H�J���REVHUYLQJ��UHIOHFWLQJ��SODQQLQJ��RU�DFWLQJ���\RX�FDQ�FLUFOH
EDFN�WR�HDUOLHU�SKDVHV��DQG�DIWHU�D�IXOO�F\FOH�LV�FRPSOHWHG��D�QHZ
F\FOH�ZLOO�XVXDOO\�EHJLQ��7KH�JRDO�LV�FRQWLQXRXV�LPSURYHPHQW�

$Q� H[DPSOH� RI� D� EDVLF� LQGLYLGXDO� DFWLRQ� UHVHDUFK� VWXG\� LV� VHHQ� LQ� 3DWULFLD
$QJXLDQR¶V� ������� VKRUW� DUWLFOH� WLWOHG� ³$� )LUVW�<HDU� 7HDFKHU¶V� 3ODQ� WR� 5HGXFH
0LVEHKDYLRU� LQ� WKH�&ODVVURRP�´�3DWULFLD�� D�QHZ� WKLUG�JUDGH� WHDFKHU�� UHDOL]HG� WKDW
PLVEHKDYLRU�ZDV�WDNLQJ�WLPH�DZD\�IURP�LQVWUXFWLRQ��6KH�UHYLHZHG�WKH�OLWHUDWXUH�DQG



LGHQWLILHG� VRPH� VWUDWHJLHV� VKH� VKRXOG� WU\�� 7KH� VWUDWHJLHV� VKH� VHOHFWHG� ZHUH� H\H
FRQWDFW�� SK\VLFDO� SUR[LPLW\� WR� WKH� VWXGHQW�� ³ZLWKLWQHVV�´� DQG� RYHUODSSLQJ�
�:LWKLWQHVV� LV� D� WHUP�XVHG� LQ� HGXFDWLRQ� WR� UHIHU� WR� WHDFKHU� DZDUHQHVV� RI�ZKDW� LV
KDSSHQLQJ�LQ�DOO�SODFHV�LQ�WKH�FODVVURRP�DW�DOO�WLPHV���6KH�GHYHORSHG�IRXU�UHVHDUFK
TXHVWLRQV������:KDW�VWUDWHJLHV�DUH�HIIHFWLYH� LQ�UHGXFLQJ�PLVEHKDYLRU�GXULQJ�GLUHFW
LQVWUXFWLRQ"� ���� :KDW� VWUDWHJLHV� DUH� HIIHFWLYH� LQ� UHGXFLQJ� PLVEHKDYLRU� GXULQJ
WUDQVLWLRQV"� ���� :KDW� VWUDWHJLHV� DUH� HIIHFWLYH� LQ� UHGXFLQJ� PLVEHKDYLRU� GXULQJ
UHFHVV"� ����:KDW� DUH� WKH�PRVW� HIIHFWLYH� VWUDWHJLHV� RYHUDOO"� 6KH� FROOHFWHG� SUHWHVW
EDVHOLQH�GDWD�XVLQJ��D��D�VXUYH\�RI�PLVEHKDYLRU�WKH�VWXGHQWV�VHOI�UHSRUWHG�DQG��E�
WHDFKHU�UHFRUGHG�GDWD�RQ�REVHUYHG�PLVEHKDYLRUV��'XULQJ�WKH�LQWHUYHQWLRQ��VKH�DOVR
NHSW� D� MRXUQDO��$IWHU� WKH� LQWHUYHQWLRQ�� VKH� VXUYH\HG� WKH� VWXGHQWV� DJDLQ�� 6KH� IRXQG
WKDW� PLVEHKDYLRUV� KDG� GHFUHDVHG� DQG� WKH� VWXGHQWV� DOVR� QRWHG� WKH� GHFUHDVH�� $V
PLVEHKDYLRU� GHFUHDVHG�� LQVWUXFWLRQ� WLPH� LQFUHDVHG�� 7KLV� ZDV� D� YHU\� VPDOO
LQGLYLGXDO� VWXG\�� EXW� LW� ZDV� D� JRRG� VWDUW� IRU� $QJXLDQR�� ZKR� UHSRUWHG� WKDW� VKH
OHDUQHG�D�ORW�DERXW�KHUVHOI�DQG�KRZ�VKH�FRXOG�EHFRPH�D�EHWWHU�WHDFKHU�

1RZ�� OHW¶V�PRUH�FORVHO\�H[DPLQH� WKH�SODQQLQJ�SKDVH� RI� WKH�$5�F\FOH�� ,Q� WKLV
SKDVH��\RX�WU\�WR�DUWLFXODWH�ZKDW�LW�LV�DERXW�\RXU�VLWXDWLRQ�WKDW�QHHGV�LPSURYHPHQW�
:KDW�LV�LQDGHTXDWH"�:KDW�GR�\RX�ZDQW�WR�NQRZ�PRUH�DERXW"�:KDW�GR�\RX�ZDQW�WR
WU\� WR� VHH� LI� LW� ZRUNV"� <RX� ZLOO� QHHG� WR� WUDQVODWH� \RXU� FRQFHUQ� LQWR� UHVHDUFK
TXHVWLRQV�� LGHQWLI\�D� OLNHO\�UHPHG\��DQG�ZULWH�\RXU�DFWLRQ�SODQ��:KDW�DFWLRQV�ZLOO
FKDQJH�\RXU�VLWXDWLRQ"�5HPHPEHU�WR�FRQVXOW�WKH�UHVHDUFK�OLWHUDWXUH�WR�VHH�ZKDW�KDV
ZRUNHG� IRU� RWKHUV�� VHHN� DGYLFH� IURP� SHRSOH�ZKR� KDYH� EHHQ� VXFFHVVIXO� ZLWK� WKH
SUREOHP��DQG�GLVFXVV�LGHDV�ZLWK�\RXU�FROOHDJXHV��$VN�D�FULWLFDO�IULHQG�WR�FDUHIXOO\
REVHUYH�\RXU�SUDFWLFH�DQG�PDNH�VXJJHVWLRQV�IRU�LPSURYHPHQW�

��3ODQQLQJ�SKDVH�$UWLFXODWLRQ�RI�WKH�$5�SURMHFW�SODQ

��&ULWLFDO�IULHQG�$�SHUVRQ�ZKRP�\RX�WUXVW�WR�EH�RSHQ��KRQHVW��DQG
FRQVWUXFWLYHO\�FULWLFDO�RI�\RXU�ZRUN

7ZR� SRSXODU� W\SHV� RI� DFWLRQ� UHVHDUFK� PHWKRGV� DUH� H[SORUDWRU\�GHVFULSWLYH
PHWKRGV� DQG� H[SHULPHQWDO�LQWHUYHQWLRQ�PHWKRGV��<RX�PLJKW� HYHQ�GR�ERWK�� VWDUWLQJ
ZLWK�DQ�H[SORUDWRU\�GHVFULSWLYH�GHVLJQ�LQ�\RXU�ILUVW�$5�F\FOH�DQG�IROORZLQJ�XS�ZLWK
DQ�H[SHULPHQWDO�LQWHUYHQWLRQ�$5�F\FOH�

)RU�H[DPSOH��\RX�PLJKW�SODQ� WR� ILUVW� FRQGXFW� DQ�H[SORUDWRU\�GHVFULSWLYH� VWXG\
�H�J���D�QHHGV�DVVHVVPHQW��D�VWXG\�RI�DWWLWXGHV��D�IDFW�ILQGLQJ�LQYHVWLJDWLRQ��WR�KHOS
\RX� EHWWHU� XQGHUVWDQG� \RXU� VLWXDWLRQ�� LWV� FRQWH[W�� WKH� SHRSOH� LQYROYHG� DQG� WKHLU
DWWLWXGHV��DQG�WKH�FKDUDFWHULVWLFV�RI�WKH�VRFLDO�V\VWHP��<RX�FRXOG�SODQ�WR�FRQGXFW�D
VXUYH\�RI�DOO�WKH�WHDFKHUV�LQ�\RXU�JUDGH�RU�\RXU�VXEMHFW�DUHD��\RX�PLJKW�DOVR�VXUYH\
SDUHQWV�DQG�VWXGHQWV��<RX�FRXOG�LQFOXGH�DGPLQLVWUDWRUV�IRU�\HW�DQRWKHU�SHUVSHFWLYH�
<RX�ZLOO�OHDUQ�D�ORW�E\�H[DPLQLQJ�PXOWLSOH�SHUVSHFWLYHV��7KH�VXUYH\�UHVHDUFK�VWXG\
FRXOG�EH�\RXU� ILUVW�DFWLRQ� UHVHDUFK�VWXG\��3ODQ� LW� �SODQ���FRQGXFW� LW� �DFW���H[DPLQH
WKH�UHVXOWV��REVHUYH���DQG�WKLQN�DERXW�ZKDW�WKH�UHVXOWV�PHDQ�DQG�ZKDW�\RX�VKRXOG�GR
QH[W��UHIOHFW��



$IWHU� FRQGXFWLQJ� \RXU� VXUYH\� DFWLRQ� UHVHDUFK� VWXG\�� \RXU� UHIOHFWLRQ� PLJKW
VXJJHVW� WKDW� \RX� VKRXOG� SODQ� DQ� LQWHUYHQWLRQ�� ,Q� WKLV� VHFRQG�$5� F\FOH�� \RX�PLJKW
FRQVWUXFW� D� VSHFLILF� DQG� DQVZHUDEOH� UHVHDUFK� TXHVWLRQ� DERXW�ZKDW�PLJKW� LPSURYH
\RXU� WHDFKLQJ� RU� \RXU� FXUULFXOXP�� <RX� FRXOG� SODQ� D� VPDOO� H[SHULPHQW� RU
LQWHUYHQWLRQ� LQ�ZKLFK�\RX�DFW� LQ�D�QHZ�ZD\�DQG�REVHUYH� WKH�FRQVHTXHQFHV��8VLQJ
/HZLQ¶V� FKDQJH� WKHRU\�� \RX� VKRXOG� LGHQWLI\� WKH� GULYLQJ� IRUFHV� DQG� WKH� UHVWUDLQLQJ
IRUFHV��$OVR��WKLQN�DERXW�KRZ�\RXU�DFWLRQV�ZLOO�DIIHFW�WKH�SHRSOH�DURXQG�\RX�ZKR
DUH�SDUW�RI�WKH�ODUJHU�VRFLDO�VFKRRO�V\VWHP�

$�NH\�RXWFRPH�RI�WKH�SODQQLQJ�SKDVH�LV�ZULWLQJ�GRZQ�ZKR�GRHV�ZKDW�DQG�ZKHQ
WKH\�GR�LW���:H�FDOO�WKLV�D�³ZKR�GRHV�ZKDW��ZKHQ�FKDUW�´��<RX�DOVR�PXVW�PDNH�VXUH
WKH�SURMHFW�PHPEHUV�DUH�WUDLQHG�VR�WKDW�WKH\�NQRZ�KRZ�WR�FRQGXFW�WKHLU�DFWLYLWLHV�
%HIRUH�\RX�DFW��WKLQN�DERXW�ZKDW�WKH�RXWFRPHV�PLJKW�EH��VWDWH�\RXU�K\SRWKHVHV��3ODQ
WR� REVHUYH� DQG�PHDVXUH� DWWLWXGHV� DQG�EHKDYLRU� EHIRUH� DQG� DIWHU� \RXU� H[SHULPHQW�
)LQDOO\��PDNH�VXUH�WKDW�\RXU�SODQ�LV�IHDVLEOH�DQG�HWKLFDO��,Q�DFWLRQ�UHVHDUFK��WKLV�LV
FDOOHG�\RXU�DFWLRQ�SODQ�� LW¶V�\RXU�GHWDLOHG�SODQ�RI�ZKR�GRHV�ZKDW�ZKHQ��DQG�KRZ
WKH\�DUH�WR�GR�LW�

��:KR�GRHV�ZKDW��ZKHQ�FKDUW�$�XVHIXO�FKDUW�VKRZLQJ�ZKDW�LV�WR�RFFXU�GXULQJ
WKH�VWXG\

��$FWLRQ�SODQ�$�V\QRQ\P�IRU�WKH�UHVHDUFK�SURSRVDO�WKDW�LV�XVHG�E\�DFWLRQ
UHVHDUFKHUV

7KH�QH[W�SKDVH�LQ�WKH�$5�F\FOH��L�H���DIWHU�SODQQLQJ��LV�WKH�DFWLRQ�SKDVH��7KLV
FRXOG�EH�D�QHHGV�DVVHVVPHQW�RU�DQ�H[SORUDWRU\�DQG�GHVFULSWLYH�VWXG\�RI�WKH�GLIIHUHQW
SHRSOH� DQG� SRVLWLRQV� LQ� \RXU� V\VWHP�� 2U� \RXU� DFWLRQ� PLJKW� EH� WR� FRQGXFW� DQ
H[SHULPHQW�� OLNH�$QJXLDQR¶V�GHVFULEHG�HDUOLHU��7U\LQJ�QHZ�DFWLRQV� LV� LPSRUWDQW� LQ
DFWLRQ� UHVHDUFK��7KLV�NH\� LGHD� LV� DUWLFXODWHG� LQ�.XUW�/HZLQ¶V� IDPRXV�SULQFLSOH�RI
DFWLRQ�WKDW�JRHV�OLNH�WKLV��,I�\RX�ZDQW�WUXO\�WR�XQGHUVWDQG�VRPHWKLQJ��WU\�WR�FKDQJH
LW��,I�\RX�ZDQW�WR�WUXO\�XQGHUVWDQG�\RXU�FODVVURRP��\RXU�FOLHQWV��\RXU�ZRUN�VLWXDWLRQ�
\RXU� VFKRRO�� RU� DQ\WKLQJ� HOVH�� WKLQN� DERXW� KRZ� \RX� FDQ� FKDQJH� LW� DQG� WKHQ� WU\� WR
FKDQJH� LW��<RX�ZLOO� QHHG� WR� XVH�PHDVXUHPHQW� WHFKQLTXHV� DQG� RQH� RI� WKH� UHVHDUFK
GHVLJQV� WKDW�ZH�GLVFXVV� ODWHU� LQ� WKLV�ERRN� WR�GHWHUPLQH� WKH�HIIHFWV�RI�\RXU�DFWLRQ�
:KHQ�\RX�FRQGXFW�\RXU�H[SHULPHQW��VWLFN� WR�\RXU�SODQ�DQG�UHFRUG�DQ\�GHYLDWLRQV�
<RX�DUH�SUREDEO\�D�EHJLQQLQJ�UHVHDUFKHU��7KHUHIRUH��\RX�VKRXOG�VWDUW�E\�FRQGXFWLQJ
D�VPDOO�H[SHULPHQW�RU�SLORW�VWXG\��7KHQ�\RX�FDQ�UHF\FOH��WKURXJK�WKH�DFWLRQ�UHVHDUFK
F\FOH��WR�D�ODUJHU�DQG�PRUH�ULJRURXV�UHVHDUFK�VWXG\�

��$FWLRQ�SKDVH�6WHS�LQ�WKH�$5�F\FOH�LQ�ZKLFK�RQH�FRQGXFWV�DQ�H[SORUDWRU\�
GHVFULSWLYH�VWXG\�RU�DQ�H[SHULPHQWDO�LQWHUYHQWLRQ�VWXG\

1H[W�LQ�WKH�$5�F\FOH�LV�WKH�REVHUYH�SKDVH��ZKHQ�\RX�GHWHUPLQH�ZKDW�KDSSHQV�
7KDW�LV��\RX�VKRXOG�FROOHFW�GDWD�WKURXJK�RQH�RU�PRUH�RI�WKH�PDMRU�PHWKRGV�RI�GDWD
FROOHFWLRQ� WKDW� ZH� GLVFXVV� LQ� &KDSWHUV� ��� ��� DQG� �� �L�H��� WHVWV�� TXHVWLRQQDLUHV�



LQWHUYLHZV��IRFXV�JURXSV��REVHUYDWLRQ��H[LVWLQJ�RU�FRQVWUXFWHG�GDWD���$�NH\�SRLQW�WR
NQRZ�QRZ� LV� WKDW� \RX�ZLOO� �D�� FROOHFW� TXDQWLWDWLYH� GDWD� WR�PHDVXUH�ZKDW� \RX� DUH
LQWHUHVWHG� LQ� VWXG\LQJ� DQG� �E�� FROOHFW� TXDOLWDWLYH� GDWD� WR� KHOS� \RX� XQGHUVWDQG� WKH
PHDQLQJV�RI�ZKDW�WDNHV�SODFH�DQG�WR�KHDU�ZKDW�\RXU�SDUWLFLSDQWV�WKLQN�LQ�WKHLU�RZQ
ZRUGV��,W�LV�D�JRRG�LGHD�WR�XVH�PRUH�WKDQ�RQH�VRXUFH�RI�HYLGHQFH�DQG�XVH�PRUH�WKDQ
RQH� PHWKRG� RI� GDWD� FROOHFWLRQ�� 'RLQJ� VR� ZLOO� SURYLGH� \RX� ZLWK� PRUH� FRPSOHWH
LQIRUPDWLRQ� DERXW� \RXU� SODQQHG� DFWLRQ� DQG� LWV� LPSDFW�� <RX� QHHG� WR� PHDVXUH� DQG
OLVWHQ� WR�GLIIHUHQW�SHUVSHFWLYHV�DQG�GLIIHUHQW�YDQWDJH�SRLQWV�UHJDUGLQJ�\RXU�DFWLRQ�
,Q�DGGLWLRQ�WR�FROOHFWLQJ�GDWD�RQ�ZKDW�\RX�H[SHFW�WR�KDSSHQ��L�H���\RXU�REMHFWLYHV�RU
K\SRWKHVHV���\RX�VKRXOG�EH�RQ�WKH�ORRNRXW�IRU�DQ\�XQDQWLFLSDWHG�RXWFRPHV��WKH�IDWKHU
RI� PRGHUQ� HYDOXDWLRQ��0LFKDHO� 6FULYHQ�� FDOOHG� WKLV� JRDO�IUHH� HYDOXDWLRQ�� ZKLFK
VLPSO\� PHDQV� WR� ORRN� IRU� RXWFRPHV� WKDW� ZHUH� QRW� LQFOXGHG� LQ� \RXU� UHVHDUFK� RU
SURJUDP� REMHFWLYHV�� ,Q� VKRUW�� ORRN� IRU� ZKDW� \RX� H[SHFWHG� DQG� ZKDW� \RX� GLG� QRW
H[SHFW�� 2IWHQ� TXDQWLWDWLYH� PHWKRGV� DUH� XVHG� WR� H[DPLQH� WKH� REMHFWLYHV�� ZKLOH
TXDOLWDWLYH�PHWKRGV�DUH�XVHG�WR�XQGHUVWDQG�WKH�REMHFWLYHV�DQG�RXWFRPHV�LQ�D�GHHSHU
ZD\�DQG�WR�H[SORUH�IRU�RWKHU�XQDQWLFLSDWHG�RXWFRPHV�

��2EVHUYH�SKDVH�6WHS�LQ�WKH�$5�F\FOH�LQ�ZKLFK�RQH�FROOHFWV�GDWD�DQG�REWDLQV
HYLGHQFH�DERXW�WKH�VXFFHVV�RI�DFWLRQV

)ROORZLQJ�REVHUYDWLRQ�LQ�WKH�$5�F\FOH�LV�WKH�UHIOHFWLRQ�SKDVH��<RX�QRZ�WKLQN
DERXW�\RXU�GDWD�DQG�WKH�UHVXOWV��PDNH�VHQVH�RI�WKHP��DQG�UHIOHFW�RQ�ZKDW�WKH\�PHDQ�
:KDW�FRQFOXVLRQV� VKRXOG�\RX�GUDZ�DQG��SHUKDSV��ZKDW� VKRXOG�EH�GRQH�QH[W"�'LG
\RXU�LQWHUYHQWLRQ�ZRUN"�:KDW�ZRUNHG�DQG�ZKDW�GLGQ¶W�ZRUN"�&RQVLGHU�WKH�PXOWLSOH
SHUVSHFWLYHV��&DQ� \RXU� LQWHUYHQWLRQ� EH� LPSURYHG� VR� WKDW� LW�ZLOO�ZRUN� EHWWHU� QH[W
WLPH"�7KLV�LV�OLNH�WKH�IRUPDWLYH�HYDOXDWLRQ�DSSURDFK�GHVFULEHG�LQ�&KDSWHU����:KDW
GR�\RX�QHHG�WR�FKDQJH�LQ�\RXU�WKHRU\�RU�H[SODQDWLRQ"�5HYLVH�\RXU�DFWLRQ�WKHRU\�DV
QHHGHG�DQG�FRQVLGHU� WHVWLQJ�\RXU� UHYLVHG� WKHRU\� LQ�DQRWKHU�DFWLRQ� UHVHDUFK�F\FOH�
7KLV�LV�KRZ�FRQWLQXDO�WKHRU\�GHYHORSPHQW�DQG�WKHRU\�WHVWLQJ�RSHUDWHV�LQ�HGXFDWLRQ
VFLHQFH�� <RX� JHQHUDWH� D� WKHRU\�� WHVW� LW�� UHYLVH� LW�� WHVW� LW� DJDLQ�� DQG� FRQWLQXDOO\
LPSURYH�LW�

��5HIOHFWLRQ�SKDVH�6WHS�LQ�WKH�$5�F\FOH�LQ�ZKLFK�RQH�WKLQNV�DERXW�WKH�UHVXOWV�
FRQVLGHUV�VWUDWHJLHV�IRU�LPSURYHPHQW��DQG�EHJLQV�IXWXUH�SODQQLQJ

$IWHU�\RX�FRQGXFW�D�IHZ�LQGLYLGXDO�DFWLRQ�UHVHDUFK�VWXGLHV��\RX�VKRXOG�VKLIW�LQWR
ODUJHU�VWXGLHV��VXFK�DV�D�SDUWLFLSDWRU\�VWXG\�RI�\RXU�HQWLUH�VFKRRO��$FWLRQ�UHVHDUFK
LV� HVSHFLDOO\� XVHIXO� ZKHQ� \RX� DQG�PDQ\� RI� \RXU� FRZRUNHUV� DUH� DOO� LQWHUHVWHG� LQ
FRQGXFWLQJ� WKH� UHVHDUFK�� &ROODERUDWLYHO\�� \RX� FDQ� EUDLQVWRUP�� OHDUQ� IURP� HDFK
RWKHU¶V� LGHDV� DQG� HDFK� RWKHU¶V�ZRUN�� VHOI�UHIOHFW�ZLWK� FULWLFDO� DQG� FUHDWLYH� H\HV�
DQG� WU\� WR� IRUP�DQ�DFWLRQ� UHVHDUFK�FXOWXUH� LQ�\RXU� VFKRRO��0RVW�SUREOHPV�DUH�QRW
IXOO\� VROYHG� WKURXJK� D� VLQJOH� UHVHDUFK� VWXG\�� 0DQ\� ODUJHU� VFKRRO� GLVWULFWV� KDYH
GHSDUWPHQWV� WKDW� DUH� VHW� XS� WR� IDFLOLWDWH� DQG� FRQGXFW� UHVHDUFK� DERXW� WKHLU� ORFDO
VFKRROV��<RX�PLJKW�ILQG�WKDW�PDQ\�WHDFKHUV�DQG�DGPLQLVWUDWRUV�ZKRP�\RX�NQRZ�DUH



IDPLOLDU�ZLWK�DFWLRQ�UHVHDUFK�
7KH� ODVW� NH\� SRLQW� LQ� WKLV� VHFWLRQ� LV� WKDW� VHOI�UHIOHFWLRQ� LV� VRPHWKLQJ� WKDW� \RX

VKRXOG�GR�WKURXJKRXW�\RXU�FDUHHU��'R�LW�HYHU\�GD\��GR�LW�IURP�PRPHQW�WR�PRPHQW��,W
ZLOO�VHUYH�\RX�ZHOO�WR�EHFRPH�D�UHIOHFWLYH�SUDFWLWLRQHU��UHJDUGOHVV�RI�\RXU�MRE��<RX
VKRXOG�DOVR�EH�UHIOHFWLYH�LQ�\RXU�RWKHU�OLIH�DFWLYLWLHV��1R�PDWWHU�ZKDW�\RX�GR��OHDUQ
WR�EH�UHIOHFWLYH�DQG�WU\�WR�EHFRPH�EHWWHU��,Q�VKRUW��WU\�WR�EHFRPH�D�OLIHORQJ�OHDUQHU�

5(9,(:
48(67 ,21

�������+RZ�GRHV�WKH�DFWLRQ�UHVHDUFK�F\FOH�RSHUDWH�
DQG�ZK\�LV�LW�D�QHYHU�HQGLQJ�SURFHVV"

675(1*7+6�$1'�:($.1(66(6�2)�$&7,21�5(6($5&+
:H� KDYH� SUHVHQWHG� DFWLRQ� UHVHDUFK� DV� D� SRVLWLYH� DFWLYLW\�� DQG� LW� LV�� 3HUKDSV� LWV
ELJJHVW� VWUHQJWK� LV� WKDW� LW� KHOSV� WR� SURGXFH� OLIHORQJ� OHDUQHUV� ZKR� SURGXFH� ORFDO
NQRZOHGJH� WKDW� FDQ�EH� VKDUHG�ZLWK� WKH� ODUJHU� HQWHUSULVH�RI� HGXFDWLRQ� �VHH�)LJXUH
����DJDLQ���+HUH�LV�D�OLVW�RI�WKH�PDMRU�VWUHQJWKV�RI�DFWLRQ�UHVHDUFK�

���&DQ�EH�FRQGXFWHG�E\�ORFDO�SUDFWLWLRQHUV�
���3URGXFHV�OLIHORQJ�OHDUQHUV�
���,QWHJUDWHV�WKHRU\�DQG�SUDFWLFH�
���,V�FRPPLWWHG�WR�GHPRFUDWLF�VRFLDO�FKDQJH�
���(PSRZHUV�SUDFWLWLRQHUV�WR�FRQWULEXWH�WR�NQRZOHGJH�
���'HVFULEHV�WKH�FRPSOH[LWLHV�RI�ORFDO�VLWXDWLRQV�
���,PSURYHV�SUDFWLFH�DW�WKH�ORFDO�OHYHO�

:H�ZRXOG�EH�UHPLVV� LI�ZH�GLG�QRW� LQIRUP�\RX�DERXW� WKH�PDMRU�ZHDNQHVVHV�RI
DFWLRQ� UHVHDUFK�� 3HUKDSV� LWV� ELJJHVW� ZHDNQHVV� LV� WKDW� LW� VRPHWLPHV� LJQRUHV� PRUH
EDVLF� UHVHDUFK� OLWHUDWXUH� DQG�� RIWHQWLPHV�� UHOLHV� RQ� ZHDNHU� PHWKRGV� DQG� YDOLGLW\
VWUDWHJLHV� WKDQ� GRHV� UHJXODU� VFLHQWLILF� UHVHDUFK�� +HUH� LV� D� OLVW� RI� WKH� PDMRU
ZHDNQHVVHV�RI�DFWLRQ�UHVHDUFK�

�� �2IWHQ� LQYROYHV� D� VPDOO�VFDOH� VWXG\� WKDW� SURGXFHV� D� OLPLWHG� DQG� GHOLPLWHG
DPRXQW�RI�LQIRUPDWLRQ�DQG�NQRZOHGJH�

���3URGXFHV�VPDOO�VFDOH�UHVXOWV�WKDW�DUH�GLIILFXOW�WR�JHQHUDOL]H�WR�GLIIHUHQW�DQG
ODUJHU�FRQWH[WV�

���+DV�OHVV�VFLHQWLILF�REMHFWLYLW\�FRPSDUHG�WR�UHJXODU�HGXFDWLRQ�VFLHQFH�
�� �,V�RIWHQ�EDVHG�RQ�ZHDNHU�UHVHDUFK�GHVLJQV��FRPSDUHG�WR�UHJXODU�HGXFDWLRQ
VFLHQFH�

���'RHV�QRW�OHQG�LWVHOI�WR�PDNLQJ�VWURQJ�VWDWHPHQWV�RI�FDXVH�DQG�HIIHFW�
�� � /DFNV� ULJRU� LQ� WHUPV� RI� WUDGLWLRQDO� PHDVXUHPHQW� DQG� UHVHDUFK� YDOLGLW\



FULWHULD�
���3UHVHQWV�GLIILFXOWLHV�IRU�LQVWLWXWLRQDO�UHYLHZ�ERDUGV��,5%V���ZKLFK�HYDOXDWH
WKH� HWKLFDO� SUDFWLFH� RI� WKH� UHVHDUFK�� EHFDXVH� PXOWLSOH� SHRSOH� PLJKW� EH
LQYROYHG�DQG�WKH�UHVHDUFKHU�FDQQRW�IRUHVHH�PDQ\�SRVVLEOH�DFWLRQV�EHFDXVH
RI�WKH�VWXG\¶V�IOXLG�QDWXUH�DQG�FRQWLQXDO�GHYHORSPHQW�

$&7,21�5(6($5&+�-2851$/,1*
$FWLRQ� UHVHDUFK� LV� DQ� H[FHOOHQW�ZD\� WR� GHYHORS� WKH� DWWLWXGH�RI� D� UHVHDUFKHU�� ,W� LV
ZKDW�-RKQ�'HZH\�KRSHG�HYHU\� WHDFKHU�ZRXOG�GR� LQ�KLV�RU�KHU�RZQ�OLIH��DQG� LW� LV
ZKDW�'HZH\�KRSHG�WHDFKHUV�ZRXOG�LQVWLOO�LQ�WKHLU�VWXGHQWV¶�PLQGV�DQG�DELOLWLHV��:H
UHFRPPHQG� WKDW�\RX�VWDUW�ZRUNLQJ�QRZ�RQ�\RXU� UHIOHFWLYH� MRXUQDO�DV�\RX�UHDG� WKH
UHVW�RI� WKLV�ERRN��<RX�ZLOO�QHHG� WR� WKLQN�DERXW��L�H��� UHIOHFW�RQ��ZKDW�\RX� OHDUQ� LQ
HDFK�RI� WKH� UHPDLQLQJ� FKDSWHUV�� DQG�\RX� VKRXOG� WU\� WR� UHODWH� WKDW�PDWHULDO� WR�\RXU
LQGLYLGXDO�LPSURYHPHQW�DQG�SURIHVVLRQDO�SUDFWLFH��7R�EHFRPH�D�EHWWHU�SUDFWLWLRQHU
DQG�UHVHDUFKHU��\RX�ZLOO�QHHG� WR� UHFRUG�\RXU� WKLQNLQJ�UHIOHFWLRQV�DV�\RX�UHDG� WKLV
ERRN�LQ�DQ�DFWLRQ�UHVHDUFK�MRXUQDO��6WRS�DW�WKH�GUXJVWRUH�RQ�\RXU�ZD\�KRPH�IURP
ZRUN� WRGD\� DQG� SXUFKDVH� D� QRWHERRN��7KLV� FDQ� EHFRPH� \RXU� V\VWHPDWLF� SODFH� WR
UHFRUG�\RXU�UHIOHFWLRQV�DERXW�WKH�ERRN�PDWHULDO��DERXW�ZKR�\RX�DUH��DERXW�KRZ�\RX
VKRXOG� JR� DERXW� \RXU�ZRUN�� DQG²PRVW� LPSRUWDQWO\²DERXW� KRZ�\RX� FDQ� EHFRPH
EHWWHU�DW�ZKDW�\RX�GR��7R�IDFLOLWDWH�\RXU�JURZWK�DV�D�WHDFKHU��D�FRDFK��D�FRXQVHORU�
RU�ZKDWHYHU��ZH�ZLOO�DVN�\RX�LQ�HDFK�RI� WKH�UHPDLQLQJ�FKDSWHUV� WR�UHIOHFW�RQ�KRZ
WKH� FKDSWHU� PDWHULDO� FDQ� KHOS� \RX� WR� EHFRPH� DQ� DFWLRQ� UHVHDUFKHU� DQG� OLIHORQJ
OHDUQHU��,Q�VKRUW��WKH�SXUSRVH�RI�\RXU�DFWLRQ�UHVHDUFK�MRXUQDO�LV�WR�KHOS�\RX�WR�PDNH
WKH�PDWHULDO�UHOHYDQW�WR�\RXU�FDUHHU�DQG�\RXU�OLIH��$V�DQ�DVLGH��WKLV�DOVR�ZLOO�KHOS
\RX�RQ�\RXU�WHVWV��EHFDXVH�LW�LV�WKURXJK�UHIOHFWLRQ�WKDW�\RX�ZLOO�OHDUQ�WKH�PDWHULDO�DW
D�PXFK�GHHSHU�OHYHO��7U\�WR�UHODWH�WKH�PDWHULDO�WR�\RXU�OLIH�

��$FWLRQ�UHVHDUFK�MRXUQDO�$�SODFH�ZKHUH�RQH�UHFRUGV�OHDUQLQJV�DQG
UHIOHFWLRQV

<RX� KDYH� DOUHDG\� UHDG�&KDSWHUV� ��� ��� 7KHUHIRUH�� \RX� QHHG� WR� FDWFK� XS�� 6WDUW
QRZ�E\� UHYLHZLQJ� DQG� WKLQNLQJ� DERXW� WKH�PDWHULDO� LQ�&KDSWHU����2QH� NH\� LGHD� LQ
&KDSWHU����ZH�EHOLHYH��LV�WKDW�SHRSOH�OLNH�\RX�FDQ�OHDUQ�WR�WKLQN�OLNH�D�UHVHDUFKHU�
$FWLRQ� UHVHDUFKHUV� DUH� LQWHUHVWHG� LQ� VFLHQFH� DV� D�ZD\� WR� KHOS� WKHLU� SUDFWLFH� DQG
FRQWULEXWH� WR� WKH� UHOHYDQW� UHVHDUFK� OLWHUDWXUH�� $FWLRQ� UHVHDUFKHUV� DUH� ³SUDFWLFDO
VFLHQWLVWV�´

+HUH�DUH�VRPH�VWDUWLQJ�UHIOHFWLRQ�TXHVWLRQV�IRU�&KDSWHU���

����+RZ�PLJKW�\RX�VWDUW�YLHZLQJ�VFLHQFH�EURDGO\�DV�VRPHWKLQJ�WKDW�FDQ�EH�XVHIXO
LQ�\RXU�HYHU\GD\�OLIH�DQG�SURIHVVLRQDO�SUDFWLFH��H�J���DV�DQ�³DFWLRQ
VFLHQFH´�"

����:KDW�LQVLJKWV�DQG�TXHVWLRQV�GLG�\RX�KDYH�DV�\RX�UHDG�&KDSWHUV�����"��,I�\RX



GLGQ¶W�KDYH�DQ\��WU\�WR�WKLQN�RI�VRPH�QRZ��

����:KDW�GR�HGXFDWLRQ�VFLHQWLVWV�GR"�:KDW�GR�HGXFDWLRQ�SUDFWLWLRQHUV�GR"�:K\
DUH�WKH\�LPSRUWDQW�IRU�HDFK�RWKHU"�5HPHPEHU�WKDW�DFWLRQ�UHVHDUFKHUV�DWWHPSW
WR�FRQQHFW�VFLHQFH�DQG�SUDFWLFH�

,W�LV�DOVR�WLPH�WR�UHIOHFW�RQ�&KDSWHU����WR�JHW�FDXJKW�XS�LQ�\RXU�$5�MRXUQDO��7DNH
D� PRPHQW� WR� ORRN� EDFN� DQG� WKLQN� DERXW� &KDSWHU� ��� $FWLRQ� UHVHDUFKHUV� W\SLFDOO\
IROORZ� WKH�PL[HG� UHVHDUFK�SDUDGLJP�EHFDXVH� WKH\� OLNH� WR� VHOHFW�ZKDW�ZRUNV�EHVW
IURP� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� UHVHDUFK�� $QVZHU� WKHVH� TXHVWLRQV� LQ� \RXU
MRXUQDO��UHDOL]LQJ�WKDW�RYHU�WKH�VHPHVWHU��\RXU�DQVZHUV�PLJKW�FKDQJH��

����:KDW�UHVHDUFK�SDUDGLJP�V��GR�\RX�OLNH�WR�RSHUDWH�IURP��TXDOLWDWLYH�
TXDQWLWDWLYH��PL[HG�"�:K\"

����:KDW�SKLORVRSKLFDO�DQG�SUDFWLFDO�DVVXPSWLRQV�GR�\RX�WKLQN�\RX�WHQG�WR
RSHUDWH�IURP"

D���:KDW�GR�\RX�PHDQ�E\�WKH�ZRUG�UHDOLW\��DQG�GR�\RX�WKLQN�WKDW�UHDOLW\�LV
VLQJXODU��XQLYHUVDO�WUXWKV��RU�SOXUDO��SDUWLFXODU�GRPDLQ�VSHFLILF�WUXWKV�"
�7KHVH�DUH�VRPH�RI�\RXU�RQWRORJLFDO�DVVXPSWLRQV��WKDW�LV��\RXU
DVVXPSWLRQV�DERXW�UHDOLW\��

E���'R�\RX�WKLQN�WKHUH�LV�RQH�EHVW�ZD\�WR�JDLQ�NQRZOHGJH�RU�PXOWLSOH�ZD\V�
DQG�ZKDW�GR�\RX�PHDQ�E\�³ZDUUDQWHG�RU�MXVWLILHG�NQRZOHGJH´�"��7KHVH
DUH�VRPH�RI�\RXU�HSLVWHPRORJLFDO�DVVXPSWLRQV��WKDW�LV��\RXU�DVVXPSWLRQV
DERXW�ZKDW�NQRZOHGJH�LV�DQG�ZKHQ�\RX�FDQ�FODLP�WR�KDYH�NQRZOHGJH��

F���:KDW�UHVHDUFK�PHWKRGV�GLVFXVVHG�LQ�&KDSWHU���GR�\RX�WKLQN�PLJKW�EH
XVHIXO�IRU�OHDUQLQJ�DERXW�\RXU�ZRUOG"��7KLV�LV�RQH�RI�\RXU
PHWKRGRORJLFDO�DVVXPSWLRQV��WKDW�LV��\RXU�EHOLHIV�DERXW�ZKDW�PHWKRGV
\RX�SUHIHU�WR�XVH�DQG�EHOLHYH�DUH�HIIHFWLYH��

:H�NQRZ�WKLV�LV�GHHS�VWXII��EXW�VHOI�UHIOHFWLRQ�FDQ�EH�D�GHHS�ORRN�LQWR�\RXU
³VHOI�´�'RQ¶W�EH�DIUDLG��JR�IRU�LW�

/DVW�� DGG� VRPH� UHIOHFWLRQV� WR� \RXU� MRXUQDO� DERXW� WKH�PDWHULDO� LQ� WKLV� FKDSWHU�
+HUH�DUH�VRPH�TXHVWLRQV�WR�JHW�\RX�VWDUWHG�

����:KDW�DUH�VRPH�EHQHILWV�RI�WDNLQJ�DQ�³DFWLRQ�UHVHDUFK�DWWLWXGH´�DERXW�\RXU
ZRUN"

����:KDW�GR�\RX�WKLQN�DERXW�WKH�FLUFOH�RI�NQRZOHGJH�VKRZQ�LQ�)LJXUH����"
6SHFLILFDOO\��FRQVLGHU�WKH�VXJJHVWLRQ�WKDW�HGXFDWLRQ�VFLHQFH�QHHGV�WR�SURYLGH
NQRZOHGJH�WR�WKH�ORFDO�OHYHO�EXW�LW�DOVR�QHHGV�WR�OLVWHQ�WR�NQRZOHGJH
SURGXFHG�E\�SHRSOH�DW�WKH�ORFDO�OHYHO�RI�SUDFWLFH�

����:KDW�W\SH�RI�DFWLRQ�UHVHDUFK�GR�\RX�OLNH�DQG�ZK\"



����,I�\RX�ZHUH�WR�FRQGXFW�DQ�DFWLRQ�UHVHDUFK�VWXG\�WKLV�VHPHVWHU��ZKDW�DUH�\RXU
LQLWLDO�WKRXJKWV�DERXW�ZKDW�\RX�ZRXOG�GR�LW�RQ"

+HUH� LV� D� OLVW� RI� D� IHZ� DFWLRQ� UHVHDUFK� LGHDV� WR� KHOS� \RX� JHW� VWDUWHG� WKLQNLQJ
DERXW� DQ� DFWLRQ� UHVHDUFK� SURMHFW� WKDW� \RX�ZRXOG� OLNH� WR� FRQGXFW� WKLV� VHPHVWHU� RU
DERXW�D�UHVHDUFK�VWXG\�WKDW�\RX�ZRXOG�OLNH�WR�SURSRVH�WR�FRQGXFW�

���+RZ�FDQ�,�LQFUHDVH�P\�VWXGHQWV¶�LQWULQVLF�PRWLYDWLRQ�WR�UHDG"
�� � +RZ� FDQ� ,� LQFUHDVH� P\� VWXGHQWV¶� VHOI�HIILFDF\� IRU� JLYLQJ� LQ�FODVV
SUHVHQWDWLRQV"

���+RZ�FDQ�,�JHW�VWXGHQWV�LQ�VRFLDO�FOLTXHV��³LQVLGHUV´��WR�FDUH�IRU�DQG�UHVSHFW
RWKHU�VWXGHQWV��³RXWVLGHUV´�"

�� �:KDW� DUH� WHDFKHUV¶� DQG� DGPLQLVWUDWRUV¶� YLHZV� RI� WKH� FKDUDFWHULVWLFV� RI� D
³JRRG�WHDFKHU�´�DQG�KRZ�FDQ�WKHVH�EH�PHUJHG"

�� � +RZ� FDQ� ,� JHW� VWXGHQWV� WR� LQFUHDVH� WKHLU� FDUH� IRU� DQG� LQWHUDFWLRQ� ZLWK
VWXGHQWV�ZKR�KDYH�VSHFLDO�QHHGV"

�� � +RZ� FDQ� ,� JHW�P\� VWXGHQWV�PRUH� HQJDJHG� LQ�PDWKHPDWLFV� �RU� UHDGLQJ� RU
KLVWRU\�"

�� � +RZ� FDQ� ,� WDLORU� P\� FODVV� VR� WKDW� ORZ�� DQG� KLJK�DFKLHYLQJ� VWXGHQWV� DUH
SURJUHVVLQJ"

���+RZ�FDQ�,�LQFUHDVH�SDUHQWDO�SDUWLFLSDWLRQ�LQ�VWXGHQWV¶�KRPHZRUN"
���+RZ�FDQ�,�LQFUHDVH�VWDII�SDUWLFLSDWLRQ�LQ�VFKRRO�DFWLYLWLHV"
���+RZ�FDQ�,�LPSURYH�WKH�VFKRRO�FXOWXUH�DW�P\�VFKRRO"
���:KDW�DUH�VWXGHQWV¶��WHDFKHUV¶��SDUHQWV¶��DQG�DGPLQLVWUDWRUV¶�YLHZV�DERXW�WKH
SXUSRVHV� RI� VFKRRO�� DQG� KRZ� FDQ� ,� LQFUHDVH� FRPPXQLFDWLRQ� DPRQJ� WKHVH
JURXSV"

$&7,21�5(6($5&+�,1�7+(�5(0$,1,1*�&+$37(56�2)�7+,6
%22.
,Q�WKLV�ERRN��ZH�IRFXV�RQ�KRZ�WR�FRQGXFW�KLJK�TXDOLW\�TXDQWLWDWLYH��TXDOLWDWLYH��DQG
PL[HG� PHWKRGV� UHVHDUFK� WKDW� FDQ� EH� SXEOLVKHG� LQ� MRXUQDOV�� :H� DOVR� KRSH� WR
HPSRZHU�\RX�WR�EHFRPH�DQ�DFWLRQ�UHVHDUFKHU�LQ�\RXU�GD\�WR�GD\�OLIH��7R�IDFLOLWDWH
\RXU�JURZWK�DV�D� UHVHDUFKHU��ZH� LQFOXGH�D� VKRUW� VHFWLRQ�DW� WKH�HQG�RI�HDFK�RI� WKH
UHPDLQLQJ�FKDSWHUV�WR�KHOS�\RX�UHODWH�WR�WKH�FKDSWHU�PDWHULDO�LQ�D�PHDQLQJIXO�ZD\�
2XU�JRDO�LV�WR�PDNH�WKH�PDWHULDO�SUDFWLFDO�LQ�\RXU�RZQ�OLIH�DQG�ZRUNSODFH��,Q�VKRUW�
ZH�KRSH� WR� WUDLQ�\RX� WR� WKLQN� OLNH�D�UHVHDUFK�VFLHQWLVW�DQG� OLNH�DQ�DFWLRQ�UHVHDUFK
VFLHQWLVW�� %RWK� RI� WKHVH� DSSURDFKHV� ZLOO� EH� KHOSIXO� LQ� \RXU� FDUHHU�� .HHSLQJ� DQ
DFWLRQ�UHVHDUFK�MRXUQDO�ZLOO�KHOS�\RX�WR�SUHSDUH�EHWWHU�IRU�\RXU�WHVWV��EHFDXVH�\RX
ZLOO� KDYH� WKRXJKW� PRUH� GHHSO\� DQG� PRUH� SUDFWLFDOO\� DERXW� WKH� PDWHULDO� LQ� HDFK
FKDSWHU�



6800$5<

$FWLRQ�UHVHDUFK�LV�FRQGXFWHG�E\�SURIHVVLRQDOV��RIWHQ�LQ�FROODERUDWLRQ�ZLWK�RWKHUV�
WR� LPSURYH� SUREOHP� VLWXDWLRQV� WKH\� IDFH�� $FWLRQ� UHVHDUFK� DURVH� IURP� WKH� LGHDV�
WKHRULHV�� DQG� SKLORVRSK\� RI�.XUW� /HZLQ� DQG� -RKQ�'HZH\�� /HZLQ¶V� NH\� LGHDV� DUH
IRXQG� LQ�KLV� IRUFH�ILHOG� WKHRU\� �ZH� DUH� VXEMHFW� WR� GULYLQJ� DQG� UHVWUDLQLQJ� IRUFHV�
DQG�KLV�FKDQJH�WKHRU\��FKDQJH�LV�D�WKUHH�VWDJH�SURFHVV�RI�XQIUHH]LQJ��FKDQJLQJ��DQG
UHIUHH]LQJ���'HZH\� HPSKDVL]HG� D� VFLHQWLILF�H[SHULPHQWLQJ� IRUP� RI� LQTXLU\� DQG� D
SKLORVRSK\�RI�H[SHULHQFH� �ZH�DUH�HPEHGGHG�LQ� ORFDO�FRQWH[WV�DQG�VLWXDWLRQV��DQG
ZH� PXVW� FRQWLQXDOO\� WU\� WR� LPSURYH� RXU� VLWXDWLRQV� IURP� WKH� ERWWRP� XS� LQ� DQG
FRQWLQXDO� LQTXLU\�DQG�JURZWK�WKURXJKRXW�RXU� OLIHWLPHV���:H�OLVWHG�WKH�ILYH�VWHSV�LQ
'HZH\¶V�SURFHVV�RI� LQTXLU\�� DQG�ZH�FRPSDUHG�EDVLF� VFLHQWLILF� UHVHDUFK� �IRFXVHG
RQ� JHQHUDO� NQRZOHGJH�� DQG� DFWLRQ� UHVHDUFK� �IRFXVHG� RQ� ORFDO� NQRZOHGJH��� 2XU
FLUFOH�RI�HGXFDWLRQ�VFLHQFH�VKRZHG�WKDW�ERWK�RI�WKHVH�VRXUFHV�RI�NQRZOHGJH�QHHG�WR
³OHDUQ´�IURP�WKH�RWKHU�LQ�D�FRQWLQXRXV�IHHGEDFN�V\VWHP�

:H�FRQWUDVWHG�WKH�IROORZLQJ�W\SHV�RU�NLQGV�RI�DFWLRQ�UHVHDUFK��ZLWK�HDFK�KDYLQJ
LWV� RZQ� VSHFLDO� HPSKDVLV�� SDUWLFLSDWRU\� DFWLRQ� UHVHDUFK� �FRQGXFWHG� LQ� WHDPV
ZKHUH� HYHU\RQH� SDUWLFLSDWHV� LQ� WKH� VWXG\��� FULWLFDO� DFWLRQ� UHVHDUFK� �HPSKDVL]HV
HPSRZHUPHQW�RI�WKH�OHVV�DGYDQWDJHG�LQ�VRFLHW\���IHPLQLVW�DFWLRQ�UHVHDUFK��IRFXVHG
RQ� SURYLGLQJ� D� IHPLQLVW� OHQV��� DFWLRQ� VFLHQFH� �IRFXVHG� RQ� SURGXFLQJ� OHDUQLQJ
RUJDQL]DWLRQV���DQG�DSSUHFLDWLYH�LQTXLU\��IRFXVHG�RQ�LGHQWLI\LQJ�WKH�VWUHQJWKV�LQ�DQ
RUJDQL]DWLRQ� DQG� SURGXFLQJ� DQ� HIIRUW� WR�ZRUN� WRJHWKHU� IRU� D� VKDUHG� SXUSRVH���:H
DOVR� GLVWLQJXLVKHG� DFWLRQ� UHVHDUFK� E\� LWV� VFRSH�� \RX� FDQ� WKLQN� RI� WKHVH� W\SHV� DV
IROORZLQJ� D� FRQWLQXXP� IURP�PRUH�PLFUR� WR�PRUH�PDFUR��7KH\� LQFOXGH� LQGLYLGXDO
DFWLRQ�UHVHDUFK� �GHVLJQHG�DQG�FRQGXFWHG�E\�DQ� LQGLYLGXDO���FROODERUDWLYH� DFWLRQ
UHVHDUFK� �GHVLJQHG� DQG� FRQGXFWHG� E\� D� WHDP��� DQG� V\VWHP� RU� VFKRROZLGH� DFWLRQ
UHVHDUFK��GHVLJQHG��FRQGXFWHG��DQG�IRFXVHG�RQ�PDFUR�RU�ODUJH�V\VWHP�FKDQJHV��

7KH�F\FOH�RI�DFWLRQ�UHVHDUFK�LQFOXGHV�IRXU�SKDVHV��UHIOHFWLRQ��SODQQLQJ��DFWLQJ�
DQG�REVHUYLQJ��<RX�FDQ�HQWHU�WKH�F\FOH�DW�DQ\�SRLQW��\RX�FDQ�FLUFOH�EDFN�WR�HDUOLHU
SKDVHV�ZLWKLQ� WKH� RYHUDOO� F\FOH�� DQG� WKH� HQG� RI� D� IXOO� F\FOH� EHFRPHV� WKH� VWDUWLQJ
SRLQW�IRU�\RXU�QH[W�F\FOH�DV�\RX�FRQWLQXDOO\�IRFXV�RQ�LPSURYHPHQW�

$FWLRQ�UHVHDUFK�LV�D�ZD\�RI�OLIH��DQG�ZH�KRSH�WKLV�FKDSWHU�PRWLYDWHV�DQG�KHOSV
\RX� WR� REWDLQ� WKH� DFWLRQ� UHVHDUFK� DWWLWXGH²D� FRPPLWPHQW� WR� FRQWLQXRXV
LPSURYHPHQW�LQ�ZKDW�\RX�GR�DQG�OLIHORQJ�OHDUQLQJ�

.(<�7(506

$FWLRQ�SKDVH��S�����
$FWLRQ�SODQ��S�����
$FWLRQ�UHVHDUFK��S�����
$FWLRQ�UHVHDUFK�DWWLWXGH��S�����
$FWLRQ�UHVHDUFK�MRXUQDO��S�����



$FWLRQ�VFLHQFH��S�����
$SSUHFLDWLYH�LQTXLU\��S�����
&ROODERUDWLYH�DFWLRQ�UHVHDUFK��S�����
&ULWLFDO�DFWLRQ�UHVHDUFK��S�����
&ULWLFDO�IULHQG��S�����
'HZH\DQ�LQTXLU\��S�����
'RXEOH�ORRS�OHDUQLQJ��S�����
'ULYLQJ�IRUFHV��S�����
(VSRXVHG�WKHRU\��S�����
)HPLQLVW�DFWLRQ�UHVHDUFK��S�����
)RUFH�ILHOG�DQDO\VLV��S�����
)RUFH�ILHOG�WKHRU\��S�����
,QGLYLGXDO�DFWLRQ�UHVHDUFK��S�����
/HDUQLQJ�RUJDQL]DWLRQ��S�����
/HZLQ¶V�FKDQJH�WKHRU\��S�����
2EVHUYH�SKDVH��S�����
3DUWLFLSDWRU\�DFWLRQ�UHVHDUFK��S�����
3ODQQLQJ�SKDVH��S�����
5HIOHFWLRQ�SKDVH��S�����
5HVWUDLQLQJ�IRUFHV��S�����
6LQJOH�ORRS�OHDUQLQJ��S�����
6\VWHPZLGH�DFWLRQ�UHVHDUFK��S�����
7KHRU\�LQ�XVH��S�����
7UDQVODWLRQDO�UHVHDUFK��S�����
:KR�GRHV�ZKDW��ZKHQ�FKDUW��S�����

',6&866,21�48(67,216

����:KDW�W\SH�RI�DFWLRQ�UHVHDUFK�GR�\RX�OLNH�WKH�PRVW�DQG�ZK\"

����:KDW�W\SH�RI�DFWLRQ�UHVHDUFK�GR�\RX�OLNH�WKH�OHDVW�DQG�ZK\"

����:KDW�DUH�VRPH�SUREOHPV�WKDW�\RX�FRXOG�DGGUHVV�E\�FRQGXFWLQJ�DQ�DFWLRQ
UHVHDUFK�VWXG\�LQ�\RXU�SODFH�RI�ZRUN"

5(6($5&+�(;(5&,6(6

����,Q�WKH�VHFWLRQ�DERYH�HQWLWOHG�³$FWLRQ�5HVHDUFK�-RXUQDOLQJ�´�ZH�SURYLGHG�VRPH
TXHVWLRQV�IRU�\RX�WR�DQVZHU�DERXW�&KDSWHU����7KLQN�DERXW�WKHVH�DQG�ZULWH�\RXU



WKRXJKWV�DQG�DQVZHUV�LQ�\RXU�DFWLRQ�UHVHDUFK�MRXUQDO�

����,Q�WKH�VHFWLRQ�DERYH�HQWLWOHG�³$FWLRQ�5HVHDUFK�-RXUQDOLQJ�´�ZH�SURYLGHG�VRPH
TXHVWLRQV�IRU�\RX�WR�DQVZHU�DERXW�&KDSWHU����7KLQN�DERXW�WKHVH�DQG�ZULWH�\RXU
WKRXJKWV�DQG�DQVZHUV�LQ�\RXU�DFWLRQ�UHVHDUFK�MRXUQDO�

����,Q�WKH�VHFWLRQ�DERYH�HQWLWOHG�³$FWLRQ�5HVHDUFK�-RXUQDOLQJ�´�ZH�SURYLGHG�VRPH
TXHVWLRQV�IRU�\RX�WR�DQVZHU�DERXW�WKLV�FKDSWHU��7KLQN�DERXW�WKHVH�DQG�ZULWH�\RXU
WKRXJKWV�DQG�DQVZHUV�LQ�\RXU�DFWLRQ�UHVHDUFK�MRXUQDO�

����,GHQWLI\�WZR�DFWLRQ�UHVHDUFK�VWXGLHV�SXEOLVKHG�LQ�MRXUQDOV�WKDW�ORRN�LQWHUHVWLQJ�
:KDW�NLQG�RI�$5�VWXG\�ZDV�LW"�+RZ�GLG�WKH�UHVHDUFKHUV�FRQGXFW�WKH�$5�VWXG\"
:KDW�ZHUH�WKH�ILQGLQJV"�'R�\RX�WKLQN�WKHLU�ILQGLQJV�ZLOO�EH�XVHIXO�LQ�D�SUDFWLFDO
VHQVH"�+RZ�VR"

5(/(9$17�,17(51(7�6,7(6

7KH� IROORZLQJ� OLQN� KDV� IUHH� FRSLHV� �SGI� ILOHV�� RI� PDQ\� RI� 'HZH\¶V� ERRNV�
KWWS���RQOLQHERRNV�OLEUDU\�XSHQQ�HGX�� -XVW� FOLFN� RQ� WKH� ³$XWKRUV´� OLQN� XQGHU
³%RRNV� 2QOLQH�´� W\SH� ³-RKQ� 'HZH\´� LQ� WKH� ³$XWKRU´� ER[� XQGHU� ³6HDUFK� IRU� D
SDUWLFXODU� QDPH�´� DQG� FOLFN� ³6HDUFK´� WR� EULQJ� XS� D� OLVW� RI� -RKQ� 'HZH\¶V� ZRUNV
DYDLODEOH�RQOLQH�

$FWLRQ�UHVHDUFK�DQG�DFWLRQ�OHDUQLQJ�IRU�FRPPXQLW\�DQG�RUJDQL]DWLRQDO�FKDQJH�VLWH�
ZZZ�DUDO�FRP�DX�� 7KLV� VLWH� LV� PDLQWDLQHG� E\� DQ� LQWHUQDWLRQDOO\� NQRZQ� DFWLRQ
UHVHDUFKHU��%RE�'LFN���,W�KDV�PDQ\�OLQNV�DQG�UHVRXUFHV�

7HDFKHU�DFWLRQ�UHVHDUFK�UHVRXUFHV�SDJH��KWWS���JVH�JPX�HGX�UHVHDUFK�WU��

(GXFDWLRQDO� $FWLRQ� 5HVHDUFK�
ZZZ�WDQGIRQOLQH�FRP�WRF�UHDF���FXUUHQW��8=TLE/:VK�)��7KLV�LV�D�MRXUQDO��<RX
FDQ� EURZVH� WKH� WDEOH� RI� FRQWHQWV� DQG� UHFHLYH� DQ� HPDLO�PHVVDJH�ZKHQ� HDFK� QHZ
LVVXH�LV�SULQWHG�

$FWLRQ�5HVHDUFK��KWWS���DUM�VDJHSXE�FRP��7KLV� LV� D� MRXUQDO� SXEOLVKHG� E\�6$*(�
<RX�FDQ�EURZVH�WKH�WDEOH�RI�FRQWHQWV�DQG�UHFHLYH�DQ�HPDLO�PHVVDJH�ZKHQ�HDFK�QHZ
LVVXH�LV�SULQWHG�
$FWLRQ�5HVHDUFK�6SHFLDO�,QWHUHVW�*URXS�RI�WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK
$VVRFLDWLRQ��KWWS���FRH�ZHVWJD�HGX�DUVLJ��

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

http://onlinebooks.library.upenn.edu
http://www.aral.com.au
http://gse.gmu.edu/research/tr/
http://www.tandfonline.com/toc/reac20/current#.UZqibLWsh8F
http://arj.sagepub.com
http://coe.westga.edu/arsig/
http://www.sagepub.com/bjohnson5e/


9LGHR�OLQNV
6HOI�TXL]]HV
H)ODVKFDUGV
)XOO�WH[W�6$*(�MRXUQDO�DUWLFOHV
,QWHUDFWLYH�FRQFHSW�PDSV
:HE�UHVRXUFHV

5(&200(1'('�5($',1*

'HZH\��-����������([SHULHQFH�DQG�HGXFDWLRQ��1HZ�<RUN��1<��0DFPLOODQ�
5HDVRQ��3���	�%UDGEXU\��+����������7KH�6$*(�KDQGERRN�RI�DFWLRQ�UHVHDUFK�
3DUWLFLSDWLYH�LQTXLU\�DQG�SUDFWLFH��7KRXVDQG�2DNV��&$��6$*(�

6DJRU��5��'����������7KH�DFWLRQ�UHVHDUFK�JXLGHERRN��$�IRXU�VWDJH�SURFHVV�IRU
HGXFDWRUV�DQG�VFKRRO�WHDPV��7KRXVDQG�2DNV��&$��&RUZLQ�

127(

��� �7KHVH�DUH� WKH�ILYH�SULQFLSOHV�RU�GLVFLSOLQHV�RI�D� OHDUQLQJ�RUJDQL]DWLRQ�� �D�
EXLOGLQJ� VKDUHG� YLVLRQ� �L�H��� DERXW� ZKHUH� WKH� RUJDQL]DWLRQ� LV� JRLQJ�� ZKDW� LW� LV
FRPPLWWHG� WR� IRU� DOO� HPSOR\HHV�� DQG� KRZ� LW� FDQ� EHFRPH� EHWWHU� LQ� D� FKDQJLQJ
HQYLURQPHQW����E��PHQWDO�PRGHOV��L�H���RXU�GHHS�DVVXPSWLRQV�DQG�SLFWXUHV�WKDW�DIIHFW
KRZ� ZH� DFW�� PHPEHUV� EHFRPH� IRFXVHG� RQ� JURZWK�� LPSURYHPHQW�� DQG� SRVLWLYH
FKDQJH��� �F��SHUVRQDO�PDVWHU\� �L�H���ZKHUH� HYHU\� LQGLYLGXDO� EHFRPHV� D� FRQWLQXDO
OHDUQHU��WDNHV�SULGH�LQ�JRRG�ZRUN��DQG�DGDSWV�DQG�JURZV�ZLWK�WKH�RUJDQL]DWLRQ����G�
WHDP�OHDUQLQJ� �L�H��� LQGLYLGXDOV� IUHTXHQWO\�FROODERUDWH�DQG�ZRUN�RQ�VKDUHG�JRDOV�
YLVLRQ��DQG�RXWFRPHV���DQG��H��V\VWHPV�WKLQNLQJ��L�H���WKH�RUJDQL]DWLRQ�LV�D�FRPSOH[�
DGDSWLYH�� OHDUQLQJ� V\VWHP� ZLWK� PDQ\� VXEV\VWHPV� ZRUNLQJ� WRJHWKHU� WR� SURGXFH� D
EHWWHU� IXWXUH� IRU� DOO� RUJDQL]DWLRQ� PHPEHUV��� 6\VWHPV� WKLQNLQJ� LV� WKH� ³ILIWK
GLVFLSOLQH´� WKDW� 6HQJH� EHOLHYHG� FRXOG� LQWHJUDWH� WKH� RWKHU� IRXU� GLVFLSOLQHV� LQWR� D
ZRUNLQJ�ZKROH�



3$57�,,

3ODQQLQJ�WKH�5HVHDUFK�6WXG\

&KDSWHU��
+RZ�WR�5HYLHZ�WKH�/LWHUDWXUH�DQG�'HYHORS�5HVHDUFK�4XHVWLRQV

&KDSWHU��
+RZ�WR�:ULWH�D�5HVHDUFK�3URSRVDO

&KDSWHU��
5HVHDUFK�(WKLFV



&KDSWHU��

+RZ�WR�5HYLHZ�WKH�/LWHUDWXUH�DQG�'HYHORS�5HVHDUFK
4XHVWLRQV

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��,GHQWLI\�UHVHDUFK�SUREOHPV�
��([SODLQ�ZK\�LW�LV�QHFHVVDU\�WR�FRQGXFW�D�OLWHUDWXUH�VHDUFK�
��&RQGXFW�D�OLWHUDWXUH�VHDUFK�
��([SODLQ�WKH�UHDVRQ�IRU�VWDWLQJ�WKH�SXUSRVH�RI�D�UHVHDUFK�VWXG\�DQG�WKH�UHVHDUFK
TXHVWLRQV�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�SXUSRVH�VWDWHPHQWV�DQG�UHVHDUFK�TXHVWLRQV�LQ
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�VWXGLHV�

��([SODLQ�WKH�SXUSRVH�DQG�QHFHVVLW\�RI�VWDWLQJ�\RXU�UHVHDUFK�TXHVWLRQV�DQG
K\SRWKHVHV�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�SUREOHP�VWDWHPHQWV�LQ�TXDOLWDWLYH�DQG
TXDQWLWDWLYH�VWXGLHV�

��6WDWH�RQH�RU�WZR�UHVHDUFK�TXHVWLRQV�\RX�ZRXOG�OLNH�WR�DQVZHU�XVLQJ�HPSLULFDO
UHVHDUFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�6WXG\LQJ�6FKRRO�6XFFHVV

2QH� RI� WKH� VWHUHRW\SHV� WKDW� PDQ\� SHRSOH� VHHP� WR� KDUERU
SULYDWHO\� EXW� IHZ� RSHQO\� H[SUHVV� LV� WKDW� SRRU� VWXGHQWV�ZKR
DWWHQG� WKH� QDWLRQ¶V� ZRUVW� SXEOLF� VFKRROV� DUH� D� ORVW� FDXVH�
UHJDUGOHVV�RI�KRZ�PXFK�PRQH\�\RX� WKURZ�DW� WKHP�RU�ZKDW
LQQRYDWLYH� DWWHPSWV� DUH�PDGH� WR� WHDFK� WKHP�� EHFDXVH� WKH\
DUH� LQKHUHQWO\� XQWHDFKDEOH�� 7KLV� P\WK�� KRZHYHU�� LV� EHLQJ
H[SRVHG� IRU� H[DFWO\� ZKDW� LW� LV� LQ� DERXW� WZR� GR]HQ� VFKRROV
VWDWHZLGH� �³2XU� 2SLQLRQV�́ � ������� %HWKXQH� (OHPHQWDU\
6FKRRO� LQ�9LQH�&LW\��*HRUJLD�� LV� RQH�RI� WKH� VFKRROV� WKDW�KDV
DFKLHYHG�VXFFHVV�� LQ�VSLWH�RI� LWV� ORFDWLRQ� LQ�RQH�RI�$WODQWD¶V

PRVW�GHSUHVVHG�LQ�WRZQ�QHLJKERUKRRGV��$ERXW�����RI�WKH�IRXUWK�JUDGHUV�VFRUHG�DW�RU�DERYH�WKH�VWDWH
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DYHUDJH�LQ�PDWK�DQG�UHDGLQJ�WHVWV�LQ������
%HWKXQH� KDV� FOHDUO\� GHILHG� WKH� RGGV� DJDLQVW� SRYHUW\� DQG� KDV� SURYHG� WKDW� FKLOGUHQ� IURP� SRYHUW\�

VWULFNHQ�LQQHU�FLW\�DUHDV�FDQ�SHUIRUP�ZHOO�DFDGHPLFDOO\��7KH�WHVW�VFRUHV�YLYLGO\�YHULI\�WKDW�%HWKXQH�KDV
DFFRPSOLVKHG� VRPHWKLQJ� WKDW� KDV� HOXGHG� QXPHURXV� RWKHU� VFKRROV� DFURVV� WKH� FRXQWU\�� $Q� HGXFDWLRQDO
UHVHDUFKHU�� KRZHYHU�� ZRXOG�ZDQW� WR� JR� EH\RQG� DSSODXGLQJ� WKH� VXFFHVV� RI� WKLV� VFKRRO� DQG� OHDUQ�ZK\
%HWKXQH�DQG�RWKHU�VXFK�VFKRROV�KDYH�EHHQ�VXFFHVVIXO�ZKHQ�PRVW�VFKRROV�LQ�GHSUHVVHG�LQQHU�FLW\�DUHDV
DUH�QRW��$Q�HGXFDWLRQDO�UHVHDUFKHU�ZRXOG�ORRN�DW�WKH�RYHUDOO�SURJUDP�LQVWLWXWHG�DW�%HWKXQH�DQG�VHDUFK
IRU�WKH�SULPDU\�UHDVRQ�IRU�LWV�VXFFHVV��,W�PLJKW�EH�WKDW�DOO�FRPSRQHQWV�DUH�QHHGHG��+RZHYHU��LW� LV�DOVR
SRVVLEOH� WKDW�RQH�RI� WKH�FRPSRQHQWV�� VXFK�DV�VROLFLWLQJ� WKH�KHOS�DQG�FRRSHUDWLRQ�RI�SDUHQWV��ZDV�PRUH
LPSRUWDQW� WKDQ� WKH� DGGLWLRQDO� GLVFLSOLQH�� HQFRXUDJHPHQW�� DQG� DFFRXQWDELOLW\� LPSOHPHQWHG� E\� WKH� VFKRRO
VWDII�� ,W� LV� LPSRUWDQW� WR� LGHQWLI\� WKH�PRVW�YLWDO�FRPSRQHQWV�RI�D�VXFFHVVIXO�SURJUDP�VXFK�DV� WKH�RQH�DW
%HWKXQH�EHFDXVH�GRLQJ�VR�LGHQWLILHV�WKH�SULPDU\�ZD\�WR�WUDQVSRUW�WKH�VXFFHVV�WR�RWKHU�SURJUDPV�

7KLV�H[DPSOH�LOOXVWUDWHV�KRZ�D�UHDO�OLIH�HYHQW�FDQ�OHDG�WR�D�JRRG�UHVHDUFK�VWXG\��DQG�LW�PLJKW�VXJJHVW
WKDW�UHVHDUFK�SUREOHPV�DQG�TXHVWLRQV�DUH�HDV\�WR�JHQHUDWH��7KLV�LV�RIWHQ�WUXH�IRU�WKH�YHWHUDQ�UHVHDUFKHU�
+RZHYHU��EHJLQQLQJ�UHVHDUFKHUV�IUHTXHQWO\�KDYH�GLIILFXOW\�LGHQWLI\LQJ�D�UHVHDUFK�TXHVWLRQ�WKDW�WKH\�FDQ
LQYHVWLJDWH�� ,Q� WKLV�FKDSWHU��ZH� WU\� WR�PLQLPL]H� WKLV�GLIILFXOW\�E\�GLVFXVVLQJ� WKH�RULJLQ�RI�PRVW� UHVHDUFK
TXHVWLRQV�DQG�WKH�ZD\�WKHVH�UHVHDUFK�TXHVWLRQV�DUH�FRQYHUWHG�WR�RQHV�WKDW�FDQ�EH�LQYHVWLJDWHG�

S�WR�WKLV�SRLQW�LQ�WKH�WH[W��ZH�KDYH�GLVFXVVHG�WKH�EDVLF�FKDUDFWHULVWLFV�RI
UHVHDUFK�� WKH� WKUHH�PDMRU� UHVHDUFK� SDUDGLJPV²TXDQWLWDWLYH�� TXDOLWDWLYH�
DQG� PL[HG²XVHG� LQ� UHVHDUFK�� DQG� WKH� LGHD� RI� EHFRPLQJ� DQ� DFWLRQ

UHVHDUFKHU�� +RZHYHU�� WKH� UHVHDUFK� SURFHVV� EHJLQV� ZKHQ� \RX� KDYH� D� SUREOHP� LQ
QHHG�RI�D�VROXWLRQ��EHFDXVH�D�UHVHDUFK�VWXG\�LV�FRQGXFWHG�LQ�DQ�DWWHPSW�WR�VROYH�D
SUREOHP�

,GHQWLI\LQJ� D� UHVHDUFK� SUREOHP� VKRXOG� EH� UHODWLYHO\� VLPSOH� LQ� WKH� ILHOG� RI
HGXFDWLRQ�EHFDXVH�RI�WKH�QXPHURXV�SUREOHPV�WKDW�QHHG�WR�EH�VROYHG�DQG�EHFDXVH�RI
WKH� H[SRVXUH� DQG� H[SHULHQFH� ZH� KDYH� DOO� KDG� LQ� WKLV� DUHQD�� $OO� RI� XV� KDYH
SDUWLFLSDWHG� LQ� WKH� HGXFDWLRQDO� V\VWHP�� ILUVW� DV� VWXGHQWV� DQG� WKHQ� SHUKDSV� DV
WHDFKHUV�� DGPLQLVWUDWRUV�� RU� SDUHQWV�� ,Q� RQH� RU� ERWK� RI� WKHVH� FDSDFLWLHV�� \RX� KDYH
SUREDEO\�REVHUYHG�DQG�GLVFXVVHG�D�KRVW�RI�SUREOHPV�ZLWK�RXU�FXUUHQW�HGXFDWLRQDO
V\VWHP�DQG�EHHQ�H[SRVHG�WR�WKH�LPSOHPHQWDWLRQ�RI�QHZ�WHFKQLTXHV�DQG�PHWKRGV�RI
LQVWUXFWLRQ��)RU�H[DPSOH��\RX�PLJKW�WKLQN�WKDW�FHUWDLQ�LQVWUXFWLRQDO�VWUDWHJLHV�VXFK�DV
FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ�� WHDP� WHDFKLQJ�� RU� FRRSHUDWLYH� OHDUQLQJ� HQKDQFH
OHDUQLQJ��RU�\RX�PLJKW�KDYH�TXHVWLRQHG�WKH�YDOXH�RI�DFWLYLWLHV�VXFK�DV�ILHOG�WULSV�DQG
H[WUDFXUULFXODU�SURJUDPV�RU�VRPH�QHZ�DSSURDFK�WR�WHDFKLQJ�ELRORJ\��FKHPLVWU\��RU
SK\VLFV�

)URP� D� UHVHDUFK� SHUVSHFWLYH�� HDFK� RI� WKHVH� LVVXHV� UHSUHVHQWV� D� SRWHQWLDO
OHJLWLPDWH�UHVHDUFK�SUREOHP��$OO�\RX�KDYH� WR�GR� LV�DGMXVW�\RXU� WKLQNLQJ�D�ELW��)RU
H[DPSOH��ZKHQ�*HRUJH�:��%XVK�ZDV�SUHVLGHQW�RI� WKH�8QLWHG�6WDWHV��KH�DGYRFDWHG
DGGLWLRQDO�DFDGHPLF�WHVWLQJ�DQG�VSHQGLQJ�IRU� OLWHUDF\�RQ�WKH�DVVXPSWLRQ�WKDW� WKHVH
HIIRUWV�ZRXOG�LPSURYH�WKH�HGXFDWLRQ�UHFHLYHG�E\�WKH�\RXWK�RI�$PHULFD��<RX��RQ�WKH
RWKHU�KDQG��PLJKW� WKLQN� WKDW� WKH�PRQH\� VSHQW�RQ� WKHVH�SURJUDPV� VKRXOG�KDYH�EHHQ
VSHQW�RQ�UHGXFLQJ�FODVV�VL]H��<RX�PLJKW�HYHQ�KDYH�JRWWHQ�LQWR�DUJXPHQWV�ZLWK�\RXU
FROOHDJXHV�DERXW�WKH�YDOXH�RI�VXFK�DOWHUQDWLYHV�DQG�IRXQG�WKDW�\RX�FRXOG�QRW�FKDQJH
WKHLU�RSLQLRQV��6XFK�DQ�DUJXPHQW�RU�GLVDJUHHPHQW�LV�OHJLWLPDWH�VXEMHFW�PDWWHU�IRU�D
UHVHDUFK�VWXG\��$OO�\RX�KDYH�WR�GR�LV�FRQYHUW�\RXU�DUJXPHQW�LQWR�D�UHVHDUFK�TXHVWLRQ
DQG� DVN�� IRU� H[DPSOH�� ³:KDW� EHQHILWV� DUH� GHULYHG� IURP� LQFUHDVLQJ� DFDGHPLF



WHVWLQJ"´�RU�³:KDW�EHQHILW�LV�GHULYHG�IURP�UHGXFLQJ�FODVV�VL]H��DQG�ZLOO�WKLV�EHQHILW
EH�JUHDWHU�WKDQ�GRLQJ�PRUH�DFDGHPLF�WHVWLQJ"´

2QFH� \RX� KDYH� FRQYHUWHG� WKH� GLVDJUHHPHQW� LQWR� D� UHVHDUFKDEOH� TXHVWLRQ�� \RX
KDYH�WDNHQ�WKH�ILUVW�VWHS�LQ�GHYHORSLQJ�D�UHVHDUFK�VWXG\��5HVHDUFKDEOH�TXHVWLRQV�DUH
QXPHURXV� LQ� HGXFDWLRQ�� 7R� LGHQWLI\� WKHP�� DOO� \RX� KDYH� WR� GR� LV� GHYHORS� DQ
LQTXLVLWLYH�DWWLWXGH�DQG�DVN�TXHVWLRQV�

6285&(6�2)�5(6($5&+�,'($6
:KHUH� GR� LGHDV� IRU� UHVHDUFK� VWXGLHV� RULJLQDWH"� :KHUH� VKRXOG� \RX� ORRN� IRU� D
UHVHDUFKDEOH�LGHD"�:H�GLVFXVV�IRXU�PDMRU�VRXUFHV�RI�LGHDV��HYHU\GD\�OLIH��SUDFWLFDO
LVVXHV��SDVW�UHVHDUFK��DQG�WKHRU\��5HJDUGOHVV�RI�ZKHUH�\RX�ORRN�IRU�\RXU�UHVHDUFK
LGHDV�� \RX�PXVW�GHYHORS�D�TXHVWLRQLQJ� DQG� LQTXLVLWLYH� DSSURDFK� WR� OLIH�ZKHQ�\RX
DUH�WU\LQJ�WR�FRPH�XS�ZLWK�WKHP�

(YHU\GD\�/LIH
2QH�IUXLWIXO�VRXUFH�RI�LGHDV�IRU�EHJLQQLQJ�UHVHDUFKHUV�LV�WKHLU�RZQ�H[SHULHQFH

DV�HGXFDWRUV��,Q�WKH�FRXUVH�RI�FRQGXFWLQJ�\RXU�MRE�DV�DQ�HGXFDWRU��\RX�FRQWLQXRXVO\
KDYH�WR�PDNH�GHFLVLRQV�DERXW�VXFK�WKLQJV�DV�WKH�EHVW�PHWKRG�RI�WHDFKLQJ�VWXGHQWV�RU
KRZ�WR�PDLQWDLQ�GLVFLSOLQH�LQ�WKH�FODVVURRP��<RX�PLJKW�REVHUYH�WKDW�VRPH�VWXGHQWV
DJJUHVVLYHO\�SXUVXH�WKHLU�VWXGLHV��ZKHUHDV�RWKHUV�SURFUDVWLQDWH�DQG�GR�DQ\WKLQJ�EXW
VFKRROZRUN��([SHULHQFHV�VXFK�DV�WKHVH�FDQ�EH�WXUQHG�LQWR�UHVHDUFK�SUREOHPV��)RU
H[DPSOH��\RX�FRXOG�DVN�ZK\�VRPH�VWUDWHJLHV�RI�LQVWUXFWLRQ�ZRUN�EHWWHU�ZLWK�VRPH
VWXGHQWV�WKDQ�ZLWK�RWKHUV��2U�\RX�PLJKW�DVN�ZK\�VRPH�VWXGHQWV�XVH�RQH�PHWKRG�RI
VWXG\� DQG� RWKHUV� XVH� DQRWKHU� DQG� ZKHWKHU� WKHUH� LV� DQ\� UHODWLRQVKLS� EHWZHHQ� WKH
PHWKRG�RI�VWXG\�DQG�WKH�JUDGHV�DFKLHYHG�

3UDFWLFDO�,VVXHV
0DQ\� UHVHDUFK� LGHDV� FDQ� DULVH� IURP� SUDFWLFDO� LVVXHV� WKDW� UHTXLUH� D� VROXWLRQ�

(GXFDWRUV�DUH�FRQVWDQWO\�IDFHG�ZLWK�VXFK�SUREOHPV�DV�WKH�LQVWUXFWLRQ�RI�RXU�\RXWK�
GLVUXSWLYH� EHKDYLRU� LQ� WKH� FODVVURRP�� VHOHFWLRQ� RI� WH[WERRNV�� FKHDWLQJ�� SUHMXGLFH�
DQG� SURYLGLQJ� LQVWUXFWLRQ� IRU� FXOWXUDOO\� GLYHUVH� VWXGHQW� SRSXODWLRQV�� DV� ZHOO� DV
LVVXHV�VXFK�DV�VDODULHV�DQG�EXUQRXW��$�IHZ�FRQWURYHUVLDO�LVVXHV�ULJKW�QRZ�VXUURXQG
WKH�XVHIXOQHVV�RI�FRPPRQ�FRUH�VWDQGDUGV��WKH�HIIHFWV�RI�VFKRRO�FKRLFH��WKH�HIIHFWV�RI
SRYHUW\�RQ�FKLOGUHQ¶V�DFKLHYHPHQW��KRZ�PXFK�PDWK�FKLOGUHQ�VKRXOG�EH�UHTXLUHG�WR
NQRZ�WR�JUDGXDWH��ZKDW�NLQG�RI�WHFKQRORJ\�VKRXOG�EH�LQFRUSRUDWHG�LQWR�FODVVURRPV�
DQG� KRZ� WR� WHDFK� VWXGHQWV� ZLWK� GLIIHUHQW� EDFNJURXQGV�� <RX� FDQ� WKLQN� RI� PDQ\
DGGLWLRQDO�SUDFWLFDO�LVVXHV��HVSHFLDOO\�WKH�RQHV�WKDW�\RX�IDFH�

3DVW�5HVHDUFK
7KH�UHVHDUFK�OLWHUDWXUH�RI�SUHYLRXVO\�FRQGXFWHG�VWXGLHV�LV�DQ�H[FHOOHQW�VRXUFH�RI

LGHDV� DQG� PLJKW� EH� WKH� VRXUFH� RI� PRVW� UHVHDUFK� LGHDV�� 7KLV� PLJKW� VRXQG� OLNH� D



FRQWUDGLFWLRQ�EHFDXVH�D�UHVHDUFK�VWXG\�LV�GHVLJQHG�WR�DQVZHU�D�UHVHDUFK�TXHVWLRQ�
+RZHYHU��UHVHDUFK�WHQGV�WR�JHQHUDWH�PRUH�TXHVWLRQV�WKDQ�LW�DQVZHUV��)XUWKHUPRUH�
DV�\RX�NQRZ�IURP�UHYLHZLQJ�DQG�FULWLTXLQJ�MRXUQDO�DUWLFOHV�LQ�FROOHJH�FODVVHV�\RX
KDYH�WDNHQ��\RX�RIWHQ�ZLOO�ILQG�LVVXHV�LQ�DQ�DUWLFOH�WKDW�\RX�EHOLHYH�DUH�SUREOHPDWLF�
WKH� ³SUREOHPV´� WKDW� \RX� LGHQWLI\� LQ� \RXU� DUWLFOH� FULWLTXH� FDQ� EH� DQ� H[FHOOHQW
VWDUWLQJ� SRLQW� IRU� SURSRVLQJ� DQRWKHU�� FORVHO\� UHODWHG� VWXG\� WKDW� EXLOGV� RQ� WKH
UHVHDUFK�OLWHUDWXUH�

$OWKRXJK� HDFK� ZHOO�GHVLJQHG� VWXG\� DGYDQFHV� NQRZOHGJH� LQ� WKH� ILHOG�
SKHQRPHQD� DUH� PXOWLGHWHUPLQHG�� $Q\� TXDQWLWDWLYH� VWXG\� FDQ� LQYHVWLJDWH� RQO\� D
OLPLWHG� QXPEHU� RI� YDULDEOHV�� DQG� WKH� LQYHVWLJDWLRQ� RI� WKH� YDULDEOHV� WKDW� ZHUH
VHOHFWHG�FDQ�OHDG�WR�K\SRWKHVHV�DERXW�WKH�HIIHFWV�RI�RWKHU�YDULDEOHV��7DEOH�����OLVWV
D� YDULHW\� RI� H[FHOOHQW� ZD\V� LQ� ZKLFK� SDVW� UHVHDUFK� FDQ� SURYLGH� UHVHDUFK� LGHDV�
0LQLQJ� VXJJHVWLRQV� IRXQG� LQ� DUWLFOHV� DQG� FRPLQJ� XS� ZLWK� \RXU� RZQ� VXJJHVWLRQV
WKURXJK� \RXU� DUWLFOH� FULWLTXHV� DUH� UHODWLYHO\� HDV\� ZD\V� WR� FRPH� XS� ZLWK� D� JRRG
UHVHDUFK�VWXG\�

�7$%/(�������:D\V�LQ�:KLFK�3ULRU�6WXGLHV�&DQ�3URYLGH�,GHDV�IRU�1HZ�6WXGLHV

7KHRU\
7KHRU\��DV�GHILQHG�LQ�&KDSWHU���� LV�DQ�H[SODQDWLRQ�RU�H[SODQDWRU\�V\VWHP�WKDW

GLVFXVVHV� KRZ� D� SKHQRPHQRQ� RSHUDWHV� DQG� ZK\� LW� RSHUDWHV� DV� LW� GRHV�� 7KHRU\
VHUYHV� WKH� SXUSRVH� RI�PDNLQJ� VHQVH� RXW� RI� FXUUHQW� NQRZOHGJH� E\� LQWHJUDWLQJ� DQG
VXPPDUL]LQJ� WKLV� NQRZOHGJH�� 7KLV� LV� UHIHUUHG� WR� DV� WKH� JRDO� IXQFWLRQ� RI� WKHRU\�
7KHRU\� DOVR� JXLGHV� UHVHDUFK� E\�PDNLQJ� SUHGLFWLRQV�� 7KLV� LV� WKH� WRRO� IXQFWLRQ� RI



WKHRU\��$�JRRG�WKHRU\�JRHV�EH\RQG�WKH�JRDO�IXQFWLRQ�RI�VXPPDUL]LQJ�DQG�LQWHJUDWLQJ
ZKDW�LV�FXUUHQWO\�NQRZQ�WR�VXJJHVW�QHZ�UHODWLRQVKLSV�DQG�PDNH�QHZ�SUHGLFWLRQV��,W
LV�LQ�WKLV�PDQQHU�WKDW�WKHRULHV�JXLGH�UHVHDUFK��7KHUHIRUH��\RX�VKRXOG�WU\�WR�LGHQWLI\
VXJJHVWHG�UHODWLRQVKLSV�DQG�QHZ�SUHGLFWLRQV�EDVHG�RQ�WKHRU\�WKDW�\RX�FDQ�WHVW�LQ�D
QHZ�UHVHDUFK�VWXG\�WR�FRQILUP�RU�GLVFRQILUP�WKHLU�DXWKHQWLFLW\�

��7KHRU\�$Q�H[SODQDWLRQ�RU�H[SODQDWRU\�V\VWHP�WKDW�GLVFXVVHV�KRZ�D
SKHQRPHQRQ�RSHUDWHV�DQG�ZK\�LW�RSHUDWHV�DV�LW�GRHV

:HLQHU¶V� ������� DWWULEXWLRQDO� WKHRU\�RI� VXFFHVV� DQG� IDLOXUH� VXJJHVWV� D�ZD\�RI
WKLQNLQJ�DERXW�DQG�H[SODLQLQJ� WHVW� DQ[LHW\��)URP� WKLV� WKHRU\��%DQGDORV��<DWHV�� DQG
7KRUQGLNH�&KULVW��������K\SRWKHVL]HG�DQG�FRQILUPHG�WKH�SUHGLFWLRQ�WKDW�WHVW�DQ[LHW\
ZDV� UHODWHG� WR� WKH� W\SH� RI� DWWULEXWLRQ� D� VWXGHQW�PDGH� IRU� KLV� RU� KHU� JRRG� RU� EDG
JUDGH�RQ�D� WHVW�� ,QGLYLGXDOV�ZKR�DWWULEXWHG� IDLOXUH�RQ�D� WHVW� WR�D� ODFN�RI�HIIRUW�RQ
WKHLU�SDUW�UHSRUWHG�ORZHU�OHYHOV�RI� WHVW�DQ[LHW\�WKDQ�GLG�WKRVH�ZKR�FLWHG�D�ODFN�RI
DELOLW\�RU�VRPH�H[WHUQDO�FDXVH��VXFK�DV�WKH�GLIILFXOW\�RI�WKH�WHVW��6LPLODUO\��VWXGHQWV
ZKR�DWWULEXWHG�VXFFHVVIXO�SHUIRUPDQFH�RQ�D�WHVW�WR�VRPH�H[WHUQDO�IDFWRU��VXFK�DV�WKH
WHVW�EHLQJ�HDV\�RU�OXFN��UHSRUWHG�KLJKHU�OHYHOV�RI�WHVW�DQ[LHW\��,I�WKHUH�LV�OLWWOH�RU�QR
WKHRU\� LQ� WKH� DUHD� RI� LQWHUHVW� WR� \RX�� WKHQ� WKLQN� DERXW� FROOHFWLQJ� GDWD� WR� KHOS� \RX
JHQHUDWH�D�WKHRU\�XVLQJ�WKH�JURXQGHG�WKHRU\�PHWKRG�GHILQHG�LQ�&KDSWHU���

7KHVH� IRXU� VRXUFHV� RI� UHVHDUFK� LGHDV²HYHU\GD\� OLIH�� SUDFWLFDO� LVVXHV�� SDVW
UHVHDUFK�� DQG� WKHRU\²DUH� WKH� SULPDU\� VRXUFHV� RI� UHVHDUFK� LGHDV�� 7KH� LPSRUWDQW
LVVXH�� KRZHYHU�� LV� QRW� WKH� LGHQWLILFDWLRQ� RI� VRXUFHV� RI� UHVHDUFK� LGHDV� EXW� WKH
JHQHUDWLRQ�RI�UHVHDUFKDEOH�LGHDV�IURP�WKHVH�VRXUFHV��*HQHUDWLRQ�RI�UHVHDUFK�LGHDV
LV� WKH� LQLWLDO�VWDJH�RI�D� UHVHDUFK�SURMHFW��DQG�GHYHORSPHQW�RI� WKHVH� LGHDV� UHTXLUHV
WKH�GHYHORSPHQW�RI�D�TXHVWLRQLQJ�DQG�LQTXLVLWLYH�ZD\�RI�WKLQNLQJ�

,GHQWLI\LQJ�D�UHVHDUFK�LGHD�GRHV�QRW�PHDQ�WKDW�LW�ZLOO�EH�WKH�H[DFW�IRFXV�RI�\RXU
UHVHDUFK�VWXG\��EHFDXVH� WKH� LGHD�\RX�KDYH�FRPH�XS�ZLWK�PLJKW�DOUHDG\�KDYH�EHHQ
LQYHVWLJDWHG��7KH�JHQHUDWLRQ�RI�D�UHVHDUFK� LGHD�UHDOO\� LGHQWLILHV� WKH� WRSLF� WKDW�\RX
ZDQW� WR� LQYHVWLJDWH�� )RU� H[DPSOH�� DVVXPH� \RX� EHOLHYH� WKDW� WHDFKHUV� GR� D� PRUH
HIIHFWLYH� MRE� DQG� WKH� VWXGHQWV� OHDUQ�PRUH�ZKHQ� WKH\�KDYH� D� FODVV� VL]H�RI� ��� WKDQ
ZKHQ� WKH\�KDYH�D�FODVV� VL]H�RI�����<RX�ZDQW� WR�YHULI\� WKLV�EHOLHI� LQ�DQ�HPSLULFDO
UHVHDUFK� VWXG\�� +RZHYHU�� WKLV� LV� D� WRSLF� WKDW� RWKHUV� KDYH� OLNHO\� WKRXJKW� RI� DQG
LQYHVWLJDWHG�� VR� D� FRQVLGHUDEOH� DPRXQW� RI� SDVW� UHVHDUFK� SUREDEO\� H[LVWV� RQ� WKLV
LVVXH��:KDW�\RX�KDYH�GRQH�LV�WR�LGHQWLI\�D�UHVHDUFK�WRSLF��RU�D�EURDG�VXEMHFW�PDWWHU
DUHD� WKDW� \RX�ZDQW� WR� LQYHVWLJDWH�� 7KH� UHVHDUFK� WRSLF� WKDW� \RX� KDYH� LGHQWLILHG� LV
FODVV� VL]H� DQG� LWV� HIIHFW� RQ� DFDGHPLF� SHUIRUPDQFH�� ,GHQWLILFDWLRQ� RI� WKH� UHVHDUFK
WRSLF�LV�WKH�EHJLQQLQJ�RI�D�VHTXHQWLDO�SURFHVV�WKDW�HQGV�ZLWK�WKH�UHVHDUFK�TXHVWLRQ
DQG�UHVHDUFK�K\SRWKHVLV��DV�LOOXVWUDWHG�LQ�)LJXUH�����

��5HVHDUFK�WRSLF�7KH�EURDG�VXEMHFW�PDWWHU�DUHD�WR�EH�LQYHVWLJDWHG

,'($6�7+$7�&$1¶7�%(�5(62/9('�7+528*+�(03,5,&$/



5(6($5&+

6RPH�LGHDV�DUH�YHU\�LPSRUWDQW��DUH�GHEDWHG�YLJRURXVO\��DQG�FRQVXPH�ODUJH�DPRXQWV
RI�WLPH�DQG�HQHUJ\�EXW�FDQQRW�EH�UHVROYHG�WKURXJK�HPSLULFDO�UHVHDUFK�VWXG\��7KHVH
LGHDV� W\SLFDOO\� LQYROYH�PDNLQJ� MXGJPHQWV�DERXW�DHVWKHWLFV��PRUDOLW\��DQG� UHOLJLRQ�
&RQVLGHU��IRU�H[DPSOH��WKH�LVVXH�RI�VFKRRO�SUD\HU��,W�KDV�EHHQ�GHEDWHG�IRU�\HDUV��KDV
SRODUL]HG�VHJPHQWV�RI�WKH�86�SRSXODWLRQ��DQG�KDV�HYHQ�EHHQ�GHEDWHG�LQ�WKH�FRXUWV�
XOWLPDWHO\�UHVXOWLQJ�LQ�WKH�UXOLQJ�WKDW�SUD\HU�VKRXOG�QRW�EH�D�UHJXODU�SDUW�RI�SXEOLF
VFKRRO� DFWLYLWLHV�� 7KLV� UXOLQJ�ZDV� EDVHG� RQ� WKH� OHJDO� RSLQLRQ� RI�PHPEHUV� RI� WKH
MXGLFLDO�V\VWHP�DQG�GLG�QRW�DULVH�DV�D�UHVXOW�RI�DQ�HPSLULFDO�UHVHDUFK�VWXG\�EHFDXVH
WKH�LVVXH�RI�VFKRRO�SUD\HU�LV�D�PRUDO�LVVXH��$V�VXFK��LW� LPSOLHV�QRWLRQV�RI�ZKDW�LV
PRUDOO\�ULJKW�DQG�ZURQJ�RU�SURSHU�RU�LPSURSHU��(PSLULFDO�UHVHDUFK�FDQQRW�SURYLGH
DQVZHUV� WR� VXFK� TXHVWLRQV�� DOWKRXJK� LW� FDQ� SURYLGH� XVHIXO� GDWD� RQ� RSLQLRQV�
DWWLWXGHV��DQG�EHKDYLRUV�RI�LQGLYLGXDOV�DQG�JURXSV��7KH�NH\�SRLQW�LV�WKDW�HPSLULFDO
UHVHDUFK�FDQQRW�UHVROYH�WKH�LVVXH�RI�ZKLFK�YDOXH�SRVLWLRQ�LV�PRUDOO\�EHVW�

�),*85(�������)ORZFKDUW�RI�WKH�GHYHORSPHQW�RI�D�UHVHDUFK�LGHD

5(9,(:
48(67 ,21 6

�������:KDW�VRXUFHV�RI�UHVHDUFK�LGHDV�KDYH�EHHQ
LGHQWLILHG�LQ�WKLV�FKDSWHU"

�������+RZ�ZRXOG�\RX�JHW�D�UHVHDUFK�LGHD�IURP�HDFK
RI�WKHVH�VRXUFHV"



�������:KDW�DUH�VRPH�LGHDV�DQG�TXHVWLRQV�WKDW�FDQQRW
EH�UHVROYHG�WKURXJK�HPSLULFDO�UHVHDUFK"

5(9,(:�2)�7+(�/,7(5$785(
$IWHU�\RX�KDYH�LGHQWLILHG�D�UHVHDUFK�LGHD��PRVW�LQYHVWLJDWRUV�EHOLHYH�WKDW�\RXU�QH[W
VWHS� VKRXOG�EH� WR�FRQGXFW�D� IXOO� OLWHUDWXUH� UHYLHZ� WR� IDPLOLDUL]H�\RXUVHOI�ZLWK� WKH
DYDLODEOH� LQIRUPDWLRQ�RQ� WKH� WRSLF��+RZHYHU�� WKH�XVH�RI� WKH� OLWHUDWXUH� UHYLHZ�FDQ
YDU\�GHSHQGLQJ�RQ�ZKHWKHU�RQH�LV�FRQGXFWLQJ�D�TXDOLWDWLYH�RU�D�TXDQWLWDWLYH�VWXG\�
:H� ZLOO� WKHUHIRUH� GLVFXVV� WKH� SXUSRVH� RI� WKH� OLWHUDWXUH� UHYLHZ� VHSDUDWHO\� IRU
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�VWXGLHV�

/LWHUDWXUH�5HYLHZ�IRU�4XDQWLWDWLYH�5HVHDUFK�6WXGLHV
,Q� TXDQWLWDWLYH� UHVHDUFK�� DQ� H[WHQVLYH� OLWHUDWXUH� UHYLHZ� LV� GRQH� EHIRUH� WKH

FRQGXFW�RI�WKH�VWXG\��)RU�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW�WR�FRQGXFW�UHVHDUFK�RQ�WKH
HIIHFW� RI� VWXGHQWV¶� VHOI�FRQFHSW� RQ� DFDGHPLF� DFKLHYHPHQW�� %HIRUH� EHJLQQLQJ� WR
GHVLJQ� WKLV� UHVHDUFK� SURMHFW�� \RX� VKRXOG� ILUVW� EHFRPH� IDPLOLDU�ZLWK� WKH� DYDLODEOH
LQIRUPDWLRQ�RQ�WKH�LQGLYLGXDO�WRSLFV�RI�VHOI�FRQFHSW�DQG�DFDGHPLF�DFKLHYHPHQW�

7KH�JHQHUDO�SXUSRVH�RI�WKH�OLWHUDWXUH�UHYLHZ�LV�WR�JDLQ�DQ�XQGHUVWDQGLQJ�RI�WKH
FXUUHQW� VWDWH� RI� NQRZOHGJH� DERXW� \RXU� VHOHFWHG� UHVHDUFK� WRSLF�� 6SHFLILFDOO\�� D
UHYLHZ�RI�WKH�OLWHUDWXUH

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

�� � ZLOO� WHOO� \RX� ZKHWKHU� WKH� SUREOHP� \RX� KDYH� LGHQWLILHG� KDV� DOUHDG\� EHHQ
UHVHDUFKHG�� ,I� LW� KDV�� \RX� VKRXOG� HLWKHU� UHYLVH� WKH� SUREOHP� LQ� OLJKW� RI� WKH
UHVXOWV� RI� RWKHU� VWXGLHV� WR� EXLOG� RQ� WKH� SUHYLRXV� OLWHUDWXUH� RU� ORRN� IRU
DQRWKHU�SUREOHP��XQOHVV�\RX�WKLQN�WKHUH�LV�D�QHHG�WR�UHSOLFDWH�WKH�VWXG\�

���ZLOO�DVVLVW�\RX�LQ�IRUPLQJ�\RXU�UHVHDUFK�TXHVWLRQV�
�� �PLJKW�JLYH�\RX� LGHDV�DV� WR�KRZ�WR�SURFHHG�ZLWK�DQG�GHVLJQ�\RXU�VWXG\�VR
WKDW�\RX�FDQ�REWDLQ�DQ�DQVZHU�WR�\RXU�UHVHDUFK�TXHVWLRQ�V��

���FDQ�SRLQW�RXW�PHWKRGRORJLFDO�SUREOHPV�VSHFLILF�WR�WKH�UHVHDUFK�TXHVWLRQ�V�
\RX�DUH�VWXG\LQJ��$UH�VSHFLDO�JURXSV�RU�VSHFLDO�SLHFHV�RI�HTXLSPHQW�QHHGHG
WR�FRQGXFW� WKH�UHVHDUFK"�,I�VR�� WKH� OLWHUDWXUH�FDQ�JLYH�FOXHV�DV� WR�ZKHUH� WR
ILQG� WKH�HTXLSPHQW�RU�KRZ�WR� LGHQWLI\� WKH�SDUWLFXODU�JURXSV�RI�SDUWLFLSDQWV
QHHGHG�

�� � FDQ� LGHQWLI\� DSSURSULDWH� GDWD�FROOHFWLRQ� LQVWUXPHQWV� VR� WKDW� \RX� ZLOO� QRW
QHHG�WR�FRQVWUXFW�D�QHZ�LQVWUXPHQW�

)DPLOLDULW\�ZLWK�WKH�OLWHUDWXUH�ZLOO�DOVR�KHOS�\RX�DIWHU�\RX�KDYH�FROOHFWHG�\RXU
GDWD� DQG� DQDO\]HG� \RXU� UHVXOWV��2QH� RI� WKH� ODVW� VWDJHV� RI� D� UHVHDUFK� SURMHFW� LV� WR
SUHSDUH� D� UHVHDUFK� UHSRUW� LQ� ZKLFK� \RX� FRPPXQLFDWH� WKH� UHVXOWV� RI� WKH� VWXG\� WR



RWKHUV��,Q�GRLQJ�VR��\RX�QRW�RQO\�KDYH�WR�GHVFULEH�WKH�VWXG\�DQG�WKH�UHVXOWV�\RX�IRXQG
EXW� DOVR� PXVW� H[SODLQ� RU� LQWHUSUHW� WKH� UHVXOWV� RI� \RXU� VWXG\�� 7KH� OLWHUDWXUH� FDQ
IUHTXHQWO\�SURYLGH�FOXHV�DV�WR�ZK\�WKH�HIIHFWV�RFFXUUHG��,I�\RX�DUH�IDPLOLDU�ZLWK�WKH
OLWHUDWXUH�� \RX� FDQ� DOVR� GLVFXVV� \RXU� UHVXOWV� LQ� WHUPV� RI�ZKHWKHU� WKH\� VXSSRUW� RU
FRQWUDGLFW� SULRU� VWXGLHV�� ,I� \RXU� VWXG\� LV� DW� RGGV� ZLWK� RWKHU� VWXGLHV�� \RX� FDQ
VSHFXODWH� DV� WR�ZK\� WKLV� GLIIHUHQFH� RFFXUUHG�� DQG� WKLV� VSHFXODWLRQ� WKHQ� IRUPV� WKH
EDVLV�IRU�DQRWKHU�VWXG\�WR�DWWHPSW�WR�UHVROYH�WKH�FRQWUDGLFWRU\�ILQGLQJV�

/LWHUDWXUH�5HYLHZ�IRU�4XDOLWDWLYH�5HVHDUFK�6WXGLHV
7KH�OLWHUDWXUH�UHYLHZ�LQ�TXDOLWDWLYH�UHVHDUFK�FDQ�EH�XVHG�LQ�VHYHUDO�ZD\V��,W�FDQ

EH�XVHG� WR�H[SODLQ� WKH� WKHRUHWLFDO�XQGHUSLQQLQJV�RI� WKH�UHVHDUFK�VWXG\�� WR�DVVLVW� LQ
IRUPXODWLRQ� RI� WKH� UHVHDUFK� TXHVWLRQ� DQG� VHOHFWLRQ� RI� WKH� VWXG\� SRSXODWLRQ�� RU� WR
VWLPXODWH� QHZ� LQVLJKWV� DQG� FRQFHSWV� WKURXJKRXW� WKH� VWXG\��4XDOLWDWLYH� UHVHDUFKHUV
RIWHQ�LQWHJUDWH�WKH�OLWHUDWXUH�UHYLHZ�WKURXJKRXW�WKHLU�VWXG\��ZRUNLQJ�EDFN�DQG�IRUWK
EHWZHHQ� WKH� OLWHUDWXUH�DQG� WKH� UHVHDUFK� �/H&RPSWH�	�3UHLVVOH���������6WLOO�� WKHUH
DUH� WZR� VFKRROV� RI� WKRXJKW� DERXW� WKH� XVH� RI� OLWHUDWXUH� UHYLHZV� LQ� TXDOLWDWLYH
UHVHDUFK�

$FFRUGLQJ� WR� RQH� VFKRRO� RI� WKRXJKW�� LW� LV� LPSRUWDQW� WR� FRQGXFW� D� WKRURXJK
OLWHUDWXUH� UHYLHZ�RQ�\RXU� UHVHDUFK� WRSLF�EHIRUH� FROOHFWLQJ� GDWD��$FFRUGLQJ� WR� WKH
VHFRQG�VFKRRO�RI�WKRXJKW��WKH�UHVHDUFKHU�VKRXOG�VHW�DVLGH�DQ\�SUHFRQFHLYHG�QRWLRQV
�LQFOXGLQJ� SXEOLVKHG� OLWHUDWXUH�� DQG� XVH� D� IXOO\� H[SORUDWRU\� DSSURDFK� LQ� ZKLFK
LQWHUSUHWDWLRQV� DQG� DGGLWLRQDO� UHVHDUFK� TXHVWLRQV�� K\SRWKHVHV�� DQG� WKHRU\� HPHUJH
IURP� WKH� GDWD� FROOHFWHG�� )URP� WKLV� SHUVSHFWLYH�� \RX� VKRXOG� LQLWLDOO\� IDPLOLDUL]H
\RXUVHOI�ZLWK�WKH�OLWHUDWXUH�RQO\�HQRXJK�WR�PDNH�VXUH�WKDW�WKH�VWXG\�\RX�DUH�SODQQLQJ
WR�FRQGXFW�KDV�QRW�DOUHDG\�EHHQ�GRQH��2QO\�DIWHU�\RX�KDYH�FROOHFWHG�\RXU�GDWD�GR
\RX� FRQGXFW� D� WKRURXJK� OLWHUDWXUH� UHYLHZ� WR� WU\� WR� LQWHJUDWH�ZKDW� \RX� KDYH� IRXQG
ZLWK�WKH�OLWHUDWXUH�

)RU� H[DPSOH�� LQ� &KDSWHU� �� ZH� LQWURGXFHG� \RX� EULHIO\� WR� JURXQGHG� WKHRU\� �D
TXDOLWDWLYH�PHWKRG�LQ�ZKLFK�WKH�UHVHDUFKHU�GHYHORSV�D� WKHRU\�RU�H[SODQDWLRQ�IURP
TXDOLWDWLYH� GDWD�� VXFK� DV� LQWHUYLHZV� DQG� REVHUYDWLRQV��� 2QH� FDPS� RI� JURXQGHG
WKHRULVWV��OHG�E\�*ODVHU���������UHFRPPHQGV�SRVWSRQLQJ�WKH�OLWHUDWXUH�UHYLHZ�XQWLO
DIWHU� GDWD� FROOHFWLRQ� EHFDXVH� RI� LWV� SRWHQWLDO� ³ELDVLQJ´� HIIHFWV� RQ� WKH� UHVHDUFKHU�
*ODVHU� ZDQWHG� UHVHDUFKHUV� WR� XVH� WKH� JURXQGHG� WKHRU\� DSSURDFK� WR� GLVFRYHU� RU
JHQHUDWH� D� VHW� RI� FRQVWUXFWV�� UHODWLRQVKLSV�� DQG� WKHRU\� WKDW� DUH� XQFRQWDPLQDWHG� E\
DQ\�NQRZOHGJH�RI�SULRU�UHVHDUFK�RU�WKHRU\��*ODVHU�UHFRPPHQGHG�WKDW�WKH�OLWHUDWXUH
EH�UHYLHZHG�DIWHU�WKH�WKHRU\�LV�VXIILFLHQWO\�³JURXQGHG�LQ�WKH�GDWD´�VR�WKDW�LW�ILWV�WKH
SDUWLFXODU� SHRSOH� LQ� WKH� VWXG\�� 7KHQ� WKH� UHVHDUFKHU� FDQ� H[DPLQH� KRZ� WKH� WKHRU\
UHODWHV� WR� WKH�SULRU� OLWHUDWXUH��FKHFNLQJ� WR�VHH� LI� WKH�JURXQGHG� WKHRU\� LV� VLPLODU� WR
WKDW�SXW�IRUZDUG�E\�RWKHU�VWXGLHV�LQ�WKH�OLWHUDWXUH�RU�LI�LW�VXJJHVWV�D�GLIIHUHQW�SURFHVV
RSHUDWLQJ�IRU�D�SDUWLFXODU�NLQG�RI�SHRSOH�LQ�D�SDUWLFXODU�FRQWH[W�

$OWKRXJK�*ODVHU��������UHFRPPHQGHG�SRVWSRQLQJ�UHYLHZ�RI�WKH�OLWHUDWXUH�XQWLO
D�WKHRU\�ZDV�VXIILFLHQWO\�JURXQGHG�DQG�GHYHORSHG��RWKHU�JURXQGHG�WKHRULVWV�EHOLHYH
WKDW�D�OLWHUDWXUH�UHYLHZ�VKRXOG�EH�GRQH�HDUOLHU��6WUDXVV�DQG�&RUELQ��������VSHFLILHG



VHYHUDO� GLIIHUHQW� ZD\V� LQ� ZKLFK� D� OLWHUDWXUH� UHYLHZ� FRQGXFWHG� EHIRUH� GDWD
FROOHFWLRQ�FDQ�EH�RI�YDOXH�

���7KH�OLWHUDWXUH�UHYLHZ�FDQ�EH�XVHG�WR�VWLPXODWH�WKHRUHWLFDO�VHQVLWLYLW\�WRZDUG
FRQFHSWV�DQG�UHODWLRQVKLSV�WKDW�SULRU�OLWHUDWXUH�KDV�UHSHDWHGO\�LGHQWLILHG�DQG
WKDW� WKHUHIRUH� DSSHDU� WR� EH� PHDQLQJIXO� DQG� VLJQLILFDQW�� %HFDXVH� RI� WKHLU
DSSDUHQW� VLJQLILFDQFH�� \RX� PLJKW� ZDQW� WR� EULQJ� WKHVH� FRQFHSWV� LQWR� WKH
VLWXDWLRQ�\RX�DUH�VWXG\LQJ�WR�LGHQWLI\�WKH�UROH�WKH\�PLJKW�SOD\��)RU�H[DPSOH�
LI�WKH�FRQFHSW�RI�LVRODWLRQ�LV�UHSHDWHGO\�LGHQWLILHG�LQ�WKH�OLWHUDWXUH�DV�EHLQJ
VLJQLILFDQWO\�UHODWHG�WR�FUHDWLYH�DFKLHYHPHQW�DQG�\RX�DUH�VWXG\LQJ�FUHDWLYH
DFKLHYHPHQW� LQ� XQGHUSULYLOHJHG� FKLOGUHQ�� \RX� PLJKW� ZDQW� WR� ORRN� IRU
HYLGHQFH�RI�KRZ�LVRODWLRQ�UHODWHV�WR�FUHDWLYH�DFKLHYHPHQW�LQ�\RXU�VWXG\�

�� � 7KH� OLWHUDWXUH� FDQ� VWLPXODWH� TXHVWLRQV�� 7KH� OLWHUDWXUH� FDQ� DVVLVW� \RX� LQ
GHULYLQJ�DQ�LQLWLDO�OLVW�RI�SHUWLQHQW�TXHVWLRQV�WR�DVN�RU�EHKDYLRUV�WR�REVHUYH�

���)LQDOO\��WKH�OLWHUDWXUH�FDQ�SURYLGH�VRPH�LQIRUPDWLRQ�DERXW�WKH�VLWXDWLRQV�DQG
SRSXODWLRQV�WKDW�\RX�QHHG�WR�VWXG\�VR�WKDW�\RX�FDQ�XQFRYHU�SKHQRPHQD�WKDW
DUH�LPSRUWDQW�WR�WKH�GHYHORSPHQW�RI�\RXU�WKHRU\��)RU�H[DPSOH��LQ�D�VWXG\�RI
FUHDWLYLW\�� WKH� OLWHUDWXUH�PLJKW� LQGLFDWH� WKDW� \RX� VKRXOG� ORRN�DW� LQGLYLGXDOV
ZKR�DUH�H[SHULHQFLQJ�YDULRXV�HPRWLRQDO� VWDWHV�EHFDXVH�PRRG�PLJKW�EH�DQ
LPSRUWDQW�YDULDEOH�LQ�WKH�GHYHORSPHQW�RI�\RXU�WKHRU\�RI�FUHDWLYLW\�

,Q� VXP�� WKH� FXUUHQW� SRVLWLRQ� DPRQJ� TXDOLWDWLYH� UHVHDUFKHUV� VHHPV� WR� EH� WKDW� D
OLWHUDWXUH�UHYLHZ�FDQ�EH�RI�YDOXH�EXW�WKH�UHVHDUFKHU�PXVW�PDNH�VXUH�WKDW�LW�GRHV�QRW
FRQVWUDLQ�DQG�VWLIOH�WKH�GLVFRYHU\�RI�QHZ�FRQVWUXFWV��UHODWLRQVKLSV��DQG�WKHRULHV�

6RXUFHV�RI�,QIRUPDWLRQ
7KH� WZR� SULPDU\� VRXUFHV� IRU� WUDFNLQJ� GRZQ� LQIRUPDWLRQ� UHOHYDQW� WR� DQ\

UHVHDUFK� WRSLF� DUH�ERRNV� DQG� MRXUQDOV�� DOWKRXJK� LQIRUPDWLRQ� FDQ� DOVR�EH� IRXQG� LQ
WHFKQLFDO�UHSRUWV�DQG�DFDGHPLF�WKHVHV�DQG�GLVVHUWDWLRQV�

%RRNV
%RRNV�DUH�D�JRRG�SODFH�WR�VWDUW�\RXU�OLWHUDWXUH�VHDUFK�EHFDXVH�WKH\�SURYLGH�DQ

RYHUYLHZ�RI�WKH�UHVHDUFK�WRSLF�DQG�D�VXPPDU\�RI�WKH�OLWHUDWXUH�SXEOLVKHG�XS�WR�WKH
WLPH� WKH� ERRN� ZDV� ZULWWHQ��0RVW� ERRNV� IRFXV� RQ� D� VSHFLILF� WRSLF�� VXFK� DV� WHDP
WHDFKLQJ�RU�+HDG�6WDUW��,I�\RX�KDYH�VHOHFWHG�D�UHVHDUFK�WRSLF�WKDW�IRFXVHV�RQ�RQH�RI
WKHVH�LVVXHV��WKHQ�D�ERRN�ZULWWHQ�DERXW�WKDW�WRSLF�ZLOO�JLYH�\RX�D�JRRG�RYHUYLHZ�RI
WKH�VXEMHFW�PDWWHU��DV�ZHOO�DV�D�ELEOLRJUDSK\�RI�RWKHU�ZRUNV�WKDW�PLJKW�EH�RI�XVH�WR
\RX�� 5HPHPEHU�� KRZHYHU�� WKDW� WKH� OLWHUDWXUH� WKDW� LV� FLWHG� LQ� ERRNV� LV� JHQHUDOO\
VHYHUDO�\HDUV�ROG��VR�ERRNV�GR�QRW�SURYLGH�WKH�PRVW�FXUUHQW�LQIRUPDWLRQ�

,Q�DGGLWLRQ� WR�ERRNV�RQ�D� VLQJOH� WRSLF�� WKHUH�DUH� UHIHUHQFH�ERRNV� WKDW�SURYLGH
LQWHJUDWLYH� UHYLHZV� DQG� VXPPDULHV� RI� VWXGLHV� RQ� VSHFLILF� HGXFDWLRQDO� WRSLFV�
6SHFLDOL]HG� HQF\FORSHGLDV� DQG� GLFWLRQDULHV� FRQWDLQ� EDFNJURXQG� LQIRUPDWLRQ�
IUHTXHQWO\�XVHG�ZRUGV�RU� FRQFHSWV��QDPHV�RI� WKH� LPSRUWDQW�SHRSOH�ZKR�KDYH�KDG



PDMRU� LQIOXHQFH� RQ� WKH� ILHOG�� GDWHV�� OHJDO� FDVHV� RI� FRQVHTXHQFH�� DQG� XVXDOO\� D
ELEOLRJUDSK\� RI� RWKHU� VRXUFHV� WKDW� DUH� FRQVLGHUHG� LPSRUWDQW�� )RU� H[DPSOH�� WKH
(QF\FORSHGLD� RI� (GXFDWLRQDO� 5HVHDUFK� SURYLGHV� D� UHYLHZ� RI� WKH� UHVHDUFK
OLWHUDWXUH�RQ�VHYHUDO�KXQGUHG�WRSLFV�LQ�HGXFDWLRQ�

$OWKRXJK�ERRNV�SURYLGH�D�JRRG� LQWURGXFWLRQ� WR�DQG�RYHUYLHZ�RI� WKH� LVVXHV�RI
LPSRUWDQFH�LQ�\RXU�FKRVHQ�UHVHDUFK�DUHD��WKH\�GR�QRW�JLYH�D�FRPSUHKHQVLYH�UHYLHZ
RI� DOO� WKH� UHVHDUFK� FRQGXFWHG�RQ� DQ\� VSHFLILF� WRSLF��$Q\�ERRN¶V� DXWKRU� KDV� WR� EH
VHOHFWLYH�DQG�SUHVHQW�RQO\�D�VPDOO�SRUWLRQ�RI�WKH�OLWHUDWXUH�

-RXUQDOV
$IWHU� \RX� KDYH� H[DPLQHG� VHYHUDO� ERRNV� DQG� KDYH� EHFRPH� IDPLOLDU�ZLWK� \RXU

UHVHDUFK� WRSLF��\RXU�QH[W� VWHS� LV� WR� LGHQWLI\� UHOHYDQW� MRXUQDO�DUWLFOHV��0RVW� RI� WKH
FXUUHQW� LQIRUPDWLRQ�DERXW� D� UHVHDUFK� WRSLF� LV� XVXDOO\� IRXQG� LQ� MRXUQDOV�� ,I� \RX
DOUHDG\� KDYH� VRPH� IDPLOLDULW\� ZLWK� \RXU� FKRVHQ� UHVHDUFK� WRSLF�� \RX�PLJKW� IRUJR
H[DPLQLQJ�ERRNV�DQG�JR�GLUHFWO\� WR� UHVHDUFK� MRXUQDOV��1XPHURXV� MRXUQDOV�SXEOLVK
HGXFDWLRQDO�UHVHDUFK�RU�VWXGLHV�WKDW�DUH�KLJKO\�UHOHYDQW�IRU�HGXFDWLRQDO�UHVHDUFK��,W
ZRXOG�EH� LPSRVVLEOH� WR�JR� WKURXJK�HDFK� MRXUQDO� ORRNLQJ� IRU� UHOHYDQW� LQIRUPDWLRQ�
7KHUHIRUH�� \RX� ZLOO� XVH� DQ� DXWRPDWHG� VHDUFK� SURFHGXUH�� VHDUFKLQJ� UHOHYDQW
FRPSXWHU�GDWDEDVHV��GLVFXVVHG�QH[W��

&RPSXWHU�'DWDEDVHV
:LWK� DGYDQFHV� LQ� FRPSXWHU� WHFKQRORJ\� DQG� SDUWLFXODUO\� WKH� ,QWHUQHW�� LW� KDV

EHFRPH� SRVVLEOH� WR� VWRUH� DQG� DFFHVV� ODUJH� GDWD� VHWV� HOHFWURQLFDOO\�� 6HYHUDO
FRPSUHKHQVLYH� FRPSXWHUL]HG� LQIRUPDWLRQ� VWRUDJH� DQG� UHWULHYDO� V\VWHPV�� VXFK� DV
29,'�� 6LOYHU3ODWWHU�� )LUVW6HDUFK�� DQG� (%6&2�� KDYH� EHHQ� GHYHORSHG� IRU� WKLV
SXUSRVH�� ,QIRUPDWLRQ� UHWULHYDO� V\VWHPV� OLNH� WKHVH�KDYH� DFFHVV� WR�PDQ\�GDWDEDVHV�
7KH�LQIRUPDWLRQ�WKDW�LV�RI�SULPDU\�LQWHUHVW�WR�HGXFDWLRQDO�UHVHDUFKHUV�LV�DYDLODEOH�LQ
(%6&2��:KHQ�\RX�XVH�(%6&2��ZH�VWURQJO\�UHFRPPHQG�WKDW�\RX�VHDUFK�PXOWLSOH
GDWDEDVHV�� LQFOXGLQJ�� DW� D�PLQLPXP�� WKH� IROORZLQJ��(5,&� �ZKLFK� LQFOXGHV� DOO� WKH
HQWULHV� IRU�&XUUHQW� ,QGH[� WR� -RXUQDOV� LQ� (GXFDWLRQ� RU� &,-(� DQG� 5HVRXUFHV� LQ
(GXFDWLRQ� RU� 5,(��� 3V\F,1)2� �ZKLFK� LQFOXGHV� WKH� HQWULHV� IRU� 3V\FKRORJLFDO
$EVWUDFWV��� DQG� 6RF,1'(;� �ZKLFK� LQFOXGHV� WKH� HQWULHV� IRU� 6RFLRORJLFDO
$EVWUDFWV���,I�\RX�DUH�LQWHUHVWHG�LQ�OHDGHUVKLS�PDQDJHPHQW�VXSHUYLVLRQ�LVVXHV��\RX
VKRXOG�DOVR�VHDUFK�D�EXVLQHVV�GDWDEDVH��H�J���%XVLQHVV�6RXUFH�3UHPLHU��

��(5,&�$�GDWDEDVH�FRQWDLQLQJ�LQIRUPDWLRQ�IURP�&,-(�DQG�5,(

��3V\F,1)2�$�GDWDEDVH�FRQWDLQLQJ�HQWULHV�IURP�3V\FKRORJLFDO�$EVWUDFWV

��6RF,1'(;�$�GDWDEDVH�FRQWDLQLQJ�HQWULHV�IURP�6RFLRORJLFDO�$EVWUDFWV

��%XVLQHVV�6RXUFH�3UHPLHU�$�GDWDEDVH�FRQWDLQLQJ�HQWULHV�IURP�DOO�DUHDV�RI



EXVLQHVV

0RVW� XQLYHUVLWLHV� JLYH� VWXGHQWV� DFFHVV� WR� PDQ\� GDWDEDVHV� WKURXJK� XVH� RI� DQ
,QWHUQHW�FRQQHFWLRQ��&KHFN�\RXU�OLEUDU\¶V�KRPH�SDJH�RU�DVN�\RXU�UHIHUHQFH�OLEUDULDQ
WR� WHOO�\RX�ZKLFK�GDWDEDVHV�\RXU� OLEUDU\� VXEVFULEHV� WR��7KH� LQIRUPDWLRQ� VWRUHG� LQ
WKHVH� GDWDEDVHV� FDQQRW� EH� IRXQG� E\� XVLQJ� W\SLFDO� ,QWHUQHW� VHDUFK� HQJLQHV�� ZKLFK
VHDUFK� RQO\� WKH� SXEOLF� SDUW� RI� WKH� ,QWHUQHW�� 7KHVH� HOHFWURQLF� WRROV� DUH� SDLG� IRU
WKURXJK�WKH�OLEUDU\�DQG�DUH�XVXDOO\�UHVWULFWHG�E\�ORJLQ�DQG�SDVVZRUG�WR�WKH�VWXGHQWV�
IDFXOW\��DQG�VWDII�RI�\RXU�XQLYHUVLW\��5HIHUHQFH�OLEUDULDQV�RIWHQ�GHYHORS�JXLGHV�DQG
ZHE�SDJH�DLGV�WKDW�ZLOO�KHOS�\RX�WR�XVH�WKHVH�GDWDEDVHV��%HFRPH�IDPLOLDU�ZLWK�\RXU
OLEUDU\¶V�KRPH�SDJH�DQG�WKH�QXPHURXV�LQIRUPDWLRQ�VRXUFHV�WKDW�DUH�DYDLODEOH�WR�\RX
WKURXJK�WKH�OLEUDU\�

5(9,(:
48(67 ,21 6

�������:KDW�LV�WKH�SXUSRVH�RI�FRQGXFWLQJ�D�UHYLHZ�RI
WKH�OLWHUDWXUH�LQ�D�TXDQWLWDWLYH�VWXG\"

�������:KDW�LV�WKH�SXUSRVH�RI�FRQGXFWLQJ�D�UHYLHZ�RI
WKH�OLWHUDWXUH�LQ�D�TXDOLWDWLYH�VWXG\"

�������:KDW�LQIRUPDWLRQ�VRXUFHV�ZRXOG�\RX�XVH�LQ
FRQGXFWLQJ�D�OLWHUDWXUH�UHYLHZ��DQG�ZKDW�DUH�WKH
DGYDQWDJHV�RI�HDFK�VRXUFH"

�������:K\�GR�\RX�WKLQN�LW�LV�LPSRUWDQW�IRU�HGXFDWLRQDO
UHVHDUFKHUV�WR�VHDUFK�PXOWLSOH�GDWDEDVHV"

&21'8&7,1*�7+(�/,7(5$785(�6($5&+
0RVW�OLWHUDWXUH�VHDUFKHV�DUH�FRQGXFWHG�E\�PDNLQJ�XVH�RI�WKH�,QWHUQHW��7KH�,QWHUQHW
LV�D�³QHWZRUN�RI�QHWZRUNV´�FRQVLVWLQJ�RI�PLOOLRQV�RI�FRPSXWHUV�DQG�WHQV�RI�PLOOLRQV
RI� XVHUV� DOO� RYHU� WKH� ZRUOG�� DOO� RI� ZKLFK� DUH� LQWHUFRQQHFWHG� WR� SURPRWH
FRPPXQLFDWLRQ��$OO�FROOHJHV�DQG�XQLYHUVLWLHV�SURYLGH�DFFHVV�WR�WKH�,QWHUQHW�

��,QWHUQHW�$�³QHWZRUN�RI�QHWZRUNV´�FRQVLVWLQJ�RI�PLOOLRQV�RI�FRPSXWHUV�DQG
WHQV�RI�PLOOLRQV�RI�XVHUV�DOO�RYHU�WKH�ZRUOG��DOO�RI�ZKLFK�DUH�LQWHUFRQQHFWHG
WR�SURPRWH�FRPPXQLFDWLRQ

8VLQJ�'DWDEDVHV
7KHUH� DUH� VHYHUDO�ZD\V� WR�XVH� WKH� ,QWHUQHW� WR� DVVLVW� LQ�\RXU� OLWHUDWXUH� UHYLHZ�

7KH�PRVW�HIIHFWLYH�XVH�RI� WKH� ,QWHUQHW� LV� WR�JDLQ�DFFHVV� WR� WKH�GDWDEDVHV� WR�ZKLFK
\RXU� OLEUDU\� VXEVFULEHV�� %HFDXVH� (5,&� LV� VXFK� DQ� LPSRUWDQW� GDWDEDVH� IRU
HGXFDWLRQDO�UHVHDUFKHUV��ZH�SURYLGH��LQ�7DEOH������VRPH�GHWDLOHG�LQVWUXFWLRQ�RQ�LWV
XVH�� ,I� \RX� IROORZ� WKHVH� VWHSV�� \RX� VKRXOG� EH� DEOH� WR� LGHQWLI\� PDQ\� DUWLFOHV
SHUWDLQLQJ�WR�\RXU�UHVHDUFK�WRSLF�



8VLQJ�WKH�3XEOLF�,QWHUQHW
$�YDVW�DPRXQW�RI�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKH�SXEOLF�,QWHUQHW� LQ�DGGLWLRQ�WR

WKH�GDWDEDVHV�ZH�KDYH�FRYHUHG��0DQ\�JURXSV��RUJDQL]DWLRQV��DQG�FRUSRUDWLRQV�KDYH
GHYHORSHG�ZHEVLWHV� WKDW� WKH\�PDNH� DYDLODEOH� RYHU� WKH� ,QWHUQHW�� )RU� H[DPSOH�� WKH
$PHULFDQ� (GXFDWLRQDO� 5HVHDUFK� $VVRFLDWLRQ� �$(5$�� SURYLGHV� HOHFWURQLF
LQIRUPDWLRQ� DERXW� PHHWLQJV�� FRQIHUHQFHV�� PHPEHUVKLS�� DQG� SXEOLFDWLRQV� RQ� LWV
ZHEVLWH�� ZKLFK� FDQ� EH� DFFHVVHG� DW� ZZZ�DHUD�QHW�� 2WKHU� VSHFLDOL]HG� GLVFXVVLRQ
OLVWV� KDYH� EHHQ� GHYHORSHG� RQ� WRSLFV� UDQJLQJ� IURP� FXUULFXOXP� VWXGLHV� WR
SRVWVHFRQGDU\� HGXFDWLRQ�� $FFHVVLQJ� RQH� RU� PRUH� RI� WKHVH� OLQNV� FDQ� SURYLGH
YDOXDEOH�LQIRUPDWLRQ�DERXW�\RXU�UHVHDUFK�WRSLF�

�7$%/(�������6WHSV�LQ�6HDUFKLQJ�WKH�(5,&�'DWDEDVH

7R� LOOXVWUDWH� WKH� VWHSV� LQYROYHG� LQ� VHDUFKLQJ� WKH� (5,&� GDWDEDVH�� OHW¶V� DVVXPH� WKDW� \RX� ZDQW� WR� VHDUFK� WKH
OLWHUDWXUH�RQ�WKH�SKHQRPHQRQ�RI�GDWH�UDSH�

6WHS����&RQQHFW�WR�WKH�(5,&�ZHEVLWH�HLWKHU�WKURXJK�\RXU�OLEUDU\�KRPH�SDJH�RU�WKURXJK�ZZZ�HULF�HG�JRY��:H
ZLOO�XVH�WKH�ODWWHU�PHWKRG��$�VHDUFK�ER[�DSSHDUV�LQ�WKH�PLGGOH�RI�\RXU�ZHE�EURZVHU�ZLQGRZ�

6WHS����,GHQWLI\�GHVFULSWRU�RU�VHDUFK�WHUPV�WKDW�ZLOO�GLUHFW�\RXU�VHDUFK��%HFDXVH�\RX�DUH�LQWHUHVWHG�LQ�WKH�WRSLF
RI�EHLQJ�UDSHG�ZKLOH�RQ�D�GDWH��WKH�WHUPV�\RX�ZRXOG�ORJLFDOO\�XVH�DV�\RXU�GHVFULSWRUV�RU�VHDUFK�WHUPV�DUH�GDWH
DQG� UDSH�� +RZHYHU�� RWKHU� GHVFULSWRUV� PLJKW� EH� YDOXDEOH� DV� ZHOO�� )RU� LQVWDQFH�� \RX� PLJKW� KDYH� D� SDUWLFXODU
LQWHUHVW� LQ� WKH� DEXVH� RI� NHWDPLQH� LQ� WKH� SHUSHWUDWLRQ� RI� WKLV� FULPH�� RU� \RX�PLJKW� EH� LQWHUHVWHG� LQ� WKH� UROH� WKDW
DOFRKRO�SOD\V�LQ�WKLV�SKHQRPHQRQ��,I�VR��\RX�FRXOG�WU\�DGGLQJ�NHWDPLQH�RU�DOFRKRO�WR�\RXU�VHDUFK�

6WHS���� (QWHU� \RXU� ³GHVFULSWRUV´� RU� ³VHDUFK� WHUP�V�´� LQ� WKH� 6HDUFK� ER[�� -XVW� EHORZ� WKH� 6HDUFK� ER[� DUH� WZR
FKHFN�ER[HV�� RQH� WKDW� OLPLWV� \RXU� VHDUFK� WR� DUWLFOHV� LQ� SHHU�UHYLHZHG�SXEOLFDWLRQV� �³3HHU� UHYLHZHG�RQO\´�� DQG
RQH�WKDW�OLPLWV�\RXU�VHDUFK�WR�UHVHDUFK�WKDW�DSSHDUV�LQ�LWV�HQWLUHW\�LQ�WKH�(5,&�GDWDEDVH��³)XOO�WH[W�DYDLODEOH�RQ
(5,&´���)RU�WKH�SXUSRVHV�RI�WKLV�GHPRQVWUDWLRQ��HQWHU�GDWH�UDSH�LQ�WKH�6HDUFK�ER[��FOLFN�³3HHU�UHYLHZHG�RQO\�́
DQG�GR�QRW�FOLFN�³)XOO�WH[W�DYDLODEOH�RQ�(5,&�´

6WHS����&OLFN� WKH�6HDUFK�EXWWRQ��7KLV�ZLOO� EULQJ�XS� D� VFUHHQ� WKDW� SURYLGHV� D� OLVW� RI� MRXUQDO� DUWLFOHV� DERXW� GDWH
UDSH��2Q�WKH�OHIW�DUH�PDQ\�PHQXV�RI�RSWLRQV�IRU�OLPLWLQJ�WKH�VHDUFK�UHVXOWV²E\�SXEOLFDWLRQ�GDWH��E\�³GHVFULSWRU´
�L�H��� IXUWKHU� NH\ZRUG��� E\� VRXUFH� �H�J��� MRXUQDO� RI� SXEOLFDWLRQ��� E\� DXWKRU�� E\� SXEOLFDWLRQ� W\SH� �H�J��� MRXUQDO
DUWLFOHV�� RSLQLRQ� SDSHUV��� HGXFDWLRQ� OHYHO� RI� VWXG\� SDUWLFLSDQWV� RU� SHUVRQV� RI� LQWHUHVW� WR� WKH� UHVHDUFKHU�� DQG
DXGLHQFH�� 7U\� DSSO\LQJ� RQH� RI� WKHVH� VHDUFK� SDUDPHWHUV� DQG� VHH� ZKDW� KDSSHQV� WR� \RXU� OLVW�� 7R� UHPRWH� WKH
SDUDPHWHU��ILQG�LW�DW�WKH�WRS�RI�\RXU�OLVW�LQ�D�JUHHQ�ER[�DQG�FOLFN�WKH�ZKLWH�;�WR�WKH�ULJKW�RI�WKH�WHUP��\RXU�IXOO�OLVW
ZLOO�EH�UHVWRUHG�

6WHS����([DPLQH� WKH� WLWOHV�DQG�DEVWUDFWV�RI�HDFK�RI� WKH�DUWLFOHV� ORFDWHG� WR� LGHQWLI\� WKRVH� WKDW�VHHP�UHOHYDQW� WR
\RXU�UHVHDUFK�WRSLF�DQG�GHWHUPLQH�ZKHWKHU�D�JLYHQ�DUWLFOH�LV�RQH�\RX�ZLVK�WR�JHW�DQG�SRVVLEO\�XVH��&OLFNLQJ�RQ
WKH�DUWLFOH¶V�WLWOH�ZLOO�EULQJ�XS�PRUH�LQIRUPDWLRQ�DERXW�WKDW�DUWLFOH��FOLFNLQJ�RQ�³%DFN�WR�UHVXOWV´�ZLOO�WDNH�\RX�EDFN
WR�\RXU�OLVW��(5,&�SURYLGHV�D�GLUHFW�OLQN�WR�WKH�ZHEVLWH�RI�WKH�DUWLFOH¶V�SXEOLFDWLRQ��H�J���DFDGHPLF�MRXUQDO�ZHEVLWH�
IRU�PRVW�DUWLFOHV��WKLV�ZHEVLWH�ZLOO�RSHQ�LQ�D�QHZ�EURZVHU�ZLQGRZ��(5,&�SURYLGHV�WKH�IXOO�WH[W�RI�VRPH�DUWLFOHV�
WKHUH�ZLOO�EH�D�³'RZQORDG�IXOO�WH[W´�OLQN�WR�WKH�ULJKW�RI�WKH�DEVWUDFW�

7R� DFFHVV� LQIRUPDWLRQ�RQ� WKH�SXEOLF� ,QWHUQHW�� \RX� FDQ�XVH� DQ\�RI� D�QXPEHU�RI
JHQHUDO�VHDUFK�WRROV��VXFK�DV�WKRVH�OLVWHG�LQ�7DEOH������5HDOL]H�WKDW�WKLV�OLVW�GRHV�QRW
H[KDXVW�WKH�DYDLODEOH�VHDUFK�HQJLQHV��EXW�LW�GRHV�UHSUHVHQW�VRPH�RI�WKH�WRS�FKRLFHV�

http://www.aera.net
http://www.eric.ed.gov


�7$%/(�������,QWHUQHW�6HDUFK�7RROV

$OWKRXJK�GLVWLQFWLRQV�DUH� VORZO\�EOXUULQJ��\RX�FDQ� VHH� LQ�7DEOH����� WKDW� WKHUH
DUH� DW� OHDVW� WKUHH�ZD\V� WR� VHDUFK� WKH� SXEOLF� ,QWHUQHW�� VXEMHFW� GLUHFWRULHV�� JHQHUDO
VHDUFK� HQJLQHV�� DQG� PHWD�VHDUFK� HQJLQHV� �ZKLFK� XVH� PXOWLSOH� VHDUFK� HQJLQHV��
:KLFK�RQH�VKRXOG�\RX�XVH"�7KLV�LV�D�JRRG�TXHVWLRQ�EHFDXVH�WKH�LQIRUPDWLRQ�WKDW�\RX
JHW�ZLOO�GLIIHU�GHSHQGLQJ�RQ�WKH�VHDUFK�VHUYLFH�\RX�XVH��7KHUHIRUH��ZH�UHFRPPHQG
H[SORUDWLRQ� RI� PXOWLSOH� VHUYLFHV�� :LWK� WKH� H[FHSWLRQ� RI� *RRJOH� 6FKRODU�� WKH
GDWDEDVHV� WKDW� DUH� VHDUFKHG� E\� WKH� VHDUFK� VHUYLFHV� OLVWHG� LQ�7DEOH� ���� FRQVLVW� RI
ZHEVLWHV�DQG�QRW�QHFHVVDULO\�VFKRODUO\�SURGXFWV��VXFK�DV�ERRNV�DQG�MRXUQDO�DUWLFOHV�
6R�WKH�LQIRUPDWLRQ�WKDW�\RX�ZLOO�UHFHLYH�ZLOO�GLIIHU�JUHDWO\�IURP�WKDW�UHFHLYHG�IURP
D�VHDUFK�RI�(5,&�RU�3V\F,1)2��$GGLWLRQDO�LQIRUPDWLRQ�DERXW�WKHVH�VHDUFK�VHUYLFHV
FDQ�EH�REWDLQHG�IURP�WKH�IROORZLQJ�WZR�,QWHUQHW�VLWHV�

����6HDUFK�(QJLQH�6KRZGRZQ��ZZZ�QRWHVV�FRP��7KLV�VLWH�SURYLGHV�LQIRUPDWLRQ
RQ�VXEMHFW�GLUHFWRULHV��VHDUFK�HQJLQHV��DQG�PHWD�VHDUFK�HQJLQHV��LQFOXGLQJ
UHYLHZV��WLSV�IRU�FRQGXFWLQJ�DQ�,QWHUQHW�VHDUFK��DQG�VWDWLVWLFV�RQ�WKH�YDULRXV
VHDUFK�HQJLQHV�

����6HDUFK�(QJLQH�:DWFK��ZZZ�VHDUFKHQJLQHZDWFK�FRP��7KLV�VLWH�OLVW�SURYLGHV
D�FRPSUHKHQVLYH�OLVW�RI�VHDUFK�WRROV�DV�ZHOO�DV�D�EULHI�GHVFULSWLRQ�RI�HDFK�
VHDUFK�WLSV��DQG�UDWLQJV�RI�WKH�PDMRU�VHDUFK�HQJLQHV�

:KHQ� D� XVHU�� VXFK� DV� \RXUVHOI��PDNHV� D� TXHU\�E\� W\SLQJ� LQ� NH\ZRUGV� VXFK� DV

http://www.notess.com
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³GDWH�UDSH�´�WKH�VHDUFK�HQJLQH�\RX�KDYH�DFFHVVHG��VXFK�DV�*RRJOH��WDNHV�RYHU��7KH
*RRJOH� VHDUFK� HQJLQH� VLIWV� WKURXJK� WKH�PLOOLRQV�RI� SDJHV� UHFRUGHG� LQ� LWV� LQGH[� WR
ILQG�PDWFKHV� WR� WKH� NH\ZRUGV� \RX� SURYLGHG� DQG� WKHQ� JLYHV� D� OLVWLQJ� RI� WKH� EHVW�
PDWFKLQJ�ZHEVLWHV� UHODWLQJ� WR� WKHVH� NH\ZRUGV�� XVXDOO\�ZLWK� D� VKRUW� VXPPDU\� WKDW
LQFOXGHV� WKH� GRFXPHQW¶V� WLWOH� DQG� VRPH� RI� WKH� WH[W�� <RXU� WDVN� LV� WR� UHYLHZ� WKH
LQGH[HG�ZHEVLWHV�DQG�FOLFN�RQ�WKH�OLQN�WR�WKH�VLWH�WKDW�FRQWDLQV�WKH�LQIRUPDWLRQ�\RX
GHVLUH��'RLQJ�VR�EULQJV�XS�WKH�ZHE�SDJH�IRU�\RX�WR�UHDG�DQG�UHYLHZ�

$Q\�VHDUFK�RI�WKH�ZHE�XVLQJ�RQH�RI�WKHVH�VHDUFK�HQJLQHV�ZLOO�JLYH�\RX�DFFHVV�WR
PDQ\�PRUH�ZHEVLWHV�WKDQ�\RX�ZLOO�HYHU�ZDQW�WR�YLVLW��,Q�VSLWH�RI�WKH�YDVW�QXPEHU�RI
ZHEVLWHV�SURYLGHG��QRQH�RI�WKH�VHDUFK�HQJLQHV�KDV�D�GDWDEDVH�WKDW�FRPHV�FORVH�WR
FRQWDLQLQJ� DOO� DYDLODEOH� LQIRUPDWLRQ�� 7KLV� LV� ZK\�� IRU� WKH� PRVW� FRPSUHKHQVLYH
VHDUFK��\RX�PXVW�XVH�VHYHUDO�VHDUFK�HQJLQHV��HDFK�VHDUFK�HQJLQH�ZLOO�KDYH�YLVLWHG
GLIIHUHQW�ZHE�SDJHV�DQG�KDYH�D�VOLJKWO\�GLIIHUHQW�GDWDEDVH�

,Q�DQ�DWWHPSW�WR�SURYLGH�D�PRUH�FRPSUHKHQVLYH�VHDUFK�RI�WKH�LQIRUPDWLRQ�RQ�WKH
ZHE�� PHWD�VHDUFK� HQJLQHV�� VXFK� DV� 0HWDFUDZOHU�� KDYH� EHHQ� GHYHORSHG�� 7KHVH
VHDUFK� HQJLQHV� VXEPLW� \RXU� TXHU\� WR� VHYHUDO� VHDUFK� HQJLQH�GDWDEDVHV� DW� WKH� VDPH
WLPH��7KH�UHVXOWV�DUH�WKHQ�EOHQGHG�LQWR�RQH�SDJH�

7KH�,QWHUQHW� LV�D�YDVW�UHVRXUFH�WKDW�FDQ�SURYLGH�D�ZHDOWK�RI� LQIRUPDWLRQ�DERXW
DOPRVW� DQ\� WRSLF�� ,W� LV� DFFHVVLEOH� ��� KRXUV� D� GD\� IURP� WKH� FRPIRUW� RI� \RXU� RZQ
KRPH�� DSDUWPHQW�� RIILFH�� RU� GRUP� URRP�� 7KH� ELJJHVW� GLVDGYDQWDJH� RI� WKH� SXEOLF
,QWHUQHW�LV�WKH�SRWHQWLDO�ODFN�RI�FUHGLELOLW\�RU�DFFXUDF\�RI�WKH�LQIRUPDWLRQ�UHFHLYHG�
$Q\RQH�FDQ�SXW�XS�D�ZHE�SDJH�ZLWK�DQ\�NLQG�RI� LQIRUPDWLRQ��7KLV�PHDQV�WKDW�\RX
PXVW�MXGJH�HDFK�ZHEVLWH�WR�GHWHUPLQH�ZKHWKHU�WKH�LQIRUPDWLRQ�FRQWDLQHG�LV�UHOLDEOH
DQG�DFFXUDWH��7DEOH�����SURYLGHV�VRPH�JXLGHOLQHV�WR�XVH�LQ�HYDOXDWLQJ�WKH�DFFXUDF\
RI�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�,QWHUQHW�

5(9,(:
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�������:KDW�DUH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI
XVLQJ�WKH�SXEOLF�,QWHUQHW�LQ�FRQGXFWLQJ�D
OLWHUDWXUH�VHDUFK"

�������+RZ�ZRXOG�\RX�HYDOXDWH�WKH�YDOLGLW\�RI
LQIRUPDWLRQ�REWDLQHG�RYHU�WKH�,QWHUQHW"

�7$%/(�������+RZ�WR�-XGJH�WKH�4XDOLW\�RI�,QWHUQHW�5HVRXUFHV

7KH�PDLQ�SUREOHP�ZLWK�WKH�SXEOLF�,QWHUQHW�LV�GHWHUPLQLQJ�WKH�YDOLGLW\�RI�WKH�LQIRUPDWLRQ�SURYLGHG�EHFDXVH�DQ\RQH
FDQ�HVWDEOLVK�D�ZHEVLWH��7KH�IROORZLQJ�FULWHULD�FDQ�KHOS�\RX�GLIIHUHQWLDWH�JRRG�LQIRUPDWLRQ�IURP�EDG�

����$XWKRULW\��$XWKRULW\�H[LVWV�LI�WKH�ZHE�SDJH�OLVWV�WKH�DXWKRU�DQG�KLV�RU�KHU�FUHGHQWLDOV�DQG�WKH�DGGUHVV�KDV�D
SUHIHUUHG�GRPDLQ�VXFK�DV��HGX���RUJ��RU��JRY��7KHUHIRUH��WR�DVVHVV�WKH�VLWH¶V�DXWKRULW\��\RX�VKRXOG�GR�WKH
IROORZLQJ�

D���)LQG�WKH�VRXUFH�RI�WKH�GRFXPHQW��$�85/�HQGLQJ�ZLWK��HGX�LV�IURP�DQ�LQVWLWXWLRQ�RI�KLJKHU�HGXFDWLRQ�
ZLWK��JRY�LV�IURP�D�EUDQFK�RI�WKH�86�IHGHUDO�JRYHUQPHQW��ZLWK��RUJ�LV�IURP�D�QRQSURILW�RUJDQL]DWLRQ
VXFK�DV�WKH�$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��ZLWK��FRP�LV�IURP�D�FRPPHUFLDO�YHQGRU��DQG�ZLWK��QHW
LV�IURP�DQ\RQH�ZKR�FDQ�DIIRUG�WR�SD\�IRU�VSDFH�RQ�D�VHUYHU�

E���,GHQWLI\�WKH�TXDOLILFDWLRQV�RI�WKH�SXEOLVKHU�RI�WKH�ZHE�GRFXPHQW��<RX�FDQ�JHW�VRPH�RI�WKLV�LQIRUPDWLRQ



IURP�WKH�ZHEVLWH�LWVHOI�E\�UHDGLQJ�WKH�³DERXW�XV�́ �³PLVVLRQ�́ �RU�³ZKR�ZH�DUH´�VHFWLRQV�

����$FFXUDF\��$FFXUDF\�LV�KLJKHVW�ZKHQ�WKH�ZHEVLWH�OLVWV�WKH�DXWKRU�RI�WKH�FRQWHQW�DQG�WKH�LQVWLWXWLRQ�WKDW
SXEOLVKHV�WKH�SDJH�DQG�SURYLGHV�D�ZD\�RI�FRQWDFWLQJ�WKH�DXWKRU��7R�DVVHVV�DFFXUDF\��\RX�VKRXOG�GR�WKH
IROORZLQJ�

D���/RRN�DW�WKH�FUHGHQWLDOV�RI�WKH�SHUVRQ�ZKR�ZURWH�WKH�ZHEVLWH�DQG�FKHFN�IRU�D�OLQN�RU�DQ�HPDLO�DGGUHVV
WKDW�ZLOO�SHUPLW�\RX�WR�FRQWDFW�WKLV�SHUVRQ�

E���,GHQWLI\�WKH�SXUSRVH�RI�WKH�LQIRUPDWLRQ��,V�LW�D�SXEOLF�VHUYLFH�DQQRXQFHPHQW��DGYHUWLVHPHQW��VDOHV�SLWFK�
QHZV�UHOHDVH��RU�D�SXEOLVKHG�UHVHDUFK�VWXG\"�7KH�SXUSRVH�PD\�VXJJHVW�WKDW�D�FHUWDLQ�ELDV�H[LVWV�LQ�WKH
LQIRUPDWLRQ�

F���'HWHUPLQH�ZKHWKHU�WKHUH�LV�DQ�DFNQRZOHGJPHQW�RI�WKH�OLPLWDWLRQV�RI�WKH�LQIRUPDWLRQ��SDUWLFXODUO\�LI�WKH
LQIRUPDWLRQ�LV�WKH�UHSRUW�RI�VRPH�VWXG\�

����2EMHFWLYLW\��2EMHFWLYLW\�LV�KLJKHVW�ZKHQ�WKH�ZHEVLWH�KDV�OLWWOH�RU�QR�DGYHUWLVLQJ�DQG�SURYLGHV�DFFXUDWH�DQG
REMHFWLYH�LQIRUPDWLRQ��7KHUHIRUH��\RX�VKRXOG�GR�WKH�IROORZLQJ�

D���,GHQWLI\�DQ\�HYLGHQFH�RI�ELDV�LQ�WKH�LQIRUPDWLRQ�SUHVHQWHG�

L���,V�WKH�LQIRUPDWLRQ�WUDFHDEOH�WR�IDFWXDO�LQIRUPDWLRQ�SUHVHQWHG�LQ�VRPH�ELEOLRJUDSKLF�RU�,QWHUQHW
UHIHUHQFH"�6XFK�LQIRUPDWLRQ�PD\�EH�OHVV�ELDVHG�

LL��'R�WKH�DXWKRUV�H[SUHVV�WKHLU�RZQ�RSLQLRQV"�$XWKRUV¶�RSLQLRQV�VXJJHVW�ELDV�

����&XUUHQF\��&XUUHQF\�H[LVWV�ZKHQ�WKH�ZHEVLWH�DQG�DQ\�OLQNV�LW�SURYLGHV�DUH�XSGDWHG�UHJXODUO\��'HWHUPLQH
WKH�IROORZLQJ�LQIRUPDWLRQ�

D���:KHQ�WKH�ZHEVLWH�ZDV�FUHDWHG

E���:KHQ�WKH�ZHEVLWH�ZDV�XSGDWHG�DQG�KRZ�XS�WR�GDWH�WKH�OLQNV��LI�DQ\��DUH

����&RYHUDJH��&RYHUDJH�LV�JRRG�ZKHQ�\RX�FDQ�YLHZ�WKH�LQIRUPDWLRQ�RQ�WKH�ZHEVLWH�ZLWKRXW�SD\LQJ�IHHV�RU
LQVWDOOLQJ�DGGLWLRQDO�VRIWZDUH�

)($6,%,/,7<�2)�7+(�678'<
$IWHU�\RX�KDYH�FRPSOHWHG�\RXU� OLWHUDWXUH� UHYLHZ��\RX�DUH� UHDG\� WR�V\QWKHVL]H� WKLV
ZHDOWK�RI�PDWHULDO�DQG�QRW�RQO\�LGHQWLI\�WKH�UHVHDUFK�SUREOHPV�ZLWKLQ�\RXU�FKRVHQ
WRSLF� DUHD� EXW� DOVR� IRUPXODWH� WKH� VSHFLILF� UHVHDUFK� TXHVWLRQV� DQG� UHVHDUFK
K\SRWKHVHV� WR� EH� LQYHVWLJDWHG�� $V� \RX� GHYHORS� \RXU� UHVHDUFK� TXHVWLRQV� DQG
K\SRWKHVHV�� \RX� PXVW� GHFLGH� ZKHWKHU� WKH� VWXG\� \RX� ZDQW� WR� FRQGXFW� LV� IHDVLEOH�
(YHU\� UHVHDUFK� VWXG\� WKDW� LV� FRQGXFWHG�YDULHV�ZLWK� UHVSHFW� WR� WKH� DPRXQW� RI� WLPH
UHTXLUHG� WR�JDWKHU� WKH�GDWD�� WKH� W\SH�RI� UHVHDUFK�SDUWLFLSDQWV�QHHGHG��H[SHQVH�� WKH
H[SHUWLVH� RI� WKH� UHVHDUFKHU�� DQG� HWKLFDO� VHQVLWLYLW\�� 6WXGLHV� WKDW� DUH� WRR� WLPH�
FRQVXPLQJ�� UHTXLUH� VNLOOV� \RX� GR� QRW� KDYH�� RU� DUH� WRR� H[SHQVLYH� VKRXOG� QRW� EH
LQLWLDWHG�

67$7(0(17�2)�7+(�5(6($5&+�352%/(0
$IWHU� \RX� KDYH� FRPSOHWHG� WKH� OLWHUDWXUH� UHYLHZ� DQG� KDYH� UHDG� DQG� GLJHVWHG� WKH
OLWHUDWXUH��\RX�VKRXOG�KDYH�D�JRRG�LGHD�RI�WKH�SUREOHPV�LQ�\RXU�WRSLF�DUHD��1RWH�WKDW
WKHUH� LV� D� GLIIHUHQFH� EHWZHHQ� D� UHVHDUFK� WRSLF� DUHD� DQG� D� UHVHDUFK� SUREOHP�� $
UHVHDUFK� WRSLF� LV� WKH� EURDG� DUHD� LQ� ZKLFK� \RX� DUH� LQWHUHVWHG�� VXFK� DV� GLVWDQFH
HGXFDWLRQ�� PDLQVWUHDPLQJ�� RU� VHOI�HVWHHP�� $� UHVHDUFK� SUREOHP� LV� DQ� HGXFDWLRQ



LVVXH� RU� SUREOHP�ZLWKLQ� WKH� EURDG� WRSLF� DUHD� WKDW� \RX� EHOLHYH� LV� LPSRUWDQW�� )RU
H[DPSOH�� ZLWKLQ� WKH� WRSLF� DUHD� RI� GLVWDQFH� OHDUQLQJ�� WKHUH� PLJKW� EH� LVVXHV� RU
SUREOHPV� UHODWLQJ� WR� D� ODFN� RI� VWXGHQW� LQWHUHVW� RU� WKH� DFFXUDF\� RI� DVVHVVPHQW� RI
SHUIRUPDQFH��+RZHYHU�� WKH�ZD\� LQ�ZKLFK� WKH� UHVHDUFK�SUREOHP� LV� VSHFLILHG�ZLOO
GLIIHU� GHSHQGLQJ� RQ� ZKHWKHU� \RX� DUH� FRQGXFWLQJ� D� TXDQWLWDWLYH� RU� D� TXDOLWDWLYH
VWXG\�

��5HVHDUFK�SUREOHP�$Q�HGXFDWLRQ�LVVXH�RU�SUREOHP�ZLWKLQ�D�EURDG�WRSLF�DUHD

3RLQW�$ERXW�0L[HG�5HVHDUFK��$�PL[HG�UHVHDUFK�SUREOHP��D��FDQ�EH�VLPLODU�WR�D
TXDQWLWDWLYH� UHVHDUFK� SUREOHP� �EHFDXVH�PL[HG� UHVHDUFK� FDQ� DGG� SHUVSHFWLYH� WR� D
TXDQWLWDWLYH�VWXG\��� �E��FDQ�EH�VLPLODU� WR�D�TXDOLWDWLYH� UHVHDUFK�SUREOHP��EHFDXVH
PL[HG�UHVHDUFK�FDQ�DGG�SHUVSHFWLYH�WR�D�TXDOLWDWLYH�VWXG\���RU��F��FDQ�EH�D�K\EULG
RI� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� DSSURDFKHV� �LQ� ZKLFK� LGHDV� DVVRFLDWHG� ZLWK
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�DUH�H[SOLFLWO\� LQFOXGHG� LQ� WKH�VLQJOH�SUREOHP
VWDWHPHQW���%HFDXVH�PL[HG� UHVHDUFK� LV� WKH� QHZHVW� W\SH� RI� UHVHDUFK�� RSWLRQ� �F�� LV
RIWHQ�WKH�EHVW�FKRLFH��7KLV�SRLQW�DERXW�PL[HG�UHVHDUFK�DOVR�DSSOLHV�WR�WKH�VWDWHPHQW
RI�SXUSRVH�DQG�UHVHDUFK�TXHVWLRQV�

6WDWLQJ�D�4XDQWLWDWLYH�5HVHDUFK�3UREOHP
,Q� VWDWLQJ� D� TXDQWLWDWLYH� UHVHDUFK� SUREOHP�� WKH� HPSKDVLV� LV� RQ� WKH� QHHG� WR

H[SODLQ��SUHGLFW��RU�VWDWLVWLFDOO\�GHVFULEH�VRPH�RXWFRPH�RU�HYHQW��/RRN�DW�WKLV�ILUVW
SDUDJUDSK�RI�D�TXDQWLWDWLYH�VWXG\�FRQGXFWHG�E\�'H/D3D]��������S������

'LIILFXOWLHV� ZLWK� ZULWWHQ� ODQJXDJH� SURGXFWLRQ� KDYH� EHHQ� ZHOO� GRFXPHQWHG
DPRQJ� VWXGHQWV�ZLWK� OHDUQLQJ� GLVDELOLWLHV� �/'��� 7KRVH� VWXGHQWV� W\SLFDOO\� ODFN
LPSRUWDQW�NQRZOHGJH�RI�WKH�ZULWLQJ�SURFHVV�DQG�GHPRQVWUDWH�OLPLWHG�DELOLWLHV�WR
JHQHUDWH� SODQV�� RUJDQL]H� WH[W�� RU� HQJDJH� LQ� VXEVWDQWLYH� UHYLVLRQ� �(QJOHUW� 	
5DSKDHO��������0F&XWFKHQ��������7KRPDV��(QJOHUW��	�*UHJJ���������3UREOHPV
ZLWK� PHFKDQLFV�� LQFOXGLQJ� VSHOOLQJ�� FDSLWDOL]DWLRQ�� DQG� SXQFWXDWLRQ�� IXUWKHU
LQWHUIHUH�ZLWK�FRPSRVLQJ��&RQVHTXHQWO\��WKH�ZULWLQJ�RI�VWXGHQWV�ZLWK�/'�LV�OHVV
SROLVKHG��H[SDQVLYH��FRKHUHQW��DQG�HIIHFWLYH�WKDQ�WKDW�RI�WKHLU�SHHUV��(QJOHUW�	
5DSKDHO��������*UDKDP��������*UDKDP�	�+DUULV��������0RQWDJXH��*UDYHV��	
/HDYHOOH��������1HZFRPHU�	�%DUHQEDXP��������:RQJ��:RQJ��	�%OHQNLQVRS�
������

'H/D3D]�LQWURGXFHG�WKH�JHQHUDO�WRSLF�DUHD�LQ�WKH�ILUVW�VHQWHQFH�DV�³GLIILFXOWLHV
ZLWK�ZULWWHQ�ODQJXDJH�SURGXFWLRQ�´�6KH�WKHQ�LGHQWLILHG�WKH�SRSXODWLRQ�LQ�ZKLFK�WKLV
ZDV�D�SUREOHP��VWXGHQWV�ZLWK�OHDUQLQJ�GLVDELOLWLHV��6KH�FRQWLQXHG�E\�LGHQWLI\LQJ�WKH
SUREOHPV� WKHVH� VWXGHQWV� KDYH�� VXFK� DV� WKHLU� OLPLWHG� DELOLW\� WR� JHQHUDWH� SODQV�
RUJDQL]H� WH[W�� DQG� UHYLVH�PDWHULDO��$OO� RI� WKHVH� DUH� OHJLWLPDWH� UHVHDUFK� SUREOHPV
EHFDXVH�WKH\�UHSUHVHQW�HGXFDWLRQDO�LVVXHV�WKDW�QHHG�D�VROXWLRQ��4XDQWLWDWLYH�VWXGLHV
FRXOG�EH�FRQGXFWHG�WR�DWWHPSW�WR�H[SODLQ�ZK\�WKH�SUREOHPV�H[LVW�DV�ZHOO�DV�KRZ�WR
DPHOLRUDWH�WKHP�



6WDWLQJ�D�4XDOLWDWLYH�5HVHDUFK�3UREOHP
,Q�D�TXDOLWDWLYH�VWXG\��WKH�UHVHDUFK�SUREOHP�IRFXVHV�RQ�XQGHUVWDQGLQJ�WKH�LQQHU

ZRUOG�RI�D�SDUWLFXODU�JURXS�RU�H[SORULQJ�VRPH�SURFHVV��HYHQW��RU�SKHQRPHQRQ��7KLV
LV� LOOXVWUDWHG� LQ�2WLHQR¶V� ������� S�� ��� LQWURGXFWLRQ� WR� KHU� TXDOLWDWLYH� VWXG\� RI� WKH
HGXFDWLRQDO�H[SHULHQFHV�RI�VHYHQ�$IULFDQ�ZRPHQ�

$FFRUGLQJ� WR� WKH� ODWH�'U��.ZHJ\LU�$JJUH\� RI�*KDQD�� HGXFDWH� D�PDQ� DQG� \RX
KDYH�HGXFDWHG�DQ�LQGLYLGXDO��HGXFDWH�D�ZRPDQ�DQG�\RX�KDYH�HGXFDWHG�D�QDWLRQ�
0RUH� WKDQ� KDOI� RI� WKH� SRSXODWLRQ� RI�$IULFD� LV�PDGH�XS� RI�ZRPHQ��:KLOH� WKLV
VWDWHPHQW�LV�WUXH��IHPDOH�HGXFDWLRQ�LQ�$IULFD�KDV�QRW�GHYHORSHG�DW�WKH�VDPH�SDFH
DV�WKDW�RI�PDOHV��7KHUH�DUH�PDQ\�UHFHQW�VWXGLHV�WKDW�H[DPLQH�SUREOHPV�$IULFDQ
ZRPHQ�HQFRXQWHU�ZKLOH�DWWHPSWLQJ� WR�SXUVXH�KLJKHU�HGXFDWLRQ��<HERDK�������
������1DPXGGX��������/LQGDV\��������%DSSD��������DQG�(VKZDQL���������0RVW
$IULFDQ� FRXQWULHV� KDYH� LGHQWLILHG� HGXFDWLRQ� DV� D� NH\� HOHPHQW� LQ� HFRQRPLF
GHYHORSPHQW�� 7KH� OLQNDJH� EHWZHHQ� IHPDOH� HGXFDWLRQ� DQG� GHYHORSPHQW� LQ
JHQHUDO� FDQQRW� EH� RYHUHPSKDVL]HG��0RUHRYHU�� UHVHDUFK� KDV� IRXQG� WKDW� IHPDOH
HGXFDWLRQ� LV�KLJKO\�FRUUHODWHG�ZLWK�EHWWHU�XVH�RI� IDPLO\�SODQQLQJ�� ORZ�IHUWLOLW\
UDWHV�� DQG� ORZ� LQIDQW� PRUWDOLW\� �<HKRDK�� ������ ������� 7KH� UHFRJQLWLRQ� E\
HGXFDWRUV� LQ� WKH� LQWHUQDWLRQDO� FRPPXQLW\� RI� WKH� IDFW� WKDW� IHPDOH� HGXFDWLRQ� LV
HVVHQWLDO� WR� QDWLRQDO� DQG� JOREDO� GHYHORSPHQW� LV� SHUKDSV� RQH� UHDVRQ� ZK\� WKH
HGXFDWLRQ� RI� ZRPHQ� DQG� JLUOV� LV� QRZ� D� SRSXODU� WRSLF� IRU�PDQ\� UHVHDUFKHUV�
5HWXUQV� RQ� HGXFDWLRQ� DUH� VLJQLILFDQW� ERWK� IRU� WKH� LQGLYLGXDO� DQG� IRU� VRFLHW\�
(GXFDWLRQ�LV�D�SDUWLFXODUO\�SRZHUIXO�DFKLHYHPHQW�IRU�ZRPHQ�DV�LW�RSHQV�XS�WKH
SRWHQWLDO�IRU�ZLGHU�SDUWLFLSDWLRQ�LQ�WKH�HFRQRP\��7KLV�LQFUHDVHG�DZDUHQHVV�KDV
UDLVHG�TXHVWLRQV�DV�WR�ZKDW�SUREOHPV�WKH�IHPDOH�SRSXODWLRQ�IDFH��ZKDW�IDFWRUV
KROG�WKHP�EDFN��DQG�KRZ�WKHVH�IDFWRUV�FDQ�EH�RYHUFRPH�WR�HQDEOH�WKH�PDMRULW\
RI�ZRPHQ�WR�REWDLQ�KLJKHU�HGXFDWLRQ��,W�LV�WKURXJK�IXOO�LQFOXVLRQ�LQ�WKH�SURFHVV
RI�REWDLQLQJ�KLJKHU�HGXFDWLRQ�WKDW�ZRPHQ�FDQ�SDUWLFLSDWH�IXOO\�LQ�WKH�SURFHVV�RI
WKH�FRQWLQHQW¶V�GHYHORSPHQW�

,Q� WKLV� H[DPSOH�� 2WLHQR� ������� RSHQHG� ZLWK� D� VWDWHPHQW� DERXW� WKH� YDOXH� RI
HGXFDWLRQ��SDUWLFXODUO\�IRU�ZRPHQ��ZKLFK�LV�WKH�JHQHUDO�WRSLF�DUHD�RI�WKH�VWXG\��6KH
WKHQ�SRLQWHG�RXW� WKH�SULPDU\� UHVHDUFK�SUREOHP��$IULFDQ�ZRPHQ�DUH� OHVV� OLNHO\� WR
UHFHLYH�DQ�HGXFDWLRQ�WKDQ�PHQ�DUH��6KH�FRQWLQXHG�E\�SRLQWLQJ�RXW�WKDW�ZKHQ�ZRPHQ
UHFHLYH� DQ� HGXFDWLRQ�� PDQ\� SRVLWLYH� HIIHFWV� RFFXU� IRU� ERWK� WKH� LQGLYLGXDO� DQG
VRFLHW\��WKXV�HPSKDVL]LQJ�WKH�LPSRUWDQFH�RI�VWXG\LQJ�WKLV�UHVHDUFK�SUREOHP��2WLHQR
QRWHG� WKDW� DZDUHQHVV� RI� WKH� SRVLWLYH� HIIHFWV� WKDW� UHVXOW� IURP� DQ� HGXFDWHG� IHPDOH
SRSXODWLRQ� KDG� UDLVHG� TXHVWLRQV� UHJDUGLQJ� WKH� SUREOHPV� WKHVH� LQGLYLGXDOV� IDFH� LQ
JHWWLQJ�D�KLJKHU�HGXFDWLRQ��:KDW�KROGV�WKHP�EDFN�IURP�DWWDLQLQJ�D�KLJKHU�HGXFDWLRQ�
DQG� KRZ� FDQ� WKHVH� GLIILFXOWLHV� EH� RYHUFRPH"� 6KH� WKHQ� VWDWHG� WKDW� ZRPHQ� FDQ
SDUWLFLSDWH�LQ�WKH�FRQWLQHQW¶V�GHYHORSPHQW�RQO\�E\�H[SORULQJ�WKH�FRPSOHWH�SURFHVV
E\�ZKLFK�ZRPHQ�REWDLQ�D�KLJKHU�HGXFDWLRQ��2WLHQR�SURFHHGHG�WR�FRQGXFW�D�VWXG\�WR
XQGHUVWDQG�WKHVH�ZRPHQ�DQG�H[SORUH�WKLV�HGXFDWLRQDO�DQG�FXOWXUDO�SURFHVV�



67$7(0(17�2)�7+(�385326(�2)�7+(�678'<
7KH�VWDWHPHQW�RI�WKH�SXUSRVH�RI�D�UHVHDUFK�VWXG\�H[SUHVVHV�WKH�UHVHDUFKHU¶V�LQWHQW
RU�WKH�VWXG\¶V�REMHFWLYH��7KLV�VWDWHPHQW�IROORZV�ORJLFDOO\�IURP�WKH�LGHQWLILFDWLRQ�RI
RQH�RU�PRUH�UHVHDUFK�SUREOHPV��0DNLQJ�LW�HQVXUHV�WKDW�\RX�KDYH�D�JRRG�JUDVS�RI�WKH
VSHFLILF�SUREOHP�\RX�ZLVK�WR�LQYHVWLJDWH��$�VSHFLILF�VWDWHPHQW�RI�WKH�SXUSRVH�RI�WKH
VWXG\�DOVR�HQDEOHV�\RX�WR�FRPPXQLFDWH�\RXU�UHVHDUFK�SURMHFW�WR�RWKHUV��3URYLGLQJ�D
VSHFLILFDWLRQ�RI�WKH�VWXG\�SXUSRVH�DW�WKH�RXWVHW�RI�D�VWXG\�DOVR�KDV�WKH�DGYDQWDJH�RI
JXLGLQJ�WKH�UHVHDUFK�SURFHVV�E\��IRU�H[DPSOH��LQGLFDWLQJ�KRZ�DQG�E\�ZKDW�PHWKRGV
WKH� GDWD� ZLOO� EH� FROOHFWHG�� +RZHYHU�� WKH� QDWXUH� RI� WKLV� VWDWHPHQW� ZLOO� GLIIHU
VRPHZKDW� GHSHQGLQJ� RQ�ZKHWKHU� \RX� DUH� FRQGXFWLQJ� D� TXDOLWDWLYH� RU� TXDQWLWDWLYH
VWXG\��,I�WKH�SXUSRVH�VWDWHPHQW�DSSHDUV�LQ�D�SURSRVDO��LW�LV�ZULWWHQ�LQ�SUHVHQW�WHQVH
�³7KH�SXUSRVH�RI�WKH�SURSRVHG�VWXG\�LV�WR«´�µ����LI�LW�DSSHDUV�LQ�WKH�ILQDO�UHVHDUFK
UHSRUW��LW�LV�ZULWWHQ�LQ�SDVW�WHQVH��³7KH�SXUSRVH�ZDV«´�µ���

��3XUSRVH�RI�D�UHVHDUFK�VWXG\�7KH�UHVHDUFKHU¶V�LQWHQW�RU�REMHFWLYH�RI�WKH
VWXG\

6WDWHPHQW�RI�3XUSRVH�LQ�D�4XDQWLWDWLYH�6WXG\
7KH� SXUSRVH� VWDWHPHQW� LQ� D� TXDQWLWDWLYH� VWXG\� LV� D� GHFODUDWLYH� VWDWHPHQW� WKDW

LGHQWLILHV� WKH� W\SH� RI� UHODWLRQVKLS� LQYHVWLJDWHG� EHWZHHQ� D� VHW� RI� YDULDEOHV�� 7KLV
UHODWLRQVKLS� FRXOG� EH� FDXVDO� RU� GHVFULSWLYH�� )RU� H[DPSOH�� LI� \RX� ZDQWHG� WR
LQYHVWLJDWH�WKH�FDXVDO�FRQQHFWLRQ�WKDW�PLJKW�H[LVW�EHWZHHQ�D�WUHDWPHQW�IRU�D�OHDUQLQJ
GLVDELOLW\� DQG� VSHOOLQJ� SURILFLHQF\�� \RXU� SXUSRVH� VWDWHPHQW� FRXOG� EH� ZULWWHQ� DV
IROORZV�

7KH�SXUSRVH�RI�WKLV�VWXG\�LV�WR�LQYHVWLJDWH�WKH�HIIHFW�WKDW�WUHDWPHQW�IRU�D�OHDUQLQJ
GLVDELOLW\�KDV�RQ�WKH�VSHOOLQJ�SURILFLHQF\�RI�FKLOGUHQ�ZLWK�D�OHDUQLQJ�GLVDELOLW\�

+RZHYHU�� LI� WKH� LQWHQW� RI� \RXU� VWXG\� LV� WR� GHVFULEH� WKH� UHODWLRQVKLS� EHWZHHQ
VSHOOLQJ�SURILFLHQF\�DQG� WKH�H[WHQW�RI�D�SHUVRQ¶V� OHDUQLQJ�GLVDELOLW\��\RXU�SXUSRVH
VWDWHPHQW�FRXOG�EH�ZULWWHQ�DV�IROORZV�

7KH�SXUSRVH�RI� WKLV� VWXG\� LV� WR�GHVFULEH� WKH�GHJUHH�RI� UHODWLRQVKLS� WKDW� H[LVWV
EHWZHHQ�VSHOOLQJ�SURILFLHQF\�DQG�WKH�H[WHQW�RI�D�SHUVRQ¶V�OHDUQLQJ�GLVDELOLW\�

%RWK�RI� WKHVH�VWDWHPHQWV�RI�SXUSRVH�KDYH� LGHQWLILHG� WKH� LQWHQW�RI� WKH�VWXG\�DQG
WKH� YDULDEOHV� EHLQJ� LQYHVWLJDWHG�� 7KH� GLIIHUHQFH� LV� WKDW� RQH� VWXG\� DWWHPSWV� WR
GHWHUPLQH�ZKHWKHU�WUHDWPHQW�IRU�OHDUQLQJ�GLVDELOLW\�LV�FDXVDOO\�UHODWHG�WR�DFDGHPLF
DFKLHYHPHQW�� ZKHUHDV� WKH� RWKHU� DWWHPSWV� WR� GHVFULEH� WKH� UHODWLRQVKLS� WKDW� H[LVWV
EHWZHHQ� WKHVH� WZR� YDULDEOHV�� 7KHVH� WZR� LOOXVWUDWH� WKH� EDVLF� DQG� HVVHQWLDO
FKDUDFWHULVWLFV� WKDW� VKRXOG� H[LVW� LQ� D� VWDWHPHQW� RI� SXUSRVH�� %RWK� LGHQWLI\� WKH
YDULDEOHV�EHLQJ� LQYHVWLJDWHG�DQG� WKH� LQWHQW�RI� WKH�VWXG\�RU� WKH�ZD\� LQ�ZKLFK� WKHVH



YDULDEOHV�ZLOO�EH�LQYHVWLJDWHG�

6WDWHPHQW�RI�3XUSRVH�LQ�D�4XDOLWDWLYH�6WXG\
7KH�VWDWHPHQW�RI�SXUSRVH�LQ�D�TXDOLWDWLYH�VWXG\�VKRXOG�LQGLFDWH�WKDW�WKH�LQWHQW�RI

WKH� VWXG\� LV� WR� H[SORUH� RU� XQGHUVWDQG� VRPH� SKHQRPHQRQ� H[SHULHQFHG� E\� FHUWDLQ
LQGLYLGXDOV� DW� D� VSHFLILF� UHVHDUFK� VLWH�� 7KLV� PHDQV� WKDW� D� TXDOLWDWLYH� VWXG\¶V
VWDWHPHQW�RI�SXUSRVH�VKRXOG�GR�WKH�IROORZLQJ�

�� � &RQYH\� D� VHQVH� RI� DQ� HPHUJLQJ� GHVLJQ� E\� VWDWLQJ� WKDW� WKH� SXUSRVH� RI� WKH
VWXG\�LV�WR�GHVFULEH��XQGHUVWDQG��GHYHORS��RU�GLVFRYHU�VRPHWKLQJ�

�� �6WDWH�DQG�GHILQH�WKH�FHQWUDO� LGHD�WKDW�\RX�ZDQW� WR�GHVFULEH��XQGHUVWDQG��RU
GLVFRYHU�

�� � 6WDWH� WKH� PHWKRG� E\� ZKLFK� \RX� SODQ� WR� FROOHFW� DQG� DQDO\]H� WKH� GDWD� E\
VSHFLI\LQJ� ZKHWKHU� \RX� DUH� FRQGXFWLQJ� DQ� HWKQRJUDSKLF� VWXG\�� JURXQGHG
WKHRU\�VWXG\��FDVH�VWXG\��RU�SKHQRPHQRORJLFDO�VWXG\�

���6WDWH�WKH�XQLW�RI�DQDO\VLV�DQG�RU�WKH�UHVHDUFK�VLWH��H�J���IRXUWK�JUDGH�VWXGHQWV
SDUWLFLSDWLQJ�LQ�D�VSHFLILF�SURJUDP��

)RU� H[DPSOH�� 1�� 'UHZ� ������� VWDWHG� WKH� IROORZLQJ� SXUSRVH� RI� KHU� VWXG\� DV
IROORZV�

7KH� IRFXV� RI� WKH� SUHVHQW� VWXG\� ZDV� WR� H[SORUH� GLVWUHVVLQJ� DQG� QXUWXULQJ
HQFRXQWHUV� RI� SDWLHQWV�ZLWK� FDUHJLYHUV� DQG� WR� DVFHUWDLQ� WKH�PHDQLQJV� WKDW� DUH
HQJHQGHUHG�E\�VXFK�HQFRXQWHUV��7KH�VWXG\�ZDV�FRQGXFWHG�RQ�RQH�RI�WKH�VXUJLFDO
XQLWV� DQG� WKH� REVWHWULFDO�J\QHFRORJLFDO� XQLW� RI� D� ����EHG� FRPPXQLW\� KRVSLWDO�
�S�����

7KLV� SXUSRVH� VWDWHPHQW� FRQWDLQV� VHYHUDO� RI� WKH� HVVHQWLDO� LQJUHGLHQWV
FKDUDFWHUL]LQJ�D�TXDOLWDWLYH�VWXG\�� ,W�FRQYH\V� WKH�VHQVH�RI�DQ�HPHUJLQJ�GHVLJQ�DQG
GHILQHV� WKH� FHQWUDO� LGHD� E\� VWDWLQJ� WKDW� WKH� UHVHDUFKHU� LQWHQGHG� WR� ³H[SORUH
GLVWUHVVLQJ�DQG�QXUWXULQJ�HQFRXQWHUV�´�,W�DOVR�VWDWHV�WKDW�WKH�UHVHDUFK�VLWH�ZLOO�EH�D
VSHFLILF�XQLW�LQ�D�FRPPXQLW\�KRVSLWDO��$OWKRXJK�WKLV�VWDWHPHQW�RI�SXUSRVH�GRHV�QRW
H[SOLFLWO\�VWDWH�WKH�PHWKRG�XVHG�WR�FROOHFW�DQG�DQDO\]H�WKH�GDWD��LW�GRHV�FRQWDLQ�PRVW
RI�WKH�HOHPHQWV�RI�D�VWDWHPHQW�RI�SXUSRVH�IRU�D�TXDOLWDWLYH�VWXG\��7KLV�H[DPSOH�DOVR
GHPRQVWUDWHV� WKDW�QRW� HYHU\� VWDWHPHQW�RI�SXUSRVH�ZLOO� FRQWDLQ�DOO� WKH� IXQGDPHQWDO
FKDUDFWHULVWLFV� RI� D� JRRG�� TXDOLWDWLYH� SXUSRVH� VWDWHPHQW��+RZHYHU�� JRRG� SXUSRVH
VWDWHPHQWV�ZLOO�FRQWDLQ�PRVW�RI�WKHVH�FKDUDFWHULVWLFV�

67$7(0(17�2)�5(6($5&+�48(67,216

$�UHVHDUFK�TXHVWLRQ�LV�D�VWDWHPHQW�RI�WKH�VSHFLILF�TXHVWLRQ�V��WKH�UHVHDUFKHU�VHHNV
WR� DQVZHU� YLD� HPSLULFDO� UHVHDUFK��$OWKRXJK� UHVHDUFK� TXHVWLRQV� DUH� IRXQG� LQ� ERWK
TXDQWLWDWLYH� DQG� TXDOLWDWLYH� VWXGLHV�� WKH\� GLIIHU� VRPHZKDW� LQ� WKHLU� VWUXFWXUH�



4XDQWLWDWLYH� UHVHDUFK� TXHVWLRQV� VWDWH� H[DFWO\� WKH� UHODWLRQVKLS� EHLQJ� LQYHVWLJDWHG
EHWZHHQ� WKH� WDUJHW� YDULDEOHV�� 4XDOLWDWLYH� UHVHDUFK� TXHVWLRQV� DUH� QRW� DV� VSHFLILF�
,QVWHDG�� TXDOLWDWLYH� UHVHDUFK� TXHVWLRQV� DUH�PRUH� OLNHO\� WR� DVN� D� JHQHUDO� TXHVWLRQ
DERXW� D� SURFHVV� RU� H[SUHVV� DQ� LQWHQW� WR� H[SORUH� RU� XQGHUVWDQG� WKH� SDUWLFLSDQWV¶
PHDQLQJV�RI�D�SDUWLFXODU�SKHQRPHQRQ�

��5HVHDUFK�TXHVWLRQ�6WDWHPHQW�RI�WKH�VSHFLILF�TXHVWLRQ�WKH�UHVHDUFKHU�VHHNV�WR
DQVZHU�YLD�HPSLULFDO�UHVHDUFK

6WDWHPHQW�RI�D�4XDQWLWDWLYH�5HVHDUFK�4XHVWLRQ
$�TXDQWLWDWLYH�UHVHDUFK�TXHVWLRQ�LV�TXHVWLRQ�DERXW�WKH�UHODWLRQVKLS�WKDW�H[LVWV

EHWZHHQ� WZR� RU�PRUH� YDULDEOHV�� &RPPRQ� IRUPV� DUH� GHVFULSWLYH�� SUHGLFWLYH�� DQG
FDXVDO� UHVHDUFK� TXHVWLRQV�� DV� LOOXVWUDWHG� LQ� 7DEOH� ����� 5HJDUGOHVV� RI� WKH� W\SH� RI
UHVHDUFK�TXHVWLRQ��\RX�VKRXOG�IRUPXODWH�LW�LQ�YHU\�VSHFLILF�WHUPV�WR�HQVXUH�WKDW�\RX
KDYH� D� JRRG� XQGHUVWDQGLQJ� RI� WKH� YDULDEOHV� \RX� DUH� LQYHVWLJDWLQJ��'RLQJ� VR� DOVR
DLGV�LQ�WKH�GHVLJQ�DQG�FRQGXFW�RI�\RXU�UHVHDUFK�VWXG\��7R�GULYH�WKHVH�SRLQWV�KRPH�
FRQVLGHU� WKH�GLIILFXOWLHV�\RX�ZRXOG�HQFRXQWHU� LI�\RX�DVNHG��³:KDW� LV� WKH�HIIHFW�RI
SDUWLFLSDWLRQ� LQ� H[WUDFXUULFXODU� DFWLYLWLHV� RQ� DFDGHPLF� SHUIRUPDQFH"´� 7KLV� LV� D
JRRG�UHVHDUFK�TXHVWLRQ�LQ�WKDW�LW�DVNV�DQ�LPSRUWDQW�TXHVWLRQ��+RZHYHU��LW�LV�ZRUGHG
VR�YDJXHO\� WKDW� LW� LV�GLIILFXOW� WR�SLQSRLQW�ZKDW� LV�EHLQJ� LQYHVWLJDWHG��:KDW� W\SH�RI
H[WUDFXUULFXODU� DFWLYLW\� DQG�ZKDW� W\SH�RI� DFDGHPLF�SHUIRUPDQFH"�7KHUH� DUH�PDQ\
W\SHV�RI�H[WUDFXUULFXODU�DFWLYLW\�� DQG� LW�ZRXOG�EH� LQDSSURSULDWH� WR�DVVXPH� WKDW� DOO
W\SHV�KDYH�VLPLODU�HIIHFWV��6LPLODUO\��DFDGHPLF�SHUIRUPDQFH�FRXOG�UHIHU�WR�RYHUDOO
DYHUDJH�SHUIRUPDQFH�RU�WR�SHUIRUPDQFH�LQ�VSHFLILF�VXEMHFW�DUHDV�

��4XDQWLWDWLYH�UHVHDUFK�TXHVWLRQ�$�TXHVWLRQ�DERXW�WKH�UHODWLRQVKLS�WKDW�H[LVWV
EHWZHHQ�WZR�RU�PRUH�YDULDEOHV

1RZ�FRQWUDVW�WKDW�TXHVWLRQ�ZLWK�WKH�IROORZLQJ�

:KDW�HIIHFW�GRHV�SOD\LQJ�IRRWEDOO�KDYH�RQ�VWXGHQWV¶�RYHUDOO�JUDGH�SRLQW�DYHUDJH
GXULQJ�WKH�IRRWEDOO�VHDVRQ"

7KLV� TXHVWLRQ� VSHFLILHV� H[DFWO\� WKH� YDULDEOHV� WKDW� DUH� WR� EH� LQYHVWLJDWHG�� WKH
H[WUDFXUULFXODU�DFWLYLW\�RI�SOD\LQJ�IRRWEDOO�DQG�DFDGHPLF�SHUIRUPDQFH�DV�PHDVXUHG
E\�RYHUDOO�JUDGH�SRLQW�DYHUDJH�

$V�\RX�FDQ�VHH�IURP�WKLV�H[DPSOH��PDNLQJ�D�VSHFLILF�VWDWHPHQW�RI�WKH�UHVHDUFK
TXHVWLRQ�KHOSV�HQVXUH�WKDW�\RX�XQGHUVWDQG�WKH�SUREOHP�\RX�DUH�LQYHVWLJDWLQJ��,W�DOVR
KHOSV� \RX� WR�PDNH� GHFLVLRQV� DERXW� VXFK� IDFWRUV� DV�ZKR� WKH� UHVHDUFK� SDUWLFLSDQWV
ZLOO� EH� DQG� ZKDW� PDWHULDOV� RU� PHDVXUHV� \RX� ZLOO� QHHG� WR� FRQGXFW� WKH� VWXG\�� $
YDJXHO\� VWDWHG� UHVHDUFK� TXHVWLRQ� JLYHV� QR� VXFK� DVVLVWDQFH�� 5HPHPEHU� WKDW� WKH
SXUSRVH�RI�IRUPXODWLQJ�D�VSHFLILF�UHVHDUFK�TXHVWLRQ�LV�WR�HQVXUH�WKDW�\RX�DQG�\RXU
UHDGHUV�KDYH�D�JRRG�JUDVS�RI�WKH�YDULDEOHV�EHLQJ�LQYHVWLJDWHG�DQG�WR�DVVLVW�\RX�LQ



GHVLJQLQJ�DQG�FRPSOHWLQJ�\RXU�UHVHDUFK�VWXG\�

6WDWHPHQW�RI�D�4XDOLWDWLYH�5HVHDUFK�4XHVWLRQ
$� TXDOLWDWLYH� UHVHDUFK� TXHVWLRQ� LV� TXHVWLRQ� DERXW� VRPH� SURFHVV�� LVVXH�� RU

SKHQRPHQRQ� WKDW� LV� WR� EH� H[SORUHG�� ,W� LV� D� JHQHUDO�� RSHQ�HQGHG�� DQG� RYHUDUFKLQJ
TXHVWLRQ� WKDW�\RX�ZRXOG� OLNH� WR�DQVZHU��)URP� WKLV�RYHUDUFKLQJ� UHVHDUFK�TXHVWLRQ�
\RX� FDQ� IUHTXHQWO\� QDUURZ� WKH� SXUSRVH� RI� D� TXDOLWDWLYH� VWXG\� WR� PRUH� VSHFLILF
TXHVWLRQV��,W�FDQ�EH�KHOSIXO�WR�VWDWH�WKH�JHQHUDO�SXUSRVH�RI�WKH�VWXG\�DQG�WKHQ�VWDWH�D
QXPEHU� RI� VXETXHVWLRQV� WKDW� EUHDN� WKH� RYHUDOO� UHVHDUFK� TXHVWLRQ� LQWR� FRPSRQHQWV
WKDW� ZLOO� EH� LQYHVWLJDWHG�� )RU� H[DPSOH�� %RG\FRWW�� :DONHU�� DQG� .LQ� ������
LQYHVWLJDWHG� WKH�EHOLHIV� WKDW�SUHVHUYLFH� WHDFKHUV�KHOG�DERXW� WKHLU�SULQFLSDOV��7KHLU
VWDWHPHQW�RI�SXUSRVH�ZDV�DV�IROORZV�

��4XDOLWDWLYH�UHVHDUFK�TXHVWLRQ�$�TXHVWLRQ�DERXW�VRPH�SURFHVV��LVVXH��RU
SKHQRPHQRQ�WR�EH�H[SORUHG

�7$%/(�������:ULWLQJ�4XDQWLWDWLYH�5HVHDUFK�4XHVWLRQV

'HVFULSWLYH�4XHVWLRQV

'HVFULSWLYH� UHVHDUFK� TXHVWLRQV� VHHN� DQVZHUV� WR� VXFK� TXHVWLRQV� DV� ³+RZ� PXFK"´� ³+RZ� RIWHQ"´� RU� ³:KDW
FKDQJHV� RYHU� WLPH� RU� RYHU� GLIIHUHQW� VLWXDWLRQV"´� 7KH� VFULSW� IRU� D� GHVFULSWLYH� UHVHDUFK� TXHVWLRQ� ZRXOG� EH� DV
IROORZV�

�����'HVFULSWLYH�TXHVWLRQ��GR�HV���SDUWLFLSDQWV���YDULDEOH�VWDWHG�LQ�YHUE�IRUP��DW��UHVHDUFK�VLWH�"
7KLV�VFULSW�FRXOG�OHDG�WR�WKH�IROORZLQJ�GHVFULSWLYH�TXHVWLRQ�

����+RZ�IUHTXHQWO\�GR�NLQGHUJDUWHQ�FKLOGUHQ�HQJDJH�LQ�DJJUHVVLYH�DFWV�RQ�WKH�SOD\JURXQG"
'HVFULSWLYH�TXHVWLRQV�FDQ�VHHN�WR�LGHQWLI\�WKH�GHJUHH�RI�UHODWLRQVKLS�WKDW�H[LVWV�EHWZHHQ�WZR�RU�PRUH�YDULDEOHV�
7KH�VFULSW�IRU�D�GHVFULSWLYH�UHODWLRQVKLS�TXHVWLRQ�ZRXOG�EH�DV�IROORZV�

����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ��YDULDEOH����DQG��YDULDEOH����IRU��SDUWLFLSDQWV�"
7KLV�VFULSW�FRXOG�OHDG�WR�WKH�IROORZLQJ�UHODWLRQVKLS�TXHVWLRQ�

����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ�DPRXQW�RI�WLPH�VWXGLHG�DQG�JUDGHV�IRU�KLJK�VFKRRO�VWXGHQWV"

3UHGLFWLYH�4XHVWLRQV

3UHGLFWLYH�TXHVWLRQV�DVN�ZKHWKHU�RQH�RU�PRUH�YDULDEOHV�FDQ�EH�XVHG�WR�SUHGLFW�VRPH�IXWXUH�RXWFRPH��7KH�VFULSW
IRU�D�SUHGLFWLYH�TXHVWLRQ�ZRXOG�EH�DV�IROORZV�

����'RHV��SUHGLFWRU�YDULDEOH��SUHGLFW��RXWFRPH�YDULDEOH��LQ��VHWWLQJ�"
7KLV�VFULSW�FRXOG�OHDG�WR�WKH�IROORZLQJ�SUHGLFWLYH�TXHVWLRQ�

����'RHV�SDUHQWDO�HGXFDWLRQDO�OHYHO�SUHGLFW�VWXGHQWV¶�SURSHQVLW\�WR�GURS�RXW�RI�KLJK�VFKRRO"

&DXVDO�4XHVWLRQV

&DXVDO� TXHVWLRQV� FRPSDUH� GLIIHUHQW� YDULDWLRQV� RI� VRPH� SKHQRPHQRQ� WR� LGHQWLI\� WKH� FDXVH� RI� VRPHWKLQJ��7KH\
XVXDOO\� LQYROYH� WKH� PDQLSXODWLRQ� RI� DQ� LQGHSHQGHQW� YDULDEOH� DQG� WKH� FRPSDULVRQ� RI� WKH� RXWFRPH� RI� WKLV
PDQLSXODWLRQ�WR�QR�PDQLSXODWLRQ��7KH�VFULSW�IRU�FDXVDO�TXHVWLRQV�ZRXOG�EH�DV�IROORZV�

����'RHV�YDULDWLRQ��RU�FKDQJH��LQ��LQGHSHQGHQW�YDULDEOH��SURGXFH�FKDQJHV��RU�DQ�LQFUHDVH�RU�GHFUHDVH��LQ
�D�GHSHQGHQW�YDULDEOH�"



7KLV�VFULSW�FRXOG�OHDG�WR�WKH�IROORZLQJ�FDXVDO�TXHVWLRQ�

����'RHV�YDULDWLRQ�LQ�DPRXQW�RI�KRPHZRUN�DVVLJQHG�SURGXFH�D�FKDQJH�LQ�VWXGHQWV¶�WHVW�SHUIRUPDQFH"

7KHLU�VWDWHPHQW�RI�SXUSRVH�ZDV�DV�IROORZV�

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�KRZ�WKH�VRFLDO�FRQWH[W�RI�VFKRROV�DQG
VFKRROLQJ�LQIOXHQFHG�SUHVHUYLFH� WHDFKHUV¶�SHUVRQDO�FRQVWUXFWV�RI� WKH�SULQFLSDO�
�S�����

7KH�UHVHDUFK�TXHVWLRQ�WKDW�IROORZHG�IURP�WKLV�SXUSRVH�VWDWHPHQW�LV�WKLV�

+RZ�GRHV�WKH�VRFLDO�FRQWH[W�RI�D�VFKRRO�LQIOXHQFH�SUHVHUYLFH�WHDFKHUV¶�EHOLHIV
DERXW�WKH�SULQFLSDO"

7KH�RYHUDOO�UHVHDUFK�TXHVWLRQ��DV�\RX�FDQ�VHH��LV�YHU\�VLPLODU�WR�WKH�VWDWHPHQW�RI
SXUSRVH� DQG� WHQGV� WR� UHVWDWH� WKH�SXUSRVH� VWDWHPHQW� LQ� TXHVWLRQ� IRUP��%HFDXVH� WKH
RYHUDUFKLQJ�UHVHDUFK�TXHVWLRQ�LV��WR�D�JUHDW�H[WHQW��D�UHVWDWHPHQW�RI�WKH�SXUSRVH�RI
WKH� VWXG\��PDQ\� UHVHDUFKHUV� RPLW� LW��+RZHYHU�� D� QXPEHU� RI� VXETXHVWLRQV� RU�PRUH
VSHFLILF�TXHVWLRQV�DUH�W\SLFDOO\�DVNHG��)RU�H[DPSOH��%RG\FRWW�HW�DO���������LPSOLHG
WKH�IROORZLQJ�WZR�VXETXHVWLRQV�

����:KDW�DUH�SUHVHUYLFH�WHDFKHUV¶�EHOLHIV�DERXW�SULQFLSDOV"

����:KDW�RU�ZKR�LQIOXHQFHG�WKHVH�EHOLHIV"

7KHVH� WZR� TXHVWLRQV� SURYLGH� D� VSHFLILF� IRFXV� WR� WKH� VWXG\�� 6XETXHVWLRQV� FDQ
DOVR� KHOS� JXLGH� \RX� WR� WKH� VSHFLILF� LQWHUYLHZ�SURWRFRO� TXHVWLRQV� WR� EH� DVNHG� RI
SDUWLFLSDQWV��)RU�H[DPSOH��WKH�DERYH�VXETXHVWLRQV�PLJKW�GLUHFW�\RX�WR�GHYHORSPHQW
LQWHUYLHZ�TXHVWLRQV��ZKLFK�DUH�HYHQ�PRUH�VSHFLILF�WKDQ�WKH�UHVHDUFK�VXETXHVWLRQV�
VXFK�DV�WKH�IROORZLQJ�

:KDW�LV�WKH�UROH�RI�WKH�SULQFLSDO�RI�D�VFKRRO"

:KDW�NLQG�RI�UHODWLRQVKLS�VKRXOG�H[LVW�EHWZHHQ�D�WHDFKHU�DQG�WKH�SULQFLSDO"

:KR�WDONV�WR�\RX�DERXW�WKH�SULQFLSDO"

:KR�GR�\RX�WKLQN�KDV�WKH�PRVW�DFFXUDWH�LQIRUPDWLRQ�DERXW�WKH�SULQFLSDO"

)2508/$7,1*�+<327+(6(6
,Q�TXDQWLWDWLYH�UHVHDUFK��DIWHU�\RX�KDYH�LGHQWLILHG�D�UHVHDUFK�SUREOHP�WKDW�\RX�ZDQW
WR� LQYHVWLJDWH� DQG� \RX� KDYH� VWDWHG� \RXU� UHVHDUFK� SXUSRVH� DQG� \RXU� UHVHDUFK
TXHVWLRQ�V���\RX�DUH�UHDG\�WR�IRUPXODWH�\RXU�K\SRWKHVLV��7KH�UHVHDUFK�K\SRWKHVLV�LV
WKH� IRUPDO� VWDWHPHQW� RI� WKH� UHVHDUFKHU¶V� SUHGLFWLRQ� RI� WKH� UHODWLRQVKLS� WKDW� H[LVWV
DPRQJ�WKH�YDULDEOHV�XQGHU�LQYHVWLJDWLRQ��)RU�H[DPSOH��%XWOHU�DQG�1HXPDQ�������



K\SRWKHVL]HG�RU�SUHGLFWHG�WKH�IROORZLQJ�

��+\SRWKHVLV�7KH�IRUPDO�VWDWHPHQW�RI�WKH�UHVHDUFKHU¶V�SUHGLFWLRQ�RI�WKH
UHODWLRQVKLS�WKDW�H[LVWV�DPRQJ�WKH�YDULDEOHV�XQGHU�LQYHVWLJDWLRQ

&KLOGUHQ� LQ� HJR�LQYROYLQJ� VHWWLQJV� ZLOO� EH� OHVV� OLNHO\� WR� UHTXHVW� KHOS� WKDQ
FKLOGUHQ�LQ�WDVN�LQYROYLQJ�VHWWLQJV�

1RWH� WKDW� WKLV�K\SRWKHVLV� LQFOXGHV� WZR�YDULDEOHV²KHOS�VHHNLQJ�EHKDYLRUV��WKH
GHSHQGHQW� YDULDEOH�� DQG� W\SH�RI� VHWWLQJ� �WKH� LQGHSHQGHQW� YDULDEOH�²DQG�PDNHV� D
SUHGLFWLRQ�DERXW�KRZ�KHOS�VHHNLQJ�EHKDYLRUV�ZLOO�GLIIHU�GHSHQGLQJ�RQ�WKH�W\SH�RI
VHWWLQJ� WKH�FKLOGUHQ�DUH� LQ��<RX�FDQ�XVH� WKH�IROORZLQJ�VFULSW� IRU�VWDWLQJ�D�UHVHDUFK
K\SRWKHVLV�

�*URXS���SDUWLFLSDQWV��ZLOO��GLIIHU�LQ�VRPH�ZD\²LQFUHDVH��GHFUHDVH��LPSURYH�
RQ��GHSHQGHQW�YDULDEOH��IURP��JURXS���SDUWLFLSDQWV����1RWH��*URXSV���DQG���DUH
WKH�OHYHOV�RI�WKH�LQGHSHQGHQW�YDULDEOH��

7KH� K\SRWKHVLV� IRU� WKH� %XWOHU� DQG� 1HZPDQ� VWXG\� XVHG� WKLV� VFULSW� LQ� WKH
IROORZLQJ�ZD\�

*URXS���RI�LQGHSHQGHQW�YDULDEOH� �FKLOGUHQ�LQ�HJR�LQYROYLQJ�VHWWLQJV�

'LIIHU� �EH�OHVV�OLNHO\�

'HSHQGHQW�YDULDEOH� �UHTXHVW�KHOS�

*URXS���RI�LQGHSHQGHQW�YDULDEOH� �FKLOGUHQ�LQ�WDVN�LQYROYLQJ�VHWWLQJV�

$QRWKHU�H[DPSOH�XVLQJ�WKLV�VFULSW�PLJKW�EH�DV�IROORZV�

&KLOGUHQ�ZLWK�OHDUQLQJ�GLVDELOLWLHV�ZKR�UHFHLYH�LQGLYLGXDOL]HG�LQVWUXFWLRQ�ZLOO
VKRZ� JUHDWHU� JDLQV� LQ� DFDGHPLF� DFKLHYHPHQW� WKDQ� FKLOGUHQ� ZLWK� OHDUQLQJ
GLVDELOLWLHV�ZKR�UHFHLYH�JURXS�LQVWUXFWLRQ�

7KH� VWDWHG� K\SRWKHVLV� W\SLFDOO\� HPHUJHV� IURP� WKH� OLWHUDWXUH� UHYLHZ� RU� IURP
WKHRU\��$V�ZH�VWDWHG�HDUOLHU��RQH�RI�WKH�IXQFWLRQV�RI�WKHRU\�LV�WR�JXLGH�UHVHDUFK��2QH
RI�WKH�ZD\V�LQ�ZKLFK�D�WKHRU\�DFFRPSOLVKHV�WKLV�IXQFWLRQ�LV�WR�SUHGLFW�D�UHODWLRQVKLS
EHWZHHQ� YDULDEOHV�� 6LPLODUO\�� WKH� UHVHDUFK� OLWHUDWXUH�PLJKW� VXJJHVW� D� UHODWLRQVKLS
WKDW� VKRXOG� H[LVW� EHWZHHQ� WKH� YDULDEOHV� EHLQJ� LQYHVWLJDWHG�� +RZHYHU�� K\SRWKHVHV
FDQ�DOVR�FRPH�IURP�UHDVRQLQJ�EDVHG�RQ�\RXU�REVHUYDWLRQ�RI�HYHQWV��)RU�H[DPSOH�
\RX�PLJKW�KDYH�QRWLFHG� WKDW�VRPH�FKLOGUHQ�JHW�YHU\�QHUYRXV�ZKHQ� WKH\� WDNH�D� WHVW
DQG�WKDW�WKHVH�FKLOGUHQ�VHHP�WR�JHW�WKH�SRRUHVW�JUDGHV��)URP�WKLV�REVHUYDWLRQ��\RX
PLJKW�IRUPXODWH�WKH�K\SRWKHVLV�WKDW�SHUIRUPDQFH�GHFUHDVHV�DV�WHVW�DQ[LHW\�LQFUHDVHV�

5HJDUGOHVV� RI� WKH� VRXUFH� RI� \RXU� K\SRWKHVLV�� LW� PXVW� PHHW� RQH� FULWHULRQ�� $



K\SRWKHVLV�PXVW�EH�FDSDEOH�RI�EHLQJ�HLWKHU�FRQILUPHG�RU�QRW�FRQILUPHG��7KDW�LV�
WKH�K\SRWKHVLV�PXVW�EH�DERXW�VRPHWKLQJ�IRU�ZKLFK�RQH�VHW�RI�SRVVLEOH�RXWFRPHV�FDQ
EH�YLHZHG�DV�VXSSRUWLQJ�WKH�K\SRWKHVLV�DQG�WKH�RWKHU�VHW�RI�SRVVLEOH�RXWFRPHV�ZLOO
EH� YLHZHG� DV� QRW� VXSSRUWLQJ� WKH� K\SRWKHVLV�� $� K\SRWKHVLV� WKDW� IDLOV� WR� PHHW� WKLV
FULWHULRQ� LV� QRW� WHVWDEOH� DQG� UHPRYHV� WKH� TXHVWLRQ� IURP� WKH� UHDOP� RI� HPSLULFDO
UHVHDUFK��,W� LV�RI�QR�XVH�WR�GR�HPSLULFDO�UHVHDUFK�LI�\RX�SODQ�WR�FODLP�VXSSRUW�IRU
\RXU�K\SRWKHVLV�UHJDUGOHVV�RI�WKH�RXWFRPH�

+\SRWKHVHV� DUH� LPSRUWDQW� SULPDULO\� LQ� TXDQWLWDWLYH� VWXGLHV� EHFDXVH� WKHLU� JRDO
DQG�SXUSRVH�GLIIHU�IURP�WKRVH�RI�TXDOLWDWLYH�UHVHDUFK�VWXGLHV��4XDQWLWDWLYH�UHVHDUFK
KDV� WKH� JRDO� RI� LGHQWLI\LQJ� WKH� UHODWLRQVKLSV� WKDW� H[LVW� EHWZHHQ� VHWV� RI� YDULDEOHV�
ZKHUHDV� TXDOLWDWLYH� UHVHDUFK� DWWHPSWV� WR� GLVFRYHU�� H[SORUH�� RU� GHVFULEH� D� JLYHQ
VHWWLQJ��HYHQW��VLWXDWLRQ��RU�VHW�RI�PHDQLQJV��,Q�TXDQWLWDWLYH�UHVHDUFK��ZH�FRQGXFW�WKH
VWXG\�WR�GHWHUPLQH�ZKHWKHU�WKH�UHODWLRQ�WKDW�ZH�SUHGLFW�DPRQJ�WKH�YDULDEOHV�H[LVWV�
7KLV�SURFHVV�LV�NQRZQ�DV�K\SRWKHVLV�WHVWLQJ��,Q�D�TXDOLWDWLYH�VWXG\��UHVHDUFKHUV�DUH
PRUH� LQWHUHVWHG� LQ� GHVFULELQJ� DQG� H[SORULQJ� SKHQRPHQD�� JHQHUDWLQJ� LGHDV�
XQGHUVWDQGLQJ� SDUWLFLSDQWV¶� SHUVSHFWLYHV�� DQG� REWDLQLQJ� SDUWLFXODULVWLF� ILQGLQJV�
7KLV�H[SORUDWLRQ�LV�DFFRPSOLVKHG�E\�DVNLQJ�YHU\�JHQHUDO��RSHQ�HQGHG�TXHVWLRQV�WKDW
SHUPLW�D�ORW�RI�ODWLWXGH�LQ�SDUWLFLSDQWV¶�UHVSRQVHV�

5(9,(:
48(67 ,21 6

������+RZ�GRHV�RQH�GHWHUPLQH�ZKHWKHU�LW�LV�SRVVLEOH
WR�FRQGXFW�D�VWXG\"

������+RZ�GR�UHVHDUFK�SUREOHPV�LQ�TXDOLWDWLYH�DQG
TXDQWLWDWLYH�UHVHDUFK�GLIIHU"

������+RZ�GRHV�WKH�VWDWHPHQW�RI�WKH�SXUSRVH�RI�D
VWXG\�GLIIHU�LQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH
UHVHDUFK"

������+RZ�GR�UHVHDUFK�TXHVWLRQV�GLIIHU�LQ�TXDOLWDWLYH
DQG�TXDQWLWDWLYH�UHVHDUFK"

������:K\�VKRXOG�UHVHDUFK�TXHVWLRQV�LQ�TXDQWLWDWLYH
UHVHDUFK�EH�YHU\�VSHFLILF"

������:KDW�LV�D�K\SRWKHVLV��DQG�ZKDW�LV�WKH�FULWHULRQ
WKDW�LW�PXVW�PHHW"

������:K\�DUH�K\SRWKHVHV�W\SLFDOO\�QRW�IRUPXODWHG�LQ
TXDOLWDWLYH�UHVHDUFK��DQG�ZKDW�LV�W\SLFDOO\�XVHG
LQVWHDG"

&21680(5�86(�2)�7+(�/,7(5$785(
,Q�WKLV�ERRN��ZH�H[SODLQ�KRZ�WR�FRQGXFW�D�UHVHDUFK�VWXG\�LQ�WKH�ILHOG�RI�HGXFDWLRQ�
+RZHYHU�� WKH� UHDOLW\�RI� WKH� VLWXDWLRQ� LV� WKDW�PRVW�RI�\RX�ZLOO�QRW�EH�HQJDJHG� LQ�D



OLIHWLPH� RI� UHVHDUFK� DQG�PLJKW� QHYHU� FRQGXFW� D� IRUPDO� VWXG\�� (YHQ� LI� \RX� GR� QRW
EHFRPH�DQ�HGXFDWLRQDO�UHVHDUFKHU��KRZHYHU��FRXUVHV�VXFK�DV�WKLV�RQH�DUH�YDOXDEOH
EHFDXVH�WKH\�PDNH�\RX�D�EHWWHU�FRQVXPHU�RI�UHVHDUFK��$IWHU�WDNLQJ�WKLV�FRXUVH��\RX
ZLOO�KDYH�WKH�EDVLF�LQIRUPDWLRQ�\RX�QHHG�WR�HYDOXDWH�D�UHVHDUFK�VWXG\�WR�GHWHUPLQH
ZKHWKHU�WKH�FRQFOXVLRQV�DUH�YDOLG�DQG�ZKHWKHU�LW�ZDV�FRQGXFWHG�FRUUHFWO\��7DEOHV
����� ����� DQG� ���� SURYLGH� FKHFNOLVWV� RI� HOHPHQWV� WR� FRQVLGHU� LQ� HYDOXDWLQJ
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�VWXGLHV��7KHVH�WDEOHV�VKRXOG�DOVR�EH�KHOSIXO�LI
\RX�KDYH�WR�UHYLHZ�DQG�FULWLTXH�UHVHDUFK�DUWLFOHV�IRU�FODVV�

7R�EH�DQ�HIIHFWLYH�FRQVXPHU�RI�UHVHDUFK��\RX�VKRXOG�QRW�FRQVLGHU�WKH�UHVXOWV�RI
DQ\� RQH� VWXG\� WR� EH� FRQFOXVLYH��<RX� QHHG� WR� ORRN� DFURVV�PXOWLSOH� VWXGLHV� WR� VHH
ZKHWKHU�WKH�ILQGLQJV�DUH�UHSHDWHGO\�FRQILUPHG��)RU�H[DPSOH��DVVXPH�WKDW�\RX�UHDG�D
VWXG\� GHPRQVWUDWLQJ� WKDW� FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ� UHVXOWHG� LQ� EHWWHU
SHUIRUPDQFH�WKDQ�GLG�LQVWUXFWLRQ�WKDW�GLG�QRW�KDYH�WKH�DLG�RI�FRPSXWHUV��'RHV�WKLV
PHDQ� WKDW� \RX� FDQ� FRQFOXGH� WKDW� FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ� LV� DOZD\V� WKH
VXSHULRU� PRGH� RI� LQVWUXFWLRQ"� 2I� FRXUVH� QRW�� 2QH� VWXG\� GRHV� QRW� SURGXFH� D
FRQFOXVLYH� ILQGLQJ� RQ� ZKLFK� \RX� FDQ� UHO\�� )RU� D� FRQFOXVLRQ� WR� EH� UHOLDEOH�� WKH
UHVXOWV� PXVW� EH� UHSOLFDWHG� E\� RWKHU� UHVHDUFKHUV� RQ� RWKHU� SRSXODWLRQV� LQ� RWKHU
ORFDWLRQV� EHFDXVH� WKH� SKHQRPHQD� WKDW� HGXFDWLRQDO� UHVHDUFKHUV� LQYHVWLJDWH� DUH� WRR
FRPSOH[�WR�EH�H[SODLQHG�E\�D�VLQJOH�VWXG\��7KHUHIRUH��PDQ\�VWXGLHV�DUH�FRQGXFWHG
RQ�D�JLYHQ�SKHQRPHQRQ��DQG�HDFK�VWXG\�LV�FRQGXFWHG�LQ�D�VOLJKWO\�GLIIHUHQW�ZD\�RQ�D
VOLJKWO\� GLIIHUHQW� SDUWLFLSDQW� VDPSOH�� 7KH� UHVXOWV�ZLOO� YDU\� VOLJKWO\� IURP� VWXG\� WR
VWXG\�� DQG� \RX� PXVW� VRPHKRZ� LQWHJUDWH� WKHP� DQG� UHODWH� WKHP� WR� \RXU� SDUWLFXODU
VLWXDWLRQ�

7KH� WHFKQLTXH� WKDW� LV�XVHG�IRU�VXPPDUL]LQJ� WKH�UHVXOWV�RI�PXOWLSOH�TXDQWLWDWLYH
VWXGLHV� RI� D� JLYHQ� SKHQRPHQRQ� LV� FDOOHG�PHWD�DQDO\VLV��0HWD�DQDO\VLV� LV� D� WHUP
LQWURGXFHG� E\� *ODVV� ������� WR� GHVFULEH� D� TXDQWLWDWLYH� DSSURDFK� WKDW� LV� XVHG� WR
LQWHJUDWH�DQG�GHVFULEH�WKH�UHVXOWV�RI�D�ODUJH�QXPEHU�RI�VWXGLHV��0HWD�DQDO\VLV�JHWV
DURXQG�WKH�SUREOHP�RI�PDNLQJ�VXEMHFWLYH�MXGJPHQWV�DQG�SUHIHUHQFHV�LQ�VXPPDUL]LQJ
WKH�UHVHDUFK�OLWHUDWXUH�EHFDXVH�LW�XVHV�D�YDULHW\�RI�TXDQWLWDWLYH�WHFKQLTXHV�WR�DQDO\]H
WKH� UHVXOWV� RI� VWXGLHV� FRQGXFWHG� RQ� D� JLYHQ� WRSLF�� 7KHUHIRUH�� ZKHQ� \RX� DUH
FRQGXFWLQJ�\RXU�OLWHUDWXUH�UHYLHZ�DQG�WU\LQJ�WR�UHDFK�VRPH�FRQFOXVLRQ�DERXW�D�JLYHQ
SKHQRPHQRQ��SD\�SDUWLFXODU�DWWHQWLRQ�WR�OLWHUDWXUH�VXPPDULHV�WKDW�KDYH�PDGH�XVH�RI
PHWD�DQDO\VLV�EHFDXVH�WKHVH�VXPPDULHV�RIIHU�PRUH�DFFXUDWH�FRQFOXVLRQV�

��0HWD�DQDO\VLV�$�TXDQWLWDWLYH�WHFKQLTXH�WKDW�LV�XVHG�WR�LQWHJUDWH�DQG�GHVFULEH
WKH�UHVXOWV�RI�D�ODUJH�QXPEHU�RI�VWXGLHV

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

7R�LOOXVWUDWH�WKH�XVH�RI�PHWD�DQDO\VLV��OHW�XV�ORRN�DW�WKH�PHWD�DQDO\VLV�FRQGXFWHG
E\�)RUQHVV�DQG�.DYDOH��������RQ�VWXGLHV�WKDW�LQYHVWLJDWHG�WKH�HIILFDF\�RI�D�VRFLDO
VNLOOV� WUDLQLQJ� SURJUDP� IRU� FKLOGUHQ�ZLWK� OHDUQLQJ� GLVDELOLWLHV�� )LIW\�WKUHH� VWXGLHV
ZHUH� LGHQWLILHG� IURP� DEVWUDFW� DQG� FLWDWLRQ� DUFKLYHV�� UHIHUHQFH� OLVWV� IURP� SULRU



OLWHUDWXUH� UHYLHZV�� DQG� ELEOLRJUDSKLHV� RI� UHVHDUFK� UHSRUWV�� )RUQHVV� DQG� .DYDOH
DSSOLHG� VWDQGDUG� PHWD�DQDO\WLF� VWDWLVWLFDO� SURFHGXUHV� WR� WKH� UHVXOWV� RI� WKHVH� ��
VWXGLHV� WR� SURYLGH� DQ� RYHUDOO� LQWHJUDWLRQ� DQG� GHVFULSWLRQ� RI� WKHLU� ILQGLQJV�� 7KLV
DQDO\VLV� UHYHDOHG� WKDW� WKH� VRFLDO� VNLOOV� WUDLQLQJ� SURJUDPV� WKDW� ZHUH� DSSOLHG� WR
FKLOGUHQ� ZLWK� OHDUQLQJ� GHILFLWV� KDG� D� YHU\� VPDOO� EXW� SRVLWLYH� HIIHFW�� 7KLV� LV� WKH
SULPDU\�FRQFOXVLRQ�WKDW�\RX�VKRXOG�UHWDLQ�IURP�WKH�FXUUHQWO\�DYDLODEOH�OLWHUDWXUH��,I
\RX� ORRNHG� DW� LQGLYLGXDO� VWXGLHV�� \RX� PLJKW� ILQG� VRPH� WKDW� LQGLFDWHG� WKDW� VRFLDO
VNLOOV�WUDLQLQJ�SURJUDPV�ZHUH�WRWDOO\�LQHIIHFWLYH�DQG�RWKHUV�WKDW�LQGLFDWHG�WKDW�WKH\
ZHUH�YHU\�HIIHFWLYH��:LWKRXW�WKH�EHQHILW�RI�D�PHWD�DQDO\VLV��\RX�PLJKW�EH�LQIOXHQFHG
PRUH� E\� RQH� RU� VHYHUDO� RI� WKHVH� VWXGLHV� DQG� UHDFK� DQ� LQDSSURSULDWH� FRQFOXVLRQ�
0HWD�DQDO\VLV�HOLPLQDWHV�WKLV�W\SH�RI�ELDV�DQG�SURYLGHV�DQ�RYHUDOO�V\QRSVLV�RI�WKH
DYDLODEOH�OLWHUDWXUH�

�7$%/(�������&KHFNOLVW�IRU�(YDOXDWLQJ�D�4XDQWLWDWLYH�6WXG\

7KH� IROORZLQJ�FKHFNOLVW� FDQ�EH�XVHG� WR�KHOS� LQ�HYDOXDWLQJ� WKH�TXDOLW\�RI�D�TXDQWLWDWLYH� UHVHDUFK�VWXG\��DOWKRXJK
VRPH� RI� WKH� TXHVWLRQV� DSSO\� RQO\� WR� H[SHULPHQWDO� VWXGLHV�� ,I� \RX� DUH� HYDOXDWLQJ� D� QRQH[SHULPHQWDO� VWXG\�� \RX
VKRXOG�GLVUHJDUG�TXHVWLRQV�WKDW�IRFXV�RQ�H[SHULPHQWDO�VWXGLHV�

,QWURGXFWLRQ

����,V�WKH�UHVHDUFK�WRSLF�FOHDUO\�VWDWHG�LQ�WKH�ILUVW�SDUDJUDSK"

����,V��DUH��WKH�UHVHDUFK�SUREOHP�V��FOHDUO\�VWDWHG"

����'RHV�WKH�OLWHUDWXUH�UHYLHZ�DFFXUDWHO\�VXPPDUL]H�WKH�PRVW�LPSRUWDQW�SDVW�UHVHDUFK"

����'RHV�WKH�OLWHUDWXUH�UHYLHZ�OHDG�WR�WKH�UHVHDUFK�SXUSRVH�DQG�RU�UHVHDUFK�TXHVWLRQ�V�"

����,V�WKH�SXUSRVH�RI�WKH�UHVHDUFK�FOHDUO\�VWDWHG"

����$UH�WKH�UHVHDUFK�TXHVWLRQV�FOHDUO\�VWDWHG"

����,V�HDFK�UHVHDUFK�K\SRWKHVLV�FOHDUO\�VWDWHG��DQG�GRHV�HDFK�VWDWH�WKH�H[SHFWHG�UHODWLRQVKLS�EHWZHHQ�WKH
LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV"

����,V�WKH�WKHRU\�IURP�ZKLFK�WKH�K\SRWKHVHV�FDPH�H[SODLQHG"

0HWKRG

����$UH�WKH�GHPRJUDSKLFV�RI�WKH�SDUWLFLSDQWV�DFFXUDWHO\�GHVFULEHG��DQG�DUH�WKH\�DSSURSULDWH�WR�WKLV�VWXG\"

�����:DV�DQ�DSSURSULDWH�PHWKRG�RI�VDPSOLQJ�XVHG��JLYHQ�WKH�SXUSRVH�RI�WKH�VWXG\"

�����:HUH�HQRXJK�SDUWLFLSDQWV�LQFOXGHG�LQ�WKH�VWXG\"

�����$UH�WKH�UHVHDUFK�LQVWUXPHQWV�UHOLDEOH�DQG�YDOLG�IRU�WKH�SDUWLFLSDQWV�XVHG�LQ�WKH�VWXG\"

�����)RU�H[SHULPHQWDO�UHVHDUFK��GLG�PDQLSXODWLRQ�RI�WKH�LQGHSHQGHQW�YDULDEOH�DGHTXDWHO\�UHSUHVHQW�WKH�FDXVDO
FRQVWUXFW�RI�LQWHUHVW"�)RU�H[SHULPHQWDO�UHVHDUFK��ZHUH�WKH�SDUWLFLSDQWV�UDQGRPO\�DVVLJQHG�WR
FRQGLWLRQV"

�����$UH�WKHUH�HOHPHQWV�LQ�WKH�SURFHGXUH�WKDW�PLJKW�KDYH�ELDVHG�WKH�UHVXOWV"

�����'LG�WKH�UHVHDUFKHUV�WDNH�DSSURSULDWH�DFWLRQV�WR�FRQWURO�IRU�H[WUDQHRXV�YDULDEOHV"

�����:HUH�WKH�SDUWLFLSDQWV�WUHDWHG�HWKLFDOO\"

5HVXOWV

�����:HUH�DSSURSULDWH�VWDWLVWLFDO�WHVWV�DQG�FDOFXODWLRQV�RI�HIIHFW�VL]HV�XVHG�WR�DQDO\]H�WKH�GDWD"



�����$UH�WKH�UHVXOWV�SUHVHQWHG�FOHDUO\"

�����:DV�DQ\�SDUW�RI�WKH�GDWD�LJQRUHG��VXFK�DV�VRPH�SDUWLFLSDQWV�EHLQJ�GURSSHG"

�����&DQ�WKH�UHVXOWV�EH�JHQHUDOL]HG�WR�WKH�SRSXODWLRQV�DQG�VHWWLQJV�WKH�UHVHDUFKHU�GHVLUHV"

'LVFXVVLRQ

�����'R�WKH�UHVHDUFKHUV�FOHDUO\�H[SODLQ�WKH�PHDQLQJ�DQG�VLJQLILFDQFH�RI�WKH�UHVXOWV�RI�WKH�VWXG\"

�����$UH�WKH�ILQGLQJV�GLVFXVVHG�LQ�UHODWLRQ�WR�WKH�WKHRUHWLFDO�IUDPHZRUN�ZLWK�ZKLFK�WKH\�EHJDQ"

�����$UH�DOWHUQDWLYH�H[SODQDWLRQV�IRU�WKH�VWXG\�UHVXOWV�DQG�FRQFOXVLRQV�H[DPLQHG"

�����'R�WKH�UHVXOWV�FRQIOLFW�ZLWK�SULRU�UHVHDUFK"�,I�WKH\�GR��KDV�DQ�H[SODQDWLRQ�EHHQ�SURYLGHG�IRU�WKH
FRQIOLFWLQJ�GDWD"

�����$UH�OLPLWDWLRQV�RI�WKH�VWXG\�GLVFXVVHG"

�����$UH�IXWXUH�GLUHFWLRQV�IRU�UHVHDUFK�VXJJHVWHG"

�7$%/(�������&KHFNOLVW�IRU�(YDOXDWLQJ�D�4XDOLWDWLYH�6WXG\

7KH�IROORZLQJ�FKHFNOLVW�FDQ�EH�XVHG�WR�KHOS�LQ�HYDOXDWLQJ�WKH�TXDOLW\�RI�D�TXDOLWDWLYH�UHVHDUFK�VWXG\�

,QWURGXFWLRQ

����,V�WKH�UHVHDUFK�WRSLF�VSHFLILHG�DW�WKH�RXWVHW�RI�WKH�DUWLFOH"

����,V�D�UHVHDUFK�SUREOHP�RU�LPSRUWDQW�LVVXH�FOHDUO\�LGHQWLILHG"

����,V�WKHUH�D�VXIILFLHQW�UHYLHZ�RI�WKH�UHOHYDQW�UHVHDUFK�OLWHUDWXUH"

����,V�WKH�SXUSRVH�RI�WKH�UHVHDUFK�FOHDUO\�VWDWHG"

����$UH�UHVHDUFK�TXHVWLRQV�LGHQWLILHG�DQG�VWDWHG�FOHDUO\"

0HWKRG

����$UH�WKH�FKDUDFWHULVWLFV�RI�WKH�SDUWLFLSDQWV��WKH�UHVHDUFK�VLWH��DQG�WKH�FRQWH[W�DFFXUDWHO\�GHVFULEHG"

����$UH�WKH�SDUWLFLSDQWV�DSSURSULDWH�IRU�WKH�SXUSRVH�RI�WKH�VWXG\"

����,V�WKH�QXPEHU�RI�SDUWLFLSDQWV�ODUJH�HQRXJK"

����:HUH�DGHTXDWH�GDWD�FROOHFWHG�WR�DGGUHVV�WKH�UHVHDUFK�TXHVWLRQ"

�����:HUH�WULDQJXODWLRQ�DQG�RWKHU�YDOLGLW\�HQKDQFLQJ�VWUDWHJLHV�XVHG�WR�KHOS�SURGXFH�WUXVWZRUWK\�HYLGHQFH"

�����:HUH�WKH�SDUWLFLSDQWV�WUHDWHG�HWKLFDOO\"

5HVXOWV

�����$UH�WKH�ILQGLQJV�SUHVHQWHG�FOHDUO\�DQG�VXSSRUWHG�ZLWK�HYLGHQFH��H�J���TXRWHV��FRQWHQW�DQDO\VLV�"

�����:HUH�DQ\�SRWHQWLDOO\�LPSRUWDQW�GDWD�LJQRUHG�E\�WKH�UHVHDUFKHU�V�"

�����'R�WKH�UHVXOWV�SURYLGH�D�GHHS�XQGHUVWDQGLQJ�RI�WKH�LQQHU�YLHZV�DQG�PHDQLQJV�RI�WKH�SHRSOH�VWXGLHG"

'LVFXVVLRQ

�����,V�VXIILFLHQW�HYLGHQFH�SURYLGHG�WR�FRQYLQFH�\RX�RI�WKH�WUXVWZRUWKLQHVV�RI�WKH�FRQFOXVLRQV"

�����'RHV�WKH�UHVHDUFKHU�ILW�WKH�ILQGLQJV�LQWR�WKH�SXEOLVKHG�OLWHUDWXUH"

�����$UH�OLPLWDWLRQV�RI�WKH�VWXG\�GLVFXVVHG"

�����'LG�WKH�UHVHDUFKHU�H[DPLQH�DOWHUQDWLYH�H[SODQDWLRQV�IRU�WKH�ILQGLQJV"

�����$UH�VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK�SURYLGHG"



�7$%/(�������&KHFNOLVW�IRU�(YDOXDWLQJ�D�0L[HG�5HVHDUFK�6WXG\

7KH�IROORZLQJ�FKHFNOLVW�FDQ�EH�XVHG�WR�HYDOXDWH�WKH�TXDOLW\�RI�D�PL[HG�UHVHDUFK�VWXG\�

,QWURGXFWLRQ

����,V�WKH�UHVHDUFK�WRSLF�VSHFLILHG�DW�WKH�RXWVHW�RI�WKH�DUWLFOH"

����,V�DUH��WKH�UHVHDUFK�SUREOHP�V��FOHDUO\�VWDWHG"

����,V�WKHUH�VXIILFLHQW�UHYLHZ�RI�WKH�UHOHYDQW�TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG�UHVHDUFK�OLWHUDWXUHV"

����,V�D�PL[HG�UHVHDUFK�SXUSRVH�FOHDUO\�VWDWHG"

����,V�LW�FOHDU�ZKDW�WKH�UHVHDUFK�TXHVWLRQ�V��DUH��LV�"

����,V�LW�FOHDU�ZK\�D�FRPELQDWLRQ�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DSSURDFKHV�ZDV�WKH�EHVW�ZD\�WR�DGGUHVV
WKH�UHVHDUFK�WRSLF�RU�TXHVWLRQV"

0HWKRG

����:HUH�WKH�FKDUDFWHULVWLFV�RI�WKH�SDUWLFLSDQWV��WKH�UHVHDUFK�VLWHV��DQG�WKH�FRQWH[W�FDUHIXOO\�GHVFULEHG"

����:HUH�DSSURSULDWH�SDUWLFLSDQWV�XVHG�LQ�WKH�VWXG\"

����,V�WKH�PL[HG�UHVHDUFK�GHVLJQ�FOHDUO\�H[SODLQHG"

�����:HUH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�FROOHFWHG�WKDW�DOORZHG�WKH�UHVHDUFKHUV�WR�DGGUHVV�WKHLU�UHVHDUFK
TXHVWLRQ�V��HIIHFWLYHO\"

�����:DV�D�ORJLFDO�EDVLV�RI�PL[HG�UHVHDUFK��VXFK�DV�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK��XVHG�WR
GHVLJQ�WKH�VWXG\"

�����:HUH�YDOLGLW\�HQKDQFLQJ�VWUDWHJLHV�XVHG�IRU�HDFK�SDUW�RI�WKH�VWXG\"

�����,I�SDUW�RI�WKH�VWXG\�ZDV�DQ�H[SHULPHQW��ZDV�UDQGRP�DVVLJQPHQW�XVHG"

�����,I�SDUW�RI�WKH�VWXG\�ZDV�D�VXUYH\�RU�LI�WKH�JRDO�ZDV�WR�JHQHUDOL]H�GLUHFWO\�WR�D�SRSXODWLRQ��ZDV�D�UDQGRP
VDPSOH�XVHG"

�����'LG�WKH�UHVHDUFKHUV�KDYH�DGHTXDWH�VWUDWHJLHV�IRU�XQGHUVWDQGLQJ�WKH�SDUWLFLSDQWV¶�SHUVSHFWLYHV�RU�WKH
LQVLGH�YLHZ�RI�WKH�JURXS�EHLQJ�VWXGLHG"

�����:HUH�WKH�SDUWLFLSDQWV�WUHDWHG�HWKLFDOO\"

5HVXOWV

�����:HUH�DSSURSULDWH�WHFKQLTXHV�RI�GDWD�DQDO\VLV�XVHG"

�����:HUH�DQ\�SRWHQWLDOO\�LPSRUWDQW�GDWD�LJQRUHG�E\�WKH�UHVHDUFKHU�V�"

�����:HUH�WKH�GDWD�PHUJHG��FRQQHFWHG��RU�OLQNHG�WR�VKRZ�LQWHJUDWLRQ"

�����:DV�HQRXJK�HYLGHQFH�SURYLGHG�WR�FRQYLQFH�\RX�RI�WKH�YDOLGLW\�RU�WUXVWZRUWKLQHVV�RU�OHJLWLPDF\�RI�WKH
ILQGLQJV"

'LVFXVVLRQ

�����'R�WKH�UHVHDUFKHUV�DGHTXDWHO\�LQWHJUDWH�WKH�UHVXOWV�DQG�H[SODLQ�ZKDW�WKH�UHVXOWV�PHDQ"

�����'R�WKH�UHVHDUFKHUV�PDNH�FOHDU�WKH�DGGHG�YDOXH�JDLQHG�WKURXJK�WKH�XVH�RI�PL[HG�UHVHDUFK"

�����'LG�WKH�UHVHDUFKHUV�ILW�WKH�UHVXOWV�LQWR�WKH�EURDGHU�UHVHDUFK�OLWHUDWXUH"

�����$UH�OLPLWDWLRQV�RI�WKH�UHVHDUFK�RIIHUHG"

�����$UH�IXWXUH�GLUHFWLRQV�IRU�UHVHDUFK�SURYLGHG"



$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ�UHVHDUFKHUV�UHO\�RQ�PXOWLSOH�VRXUFHV�RI�LQIRUPDWLRQ��OLVWHQLQJ�WR�DQG
OHDUQLQJ�IURP�DQ\�VRXUFH�WKDW�PLJKW�EH�KHOSIXO�LQ�LPSURYLQJ�WKHLU�ORFDO�VLWXDWLRQ�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

����$V�DQ�DFWLRQ�UHVHDUFKHU��L�H���\RX�DUH�DWWHPSWLQJ�WR�PDNH�VRPHWKLQJ�ZRUN
EHWWHU�LQ�\RXU�VFKRRO�RU�ZRUNSODFH���KRZ�FDQ�\RX�JHW�VWDUWHG��WKDW�LV��ZKHUH
FDQ�\RX�ILQG�LQIRUPDWLRQ�DERXW�DQ�LVVXH�WKDW�LQWHUHVWV�\RX"

����7KLQN�DERXW�D�WRSLF�WKDW�LQWHUHVWV�\RX��,GHQWLI\�H[SHUWV�RU�NQRZOHGJHDEOH
SHRSOH�ZKR�PLJKW�XQGHUVWDQG�\RXU�ZRUNSODFH�DQG�WDON�WR�WKHP�DERXW�\RXU
LVVXH��SUREOHPV�UHODWHG�WR�LW��DQG�SRVVLEOH�VROXWLRQV�

����&RQQHFW�WR�\RXU�OLEUDU\¶V�ZHEVLWH�DQG�DFFHVV�VHYHUDO�GDWDEDVHV�FRYHULQJ
PXOWLSOH�UHODWHG�GLVFLSOLQHV��H�J���HGXFDWLRQ��SV\FKRORJ\��PDQDJHPHQW��DQG
VRFLRORJ\���7KHQ��LQ�WKH�VHDUFK�ER[��HQWHU�\RXU�WRSLF�RU�WHUPV�UHODWHG�WR�\RXU
H[SHFWHG�UHVHDUFK�SUREOHP��7U\�GLIIHUHQW�VHDUFK�WHUPV�XQWLO�\RX�ILQG�ZKDW
\RX�DUH�ORRNLQJ�IRU��5HDG����RU����MRXUQDO�DUWLFOH�DEVWUDFWV��,I�\RX�DUH
FRQGXFWLQJ�D�UHJXODU�VFLHQWLILF�UHVHDUFK�VWXG\��\RX�ZRXOG�QHHG�WR�DQVZHU�WKLV
TXHVWLRQ��:KDW�GLG�WKH�DEVWUDFWV�QRW�DGGUHVV�WKDW�\RX�ZDQW�WR�NQRZ"�<RXU
DQVZHU�ZLOO�SUREDEO\�EH�\RXU�UHVHDUFK�TXHVWLRQ�RU�DW�OHDVW�\RXU�UHVHDUFK
SUREOHP��ZKLFK�ZLOO�OHDG�WR�QHZ�NQRZOHGJH�WKDW�FDQ�EH�FRQWULEXWHG�WR�WKH
UHVHDUFK�OLWHUDWXUH��,I�\RX�DUH�FRQGXFWLQJ�DQ�DFWLRQ�UHVHDUFK�VWXG\��\RX�ZLOO
IRFXV�PRUH�RQ�WKHVH�TXHVWLRQV��:KDW�LV�\RXU�ORFDO�SUREOHP��DQG�ZKDW
VROXWLRQ�GR�\RX�WKLQN�PLJKW�EH�HIIHFWLYH�LQ�\RXU�SODFH�RI�ZRUN"�<RX�FDQ
OHDUQ�D�ORW�IURP�\RXU�OLWHUDWXUH�UHYLHZ�E\�DQVZHULQJ�WKLV�TXHVWLRQ��:KDW
SUDFWLFH�KDV�UHVHDUFK�VKRZQ�WR�EH�HIIHFWLYH�HOVHZKHUH�WKDW�,�EHOLHYH�ZLOO�EH
HIIHFWLYH�DW�P\�ZRUNSODFH"

6800$5<

7KH�ILUVW�VWHS�LQ�FRQGXFWLQJ�D�UHVHDUFK�VWXG\�LV�WR�LGHQWLI\�D�UHVHDUFK�WRSLF�DQG�WKHQ
LGHQWLI\�D�UHVHDUFK�SUREOHP�LQ�QHHG�RI�D�VROXWLRQ��$OWKRXJK�WKH�EHJLQQLQJ�UHVHDUFKHU
PLJKW� KDYH� GLIILFXOW\� LGHQWLI\LQJ� D� UHVHDUFK� SUREOHP�� WKH� ILHOG� RI� HGXFDWLRQ� KDV
QXPHURXV�SUREOHPV� WKDW� DUH� LQ�QHHG�RI� VROXWLRQV��7R� LGHQWLI\�D� UHVHDUFK�SUREOHP�
\RX�QHHG� WR� GHYHORS� DQ� LQTXLVLWLYH� DWWLWXGH� DQG� DVN�TXHVWLRQV��2QFH�\RX�GHYHORS
WKLV� PLQG�VHW�� SUREOHP� LGHQWLILFDWLRQ� LV� UHODWLYHO\� HDV\�� 8VH� RI� WKH� UHVHDUFK
OLWHUDWXUH�LV�HVSHFLDOO\�KHOSIXO�IRU�LGHQWLI\LQJ�UHVHDUFKDEOH�SUREOHPV�

(GXFDWLRQDO�UHVHDUFK�SUREOHPV�DULVH�IURP�VHYHUDO� WUDGLWLRQDO�VRXUFHV��VXFK�DV
WKHRULHV�� SUDFWLFDO� LVVXHV�� DQG� SDVW� UHVHDUFK��$GGLWLRQDOO\�� LQ� HGXFDWLRQ��ZH� KDYH
RXU� RZQ� H[SHULHQFH� WR� GUDZ� RQ�� EHFDXVH�ZH� DOO� KDYH� VRPH� H[SHULHQFH�ZLWK� WKH
ILHOG� RI� HGXFDWLRQ�� 1RWH� WKDW� PDQ\� SUREOHPV� GHDOLQJ� ZLWK� PRUDO�� HWKLFDO�� DQG



UHOLJLRXV�LVVXHV�FDQQRW�EH�UHVROYHG�WKURXJK�HPSLULFDO�UHVHDUFK�
2QFH� D� SRWHQWLDO� UHVHDUFK� SUREOHP� KDV� EHHQ� LGHQWLILHG�� \RX� PXVW� FRQGXFW� D

FRPSUHKHQVLYH�OLWHUDWXUH�VHDUFK��7KLV�ZLOO�UHYHDO�WKH�VWDWH�RI�NQRZOHGJH�DERXW�\RXU
WRSLF�� VXJJHVW� VSHFLILF� ZD\V� WKDW� \RX� FDQ� LQYHVWLJDWH� WKH� SUREOHP�� DQG� SRLQW� RXW
PHWKRGRORJLFDO� LVVXHV�� ,I� \RX� DUH� FRQGXFWLQJ� D� TXDOLWDWLYH� UHVHDUFK� VWXG\� UDWKHU
WKDQ�D�TXDQWLWDWLYH�VWXG\��\RX�PLJKW�ZDQW�WR�IDPLOLDUL]H�\RXUVHOI�ZLWK�WKH�OLWHUDWXUH
RQO\�VXIILFLHQWO\�WR�PDNH�VXUH�WKDW�WKH�VWXG\�\RX�ZDQW�WR�FRQGXFW�KDV�QRW�EHHQ�GRQH�
7KLV� DSSURDFK� DVVXPHV� WKDW� WKH� ODFN�RI� NQRZOHGJH�RI� SULRU� OLWHUDWXUH� HQDEOHV� WKH
UHVHDUFKHU�WR�WDNH�D�IUHVK�DQG�XQFRQWDPLQDWHG�SHUVSHFWLYH�DQG�GHYHORS�D�QRYHO�VHW
RI�FRQVWUXFWV��UHODWLRQVKLSV��DQG�WKHRU\�IURP�WKH�GDWD�

7KH�PRVW�HIILFLHQW�PHDQV�IRU�FRQGXFWLQJ�D�OLWHUDWXUH�UHYLHZ�LV�WR�XVH�RQH�RI�WKH
LQIRUPDWLRQ� UHWULHYDO� V\VWHPV� DYDLODEOH� WKURXJK� \RXU� OLEUDU\�� VXFK� DV� (%6&2�
ZKLFK� KDV� DFFHVV� WR� GDWDEDVHV� WKDW� KDYH� LQIRUPDWLRQ� UHOHYDQW� WR� HGXFDWLRQDO
UHVHDUFK� �H�J��� (5,&�� 3V\F,1)2�� DQG� 6RF,1'(;��� $GGLWLRQDOO\�� D� ZHDOWK� RI
LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKH�SXEOLF�,QWHUQHW��ZH�SURYLGHG�D�VHW�RI�JXLGHOLQHV�WKDW
QHHG�WR�EH�IROORZHG�IRU�HYDOXDWLQJ�VXFK�LQIRUPDWLRQ�DQG�VHSDUDWLQJ�WKH�XVHIXO�IURP
WKH� XVHOHVV� LQIRUPDWLRQ�� $IWHU� \RX� KDYH� FRQGXFWHG� WKH� OLWHUDWXUH� UHYLHZ�� KDYH� D
SUHOLPLQDU\�UHVHDUFK�SUREOHP��DQG�NQRZ�WKH�NLQG�RI�VWXG\�\RX�ZDQW�WR�FRQGXFW��\RX
PXVW�GHWHUPLQH�ZKHWKHU�WKH�VWXG\�\RX�ZDQW�WR�FRQGXFW�LV�IHDVLEOH��7KLV�PHDQV�WKDW
\RX�PXVW�DVVHVV�WKH�DPRXQW�RI�WLPH��UHVHDUFK�SDUWLFLSDQW�SRSXODWLRQ��H[SHUWLVH��DQG
H[SHQVH�UHTXLUHPHQWV��DV�ZHOO�DV�WKH�HWKLFDO�VHQVLWLYLW\��RI�WKH�SRWHQWLDO�VWXG\��,I�WKLV
DQDO\VLV�LQGLFDWHV�WKDW�D�VWXG\�ZLOO�EH�IHDVLEOH��WKHQ�LW¶V�WLPH�WR�IRUPDOO\�VWDWH�\RXU
UHVHDUFK�SUREOHP�V���$�TXDQWLWDWLYH�UHVHDUFK�SUREOHP�SRLQWV�WR�WKH�QHHG�WR�H[SODLQ�
GHVFULEH��RU�SUHGLFW�VRPH�YDULDEOH�V���$�TXDOLWDWLYH�UHVHDUFK�SUREOHP�LQGLFDWHV�WKH
QHHG�WR�H[SORUH�DQ�LPSRUWDQW�LVVXH�RU�JURXS�

$IWHU�IRUPDOO\�VWDWLQJ�\RXU�UHVHDUFK�SUREOHP�V���VWDWH�WKH�SXUSRVH�RI�\RXU�VWXG\�
,Q�D�TXDOLWDWLYH�VWXG\��WKH�SXUSRVH�VWDWHPHQW�VKRXOG�H[SUHVV�WKH�ODQJXDJH��SXUSRVH�
DQG�PHWKRGRORJ\�RI� WKH�TXDOLWDWLYH�SDUDGLJP�� ,Q� D�TXDQWLWDWLYH� VWXG\�� WKH�SXUSRVH
VWDWHPHQW�VKRXOG�LGHQWLI\�WKH�LQWHQW�RI�WKH�VWXG\�DQG�WKH�W\SH�RI�UHODWLRQVKLS��FDXVDO�
GHVFULSWLYH�� SUHGLFWLYH�� WR� EH� VWXGLHG�� $� VWDWHPHQW� RI� WKH� UHVHDUFK� TXHVWLRQ�V�
VKRXOG� IROORZ� WKH�SXUSRVH� VWDWHPHQW�� ,Q� VRPH�VWXGLHV� �HVSHFLDOO\�TXDOLWDWLYH��� WKH
SXUSRVH� VWDWHPHQW� LV� IROORZHG�E\� D� VHULHV�RI� VXETXHVWLRQV� WKDW� DUH�PRUH� VSHFLILF
DQG� LQIRUP� WKH� VSHFLILF� FRPSRQHQWV� RI� WKH� VWXG\� WKDW� ZLOO� EH� FRQGXFWHG�� ,Q
TXDQWLWDWLYH� VWXGLHV�� WKH� UHVHDUFK� TXHVWLRQ� DVNV� ZKHWKHU� D� UHODWLRQVKLS� H[LVWV
EHWZHHQ� WZR� RU� PRUH� YDULDEOHV�� 7KLV� UHODWLRQVKLS� PXVW� EH� FDSDEOH� RI� EHLQJ
HPSLULFDOO\�WHVWHG�

,Q� TXDQWLWDWLYH� UHVHDUFK�� WKH� UHVHDUFK� TXHVWLRQ� LV� XVXDOO\� IROORZHG� E\� D
K\SRWKHVLV�� W\SLFDOO\� GHULYHG� IURP�SDVW� UHVHDUFK��ZKLFK� SUHGLFWV� WKH� UHODWLRQVKLS
EHWZHHQ�WKH�YDULDEOHV�EHLQJ�LQYHVWLJDWHG��7KHUH�LV�RQH�FULWHULRQ�WKDW�DQ\�K\SRWKHVLV
PXVW�PHHW��,W�PXVW�EH�VWDWHG�VR�WKDW�LW�LV�FDSDEOH�RI�EHLQJ�HLWKHU�³FRQILUPHG´�RU�³QRW
FRQILUPHG�´�+\SRWKHVHV�IUHTXHQWO\�DUH�QRW�IRUPXODWHG�LQ�TXDOLWDWLYH�VWXGLHV��DW�OHDVW
QRW� DW� WKH� EHJLQQLQJ� RI� WKH� VWXG\�� ,QVWHDG�� TXDOLWDWLYH� VWXGLHV� IRFXV� RQ� SRVLQJ
TXHVWLRQV��VRPH�RI�ZKLFK�PLJKW�HPHUJH�DV�WKH�H[SORUDWRU\�VWXG\�SURJUHVVHV�



.(<�7(506

%XVLQHVV�6RXUFH�3UHPLHU��S�����
(5,&��S�����
K\SRWKHVLV��S������
,QWHUQHW��S�����
PHWD�DQDO\VLV��S������
3V\F,1)2��S�����
SXUSRVH�RI�D�UHVHDUFK�VWXG\��S�����
TXDOLWDWLYH�UHVHDUFK�TXHVWLRQ��S�����
TXDQWLWDWLYH�UHVHDUFK�TXHVWLRQ��S�����
UHVHDUFK�SUREOHP��S�����
UHVHDUFK�TXHVWLRQ��S�����
UHVHDUFK�WRSLF��S�����
6RF,1'(;��S�����
WKHRU\��S�����

',6&866,21�48(67,216

����,Q�WKLV�FKDSWHU��ZH�KDYH�OLVWHG�VHYHUDO�VRXUFHV�RI�UHVHDUFK�LGHDV�

D���:KLFK�RI�WKHVH�VRXUFHV�ZRXOG�SURGXFH�WKH�PRVW�LGHDV�IRU�UHVHDUFK�VWXGLHV�LQ
HGXFDWLRQ"

E���,I�\RX�KDG�WR�SURGXFH�DQ�LGHD�IRU�D�UHVHDUFK�VWXG\��ZKLFK�VRXUFH�ZRXOG�\RX
XVH��DQG�ZK\�ZRXOG�\RX�XVH�WKLV�VRXUFH"

����:KDW�LV�WKH�EHVW�XVH�RI�D�OLWHUDWXUH�UHYLHZ"�,V�LW�EHVW�WR�XVH�LW�WR�DVVLVW�LQ
VSHFLI\LQJ�WKH�UHVHDUFK�TXHVWLRQ�DQG�K\SRWKHVLV�DQG�GHVLJQLQJ�WKH�VWXG\��DV�LV
GRQH�LQ�TXDQWLWDWLYH�VWXGLHV��RU�VKRXOG�WKH�OLWHUDWXUH�UHYLHZ�EH�XVHG�RQO\�DIWHU
PXFK�RI�WKH�GDWD�KDYH�EHHQ�FROOHFWHG�WR�LQWHJUDWH�WKH�VWXG\�ILQGLQJV�ZLWK�SULRU
UHVHDUFK��DV�VRPH�TXDOLWDWLYH�UHVHDUFKHUV�UHFRPPHQG"

����:H�FRQVWDQWO\�KHDU�DQG�UHDG�DERXW�WKH�UHVXOWV�RI�VWXGLHV�IURP�WHOHYLVLRQ��UDGLR�
DQG�QHZVSDSHU�UHSRUWV��:KHQ�\RX�UHDG�WKH�UHVXOWV�RI�VWXGLHV�IURP�WKHVH�VRXUFHV�
ZKDW�TXHVWLRQV�VKRXOG�\RX�DVN��DQG�KRZ�VKRXOG�\RX�HYDOXDWH�WKH�UHVHDUFK
UHSRUWHG"

5(6($5&+�(;(5&,6(6

����'HYHORS�D�TXDQWLWDWLYH�UHVHDUFK�TXHVWLRQ�E\�DQVZHULQJ�WKH�IROORZLQJ�



D���0\�WRSLF�DUHD�LV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

E���7KH�UHVHDUFK�SUREOHPV�ZLWKLQ�WKLV�WRSLF�DUHD�DUH
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

F���7KH�SXUSRVH�RI�P\�VWXG\�LV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

G���0\�UHVHDUFK�TXHVWLRQ�LV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

H���0\�K\SRWKHVLV�LV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

����)RU�WKH�TXDQWLWDWLYH�UHVHDUFK�TXHVWLRQ�\RX�LGHQWLILHG�LQ�([HUFLVH����PDNH�XVH�RI
(5,&�DQG�FRQGXFW�D�PLQL�OLWHUDWXUH�UHYLHZ�E\�ILQGLQJ�WKUHH�UHVHDUFK�VWXGLHV
UHODWHG�WR�\RXU�UHVHDUFK�TXHVWLRQ�DQG�VXSSO\LQJ�WKH�IROORZLQJ�LQIRUPDWLRQ�IRU
HDFK�VWXG\�

D���7LWOH

E���$XWKRU

F���-RXUQDO�ZLWK�YROXPH�DQG�SDJH�QXPEHU

G���$EVWUDFW

5(/(9$17�,17(51(7�6,7(6

,QIRUPDWLRQ�DERXW�VHDUFKLQJ�DQG�HYDOXDWLQJ�LQIRUPDWLRQ�RQ�WKH�:RUOG�:LGH�:HE
KWWS���OLEZHE�XRUHJRQ�HGX�JXLGHV�VHDUFKZHE�HYDOXDWLQJ�KWPO

KWWS���ZZZ�OLE�EHUNHOH\�HGX�7HDFKLQJ/LE�*XLGHV�,QWHUQHW�)LQG,QIR�KWPO

$PHULFDQ� 3V\FKRORJLFDO� $VVRFLDWLRQ� �LQFOXGHV� LQIRUPDWLRQ� RQ� KRZ� WR� LGHQWLI\
UHVHDUFKDEOH�SV\FKRORJLFDO�WRSLFV�
KWWS���ZZZ�DSD�RUJ�WRSLFV�LQGH[�DVS[

&KHFNOLVWV�IRU�HYDOXDWLQJ�ZHEVLWHV
KWWS���ZZZ�OLE�XPG�HGX�ELQDULHV�FRQWHQW�DVVHWV�SXEOLF�XVHUHGXFDWLRQ�HYDOXDWLQJ�
ZHE�VLWHV�FKHFNOLVW�IRUP�IDOO������SGI

http://libweb.uoregon.edu/guides/searchweb/evaluating.html
http://www.lib.berkeley.edu/TeachingLib/Guides/Internet/FindInfo.html
http://www.apa.org/topics/index.aspx
http://www.lib.umd.edu/binaries/content/assets/public/usereducation/evaluating-web-sites-checklist-form-fall-2012.pdf


KWWS���ZZZ�OLE�XQF�HGX�LQVWUXFW�HYDOXDWH�"VHFWLRQ ZHEVLWHV
KWWS���OLEUDU\�DFSKV�HGX�3')V�:HEVLWH���(YDOXDWLRQ���&KHFNOLVW�SGI�!KWWS���OLEUDU\�DFSKV�HGX�3')V�:HEVLWH���(YDOXDWLRQ���&KHFNOLVW�SGI

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

+HDUW��&����������'RLQJ�D�OLWHUDWXUH�UHYLHZ��5HOHDVLQJ�WKH�VRFLDO�VFLHQFH
UHVHDUFK�LPDJLQDWLRQ��7KRXVDQG�2DNV��&$��6DJH�

0DFKL��/��$���	�0F(YR\��%��7����������7KH�OLWHUDWXUH�UHYLHZ��6L[�VWHSV�WR�VXFFHVV�
/RV�$QJHOHV��&$��&RUZLQ�

2QZXHJEX]LH��$��-���	�)UHOV��5�.����������6HYHQ�VWHSV�WR�D�FRPSUHKHQVLYH
OLWHUDWXUH�UHYLHZ��$�PXOWLPRGDO�DQG�FXOWXUDO�DSSURDFK��/RQGRQ��8.��6DJH�

http://www.lib.unc.edu/instruct/evaluate/?section=websites
http://library.acphs.edu/PDFs/Website%20Evaluation%20Checklist.pdf
http://www.sagepub.com/bjohnson5e/


&KDSWHU��

+RZ�WR�:ULWH�D�5HVHDUFK�3URSRVDO

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��$QVZHU�LQ�VRPH�GHSWK�WKH�TXHVWLRQ�³:KDW�LV�D�UHVHDUFK�SURSRVDO"´
��6SHFLI\�WKH�FRPSRQHQWV�WKDW�PXVW�EH�LQFOXGHG�LQ�D�UHVHDUFK�SURSRVDO�
��6SHFLI\�WKH�FRQWHQW�RI�HDFK�RI�WKH�PDMRU�FRPSRQHQWV�RI�D�UHVHDUFK�SURSRVDO�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�3UHSDULQJ�3URSRVDOV

2Q�1RYHPEHU���������� WKH� ORFDO�QHZVSDSHU� UHSRUWHG� WKDW�
LQ�WKH�SDVW���ZHHNV��VWXGHQWV�DW�WKH�ODUJHVW�IXQFWLRQLQJ�KLJK
VFKRROV� LQ�1HZ�2UOHDQV�KDYH�DVVDXOWHG�JXDUGV��D� WHDFKHU�
DQG�D�SROLFH�RIILFHU��7KH�JXDUG�DQG�WHDFKHU�ZHUH�EHDWHQ�VR
EDGO\� WKDW� WKH\� ZHUH� KRVSLWDOL]HG�� (GXFDWRUV� LQ� WKH� 1HZ
2UOHDQV� DUHD� KDYH� VWDWHG� WKDW� WKLV� YLROHQFH� LV� RQH� RI� WKH
ORQJ�WHUP� HIIHFWV� RI� +XUULFDQH�.DWULQD� EHFDXVH�PDQ\� RI
WKH� WHHQDJHUV� LQ� WKH� FLW\� DUH� VHSDUDWHG� IURP� WKHLU� SDUHQWV
DQG� DUH� OLYLQJ� DORQH� RU� ZLWK� ROGHU� VLEOLQJV� RU� UHODWLYHV�
0DQ\�RI�WKH�VWXGHQWV�DUH�IHQGLQJ�IRU�WKHPVHOYHV��DQG�WKH\

DUH�DQJU\��7KH�SULQFLSDO�RI�RQH�KLJK�VFKRRO�KDV�HVWLPDWHG�WKDW�XS�WR�RQH�ILIWK�RI�WKH�VWXGHQWV�OLYH�ZLWKRXW
SDUHQWV�RU�VRPH�RWKHU�DXWKRULW\�ILJXUH�LQ�WKH�KRXVHKROG�

1RVVLWHU��������LOOXVWUDWHG�WKLV�SRLQW�E\�UHSRUWLQJ�RQ�RQH�IDPLO\�ZKRVH�VRQ�JRHV�WR�WKDW�KLJK�VFKRRO�
7KH�PRWKHU�\LHOGHG�WR�KHU�VRQ¶V�DQG�KLV�FRXVLQ¶V�SOHDV�DQG�VHQW�WKHP�EDFN�WR�1HZ�2UOHDQV�WR�OLYH�ZLWK
KHU�ROGHU�GDXJKWHU�ZKLOH�VKH�VWD\HG�EHKLQG�WR�ZRUN�DV�D�PHGLFDO�DVVLVWDQW�LQ�+RXVWRQ��7KH�PRWKHU�VHQW
D� PRQWKO\� FKHFN� KRPH� WR� KHU� FKLOGUHQ� DQG� QHSKHZ� LQ� 1HZ� 2UOHDQV�� ZKR� JRW� MREV� DW� D� IDVW�IRRG
UHVWDXUDQW�WR�PDNH�HQGV�PHHW��+RZHYHU��WKHUH�ZDV�QR�DGXOW�WR�VXSHUYLVH�WKH�FKLOGUHQ�

$FFRUGLQJ� WR� WKH� DXWKRULWLHV� DW� WKDW� KLJK� VFKRRO�� VXFK� D� ODFN� RI� SDUHQWDO� ILJXUHV� LQ� WKH� KRPH� KDV
FUHDWHG�D�ODUJH�FDGUH�RI�EHOOLJHUHQW�VWXGHQWV�ZKR�DUH�KRVWLOH�WR�DXWKRULW\�DQG�GR�QRW�KDYH�WR�ZRUU\�DERXW
SDUHQWDO�SXQLVKPHQW�DW�KRPH��7KLV�JURXS�RI�YHU\�DJJUHVVLYH�DGROHVFHQWV�KDV�FUHDWHG�KDYRF��$V�D�UHVXOW�
WKLV�KLJK�VFKRRO�KDV�DW�OHDVW����VHFXULW\�JXDUGV�SRVLWLRQHG�DW�WKH�HQWUDQFH�WR�WKH�VFKRRO��RQ�WKH�VWDLUV��DQG
RXWVLGH�FODVVURRPV��7KH�VFKRRO�DOVR�KDV�D�PHWDO�GHWHFWRU��IRXU�SROLFH�RIILFHUV��DQG�IRXU�SROLFH�FUXLVHUV
SDUNHG�RQ�WKH�VLGHZDON�

,I�\RX�ZHUH�LQWHUHVWHG�LQ�FKHFNLQJ�WKH�DVVXPSWLRQV�RI�WKH�HGXFDWRUV�DW�WKLV�KLJK�VFKRRO�WKDW�WKH�ODFN
RI�SDUHQWDO�FRQWURO�DQG�SUHVHQFH� LQ� WKH�KRPH�ZDV� WKH�FDXVH�RI� WKHVH�VWXGHQWV¶�YLROHQW�DQG�DJJUHVVLYH
EHKDYLRU�� \RX� ZRXOG� QDWXUDOO\� EH� LQWHUHVWHG� LQ� FRQGXFWLQJ� D� UHVHDUFK� VWXG\�� ,I� \RX� DUH� D� JUDGXDWH



$

VWXGHQW��\RX�PLJKW�ZDQW�WR�FRQGXFW�WKLV�VWXG\�IRU�\RXU�GRFWRUDO�GLVVHUWDWLRQ��,I�\RX�DUH�D�IDFXOW\�PHPEHU�
\RX�PLJKW�ZDQW�WR�ZULWH�D�JUDQW�WR�WU\�WR�REWDLQ�IXQGV�WR�FRQGXFW�VXFK�D�UHVHDUFK�VWXG\��5HJDUGOHVV�RI
WKH�UHDVRQ�IRU�ZDQWLQJ�WR�FRQGXFW�WKH�VWXG\��WKH�ILUVW�VWHS�LV�WR�ZULWH�D�UHVHDUFK�SURSRVDO�WKDW�RXWOLQHV�WKH
UDWLRQDOH�IRU�ZDQWLQJ�WR�FRQGXFW�WKH�VWXG\�DQG�VSHFLILHV�WKH�PHWKRG�V��RI�FROOHFWLQJ�WKH�VWXG\�GDWD�WKDW
ZLOO�SURYLGH�DQ�DQVZHU�WR�\RXU�UHVHDUFK�TXHVWLRQ��7KLV�FKDSWHU�JLYHV�\RX�LQIRUPDWLRQ�DQG�JXLGHOLQHV�WR
IROORZ�LQ�SUHSDULQJ�D�UHVHDUFK�SURSRVDO�

Q\�JRRG�UHVHDUFK�VWXG\�LV�SUHFHGHG�E\�WKH�GHYHORSPHQW�RI�D�JRRG�UHVHDUFK
LGHD� DQG� WKHQ� FDUHIXO� SODQQLQJ� RI� WKH� ZD\� LQ� ZKLFK� WKH� VWXG\� ZLOO� EH
FRQGXFWHG� WR� LQYHVWLJDWH� WKH� UHVHDUFK� LGHD�� ,Q� WKH� ODVW� FKDSWHU�� ZH

SUHVHQWHG�D�YDULHW\�RI�VRXUFHV�RI�UHVHDUFK�LGHDV��*RRG�UHVHDUFK�LGHDV�HPHUJH�IURP
VRPH� FRPELQDWLRQ� RI� H[LVWLQJ� NQRZOHGJH�ZLWKLQ� D� YDULHW\� RI� GRPDLQV��:KHQ� WKLV
NQRZOHGJH�LV�PL[HG�LQ�WKH�ULJKW�SURSRUWLRQV�XVLQJ�VRPH�FRPELQDWLRQ�RI�LQVSLUDWLRQ�
LPDJLQDWLRQ�� DQG� OXFN�� D� JRRG� UHVHDUFK� LGHD� HPHUJHV�� $V� GLVFXVVHG� LQ� WKH� ODVW
FKDSWHU��JRRG�LGHDV�XVXDOO\�GR�QRW�MXVW�SRS�RXW�IURP�VRXUFHV�VXFK�DV�HYHU\GD\�OLIH
RU�SDVW�UHVHDUFK��5DWKHU��LGHDV�WHQG�WR�JR�WKURXJK�D�VHULHV�RI�VWDJHV²IURP�D�YDJXH
QRWLRQ�WKDW�VRPHWKLQJ�LV�DQ�LQWHUHVWLQJ��UHVHDUFKDEOH�SUREOHP�WR�WKH�IRUPXODWLRQ�RI�D
VSHFLILF� LGHD�DQG� VHW�RI� VSHFLILF� UHVHDUFK�TXHVWLRQV� WKDW� OHDG� WR�D� UHVHDUFK� VWXG\�
5DZ�LGHDV�EUHZ�LQ�\RXU�PLQG��DQG��SHUKDSV��\RX�VKDUH�WKHP�ZLWK�RWKHUV�VR�WKDW�WKH\
FDQ�EH�VKDUSHQHG�DQG�UHVKDSHG�LQWR�JRRG�UHVHDUFKDEOH�LGHDV��6RPHWLPHV�ZKDW�\RX
WKLQN� LV� DQ� H[FHOOHQW� LGHD� WXUQV� RXW� QRW� WR� EH� UHVHDUFKDEOH� RU� PXVW� EH� DOWHUHG
VLJQLILFDQWO\��5HJDUGOHVV� RI�ZKHUH� WKH� UHVHDUFK� LGHD� FRPHV� IURP�RU� KRZ�PXFK� LW
FKDQJHV��PRYLQJ�IURP�WKH�UHVHDUFK�LGHD�WR�FRQGXFWLQJ�WKH�UHVHDUFK�VWXG\�W\SLFDOO\
UHTXLUHV�WKH�GHYHORSPHQW�RI�D�UHVHDUFK�SURSRVDO�

7KH� SUHSDUDWLRQ� RI� D� UHVHDUFK� SURSRVDO� LV� D� JRRG� ILUVW� VWHS� LQ� FRQGXFWLQJ� D
UHVHDUFK� VWXG\� EHFDXVH� LW� IRUFHV� \RX� QRW� RQO\� WR� WKLQN� DERXW� WKH� UDWLRQDOH� IRU� WKH
UHVHDUFK�VWXG\�EXW�DOVR�WR�WKLQN�FDUHIXOO\�WKURXJK�HDFK�VWHS�RI�WKH�VWXG\��%\�ZULWLQJ
WKH� UHVHDUFK� SURSRVDO�� \RX� KDYH� WKH� RSSRUWXQLW\� WR� WU\� RXW� YDULRXV� LGHDV� DQG
DOWHUQDWLYHV�EHIRUH�DFWXDOO\�FRQGXFWLQJ�WKH�VWXG\��7KLV�UHVHDUFK�SURSRVDO�ZLOO�WKHQ
EH�UHDG�E\�HLWKHU�\RXU�SURIHVVRUV�RU�SHHUV��ZKR�ZLOO�JLYH�\RX�IHHGEDFN�DV�WR�KRZ
WR�PDNH�WKH�VWXG\�HYHQ�EHWWHU��7KLV�PHDQV�WKDW�DQ\�UHVHDUFK�SURSRVDO�ZLOO�SUREDEO\
JR� WKURXJK� VHYHUDO� GUDIWV�� ZLWK� HDFK� GUDIW� LPSURYLQJ� XQWLO� WKH� UHVHDUFK� SURSRVDO
SURYLGHV�WKH�GHWDLOV�RI�D�VRXQG�VWXG\�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

)5$0(:25.�2)�7+(�5(6($5&+�352326$/
7KH�UHVHDUFK�SURSRVDO� LV�D�ZULWWHQ�GRFXPHQW�WKDW�VXPPDUL]HV�WKH�SULRU�OLWHUDWXUH�
LGHQWLILHV� WKH� UHVHDUFK� WRSLF�DUHD�DQG� WKH� UHVHDUFK�TXHVWLRQV� WR�EH�DQVZHUHG�� DQG
VSHFLILHV� WKH� SURFHGXUH� WKDW� ZLOO� EH� IROORZHG� LQ� REWDLQLQJ� DQ� DQVZHU� WR� WKHVH
UHVHDUFK� TXHVWLRQV�� 7KH� UHVHDUFK� SURSRVDO� LV� WKH� IRUPDO� GHVFULSWLRQ� RI� WKH
SURFHGXUH� WR�EH�XVHG� LQ� WKH� VWXG\�� ,I�\RX�DUH�SUHSDULQJ�D� UHVHDUFK�SURSRVDO� IRU�D
WKHVLV�SURMHFW�RU�\RXU�GLVVHUWDWLRQ��\RX�ZLOO�VXEPLW�WKLV�SURSRVDO�WR�\RXU�FRPPLWWHH



PHPEHUV�� 7KH\�ZLOO� UHDG� WKH� SURSRVDO� FULWLFDOO\� DQG� SURYLGH� VXJJHVWLRQV� IRU� LWV
LPSURYHPHQW��$W�VRPH�SRLQW�LQ�\RXU�FDUHHU��\RX�PLJKW�HYHQ�EH�DVNHG�WR�SUHSDUH�D
JUDQW�SURSRVDO��7KH�SUHSDUDWLRQ�RI�D�JUDQW�SURSRVDO�ZLOO�KDYH�VLPLODU�UHTXLUHPHQWV
DV�D�WKHVLV�RU�GLVVHUWDWLRQ�SURSRVDO��<RXU�FRPSOHWHG�UHVHDUFK�SURSRVDO�DOVR�ZLOO�EH
KHOSIXO� LI�\RX�DUH�SUHSDULQJ�DQ�,QVWLWXWLRQDO�5HYLHZ�%RDUG��,5%��SURWRFRO��ZKLFK
PXVW�EH�VXEPLWWHG�IRU�UHVHDUFK�ZLWK�KXPDQ�SDUWLFLSDQWV�DQG�LQ�PDQ\�ZD\V�LV�VLPLODU
WR�D�UHVHDUFK�SURSRVDO��:ULWLQJ�D�UHVHDUFK�SURSRVDO��WKHUHIRUH��LV�DQ�LPSRUWDQW�VNLOO
WKDW� QHHGV� WR� EH�PDVWHUHG��$OWKRXJK� WKH� HOHPHQWV� RI�PRVW� UHVHDUFK� SURSRVDOV� DUH
VLPLODU��WKH\�PD\�GLIIHU�GHSHQGLQJ�RQ�WKH�GHPDQGV�RI�\RXU�GHSDUWPHQW��\RXU�FROOHJH
RU�XQLYHUVLW\��RU�WKH�IXQGLQJ�DJHQF\²IHGHUDO��VWDWH��RU�SULYDWH²WR�ZKLFK�\RX�ZLOO
EH� VHQGLQJ� WKH� SURSRVDO�� 7DEOH� ���� JLYHV� WZR� LOOXVWUDWLRQV� RI� ZKDW� WKH� PDMRU
KHDGLQJV�LQ�D�UHVHDUFK�SURSRVDO�PLJKW�ORRN�OLNH��$Q�H[DPSOH�RI�D�VWXGHQW�SURSRVDO
LV�SURYLGHG�LQ�WKH�ERQXV�PDWHULDOV�RQ�WKH�VWXGHQW�FRPSDQLRQ�ZHEVLWH�

��5HVHDUFK�SURSRVDO�7KH�ZULWWHQ�GRFXPHQW�VXPPDUL]LQJ�SULRU�OLWHUDWXUH�DQG
GHVFULELQJ�WKH�SURFHGXUH�WR�EH�XVHG�WR�DQVZHU�WKH�UHVHDUFK�TXHVWLRQ�V�

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

�6HH�-RXUQDO�$UWLFOHV�����DQG�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

675$7(*,(6�)25�:5,7,1*�($&+�6(&7,21�2)�7+(�5(6($5&+
352326$/
7KH� GHYHORSPHQW� RI� D� UHVHDUFK� SODQ� JHQHUDOO\� WDNHV� SODFH� RYHU� VRPH� SHULRG� RI
WLPH��<RX�KDYH�SUREDEO\�FKXUQHG�WKH�LGHD�\RX�ZLVK�WR�UHVHDUFK�RYHU�LQ�\RXU�PLQG
IRU�D�ZKLOH��WKLQNLQJ�DERXW�LWV�UDPLILFDWLRQV�DV�ZHOO�DV�WKH�ZD\�LQ�ZKLFK�\RX�ZDQW�WR
JR�DERXW�FRQGXFWLQJ� WKH�VWXG\��2QFH�\RX�KDYH�GHFLGHG�RQ�\RXU� UHVHDUFK� LGHD�DQG
KDYH�UHDG�WKH�UHOHYDQW�OLWHUDWXUH��LW�LV�WLPH�WR�JHW�GRZQ�WR�WKH�EXVLQHVV�RI�ZULWLQJ�WKH
UHVHDUFK�SURSRVDO��+HUH�DUH�VRPH�JXLGHOLQHV�WR�DVVLVW�\RX�

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

,QWURGXFWLRQ
7KH�SXUSRVH�RI�WKH�LQWURGXFWLRQ�LV�WR�LQWURGXFH�\RXU�UHVHDUFK�LGHD�WR�WKH�UHDGHU

DQG� WR�HVWDEOLVK� LWV� LPSRUWDQFH�DQG� LWV�SRWHQWLDO�VLJQLILFDQFH��7KLV�PHDQV� WKDW�\RX
VKRXOG� VWDUW� RXW� ZLWK� D� JHQHUDO� LQWURGXFWLRQ� WR� WKH� UHVHDUFK� WRSLF� WKDW� QRW� RQO\
GHILQHV�WKH�WRSLF�EXW�DOVR�GHPRQVWUDWHV�LWV�LPSRUWDQFH��0LWFKHOO�DQG�-ROOH\�������
KDYH�LGHQWLILHG�VHYHUDO�ZD\V�WR�GHPRQVWUDWH�WKH�LPSRUWDQFH�RI�D�UHVHDUFK�WRSLF��7KH
ILUVW�LV�WR�VKRZ�KRZ�WKH�WRSLF�\RX�DUH�LQYHVWLJDWLQJ�LV�UHOHYDQW�WR�WKH�OLYHV�RI�PDQ\
LQGLYLGXDOV�E\�TXRWLQJ�VWDWLVWLFV�RU�VWDWHPHQWV�RI�LQIOXHQWLDO�SHRSOH�RU�RUJDQL]DWLRQV�
)RU� H[DPSOH�� LI� \RX� ZHUH� VWXG\LQJ� WHHQ� YLROHQFH�� \RX� PLJKW� TXRWH� VWDWLVWLFV



UHYHDOLQJ�WKH�LQFLGHQFH�RI�YLROHQW�DFWV�LQ�VFKRROV��RU�\RX�PLJKW�TXRWH�WKH�FRQFHUQV
H[SUHVVHG� E\� YDULRXV� RUJDQL]DWLRQV�� VXFK� DV� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK
$VVRFLDWLRQ�� WKH� $PHULFDQ� 3V\FKRORJLFDO� $VVRFLDWLRQ�� RU� WKH� $PHULFDQ
6RFLRORJLFDO�$VVRFLDWLRQ��$�VHFRQG�PHWKRG�IRU�LOOXVWUDWLQJ�WKH�LPSRUWDQFH�RI�\RXU
UHVHDUFK�WRSLF�LV�WR�GHPRQVWUDWH�LWV�UHOHYDQFH�WR�UHDO�OLIH��)RU�H[DPSOH��UDWKHU�WKDQ
FLWLQJ� VWDWLVWLFV� RQ� WHHQ� YLROHQFH�� \RX� PLJKW� WDON� DERXW� D� UHFHQW� DQG� ZLGHO\
SXEOLFL]HG�LQFLGHQW�VXFK�DV�D�VFKRRO�VKRRWLQJ��*LYLQJ�D�UHDO�OLIH�H[DPSOH�QRW�RQO\
KHOSV�GHILQH�WKH�FRQFHSW�\RX�DUH�VWXG\LQJ�EXW�DOVR�SURYLGHV�D�YLYLG�LOOXVWUDWLRQ�RI
LWV�LPSRUWDQFH�

��,QWURGXFWLRQ�7KH�VHFWLRQ�WKDW�LQWURGXFHV�WKH�UHVHDUFK�WRSLF�DQG�HVWDEOLVKHV
LWV�LPSRUWDQFH�DQG�VLJQLILFDQFH

�7$%/(�������7ZR�([DPSOHV�RI�WKH�0DMRU�+HDGLQJV�RI�D�5HVHDUFK�3URSRVDO


([DPSOH�$��7UDGLWLRQDO�$SSURDFK�+HDGLQJV

7LWOH�3DJH

7DEOH�RI�&RQWHQWV

$EVWUDFW



,QWURGXFWLRQ

����,QWURGXFWLRQ�WR�WKH�UHVHDUFK�WRSLF

����6WDWHPHQW�RI�WKH�UHVHDUFK�SUREOHP

����6XPPDU\�RI�SULRU�OLWHUDWXUH

����6WDWHPHQW�RI�WKH�SXUSRVH�RI�WKH�VWXG\

����5HVHDUFK�TXHVWLRQ�V�

����5HVHDUFK�K\SRWKHVHV��LI�D�TXDQWLWDWLYH�VWXG\�LV�EHLQJ�SURSRVHG�

0HWKRGV

����5HVHDUFK�SDUWLFLSDQWV

����$SSDUDWXV�DQG�RU�LQVWUXPHQWV

����5HVHDUFK�GHVLJQ




����3URFHGXUH

'DWD�$QDO\VLV

5HIHUHQFHV

([DPSOH�%��³7KUHH�&KDSWHU´�$SSURDFK�+HDGLQJV

7LWOH�3DJH

7DEOH�RI�&RQWHQWV

&KDSWHU����,QWURGXFWLRQ

����6WDWHPHQW�RI�WKH�SXUSRVH�RI�WKH�UHVHDUFK�VWXG\



����6WDWHPHQW�RI�WKH�UHVHDUFK�TXHVWLRQ�V�

����/LPLWDWLRQV�RI�WKH�SURSRVHG�UHVHDUFK

����.H\�WHUPV
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5HVHDUFK� GHVLJQ� LV� VRPHWLPHV� LQFRUSRUDWHG� LQWR� WKH� 3URFHGXUH� VHFWLRQ�� ZKHQ� WKLV� LV� GRQH�� WKH� 3URFHGXUH
VHFWLRQ�LV�VRPHWLPHV�UHQDPHG�'HVLJQ�DQG�3URFHGXUH�

$IWHU�SURYLGLQJ�D�FOHDU�GLVFXVVLRQ�RI�WKH�LPSRUWDQFH�RI�\RXU�UHVHDUFK�WRSLF��\RX
VKRXOG�ZULWH�WKH�UHYLHZ�RI�WKH�UHOHYDQW�OLWHUDWXUH�EHFDXVH�WKLV�UHYLHZ�VHWV�XS�\RXU
VWXG\� LQ� WZR�ZD\V��)LUVW�� LW� HQDEOHV� \RX� WR� VKRZ�KRZ�\RXU� UHVHDUFK� VWXG\� ILWV� LQ
ZLWK� H[LVWLQJ�ZRUN� E\� EXLOGLQJ� RQ� WKH� H[LVWLQJ� OLWHUDWXUH� DQG� H[LVWLQJ� NQRZOHGJH�
6HFRQG��LW�JLYHV�\RX�WKH�RSSRUWXQLW\�WR�VHOO�\RXU�VWXG\��%\�³VHOOLQJ´�\RXU�VWXG\��ZH
PHDQ�SUHVHQWLQJ�D�ORJLFDO�DUJXPHQW�WHOOLQJ�WKH�UHDGHU�ZK\�LW�LV�LPSRUWDQW�WR�FRQGXFW
WKLV�SDUWLFXODU�VWXG\�RU�ZK\�WKH�UHVHDUFK�SUREOHP�\RX�ZDQW�WR�VWXG\�LV�LPSRUWDQW�

6HOOLQJ�D�VWXG\�RU�FRQYLQFLQJ�WKH�UHDGHU�WKDW�WKH�UHVHDUFK�SUREOHP�LV�LPSRUWDQW
LV�W\SLFDOO\�GRQH�E\�FULWLFDOO\�DQDO\]LQJ�UHOHYDQW�VWXGLHV�WR�VKRZ�KRZ�WKH�VWXG\�\RX
DUH�SURSRVLQJ�HLWKHU� FRUUHFWV� VRPH�ZHDNQHVV� LQ�SUHYLRXV� UHVHDUFK�RU�H[WHQGV� WKH
ZRUN� RI� RWKHU� LQYHVWLJDWRUV�� )RU� H[DPSOH�� &KULVWHQVHQ� DQG� 3HWWLMRKQ¶V� ������
UHYLHZ� RI� WKH� OLWHUDWXUH� RQ� FDUERK\GUDWH� FUDYLQJ� UHYHDOHG� WKDW� DOO� WKH� VWXGLHV
VXSSRUWLQJ�WKH�FRQQHFWLRQ�EHWZHHQ�PRRG�DQG�FDUERK\GUDWH�FUDYLQJV�ZHUH�FRQILQHG
WR� LQGLYLGXDOV� ZLWK� VSHFLILF� GLVRUGHUV�� SULPDULO\� SV\FKLDWULF� GLVRUGHUV�� 7KHLU
UHYLHZ� UHYHDOHG� WKDW� D� ODUJH� SRUWLRQ� RI� WKH� JHQHUDO� SRSXODWLRQ� H[SHULHQFHG� IRRG
FUDYLQJV�� VR� WKH\� SURSRVHG� WKDW� WKH� UHODWLRQVKLS� IRXQG� EHWZHHQ� FUDYLQJV� DQG� D
SV\FKLDWULF�SRSXODWLRQ�ZRXOG�DOVR�H[LVW�LQ�WKH�JHQHUDO�SRSXODWLRQ��7KHUHIRUH��WKHLU
VWXG\�SURSRVHG�H[WHQGLQJ� WKH�ZRUN�RI� WKH�SULRU� LQYHVWLJDWRUV� WR� LQGLYLGXDOV� LQ� WKH
JHQHUDO�SRSXODWLRQ��7KH�UHYLHZ�RI�WKH�OLWHUDWXUH�VKRXOG��WKHUHIRUH��OHDG�GLUHFWO\�LQWR
D�VWDWHPHQW�RI� WKH�SXUSRVH�RI� WKH�VWXG\�EHFDXVH�ZKDW�\RX�DUH� LQYHVWLJDWLQJ�VKRXOG



KDYH� FRQWLQXLW\� ZLWK� SULRU� UHVHDUFK�� $IWHU� VWDWLQJ� WKH� SXUSRVH� RI� WKH� VWXG\�
TXDOLWDWLYH� UHVHDUFKHUV� IUHTXHQWO\� VWDWH� RQH� RU� PRUH� VWXG\� UHVHDUFK� TXHVWLRQV�
4XDQWLWDWLYH�UHVHDUFKHUV�VWDWH�RQH�RU�PRUH�UHVHDUFK�TXHVWLRQV�DORQJ�ZLWK�UHVHDUFK
K\SRWKHVHV� SURSRVHG� WR� EH� WHVWHG� LQ� WKH� UHVHDUFK�� 0L[HG� PHWKRGV� UHVHDUFKHUV
VRPHWLPHV� LQFOXGH� K\SRWKHVHV�� EXW� VRPHWLPHV� WKH\� GR� QRW�� GHSHQGLQJ� RQ� WKHLU
SXUSRVH�DQG�TXHVWLRQV�

0HWKRG
$IWHU� \RX� KDYH� UHYLHZHG� WKH� OLWHUDWXUH� DQG� GHYHORSHG� D� FRQYLQFLQJ� FDVH� IRU

\RXU�VWXG\��\RX�PXVW�GHFLGH�RQ�WKH�VSHFLILF�DFWLRQV�\RX�ZLOO�WDNH�WR�PHHW�WKH�VWXG\¶V
VWDWHG�SXUSRVH��7KLV�PHDQV� WKDW�\RX�PXVW�GHYHORS�VRPH�SODQ�RU�VWUDWHJ\� WKDW�ZLOO
JLYH�\RX� WKH� LQIRUPDWLRQ�QHHGHG� WR�SURYLGH�DQ�DQVZHU� WR�\RXU� UHVHDUFK�TXHVWLRQV
DQG� WHVW�DQ\�K\SRWKHVHV�\RX�PLJKW�KDYH�VWDWHG��7KLV�SODQ�RU�VWUDWHJ\�VSHFLILHV� WKH
SURFHGXUHV�\RX�SURSRVH�WR�IROORZ�LQ�FROOHFWLQJ�WKH�GDWD�SHUWDLQLQJ�WR�\RXU�UHVHDUFK
TXHVWLRQV��6SHFLI\LQJ� WKH�SURFHGXUHV� UHTXLUHV� VHYHUDO� DFWLRQV�� VXFK� DV� LGHQWLI\LQJ
WKH� UHVHDUFK�SDUWLFLSDQWV�ZKR�DUH� WR�EH� LQFOXGHG� LQ�\RXU�VWXG\�� WKH� LQVWUXFWLRQV� WR
WKH�SDUWLFLSDQWV��ZKDW�LQIRUPDWLRQ�ZLOO�EH�REWDLQHG�IURP�WKHP��DQG�KRZ�\RX�ZLOO�JHW
WKLV� LQIRUPDWLRQ�� <RX� PXVW� WKRURXJKO\� WKLQN� WKURXJK� HDFK� VWHS� RI� \RXU� VWXG\� DQG
GHFLGH�KRZ�\RX�ZLOO�FRQGXFW�HDFK�RQH�

$IWHU�\RX�KDYH� WKRXJKW� WKURXJK�DQG�GHFLGHG�RQ�HDFK�VWHS��\RX�PXVW�SURYLGH�D
ZULWWHQ�QDUUDWLYH�RI� WKHVH�VWHSV�LQ�\RXU�UHVHDUFK�SURSRVDO�� ,Q� WKLV�ZULWWHQ�YHUVLRQ�
\RX�VKRXOG�EH�VXIILFLHQWO\�H[DFW�VR�WKDW�VRPHRQH�HOVH�FRXOG�UHDG�WKH�PHWKRG�VHFWLRQ
DQG�FRQGXFW�WKH�VDPH�VWXG\�WKDW�\RX�DUH�JRLQJ�WR�FRQGXFW��,I�DQRWKHU�UHVHDUFKHU�FDQ
UHDG� \RXU� PHWKRG� VHFWLRQ� DQG� UHSOLFDWH� \RXU� VWXG\�� WKHQ� \RX� KDYH� SURYLGHG� DQ
DGHTXDWH� GHVFULSWLRQ�� $OWKRXJK� WKLV� VHFWLRQ� ZLOO� YDU\� VOLJKWO\�� GHSHQGLQJ� RQ
ZKHWKHU�\RX�DUH�FRQGXFWLQJ�D�TXDQWLWDWLYH��TXDOLWDWLYH��RU�PL[HG�PHWKRGV�UHVHDUFK
VWXG\�� LW� JHQHUDOO\� FRQVLVWV� RI� D� GHVFULSWLRQ� RI� WKH� UHVHDUFK� SDUWLFLSDQWV�� DQ\
DSSDUDWXV� RU� LQVWUXPHQWV� WKDW� DUH� WR� EH� XVHG� LQ� GDWD� FROOHFWLRQ�� WKH� GHVLJQ� RI� WKH
VWXG\��DQG�WKH�SURFHGXUH�WR�EH�IROORZHG�LQ�FROOHFWLQJ�WKH�GDWD��,Q�PL[HG�UHVHDUFK�
\RX�VRPHWLPHV�ZLOO�ILQG�LW�FRQYHQLHQW��HVSHFLDOO\�LQ�VHTXHQWLDO�GHVLJQV��WR�LQFOXGH
VHSDUDWH� VXEKHDGLQJV� DQG� VHFWLRQV� WR� GLVFXVV� WKH� TXDOLWDWLYH� DQG� WKH� TXDQWLWDWLYH
FRPSRQHQWV�RI�WKH�VWXG\�

5HPHPEHU� WKDW� WKH� SXUSRVH� RI� WKH� LQWURGXFWLRQ� LV� WR� VHOO� WKH� UHDGHU� RQ� WKH
LPSRUWDQFH�DQG�QHHG�WR�FRQGXFW�\RXU�VWXG\��7KH�PHWKRG�VHFWLRQ�QRW�RQO\�IRFXVHV�RQ
WHOOLQJ�WKH�UHDGHU�KRZ�\RX�DUH�JRLQJ�WR�FROOHFW�WKH�QHHGHG�LQIRUPDWLRQ�EXW�DOVR�VHOOV
WKH�UHDGHU�RQ�WKH�VWXG\�GHVLJQ�RU�SODQ�WKDW�\RX�KDYH�FRQVWUXFWHG��%DVLFDOO\��\RX�DUH
WHOOLQJ� WKH� UHDGHU�ZKDW� \RX� DUH� SODQQLQJ� WR� GR� DQG� WU\LQJ� WR� VKRZ� WKDW� WKLV� LV� WKH
FRUUHFW�DQG�EHVW�ZD\�RI�JDWKHULQJ�WKH�QHHGHG�LQIRUPDWLRQ�IRU�REWDLQLQJ�DQ�DQVZHU�WR
\RXU�UHVHDUFK�TXHVWLRQ�V��

��0HWKRG�7KH�VHFWLRQ�LQ�D�UHVHDUFK�UHSRUW�WKDW�WHOOV�WKH�UHDGHU�DERXW�WKH
UHVHDUFK�GHVLJQ�DQG�WKH�PHWKRG�V��RI�GDWD�FROOHFWLRQ



5HVHDUFK�3DUWLFLSDQWV
7KH�UHVHDUFK�SDUWLFLSDQWV� DUH� WKH� LQGLYLGXDOV�ZKR�DFWXDOO\�SDUWLFLSDWH� LQ� WKH

UHVHDUFK� VWXG\�� ,Q� \RXU� UHVHDUFK� SURSRVDO�� \RX� VKRXOG� VSHFLI\� H[DFWO\� ZKR� WKH
UHVHDUFK� SDUWLFLSDQWV� ZLOO� EH�� KRZ� PDQ\� ZLOO� SDUWLFLSDWH� LQ� WKH� VWXG\�� WKHLU
FKDUDFWHULVWLFV� �H�J��� DJH��JHQGHU��� DQG�KRZ� WKH\�ZLOO�EH� VHOHFWHG� IRU� LQFOXVLRQ� LQ
\RXU�VWXG\��$Q\�RWKHU�LQIRUPDWLRQ�UHODWLQJ�WR�WKH�UHVHDUFK�SDUWLFLSDQWV�VKRXOG�DOVR
EH�LQFOXGHG�LQ�WKLV�VHFWLRQ��)RU�H[DPSOH��\RX�VKRXOG�PHQWLRQ�ZKHWKHU�\RX�DUH�JRLQJ
WR� JLYH� WKH� UHVHDUFK� SDUWLFLSDQWV� DQ� LQGXFHPHQW� WR� SDUWLFLSDWH� RU� ZKHUH� WKH
SDUWLFLSDQWV�DUH�ORFDWHG�LI�\RX�DUH�FRQGXFWLQJ�D�TXDOLWDWLYH�RU�D�PL[HG�VWXG\��2IWHQ
WKH�PHWKRG�RI�REWDLQLQJ�SDUWLFLSDQWV²ZKHWKHU�WKH\�DUH�YROXQWHHUV�RU�DUH�SDLG�RU�LI
WKH\� FRPH� IURP� DQ� DIIOXHQW� RU� LPSRYHULVKHG� HQYLURQPHQW²FDQ� DIIHFW� WKH� GDWD
FROOHFWHG��:KHQ�GHVFULELQJ�WKH�SDUWLFLSDQW�VDPSOH��WKH�JHQHUDO�JXLGHOLQH�\RX�VKRXOG
IROORZ�LV�WR�SURYLGH�VXIILFLHQW�GHWDLO�WR�DOORZ�RWKHUV�WR�LGHQWLI\�WKH�SRSXODWLRQ�IURP
ZKLFK�\RX�DUH�GUDZLQJ�\RXU�VDPSOH�VR� WKDW� WKH�DSSURSULDWH�JHQHUDOL]DWLRQ�FDQ�EH
PDGH��$�GHVFULSWLRQ�RI�WKH�UHVHDUFK�SDUWLFLSDQWV�PLJKW�EH�DV�IROORZV�

��5HVHDUFK�SDUWLFLSDQWV�7KH�LQGLYLGXDOV�ZKR�SDUWLFLSDWH�LQ�WKH�UHVHDUFK�VWXG\

7KH� UHVHDUFK� SDUWLFLSDQWV�ZLOO� EH� ���� UDQGRPO\� VHOHFWHG� FKLOGUHQ� IURP� WKRVH
DWWHQGLQJ� *UDGHV� �� DQG� �� LQ� WKUHH� 0LGZHVWHUQ� VFKRROV� VHUYLQJ� D� SULPDULO\
PLGGOH�FODVV�QHLJKERUKRRG��7KHUH�ZLOO�EH�DQ�HTXDO�QXPEHU�RI�PDOH�DQG�IHPDOH
FKLOGUHQ� IURP� HDFK� JUDGH�� (DFK� FKLOG� ZLOO� EH� JLYHQ� D� IUHH� WLFNHW� WR� D� ORFDO
WKHDWHU�ZKHQ�KH�RU�VKH�FRPSOHWHV�WKH�UHVHDUFK�VWXG\�

'HVLJQ
7KH�GHVLJQ� LV� WKH� SODQ� RU� VWUDWHJ\� \RX� ZLOO� XVH� WR� LQYHVWLJDWH� \RXU� UHVHDUFK

TXHVWLRQ�V���$OWKRXJK�D�VHSDUDWH�GHVLJQ�VHFWLRQ�LV�IUHTXHQWO\�RPLWWHG�LQ�TXDQWLWDWLYH
UHVHDUFK��LW�VKRXOG�EH�LQFOXGHG�LQ�\RXU�UHVHDUFK�SURSRVDO��HVSHFLDOO\�LI�\RXU�VWXG\
LV� DW� DOO� FRPSOLFDWHG�� )RU� H[DPSOH�� LI� \RX� ZHUH� FRQGXFWLQJ� DQ� H[SHULPHQWDO
UHVHDUFK�VWXG\�ZLWK�VHYHUDO�LQGHSHQGHQW�YDULDEOHV��HDFK�KDYLQJ�VHYHUDO�OHYHOV��\RX
ZRXOG�QHHG�WR�SURYLGH�D�GHVFULSWLRQ�RI� WKHVH�YDULDEOHV�DQG�VWDWH�ZKLFK�YDULDEOHV
DUH� EHWZHHQ�VXEMHFWV� DQG�RU� ZLWKLQ�VXEMHFWV� YDULDEOHV� �VHH� *ORVVDU\� IRU
GHILQLWLRQV� RI� WKHVH� WZR� WHUPV�� RU� ZDLW� WR� OHDUQ� DERXW� WKHP� LQ� &KDSWHU� ����� )RU
H[DPSOH�� \RX�PLJKW� VWDWH� WKDW� WKH� GHVLJQ� LV� D� IDFWRULDO� GHVLJQ� EDVHG� RQ� D�PL[HG
PRGHO��WKLV�LV�H[SODLQHG�LQ�&KDSWHU����RQ�SDJHV�;;;��ZKHUH�WKH�EHWZHHQ�VXEMHFWV
YDULDEOH� LV� PHWKRG� RI� LQVWUXFWLRQ� �ZLWK� WKUHH� OHYHOV�� FRRSHUDWLYH� OHDUQLQJ�� IXOO�
JURXS�GLVFXVVLRQ��WUDGLWLRQDO�OHFWXUH��DQG�WKH�ZLWKLQ�VXEMHFWV�YDULDEOH�LV�WKH�VFKRRO
VHVVLRQ� �ILUVW�� VHFRQG�� WKLUG�� DQG� IRXUWK� TXDUWHUV�� GXULQJ� WKH� VFKRRO� \HDU�� 7KH
GHSHQGHQW�YDULDEOH�PLJKW�EH�WKH�VWXGHQWV¶�OHYHO�RI�HQJDJHPHQW�PHDVXUHG�DW�WKH�HQG
RI�HDFK�RI�WKH�IRXU�TXDUWHUV��,Q�DGGLWLRQ�WR�GHVFULELQJ�WKH�GHVLJQ��LW�LV�DQ�H[FHOOHQW
LGHD�WR�LQFOXGH�D�ILJXUH�WKDW�GHSLFWV�WKH�GHVLJQ�YLVXDOO\��PDQ\�H[DPSOHV�DUH�VKRZQ
LQ�&KDSWHUV���������



��'HVLJQ�7KH�VHFWLRQ�RI�D�UHVHDUFK�UHSRUW�WKDW�SUHVHQWV�WKH�SODQ�RU�VWUDWHJ\
XVHG�WR�LQYHVWLJDWH�WKH�UHVHDUFK�TXHVWLRQ�V�

$� VHSDUDWH�GHVLJQ� VHFWLRQ� LV� RIWHQ�QRW� QHHGHG� LQ�TXDOLWDWLYH� UHVHDUFK�EHFDXVH
WKH� GHVLJQV� DUH� OHVV� VWUXFWXUHG� DQG� DUH� PRUH� HDVLO\� GHVFULEHG� LQ� WKH� SURFHGXUH
VHFWLRQ��$�GHVLJQ� VHFWLRQ� LV�� KRZHYHU�� VWURQJO\� UHFRPPHQGHG� IRU�PL[HG� UHVHDUFK
EHFDXVH� �D�� WKH� TXDQWLWDWLYH� FRPSRQHQW� PLJKW� KDYH� D� VWUXFWXUHG� GHVLJQ� �ZKLFK
VKRXOG�EH�GHVFULEHG�VHSDUDWHO\��DQG��E��PL[HG�UHVHDUFK�KDV�LGHQWLILHG�D�VHW�RI�EDVLF
PL[HG�GHVLJQV� WKDW�FDQ�EH�XVHG�DV�D�VWDUWLQJ�SRLQW� IRU�FRQVWUXFWLQJ� WKH�GHVLJQ� WKDW
\RX�ZLOO�EH�XVLQJ�WR�DGGUHVV�\RXU�UHVHDUFK�TXHVWLRQV�

,W� LV� KHOSIXO� WR� GUDZ� D� SLFWXUH� RI� \RXU� GHVLJQ� WR� FRPPXQLFDWH� WR� \RXU� UHDGHU
ZKDW�\RX�SURSRVH�WR�GR�DQG�WKH�RUGHU�LQ�ZKLFK�\RX�ZLOO�GR�LW��$Q�H[DPSOH�LV�VKRZQ
LQ�)LJXUH������7KH�VWXG\�SXUSRVH�ZDV�WR�GHYHORS�DQ�H[SODQDWRU\�PRGHO�RI�KRZ�DQG
ZK\� VRPH� VWXGHQWV� FRQWLQXH� SDVW� WKH� ILUVW� \HDU� RI� IRUHLJQ� ODQJXDJH� VWXG\�� 7KH
GRFWRUDO�VWXGHQW�ODEHOHG�KHU�GHVLJQ�D�³WKHRU\�GHYHORSPHQW�PL[HG�PHWKRGV�GHVLJQ�´
,Q�SKDVH����VKH�SURSRVHG�WR�FROOHFW�TXDQWLWDWLYH�VXUYH\�GDWD�DERXW�HSLVWHPRORJLFDO
EHOLHIV�DQG�RWKHU�DWWLWXGHV��,Q�SKDVH����ZKLFK�ZDV�WR�RFFXU�VKRUWO\�DIWHU�SKDVH����VKH
SURSRVHG� WR� FROOHFW� IRFXV� JURXS� DQG� LQWHUYLHZ� GDWD�� 6KH� SODQQHG� WR� FROOHFW
DGGLWLRQDO�IRFXV�JURXS�DQG�LQWHUYLHZ�GDWD�DV�QHHGHG�XQWLO�WKHRUHWLFDO�VDWXUDWLRQ�ZDV
UHDFKHG��7KH�ILQDO�PDMRU�RXWFRPH�RI�WKH�VWXG\�ZDV�D�WHQWDWLYH�WKHRU\�EDVHG�RQ�WKH
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�

$SSDUDWXV�DQG�RU�,QVWUXPHQWV
,Q� WKLV� VHFWLRQ�� \RX� GHVFULEH� WKH� LQVWUXPHQWV� �VXFK� DV� DQ� LQWHOOLJHQFH� WHVW�

DFKLHYHPHQW� WHVW�� D� PHDVXUH� RI� VHOI�FRQFHSW� RU� DWWLWXGH��� DQ\� PDWHULDOV� �VXFK� DV
ERRNOHWV� RU� WUDLQLQJ� PDQXDOV��� DSSDUDWXV� �VXFK� DV� D� FRPSXWHU� RU� ELRIHHGEDFN
HTXLSPHQW��� LQWHUYLHZ�SURFHGXUHV��RU�REVHUYDWLRQDO�SURFHGXUHV�\RX�ZLOO�EH�XVLQJ
WR�FROOHFW� WKH�GDWD�� ,I�\RX�DUH�XVLQJ�VSHFLILF�PHDVXUHPHQW� LQVWUXPHQWV��\RX�VKRXOG
LQFOXGH� LQIRUPDWLRQ� DERXW� WKHLU� UHOLDELOLW\� DQG� YDOLGLW\�� DV� ZHOO� DV� ZKHUH� WKDW
LQIRUPDWLRQ� FDQ�EH�REWDLQHG� DQG� D� WKRXJKWIXO� DUJXPHQW� DERXW�ZK\� WKH� LQVWUXPHQWV
DUH� DSSURSULDWH� WR� XVH� ZLWK� WKH� SDUWLFXODU� NLQGV� RI� SHRSOH� SDUWLFLSDWLQJ� LQ� \RXU
VWXG\��$Q\�DSSDUDWXV�WR�EH�XVHG�VKRXOG�EH�GHVFULEHG�LQ�VXIILFLHQW�GHWDLO� WR�HQDEOH
VRPHRQH� HOVH� WR� REWDLQ� FRPSDUDEOH� HTXLSPHQW�� )ROORZLQJ� D� GHVFULSWLRQ� RI� WKH
DSSDUDWXV�DQG�RU�LQVWUXPHQWV��\RX�VKRXOG�H[SODLQ�DQG�MXVWLI\�ZK\�HDFK�LWHP�LV�EHLQJ
XVHG�� ,I�\RX�DUH�FROOHFWLQJ�GDWD�XVLQJ�DQ� LQWHUYLHZ�SURFHGXUH��PDNH�VXUH� WKDW�\RX
SURYLGH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� W\SH� RI� LQWHUYLHZ� SURFHGXUH� �VWUXFWXUHG� RU
VHPLVWUXFWXUHG��DQG�WKH�FRQWHQWV�RI�WKH�LQWHUYLHZ��,I�\RX�DUH�XVLQJ�DQ�REVHUYDWLRQDO
SURFHGXUH��PDNH�VXUH�WKDW�\RX�SURYLGH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�VSHFLILF�EHKDYLRUV
WDUJHWHG��ZKR�ZLOO�PDNH�WKH�REVHUYDWLRQV��ZKHQ�WKH\�ZLOO�EH�PDGH��DQG�ZKHUH�WKH\
ZLOO�EH�PDGH��)RU�H[DPSOH��WKLV�VHFWLRQ�PLJKW�UHDG�DV�IROORZV�

�),*85(�������7KHRU\�GHYHORSPHQW�PL[HG�PHWKRGV�GHVLJQ



7KH� ,QIRUPDWLRQ� DQG� %ORFN� 'HVLJQ� VXEWHVWV� RI� WKH� :HFKVOHU� 3UHVFKRRO� DQG
3ULPDU\� 6FDOH� RI� ,QWHOOLJHQFH�5HYLVHG� �:336,�5�� :HFKVOHU�� ������ ZLOO� EH
XVHG� WR� HVWLPDWH� WKH� UHVHDUFK� SDUWLFLSDQWV¶� JHQHUDO� OHYHO� RI� LQWHOOHFWXDO
IXQFWLRQLQJ�� 7KH� ,QIRUPDWLRQ� VXEWHVW� �� �� �� >EULHIO\� H[SODLQ�ZKDW� LW� LV� DQG�ZKDW
W\SH�RI�UHVSRQVH�LV�UHTXLUHG�RI�WKH�FKLOG@��7KH�%ORFN�'HVLJQ�VXEWHVW�������>EULHIO\
H[SODLQ�ZKDW�LW�LV�DQG�ZKDW�W\SH�RI�UHVSRQVH�LV�UHTXLUHG�RI�WKH�FKLOG@��7HVW�UHWHVW
UHOLDELOLW\� RI� WKH� ,QIRUPDWLRQ� VXEWHVW� UDQJHV� IURP� ���� WR� ���� DQG� RI� WKH�%ORFN
'HVLJQ�VXEWHVW�IURP�����WR������7KH�VXEWHVWV�VKRXOG�EH�DSSURSULDWH�EHFDXVH�WKH
SDUWLFLSDQWV� WR� EH� XVHG� LQ� WKH� VWXG\� ZLOO� EH� VRFLDOO\� DQG� GHPRJUDSKLFDOO\
VLPLODU� WR� WKH� LQGLYLGXDOV� LQ� WKH� QRUPLQJ� JURXS� WKDW� ZDV� XVHG� WR� REWDLQ� WKH
SXEOLVKHG�UHOLDELOLW\�DQG�YDOLGLW\�GDWD�

3URFHGXUH
,Q�WKH�SURFHGXUH�VHFWLRQ��\RX�GHVFULEH�WKH�GHVLJQ�RI�WKH�VWXG\��LI�\RX�KDYH�QRW

LQFOXGHG�D�VHSDUDWH�GHVLJQ�VHFWLRQ��DQG�KRZ�\RX�DUH�JRLQJ�WR�LPSOHPHQW�WKH�VWXG\
GHVLJQ��<RX�PXVW�GHVFULEH�KRZ�\RX�DUH�JRLQJ�WR�H[HFXWH�WKH�VWXG\�IURP�WKH�PRPHQW
\RX�PHHW�WKH�VWXG\�SDUWLFLSDQW�WR�WKH�PRPHQW�ZKHQ�\RX�WHUPLQDWH�FRQWDFW��<RXU�VWHS�
E\�VWHS� DFFRXQW� RI� ZKDW� ERWK� \RX� DQG� WKH� UHVHDUFK� SDUWLFLSDQW� ZLOO� GR� VKRXOG
LQFOXGH� DQ\� LQVWUXFWLRQV� RU� FRQGLWLRQV� WR� EH� SUHVHQWHG� WR� WKH� SDUWLFLSDQWV� DQG� WKH
UHVSRQVHV�WKDW�DUH�UHTXLUHG�RI�WKHP��DV�ZHOO�DV�DQ\�FRQWURO�WHFKQLTXHV�WR�EH�XVHG�
VXFK� DV� UDQGRP� DVVLJQPHQW� WR� JURXSV�� ,W� LV� KHOSIXO� WR� LQFOXGH� D� YLVXDO� GHSLFWLRQ
�H�J���D�*DQWW�FKDUW��LQ�D�ILJXUH�VKRZLQJ��D��ZKHQ�DQG�KRZ�DQ\�JURXSV�DUH�IRUPHG�
�E��ZKDW�NLQGV�RI�GDWD�DUH�WR�EH�FROOHFWHG���F��ZKHQ�WKHVH�GDWD�DUH�WR�EH�FROOHFWHG�
DQG� �G��E\�ZKRP� WKH�GDWD� DUH� WR�EH� FROOHFWHG��5HPHPEHU��7KH�PRUH� FOHDUO\�\RX
H[SODLQ�DQG�GHSLFW�\RXU�SURSRVHG�SURFHGXUH��WKH�KDSSLHU�\RXU�UHYLHZHU�ZLOO�EH�

��3URFHGXUH�7KH�VHFWLRQ�LQ�D�UHVHDUFK�UHSRUW�WKDW�GHVFULEHV�KRZ�WKH�VWXG\�ZLOO



EH�H[HFXWHG

2QH� FULWHULRQ� WKDW� \RX� FDQ� XVH� WR� GHWHUPLQH� ZKHWKHU� \RX� KDYH� DGHTXDWHO\
GHVFULEHG�WKH�SURFHGXUH�VHFWLRQ�LV�WR�DVN�VRPHRQH�HOVH�WR�UHDG�LW�DQG�WKHQ�KDYH�WKDW
SHUVRQ�H[SODLQ�WR�\RX�KRZ�WKH�VWXG\�ZLOO�EH�FRQGXFWHG��,I�\RXU�UHDGHU�FDQ�UHDG�\RXU
SURFHGXUH� VHFWLRQ� DQG� FRQGXFW� WKH� VWXG\� \RX� GHVLJQHG�� \RX� KDYH� DGHTXDWHO\
FRPPXQLFDWHG� WKH� SURFHGXUH� \RX� ZLOO� XVH� WR� FROOHFW� WKH� GDWD�� )RU� H[DPSOH�� D
SURFHGXUH�VHFWLRQ��IURP�D�VWXG\�RQ�GLHW�DQG�PRRG��PLJKW�UHDG�DV�IROORZV�

,QGLYLGXDOV�UHVSRQGLQJ�WR�DQ�DGYHUWLVHPHQW�DVNLQJ�IRU�YROXQWHHUV�WR�SDUWLFLSDWH
LQ�WKH�UHVHDUFK�SURMHFW�ZLOO�EH�LQWHUYLHZHG�RYHU�WKH�WHOHSKRQH�DERXW�WKHLU�IRRG
FUDYLQJV��2QO\� LQGLYLGXDOV�ZKR� LQGLFDWH� WKDW� WKH\� FUDYH� VZHHW�� FDUERK\GUDWH�
ULFK� IRRGV�ZLOO� EH� LQYLWHG� WR� FRPH� WR� WKH� UHVHDUFK� VLWH� IRU� IXUWKHU� HYDOXDWLRQ�
:KHQ� WKH\� DUULYH� DW� WKH� UHVHDUFK� VLWH�� WKH\� ZLOO� EH� JLYHQ� D� ³FRQVHQW� WR
SDUWLFLSDWH´�IRUP�WR�UHDG��DQG�ZKHQ�DOO�TXHVWLRQV�KDYH�EHHQ�DQVZHUHG�DQG�WKH\
KDYH� VLJQHG� WKH� IRUP�� WKH\�ZLOO� EH� DVNHG� WR� FRPSOHWH� D� TXHVWLRQQDLUH� DVNLQJ
DERXW� WKH� LQWHQVLW\�RI� WKHLU� IRRG�FUDYLQJV�DV�ZHOO� DV�GHPRJUDSKLF� LQIRUPDWLRQ
VXFK�DV�WKHLU�DJH�DQG�H[HUFLVH�KDELWV�
$IWHU�FRPSOHWLQJ�WKH�TXHVWLRQQDLUH��WKH�UHVHDUFK�SDUWLFLSDQWV�ZLOO�EH�DVNHG�WR

FRPSOHWH�D���GD\� IRRG� UHFRUG�GXULQJ� WKH� IROORZLQJ�ZHHN� WR�DVVHVV� WKHLU� IRRG
LQWDNH��:KHQ� WKH\� UHWXUQ�ZLWK� WKH� IRRG� UHFRUG�� WKH\�ZLOO� DJDLQ� UDWH� WKHLU� IRRG
FUDYLQJV�DQG�FRPSOHWH�VHYHUDO�PRRG�LQYHQWRULHV��LQFOXGLQJ�WKH�3URILOH�RI�0RRG
6WDWHV��WKH�6\PSWRP�&KHFNOLVW�����DQG�WKH�%HFN�'HSUHVVLRQ�6FDOH��3DUWLFLSDQWV
ZLOO� WKHQ�EH�UDQGRPO\�DVVLJQHG� WR�RQH�RI� WZR�JURXSV��2QH�UDQGRPO\�DVVLJQHG
JURXS�ZLOO�EH�LQVWUXFWHG�WR�HOLPLQDWH�DOO�DGGHG�VXJDU�IURP�WKHLU�GLHW�IRU�WKH�QH[W
�� ZHHNV�� DQG� WKH� RWKHU� JURXS� ZLOO� EH� LQVWUXFWHG� WR� HOLPLQDWH� DOO� DUWLILFLDO
VZHHWHQHUV� IURP� WKHLU� GLHW� IRU� WKH� VDPH� SHULRG�� (DFK� JURXS� ZLOO� EH� JLYHQ� D
VDPSOH�GLHW�DQG�LQVWUXFWLRQV�WR�IROORZ�WKDW�ZLOO�DVVLVW�WKHP�LQ�HOLPLQDWLQJ�HLWKHU
DGGHG�VXJDU�RU�DUWLILFLDO�VZHHWHQHUV��$W� WKH�HQG�RI� WKH�ILUVW�DQG�VHFRQG�ZHHN�
WKH�SDUWLFLSDQWV�ZLOO�EH�DVNHG�WR�FRPSOHWH�WKH�PRRG�VFDOHV�WR�VHH�LI�WKHLU�PRRG
KDV�FKDQJHG�DV�D�UHVXOW�RI�WKH�GLHWDU\�VXEVWDQFH�WKH\�KDYH�HOLPLQDWHG��$W�WKH�HQG
RI� WKH� ��ZHHN� GLHWDU\� DOWHUDWLRQ� SHULRG�� WKH� UHVHDUFK� SDUWLFLSDQWV� ZLOO� EH
WKDQNHG� IRU� WKHLU� SDUWLFLSDWLRQ�� WKH� VWXG\� DQG�K\SRWKHVHV�ZLOO� EH� H[SODLQHG� WR
WKHP��DQG�DQ\�TXHVWLRQV�WKH\�KDYH�ZLOO�EH�DQVZHUHG�

,Q� WKLV� SURFHGXUH� VHFWLRQ�� WKH� UHVHDUFKHUV� LGHQWLILHG� WKH� ZD\� LQ� ZKLFK� WKH
UHVHDUFK�SDUWLFLSDQWV�ZRXOG�EH� UHFUXLWHG� DQG� WKH� LQFOXVLRQ� FULWHULD� WKDW� KDG� WR�EH
PHW� WR�SDUWLFLSDWH� LQ� WKH� VWXG\��7KH\� WKHQ� LGHQWLILHG� WKH� W\SH�RI�TXHVWLRQQDLUH� WKDW
ZRXOG� EH� DGPLQLVWHUHG�� ZKLFK� GHWHUPLQHG� WKH� W\SH� RI� LQIRUPDWLRQ� WKH\� ZRXOG
UHFHLYH�� DQG� VSHFLILHG� ZKHQ� WKH� TXHVWLRQQDLUH� ZRXOG� EH� DGPLQLVWHUHG�� 7KH
SURFHGXUH� GHVFULEHG� KRZ� WKH� UHVHDUFK� SDUWLFLSDQWV�ZRXOG� EH� DVVLJQHG� WR� JURXSV
DQG�ZKDW�ZRXOG�EH�GRQH�ZLWK�HDFK�JURXS��7KH�SURFHGXUH�VSHFLILHG�ZKHQ�DQG�ZK\
UHVSRQVH�PHDVXUHV� �L�H��� WKH�PRRG�PHDVXUHV��ZRXOG�EH� WDNHQ��/DVW�� WKH�SURFHGXUH
VWDWHG�WKDW�DW�WKH�HQG�RI�WKH�VWXG\��DOO�UHVHDUFK�SDUWLFLSDQWV�ZRXOG�EH�GHEULHIHG�SULRU



WR� EHLQJ� UHOHDVHG� IURP� WKH� VWXG\�� 7KLV� LV� DQ� H[DPSOH� RI� WKH� GHWDLO� WKDW� PXVW� EH
LQFOXGHG� LQ� WKH� 3URFHGXUH� VHFWLRQ� RI� D� UHVHDUFK� SURSRVDO� WR� DOORZ� UHYLHZHUV� WR
GHWHUPLQH�H[DFWO\�ZKDW�\RX�DUH�SURSRVLQJ�WR�GR�

'DWD�$QDO\VLV
$IWHU�\RX�KDYH�SURYLGHG�D�GHVFULSWLRQ�RI�KRZ�\RX�SURSRVH�WR�FROOHFW�WKH�GDWD

IRU�\RXU�VWXG\��\RX�QHHG�WR�VSHFLI\�KRZ�\RX�SURSRVH�WR�DQDO\]H�\RXU�GDWD��,Q�PRVW
LQVWDQFHV��WKH�QDWXUH�RI�WKH�GDWD�DQDO\VLV�ZLOO�HYROYH�GLUHFWO\�IURP�WKH�VWXG\�GHVLJQ�
$V�\RX�GHYHORS�\RXU� VWXG\�GHVLJQ�� \RX� VKRXOG� DVN�\RXUVHOI�� ³+RZ�DP� ,�JRLQJ� WR
DQDO\]H� WKH� GDWD� FROOHFWHG� WR� WHVW� WKH� K\SRWKHVHV� ,� KDYH� IRUPXODWHG"´�$VNLQJ� WKLV
TXHVWLRQ� LV� QHFHVVDU\� WR� HQVXUH� WKDW� WKH� GDWD� \RX� FROOHFW� FDQ� EH� DQDO\]HG
DSSURSULDWHO\��,W�DOVR�SURYLGHV�D�FKHFN�RQ�WKH�GHVLJQ�RI�\RXU�VWXG\��EHFDXVH�LI�\RX
FDQQRW�LGHQWLI\�D�ZD\�RI�DQDO\]LQJ�WKH�GDWD�WKDW�DUH�FROOHFWHG�VR�WKDW� WKH\�SURYLGH
LQIRUPDWLRQ�DERXW�WKH�VWXG\�K\SRWKHVLV��\RX�PXVW�UHGHVLJQ�WKH�VWXG\�

7KH� DSSURSULDWH� PHWKRG� RI� DQDO\]LQJ� \RXU� GDWD� GHSHQGV� RQ� ZKHWKHU� \RX� DUH
FRQGXFWLQJ� D� TXDOLWDWLYH�� D� TXDQWLWDWLYH�� RU� D� PL[HG� VWXG\� DQG� WKH� VSHFLILF
FRPSRQHQWV� RI� HDFK� W\SH� RI� VWXG\�� )RU� H[DPSOH�� LI� \RX� ZHUH� FRQGXFWLQJ� D
TXDQWLWDWLYH�VWXG\�LQ�ZKLFK�WKH�UHVHDUFK�SDUWLFLSDQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�RQH
RI� WKUHH� JURXSV� DQG� HDFK� JURXS� RI� SDUWLFLSDQWV� UHFHLYHG� D� GLIIHUHQW� PHWKRG� RI
LQVWUXFWLRQ��\RX�ZRXOG�SUREDEO\�XVH�D�RQH�ZD\�DQDO\VLV�RI�YDULDQFH�VWDWLVWLFDO�WHVW�
7KHUHIRUH�� WR� VSHFLI\� WKH� DSSURSULDWH� WHVW� IRU� DQDO\]LQJ� \RXU� GDWD�� \RX�PXVW� KDYH
VRPH�NQRZOHGJH�RI�VWDWLVWLFV��2QO\�ZKHQ�\RX�NQRZ�VRPHWKLQJ�DERXW�ERWK�VWDWLVWLFV
DQG� UHVHDUFK�PHWKRGRORJ\� FDQ� \RX� GHVLJQ� D� TXDQWLWDWLYH� VWXG\� IURP� EHJLQQLQJ� WR
HQG�

4XDOLWDWLYH�GDWD�DQDO\VLV� LV�PXFK�PRUH�HFOHFWLF��DQG�WKHUH� LV�QR�VLQJOH�³ULJKW´
ZD\�RI�DQDO\]LQJ�WKH�GDWD�EHFDXVH�RI�WKH�QDWXUH�RI�WKH�GDWD�FROOHFWHG��7KH�GDWD�WKDW
DUH� FROOHFWHG� IURP� D� TXDOLWDWLYH� VWXG\� FRPH� IURP� REVHUYDWLRQV�� LQWHUYLHZV�
GRFXPHQWV��DQG�DXGLRYLVXDO�PDWHULDOV�VXFK�DV�SKRWRJUDSKV��YLGHRWDSHV��DQG�ILOPV�
$QDO\VLV�RI� WKH�YROXPLQRXV�DPRXQW�RI� LQIRUPDWLRQ�FROOHFWHG� UHTXLUHV� UHGXFWLRQ� WR
FHUWDLQ� SDWWHUQV�� FDWHJRULHV�� RU� WKHPHV�� 7KHVH� DUH� WKHQ� LQWHUSUHWHG� E\� XVLQJ� VRPH
VFKHPD�� ,Q� JHQHUDO�� TXDOLWDWLYH� GDWD� DQDO\VLV� UHTXLUHV� FRGLQJ� DQG� VHDUFKLQJ� IRU
UHODWLRQVKLSV�DQG�SDWWHUQV�XQWLO� D�KROLVWLF�SLFWXUH�HPHUJHV�� ,I�\RX�DUH�SURSRVLQJ�D
PL[HG�PHWKRGV�UHVHDUFK�VWXG\��\RX�ZLOO�QHHG�WR�H[SODLQ�\RXU�SURSRVHG�TXDQWLWDWLYH
DQG� TXDOLWDWLYH� DQDO\VLV� DV� ZHOO� DV� DQ\� LQWHJUDWHG� DQDO\VLV� \RX�PLJKW� SODQ� �H�J��
SXWWLQJ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GDWD� LQWR� D� VLQJOH� GDWD� VHW� DQG� DQDO\]LQJ� WKH
FRPELQHG�VHW�RI�GDWD��

$EVWUDFW
7KH�DEVWUDFW�LV�D�EULHI�GHVFULSWLRQ�RI�WKH�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�VWXG\�

,QFOXVLRQ�RI�DQ�DEVWUDFW� LV� UHTXLUHG� LQ�D� ILQDO� UHVHDUFK� UHSRUW��EXW� LW� VRPHWLPHV� LV
DQG�VRPHWLPHV�LV�QRW�LQFOXGHG�LQ�D�UHVHDUFK�SURSRVDO��<RX�ZLOO�QHHG�WR�FKHFN�ZLWK
WKH� SHUVRQ�� JURXS�� RU� RUJDQL]DWLRQ� IRU� ZKLFK� \RX� DUH� ZULWLQJ� \RXU� SURSRVDO� WR



GHWHUPLQH�ZKHWKHU�DQ�DEVWUDFW�LV�UHTXLUHG�

��$EVWUDFW�$�EULHI�GHVFULSWLRQ�RI�WKH�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�VWXG\

$OWKRXJK� WKH� DEVWUDFW� FRPHV� EHIRUH� WKH� LQWURGXFWLRQ�� LW� LV� JHQHUDOO\� HDVLHU� WR
ZULWH�WKH�DEVWUDFW�DIWHU�\RX�KDYH�FRPSOHWHG�WKH�UHVHDUFK�SURSRVDO��7KH�DEVWUDFW�LV�D
VKRUW�VXPPDU\�RI�\RXU�UHVHDUFK�SURSRVDO��DQG�LW�LV�HDVLHU�WR�VXPPDUL]H�WKH�SURSRVDO
DIWHU�\RX�KDYH�VHWWOHG�RQ�DQG�VSHFLILHG�HDFK�FRPSRQHQW�RI�WKH�VWXG\�

7KH�DEVWUDFW�LQ�D�UHVHDUFK�SURSRVDO�VKRXOG�EH�D�FRQFLVH�DQG�SUHFLVH�VWDWHPHQW
RI�WKH�UHVHDUFK�K\SRWKHVHV�RU�UHVHDUFK�TXHVWLRQV�DQG�KRZ�WKH\�DUH�WR�EH�DGGUHVVHG�
,W� VKRXOG� FRQWDLQ� D� VWDWHPHQW� RI� WKH� QXPEHU� RI� SDUWLFLSDQWV� DQG� WKHLU� HVVHQWLDO
FKDUDFWHULVWLFV�DQG�KRZ�WKH\�ZLOO�EH�WUHDWHG�RU�ZKDW�WKH\�ZLOO�EH�DVNHG�WR�GR��<RX
VKRXOG�DOVR�H[SODLQ�KRZ�\RX�SODQ�WR�FROOHFW�WKH�GDWD�DQG�KRZ�\RX�ZLOO�DQDO\]H�WKH
UHVXOWV��,Q�RWKHU�ZRUGV��WKH�DEVWUDFW�VKRXOG�SURYLGH�D�FRQFLVH�VXPPDU\�RI�HDFK�RI
WKH�FRPSRQHQWV�RI�WKH�UHVHDUFK�SURSRVDO�

5(9,(:
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�������:KDW�LV�D�UHVHDUFK�SURSRVDO��DQG�ZKDW�DUH�VRPH
RI�WKH�UHDVRQV�IRU�ZULWLQJ�VXFK�D�GRFXPHQW"

�������:KDW�LV�WKH�SXUSRVH�DQG�JRDO�RI�WKH
LQWURGXFWLRQ"

�������:K\�VKRXOG�WKH�LQWURGXFWLRQ�LQFOXGH�D�OLWHUDWXUH
UHYLHZ"

�������:KDW�LV�WKH�SXUSRVH�RI�WKH�PHWKRG�VHFWLRQ��DQG
ZKDW�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�LQ�WKLV
VHFWLRQ"

�������:KDW�NH\�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG
UHJDUGLQJ�UHVHDUFK�SDUWLFLSDQWV"

�������:KDW�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�ZKHQ
SUHSDULQJ�WKH�DSSDUDWXV�DQG�RU�LQVWUXPHQWV
VHFWLRQ"

�������:KDW�LV�WKH�SXUSRVH�RI�WKH�SURFHGXUH�VHFWLRQ"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� FDOO� WKHLU� SURSRVDOV� DFWLRQ� SODQV�� $Q� DFWLRQ� SODQ
IRFXVHV� RQ� KRZ� WR� VROYH� D� SUDFWLWLRQHU¶V� ORFDO� SUREOHP� WKDW� QHHGV� DWWHQWLRQ�� ,W
RFFXUV� LQ� WKH� UHIOHFWLRQ� DQG� SODQQLQJ� SKDVHV� RI� WKH� DFWLRQ� UHVHDUFK� F\FOH�� 7KLV
FKDSWHU�KDV�WDXJKW�\RX��DV�D�UHIOHFWLYH�SUDFWLWLRQHU��KRZ�WR�ZULWH�D�IRUPDO�SURSRVDO
WR� FRQGXFW� D� UHVHDUFK� VWXG\�� ,I� \RX� FKRRVH� WKH� URXWH� RI� DFWLRQ� UHVHDUFK�� \RX� QRZ
QHHG�WR�FRQVLGHU�WKH�IROORZLQJ�



����:KDW�LV�D�VLWXDWLRQ�RU�SUREOHP�LQ�\RXU�FODVVURRP��VFKRRO��RU�ZRUNSODFH�WKDW
\RX�ZRXOG�OLNH�WR�FKDQJH"�:KR�DUH�WKH�SHRSOH�ZKRP�\RX�ZDQW�WR�KHOS"

����+RZ�FDQ�\RX�PDNH�D�FKDQJH�DQG�LPSURYH�\RXUVHOI��\RXU�VWXGHQWV��RU
ZKRPHYHU"�:KDW�GR�WKH�SXEOLVKHG�UHVHDUFK�DQG�SURIHVVLRQDO�OLWHUDWXUH�KDYH
WR�VD\�DERXW�WKH�³SUREOHP´�\RX�LGHQWLILHG�LQ�TXHVWLRQ��"�:KDW�GR�\RXU�GD\�
WR�GD\�REVHUYDWLRQV�DQG�UHIOHFWLRQV�VXJJHVW"�:KDW�GRHV�\RXU�WKHRU\�VXJJHVW
QHHGV�WR�EH�GRQH"

����7UDQVIRUP�\RXU�SUREOHP�DQG�WKHRU\�LQWR�WZR�RU�WKUHH�VSHFLILF�DFWLRQ
UHVHDUFK�TXHVWLRQV�WKDW�\RX�ZRXOG�OLNH�WR�DQVZHU�LQ�\RXU�VWXG\��7KH\�DUH�D
NH\�SDUW�RI�\RXU�SURSRVDO�EHFDXVH�\RX�ZLOO�QHHG�WR�H[SODLQ�KRZ�\RX�SODQ�WR
DQVZHU�WKHVH�TXHVWLRQV�LQ�\RXU�DFWLRQ�UHVHDUFK�SURSRVDO�RU�DFWLRQ�SODQ�

����:KDW�PHWKRG�V��RI�GDWD�FROOHFWLRQ�DQG�UHVHDUFK�GHVLJQ�GR�\RX�WKLQN�ZLOO
KHOS�\RX�WR�FRPH�XS�ZLWK�D�VROXWLRQ�WR�WKH�³SUREOHP´�\RX�LGHQWLILHG�LQ
TXHVWLRQ��"�,W�LV�XVXDOO\�D�JRRG�LGHD�WR�FROOHFW�PXOWLSOH�VRXUFHV�RI�HYLGHQFH
DQG�REWDLQ�LQIRUPDWLRQ�IURP�SHRSOH�LQ�GLIIHUHQW�UROHV�WR�H[DPLQH�REVHUYH
\RXU�LQWHUYHQWLRQ�IURP�PXOWLSOH�SHUVSHFWLYHV�DQG�WR�REWDLQ�FRUURERUDWLRQ�RI
LQIRUPDWLRQ�

6800$5<

$� UHVHDUFK� SURSRVDO� LV� GHYHORSHG� EHIRUH� \RX� FRQGXFW� D� UHVHDUFK� VWXG\�� 7KH
SUHSDUDWLRQ�RI�D�UHVHDUFK�SURSRVDO�LV�D�JRRG�H[HUFLVH�EHFDXVH�LW�IRUFHV�\RX�WR�WKLQN
WKURXJK�HDFK�VWHS�RI�WKH�VWXG\�\RX�ZLVK�WR�FRQGXFW��:KHQ�ZULWLQJ�WKH�LQWURGXFWLRQ�
\RX�PXVW�HVWDEOLVK� WKH� LPSRUWDQFH�DQG�SRWHQWLDO�VLJQLILFDQFH�RI� WKH�UHVHDUFK�VWXG\
E\�VKRZLQJ� LWV� UHOHYDQFH� WR� UHDO� OLIH��$GGLWLRQDOO\��ZULWLQJ� WKH� LQWURGXFWLRQ�JLYHV
\RX� WKH� RSSRUWXQLW\� WR� VHW� XS� \RXU� UHVHDUFK� VWXG\� E\� VKRZLQJ� KRZ� LW� ILWV� LQ�ZLWK
H[LVWLQJ�ZRUN� DQG� KRZ� LW� ZLOO� EXLOG� RQ� H[LVWLQJ�ZRUN� E\� HLWKHU� FRUUHFWLQJ� VRPH
GHILFLHQF\�RU�H[WHQGLQJ�WKH�ZRUN�RI�RWKHUV�

$IWHU�\RX�KDYH�GHPRQVWUDWHG�WKH�LPSRUWDQFH�DQG�VLJQLILFDQFH�RI�\RXU�VWXG\��\RX
PXVW�GHVFULEH�KRZ�\RX�ZLOO�FROOHFW�WKH�GDWD�WKDW�ZLOO�EH�XVHG�WR�DQVZHU�WKH�VWXG\¶V
UHVHDUFK�TXHVWLRQ�V���7KLV�GHVFULSWLRQ�FRQVWLWXWHV�WKH�PHWKRG�VHFWLRQ��,Q�WKH�PHWKRG
VHFWLRQ��\RX�ZLOO�GHVFULEH�WKH�HVVHQWLDO�FKDUDFWHULVWLFV�RI�\RXU�UHVHDUFK�SDUWLFLSDQWV
DQG�KRZ�WKH�SDUWLFLSDQWV�DUH�JRLQJ�WR�EH�VHOHFWHG�IRU�LQFOXVLRQ�LQ�WKH�UHVHDUFK�VWXG\�
<RX�ZLOO�DOVR�ZDQW�WR�GHVFULEH�WKH�YDULRXV�LQVWUXPHQWV�\RX�ZLOO�XVH�WR�FROOHFW�\RXU
VWXG\� GDWD�� DV� ZHOO� DV� DQ\� DSSDUDWXV� RU� HTXLSPHQW�� VXFK� DV� D� FRPSXWHU�� WKDW� LV
LQYROYHG�LQ�GDWD�FROOHFWLRQ��)LQDOO\��\RX�ZLOO�ZDQW�WR�GHVFULEH�WKH�H[DFW�SURFHGXUH
\RX� DUH� JRLQJ� WR� XVH� WR� H[HFXWH� WKH� VWXG\� IURP� WKH� PRPHQW� \RX� PHHW� WKH� ILUVW
UHVHDUFK�SDUWLFLSDQWV�WR�WKH�PRPHQW�\RX�WHUPLQDWH�FRQWDFW�ZLWK�WKHP�

$IWHU�\RX�KDYH�FRPSOHWHG�FROOHFWLQJ�WKH�VWXG\�GDWD��\RX�PXVW�DQDO\]H�WKH�GDWD�WR
SURYLGH�DQ�DQVZHU�WR�\RXU�UHVHDUFK�TXHVWLRQ��7KH�GDWD�DQDO\VLV�VHFWLRQ�SUHVHQWV�D
GHVFULSWLRQ�RI�KRZ�\RX�ZLOO�DQDO\]H�WKH�VWXG\�UHVXOWV�



.(<�7(506

DEVWUDFW��S������
GHVLJQ��S������
LQWURGXFWLRQ��S������
PHWKRG��S������
SURFHGXUH��S������
UHVHDUFK�SDUWLFLSDQWV��S������
UHVHDUFK�SURSRVDO��S������

',6&866,21�48(67,216

����:KDW�LV�WKH�SXUSRVH�RI�ZULWLQJ�D�UHVHDUFK�SURSRVDO��DQG�ZKDW�HOHPHQWV�JR�LQWR�D
JRRG�UHVHDUFK�SURSRVDO"

����:KDW�W\SH�RI�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�LQ�HDFK�FRPSRQHQW�RI�D�UHVHDUFK
SURSRVDO"

5(6($5&+�(;(5&,6(

����,Q�WKH�ODVW�FKDSWHU��WKH�UHVHDUFK�H[HUFLVH�DVNHG�\RX�WR�LGHQWLI\�D�UHVHDUFK�WRSLF��D
UHVHDUFK�TXHVWLRQ��DQG�D�K\SRWKHVLV�UHODWHG�WR�WKLV�UHVHDUFK�TXHVWLRQ��1RZ
DVVXPH�WKDW�\RX�ZHUH�JRLQJ�WR�SUHSDUH�D�UHVHDUFK�SURSRVDO�VSHFLI\LQJ�KRZ�\RX
ZRXOG�FRQGXFW�D�VWXG\�WR�DQVZHU�WKH�UHVHDUFK�TXHVWLRQ��3URYLGH�DQ�DQVZHU�WR�WKH
IROORZLQJ�TXHVWLRQV�DV�D�SUHOXGH�WR�GHYHORSLQJ�\RXU�UHVHDUFK�SURSRVDO�

D���:KDW�FKDUDFWHULVWLFV�RI�WKH�UHVHDUFK�SDUWLFLSDQWV�ZRXOG�\RX�XVH�LQ�\RXU
VWXG\��DQG�KRZ�ZRXOG�\RX�UHFUXLW�WKH�SDUWLFLSDQWV"

E���:KDW�LQVWUXPHQWV�DQG�RU�DSSDUDWXV�ZRXOG�\RX�XVH�WR�FROOHFW�\RXU�GDWD"

F���'HWDLO�WKH�SURFHGXUH�\RX�ZRXOG�XVH�WR�FROOHFW�WKH�GDWD�

5(/(9$17�,17(51(7�6,7(6

([DPSOH�RI�DQ�$3$�VW\OH�UHVHDUFK�SURSRVDO
KWWS���SV\FKRORJ\�YDQJXDUG�HGX�ZS�FRQWHQW�XSORDGV���������SDSHU�SGI

3DUWV�RI�D�UHVHDUFK�SURSRVDO�DQG�WKHLU�FRQWHQWV
KWWS���RUVS�XPLFK�HGX�SURSRVDOV�SZJ�SZJFRQWHQWV�KWPO

http://psychology.vanguard.edu/wp-content/uploads/2010/12/paper.pdf
http://orsp.umich.edu/proposals/pwg/pwgcontents.html
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9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

%ORRPEHUJ��/��'���	�9ROSH��0��)����������&RPSOHWLQJ�\RXU�TXDOLWDWLYH
GLVVHUWDWLRQ��$�URDG�PDS�IURP�EHJLQQLQJ�WR�HQG��7KRXVDQG�2DNV��&$��6DJH�

+DUW��&����������'RLQJ�D�OLWHUDWXUH�UHYLHZ��5HOHDVLQJ�WKH�VRFLDO�VFLHQFH�UHVHDUFK
LPDJLQDWLRQ��7KRXVDQG�2DNV��&$��6DJH�

5XGHVWDP��.��(���	�1HZWRQ��5��5����������6XUYLYLQJ�\RXU�GLVVHUWDWLRQ��$
FRPSUHKHQVLYH�JXLGH�WR�FRQWHQW�DQG�SURFHVV��7KRXVDQG�2DNV��&$��6DJH�

http://www.sagepub.com/bjohnson5e/


&KDSWHU��

5HVHDUFK�(WKLFV

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�ZK\�LW�LV�QHFHVVDU\�WR�FRQVLGHU�HWKLFDO�LVVXHV�ZKHQ�GHVLJQLQJ�DQG
FRQGXFWLQJ�UHVHDUFK�

��6WDWH�WKH�JXLGHOLQHV�WKDW�PXVW�EH�IROORZHG�LQ�FRQGXFWLQJ�UHVHDUFK�ZLWK
KXPDQV�

��([SODLQ�WKH�SURFHGXUHV�WKDW�PXVW�EH�IROORZHG�WR�REWDLQ�DSSURYDO�WR�FRQGXFW�D
VWXG\�

��6SHFLI\�WKH�LVVXHV�LQYROYHG�LQ�FRQGXFWLQJ�UHVHDUFK�ZLWK�PLQRUV�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�(WKLFDO�,VVXHV

2Q�$SULO� ���� ������5REHUW�6WHLQKDHXVHU�� D� ���\HDU�ROG�PDQ
GUHVVHG�DOO�LQ�EODFN��HQWHUHG�KLV�IRUPHU�KLJK�VFKRRO�FDUU\LQJ
D� SXPS�DFWLRQ� VKRWJXQ� DQG� D� KDQGJXQ� DQG� EHJDQ� VKRRWLQJ
WHDFKHUV�LQ�FODVVURRPV�DQG�FRUULGRUV��)RXUWHHQ�WHDFKHUV�DQG
DGPLQLVWUDWRUV�� WZR� IHPDOH� VWXGHQWV�� DQG� D� SROLFH� RIILFHU
ZHUH� NLOOHG� EHIRUH� KXQGUHGV� RI� SROLFH� FRPPDQGRV
VXUURXQGHG� WKH� IRXU�VWRU\� EXLOGLQJ� DQG� FKDUJHG� LQVLGH�� 0U�
6WHLQKDHXVHU� UHWUHDWHG� WR� D� FODVVURRP�� EDUULFDGHG� KLPVHOI
LQVLGH�� DQG� WKHQ� IDWDOO\� VKRW� KLPVHOI� DV� WKH� SROLFH� FORVHG� LQ
�%LHKO��������

6WXGHQWV�GHVFULEHG�6WHLQKDHXVHU�DV�DQ�LQWHOOLJHQW�SHUVRQ�ZKR�ZDV�QRW�DJJUHVVLYH�EXW�ZDV�RIWHQ�ODWH
IRU� FODVVHV� DQG�KDG�GLIILFXOWLHV�ZLWK� WHDFKHUV��+RZHYHU��0U��6WHLQKDHXVHU�KDG�EHHQ�H[SHOOHG� IRU�SRRU
JUDGHV�� DQG� WKLV� KDG�SUHYHQWHG�KLP� IURP� WDNLQJ�XQLYHUVLW\� HQWUDQFH� H[DPV��+H� DSSDUHQWO\�ZDV� DQJU\
RYHU�WKLV�H[SXOVLRQ��DQG�WKLV�DQJHU�VHHPHG�WR�EH�WKH�LPSHWXV�IRU�WKH�VKRRWLQJV�

7HHQDJH� YLROHQFH� DQG� PDVV� PXUGHUV�� DV� LOOXVWUDWHG� LQ� WKH� FDVH� RI� 5REHUW� 6WHLQKDHXVHU�� DUH� QRW
LVRODWHG�HYHQWV��$OO�ZH�KDYH�WR�GR�LV�WKLQN�EDFN�WR�WKH�$SULO������VKRRWLQJV�DW�&ROXPELQH�+LJK�6FKRRO�LQ
/LWWOHWRQ�� &RORUDGR�� RU� WR� WKH� ����� VKRRWLQJV� DW� 6DQG\� +RRN� (OHPHQWDU\� 6FKRRO� LQ� 1HZWRZQ�
&RQQHFWLFXW��6XFK�YLROHQW�H[SUHVVLRQV�RI�DQJHU�DOZD\V�SURPRWH�WKH�TXHVWLRQV�³:K\"´�DQG�³+RZ�FRXOG
WKLV�KDYH�KDSSHQHG�LQ�RXU�VFKRRO"´�7KHVH�DUH�TXHVWLRQV�WKDW�UHVHDUFKHUV�DUH�DOVR�DVNLQJ�DQG�VHHNLQJ�WR
DQVZHU��+RZHYHU��FRQGXFWLQJ�UHVHDUFK�RQ�VXFK�TXHVWLRQV�JHQHUDWHV�D�YDULHW\�RI�HWKLFDO�FRQFHUQV��2QH
RI�WKH�PRVW�VHULRXV�LV�WKH�KDUPIXO�HIIHFW�LW�FRXOG�KDYH�RQ�WKH�SDUWLFLSDQWV�



,

,Q� WKH� FRXUVH� RI� FRQGXFWLQJ� WKH� VWXG\�� WKH� UHVHDUFKHU� PLJKW� LGHQWLI\� D� WHHQDJHU� ZKR� KDV� VHYHUH
DQJHU�DQG�D�WHQGHQF\�WR�YHQW�DQJHU�LQ�DJJUHVVLYH�ZD\V��7KH�UHVHDUFKHU�KDV�D�UHVSRQVLELOLW\�WR�SURWHFW
WKH� UHVHDUFK� SDUWLFLSDQW� DQG� WKH� SRWHQWLDO� WDUJHW� RI� WKH� DQJHU� E\� QRWLI\LQJ� WKH� DXWKRULWLHV� DERXW� WKH
SDUWLFLSDQW¶V� DQJHU� DQG� KLV� RU� KHU� SRWHQWLDO� IRU� HQJDJLQJ� LQ� YLROHQW� EHKDYLRU�� $OWKRXJK� WKH� UHVHDUFKHU
ZRXOG�EH�DFWLQJ�DSSURSULDWHO\��WKH�SULYDF\�RI�WKH�WHHQDJHU�ZRXOG�KDYH�EHHQ�YLRODWHG�

$V�\RX�FDQ�VHH��D�YDULHW\�RI�HWKLFDO�LVVXHV�VXUURXQG�D�UHVHDUFK�LQYHVWLJDWLRQ��7KXV��WKHUH�LV�D�QHHG
IRU�D�VHW�RI�HWKLFDO�JXLGHOLQHV�IRU�UHVHDUFKHUV�WR�XVH�ZKHQ�FRQGXFWLQJ�HGXFDWLRQDO�UHVHDUFK�

I� \RX� WKLQN� DERXW� WKH� SRWHQWLDO� JRRG� WKDW� FDQ� FRPH� RXW� RI� DQ� HGXFDWLRQDO
UHVHDUFK� VWXG\�� LW� PDNHV� D� ORW� RI� VHQVH� WR� LQWHUYLHZ� RU� VXUYH\� VWXGHQWV� DQG
WHDFKHUV�RU�DVN� WKHP� WR�SDUWLFLSDWH� LQ�DQ�H[SHULPHQW��+RZHYHU��ZH� OLYH� LQ�D

VRFLHW\�LQ�ZKLFK�ZH�KDYH�WKH�ULJKW�WR�SULYDF\�DQG�WKH�ULJKW�WR�H[SHFW�IUHHGRP�IURP
VXUYHLOODQFH�RI�RXU�EHKDYLRU�ZLWKRXW�RXU�FRQVHQW��:H�DOVR�KDYH� WKH�ULJKW� WR�NQRZ
ZKHWKHU�RXU�EHKDYLRU�LV�EHLQJ�PDQLSXODWHG�DQG��LI�VR��ZK\�

8QIRUWXQDWHO\��WKHVH�EDVLF�ULJKWV�FDQ�EH�HDVLO\�YLRODWHG�ZKHQ�D�UHVHDUFK�VWXG\�LV
FRQGXFWHG�� 7KLV� FUHDWHV� D� SUREOHP� IRU� UHVHDUFKHUV� EHFDXVH� WKH� SXEOLF� FRQVWDQWO\
GHPDQGV� WR� VHH� LPSURYHPHQWV� LQ� WKH� HGXFDWLRQDO� V\VWHP��:KHQHYHU� 6$7� VFRUHV
GHFOLQH� RU� ZKHQ� UHVXOWV� DUH� SXEOLFL]HG� LQGLFDWLQJ� WKDW� ³-RKQQ\� FDQ¶W� UHDG�´� WKH
HGXFDWLRQDO� V\VWHP� LV� DWWDFNHG�� DQG� GHPDQGV� DUH�PDGH� IRU� LPSURYLQJ� LQVWUXFWLRQ�
,PSURYHPHQWV� LQ� HGXFDWLRQ� DUH� D� UHVXOW�� KRZHYHU�� RI� ZHOO�GHVLJQHG� DQG� ZHOO�
FRQGXFWHG� UHVHDUFK� VWXGLHV�� ,Q� FRQGXFWLQJ� WKHVH� UHVHDUFK� VWXGLHV�� LW� LV� VRPHWLPHV
QHFHVVDU\� WR� LQIULQJH� RQ� SHRSOH¶V� ULJKW� WR� SULYDF\� DQG� DVN� SHUVRQDO� TXHVWLRQV� RU
REVHUYH� WKHLU� EHKDYLRU�� EHFDXVH� WKLV� LV� WKH� RQO\�ZD\� UHVHDUFKHUV� FDQ� FROOHFW� WKH
LQIRUPDWLRQ�QHHGHG�IRU�LPSURYLQJ�WKH�HGXFDWLRQDO�V\VWHP�DV�D�ZKROH��$GGLWLRQDOO\�
IRU� WKH�HGXFDWRU�ZKR� LV� WUDLQHG� LQ� UHVHDUFK� WHFKQLTXHV�� D�GHFLVLRQ�QRW� WR� FRQGXFW
UHVHDUFK�LV�D�PDWWHU�RI�HWKLFDO�FRQFHUQ�

&RQVLGHUDWLRQ� RI� UHVHDUFK� HWKLFV� LV� D� QHFHVVDU\� SDUW� RI� WKH� GHYHORSPHQW� DQG
LPSOHPHQWDWLRQ� RI� DQ\� UHVHDUFK� VWXG\�� 8QGHUVWDQGLQJ� HWKLFDO� SULQFLSOHV� DQG
SURFHGXUHV� DVVLVWV� D� UHVHDUFKHU� LQ� SUHYHQWLQJ� DEXVHV� WKDW� FRXOG� RFFXU� DQG� KHOSV
GHOLQHDWH�KLV�RU�KHU�UHVSRQVLELOLWLHV�DV�DQ�LQYHVWLJDWRU��)RU�H[DPSOH��\RX�ZLOO�OHDUQ
WKDW�PDLQWDLQLQJ�SDUWLFLSDQWV¶�DQRQ\PLW\�DQG�REWDLQLQJ�WKHLU�LQIRUPHG�FRQVHQW�EHIRUH
FRQGXFWLQJ� WKH� VWXG\� DUH� LPSRUWDQW�� ,Q� WKLV� FKDSWHU�� ZH� GLVFXVV� WKH� LVVXHV
VXUURXQGLQJ�WKH�HWKLFV�RI�HGXFDWLRQDO�UHVHDUFK�

:+$7�$5(�5(6($5&+�(7+,&6"
(WKLFV� DUH� WKH�SULQFLSOHV� DQG�JXLGHOLQHV� WKDW� KHOS�XV�XSKROG� WKH� WKLQJV�ZH�YDOXH�
:KHQ�PRVW�SHRSOH�WKLQN�RI�HWKLFV��WKH\�ILUVW�WKLQN�RI�PRUDOLVWLF�VHUPRQV�DQG�HQGOHVV
SKLORVRSKLFDO�GHEDWHV��EXW�LQ�IDFW�HWKLFV�SHUPHDWH�RXU�GD\�WR�GD\�OLYHV��:KHQHYHU
HWKLFDO�LVVXHV�DUH�GLVFXVVHG��LW�LV�W\SLFDO�IRU�LQGLYLGXDOV�WR�GLIIHU�DERXW�ZKDW�GRHV
DQG�ZKDW�GRHV�QRW�FRQVWLWXWH�HWKLFDO�EHKDYLRU��0RVW�RI� WKH�GLVDJUHHPHQWV�VHHP�WR
DULVH�EHFDXVH�RI� WKH�GLIIHUHQW� DSSURDFKHV�SHRSOH� WDNH� LQ� DWWHPSWLQJ� WR� UHVROYH�DQ
HWKLFDO�LVVXH�

��(WKLFV�7KH�SULQFLSOHV�DQG�JXLGHOLQHV�WKDW�KHOS�XV�XSKROG�WKH�WKLQJV�ZH�YDOXH



7KHUH� DUH� WKUHH� EDVLF� DSSURDFKHV²GHRQWRORJ\�� HWKLFDO� VNHSWLFLVP�� DQG
XWLOLWDULDQLVP²WKDW� SHRSOH� WHQG� WR� DGRSW� ZKHQ� FRQVLGHULQJ� HWKLFDO� LVVXHV� LQ
UHVHDUFK��7KHVH�DSSURDFKHV�GLIIHU� LQ� WHUPV�RI� WKH�FULWHULD�XVHG� WR�PDNH�GHFLVLRQV
DERXW� ZKDW� LV� ULJKW� DQG� ZURQJ� �6FKOHQNHU� 	� )RUV\WK�� ������� 7KH� GHRQWRORJLFDO
DSSURDFK�WDNHV�WKH�SRVLWLRQ�WKDW�HWKLFDO�LVVXHV�PXVW�EH�MXGJHG�RQ�WKH�EDVLV�RI�VRPH
XQLYHUVDO�FRGH���7KH�URRW�RI�WKH�ZRUG�LV�WKH�*UHHN�ZRUG�GHRQ��ZKLFK�PHDQV�³GXW\´
RU� ³REOLJDWLRQ�´�� &HUWDLQ� DFWLRQV� DUH� LQKHUHQWO\� XQHWKLFDO� DQG� VKRXOG� QHYHU� EH
SHUIRUPHG�UHJDUGOHVV�RI�WKH�FLUFXPVWDQFHV��)RU�H[DPSOH��%DXPULQG��������XVHG�WKH
GHRQWRORJLFDO� DSSURDFK� WR� DUJXH� WKDW� WKH� XVH� RI� GHFHSWLRQ� LQ� UHVHDUFK� LV�PRUDOO\
ZURQJ�DQG�VKRXOG�QRW�EH�XVHG�XQGHU�DQ\�FLUFXPVWDQFHV�EHFDXVH�LW�LQYROYHV�O\LQJ�WR
UHVHDUFK�SDUWLFLSDQWV�DQG�SUHFOXGHV�REWDLQLQJ�WKHLU�LQIRUPHG�FRQVHQW�

��'HRQWRORJLFDO�DSSURDFK�$Q�HWKLFDO�DSSURDFK�WKDW�VD\V�HWKLFDO�LVVXHV�PXVW�EH
MXGJHG�RQ�WKH�EDVLV�RI�VRPH�XQLYHUVDO�FRGH

$� SHUVRQ� XVLQJ� HWKLFDO� VNHSWLFLVP� ZRXOG� DUJXH� WKDW� FRQFUHWH� DQG� LQYLRODWH
PRUDO�FRGHV�VXFK�DV� WKRVH�XVHG�E\� WKH�GHRQWRORJLVW�FDQQRW�EH� IRUPXODWHG��6XFK�D
VNHSWLF�ZRXOG�QRW�GHQ\� WKDW�HWKLFDO�SULQFLSOHV�DUH� LPSRUWDQW�EXW�ZRXOG�FODLP� WKDW
HWKLFDO�UXOHV�DUH�UHODWLYH�WR�RQH¶V�FXOWXUH�DQG�WLPH��$FFRUGLQJ�WR�WKLV�DSSURDFK��DQ
HWKLFDO�GHFLVLRQ�PXVW�EH�D�PDWWHU�RI�WKH�LQGLYLGXDO¶V�FRQVFLHQFH��DQG�WKH�UHVHDUFKHU
VKRXOG�GR�ZKDW�KH�RU�VKH�WKLQNV�LV�ULJKW�DQG�UHIUDLQ�IURP�GRLQJ�ZKDW�KH�RU�VKH�WKLQNV
LV�ZURQJ��5HVHDUFK�HWKLFV�DUH�WKHUHIRUH�D�PDWWHU�RI�WKH�LQGLYLGXDO¶V�FRQVFLHQFH�

��(WKLFDO�VNHSWLFLVP�$Q�HWKLFDO�DSSURDFK�WKDW�VD\V�FRQFUHWH�DQG�LQYLRODWH
PRUDO�FRGHV�FDQQRW�EH�IRUPXODWHG�EXW�DUH�D�PDWWHU�RI�LQGLYLGXDO�FRQVFLHQFH

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH� WKLUG� DSSURDFK� WR� DVVHVVLQJ� HWKLFDO� LVVXHV� LV� WKDW� RI�XWLOLWDULDQLVP�� 7KLV
SRVLWLRQ��DV�DSSOLHG�LQ�UHVHDUFK��PDLQWDLQV�WKDW�MXGJPHQWV�UHJDUGLQJ�WKH�HWKLFV�RI�D
SDUWLFXODU� UHVHDUFK� VWXG\� GHSHQG� ERWK� RQ� WKH� FRQVHTXHQFHV� RI� WKDW� VWXG\� IRU� WKH
LQGLYLGXDO�UHVHDUFK�SDUWLFLSDQW�DQG�WKH�ODUJHU�EHQHILW�WKDW�PLJKW�DULVH�IURP�WKH�VWXG\
UHVXOWV�� ,Q� WKLV� SRVLWLRQ�� HWKLFDO� GHFLVLRQV� DUH� EDVHG� RQ� ZHLJKLQJ� WKH� SRWHQWLDO
EHQHILWV� WKDW� PLJKW� DFFUXH� IURP� D� UHVHDUFK� VWXG\� DJDLQVW� WKH� SRWHQWLDO� FRVWV�� DV
LOOXVWUDWHG�LQ�)LJXUH������ ,I� WKH�EHQHILWV�DUH�VXIILFLHQWO\� ODUJH�UHODWLYH� WR� WKH�FRVWV�
WKHQ� WKH� VWXG\� LV� GHWHUPLQHG� WR� EH� HWKLFDOO\� DFFHSWDEOH�� 7KLV� LV� WKH� SULPDU\
DSSURDFK�XVHG�E\�WKH�IHGHUDO�JRYHUQPHQW��PRVW�SURIHVVLRQDO�RUJDQL]DWLRQV��DQG
,QVWLWXWLRQDO� 5HYLHZ�%RDUGV� LQ� UHDFKLQJ� GLIILFXOW� HWKLFDO� GHFLVLRQV� DERXW� VWXGLHV
WKDW� SODFH� UHVHDUFK� SDUWLFLSDQWV� DW� ULVN� EXW� DOVR� KDYH� WKH� SRWHQWLDO� IRU� \LHOGLQJ
LPSRUWDQW�NQRZOHGJH�DQG�VLJQLILFDQW�EHQHILW�WR�KXPDQV�

��8WLOLWDULDQLVP�$Q�HWKLFDO�DSSURDFK�WKDW�VD\V�MXGJPHQWV�RI�WKH�HWKLFV�RI�D
VWXG\�GHSHQG�RQ�WKH�FRQVHTXHQFHV�WKH�VWXG\�KDV�IRU�WKH�UHVHDUFK�SDUWLFLSDQWV



DQG�WKH�EHQHILWV�WKDW�PLJKW�DULVH�IURP�WKH�VWXG\

�),*85(�������8WLOLWDULDQ�DSSURDFK�WR�MXGJLQJ�WKH�HWKLFDO�DFFHSWDELOLW\�RI�D
UHVHDUFK�VWXG\

(7+,&$/�&21&(516

,I�UHVHDUFK�HWKLFV�DUH�D�JXLGLQJ�VHW�RI�SULQFLSOHV�GHYHORSHG�WR�DVVLVW�UHVHDUFKHUV�LQ
FRQGXFWLQJ�HWKLFDO� VWXGLHV�� LW� LV� LPSRUWDQW� WR� LGHQWLI\� WKH�HWKLFDO� LVVXHV� WKDW� DUH�RI
LPSRUWDQFH� WR� UHVHDUFKHUV��7KUHH�DUHDV�RI�HWKLFDO�FRQFHUQ�IRU�HGXFDWLRQDO��VRFLDO�
DQG�EHKDYLRUDO�VFLHQWLVWV�DUH�����WKH�UHODWLRQVKLS�EHWZHHQ�VRFLHW\�DQG�VFLHQFH�����
SURIHVVLRQDO�LVVXHV��DQG�����WKH�WUHDWPHQW�RI�UHVHDUFK�SDUWLFLSDQWV�

��5HVHDUFK�HWKLFV�$�VHW�RI�SULQFLSOHV�GHYHORSHG�WR�JXLGH�DQG�DVVLVW
UHVHDUFKHUV�LQ�FRQGXFWLQJ�HWKLFDO�VWXGLHV

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

5HODWLRQVKLS�%HWZHHQ�6RFLHW\�DQG�6FLHQFH
7KH� HWKLFDO� LVVXH� FRQFHUQLQJ� WKH� UHODWLRQVKLS� EHWZHHQ� VRFLHW\� DQG� VFLHQFH

UHYROYHV� DURXQG� WKH� H[WHQW� WR�ZKLFK� VRFLHWDO� FRQFHUQV� DQG� FXOWXUDO� YDOXHV� VKRXOG
GLUHFW� WKH� FRXUVH� RI� UHVHDUFK��7KH� VRFLHW\� LQ�ZKLFK�ZH� OLYH� WHQGV� WR� GLFWDWH� WR� D
JUHDW�H[WHQW�WKH�LVVXHV�DQG�UHVHDUFK�DUHDV�WKDW�DUH�FRQVLGHUHG�LPSRUWDQW�DQG�VKRXOG
EH�LQYHVWLJDWHG��)RU�H[DPSOH��WKH�FRPPRQ�FROG�LV�D�FRQGLWLRQ�WKDW�DIIOLFWV�HYHU\RQH
DW� VRPH� SRLQW�� +RZHYHU�� OLWWOH� WLPH� LV� VSHQW� LQYHVWLJDWLQJ� ZD\V� WR� HOLPLQDWH� WKLV
DIIOLFWLRQ��SUREDEO\�EHFDXVH�D�FROG�LV� W\SLFDOO\�D� WHPSRUDU\�GLVFRPIRUW� WKDW� LV�QRW
OLIH�WKUHDWHQLQJ��0DQ\�RWKHU�LVVXHV�KDYH�PRUH�IDU�UHDFKLQJ�LPSOLFDWLRQV��VXFK�DV�WKH
HGXFDWLRQ�RI�RXU�FKLOGUHQ��6RFLHW\�FRQVLGHUV�VXFK�SUREOHPV�PXFK�PRUH�LPSRUWDQW�
DQG�LW�HQFRXUDJHV�UHVHDUFK�LQ�DUHDV�WKDW�DUH�FRQVLGHUHG�LPSRUWDQW�

2QH�RI� WKH�ZD\V� LQ�ZKLFK� WKHVH�SULRULWLHV�DUH�FRPPXQLFDWHG� WR�UHVHDUFKHUV� LV
WKURXJK�WKH�QXPHURXV�IXQGLQJ�DJHQFLHV�WKDW�H[LVW��7KH�ODUJHVW�IXQGLQJ�DJHQF\�LV�WKH



IHGHUDO�JRYHUQPHQW��7KH�IHGHUDO�JRYHUQPHQW�VSHQGV�PLOOLRQV�RI�GROODUV�HYHU\�\HDU
RQ�ERWK�EDVLF�DQG�DSSOLHG�UHVHDUFK��DQG�LW�DOVR�VHWV�SULRULWLHV�IRU�KRZ�WKH�PRQH\�LV
WR� EH� VSHQW�� 7R� LQFUHDVH� WKH� SUREDELOLW\� RI� REWDLQLQJ� D� SRUWLRQ� RI� WKHVH� UHVHDUFK
IXQGV�� LQYHVWLJDWRUV�PXVW� RULHQW� WKHLU� UHVHDUFK� SURSRVDOV� WRZDUG� WKHVH� SULRULWLHV�
ZKLFK� PHDQV� WKDW� WKH� IHGHUDO� JRYHUQPHQW� DW� OHDVW� SDUWLDOO\� GLFWDWHV� WKH� W\SH� RI
UHVHDUFK�WKDW�LV�FRQGXFWHG��(YHU\�\HDU�WKHVH�IXQGLQJ�DJHQFLHV�DQQRXQFH�³5HTXHVWV
IRU�3URSRVDOV´�LQ�VSHFLILF�DUHDV�

3URIHVVLRQDO�,VVXHV
7KH�FDWHJRU\�RI�SURIHVVLRQDO�LVVXHV�LQFOXGHV�WKH�H[SDQGLQJ�SUREOHP�RI�UHVHDUFK

PLVFRQGXFW�� ,Q�'HFHPEHU������� WKH�86�2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\�3ROLF\
GHILQHG�UHVHDUFK�PLVFRQGXFW�DV�³IDEULFDWLRQ��IDOVLILFDWLRQ��RU�SODJLDULVP��))3��LQ
SURSRVLQJ�� SHUIRUPLQJ�� RU� UHYLHZLQJ� UHVHDUFK�� RU� LQ� UHSRUWLQJ� UHVHDUFK� UHVXOWV�´
7KH� DWWHQWLRQ� WKDW� IDEULFDWLRQ�� IDOVLILFDWLRQ�� DQG� SODJLDULVP� KDYH� UHFHLYHG� LV
XQGHUVWDQGDEOH�JLYHQ�WKDW�D�VFLHQWLVW�LV�WUDLQHG�WR�DVN�TXHVWLRQV��WR�EH�VNHSWLFDO��DQG
WR�XVH�WKH�UHVHDUFK�SURFHVV�LQ�WKH�VHDUFK�IRU�WUXWK�DQG�VRFLDO�EHWWHUPHQW�

��5HVHDUFK�PLVFRQGXFW�7KH�IDEULFDWLRQ��IDOVLILFDWLRQ��RU�SODJLDULVP�LQ
SURSRVLQJ��SHUIRUPLQJ��RU�UHYLHZLQJ�UHVHDUFK�RU�UHSRUWLQJ�UHVHDUFK�UHVXOWV

7KLV� VHDUFK� IRU� WUXWK� LV� FRPSOHWHO\� DQWLWKHWLFDO� WR� HQJDJLQJ� LQ� DQ\� IRUP� RI
GHFHSWLRQ�� 7KH�PRVW� VHULRXV� SURIHVVLRQDO� FULPH� DQ\� UHVHDUFKHU� FDQ� FRPPLW� LV� WR
FKHDW�RU�SUHVHQW�IUDXGXOHQW�UHVXOWV�WR�WKH�UHVHDUFK�FRPPXQLW\��VXFK�DV�WKH�EHKDYLRU
GHVFULEHG�LQ�([KLELW������$OWKRXJK�WKHUH�LV�DQ�XQZULWWHQ�UXOH�WKDW�VFLHQWLVWV�SUHVHQW
XQFRQWDPLQDWHG�UHVXOWV�� WKHUH�VHHPV�WR�EH�D�GLVWXUELQJ� LQFUHDVH� LQ� WKH� WHQGHQF\�RI
VRPH�VFLHQWLVWV� WR� IRUJH�RU� IDOVLI\�GDWD��PDQLSXODWH� UHVXOWV� WR� VXSSRUW� D� WKHRU\��RU
UHSRUW�GDWD�VHOHFWLYHO\��:RROI���������)RU�H[DPSOH��D������VWXG\�DW�*HRUJH�0DVRQ
8QLYHUVLW\� IRXQG� WKDW� RQH� WKLUG� RI� WKH� VFLHQWLVWV� LQWHUYLHZHG� VXVSHFWHG� WKDW� D
FROOHDJXH�KDG�FRPPLWWHG�SODJLDULVP��+RZHYHU�����SHUFHQW�RI� WKHVH�GLG�QRW�UHSRUW
WKHLU�VXVSLFLRQV�WR�XQLYHUVLW\�RIILFLDOV��%UDLQDUG��������

�(;+,%,7�������$�&DVH�RI�)UDXGXOHQW�5HVHDUFK

6WHYHQ� (�� %UHXQLQJ� UHFHLYHG� KLV� GRFWRUDWH� IURP� WKH� ,OOLQRLV� ,QVWLWXWH� RI� 7HFKQRORJ\� LQ� ������ 6HYHUDO
\HDUV� ODWHU�� KH� REWDLQHG� D� SRVLWLRQ� DW� WKH� &ROGZDWHU� 5HJLRQDO� &HQWHU� LQ� 0LFKLJDQ�� $W� &ROGZDWHU�
%UHXQLQJ�ZDV�LQYLWHG�WR�FROODERUDWH�RQ�D�1DWLRQDO�,QVWLWXWH�RI�0HQWDO�+HDOWK��1,0+�±IXQGHG�VWXG\�RI
WKH�XVH�RI�QHXUROHSWLFV�RQ� LQVWLWXWLRQDOL]HG�SHRSOH�ZKR�KDG� LQWHOOHFWXDO�GLVDELOLWLHV�� ,Q� -DQXDU\�������KH
ZDV� DSSRLQWHG� GLUHFWRU� RI� WKH� -RKQ�0HUFN� SURJUDP� DW� 3LWWVEXUJK¶V�:HVWHUQ� 3V\FKLDWULF� ,QVWLWXWH� DQG
&OLQLF��ZKHUH�KH�FRQWLQXHG�WR�UHSRUW�RQ�WKH�UHVXOWV�RI�WKH�&ROGZDWHU�UHVHDUFK�DQG�HYHQ�REWDLQHG�KLV�RZQ
1,0+� JUDQW� WR� VWXG\� WKH� HIIHFWV� RI� VWLPXODQW� PHGLFDWLRQ� RQ� LQGLYLGXDOV� ZLWK� LQWHOOHFWXDO� GLVDELOLWLHV�
'XULQJ� WKLV� WLPH�� %UHXQLQJ� JDLQHG� FRQVLGHUDEOH� SURPLQHQFH� DQG� ZDV� FRQVLGHUHG� RQH� RI� WKH� ILHOG¶V
OHDGLQJ�UHVHDUFKHUV��,Q�������KRZHYHU��TXHVWLRQV�ZHUH�UDLVHG�DERXW�WKH�YDOLGLW\�RI�%UHXQLQJ¶V�ZRUN��7KH
LQGLYLGXDO�ZKR� KDG� LQLWLDOO\� WDNHQ� RQ�%UHXQLQJ� DV� DQ� LQYHVWLJDWRU� VWDUWHG� TXHVWLRQLQJ� D� SDSHU� LQ�ZKLFK
%UHXQLQJ� KDG� UHSRUWHG� UHVXOWV� ZLWK� DQ� LPSRVVLEO\� KLJK� UHOLDELOLW\�� 7KLV� SURPSWHG� D� IXUWKHU� UHYLHZ� RI
%UHXQLQJ¶V�SXEOLVKHG�ZRUN��DQG�FRQWDFWV�ZHUH�PDGH�ZLWK�SHUVRQQHO�DW�&ROGZDWHU��ZKHUH� WKH�UHVHDUFK



KDG�VXSSRVHGO\�EHHQ�FRQGXFWHG��&ROGZDWHU¶V�GLUHFWRU�RI�SV\FKRORJ\�KDG�QHYHU�KHDUG�RI�WKH�VWXG\�DQG
ZDV�QRW�DZDUH�WKDW�%UHXQLQJ�KDG�FRQGXFWHG�DQ\�UHVHDUFK�ZKLOH�DW�&ROGZDWHU��1,0+�ZDV�LQIRUPHG�RI
WKH� DOOHJDWLRQV� LQ� 'HFHPEHU� ������ )ROORZLQJ� D� ��\HDU� LQYHVWLJDWLRQ�� DQ� 1,0+� WHDP� FRQFOXGHG� WKDW
%UHXQLQJ� KDG� ³NQRZLQJO\�� ZLOOIXOO\�� DQG� UHSHDWHGO\� HQJDJHG� LQ� PLVOHDGLQJ� DQG� GHFHSWLYH� SUDFWLFHV� LQ
UHSRUWLQJ�KLV�UHVHDUFK�´�+H�UHSRUWHGO\�KDG�QRW�FDUULHG�RXW�WKH�UHVHDUFK�WKDW�ZDV�GHVFULEHG��DQG�RQO\�D
IHZ� RI� WKH� H[SHULPHQWDO� SDUWLFLSDQWV� KDG� HYHU� EHHQ� VWXGLHG�� ,W� ZDV� FRQFOXGHG� WKDW� %UHXQLQJ� KDG
HQJDJHG�LQ�VHULRXV�VFLHQWLILF�PLVFRQGXFW��+ROGHQ��������

%RWK� SHUVRQDO� DQG� QRQSHUVRQDO� IDFWRUV� VHHP� WR� FRQWULEXWH� WR� VFLHQWLILF
PLVFRQGXFW��.QLJKW���������3HUVRQDO�IDFWRUV�IRFXV�RQ�WKH�SV\FKRORJLFDO�PDNHXS�RI
WKH� LQGLYLGXDO� �H�J��� SHUVRQDOLW\�� YDOXH� RULHQWDWLRQ��� 1RQSHUVRQDO� IDFWRUV� LQFOXGH
VXFK� WKLQJV� DV� WKH� SUHVVXUH� WR� SXEOLVK� DQG� WKH� FRPSHWLWLRQ� IRU� UHVHDUFK� IXQGLQJ�
0RVW�UHVHDUFK�LV�FRQGXFWHG�DW�UHVHDUFK�LQVWLWXWLRQV��PRVW�RI�ZKLFK�DUH�XQLYHUVLWLHV�
7KHVH�LQVWLWXWLRQV�HYDOXDWH�SURIHVVRUV�RQ�WKH�EDVLV�RI�WKH�JUDQWV�WKH\�UHFHLYH�DQG�WKH
DUWLFOHV�WKH\�SXEOLVK��5HFHLYLQJ�D�SURPRWLRQ�RU�HYHQ�NHHSLQJ�RQH¶V�SRVLWLRQ�PLJKW
EH� FRQWLQJHQW� RQ� WKH� QXPEHU� RI� DUWLFOHV� SXEOLVKHG� DQG� JUDQWV� REWDLQHG�� 7KLV
SUHVVXUH�LV�IUHTXHQWO\�UHSRUWHG�E\�UHVHDUFKHUV�ZKR�HQJDJH�LQ�IUDXGXOHQW�DFWLYLWLHV�
2WKHU� QRQSHUVRQDO� IDFWRUV� LQFOXGH� LQDGHTXDWH� VXSHUYLVLRQ� RI� WUDLQHHV�� LQDGHTXDWH
SURFHGXUHV�IRU�NHHSLQJ�UHFRUGV�RU�UHWDLQLQJ�GDWD��DQG�WKH�GLIIXVLRQ�RI�UHVSRQVLELOLW\
IRU�MRLQWO\�DXWKRUHG�VWXGLHV�

$OWKRXJK� SHUVRQDO� DQG� QRQSHUVRQDO� IDFWRUV� PLJKW� FRQWULEXWH� WR� D� SHUVRQ¶V
WHQGHQF\� WR� HQJDJH� LQ� IUDXGXOHQW� DFWLYLW\�� WKHUH� LV� QHYHU� DQ\� MXVWLILFDWLRQ� IRU
HQJDJLQJ�LQ�VXFK�EHKDYLRU��7KH�FRVW�RI�IUDXGXOHQW�DFWLYLW\�LV�HQRUPRXV��ERWK�WR�WKH
SURIHVVLRQ� DQG� WR� WKH� UHVHDUFKHU�� 1RW� RQO\� LV� WKH� ZKROH� UHVHDUFK� HQWHUSULVH
GLVFUHGLWHG��EXW�DOVR�WKH�SURIHVVLRQDO�FDUHHU�RI�WKH�LQGLYLGXDO�LV�GHVWUR\HG�

$OWKRXJK� IUDXGXOHQW� DFWLYLW\� LV� REYLRXVO\� WKH� PRVW� VHULRXV� IRUP� RI� VFLHQWLILF
PLVFRQGXFW�� VHYHUDO� RWKHU�� OHVV� VHULRXV� LVVXHV� DOVR� QHHG� DWWHQWLRQ�� 7KHVH� LQFOXGH
SUDFWLFHV� VXFK� DV� RYHUORRNLQJ� RWKHUV¶� XVH� RI� IODZHG� GDWD�� IDLOLQJ� WR� SUHVHQW� GDWD
FRQWUDGLFWLQJ�RQH¶V�RZQ�ZRUN��RU�FLUFXPYHQWLQJ�PLQRU�DVSHFWV�RI�KXPDQ�SDUWLFLSDQW
UHTXLUHPHQWV��:KLOH�WKHVH�SUDFWLFHV�GR�QRW�DSSURDFK�WKH�VHULRXVQHVV�RI�IDEULFDWLRQ�
IDOVLILFDWLRQ�� RU� SODJLDULVP�� WKH\� DUH� RI� FRQFHUQ� WR� WKH� SURIHVVLRQ�� HVSHFLDOO\� DV
0DUWLQVRQ��$QGHUVRQ��DQG�GH�9ULHV��������KDYH�UHYHDOHG�WKDW�PRUH�WKDQ�D�WKLUG�RI
86�VFLHQWLVWV�VXUYH\HG�DGPLWWHG�WR�HQJDJLQJ�LQ�RQH�RU�PRUH�RI�WKHVH�SUDFWLFHV�LQ�WKH
SDVW� �� \HDUV�� 7KHVH� SUREOHPV� GHVHUYH� DWWHQWLRQ� DV� WKH\� DOVR� UHSUHVHQW� D� IRUP� RI
UHVHDUFK�PLVFRQGXFW�

7KH�LQFUHDVHG�IUHTXHQF\�RI�DQG�LQWHUHVW�LQ�VFLHQWLILF�PLVFRQGXFW�KDYH�VWLPXODWHG
GLVFXVVLRQ� DERXW� LWV� FDXVHV� DQG� ZKDW� DFWLRQ� QHHGV� WR� EH� WDNHQ� WR� UHGXFH� LWV
IUHTXHQF\��+LOJDUWQHU��������.QLJKW���������2QH�RI�WKH�EHVW�GHWHUUHQWV�LV�SUREDEO\
WKH� GHYHORSPHQW� RI� DQ� LQVWLWXWLRQDO� FXOWXUH� LQ� ZKLFK� NH\� IDFXOW\� PHPEHUV� PRGHO
HWKLFDO� EHKDYLRU�� VWUHVV� WKH� LPSRUWDQFH� RI� UHVHDUFK� LQWHJULW\�� DQG� WUDQVODWH� WKHVH
EHOLHIV� LQWR� DFWLRQ� �*XQVDOXV�� ������� -DQH� 6WHLQEHUJ�� GLUHFWRU� RI� H[WUDPXUDO
DFWLYLWLHV� DQG� UHVHDUFK� LQWHJULW\� RIILFHU� DW� 1,0+�� VWDWHV� WKDW� VRPH� VSHFLILF
VWUDWHJLHV� FDQ� EH� XVHG� WR� SUHYHQW� IDEULFDWLRQV� RI� GDWD�� 6KH� DGYRFDWHV� LQVWLWXWLQJ
SUHYHQWLRQ�VWUDWHJLHV��-��$��6WHLQEHUJ���������VXFK�DV�WKRVH�OLVWHG�LQ�7DEOH������WKDW
PDNH�LW�GLIILFXOW�WR�HQJDJH�LQ�VFLHQWLILF�PLVFRQGXFW�



$GGLWLRQDOO\�� WKH� 1DWLRQDO� ,QVWLWXWHV� RI� +HDOWK� �1,+�� UHTXLUH� WKDW� DOO
LQYHVWLJDWRUV�ZKR�UHFHLYH�IXQGLQJ�IURP�1,+��DV�ZHOO�DV�RWKHU�NH\�SHUVRQQHO�VXFK�DV
FR�LQYHVWLJDWRUV� DQG� VWXG\� FRRUGLQDWRUV�� FRPSOHWH� DQ� HGXFDWLRQ� PRGXOH� RQ� WKH
SURWHFWLRQ�RI� KXPDQ�SDUWLFLSDQWV��0RVW� XQLYHUVLWLHV� H[WHQG� WKLV� UHTXLUHPHQW� WR� DOO
LQYHVWLJDWRUV�� LQFOXGLQJ� RWKHU� NH\� SHUVRQQHO�� VXFK� DV� JUDGXDWH� DQG� XQGHUJUDGXDWH
VWXGHQWV�ZKR�DUH�FRQGXFWLQJ�UHVHDUFK�ZLWK�KXPDQ�SDUWLFLSDQWV�ZKRVH�UHVHDUFK�GRHV
QRW�UHFHLYH�1,+�IXQGLQJ�

�7$%/(�������6WUDWHJLHV�IRU�3UHYHQWLQJ�6FLHQWLILF�0LVFRQGXFW

����+DYH�WKH�UHVHDUFKHU�PDNH�LW�FOHDU�WKDW�KH�RU�VKH�KDV�FKHFNHG�DQG�YHULILHG�GDWD�WKDW�DUH�FROOHFWHG�DQG�WKHQ
PDNH�VXUH�WKDW�VRPH�RI�WKH�GDWD�DUH�FKHFNHG�

����$VN�VRPH�RI�WKH�UHVHDUFK�SDUWLFLSDQWV�ZKR�VKRXOG�KDYH�EHHQ�VHHQ�E\�HDFK�GDWD�FROOHFWRU�LI�\RX�FDQ
UHFRQWDFW�WKHP��7KHQ�UHFRQWDFW�WKHP�WR�HQVXUH�WKDW�WKH\�SDUWLFLSDWHG�LQ�WKH�VWXG\�

����0DNH�VXUH�WKHUH�DUH�QR�GHYLDWLRQV�IURP�WKH�DSSURYHG�VWXG\�GHVLJQ�

����:DWFK�IRU�GDWD�FROOHFWRUV�ZKR�FRPSOHWH�GDWD�FROOHFWLRQ�LQ�UHFRUG�WLPH��0DNH�VXUH�\RX�UHYLHZ�WKH�ZRUN�RI
HYHU\�SHUVRQ�ZKR�FROOHFWV�WKH�VWXG\�GDWD�

����7HDFK�HWKLFDO�VWDQGDUGV�RI�FRQGXFWLQJ�UHVHDUFK�LQ�FODVVHV��,QFOXGH�UHYLHZV�RI�FDVHV�RI�PLVFRQGXFW�DQG
GLVFXVV�HWKLFDO�LVVXHV�DQG�WKH�UDPLILFDWLRQV�RI�PLVFRQGXFW�IRU�WKH�UHVHDUFKHU��WKH�ILHOG��DQG�SXEOLF�WUXVW�

����3URYLGH�JXLGHOLQHV�IRU�KDQGOLQJ�FDVHV�RI�VXVSHFWHG�PLVFRQGXFW�

7UHDWPHQW�RI�5HVHDUFK�3DUWLFLSDQWV
7UHDWPHQW�RI�UHVHDUFK�SDUWLFLSDQWV�LV�WKH�PRVW�LPSRUWDQW�DQG�IXQGDPHQWDO�LVVXH

WKDW� UHVHDUFKHUV� FRQIURQW�� &RQGXFW� RI� UHVHDUFK�ZLWK� KXPDQV� KDV� WKH� SRWHQWLDO� IRU
FUHDWLQJ� SK\VLFDO� DQG� SV\FKRORJLFDO� KDUP�� 7KH� JURVVO\� LQKXPDQH� PHGLFDO
H[SHULPHQWV�FRQGXFWHG�E\�1D]L�VFLHQWLVWV�GXULQJ�:RUOG�:DU�,,�LPPHGLDWHO\�FRPH�WR
PLQG�DV�DQ�H[WUHPH�H[DPSOH��$PRQJ�RWKHU�DWURFLWLHV��LQGLYLGXDOV�ZHUH�LPPHUVHG�LQ
LFH�ZDWHU�WR�GHWHUPLQH�KRZ�ORQJ�LW�ZRXOG�WDNH�WKHP�WR�IUHH]H�WR�GHDWK��%RQHV�ZHUH
EURNHQ�DQG� UHEURNHQ� WR�VHH�KRZ�PDQ\� WLPHV� WKH\�FRXOG�EH�EURNHQ�EHIRUH�KHDOLQJ
ZDV� QRW� SRVVLEOH�� :H� VHHP� WR� WKLQN� WKDW� VXFK� VWXGLHV� FRXOG� QRW� SRVVLEO\� EH
SHUIRUPHG�LQ�RXU�FXOWXUH��%HIRUH�WKH�����V��KRZHYHU��IRUPDO�GLVFXVVLRQV�DERXW�WKH
HWKLFV� RI� UHVHDUFK� ZHUH� YLUWXDOO\� QRQH[LVWHQW�� ,Q� WKH� PLG�����V�� HWKLFDO� LVVXHV
EHFDPH�D�GRPLQDQW�FRQFHUQ��DV� LW� LQFUHDVLQJO\�EHFDPH�FOHDU� WKDW� UHVHDUFK�GLG�QRW
LQYDULDEO\�RSHUDWH�WR�EHQHILW�RWKHUV�DQG�H[SHULPHQWV�ZHUH�QRW�DOZD\V�FRQGXFWHG�LQ
D�PDQQHU� WKDW� HQVXUHG� WKH� VDIHW\� RI� SDUWLFLSDQWV�� 7KH�PRVW� GUDPDWLF� H[DPSOHV� RI
XQHWKLFDO�UHVHDUFK�KDYH�EHHQ�ORFDWHG�LQ�WKH�PHGLFDO�ILHOG��WKH�7XVNHJHH�H[SHULPHQW
�-RQHV�� ������ GHVFULEHG� LQ� ([KLELW� ���� UHSUHVHQWV� WKH� PRVW� EODWDQW� H[DPSOH� RI
YLRODWLRQ�RI�KXPDQ�ULJKWV�LQ�WKH�8QLWHG�6WDWHV�

�(;+,%,7�������7KH�7XVNHJHH�([SHULPHQW

,Q� -XO\� ������ WKH�$VVRFLDWHG� 3UHVV� UHOHDVHG� D� VWRU\� WKDW� UHYHDOHG� WKDW� WKH�86�3XEOLF�+HDOWK� 6HUYLFH
�3+6��KDG�IRU����\HDUV��IURP������WR�������EHHQ�FRQGXFWLQJ�D�VWXG\�RI�WKH�HIIHFWV�RI�XQWUHDWHG�V\SKLOLV



RQ�$IULFDQ�$PHULFDQ�PHQ�LQ�0DFRQ�&RXQW\��$ODEDPD��7KH�VWXG\�FRQVLVWHG�RI�FRQGXFWLQJ�D�YDULHW\�RI
PHGLFDO�WHVWV��LQFOXGLQJ�DQ�H[DPLQDWLRQ��RQ�����$IULFDQ�$PHULFDQ�PHQ�ZKR�ZHUH�LQ�WKH�ODWH�VWDJHV�RI
WKH�GLVHDVH�DQG�RQ�����FRQWUROV��3K\VLFLDQV�HPSOR\HG�E\�WKH�3+6�DGPLQLVWHUHG�D�YDULHW\�RI�EORRG�WHVWV
DQG�URXWLQH�DXWRSVLHV�WR�OHDUQ�DERXW�WKH�VHULRXV�FRPSOLFDWLRQV�WKDW�UHVXOWHG�IURP�WKH�ILQDO�VWDJHV�RI�WKH
GLVHDVH�

7KLV� ZDV� D� VWXG\� DLPHG� VWULFWO\� DW� FRPSLOLQJ� GDWD� RQ� WKH� HIIHFWV� RI� WKH� GLVHDVH� DQG� QRW� RQ� WKH
WUHDWPHQW�RI�V\SKLOLV��1R�GUXJV�RU�DOWHUQDWLYH�WKHUDSLHV�ZHUH�WHVWHG�RU�HYHU�XVHG��7KH�SDUWLFLSDQWV�ZHUH
QHYHU� WROG� WKH�SXUSRVH�RI� WKH�VWXG\�RU�ZKDW� WKH\�ZHUH�RU�ZHUH�QRW�EHLQJ� WUHDWHG�IRU��7KH�3+6�QXUVH
PRQLWRULQJ�WKH�SDUWLFLSDQWV�LQIRUPHG�WKH�ORFDO�SK\VLFLDQV�RI�WKH�LQGLYLGXDOV�ZKR�ZHUH�WDNLQJ�SDUW� LQ�WKH
VWXG\� DQG� WKDW� WKH\�ZHUH� QRW� WR� EH� WUHDWHG� IRU� V\SKLOLV�� 3DUWLFLSDQWV�ZKR�ZHUH� RIIHUHG� WUHDWPHQW� E\
RWKHU�SK\VLFLDQV�ZHUH�DGYLVHG�WKDW�WKH\�ZRXOG�EH�GURSSHG�IURP�WKH�VWXG\�LI�WKH\�WRRN�WKH�WUHDWPHQW�

7KH�SDUWLFLSDQWV�ZHUH�QRW�DZDUH�RI�WKH�SXUSRVH�RI�WKH�VWXG\�RU�WKH�GDQJHU�LW�SRVHG�WR�WKHP��DQG�QR
DWWHPSW�ZDV�HYHU�PDGH�WR�H[SODLQ�WKH�VLWXDWLRQ�WR�WKHP��,Q�IDFW��SDUWLFLSDQWV�ZHUH�HQWLFHG�ZLWK�D�YDULHW\
RI� LQGXFHPHQWV��SK\VLFDO�H[DPLQDWLRQV�� IUHH� ULGHV� WR�DQG� IURP� WKH�FOLQLF��KRW�PHDOV�� IUHH� WUHDWPHQW� IRU
RWKHU�DLOPHQWV��DQG�D�����EXULDO�VWLSHQG�DQG�ZHUH�IROORZHG�WR�HQVXUH�WKDW�WKH\�GLG�QRW�UHFHLYH�WUHDWPHQW
IURP�RWKHU� SK\VLFLDQV��7KLV� VWXG\�YLRODWHG� DOPRVW� HYHU\� VWDQGDUG�RI� HWKLFV� IRU� UHVHDUFK�ZLWK� KXPDQV�
IURP�LQIRUPHG�FRQVHQW�WR�IUHHGRP�IURP�SK\VLFDO�DQG�RU�SV\FKRORJLFDO�KDUP�

,Q�'HFHPEHU������� WKH�&OHYHODQG�3ODLQ�'HDOHU� UHSRUWHG�RQ� WKH� UHVXOWV� RI� LWV
LQYHVWLJDWLRQ�RI� LQWHUQDO�)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ�UHFRUGV��(SVWHLQ�	�6ORDW�
����D±G��� 7KLV� DQDO\VLV� UHYHDOHG� WKDW� VRPH� UHVHDUFK� LV� VWLOO� FRQGXFWHG� RQ
XQNQRZLQJ�SHRSOH�DQG�WKDW��LQ�RWKHU�FDVHV��WKH�SDUWLFLSDQWV�DUH�QRW�IXOO\�LQIRUPHG�RI
WKH�ULVNV�RI�WKHLU�SDUWLFLSDWLRQ�

7KH�7XVNHJHH�H[SHULPHQW�ZDV�FOHDUO\�XQHWKLFDO�DQG�LQIOLFWHG�H[WHQVLYH�SK\VLFDO
KDUP� DQG� SV\FKRORJLFDO� SDLQ� RQ� WKH� UHVHDUFK� SDUWLFLSDQWV�� (GXFDWLRQDO� UHVHDUFK
GRHV�QRW�DSSHDU�WR�KDYH�WKH�SRWHQWLDO�IRU�LQIOLFWLQJ�D�VLPLODU�GHJUHH�RI�SK\VLFDO�RU
SV\FKRORJLFDO� KDUP� RQ� LWV� UHVHDUFK� SDUWLFLSDQWV�� 7KHUHIRUH�� LW� ZRXOG� EH� HDV\� WR
EHFRPH�FRPSODFHQW�DQG�FRQFOXGH�WKDW�FRQVLGHUDWLRQ�RI�HWKLFDO�LVVXHV�LV�VRPHWKLQJ
WKDW� RWKHU� ILHOGV� KDYH� WR� FRQWHQG� ZLWK� EXW� WKDW� HGXFDWLRQDO� UHVHDUFK� LV� VSDUHG�
5HDFKLQJ�VXFK�D�FRQFOXVLRQ�LV�ZURQJ�EHFDXVH�HWKLFDO�LVVXHV�DUH�SDUW�DQG�SDUFHO�RI
HGXFDWLRQDO�UHVHDUFK��+RZHYHU��WKH�HWKLFDO�LVVXHV�WKDW�HGXFDWLRQDO�UHVHDUFKHUV�PXVW
IDFH�DUH�RIWHQ�QRW� DV�GUDPDWLF�RU�EODWDQW� DV� WKRVH� WKDW� IUHTXHQWO\� H[LVW� LQ�PHGLFDO
UHVHDUFK�� &RQVHTXHQWO\�� HGXFDWLRQDO� UHVHDUFKHUV� IUHTXHQWO\� PXVW� EH� PRUH� UDWKHU
WKDQ�OHVV�DWWXQHG�WR�WKH�HWKLFDO�LVVXHV�WKDW�VXUURXQG�WKHLU�UHVHDUFK�

(WKLFDO�LVVXHV�LQ�HGXFDWLRQDO�UHVHDUFK�FDQ�EH�VXEWOH�EXW��QRQHWKHOHVV��LPSRUWDQW�
&RQVLGHU�D�VXUYH\�UHVHDUFK�VWXG\�FRQGXFWHG�E\�6��5��3KLOOLSV���������3KLOOLSV�ZDV
LQWHUHVWHG�LQ�DGROHVFHQWV¶�DWWLWXGHV�DQG�EHKDYLRUV�UHODWHG�WR�+,9�$,'6�SUHYHQWLRQ�
6KH�FROOHFWHG�GDWD�WKDW�ZRXOG�SURYLGH�LQVLJKW�LQWR�DGROHVFHQWV¶�WKRXJKWV�DERXW�XVLQJ
FRQGRPV�GXULQJ�VH[XDO�LQWHUFRXUVH�DQG�ZKDW�LQIOXHQFHG�WKHLU�GHFLVLRQV�WR�XVH�RU�QRW
XVH�FRQGRPV��3DUWLFLSDQWV�FRPSOHWHG�D�TXHVWLRQQDLUH�GHVLJQHG�WR�PHDVXUH�VH[XDOO\
UHODWHG� DWWLWXGHV� DQG� EHKDYLRU�� 7KLV� UHVHDUFK� GLG� QRW� LQMHFW�� H[SRVH�� PHGLFDWH�
WRXFK��GHFHLYH��RU�DVVLJQ�WKH�SDUWLFLSDQWV�WR�WUHDWPHQW�RU�FRQWURO�JURXSV��QRU�GLG�LW
UHTXLUH� WKHP� WR� UHYHDO� WKHLU� LGHQWLWLHV�� $OWKRXJK� WKH� VWXG\� GLG� LQYHVWLJDWH
³VHQVLWLYH´� EHKDYLRU�� LW� GLG� QRW� VHHP� WR� KDYH� WKH� SRWHQWLDO� IRU� YLRODWLQJ� WKH
SDUWLFLSDQWV¶�ULJKWV�

)RUWXQDWHO\�� 6��5�� 3KLOOLSV� �������PHW�ZLWK� YDULRXV� JURXSV� EHIRUH� FRQGXFWLQJ
KHU�VWXG\��DQG�WKHVH�PHHWLQJV�UHYHDOHG�VHYHUDO�HWKLFDO�FRQFHUQV�WKDW�OHG�KHU�WR�DOWHU



KHU� TXHVWLRQQDLUH� DQG� KHU� SURFHGXUHV�� )RU� H[DPSOH�� VKH�PHW�ZLWK� D� VWXGHQW� SHHU
JURXS� DQG� D� FRPELQHG� SDUHQW�WHDFKHU� JURXS� WR� GLVFXVV� WKH� REMHFWLYHV� RI� WKH
UHVHDUFK�DQG�WKH�FRQWHQW�RI�WKH�TXHVWLRQQDLUH��,Q�DGGLWLRQ�WR�DVNLQJ�TXHVWLRQV�DERXW
VH[XDO� DWWLWXGHV� DQG� EHKDYLRU�� WKH� TXHVWLRQQDLUH� LQTXLUHG� DERXW� WKH� DGROHVFHQWV¶
GUXJ� XVH�� ,Q� D� SDUHQW�WHDFKHU� JURXS� GLVFXVVLRQ�� WHDFKHUV� DQG� SDUHQWV� MRNHG� DERXW
KRZ� WKH\� ZRXOG� OLNH� WR� ILQG� RXW� DERXW� WKH� GUXJ� XVHUV� EHFDXVH� WKH\� KDG� VRPH
FKLOGUHQ� ZKRP� WKH\� VXVSHFWHG� RI� XVLQJ� GUXJV�� $OWKRXJK� 3KLOOLSV� KDG� WROG� WKH
VFKRROV�WKDW�VKH�ZRXOG�SURYLGH�WKHP�ZLWK�DJJUHJDWH�GDWD�RQO\�IRU�HDFK�VFKRRO��WKHUH
ZDV�VWLOO�WKH�SRWHQWLDO�WKDW�D�WHDFKHU��DIWHU�OHDUQLQJ�WKDW�KHU�VFKRRO�KDG��VD\�����GUXJ
XVHUV��ZRXOG�DVVXPH�WKDW�VKH�RU�KH�KDG�JXHVVHG�ULJKW�DQG� WKHQ� WUHDW� WKH�VXVSHFWHG
VWXGHQW� GLIIHUHQWO\�� 7R� DYRLG� VXFK� D� SRVVLELOLW\�� 3KLOOLSV� GHFLGHG� WR� UHPRYH� WKH
TXHVWLRQV�DERXW� LOOLFLW�GUXJ�XVH�H[FHSW�RQH�RQ�DOFRKRO�DQG�FLJDUHWWH�VPRNLQJ��7KH
VDPH� FRQFHUQ� GLG� QRW� H[LVW� IRU� VH[XDO� DFWLYLW\� EHFDXVH�PDQ\� WHDFKHUV� VHHPHG� WR
DVVXPH�WKDW�WKLV�ZDV�D�ZLGHVSUHDG�DFWLYLW\�

$QRWKHU�VXEWOH�HWKLFDO�LVVXH�6��5��3KLOOLSV��������KDG�WR�FRQWHQG�ZLWK�ZDV�WKH
LVVXH� RI� SULYDF\�� %HFDXVH� WKH� VXUYH\� LQVWUXPHQW� IRFXVHG� RQ� VH[XDO� EHKDYLRU�
VWXGHQWV� ZKR� KDG� QRW� H[SHULHQFHG� VH[XDO� LQWHUFRXUVH� ZRXOG� ILQG� PDQ\� RI� WKH
TXHVWLRQV� QRW� DSSOLFDEOH�� 7KHVH� VWXGHQWV� ZRXOG� VNLS� PRVW� RI� WKH� TXHVWLRQV� DQG
ILQLVK� PRUH� UDSLGO\� WKDQ� WKHLU� VH[XDOO\� DFWLYH� FODVVPDWHV�� 7KLV� PRUH� UDSLG
FRPSOHWLRQ� FRXOG� FRQYH\� WKHLU� VH[XDO� LQH[SHULHQFH� WR� WKHLU� FODVVPDWHV�� 7R� DYRLG
WKLV� SRVVLELOLW\�� 3KLOOLSV� FRQVWUXFWHG� D� VHFRQG� VHW� RI� TXHVWLRQV� IRU� WKH� VH[XDOO\
LQDFWLYH�VWXGHQW�WKDW�ZHUH�GHVLJQHG�WR�WDNH�DERXW�DV�ORQJ�WR�FRPSOHWH�DV�WKH�VHFWLRQV
IRU� WKH� VH[XDOO\� DFWLYH� VWXGHQW�� 7KLV� VHHPHG� WR� VROYH� WKLV� SUREOHP�� +RZHYHU�
OLVWHQLQJ�WR�VWXGHQWV�WDON�DERXW�FRPSOHWLQJ�VXUYH\V�UHYHDOHG�WKDW�WKH\�ZRXOG�OLVWHQ
WR� RU�ZDWFK�ZKHQ� WKHLU� IULHQGV� WXUQHG� WKH� SDJH� WR� EUDQFKLQJ� TXHVWLRQV� WR� GLVFHUQ
KRZ� WKH\� KDG� DQVZHUHG� WKH� TXHVWLRQ�� 7KLV� LV� D� VRSKLVWLFDWHG� DWWHPSW� WR� SU\� LQWR
DQRWKHU�VWXGHQW¶V�DQVZHUV��7R�JHW�DURXQG�WKLV�SULYDF\�LVVXH��3KLOOLSV�UHRUJDQL]HG�WKH
TXHVWLRQQDLUH�WR�HQVXUH�WKDW�DOO�EUDQFKLQJ�TXHVWLRQV�ZHUH�DW�WKH�ERWWRP�RI�WKH�SDJH
DQG�WKDW�DOO�VWXGHQWV�ZRXOG�KDYH�WR�WXUQ�D�SDJH�DW�DERXW�WKH�VDPH�WLPH�

$OWKRXJK�WKH�VXUYH\�VWXG\�WKDW�6��5��3KLOOLSV��������FRQGXFWHG�GLG�QRW�SODFH�WKH
SDUWLFLSDQWV� LQ� DQ\� SK\VLFDO� GDQJHU�� WKHUH� ZDV� WKH� SRWHQWLDO� IRU� HPRWLRQDO� KDUP�
6RPH� RI� WKH� VWXGHQWV� YROXQWHHUHG� WKDW� WKH\� KDG� EHHQ� UDSHG� DQG�RU� ZHUH� LQFHVW
YLFWLPV��7KLV�LQIRUPDWLRQ�ZDV�QRW�UHTXHVWHG�LQ�WKH�VXUYH\��EXW�LW�ZRXOG�KDYH�EHHQ
XQHWKLFDO�WR�GLVUHJDUG�LW�EHFDXVH�WKH�TXHVWLRQQDLUH�FRXOG�FUHDWH�DQ�HQYLURQPHQW� LQ
ZKLFK� WKHVH� XQSOHDVDQW� HYHQWV� ZHUH� UHFDOOHG�� 7KH� TXHVWLRQQDLUH� DOVR� DVNHG� WKH
DGROHVFHQWV� WR� LGHQWLI\� WKHLU� VH[XDO� SUHIHUHQFH�� WKLV� FRXOG� UHVXOW� LQ� WKH� VWXGHQW
KDYLQJ� WR� FRQIURQW� KRPRVH[XDO� WHQGHQFLHV�� ZKLFK� FRXOG� FDXVH� VRPH� HPRWLRQDO
GLVWUHVV�RU�GLVFRPIRUW��7R�GHDO�ZLWK�WKHVH�LVVXHV��3KLOOLSV�JDYH�DOO�WKH�VWXGHQWV�KHU
RIILFH�SKRQH�QXPEHU�DQG� WROG� WKHP� WKDW� WKH\�FRXOG�FDOO�KHU�ZLWK�DQ\�TXHVWLRQV�RU
FRQFHUQV�� 'XULQJ� WKH� DGPLQLVWUDWLRQ� RI� WKH� TXHVWLRQQDLUH�� VWXGHQWV� FRXOG� DVN
TXHVWLRQV� LQ�SULYDWH��DQG�DQ\�RWKHU�TXHVWLRQV� WKH\�PLJKW�KDYH�ZRXOG�EH�DQVZHUHG
DIWHU� FRPSOHWLRQ� RI� WKH� TXHVWLRQQDLUH�� $GGLWLRQDOO\�� HDFK� VWXGHQW� ZDV� JLYHQ� D
SDPSKOHW��SXEOLVKHG�E\�WKH�$PHULFDQ�5HG�&URVV��WKDW�LQFOXGHG�WHOHSKRQH�QXPEHUV
IRU�FRXQVHOLQJ�UHIHUUDO�VHUYLFHV�



(WKLFDO� FRQFHUQV� DUH� QRW� OLPLWHG� WR� UHVHDUFK� DERXW� VXFK� VHQVLWLYH� LVVXHV� DV
VH[XDOLW\�RU�GUXJ�XVH��6LPLODU�LVVXHV�FDQ�DULVH�LQ�PDQ\�RWKHU�W\SHV�RI�VWXGLHV��)RU
H[DPSOH��HGXFDWLRQDO�UHVHDUFKHUV�FRQGXFWLQJ�TXDOLWDWLYH�UHVHDUFK�VRPHWLPHV�PDNH
H[WHQVLYH�XVH�RI�LQ�GHSWK�LQWHUYLHZV��'XULQJ�WKHVH�LQWHUYLHZV��UHVHDUFK�SDUWLFLSDQWV
FDQ�� DQG� RIWHQ� GR�� UHYHDO� VHQVLWLYH� LQIRUPDWLRQ� WKDW� LV� QRW� SDUW� RI� WKH� JRDO� RI� WKH
VWXG\��5HVHDUFK�SDUWLFLSDQWV�RIWHQ�YLHZ�UHVHDUFKHUV�DV�³H[SHUWV´�DQG�IUHTXHQWO\�IHHO
FRPIRUWDEOH� FRQYH\LQJ� FRQILGHQWLDO� DQG� VHQVLWLYH� LQIRUPDWLRQ�� )RU� H[DPSOH�
VWXGHQWV�PLJKW�UHYHDO�WKDW�WKH\�DUH�EHLQJ�DEXVHG��WKDW�WKH\�DUH�KDYLQJ�GLIILFXOW\�ZLWK
D� WHDFKHU�� RU� WKDW� WKH\� DUH� DEXVLQJ� GUXJV��:KHQ� WKLV� LQIRUPDWLRQ� LV� UHYHDOHG�� WKH
UHVHDUFKHU� PXVW� EH� SUHSDUHG� WR� DGGUHVV� VXFK� LVVXHV� UDWKHU� WKDQ� GLVPLVV� WKHP� DV
EHLQJ�RXWVLGH�WKH�FRQILQHV�RI�WKH�SXUSRVH�RI�WKH�VWXG\��7KHVH�W\SHV�RI�HWKLFDO�LVVXHV
FDQ�FUHHS�LQWR�D�VWXG\��DQG�WKH�UHVHDUFKHU�PXVW�DQWLFLSDWH�WKHP�DQG�KDYH�D�SODQ�WR
FRQGXFW�D�VWXG\�WKDW�LV�HWKLFDOO\�VRXQG�

5(9,(:
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�������:KDW�LV�WKH�GHILQLWLRQ�RI�HWKLFV��DQG�KRZ�GRHV
WKLV�GHILQLWLRQ�UHODWH�WR�UHVHDUFK"

�������+RZ�GR�WKH�WKUHH�DSSURDFKHV�WKDW�DUH�XVHG�LQ
FRQVLGHULQJ�HWKLFDO�LVVXHV�LQ�UHVHDUFK�GLIIHU"

�������+RZ�GR�VRFLHWDO�FRQFHUQV�UHODWH�WR�UHVHDUFK
HWKLFV"

�������:KDW�DUH�WKH�SURIHVVLRQDO�LVVXHV�LQYROYHG�LQ
UHVHDUFK�HWKLFV��DQG�ZKDW�LV�WKH�DSSURSULDWH
HWKLFDO�EHKDYLRU�UHODWHG�WR�HDFK�RI�WKHVH�LVVXHV"

�������:K\�LV�WUHDWPHQW�RI�WKH�UHVHDUFK�SDUWLFLSDQW�DQ
HWKLFDO�LVVXH�WR�EH�FRQVLGHUHG�LQ�HGXFDWLRQDO
UHVHDUFK�ZKHQ�WKH�SRWHQWLDO�IRU�SK\VLFDO�DQG
SV\FKRORJLFDO�KDUP�LV�PLQLPDO"

(7+,&$/�*8,'(/,1(6�)25�5(6($5&+�:,7+�+80$16
:H�KRSH�WKDW�ZH�KDYH�FRQYLQFHG�\RX�RI�WKH�QHFHVVLW\�RI�FRQVLGHULQJ�WKH�HWKLFV�RI
\RXU� UHVHDUFK� VWXG\� EHIRUH� DFWXDOO\� FROOHFWLQJ� DQ\� GDWD�� (YHQ� VR�� D� QRYLFH
UHVHDUFKHU� PLJKW� QRW� EH� VRSKLVWLFDWHG� HQRXJK� WR� NQRZ� ZKDW� W\SHV� RI� LVVXHV� WR
FRQVLGHU�HYHQ�LI�KH�RU�VKH�LV�PRWLYDWHG�WR�PDNH�WKH�VWXG\�DV�HWKLFDO�DV�SRVVLEOH��7R
DVVLVW�WKH�UHVHDUFKHU�LQ�FRQGXFWLQJ�DQ�HWKLFDOO\�VRXQG�VWXG\��VHYHUDO�RUJDQL]DWLRQV�
VXFK� DV� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK� $VVRFLDWLRQ�� WKH� $PHULFDQ
3V\FKRORJLFDO�$VVRFLDWLRQ��WKH�6RFLHW\�IRU�5HVHDUFK�LQ�&KLOG�'HYHORSPHQW��DQG�WKH
$PHULFDQ�&RXQVHOLQJ�$VVRFLDWLRQ��KDYH�SUHSDUHG�VHWV�RI�HWKLFDO�JXLGHOLQHV�WKDW�FDQ
EH�XVHG�WR�DVVLVW�LQ�WKH�FRQGXFW�RI�DQ�HWKLFDOO\�DFFHSWDEOH�VWXG\�

7KH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��$(5$��KDV�GHYHORSHG�D�VHW
RI� VWDQGDUGV� GHVLJQHG� VSHFLILFDOO\� WR� JXLGH� WKH� ZRUN� RI� HGXFDWLRQDO� UHVHDUFKHUV



�$(5$�� ������� ,Q� GHYHORSLQJ� WKLV� VHW� RI� VWDQGDUGV�� $(5$� UHFRJQL]HG� WKDW
HGXFDWLRQDO�UHVHDUFKHUV�FRPH�IURP�PDQ\�GLVFLSOLQHV��HDFK�RI�ZKLFK�PD\�KDYH�D�VHW
RI� HWKLFDO� JXLGHOLQHV� WR� JXLGH� LWV� PHPEHUV�� +RZHYHU�� $(5$� UHFRJQL]HV� WKDW
HGXFDWLRQDO�UHVHDUFK�LV�RIWHQ�GLUHFWHG�DW�FKLOGUHQ�DQG�RWKHU�YXOQHUDEOH�SRSXODWLRQV�
7KHUHIRUH�� RQH� NH\� REMHFWLYH� RI� WKH� $(5$� VWDQGDUGV� LV� WR� UHPLQG� UHVHDUFKHUV
FRQVWDQWO\� WR� VWULYH� WR� SURWHFW� WKHVH� SRSXODWLRQV�� 7KH� $(5$� VWDQGDUGV� DOVR
HPSKDVL]H�LQWHJULW\�LQ�DOO�RWKHU�DVSHFWV�RI�HGXFDWLRQDO�UHVHDUFK��7KH�VWDQGDUGV�FDQ
EH� DFFHVVHG� DW
KWWS���ZZZ�DHUD�QHW�3RUWDOV����GRFV�$ERXWB$(5$�&RGH2I(WKLFV����SGI�� 7KLV
ZHEVLWH�LQFOXGHV���DVSLUDWLRQDO�RU�EURDG�*HQHUDO�3ULQFLSOHV�DQG����PRUH�VSHFLILF
(WKLFDO�6WDQGDUGV��+HUH�DUH�WKH�ILYH�EURDG�SULQFLSOHV�\RX�VKRXOG�DOZD\V�IROORZ�

����3URIHVVLRQDO�&RPSHWHQFH��$FW�RQO\�LQ�WKH�DUHDV�LQ�ZKLFK�\RX�DUH�FRPSHWHQW
DQG�PDNH�VXUH�\RX�DUH�XS�WR�GDWH�LQ�\RXU�WUDLQLQJ�

����,QWHJULW\��,Q�DOO�WKDW�\RX�GR��DOZD\V�EH�KRQHVW��WUXVWZRUWK\��DQG�QHYHU
MHRSDUGL]H�WKH�ZHOIDUH�RI�RWKHUV��WKLV�LQFOXGHV�WKH�DQFLHQW�*UHHN�LGHD�RI
QRQPDOHILFHQFH�RU�GRLQJ�QR�KDUP�WR�RWKHUV�

��1RQPDOHILFHQFH�'RLQJ�QR�KDUP�WR�RWKHUV

����3URIHVVLRQDO��6FLHQWLILF��DQG�6FKRODUO\�5HVSRQVLELOLW\��<RX�PXVW�DGKHUH�WR
WKH�$(5$¶V����HWKLFDO�VWDQGDUGV�IRXQG�RQ�LWV�ZHEVLWH��OLQN�SURYLGHG�LQ�WKH
SUHYLRXV�SDUDJUDSK��DQG�GLVFXVVHG�LQ�WKH�UHPDLQGHU�RI�WKLV�FKDSWHU�

����5HVSHFW�IRU�3HRSOH¶V�5LJKWV��'LJQLW\��DQG�'LYHUVLW\��5HVSHFW�FXOWXUDO�DQG
LQGLYLGXDO�GLIIHUHQFHV�DQG�ZRUN�WR�HOLPLQDWH�ELDV�DQG�GLVFULPLQDWLRQ�

����6RFLDO�5HVSRQVLELOLW\��7KLV�LQFOXGHV�EHQHILFHQFH��RU�VWULYLQJ�WR�DFW�IRU�WKH
EHQHILW�RI�RWKHUV�LQ�RXU�VRFLHW\�DQG�ZRUOG�

��%HQHILFHQFH�$FWLQJ�IRU�WKH�EHQHILW�RI�RWKHUV

7KHVH�$(5$�*XLGLQJ�3ULQFLSOHV�DQG�WKH�UHODWHG����(WKLFDO�6WDQGDUGV�FRYHU�D
PXOWLWXGH�RI�LVVXHV�WKDW�UHODWH�WR�WKH�DFWLYLWLHV�RI�HGXFDWLRQDO�UHVHDUFKHUV��:H�KDYH
GLVFXVVHG�VRPH�RI�WKH�LVVXHV��VXFK�DV�UHVHDUFK�PLVFRQGXFW��HDUOLHU�LQ�WKLV�FKDSWHU�
0DQ\�RWKHUV�� VXFK�DV� DXWKRUVKLS�RI� UHVHDUFK�DUWLFOHV�� DUH� DOVR� LPSRUWDQW�� DQG�\RX
VKRXOG�NQRZ�DERXW�WKHP�LI�\RX�DUH�HQJDJHG�LQ�UHVHDUFK��7KHUHIRUH��ZH�UHFRPPHQG
WKDW� \RX� UHDG� WKH�PDWHULDO� UHODWLQJ� WR� HDFK� RI� WKH�(WKLFDO� 6WDQGDUGV��2WKHU� LVVXHV
LQFOXGHG�LQ�WKH�YDULRXV�(WKLFDO�6WDQGDUGV�DUH�YHU\�LPSRUWDQW�LQ�WKH�DFWXDO�FRQGXFW
RI� D� UHVHDUFK� VWXG\� DQG�ZDUUDQW� DGGLWLRQDO� DWWHQWLRQ� KHUH�� 7KHVH� LVVXHV� IRFXV� RQ
LQIRUPHG� FRQVHQW�� GHFHSWLRQ�� IUHHGRP� WR�ZLWKGUDZ�� SURWHFWLRQ� IURP� SK\VLFDO� DQG
PHQWDO� KDUP�� FRQILGHQWLDOLW\�� DQRQ\PLW\�� DQG� SULYDF\�� DQG� WKH� HWKLFV� RI� UHVHDUFK
FRQGXFWHG� RYHU� WKH� ,QWHUQHW��:H� HODERUDWH� RQ� WKHVH� LVVXHV� KHUH� EHFDXVH� RI� WKHLU

http://www.aera.net/Portals/38/docs/About_AERA/CodeOfEthics(1).pdf


LPSRUWDQFH�LQ�FRQGXFWLQJ�HWKLFDO�UHVHDUFK��7KH\�DOVR�PXVW�EH�DGGUHVVHG�LI�RQH�LV�WR
UHFHLYH�LQVWLWXWLRQDO�DSSURYDO�WR�FRQGXFW�D�UHVHDUFK�VWXG\�

,QIRUPHG�&RQVHQW
)HGHUDO�UHJXODWLRQV�DV�ZHOO�DV�$(5$�JXLGHOLQHV�VWDWH�WKDW�UHVHDUFK�SDUWLFLSDQWV

PXVW�JLYH� LQIRUPHG�FRQVHQW� EHIRUH� WKH\� FDQ�SDUWLFLSDWH� LQ� D� VWXG\��&RQVHQW�PXVW
DOVR�EH�JLYHQ�EHIRUH�D�UHVHDUFKHU�FDQ�XVH�LQGLYLGXDOV¶�H[LVWLQJ�UHFRUGV�IRU�UHVHDUFK
SXUSRVHV�� 7KH�%XFNOH\�$PHQGPHQW�� RU� WKH� )DPLO\� (GXFDWLRQ�5LJKWV� DQG� 3ULYDF\
$FW�RI�������SURWHFWV�WKH�SULYDF\�RI�WKH�UHFRUGV�PDLQWDLQHG�E\�DJHQFLHV�VXFK�DV�D
VFKRRO�V\VWHP��7KLV�SULYDF\�DFW�VWDWHV�WKDW�UHFRUGV�PDLQWDLQHG�E\�DQ�DJHQF\�IRU�RQH
SXUSRVH� FDQQRW� EH� UHOHDVHG� IRU� DQRWKHU� SXUSRVH� ZLWKRXW� WKH� FRQVHQW� RI� WKH
LQGLYLGXDO��5HFRUGV�VXFK�DV�VWXGHQW�JUDGHV�WKDW�DUH�FROOHFWHG�DQG�PDLQWDLQHG�IRU�WKH
SXUSRVH� RI� UHFRUGLQJ� VWXGHQW� SHUIRUPDQFH� FDQQRW� EH� UHOHDVHG� WR� D� UHVHDUFKHU� IRU
UHVHDUFK�SXUSRVHV�ZLWKRXW�WKH�VWXGHQW¶V�FRQVHQW�RU�WKH�SDUHQW¶V�FRQVHQW�IRU�PLQRUV�

��,QIRUPHG�FRQVHQW�$JUHHLQJ�WR�SDUWLFLSDWH�LQ�D�VWXG\�DIWHU�EHLQJ�LQIRUPHG�RI
LWV�SXUSRVH��SURFHGXUHV��ULVNV��EHQHILWV��DOWHUQDWLYH�SURFHGXUHV��DQG�OLPLWV�RI
FRQILGHQWLDOLW\

%HIRUH�D�SHUVRQ�FDQ�SDUWLFLSDWH�LQ�D�UHVHDUFK�VWXG\��WKH�UHVHDUFKHU�PXVW�JLYH�WKH
SURVSHFWLYH� SDUWLFLSDQW� D� GHVFULSWLRQ� RI� DOO� WKH� IHDWXUHV� RI� WKH� VWXG\� WKDW� PLJKW
UHDVRQDEO\�LQIOXHQFH�KLV�RU�KHU�ZLOOLQJQHVV�WR�SDUWLFLSDWH��)RU�H[DPSOH��LI�\RX�DUH
SODQQLQJ� WR�FRQGXFW�D� VXUYH\�RI� VH[XDO�DWWLWXGHV��\RX�PXVW� LQIRUP� WKH�SURVSHFWLYH
SDUWLFLSDQWV�DERXW�WKH�QDWXUH�RI�WKH�VXUYH\�DQG�WKH�W\SH�RI�TXHVWLRQV�WR�ZKLFK�WKH\
PLJKW�KDYH�WR�UHVSRQG��EHFDXVH�VRPH�RI�WKH�SDUWLFLSDQWV�PLJKW�QRW�ZDQW�WR�DQVZHU
H[SOLFLW�VH[�UHODWHG�TXHVWLRQV��6LPLODUO\��LI�\RX�DUH�FRQGXFWLQJ�D�VWXG\�SHUWDLQLQJ�WR
DFDGHPLF�DFKLHYHPHQW�DQG�\RX�DUH�JRLQJ� WR�DVN� WKH�VWXGHQWV�DERXW� WKHLU�JUDGHV� LQ
RWKHU�FODVVHV��\RX�KDYH�WR�LQIRUP�WKH�VWXGHQWV�RI�WKLV�IDFW��,Q�JHQHUDO��\RX�PXVW�ORRN
DW� WKH� WDVNV� \RX� DUH� JRLQJ� WR� DVN� \RXU� UHVHDUFK� SDUWLFLSDQWV� WR� FRPSOHWH� DQG� DVN
\RXUVHOI� ZKHWKHU� WKLV� WDVN� FRXOG� KXUW�� HPEDUUDVV�� RU� LQ� VRPH� RWKHU� ZD\� FUHDWH� D
UHDFWLRQ�LQ�WKH�SDUWLFLSDQWV�WKDW�FRXOG�PDNH�WKHP�QRW�ZDQW�WR�SDUWLFLSDWH�LQ�WKH�VWXG\�
7DEOH�����VSHFLILHV�WKH�LQIRUPDWLRQ�WKDW�VKRXOG�EH�LQFOXGHG�LQ�D�FRQVHQW�IRUP�

([KLELW�����SURYLGHV�DQ�H[DPSOH�RI�DQ�LQIRUPHG�FRQVHQW�IRUP��2QO\�ZKHQ�\RX
KDYH� JLYHQ� WKH� SDUWLFLSDQW� WKLV� LQIRUPDWLRQ� DQG� KH� RU� VKH� VWLOO� YROXQWHHUV� WR
SDUWLFLSDWH� LQ� WKH� VWXG\� KDYH� \RX� REWDLQHG� LQIRUPHG� FRQVHQW�� ,QIRUPHG� FRQVHQW
XVXDOO\� LQFOXGHV� D� EULHI� VXPPDU\� RI� WKH� JHQHUDO� SXUSRVH� RI� WKH� VWXG\� ZLWKRXW
SURYLGLQJ� LQIRUPDWLRQ� DERXW� WKH� UHVHDUFKHU¶V� VSHFLILF� K\SRWKHVHV��$JDLQ��ZKDW� LV
PRVW� LPSRUWDQW� LV� WR� LQFOXGH�D�GHVFULSWLRQ�RI�DQ\WKLQJ�WKDW�PLJKW�DIIHFW�D�SRWHQWLDO
SDUWLFLSDQW¶V�ZLOOLQJQHVV�WR�SDUWLFLSDWH�

�7$%/(�������,QIRUPDWLRQ�WR�,QFOXGH�LQ�D�&RQVHQW�)RUP

3XUSRVH�RI�WKH�UHVHDUFK�DORQJ�ZLWK�D�GHVFULSWLRQ�RI�WKH�SURFHGXUHV�WR�EH�IROORZHG�DQG�WKH�OHQJWK�RI�WLPH�LW�ZLOO
WDNH�WKH�SDUWLFLSDQW�WR�FRPSOHWH�WKH�VWXG\



$�GHVFULSWLRQ�RI�DQ\�SK\VLFDO�RU�SV\FKRORJLFDO�ULVNV�RU�GLVFRPIRUWV�WKH�SDUWLFLSDQW�PLJKW�HQFRXQWHU

$�GHVFULSWLRQ�RI�DQ\�EHQHILWV�WKH�SDUWLFLSDQW�RU�RWKHUV�PLJKW�H[SHFW�IURP�WKH�UHVHDUFK

$�GHVFULSWLRQ�RI�DQ\�DOWHUQDWLYH�SURFHGXUH�RU�WUHDWPHQW�WKDW�PLJKW�EH�DGYDQWDJHRXV�WR�WKH�SDUWLFLSDQW

$�VWDWHPHQW�RI�WKH�H[WHQW�WR�ZKLFK�WKH�UHVXOWV�ZLOO�EH�NHSW�FRQILGHQWLDO

1DPHV�RI�SHRSOH�WKH�SDUWLFLSDQW�FDQ�FRQWDFW�ZLWK�TXHVWLRQV�DERXW�WKH�VWXG\�RU�WKH�UHVHDUFK�SDUWLFLSDQW¶V�ULJKWV

$�VWDWHPHQW�LQGLFDWLQJ�WKDW�SDUWLFLSDWLRQ�LV�YROXQWDU\�DQG�WKH�SDUWLFLSDQW�FDQ�ZLWKGUDZ�DQG�UHIXVH�WR�SDUWLFLSDWH�DW
DQ\�WLPH�ZLWK�QR�SHQDOW\

$�VWDWHPHQW�RI�WKH�DPRXQW�DQG�VFKHGXOH�RI�SD\PHQW�LI�SDUWLFLSDQWV�DUH�WR�EH�SDLG�IRU�SDUWLFLSDWLRQ

7KH� LQIRUPDWLRQ� VKRXOG� XVXDOO\� EH� ZULWWHQ� DW� DQ� HLJKWK�JUDGH� UHDGLQJ� OHYHO�� IRU� VWXGLHV� WDUJHWLQJ� FHUWDLQ
SRSXODWLRQV��D�VL[WK�JUDGH�UHDGLQJ�OHYHO�PLJKW�EH�DSSURSULDWH�

)RU�DGGLWLRQDO�WLSV�RQ�SUHSDUDWLRQ�RI�WKH�FRQVHQW�IRUP��JR�WR�WKH�86�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV¶V
2IILFH�IRU�+XPDQ�5HVRXUFH�3URWHFWLRQV�ZHEVLWH��KWWS���ZZZ�KKV�JRY�RKUS�SROLF\�LFWLSV�KWPO�

�(;+,%,7�������&RQVHQW�)RUP

,QIRUPHG�&RQVHQW
7LWOH��3UHGLFWRUV�RI�6SHHFK�5DWH�LQ�1RUPDOO\�)OXHQW�3HRSOH
3ULQFLSDO�,QYHVWLJDWRU��6DOO\�6PLWK
'HSDUWPHQW��(GXFDWLRQ
7HOHSKRQH�1XPEHU����������������

<RX�DUH�LQYLWHG�WR�SDUWLFLSDWH�LQ�D�UHVHDUFK�VWXG\�LQYHVWLJDWLQJ�WKH�WKLQJV�WKDW�DIIHFW�KRZ�IDVW�QRUPDO
SHRSOH� RI� GLIIHUHQW� DJHV� VSHDN�� ,I� \RX� YROXQWHHU� WR� SDUWLFLSDWH� LQ� WKLV� UHVHDUFK� VWXG\��ZH�ZLOO� WHVW� WKH
FODULW\�RI�\RXU�KHDULQJ��ODQJXDJH��DQG�VSHHFK�

7KH�UHVHDUFK�ZLOO� LQYROYH�DVNLQJ�\RX�WR� WDON�DERXW�GLIIHUHQW� WKLQJV�VXFK�DV� WHOOLQJ�ZKDW�\RX�VHH�RQ
SLFWXUH�FDUGV��VD\LQJ�ZRUGV�DQG�VRXQGV�DV�IDVW�DV�\RX�FDQ��DQG�UHSHDWLQJ�ZRUGV�DQG�VHQWHQFHV��<RX�ZLOO
EH�DVNHG�WR�QDPH�DQLPDOV��FRORUV�� OHWWHUV��DQG�QXPEHUV�DV�IDVW�DV�\RX�FDQ�DQG�WR�UHDG�D�SDUDJUDSK��,I
\RX�JHW� WLUHG�EHIRUH� WKH� WHVWV�DUH�ILQLVKHG��\RX�FDQ�UHVW�DQG�ILQLVK� WKH�VWXG\�ODWHU��<RXU�VSHHFK�ZLOO�EH
UHFRUGHG�VR�ZH�FDQ�VWXG\�WKDW�ODWHU�

7KH�VWXG\�ZLOO�WDNH�EHWZHHQ�����DQG�����KRXUV�
<RX�PLJKW�QRW�JHW�DQ\�EHQHILW�IURP�SDUWLFLSDWLQJ�LQ�WKH�VWXG\��EXW�WKH�WHVWV�ZH�JLYH�\RX�ZLOO�KHOS�XV

XQGHUVWDQG�KRZ�GLIIHUHQW�WKLQJV�DIIHFW�KRZ�IDVW�SHRSOH�VSHDN�
,I�\RX�YROXQWHHU�WR�SDUWLFLSDWH�LQ�WKLV�VWXG\��\RX�VKRXOG�DOZD\V�UHPHPEHU�WKDW�\RX�FDQ�ZLWKGUDZ�DQG

VWRS� SDUWLFLSDWLQJ� LQ� WKH� VWXG\� DW� DQ\� WLPH� \RX� ZLVK�� <RX� ZLOO� QRW� EH� SHQDOL]HG� LQ� DQ\� ZD\� LI� \RX
ZLWKGUDZ�DQG�VWRS�SDUWLFLSDWLQJ�LQ�WKH�VWXG\�

7KHUH�DUH�QR�ULVNV�IURP�SDUWLFLSDWLQJ�LQ�WKLV�VWXG\�RWKHU�WKDQ��SHUKDSV��\RX�PLJKW�JHW�WLUHG�RI�GRLQJ
WKH�WHVWV�

$OO�LQIRUPDWLRQ�WKDW�\RX�SURYLGH�WR�XV�ZLOO�EH�NHSW�VWULFWO\�FRQILGHQWLDO��$W�QR�WLPH�ZLOO�ZH�JLYH�DQ\
LQIRUPDWLRQ�WR�DQ\RQH�RXWVLGH�WKH�UHVHDUFK�VWDII��7KH�UHFRUGLQJV�RI�\RXU�VSHHFK�ZLOO�EH�HUDVHG�ZKHQ�WKH
UHVHDUFK�LV�ILQLVKHG��7KH�UHVXOWV�RI�WKLV�VWXG\�PD\�EH�SUHVHQWHG�DW�SURIHVVLRQDO�PHHWLQJV�RU�SXEOLVKHG�LQ
D�SURIHVVLRQDO�MRXUQDO��EXW�\RXU�QDPH�DQG�DQ\�RWKHU�LGHQWLI\LQJ�LQIRUPDWLRQ�ZLOO�QRW�EH�UHYHDOHG�

,I�\RX�KDYH�DQ\�TXHVWLRQV�DERXW� WKLV�VWXG\�RU� LI�\RX�KDYH�DQ\�TXHVWLRQV�UHJDUGLQJ�\RXU�ULJKWV�DV�D
UHVHDUFK�SDUWLFLSDQW��\RX�FDQ�FDOO�WKH�,QVWLWXWLRQDO�5HYLHZ�%RDUG�RI�WKH�XQLYHUVLW\�DW�����������������<RX
FDQ�DOVR�FRQWDFW�'U��6DOO\�6PLWK�DW����������������

$JUHHPHQW�WR�3DUWLFLSDWH�LQ�5HVHDUFK

http://www.hhs.gov/ohrp/policy/ictips.html


,� KDYH� UHDG�� RU� KDYH� KDG� UHDG� WR�PH�� WKH� DERYH� VWXG\� DQG�KDYH� KDG� DQ� RSSRUWXQLW\� WR� DVN� TXHVWLRQV�
ZKLFK� KDYH� EHHQ� DQVZHUHG� WR� P\� VDWLVIDFWLRQ�� ,� DJUHH� YROXQWDULO\� WR� SDUWLFLSDWH� LQ� WKH� VWXG\� DV
GHVFULEHG�

)HGHUDO� DV� ZHOO� DV� $(5$� HWKLFDO� VWDQGDUGV� UHFRJQL]H� WKH� QHFHVVLW\� RI
VRPHWLPHV�IRUJRLQJ�WKH�UHTXLUHPHQW�RI� LQIRUPHG�FRQVHQW��:KHQHYHU�D� MXGJPHQW� LV
PDGH� WKDW� LQIRUPHG� FRQVHQW�ZRXOG� DOWHU� WKH� RXWFRPH� RI� D� VWXG\� RU� WKDW� WKH� VWXG\
FRXOG�QRW�EH�FRQGXFWHG�LI� LQIRUPHG�FRQVHQW�ZHUH�UHTXLUHG�� WKH�LQYHVWLJDWRU� LQFXUV
DQ�DGGHG�HWKLFDO�REOLJDWLRQ�WR�HQVXUH�WKDW�WKH�EHQHILWV�RI�WKH�UHVHDUFK�RXWZHLJK�WKH
ULVNV��+RZHYHU��WKHUH�DUH�D�QXPEHU�RI�OLPLWHG�FLUFXPVWDQFHV�ZKHUH�WKH�UHTXLUHPHQW
RI�LQIRUPHG�FRQVHQW�ZLOO�EH�ZDLYHG��7KHVH�FLUFXPVWDQFHV�LQFOXGH�WKH�IROORZLQJ�

���:KHQ�WKH�LGHQWLW\�RI�WKH�UHVHDUFK�SDUWLFLSDQW�ZLOO�EH�FRPSOHWHO\�DQRQ\PRXV
DQG�WKH�VWXG\�LQYROYHV�PLQLPDO�ULVN

���:KHQ�LW�LV�QRW�IHDVLEOH�WR�REWDLQ�LQIRUPHG�FRQVHQW�GXH�WR�WKH�FXOWXUDO�QRUPV
RI�WKH�SRSXODWLRQ�EHLQJ�VWXGLHG�DQG�ZKHQ�WKH�VWXG\�LQYROYHV�PLQLPDO�ULVN

���:KHQ�VLJQLQJ�WKH�FRQVHQW�WR�SDUWLFLSDWH�IRUP�ZRXOG�VXEMHFW�WKH�SDUWLFLSDQW
WR�SRVVLEOH� OHJDO��VRFLDO��RU�HFRQRPLF�ULVN��H�J��� UHYHDOLQJ� WKH�VWDWXV�RI�DQ
XQGHUFRYHU�GUXJ�HQIRUFHPHQW�LQYHVWLJDWRU�

5HPHPEHU� WKDW� LW� LV� WKH� ,QVWLWXWLRQDO� 5HYLHZ� %RDUG� WKDW� PXVW� PDNH� WKH� ILQDO
GHWHUPLQDWLRQ�RI�ZKHWKHU�LQIRUPHG�FRQVHQW�FDQ�EH�ZDLYHG��,I�\RX�WKLQN�WKDW�LW�ZRXOG
EH�DSSURSULDWH� WR�ZDLYH�FRQVHQW� LQ�\RXU� VWXG\��\RX�VKRXOG� UHTXHVW� VXFK�D�ZDLYHU
IURP�\RXU�,QVWLWXWLRQDO�5HYLHZ�%RDUG�

,QIRUPHG�&RQVHQW�DQG�0LQRUV�DV�5HVHDUFK�3DUWLFLSDQWV
7KH�SULQFLSOH�RI�LQIRUPHG�FRQVHQW�UHIHUV�WR�WKH�IDFW�WKDW�D�SHUVRQ��RQFH�JLYHQ�WKH

SHUWLQHQW�LQIRUPDWLRQ��LV�FRPSHWHQW�DQG�OHJDOO\�IUHH�RI�WKH�GHVLUH�RI�RWKHUV�WR�GHFLGH
ZKHWKHU� WR� SDUWLFLSDWH� LQ� D� JLYHQ� UHVHDUFK� VWXG\��0LQRUV�� KRZHYHU�� FDQQRW�PDNH
GHFLVLRQV�DERXW�FRQVHQW��&RQVHQW�KDV� WR�EH�REWDLQHG� IURP�SDUHQWV� �RU� WKH�PLQRU¶V
OHJDO�JXDUGLDQ��DIWHU�WKH\�KDYH�EHHQ�LQIRUPHG�RI�DOO�IHDWXUHV�RI�WKH�VWXG\�WKDW�PLJKW
DIIHFW� WKHLU�ZLOOLQJQHVV� WR� DOORZ� WKH� FKLOG� WR� SDUWLFLSDWH� �VHH� ([KLELW� ������ 2QFH
FRQVHQW� KDV� EHHQ� REWDLQHG� IURP� WKH� PLQRU¶V� SDUHQW� RU� JXDUGLDQ�� DVVHQW� PXVW� EH
REWDLQHG�IURP�WKH�PLQRU��7KLV�PHDQV�WKDW�WKH�PLQRU�KDV�WR�DJUHH�WR�SDUWLFLSDWH�LQ�WKH



UHVHDUFK� DIWHU� EHLQJ� LQIRUPHG� RI� DOO� WKH� IHDWXUHV� WKDW� FRXOG� DIIHFW� KLV� RU� KHU
ZLOOLQJQHVV�WR�SDUWLFLSDWH�

��$VVHQW�$JUHHLQJ�WR�SDUWLFLSDWH�DIWHU�EHLQJ�LQIRUPHG�RI�DOO�WKH�IHDWXUHV�RI�WKH
VWXG\�WKDW�FRXOG�DIIHFW�WKH�SDUWLFLSDQW¶V�ZLOOLQJQHVV�WR�SDUWLFLSDWH

�(;+,%,7�������([DPSOH�RI�D�3DUHQWDO�&RQVHQW�WR�3DUWLFLSDWH�LQ�5HVHDUFK�IRU�8VH
:LWK�0LQRUV

'HDU�3DUHQW�RU�/HJDO�*XDUGLDQ�
,�DP�GRLQJ�UHVHDUFK�DERXW�FKLOGUHQ¶V� LGHDV�DERXW�HIIRUW�� ,�ZRXOG�OLNH�WR�NQRZ�ZKHWKHU� LGHDV�DERXW

HIIRUW�DUH�UHODWHG�WR�KRZ�FKLOGUHQ�VWXG\�DQG�UHPHPEHU�LQ�OHDUQLQJ�DQG�WHVWLQJ�VLWXDWLRQV��,�DP�DVNLQJ�IRU
\RXU�SHUPLVVLRQ�WR�OHW�\RXU�FKLOG�EH�LQ�WKLV�UHVHDUFK�

7KHUH�ZLOO�EH�WZR����PLQXWH�VHVVLRQV�DORQH�ZLWK�\RXU�FKLOG�RU�LQ�VPDOO�JURXSV��7KH�VHVVLRQV�ZLOO�EH
KHOG� LQ� D� URRP� DW� \RXU� FKLOG¶V� VFKRRO� GXULQJ� VFKRRO� KRXUV�� 7KH� WLPH� ZLOO� EH� VHOHFWHG� E\� \RXU� FKLOG¶V
WHDFKHU��'XULQJ� WKH� ILUVW� VHVVLRQ��\RXU�FKLOG�ZLOO�EH�DVNHG� WR� ILOO�RXW� WZR�TXHVWLRQQDLUHV��7KH�6WXGHQWV¶
3HUFHSWLRQ�RI�&RQWURO�4XHVWLRQQDLUH�ZLOO�EH�JLYHQ� WR�VPDOO�JURXSV��7KH�TXHVWLRQQDLUH�KDV����TXHVWLRQV
DERXW�ZK\� WKLQJV� KDSSHQ� LQ� VFKRRO�� ,W�PHDVXUHV� VWXGHQWV¶� EHOLHIV� DERXW�ZKHWKHU� WKH\� FDQ�PDNH�JRRG
JUDGHV�LI�WKH\�WU\��7KH�VHFRQG�TXHVWLRQQDLUH�LV�D�PHDVXUH�RI�VHOI�HVWHHP��,W�PHDVXUHV�KRZ�D�FKLOG�IHHOV
DERXW�KLPVHOI�RU�KHUVHOI�LQ�GLIIHUHQW�VLWXDWLRQV�VXFK�DV�DW�VFKRRO�DQG�ZLWK�IULHQGV�

,Q�WKH�VHFRQG�VHVVLRQ��\RXU�FKLOG�ZLOO�EH�DVNHG�WR�SXW�WRJHWKHU�D�GLIILFXOW�SX]]OH��(DFK�FKLOG�ZLOO�EH
VKRZQ� WKH� VROXWLRQ� WR� WKH�SX]]OH� DQG� WKHQ�ZLOO� EH� DVNHG� WR� VWXG\�DQG� UHPHPEHU� VRPH�SLFWXUHV��6RPH
FKLOGUHQ�ZLOO�EH�WROG�WKDW� WKH�PHPRU\�WDVN�LV�D� WHVW� WR�VHH�KRZ�ZHOO� WKH\�UHPHPEHU��DQG�RWKHUV�ZLOO�EH
WROG�LW�LV�D�FKDQFH�WR�OHDUQ�KRZ�WR�UHPHPEHU�EHWWHU��)LQDOO\��FKLOGUHQ�ZLOO�EH�DVNHG�WR�UDWH�KRZ�ZHOO�WKH\
GLG��KRZ�WKH\�IHHO�DERXW�ZKDW�WKH\�MXVW�GLG��DQG�ZKHWKHU�WKH\�ZRXOG�OLNH�WR�GR�VRPHWKLQJ�OLNH�WKLV�DJDLQ�

,� ZRXOG� DOVR� OLNH� WR� ORRN� DW� \RXU� FKLOG¶V� LQWHOOLJHQFH� DQG� DFKLHYHPHQW� WHVW� VFRUHV�� ,� DP� DVNLQJ
SHUPLVVLRQ� WR� XVH� \RXU� FKLOG¶V� UHFRUGV�� $Q\� SHUVRQDO� LQIRUPDWLRQ� DERXW� \RX� RU� \RXU� FKLOG� ZLOO� EH
FRQILGHQWLDO��7KH�UHVXOWV�IURP�WKLV�UHVHDUFK�PD\�EH�SUHVHQWHG�DW�D�SURIHVVLRQDO�PHHWLQJ�RU�SXEOLVKHG�LQ�D
SURIHVVLRQDO�MRXUQDO��EXW�\RXU�FKLOG¶V�QDPH�DQG�RWKHU�LGHQWLI\LQJ�LQIRUPDWLRQ�ZLOO�QRW�EH�UHYHDOHG�

<RX�DUH�XQGHU�QR�REOLJDWLRQ�IRU�\RXU�FKLOG�WR�SDUWLFLSDWH�LQ�WKLV�SURMHFW��,I�\RX�JLYH�\RXU�FRQVHQW��\RX
DUH�IUHH�WR�FKDQJH�\RXU�PLQG�DQG�UHPRYH�\RXU�FKLOG�DW�DQ\�WLPH�ZLWKRXW�QHJDWLYH�FRQVHTXHQFHV��$OVR�
\RXU�FKLOG�LV�IUHH�WR�UHIXVH�WR�SDUWLFLSDWH�DW�DQ\�WLPH�ZLWKRXW�QHJDWLYH�FRQVHTXHQFHV�

,I�\RX�DUH�ZLOOLQJ�IRU�\RXU�FKLOG�WR�SDUWLFLSDWH��DQG�\RXU�FKLOG�ZDQWV�WR�SDUWLFLSDWH��SOHDVH�VLJQ�EHORZ
DQG� UHWXUQ� WKLV� IRUP� WR� VFKRRO�ZLWK�\RXU� FKLOG�� ,I� \RX�KDYH� DQ\�TXHVWLRQV�� SOHDVH� FRQWDFW�PH� DW� �����
���������

6LQFHUHO\�
-DQH�'RH��3K'

$VVLVWDQW�3URIHVVRU

,�JLYH�P\�SHUPLVVLRQ� IRU�P\�FKLOG� WR�EH� WHVWHG�RQ� WKH�PHPRU\� WDVN�GHVFULEHG� LQ� WKLV� OHWWHU� DQG� WR
FRPSOHWH�WKH�TXHVWLRQQDLUHV�FRQFHUQLQJ�EHOLHIV�DERXW�HIIRUW�DQG�VHOI�HVWHHP��,�JUDQW�WKH�&RXQW\�3XEOLF
6FKRRO� 6\VWHP� SHUPLVVLRQ� WR� UHOHDVH� WR� 'U�� -DQH� 'RH� RU� KHU� DVVLVWDQW� P\� FKLOG¶V� WHVW� VFRUHV� DQG�RU
DFFHVV�WR�P\�FKLOG¶V�ILOHV�



)HGHUDO�UHJXODWLRQV�VWDWH�WKDW� WKH�DVVHQW�RI�WKH�PLQRU�VKRXOG�EH�REWDLQHG�ZKHQ
KH�RU� VKH� LV� FDSDEOH�RI�SURYLGLQJ� DVVHQW��+RZHYHU�� WKH� DJH� DW�ZKLFK�D�SHUVRQ� LV
FDSDEOH�RI�SURYLGLQJ�DVVHQW�FDQ�GLIIHU�DPRQJ�FKLOGUHQ��7R�SURYLGH�DVVHQW��WKH�FKLOG
PXVW� EH� DEOH� WR� XQGHUVWDQG�ZKDW� LV� EHLQJ� DVNHG�� UHDOL]H� WKDW� SHUPLVVLRQ� LV� EHLQJ
VRXJKW��DQG�PDNH�FKRLFHV�WKDW�DUH�IUHH�IURP�RXWVLGH�FRQVWUDLQWV��7KLV�GHSHQGV�RQ�WKH
FRJQLWLYH� FDSDELOLWLHV�RI� WKH� FKLOG��%HFDXVH� WKH� FRJQLWLYH� FDSDELOLWLHV�RI� FKLOGUHQ
GHYHORS�DW�GLIIHUHQW�UDWHV��LW�LV�GLIILFXOW�WR�VWDWH�DQ�DJH�DW�ZKLFK�D�FKLOG�LV�FDSDEOH�RI
SURYLGLQJ� DVVHQW�� ,QGLYLGXDOV� ROGHU� WKDQ� WKH� DJH� RI� �� JHQHUDOO\� KDYH� VXIILFLHQW
FRJQLWLYH� DELOLW\� WR� PDNH� D� GHFLVLRQ� FRQFHUQLQJ� SDUWLFLSDWLRQ� LQ� UHVHDUFK�� DQG
LQGLYLGXDOV�ROGHU�WKDQ����VHHP�WR�PDNH�WKH�VDPH�GHFLVLRQV�DV�DGXOWV��/HLNLQ��������
0RVW� LQGLYLGXDOV��H�J���/HLNLQ��DQG�WKH�HWKLFDO�JXLGHOLQHV�SURYLGHG�E\� WKH�6RFLHW\
IRU� 5HVHDUFK� LQ� &KLOG� 'HYHORSPHQW� ������� VWDWH� WKDW� DVVHQW� VKRXOG� EH� REWDLQHG
IURP�DOO�FKLOGUHQ��7KLV�LV�WKH�JXLGHOLQH�WKDW�ZH�DOVR�UHFRPPHQG��1RW�RQO\�LV�LW�PRUH
HWKLFDOO\�DFFHSWDEOH�WR�REWDLQ�WKH�DVVHQW�RI�PLQRUV��EXW�GRLQJ�VR�PLJKW�DOVR�HQKDQFH
WKH�YDOLGLW\�RI�WKH�VWXG\��,QVLVWLQJ�WKDW�PLQRUV�SDUWLFLSDWH�ZKHQ�WKH\�FOHDUO\�VWDWH�WKDW
WKH\� GR� QRW� ZDQW� WR� FDQ� DOWHU� WKHLU� EHKDYLRUDO� UHVSRQVHV� DQG� LQWURGXFH� D
FRQIRXQGLQJ�LQIOXHQFH�RQ�WKH�GDWD�FROOHFWHG�

3DVVLYH�9HUVXV�$FWLYH�&RQVHQW
2XU� GLVFXVVLRQ� RI� FRQVHQW� KDV�� XS� WR� WKLV� SRLQW�� IRFXVHG� RQ� DFWLYH� FRQVHQW�

$FWLYH�FRQVHQW�LQYROYHV�FRQVHQWLQJ�WR�SDUWLFLSDWH�LQ�D�UHVHDUFK�VWXG\�E\�VLJQLQJ�D
FRQVHQW�IRUP��+RZHYHU��HGXFDWLRQDO�UHVHDUFKHUV�FRQGXFW�PDQ\�VWXGLHV�XVLQJ�PLQRUV
DV� WKH� UHVHDUFK� SDUWLFLSDQWV�� 7KLV� PHDQV� WKDW� FRQVHQW� PXVW� EH� REWDLQHG� IURP� WKH
PLQRUV¶�SDUHQWV�RU�OHJDO�JXDUGLDQV��7KH�W\SLFDO�ZD\�LQ�ZKLFK�FRQVHQW�LV�REWDLQHG�LV
WR�SURYLGH�WKH�SDUHQW�RU�OHJDO�JXDUGLDQ�ZLWK�D�FRQVHQW�IRUP�E\�VRPH�PHDQV��VXFK�DV
PDLOLQJ� WKH� FRQVHQW� IRUP� RU� VHQGLQJ� LW� KRPH� ZLWK� WKH� PLQRU�� ,GHDOO\�� WKH� SDUHQW
ZRXOG�UHDG�WKH�FRQVHQW�IRUP��HLWKHU�JLYH�RU�UHIXVH�FRQVHQW��DQG�UHWXUQ�WKH�FRQVHQW
IRUP�WR�WKH�UHVHDUFKHU��+RZHYHU��VWXGLHV��H�J���(OOLFNVRQ��������KDYH�UHYHDOHG�WKDW
RQO\�����WR�����RI�SDUHQWV�UHWXUQ�WKH�FRQVHQW�IRUPV�HYHQ�ZKHQ�IROORZ�XS�HIIRUWV
DUH�PDGH��2QH� LQWHUSUHWDWLRQ� RI� WKH� IDLOXUH� WR� UHWXUQ� WKH� FRQVHQW� IRUPV� LV� WKDW� WKH
SDUHQWV�DUH�GHQ\LQJ�FRQVHQW��+RZHYHU��WKHUH�DUH�RWKHU�UHDVRQV�ZK\�SDUHQWV�GR�QRW
UHWXUQ� FRQVHQW� IRUPV�� 7KH\� PLJKW� QRW� KDYH� UHFHLYHG� WKH� IRUP�� WKH\� PLJKW� KDYH
IRUJRWWHQ�WR�VLJQ�DQG�UHWXUQ�LW��RU�WKH\�PLJKW�QRW�KDYH�WDNHQ�HQRXJK�WLPH�WR�UHDG�DQG
FRQVLGHU�WKH�UHTXHVW��7KH�H[LVWHQFH�RI�DQ\�RI�WKHVH�SRVVLELOLWLHV�ZRXOG�UHGXFH�WKH
VDPSOH�VL]H�DQG�SRVVLEO\�ELDV�WKH�UHVXOWV�

��$FWLYH�FRQVHQW�$�SURFHVV�ZKHUHE\�FRQVHQW�LV�SURYLGHG�E\�VLJQLQJ�D�FRQVHQW
IRUP

7R� LQFUHDVH� SDUWLFLSDWLRQ� LQ� UHVHDUFK� VWXGLHV�� (OOLFNVRQ� ������� UHFRPPHQGHG
WKH�XVH�RI�SDVVLYH�FRQVHQW��3DVVLYH�FRQVHQW�LV�D�SURFHVV�ZKHUHE\�FRQVHQW�LV�JLYHQ
E\�QRW�UHWXUQLQJ�WKH�FRQVHQW�IRUP��3DUHQWV�RU�OHJDO�JXDUGLDQV�DUH�WROG�WR�UHWXUQ�WKH
FRQVHQW� IRUP� RQO\� LI� WKH\� GR� QRW� ZDQW� WKHLU� FKLOG� WR� SDUWLFLSDWH� LQ� WKH� UHVHDUFK�



6RPH� LQYHVWLJDWRUV� KDYH� SURPRWHG� SDVVLYH� FRQVHQW� DV� D� OHJLWLPDWH� PHDQV� RI
VHFXULQJ�SDUHQWDO�FRQVHQW��(WKLFDO�FRQFHUQV�KDYH�EHHQ�UDLVHG�ZKHQ�SDVVLYH�FRQVHQW
SURFHGXUHV�DUH�XVHG��KRZHYHU��EHFDXVH�WKHVH�VWXGLHV�PLJKW�LQFOXGH�FKLOGUHQ�ZKRVH
SDUHQWV� DFWXDOO\�RSSRVHG� WKHLU� SDUWLFLSDWLRQ� LQ� WKH� UHVHDUFK�EXW�GLG�QRW� UHWXUQ� WKH
FRQVHQW� IRUP� RU� PD\EH� GLG� QRW� UHFHLYH� LW�� 5HVHDUFK� �H�J��� (OOLFNVRQ� 	� +DZHV�
������ 6HYHUVRQ� 	� $U\�� ������ KDV� UHYHDOHG� WKDW� DFWLYH� DQG� SDVVLYH� FRQVHQW
SURFHGXUHV� \LHOG� FRPSDUDEOH� UDWHV� RI� SDUWLFLSDWLRQ� ZKHQ� WKH� DFWLYH� FRQVHQW
SURFHGXUHV�LQFOXGH�H[WHQVLYH�IROORZ�XS�WHFKQLTXHV��7KLV�VXJJHVWV�WKDW�QRQUHVSRQVH
WR� SDVVLYH� FRQVHQW� UHSUHVHQWV� ODWHQW� FRQVHQW� DQG� WKDW� LW� PLJKW� EH� DQ� DSSURSULDWH
PHDQV�RI�REWDLQLQJ�FRQVHQW��([KLELW�����SURYLGHV�DQ�H[DPSOH�RI�D�SDVVLYH�FRQVHQW
IRUP�

��3DVVLYH�FRQVHQW�$�SURFHVV�ZKHUHE\�FRQVHQW�LV�JLYHQ�E\�QRW�UHWXUQLQJ�WKH
FRQVHQW�IRUP

$OWKRXJK� WKHUH� LV� D� SODFH� IRU� SDVVLYH� FRQVHQW�� ZH� UHFRPPHQG� WKDW� \RX� XVH
DFWLYH�FRQVHQW�ZKHQHYHU�SRVVLEOH��7KLV�LV�WKH�EHVW�IRUP�RI�FRQVHQW��3DVVLYH�FRQVHQW
VKRXOG� EH� FRQVLGHUHG� RQO\� ZKHQ� WKH� LQWHJULW\� RI� WKH� VWXG\� ZRXOG� EH� VHULRXVO\
FRPSURPLVHG�E\�UHTXLULQJ�DFWLYH�FRQVHQW�

�(;+,%,7�������([DPSOH�RI�D�3DVVLYH�&RQVHQW�)RUP

'HDU�3DUHQW�RU�/HJDO�*XDUGLDQ�
,�DP�D�IDFXOW\�PHPEHU�LQ�WKH�(GXFDWLRQ�'HSDUWPHQW�DW�([FHO�8QLYHUVLW\��,�DP�LQWHUHVWHG�LQ�ILQGLQJ

WKH�EHVW�PHWKRG�RI�WHDFKLQJ�PDWKHPDWLFDO�FRQFHSWV��7R�LGHQWLI\�WKH�EHVW�PHWKRG��,�DP�SODQQLQJ�D�VWXG\
WKDW�ZLOO�FRPSDUH�WZR�GLIIHUHQW�PHWKRGV�RI�WHDFKLQJ�PDWKHPDWLFDO�FRQFHSWV��%RWK�WHDFKLQJ�PHWKRGV�DUH
DFFHSWDEOH� DQG� VWDQGDUG�PHWKRGV�RI� WHDFKLQJ� WKHVH�FRQFHSWV��EXW�ZH�GR�QRW�NQRZ�ZKLFK� LV� WKH�PRUH
HIIHFWLYH�PHWKRG��0\�UHVHDUFK�ZLOO�LGHQWLI\�WKH�PRUH�HIIHFWLYH�PHWKRG�

7R�LGHQWLI\�WKH�PRUH�HIIHFWLYH�PHWKRG��GXULQJ�WKH�QH[W���ZHHNV�,�ZLOO�EH�SUHVHQWLQJ�PDWHULDO�LQ�WZR
GLIIHUHQW�ZD\V�WR�VHSDUDWH�FODVVHV��7R�WHVW� WKH�HIIHFWLYHQHVV�RI�HDFK�PHWKRG��,�ZLOO�PHDVXUH�VWXGHQWV¶
SHUIRUPDQFH�E\�JLYLQJ�WKHP�D�VWDQGDUG�PDWK�WHVW�

<RXU� FKLOG¶V� UHVSRQVHV�ZLOO� UHPDLQ� FRQILGHQWLDO� DQG�ZLOO� EH� VHHQ� RQO\� E\�P\VHOI� DQG�P\� UHVHDUFK
DVVLVWDQW�

1R�UHSRUWV�DERXW�WKLV�VWXG\�ZLOO�FRQWDLQ�\RXU�FKLOG¶V�QDPH��,�ZLOO�QRW�UHOHDVH�DQ\�LQIRUPDWLRQ�DERXW
\RXU�FKLOG�ZLWKRXW�\RXU�SHUPLVVLRQ�

3DUWLFLSDWLRQ�LQ�WKLV�VWXG\�LV�FRPSOHWHO\�YROXQWDU\��$OO�VWXGHQWV�LQ�WKH�FODVV�ZLOO�WDNH�WKH�WHVW��,I�\RX
GR�QRW�ZLVK�\RXU�FKLOG�WR�EH�LQ�WKLV�VWXG\��SOHDVH�ILOO�RXW�WKH�IRUP�DW�WKH�ERWWRP�RI�WKLV�OHWWHU�DQG�UHWXUQ�LW
WR�PH��$OVR��SOHDVH�WHOO�\RXU�FKLOG�WR�KDQG�LQ�D�EODQN�WHVW�VKHHW�ZKHQ�WKH�FODVV�LV�JLYHQ�WKH�PDWKHPDWLFV
WHVW�VR�WKDW�\RXU�FKLOG�ZLOO�QRW�EH�LQFOXGHG�LQ�WKLV�VWXG\�

,�ZLOO�DOVR�DVN� WKH�FKLOGUHQ� WR�SDUWLFLSDWH�DQG� WHOO� WKHP� WR�KDQG� LQ�D�EODQN� WHVW� VKHHW� LI� WKH\�GR�QRW
ZDQW�WR�EH�LQFOXGHG�LQ�WKH�VWXG\��<RXU�FKLOG�FDQ�FKRRVH�WR�VWRS�DQG�QRW�SDUWLFLSDWH�DW�DQ\�WLPH�

,I� \RX� KDYH� DQ\� TXHVWLRQV� DERXW� WKH� VWXG\�� SOHDVH� FRQWDFW� 3URIHVVRU� -RKQ�'RH�� ([FHO�8QLYHUVLW\�
'HSDUWPHQW�RI�(GXFDWLRQ��*RRG�3ODFH��$/��������SKRQH� ����������������<RX�FDQ�DOVR�FRQWDFW�PH�DW
>SURYLGH�DGGUHVV�DQG�SKRQH�QXPEHU@�

7KDQN�\RX�
-RKQ�'RH

5HWXUQ�WKLV�SRUWLRQ�RQO\�LI�\RX�GR�QRW�ZDQW�\RXU�FKLOG�WR�SDUWLFLSDWH�LQ�WKH�VWXG\�GHVFULEHG�DERYH�
,� GR� QRW� ZLVK� IRU� P\� FKLOG� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB� WR� EH� LQ� WKH



UHVHDUFK�VWXG\�RQ�WKH�WHDFKLQJ�RI�PDWK�FRQFHSWV�EHLQJ�FRQGXFWHG�LQ�KLV�KHU�FODVVURRP�

$GGLWLRQDO�&RQVHQW
0DQ\� HGXFDWLRQDO� UHVHDUFK� VWXGLHV� DUH� FRQGXFWHG� ZLWKLQ� WKH� FRQILQHV� RI� D

VFKRRO�V\VWHP��7KHVH�VWXGLHV�UHTXLUH�WKH�DSSURYDO�DQG�FRRSHUDWLRQ�RI�D�YDULHW\�RI
LQGLYLGXDOV�VXFK�DV�WKH�WHDFKHU��SULQFLSDO��DQG�VXSHULQWHQGHQW��2IWHQ�D�VWXG\�FDQQRW
EH�OHJDOO\�FRQGXFWHG�ZLWKRXW�DSSURYDO�IURP�D�SDUWLFXODU�RIILFH�RU�DGPLQLVWUDWRU�LQ
WKH� V\VWHP�� 7KH� UHVHDUFKHU�PXVW� QRW� XQGHUHPSKDVL]H� WKH� LPSRUWDQFH� RI� WKLV�� <RX
PXVW� LGHQWLI\�WKH�³JDWHNHHSHUV´�LQ�\RXU�SDUWLFXODU�VFKRRO�RU�RUJDQL]DWLRQ�DQG�GHDO
ZLWK�DOO�TXHVWLRQV�WKDW�WKH\�PLJKW�SRVH�

5(9,(:
48(67 ,21 6

�������:KDW�PXVW�D�UHVHDUFKHU�GR�WR�HQVXUH�WKDW�KLV�RU
KHU�VWXG\�LV�HWKLFDO"

�������:KDW�NLQGV�RI�LQIRUPDWLRQ�GRHV�D�FRQVHQW�IRUP
KDYH�WR�LQFOXGH"

�������8QGHU�ZKDW�FRQGLWLRQV�FDQ�DQ�LQYHVWLJDWRU�JHW�D
ZDLYHU�RI�WKH�UHTXLUHPHQW�RI�LQIRUPHG�FRQVHQW"

�������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�FRQVHQW�IURP�D
PLQRU¶V�OHJDO�JXDUGLDQ�DQG�DVVHQW�IURP�WKH
PLQRU��DQG�ZK\�DUH�ERWK�LPSRUWDQW"

������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�DFWLYH�DQG
SDVVLYH�FRQVHQW��DQG�ZKDW�DUH�WKH�DGYDQWDJHV
DQG�GLVDGYDQWDJHV�RI�HDFK"

'HFHSWLRQ
8QGHU�WKH�SULQFLSOH�RI�LQIRUPHG�FRQVHQW��UHVHDUFK�SDUWLFLSDQWV�DUH�VXSSRVHG�WR

UHFHLYH� LQIRUPDWLRQ� DERXW� WKH� SXUSRVH� DQG� QDWXUH� RI� WKH� VWXG\� LQ�ZKLFK� WKH\� DUH
EHLQJ�DVNHG�WR�SDUWLFLSDWH�VR�WKDW�WKH\�FDQ�HYDOXDWH�WKH�SURFHGXUHV�WR�EH�IROORZHG
DQG�PDNH�DQ�LQIRUPHG�MXGJPHQW�DV�WR�ZKHWKHU�WKH\�ZDQW�WR�SDUWLFLSDWH��6RPHWLPHV�
KRZHYHU��SURYLGLQJ�IXOO�GLVFORVXUH�RI� WKH�QDWXUH�DQG�SXUSRVH�RI�D�VWXG\�ZLOO�DOWHU
WKH�RXWFRPH�DQG�LQYDOLGDWH�WKH�VWXG\��,Q�VXFK�LQVWDQFHV��LW�LV�QHFHVVDU\�WR�PLVOHDG�RU
ZLWKKROG�LQIRUPDWLRQ�IURP�WKH�UHVHDUFK�SDUWLFLSDQWV��,W�LV�RIWHQ�QHFHVVDU\�WR�HQJDJH
LQ�VRPH�GHJUHH�RI�GHFHSWLRQ�WR�FRQGXFW�D�YDOLG�UHVHDUFK�VWXG\�

��'HFHSWLRQ�0LVOHDGLQJ�RU�ZLWKKROGLQJ�LQIRUPDWLRQ�IURP�WKH�UHVHDUFK
SDUWLFLSDQW



$OWKRXJK� WKH�$(5$�(WKLFDO� 6WDQGDUGV� GLVFRXUDJH� WKH� XVH� RI� GHFHSWLRQ�� WKHVH
VWDQGDUGV�UHFRJQL]H�WKDW�VRPH�UHVHDUFK�VWXGLHV�FDQQRW�EH�FRQGXFWHG�ZLWKRXW�LWV�XVH�
)RU� H[DPSOH�� %XWOHU� DQG�1HXPDQ� ������� LQYHVWLJDWHG� VRPH� RI� WKH� YDULDEOHV� WKDW
LQIOXHQFHG� KHOS�VHHNLQJ� EHKDYLRUV� DPRQJ� FKLOGUHQ�� ,Q� FRQGXFWLQJ� WKLV� VWXG\�� WKH
H[SHULPHQWHUV�GLG�QRW�LQIRUP�WKH�FKLOGUHQ�WKDW�WKH\�ZHUH�VWXG\LQJ�WKH�YDULDEOHV�WKDW
LQIOXHQFH�ZKHWKHU�WKH\�ZRXOG�VHHN�KHOS��5DWKHU��WKH�FKLOGUHQ�ZHUH�LQYLWHG�WR�WU\�RXW
VRPH�PDWHULDOV�WKDW�FRQVLVWHG�RI�FRPSOHWLQJ�VHYHUDO�SX]]OHV��7KH\�ZHUH�QRW�JLYHQ
DQ\�LQIRUPDWLRQ�VXJJHVWLQJ�WKDW� WKH�YDULDEOH�RI�LQWHUHVW�ZDV�KHOS�VHHNLQJ�EXW�ZHUH
JLYHQ�LQVWUXFWLRQV�DV�WR�KRZ�WR�VHHN�KHOS�LI�WKH\�ZHUH�VR�LQFOLQHG��,Q�WKLV�VWXG\��LW
ZDV� QHFHVVDU\� WR� PDNH� XVH� RI� GHFHSWLRQ� LQ� WKH� IRUP� RI� ZLWKKROGLQJ� LQIRUPDWLRQ
EHFDXVH��LI�WKH�WUXH�SXUSRVH�RI�WKH�VWXG\�KDG�EHHQ�UHYHDOHG��LW�FRXOG�KDYH�DOWHUHG�WKH
RXWFRPH�DQG�LQYDOLGDWHG�WKH�UHVXOWV�

7KH� IRUP� RI� GHFHSWLRQ� XVHG� E\� %XWOHU� DQG� 1HXPDQ� ������� FRQVLVWHG� RI
ZLWKKROGLQJ� LQIRUPDWLRQ�� :LWKKROGLQJ� LQIRUPDWLRQ� UHSUHVHQWV� RQH� RI� WKH� PLOGHU
IRUPV�RI�GHFHSWLRQ��+RZHYHU��HYHQ�XVH�RI�WKLV�PLOG�IRUP�RI�GHFHSWLRQ�PLJKW�YLRODWH
WKH�SULQFLSOH�RI� LQIRUPHG�FRQVHQW�DQG�WKHUHIRUH�LV�RI�HWKLFDO�FRQFHUQ��7KLV�LV�ZK\
WKH�$(5$�(WKLFDO�6WDQGDUGV�H[SOLFLWO\�VWDWH�WKDW�GHFHSWLRQ�LV�GLVFRXUDJHG�XQOHVV�LW
LV�QHFHVVDU\�IRU�WKH�LQWHJULW\�RI�WKH�VWXG\�

,I�GHFHSWLRQ� LV�XVHG�� WKH� UHDVRQV� IRU� WKH�GHFHSWLRQ�VKRXOG�EH�H[SODLQHG� WR� WKH
SDUWLFLSDQWV� LQ� WKH� GHEULHILQJ� VHVVLRQ� KHOG� DIWHU� WKH� VWXG\� KDV� EHHQ� FRPSOHWHG�
'HEULHILQJ�UHIHUV�WR�DQ�LQWHUYLHZ�FRQGXFWHG�ZLWK�HDFK�UHVHDUFK�SDUWLFLSDQW�DIWHU�KH
RU� VKH� KDV� FRPSOHWHG� WKH� VWXG\�� ,Q� WKLV� LQWHUYLHZ�� WKH� H[SHULPHQWHU� DQG� UHVHDUFK
SDUWLFLSDQW�WDON�DERXW�WKH�VWXG\��,W�LV�DQ�RSSRUWXQLW\�IRU�HDFK�UHVHDUFK�SDUWLFLSDQW�WR
FRPPHQW�IUHHO\�DERXW�DQ\�SDUW�RI�WKH�VWXG\�DQG�H[SUHVV�DQ\�FRQFHUQV��6��5��3KLOOLSV
��������IRU�H[DPSOH��UHDOL]HG�WKDW�KHU�VXUYH\�RI�DGROHVFHQWV¶�DWWLWXGHV�DQG�EHKDYLRU
UHODWHG� WR�+,9�$,'6�SUHYHQWLRQ�ZDV�ERXQG� WR� UDLVH� TXHVWLRQV�QRW� RQO\� DERXW� WKH
VXUYH\� EXW� DOVR� DERXW� UHODWHG� LVVXHV�� &RQVLVWHQW� ZLWK� 3KLOOLSV¶V� H[SHFWDWLRQV�� WKH
VWXGHQW� UHVHDUFK� SDUWLFLSDQWV� DVNHG� QXPHURXV� TXHVWLRQV� UHJDUGLQJ� +,9�$,'6
VSHFLILFDOO\�DQG�VH[XDOLW\�PRUH�JHQHUDOO\�

��'HEULHILQJ�$�SRVWVWXG\�LQWHUYLHZ�LQ�ZKLFK�DOO�DVSHFWV�RI�WKH�VWXG\�DUH
UHYHDOHG��DQ\�UHDVRQV�IRU�GHFHSWLRQ�DUH�H[SODLQHG��DQG�DQ\�TXHVWLRQV�WKH
SDUWLFLSDQW�KDV�DERXW�WKH�VWXG\�DUH�DQVZHUHG

'HEULHILQJ� LV� DOVR� DQ� RSSRUWXQLW\� IRU� WKH� UHVHDUFKHU� WR� UHYHDO� DVSHFWV� RI� WKH
VWXG\�WKDW�ZHUH�QRW�GLVFORVHG�DW�WKH�RXWVHW��+ROPHV������D������E��KDV�SRLQWHG�RXW
WKDW� GHEULHILQJ� VKRXOG� PHHW� WKH� WZR� JRDOV� RI� GHKRD[LQJ� DQG� GHVHQVLWL]LQJ�
'HKRD[LQJ� UHIHUV� WR� LQIRUPLQJ�WKH�SDUWLFLSDQWV�DERXW�DQ\�GHFHSWLRQ�WKDW�ZDV�XVHG
DQG�H[SODLQLQJ�WKH�UHDVRQV�IRU�LWV�XVH��7KH�JRDO�LV�WR�UHVWRUH�WKH�SDUWLFLSDQW¶V�WUXVW�LQ
WKH� UHVHDUFK� SURFHVV�� 'HVHQVLWL]LQJ� UHIHUV� WR� KHOSLQJ� SDUWLFLSDQWV�� GXULQJ� WKH
GHEULHILQJ� LQWHUYLHZ�� GHDO� ZLWK� DQG� HOLPLQDWH� DQ\� VWUHVV� RU� RWKHU� XQGHVLUDEOH
IHHOLQJV�WKDW�WKH�VWXG\�PLJKW�KDYH�FUHDWHG�LQ�WKHP��DV�PLJKW�H[LVW�LI�\RX�DUH�VWXG\LQJ
FKHDWLQJ� EHKDYLRU� RU� IDLOXUH�� 'HVHQVLWL]LQJ�PLJKW� EH� DFFRPSOLVKHG� E\� VXJJHVWLQJ
WKDW� DQ\� XQGHVLUDEOH� EHKDYLRU� RU� IHHOLQJ�ZDV� WKH� UHVXOW� RI� D� VLWXDWLRQDO� YDULDEOH�



UDWKHU�WKDQ�D�FKDUDFWHULVWLF�RI�WKH�SDUWLFLSDQW��$QRWKHU�WDFWLF�XVHG�E\�H[SHULPHQWHUV
LV�WR�SRLQW�RXW�WKDW�WKH�SDUWLFLSDQW¶V�EHKDYLRU�RU�IHHOLQJ�ZDV�QRUPDO�DQG�H[SHFWHG�

��'HKRD[LQJ�,QIRUPLQJ�VWXG\�SDUWLFLSDQWV�DERXW�DQ\�GHFHSWLRQ�WKDW�ZDV�XVHG
DQG�WKH�UHDVRQV�IRU�LWV�XVH

��'HVHQVLWL]LQJ�+HOSLQJ�VWXG\�SDUWLFLSDQWV�GHDO�ZLWK�DQG�HOLPLQDWH�DQ\�VWUHVV
RU�RWKHU�XQGHVLUDEOH�IHHOLQJV�WKDW�WKH�VWXG\�PLJKW�KDYH�FUHDWHG

)UHHGRP�WR�:LWKGUDZ
$(5$� HWKLFDO� VWDQGDUGV� H[SOLFLWO\� VWDWH� WKDW� UHVHDUFK� ³SDUWLFLSDQWV� KDYH� WKH

ULJKW� WR�ZLWKGUDZ�IURP�D�VWXG\�DW�DQ\� WLPH��XQOHVV�RWKHUZLVH�FRQVWUDLQHG�E\� WKHLU
RIILFLDO� FDSDFLW\� RU� UROHV�´� 7KLV� SULQFLSOH� VHHPV� VWUDLJKWIRUZDUG� DQG� HDVLO\
DFFRPSOLVKHG��0HUHO\�LQIRUP�WKH�SDUWLFLSDQW�WKDW�KH�RU�VKH�LV�IUHH�WR�ZLWKGUDZ�IURP
WKH� VWXG\�DW� DQ\� WLPH��)URP� WKH� UHVHDUFKHU¶V�SHUVSHFWLYH�� VXFK� D� VWDWHPHQW�ZRXOG
VHHP� WR� EH� VXIILFLHQW� WR� FRPSO\� ZLWK� WKH� ³IUHHGRP� WR� ZLWKGUDZ´� SULQFLSOH�
+RZHYHU�� IURP� WKH� SDUWLFLSDQW¶V� SHUVSHFWLYH�� VXFK� D� VWDWHPHQW� PLJKW� QRW� EH
VXIILFLHQW� EHFDXVH� KH� RU� VKH� PLJKW� IHHO� FRHUFLYH� SUHVVXUH� WR� SDUWLFLSDWH�� 6XFK
SUHVVXUH�FRXOG�DULVH�LI�D�WHDFKHU�UHTXHVWV�VWXGHQWV�WR�SDUWLFLSDWH�RU�LI�D�SULQFLSDO�RU
VXSHULQWHQGHQW�DVNV�WHDFKHUV�WR�SDUWLFLSDWH�LQ�D�VWXG\��6WXGHQWV�PLJKW�IHHO�FRHUFLYH
SUHVVXUH�LI�WKH\�WKLQN�WKDW�WKHLU�JUDGHV�PLJKW�EH�DIIHFWHG�LI�WKH\�GRQ¶W�SDUWLFLSDWH��RU
WHDFKHUV�PLJKW�EHOLHYH�WKDW�WKHLU�MREV�DUH�LQ�MHRSDUG\�LI�WKH\�UHIXVH�SDUWLFLSDWLRQ��,Q
VXFK� LQVWDQFHV�� WKH� SDUWLFLSDQW� LV� QRW� FRPSOHWHO\� IUHH� WR� ZLWKGUDZ�� DQG� WKH
UHVHDUFKHU� PXVW� PDNH� D� VSHFLDO� HIIRUW� WR� DVVXUH� WKH� UHVHDUFK� SDUWLFLSDQWV� WKDW
UHIXVLQJ�WR�SDUWLFLSDWH�RU�ZLWKGUDZLQJ�IURP�WKH�VWXG\�ZLOO�KDYH�QR�DGYHUVH�HIIHFW�RQ
WKHP�

3URWHFWLRQ�)URP�0HQWDO�DQG�3K\VLFDO�+DUP
7KH�PRVW�LPSRUWDQW�DQG�IXQGDPHQWDO�HWKLFDO�LVVXH�FRQIURQWLQJ�WKH�UHVHDUFKHU�LV

WKH�WUHDWPHQW�RI�UHVHDUFK�SDUWLFLSDQWV��(DUOLHU��ZH�SURYLGHG�H[DPSOHV�RI�XQHWKLFDO
PHGLFDO� VWXGLHV� WKDW� LQIOLFWHG� ERWK� SK\VLFDO� DQG� PHQWDO� KDUP� RQ� SDUWLFLSDQWV�
)RUWXQDWHO\��VWXGLHV�FRQGXFWHG�E\�HGXFDWLRQDO� UHVHDUFKHUV�VHOGRP�� LI�HYHU�� UXQ� WKH
ULVN�RI� LQIOLFWLQJ�VXFK�VHYHUH�PHQWDO�DQG�SK\VLFDO�KDUP��(GXFDWLRQDO� UHVHDUFK�KDV
KLVWRULFDOO\�LPSRVHG�HLWKHU�PLQLPDO�RU�QR�ULVN�WR�WKH�SDUWLFLSDQWV�DQG�KDV�HQMR\HG�D
VSHFLDO� VWDWXV�ZLWK� UHVSHFW� WR� IRUPDO� HWKLFDO�RYHUVLJKW��0XFK�RI� WKLV� UHVHDUFK�KDV
EHHQ� VLQJOHG� RXW� IRU� H[HPSW� VWDWXV� LQ� WKH� &RGH� RI� )HGHUDO� 5HJXODWLRQV� IRU� WKH
3URWHFWLRQ�RI�+XPDQ�6XEMHFWV� �2355�5HSRUWV���������3DUDJUDSK��������E�����RI
WKLV�FRGH�VWDWHV�WKDW�WKH�IROORZLQJ�LV�H[HPSW�IURP�RYHUVLJKW�

UHVHDUFK� FRQGXFWHG� LQ� HVWDEOLVKHG� RU� FRPPRQO\� DFFHSWHG� HGXFDWLRQDO� VHWWLQJV
LQYROYLQJ� QRUPDO� HGXFDWLRQDO� SUDFWLFHV� VXFK� DV� �L�� UHVHDUFK� RQ� UHJXODU� DQG
VSHFLDO�HGXFDWLRQDO�LQVWUXFWLRQDO�VWUDWHJLHV��RU��LL��UHVHDUFK�RQ�WKH�HIIHFWLYHQHVV



RI� RU� WKH� FRPSDULVRQ� DPRQJ� LQVWUXFWLRQDO� WHFKQLTXHV�� FXUULFXOD�� RU� FODVVURRP
PDQDJHPHQW�PHWKRGV�µ��S�����

7KH�SUREOHP�ZLWK�WKLV�VWDWHPHQW�OLHV�LQ�LWV�DPELJXLW\��,W�LV�ZRUGHG�VR�YDJXHO\�DV
WR� OHDYH� FRQVLGHUDEOH� URRP� IRU� FRPSHWLQJ� LQWHUSUHWDWLRQV� DV� WR� ZKDW� UHSUHVHQWV
³FRPPRQO\�DFFHSWHG�HGXFDWLRQDO�VHWWLQJV�LQYROYLQJ�QRUPDO�HGXFDWLRQDO�SUDFWLFHV�´
$GGLWLRQDOO\�� HGXFDWLRQDO� UHVHDUFK� LV� QRW� D� VWDWLF� HQWLW\� EXW� RQH� WKDW� LV� FRQVWDQWO\
FKDQJLQJ�� 2QH� RI� WKH� PRUH� QRWDEOH� FKDQJHV� LV� WKH� LQFUHDVHG� XVH� RI� TXDOLWDWLYH
UHVHDUFK�PHWKRGV�

4XDOLWDWLYH�UHVHDUFK��DV�+RZH�DQG�'RXJKHUW\��������KDYH�SRLQWHG�RXW��KDV�WZR
IHDWXUHV�� LQWLPDF\� DQG� RSHQ�HQGHGQHVV�� WKDW� PXGG\� WKH� HWKLFDO� ZDWHUV� DQG� PLJKW
H[FOXGH� LW� IURP� WKH� VSHFLDO� H[HPSW� VWDWXV� UHVHUYHG� IRU�PDQ\�HGXFDWLRQDO� UHVHDUFK
VWXGLHV�� 4XDOLWDWLYH� UHVHDUFK� LV� DQ� RQJRLQJ� DQG� HYROYLQJ� SURFHVV�� ZLWK� WKH� GDWD�
FROOHFWLRQ�SURFHVV�SURFHHGLQJ�PXFK� OLNH�D� IULHQGVKLS�EHWZHHQ� WKH�SDUWLFLSDQW�DQG
WKH�UHVHDUFKHU��,QWHUYLHZLQJ��IRU�H[DPSOH��UHTXLUHV�RQH�WR�RQH�FRQWDFW�DQG�UHPRYHV
WKH� SDUWLFLSDQW� IURP� KLV� RU� KHU� QRUPDO� DFWLYLWLHV�� 9LGHR�� DQG� DXGLRWDSLQJ� FUHDWH
SHUPDQHQW�UHFRUGV�WKDW�FDQ�SRVH�D�WKUHDW�WR�FRQILGHQWLDOLW\�DQG�DQRQ\PLW\��,W�LV�WKHVH
DFWLYLWLHV�DV�ZHOO�DV�WKH�DPELJXLW\�RI�WKH�ZRUGLQJ�LGHQWLI\LQJ�³H[HPSW´�WKDW�LQGLFDWH
D� QHHG� IRU� VRPH� W\SH� RI� HWKLFDO� RYHUVLJKW� RI� HGXFDWLRQDO� UHVHDUFK�� 7KH� HWKLFDO
RYHUVLJKW� SURYLGHG� E\� YLUWXDOO\� DQ\� LQVWLWXWLRQ� WKDW� FRQGXFWV� UHVHDUFK� LV� WKH
,QVWLWXWLRQDO� 5HYLHZ� %RDUG� �,5%��� 8QIRUWXQDWHO\�� VRPH� ,5%� PHPEHUV� KDYH
GHPRQVWUDWHG�PLQLPDO� XQGHUVWDQGLQJ� RI� TXDOLWDWLYH� UHVHDUFK�� DQG� WKH� UHODWLRQVKLS
EHWZHHQ�,5%�DQG�TXDOLWDWLYH�UHVHDUFK�KDV�EHHQ�VRPHZKDW�VWRUP\��/LQFROQ��������

��,QVWLWXWLRQDO�5HYLHZ�%RDUG��,5%��7KH�LQVWLWXWLRQDO�UHYLHZ�FRPPLWWHH�WKDW
DVVHVVHV�WKH�HWKLFDO�DFFHSWDELOLW\�RI�UHVHDUFK�SURSRVDOV

&RQILGHQWLDOLW\��$QRQ\PLW\��DQG�WKH�&RQFHSW�RI�3ULYDF\
$(5$�HWKLFDO�VWDQGDUGV�VWDWH�WKDW�UHVHDUFKHUV�DUH�HWKLFDOO\�UHTXLUHG�WR�SURWHFW

WKH� FRQILGHQWLDOLW\� RI� ERWK� WKH� SDUWLFLSDQWV� DQG� WKH� GDWD�� 7KLV� FRPSRQHQW� RI� WKH
HWKLFDO� VWDQGDUGV� UHODWHV� WR� WKH� FRQFHSW� RI� SULYDF\��3ULYDF\� UHIHUV� WR� FRQWUROOLQJ
RWKHU�SHRSOH¶V�DFFHVV�WR�LQIRUPDWLRQ�DERXW�D�SHUVRQ��7KHUH�DUH�WZR�DVSHFWV�WR�WKLV
FRQFHSW��)RONPDQ���������7KH�ILUVW�LQYROYHV�D�SHUVRQ¶V�IUHHGRP�WR�LGHQWLI\�WKH�WLPH
DQG�FLUFXPVWDQFHV�XQGHU�ZKLFK�LQIRUPDWLRQ�LV�VKDUHG�ZLWK�RU�ZLWKKHOG�IURP�RWKHUV�
)RU�H[DPSOH��SHRSOH�PLJKW�QRW�ZDQW�LQIRUPDWLRQ�DERXW�WKHLU�VH[XDO�EHKDYLRU�VKDUHG
ZLWK�RWKHUV�� RU� WKH\�PLJKW� DJUHH� WR� VKDUH� WKLV� LQIRUPDWLRQ�RQO\� LI� LW� LV� DJJUHJDWHG
ZLWK�RWKHUV¶�LQIRUPDWLRQ�VR�WKDW�LQGLYLGXDOV�FDQQRW�EH�LGHQWLILHG��7KH�VHFRQG�LV�WKH
SHUVRQ¶V� ULJKW� WR� GHFOLQH� UHFHLYLQJ� LQIRUPDWLRQ� WKDW� KH� RU� VKH� GRHV� QRW�ZDQW�� )RU
H[DPSOH��D�SHUVRQ�PLJKW�QRW�ZDQW�WR�NQRZ�LI�KH�RU�VKH�SHUIRUPHG�ZRUVH�RQ�D�WDVN
WKDQ�WKH�DYHUDJH�SHUVRQ�

��3ULYDF\�+DYLQJ�FRQWURO�RI�RWKHUV¶�DFFHVV�WR�LQIRUPDWLRQ�DERXW�D�SHUVRQ



5HVSHFWLQJ�WKH�SULYDF\�RI�UHVHDUFK�SDUWLFLSDQWV�LV�DW�WKH�KHDUW�RI�WKH�FRQGXFW�RI
HWKLFDO� UHVHDUFK�� 0DLQWDLQLQJ� WKLV� SULYDF\� FDQ� EH� GLIILFXOW� DW� WLPHV� EHFDXVH
FRQVWLWXWLRQDO�DQG�IHGHUDO�ODZV�KDYH�QRW�EHHQ�SDVVHG�WKDW�ZRXOG�SURWHFW�WKH�SULYDF\
RI� LQIRUPDWLRQ� FROOHFWHG� ZLWKLQ� WKH� FRQWH[W� RI� VRFLDO� DQG� EHKDYLRUDO� UHVHDUFK�
5HVHDUFKHUV� DWWHPSW� WR� HQVXUH� WKH� SULYDF\� RI� UHVHDUFK� SDUWLFLSDQWV� E\� HLWKHU
FROOHFWLQJ�DQRQ\PRXV�LQIRUPDWLRQ�RU�HQVXULQJ�WKDW�WKH�LQIRUPDWLRQ�FROOHFWHG�LV�NHSW
FRQILGHQWLDO�� $QRQ\PLW\� LV� WKH� EHVW� ZD\� WR� SURWHFW� SULYDF\� EHFDXVH� DQRQ\PLW\
PHDQV� WKDW� WKH� LGHQWLW\� RI� WKH� SDUWLFLSDQWV� LV� QRW� NQRZQ� WR� WKH� UHVHDUFKHU�� )RU
H[DPSOH��DQRQ\PLW\�FRXOG�EH�DFKLHYHG�LQ�D�VXUYH\�DERXW�FKHDWLQJ�RQ�H[DPLQDWLRQV
LI� WKH� VXUYH\� GLG� QRW� DVN� WKH� VWXGHQWV� IRU� DQ\� LQIRUPDWLRQ� WKDW� FRXOG� EH� XVHG� WR
LGHQWLI\�WKHP��H�J���QDPH��VWXGHQW�QXPEHU��DQG�LI�WKH�VXUYH\�ZDV�DGPLQLVWHUHG�LQ�D
PDQQHU��H�J���LQ�D�JURXS�VHWWLQJ��LQ�ZKLFK�WKH�UHVHDUFKHU�FDQQRW�DWWDFK�D�QDPH�WR�WKH
FRPSOHWHG� VXUYH\� LQVWUXPHQW�� 3LFRX� ������� KDV� UHYHDOHG� WKDW� UHPRYLQJ� DOO
LGHQWLILHUV�IURP�GDWD�ILOHV�PLJKW�QRW�EH�VXIILFLHQW�WR�PDLQWDLQ�UHVHDUFK�SDUWLFLSDQWV¶
DQRQ\PLW\�EHFDXVH�D�FDUHIXO�H[DPLQDWLRQ�RI�SDUWLFLSDQWV¶�UHVSRQVHV�PLJKW�DOORZ�D
WKLUG�SDUW\�WR�GHGXFH�D�SDUWLFLSDQW¶V�LGHQWLW\��7KLV�ZDV�D�KDUG�OHVVRQ�3LFRX�OHDUQHG
GXULQJ�D�\HDU�LQ�IHGHUDO�FRXUW�

��$QRQ\PLW\�.HHSLQJ�WKH�LGHQWLW\�RI�WKH�SDUWLFLSDQW�IURP�HYHU\RQH��LQFOXGLQJ
WKH�UHVHDUFKHU

&RQILGHQWLDOLW\�LV�WKH�RWKHU�PHDQV�WKDW�UHVHDUFKHUV�XVH�WR�SURWHFW�WKH�SULYDF\�RI
UHVHDUFK�SDUWLFLSDQWV��&RQILGHQWLDOLW\�� LQ�WKH�FRQWH[W�RI�D�UHVHDUFK�VWXG\��UHIHUV�WR
DQ� DJUHHPHQW� ZLWK� WKH� UHVHDUFK� LQYHVWLJDWRUV� DERXW� ZKDW� FDQ� EH� GRQH� ZLWK� WKH
LQIRUPDWLRQ� REWDLQHG� DERXW� D� UHVHDUFK� SDUWLFLSDQW�� 7\SLFDOO\�� WKLV� PHDQV� WKDW� WKH
SDUWLFLSDQW¶V�LGHQWLW\�LV�QRW�UHYHDOHG�WR�DQ\RQH�RWKHU�WKDQ�WKH�UHVHDUFKHU�DQG�KLV�RU
KHU�VWDII��&RQILGHQWLDOLW\�ZRXOG�EH�PDLQWDLQHG��IRU�H[DPSOH��LI�\RX�ZHUH�FRQGXFWLQJ
D� VWXG\� RQ� FKLOGUHQ�ZLWK� OHDUQLQJ� GLVDELOLWLHV��$OWKRXJK� WKH� UHVHDUFK� VWDII�ZRXOG
NQRZ�ZKLFK�FKLOGUHQ�ZHUH�LQ�WKH�VWXG\�DQG��WKHUHIRUH��KDG�D�OHDUQLQJ�GLVDELOLW\��WKLV
LQIRUPDWLRQ�ZRXOG�QRW�EH�UHYHDOHG�WR�DQ\RQH�RXWVLGH�WKH�UHVHDUFK�VWDII�

��&RQILGHQWLDOLW\�1RW�UHYHDOLQJ�WKH�LGHQWLW\�RI�WKH�SDUWLFLSDQW�WR�DQ\RQH�RWKHU
WKDQ�WKH�UHVHDUFKHU�DQG�KLV�RU�KHU�VWDII

$OWKRXJK� FRQILGHQWLDOLW\� LV� DQ� LPSRUWDQW� SDUW� RI� PDLQWDLQLQJ� WKH� SULYDF\� RI
UHVHDUFK� SDUWLFLSDQWV�� UHVHDUFKHUV� PXVW� EH� FDUHIXO� DERXW� ZKDW� WKH\� SURPLVH�� $OO
VWDWHV�PDQGDWH� UHSRUWLQJ� RI� FKLOG� DEXVH� RU� QHJOHFW��5HVHDUFKHUV�PXVW� EH� IDPLOLDU
ZLWK�VWDWH�DQG�IHGHUDO�ODZV�WR�GHWHUPLQH�ZKDW�FDQ�DQG�FDQQRW�EH�NHSW�FRQILGHQWLDO�
DQG�WKLV�LQIRUPDWLRQ�VKRXOG�EH�LQFOXGHG�LQ�WKH�LQIRUPHG�FRQVHQW�

������:KDW�LV�GHFHSWLRQ��DQG�ZKHQ�LV�LW�XVHG�LQ�D
UHVHDUFK�VWXG\"

������:KDW�DUH�WKH�HWKLFDO�REOLJDWLRQV�RI�D�UHVHDUFKHU
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ZKR�PDNHV�XVH�RI�GHFHSWLRQ"
������:K\�FDQ�SDUWLFLSDQWV�VWLOO�IHHO�SUHVVXUHG�WR

SDUWLFLSDWH�LQ�D�VWXG\�HYHQ�DIWHU�WKH�UHVHDUFKHU
KDV�VWDWHG�WKDW�WKH\�FDQ�ZLWKGUDZ�RU�GHFOLQH�WR
SDUWLFLSDWH"

������:KDW�DUH�WKH�LVVXHV�UHODWLQJ�WR�IUHHGRP�WR
ZLWKGUDZ�ZLWK�UHVSHFW�WR�PLQRUV"

������:K\�GR�HGXFDWLRQDO�UHVHDUFKHUV�KDYH�WR�EH
FRQFHUQHG�ZLWK�SURWHFWLQJ�SDUWLFLSDQWV�IURP
PHQWDO�DQG�SK\VLFDO�KDUP�LQ�WKHLU�VWXGLHV"

������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�FRQILGHQWLDOLW\
DQG�DQRQ\PLW\��DQG�KRZ�GR�HDFK�RI�WKHVH�UHODWH
WR�WKH�FRQFHSW�RI�SULYDF\"

,167,787,21$/�5(9,(:�%2$5'
7KH� OHJDO� UHTXLUHPHQW� RI� KDYLQJ� DOO� KXPDQ� UHVHDUFK� UHYLHZHG� E\� WKH� ,5%� GDWHV
EDFN� WR� ������ $W� WKDW� WLPH�� WKHUH� ZDV� D� VHULRXV� FRQFHUQ� IRU� WKH� ZD\� LQ� ZKLFK
PHGLFDO�UHVHDUFK�ZDV�GHVLJQHG�DQG�FRQGXFWHG��7KH�86�VXUJHRQ�JHQHUDO�LQLWLDWHG�DQ
LQVWLWXWLRQDO� UHYLHZ� UHTXLUHPHQW� DW� WKH� 'HSDUWPHQW� RI� +HDOWK�� (GXFDWLRQ�� DQG
:HOIDUH� �'+(:��� 7KLV� SROLF\� ZDV� H[WHQGHG� WR� DOO� LQYHVWLJDWLRQV� IXQGHG� E\� WKH
3XEOLF� +HDOWK� 6HUYLFH� WKDW� LQYROYHG� KXPDQ� SDUWLFLSDQWV�� LQFOXGLQJ� WKRVH� LQ� WKH
VRFLDO� DQG� EHKDYLRUDO� VFLHQFHV�� %\� ������ '+(:� UHJXODWLRQV� JRYHUQLQJ� KXPDQ
UHVHDUFK� UHTXLUHG� D� UHYLHZ� E\� DQ� ,5%� IRU� DOO� UHVHDUFK� RUJDQL]DWLRQV� UHFHLYLQJ
3XEOLF� +HDOWK� 6HUYLFH� IXQGV�� 7KLV� PHDQW� WKDW� YLUWXDOO\� DOO� XQLYHUVLWLHV� KDG� WR
HVWDEOLVK�DQ�,5%�DQG�ILOH�DQ�DVVXUDQFH�SROLF\�ZLWK� WKH�2IILFH� IRU�3URWHFWLRQ�IURP
5HVHDUFK�5LVNV��7KLV�DVVXUDQFH�SROLF\�DUWLFXODWHV�WKH�UHVSRQVLELOLWLHV�DQG�SXUYLHZ
RI� WKH�,5%�ZLWKLQ� WKDW�RUJDQL]DWLRQ��$OWKRXJK�WKH�3XEOLF�+HDOWK�6HUYLFH�PDQGDWHG
RQO\� WKDW� IHGHUDOO\� IXQGHG� SURMHFWV� EH� UHYLHZHG� E\� WKH� ,5%�� PRVW� RUJDQL]DWLRQV
H[WHQGHG�WKH�VFRSH�RI�WKH�,5%�WR�LQFOXGH�DOO�UHVHDUFK�LQYROYLQJ�KXPDQ�SDUWLFLSDQWV�
HYHQ� WKRVH� IDOOLQJ� LQWR� WKH� H[HPSW� FDWHJRU\�� 2QFH� DQ� RUJDQL]DWLRQ¶V� DVVXUDQFH
SROLF\�LV�DSSURYHG��LW�EHFRPHV�D�OHJDO�GRFXPHQW�ZLWK�ZKLFK�WKH�RUJDQL]DWLRQ��DQG
UHVHDUFKHUV�PXVW� FRPSO\�ZLWK� LW�� ,I� \RXU�XQLYHUVLW\�KDV� VXFK� DQ� DVVXUDQFH�SROLF\�
\RX�DV�DQ�HGXFDWLRQDO� UHVHDUFKHU�PXVW� VXEPLW�D�SURSRVDO� WR� WKH� ,5%� WR�GHWHUPLQH
ZKHWKHU�\RXU�VWXG\� LV�H[HPSW� IURP�HWKLFDO�RYHUVLJKW�� ,Q� WKLV�SURSRVDO��\RX�VKRXOG
VWDWH�ZKHWKHU� \RX�EHOLHYH� WKDW� LW� IDOOV� LQWR� WKH� H[HPSW� FDWHJRU\��$�PHPEHU�RI� WKH
,5%�GHFLGHV�ZKHWKHU�WKH�VWXG\�LV�H[HPSW�DQG�FDQ�SURFHHG�DV�SURSRVHG�RU�PXVW�EH
UHYLHZHG� E\� WKH� IXOO� ,5%�� 7KH� WHUP� H[HPSW� VWXGLHV� UHIHUV� WR� UHVHDUFK� WKDW� LV
H[HPSW�IURP�FHUWDLQ�UHTXLUHPHQWV�DQG�IXOO�FRPPLWWHH�UHYLHZ��QRW�H[HPSW�IURP�,5%
RYHUVLJKW�DOWRJHWKHU�

��([HPSW�VWXGLHV�6WXGLHV�LQYROYLQJ�QR�ULVN�WR�SDUWLFLSDQWV�DQG�QRW�UHTXLULQJ



IXOO�,5%�UHYLHZ

,Q�UHYLHZLQJ�WKH�UHVHDUFK�SURSRVDOV��PHPEHUV�RI�WKH�,5%�DUH�UHTXLUHG�WR�PDNH
MXGJPHQWV� UHJDUGLQJ� WKH� HWKLFDO� DSSURSULDWHQHVV� RI� WKH� SURSRVHG� UHVHDUFK� DQG
HQVXUH�WKDW�UHVHDUFK�SURWRFROV�DUH�H[SODLQHG�WR�UHVHDUFK�SDUWLFLSDQWV�DQG�DQ\�ULVNV
RI�KDUP�DUH�UHDVRQDEOH�LQ�UHODWLRQ�WR�WKH�KRSHG�IRU�EHQHILWV��7R�PDNH�WKLV�MXGJPHQW�
,5%�PHPEHUV�PXVW�KDYH�VXIILFLHQW�LQIRUPDWLRQ�DERXW�WKH�VSHFLILFV�RI�WKH�SURSRVHG
UHVHDUFK� VWXG\��7KLV�PHDQV� WKDW� WKH� LQYHVWLJDWRU�PXVW� VXEPLW� D�UHVHDUFK� SURWRFRO
WKDW�WKH�,5%�FDQ�UHYLHZ��7DEOH�����LGHQWLILHV�WKH�LQIRUPDWLRQ�WKDW�PXVW�EH�LQFOXGHG
LQ�WKLV�SURWRFRO��$�VDPSOH�SURWRFRO�H[FOXGLQJ�WKH�FRQVHQW�IRUP�DSSHDUV�LQ�([KLELW
����

��5HVHDUFK�SURWRFRO�7KH�GRFXPHQW�VXEPLWWHG�WR�,5%�E\�WKH�UHVHDUFKHU�IRU
UHYLHZ

7$%/(�������,QIRUPDWLRQ�WR�%H�,QFOXGHG�LQ�D�5HVHDUFK�3URWRFRO

����3XUSRVH�RI�WKH�UHVHDUFK

����5HOHYDQW�EDFNJURXQG�DQG�UDWLRQDOH�IRU�WKH�UHVHDUFK

����3DUWLFLSDQW�SRSXODWLRQ

����([SHULPHQWDO�GHVLJQ�DQG�PHWKRGRORJ\

����,QFHQWLYHV�RIIHUHG��LI�DQ\

����5LVNV�DQG�EHQHILWV�WR�SDUWLFLSDQWV�DQG�SUHFDXWLRQV�WR�EH�WDNHQ

����3ULYDF\�DQG�FRQILGHQWLDOLW\

2QFH� WKH� UHVHDUFK� SURWRFRO� LV� VXEPLWWHG�� WKH� ,5%� DGPLQLVWUDWRUV� GHWHUPLQH
ZKHWKHU� WKH� SURWRFRO� VKRXOG� EH� UHYLHZHG� E\� WKH� IXOO� ERDUG�� 7KHUH� DUH� WKUHH
FDWHJRULHV�RI�UHYLHZ�WKDW�D�SURSRVDO�PLJKW�UHFHLYH�IURP�WKH�,5%��7KHVH�FDWHJRULHV
UHODWH�WR�WKH�SRWHQWLDO�ULVN�RI�WKH�VWXG\�WR�SDUWLFLSDQWV��6WXGLHV�FDQ�UHFHLYH�H[HPSW
VWDWXV�� H[SHGLWHG� UHYLHZ�� RU� UHYLHZ� E\� IXOO� ERDUG�� ([HPSW� VWXGLHV� DUH� WKRVH� WKDW
DSSHDU�WR�LQYROYH�QR�ULVN�WR�WKH�SDUWLFLSDQWV�DQG�GR�QRW�UHTXLUH�UHYLHZ�E\�WKH�IXOO
,5%��6WXGLHV�LQYROYLQJ�IHWDO�SDUWLFLSDQWV�DQG�SULVRQHUV�DUH�QHYHU�H[HPSW�XQOHVV�WKH
VWXG\� LQYROYHV� REVHUYLQJ� WKHVH� SDUWLFLSDQWV� LQ� WKH� DEVHQFH� RI� DQ\� W\SH� RI
LQWHUYHQWLRQ��$OVR��VWXGLHV�ZLWK�FKLOGUHQ�LQYROYLQJ�VXUYH\�RU�LQWHUYLHZ�SURFHGXUHV
RU�REVHUYDWLRQ�RI�SXEOLF�EHKDYLRU�E\� WKH�UHVHDUFKHUV�DUH�QHYHU�H[HPSW�XQOHVV� WKH
VWXG\�LQYROYHV�REVHUYLQJ�WKHP�LQ�WKH�DEVHQFH�RI�DQ\�W\SH�RI�LQWHUYHQWLRQ�

�(;+,%,7�������([DPSOH�RI�D�5HVHDUFK�3URWRFRO�6XEPLWWHG�WR�WKH�,5%

7LWOH� RI� 3URWRFRO� 7KH� 5HODWLRQVKLS� RI� $WWULEXWLRQDO� %HOLHIV�� 6HOI�(VWHHP�� DQG� (JR� ,QYROYHPHQW� WR
3HUIRUPDQFH�RQ�&RJQLWLYH�7DVNV�LQ�6WXGHQWV�:LWK�0HQWDO�5HWDUGDWLRQ

3ULPDU\�,QYHVWLJDWRU��-DQH�$��'RQQHU��'HSDUWPHQW�RI�3V\FKRORJ\��8QLYHUVLW\�RI�WKH�6RXWKHDVW������



����

&R�,QYHVWLJDWRU�� &DURO\Q� /�� 3LFNHULQJ��*UDGXDWH� 6WXGHQW��'HSDUWPHQW� RI� 3V\FKRORJ\��8QLYHUVLW\� RI
WKH�6RXWKHDVW����������

5HOHYDQW�%DFNJURXQG�DQG�3XUSRVH�� 5HFHQW� UHVHDUFK� VXJJHVWV� WKDW� WKH�ZD\� LQ�ZKLFK� D� FRJQLWLYH
WDVN� LV�SUHVHQWHG� LQIOXHQFHV�SHUIRUPDQFH�RQ� WKH� WDVN��1LFKROOV� ������� VXJJHVWHG� WKDW�HJR� LQYROYHPHQW
ZRXOG�RIWHQ�UHVXOW�LQ�GLPLQLVKHG�WDVN�SHUIRUPDQFH��+H�GHVFULEHG�HJR�LQYROYHPHQW�DV�D�WDVN�RULHQWDWLRQ
LQ�ZKLFK�WKH�JRDO�LV�HLWKHU�WR�GHPRQVWUDWH�RQH¶V�DELOLW\�UHODWLYH�WR�RWKHUV�RU�DYRLG�GHPRQVWUDWLQJ�D�ODFN�RI
DELOLW\�� 7KLV� HJR� RULHQWDWLRQ� LV� LQ� FRQWUDVW� WR� WDVN� LQYROYHPHQW�� ZKHUH� WKH� JRDO� LV� VLPSO\� WR� OHDUQ� RU
LPSURYH�D�VNLOO�� ,Q�VXSSRUW�RI� WKH�1LFKROOV�SRVLWLRQ��*UDKDP�DQG�*RODQ�������� IRXQG� WKDW�HJR�LQYROYLQJ
LQVWUXFWLRQV� UHVXOWHG� LQ�SRRUHU� UHFDOO� LQ�D�PHPRU\� WDVN� WKDQ� WDVN�RULHQWLQJ� LQVWUXFWLRQV��$SSDUHQWO\�� WKH
IRFXV�RQ�SHUIRUPDQFH�GHWUDFWHG�IURP�WKH�QHFHVVDU\�LQIRUPDWLRQ�SURFHVVLQJ�

7KH� SUHVHQW� LQYHVWLJDWLRQ� LV� GHVLJQHG� WR� GHWHUPLQH� SRWHQWLDO� LQGLYLGXDO� GLIIHUHQFHV� LQ� WKH� HJR�
LQYROYHPHQW�HIIHFW��,W�LV�SRVVLEOH�WKDW�VRPH�SHUVRQV�DUH�PRUH�DW�ULVN�IRU�WKH�GHELOLWDWLQJ�HIIHFWV�RI�HJR�
LQYROYLQJ� LQVWUXFWLRQV� WKDQ� RWKHUV�� ,W� LV� SUHGLFWHG� WKDW� VWXGHQWV�ZLWK�PHQWDO� UHWDUGDWLRQ�ZKR� KDYH� ORZ
VHOI�HVWHHP�DQG�QHJDWLYH�DWWULEXWLRQDO�EHOLHIV�ZLOO�EH�LQIOXHQFHG�QHJDWLYHO\�E\�HJR�LQYROYLQJ�LQVWUXFWLRQV�

3DUWLFLSDQW�3RSXODWLRQ��)RUW\�VWXGHQWV�ZLWK�PHQWDO�UHWDUGDWLRQ�ZLOO�EH�UHFUXLWHG�IURP�VSHFLDO�HGXFDWLRQ
FODVVURRPV� DW� DSSUR[LPDWHO\� WKUHH� HOHPHQWDU\� VFKRROV� LQ� WKH� 0RELOH� &RXQW\� 3XEOLF� 6FKRRO� 6\VWHP�
6WXGHQWV�ZLOO� EH� UHFUXLWHG� IURP� WKH� LQWHUPHGLDWH� FODVVHV� �IRXUWK� WKURXJK� VL[WK� JUDGHV��� 7KH� VWXGHQWV¶
SDUWLFLSDWLRQ�ZLOO�EH�YROXQWDU\��DQG�WKH\�ZLOO�KDYH�SDUHQWDO�FRQVHQW�

0DWHULDOV�DQG�3URFHGXUH
2YHUYLHZ��7KH�UHVHDUFK�ZLOO�EH�FRQGXFWHG�DW� WKH�VWXGHQWV¶�VFKRRO�DQG�ZLOO� LQFOXGH� WZR�VHVVLRQV��HDFK
DSSUR[LPDWHO\� D� KDOI� KRXU� ORQJ�� ,Q� WKH� ILUVW� VHVVLRQ�� VWXGHQWV�ZLOO� ILUVW� FRPSOHWH� DWWULEXWLRQDO� DQG� VHOI�
HVWHHP�TXHVWLRQQDLUHV��ZKLFK�ZLOO�EH�UHDG�DORXG�WR�WKHP��LQ�VPDOO�JURXSV�RI�DERXW�WKUHH��6WXGHQWV�ZLOO�EH
UHDG�SUHWUDLQLQJ�H[HUFLVHV�DQG�SURYLGHG�JXLGDQFH�LQ�DQVZHULQJ�WKH�TXHVWLRQV�WR�EH�VXUH�WKH\�XQGHUVWDQG
KRZ�WR�DQVZHU�WKH�DFWXDO�TXHVWLRQQDLUHV�

,Q� WKH�QH[W�VHVVLRQ�� VWXGHQWV�ZLOO�EH� WHVWHG� LQGLYLGXDOO\��7KH\�ZLOO� ILUVW�ZRUN�RQ�D�JHRPHWULF�SX]]OH
WDVN��ZKLFK�WKH\�ZLOO�QRW�KDYH�WLPH�WR�ILQLVK��7KH�H[DPLQHU�ZLOO�WKHQ�VKRZ�WKHP�KRZ�WR�ILQLVK�WKH�SX]]OH�
1H[W��KDOI�WKH�VXEMHFWV�ZLOO�UHFHLYH�D�FDWHJRUL]DWLRQ�PHPRU\�WDVN�ZLWK�HJR�RULHQWLQJ�LQVWUXFWLRQV��DQG�WKH
RWKHU�KDOI�ZLOO�UHFHLYH�WKH�VDPH�WDVN�ZLWK�WDVN�RULHQWLQJ�LQVWUXFWLRQV�
4XHVWLRQQDLUHV�� 7KH� DWWULEXWLRQDO� TXHVWLRQQDLUH� �DWWDFKHG�� LV� GHVLJQHG� WR� DVVHVV� WKH� VWXGHQWV¶� EHOLHIV
DERXW� WKH� LPSRUWDQFH� RI� GLIIHUHQW� FDXVDO� IDFWRUV� �H�J��� HIIRUW�� DELOLW\�� OXFN�� DQG� SRZHUIXO� RWKHUV�� LQ
DFDGHPLF� SHUIRUPDQFH�� 7KH� VHOI�HVWHHP� TXHVWLRQQDLUH� �DWWDFKHG�� LV� GHVLJQHG� WR�PHDVXUH� JOREDO� VHOI�
ZRUWK�DQG�VHOI�HVWHHP�LQ�IRXU�GRPDLQV�
([SHULPHQWDO� 7DVNV�� 7KH� JHRPHWULF� SX]]OH� WDVN� ZLOO� XVH� D� GLIILFXOW� EORFN
GHVLJQ� WDVN� IURP� DQ� LQWHOOLJHQFH� WHVW� IRU� FKLOGUHQ�� 2QH� SDWWHUQ� RQ� D� FDUG�
ZKLFK�LV�QRW� LQFOXGHG�LQ�WKH�LQWHOOLJHQFH�WHVW��ZLOO�EH�VKRZQ�WR�FKLOGUHQ�IRU
WKHP�WR�FRS\�ZLWK�WKHLU�EORFNV��DQG�WKH\�ZLOO�EH�JLYHQ����VHFRQGV�WR�ZRUN�RQ
WKH� GHVLJQ�� ,W� LV� QRW� H[SHFWHG� WKDW� WKH� FKLOGUHQ� ZLOO� EH� DEOH� WR� ILQLVK� WKH
SX]]OH��DQG�WKH�H[DPLQHU�ZLOO�WKHQ�VKRZ�WKH�VWXGHQWV�KRZ�WR�ILQLVK�WKH�SX]]OH�

7KH� FDWHJRUL]DWLRQ�PHPRU\� WDVN�ZLOO� EH� XVHG� WR� DVVHVV� VWXGHQWV¶� SHUIRUPDQFH��(DFK� FKLOG�ZLOO� EH
SUHVHQWHG�ZLWK����SLFWXUHV�FODVVLILDEOH�DFFRUGLQJ� WR�FDWHJRULHV� �H�J��� FORWKHV��YHKLFOHV�� DQLPDOV��ZLWK��
LWHPV�LQ�HDFK�FDWHJRU\��5HODWLYHO\� W\SLFDO� LWHPV��H�J���FDU�� WUXFN��ERDW��PRWRUF\FOH��DUH�XVHG�DV�VWLPXOL�
&KLOGUHQ�ZLOO�ILUVW�EH�JLYHQ����VHFRQGV�WR�DUUDQJH�WKH�SLFWXUHV�LQ�DQ\�ZD\�WKDW�ZLOO�KHOS�WKHP�UHPHPEHU�
,I�D�VWXGHQW�GRHV�QRW�WRXFK�WKH�LWHPV��KH�RU�VKH�ZLOO�EH�UHPLQGHG�WKDW�KH�RU�VKH�FDQ�DUUDQJH�WKHP�LQ�DQ\
ZD\�KH�RU� VKH�ZRXOG� OLNH��$IWHU���� VHFRQGV�� VWXGHQWV�ZLOO�EH�JLYHQ�DQ�DGGLWLRQDO���� VHFRQGV� WR� VWXG\
WKHLU�DUUDQJHPHQW�RI�WKH�LWHPV��DIWHU�ZKLFK�WKH\�ZLOO�UHFDOO�WKH�LWHPV�LQ�DQ\�RUGHU��6WXGHQWV�ZLOO�EH�JLYHQ
WKUHH� WULDOV� RI� WKH� WDVN�� 7KLV� WDVN� ZLOO� \LHOG� WKUHH� PHDVXUHV�� �D�� FOXVWHULQJ� �$5&�� DW� RUJDQL]DWLRQ
�5RHQNHU��7KRPSVRQ��	�%URZQ����������E��$5&�DW�UHFDOO��DQG��F��UHFDOO�DFFXUDF\��$5&�VFRUHV�LQGLFDWH
WKH�DPRXQW�RI�FOXVWHULQJ�UHODWLYH�WR�FKDQFH��$Q�$5&�VFRUH�RI���UHIOHFWV�SHUIHFW�FOXVWHULQJ��ZKHUHDV�DQ
$5&�VFRUH�RI���UHIOHFWV�WKH�GHJUHH�RI�FOXVWHULQJ�WKDW�ZRXOG�EH�H[SHFWHG�E\�FKDQFH�



,QVWUXFWLRQDO�)RUPDWV��7KH�FDWHJRUL]DWLRQ�PHPRU\�WDVN�ZLOO�EH�SUHVHQWHG�LQ�WZR�LQVWUXFWLRQDO�IRUPDWV
�DGDSWHG�IURP�*UDKDP�	�*RODQ���������6WXGHQWV�ZLOO�EH�UDQGRPO\�DVVLJQHG�WR�UHFHLYH�HLWKHU�WKH�WDVN�
LQYROYHPHQW� IRUPDW� RU� WKH� HJR�LQYROYHPHQW� IRUPDW�� 7KH� LQVWUXFWLRQV� IRU� WKH� WDVN�LQYROYHPHQW� IRUPDW
DUHDV�IROORZ�

<RX�ZLOO� SUREDEO\�PDNH�PLVWDNHV� RQ� WKLV�PHPRU\� WDVN� DW� ILUVW�� EXW� \RX
ZLOO�SUREDEO\�JHW�EHWWHU�DV�\RX�JR�RQ��,I�\RX�WKLQN�DERXW�WKH�WDVN�DQG�WU\�WR
VHH�LW�DV�VRPHWKLQJ�\RX�FDQ�OHDUQ�IURP��\RX�ZLOO�KDYH�PRUH�IXQ�GRLQJ�LW�

7KH�LQVWUXFWLRQV�IRU�WKH�HJR�LQYROYHPHQW�IRUPDW�DUH�DV�IROORZV�

<RX�DUH�HLWKHU�JRRG�DW� WKLV�PHPRU\� WDVN�FRPSDUHG� WR�RWKHUV�RU�\RX�DUH
QRW�� +RZ� ZHOO� \RX� GR� LQ� WKLV� WDVN� ZLOO� WHOO� PH� VRPHWKLQJ� DERXW� \RXU
PHPRU\�DELOLW\�LQ�WKLV�NLQG�RI�DFWLYLW\�

$IWHU�EHLQJ�UHDG�WKH�LQVWUXFWLRQV��WKH�VWXGHQWV�ZLOO�EHJLQ�WKH�WDVN��$W�WKH�HQG�RI�WKH�VHVVLRQ��VWXGHQWV
ZLOO�EH�DVNHG�WR�UDWH�IURP���WR���KRZ�ZHOO�WKH\�WKLQN�WKH\�GLG��KRZ�PXFK�IXQ�WKH\�WKRXJKW�WKH�WDVN�ZDV�
ZKHWKHU� WKH\� ZRXOG� OLNH� WR� GR� WKH� PHPRU\� WDVN� DJDLQ� LQ� WKH� IXWXUH�� DQG� ZKHWKHU� WKH\� IHOW� FHUWDLQ
HPRWLRQV� �VXFK� DV� KDSS\�� VDG�� SURXG�� DQG� DVKDPHG�� GXULQJ� WKH� WDVN�� )ROORZLQJ� WKLV� TXHVWLRQQDLUH�
VWXGHQWV�ZLOO�EH�WROG�WKDW�VLQFH�WKH\�SHUIRUPHG�VR�ZHOO�RQ�WKH�WDVNV��WKH\�ZLOO�UHFHLYH�D�SUL]H��VXFK�DV�D
VWLFNHU�RU�SLHFH�RI�FDQG\�

'HVLJQ� DQG� 0HWKRGRORJ\�� )ROORZLQJ� DSSURYDO� E\� WKH� DSSURSULDWH� VFKRRO� SHUVRQQHO�� WKH� DWWDFKHG
FRQVHQW�IRUP�ZLOO�EH�GLVWULEXWHG�E\�WKH�FODVVURRP�WHDFKHU��6WXGHQWV�ZKR�UHWXUQ�WKH�FRQVHQW�IRUP�VLJQHG
E\�WKHLU�SDUHQW�RU�JXDUGLDQ�DUH�WKHQ�LQYLWHG�WR�SDUWLFLSDWH�LQ�WKH�UHVHDUFK��3DUHQWDO�FRQVHQW�ZLOO�DOVR�EH
UHTXHVWHG�WR�REWDLQ�VWXGHQWV¶�,4�VFRUHV�IURP�WKHLU�VFKRRO�ILOHV��7KHVH�VFRUHV�ZLOO�EH�XVHG�WR�GHWHUPLQH
ZKHWKHU� VWXGHQWV¶� VFRUHV� DUH� ZLWKLQ� WKH� UDQJH� VSHFLILHG� E\� WKH� $PHULFDQ� $VVRFLDWLRQ� RI� 0HQWDO
5HWDUGDWLRQ� DQG� WR� REWDLQ� D� JURXS�PHDQ� IRU� WKH� VWXGHQWV�� 7KH� GDWD�ZLOO� EH� DQDO\]HG� WKURXJK�PXOWLSOH
UHJUHVVLRQ�ZLWK�DWWULEXWLRQV��VHOI�HVWHHP��DQG�LQVWUXFWLRQDO�IRUPDW�DV�SUHGLFWRUV�RI�SHUIRUPDQFH�

3RWHQWLDO�%HQHILW��7KH�SUHVHQW� OLWHUDWXUH� RQ� HJR�� DQG� WDVN�LQYROYHPHQW� LQGLFDWHV� WKDW� HJR� LQVWUXFWLRQV
FDQ� QHJDWLYHO\� DIIHFW� SHUIRUPDQFH�� ,W� LV� LPSRUWDQW� WR� GHWHUPLQH� WKH� LQGLYLGXDO� GLIIHUHQFHV� LQ� WKLV
SKHQRPHQRQ�� ,W� LV� SRVVLEOH� WKDW� FKLOGUHQ� ZLWK� PHQWDO� UHWDUGDWLRQ� DQG� ZLWK� ORZ� VHOI�HVWHHP� DQG� ZLWK
QHJDWLYH� DWWULEXWLRQDO� EHOLHIV� DUH� HVSHFLDOO\� DW� ULVN� IRU� WKH� GHELOLWDWLQJ� HIIHFWV� RI� HJR�LQYROYLQJ
LQVWUXFWLRQV��,I�WKLV�LV�WKH�FDVH��RQH�FRXOG�UHGXFH�WKHVH�LQGLYLGXDO�GLIIHUHQFHV�LQ�SHUIRUPDQFH�DQG�VXSSRUW
RSWLPDO�OHDUQLQJ�E\�SUHVHQWLQJ�WDVNV�SULPDULO\�LQ�D�WDVN�LQYROYHPHQW�IRUPDW�

5LVNV�� 7KH� ULVNV� DUH� PLQLPDO�� ,W� LV� SRVVLEOH� WKDW� VWXGHQWV� ZLOO� EH� GLVFRXUDJHG� E\� QRW� KDYLQJ� WLPH� WR
FRPSOHWH�WKH�SX]]OH�DQG�E\�QRW�UHPHPEHULQJ�DOO�RI�WKH�SLFWXUHV��+RZHYHU��DW�WKH�HQG�RI�WKH�VHVVLRQ��ZH
ZLOO�PDNH�LW�FOHDU�WR�HDFK�VWXGHQW�WKDW�WKH�WDVNV�ZHUH�GHVLJQHG�WR�EH�GLIILFXOW�IRU�HYHU\RQH��,Q�DGGLWLRQ�
DOO�VWXGHQWV�ZLOO�EH�WROG�DW�WKH�HQG�RI�WKH�VHVVLRQ�WKDW�WKH\�GLG�YHU\�ZHOO�RQ�WKH�WDVN�

&RQILGHQWLDOLW\��$OO�SHUVRQDO�LQIRUPDWLRQ�ZLOO�UHPDLQ�FRQILGHQWLDO��$OO�GDWD�ZLOO�EH�VWRUHG�VHFXUHO\�LQ�D
ORFNHG�ODERUDWRU\�RQ�FDPSXV��2QO\�WKH�SULQFLSDO�LQYHVWLJDWRU�DQG�KHU�DVVLVWDQWV�ZLOO�KDYH�DFFHVV�WR�WKHVH
GDWD�

6LJQDWXUHV�



,I� WKH� ,5%� VWDII� UHYLHZV� D� SURWRFRO� DQG� SODFHV� LW� LQ� WKH� H[HPSW� FDWHJRU\�� WKH
SURWRFRO� LV� W\SLFDOO\� UHWXUQHG� WR� WKH� LQYHVWLJDWRU� ZLWKLQ� D� IHZ� GD\V�� DQG� WKH
LQYHVWLJDWRU�LV�IUHH�WR�EHJLQ�KLV�RU�KHU�UHVHDUFK�SURMHFW��5HPHPEHU�WKDW�LW�LV�WKH�,5%
VWDII��QRW�WKH�UHVHDUFKHU��WKDW�GHFLGHV�ZKHWKHU�WKH�SURWRFRO�LV�H[HPSW�� ,Q�PDNLQJ
WKLV�GHFLVLRQ��WKH�,5%�VWDII�PDNHV�XVH�RI�WKH�H[HPSW�FDWHJRULHV�WKDW�DUH�VHW�IRUWK�LQ
WKH�2355�5HSRUWV� �������DQG� OLVWHG� LQ�7DEOH������7KHVH� FDWHJRULHV� UHYHDO� WKDW� D
ODUJH�SRUWLRQ�RI�HGXFDWLRQDO�UHVHDUFK�LV�H[HPSW�

�7$%/(�������([HPSW�&DWHJRULHV

����5HVHDUFK�FRQGXFWHG�LQ�HVWDEOLVKHG�RU�FRPPRQO\�DFFHSWHG�HGXFDWLRQDO�VHWWLQJV��LQYROYLQJ�QRUPDO�HGXFDWLRQDO
SUDFWLFHV��VXFK�DV��D��UHVHDUFK�RQ�UHJXODU�DQG�VSHFLDO�HGXFDWLRQ�LQVWUXFWLRQDO�VWUDWHJLHV�RU��E��UHVHDUFK�RQ
WKH�HIIHFWLYHQHVV�RI�RU�WKH�FRPSDULVRQ�DPRQJ�LQVWUXFWLRQDO�WHFKQLTXHV��FXUULFXOD��RU�FODVVURRP�PDQDJHPHQW
PHWKRGV�

����5HVHDUFK�LQYROYLQJ�WKH�XVH�RI�HGXFDWLRQDO�WHVWV��FRJQLWLYH��GLDJQRVWLF��DSWLWXGH��DFKLHYHPHQW���VXUYH\
SURFHGXUHV��LQWHUYLHZ�SURFHGXUHV��RU�REVHUYDWLRQ�RI�SXEOLF�EHKDYLRU��XQOHVV�

D���LQIRUPDWLRQ�REWDLQHG�LV�UHFRUGHG�LQ�VXFK�D�PDQQHU�WKDW�WKH�SDUWLFLSDQWV�FDQ�EH�LGHQWLILHG��GLUHFWO\�RU
WKURXJK�LGHQWLILHUV�OLQNHG�WR�WKH�SDUWLFLSDQWV��DQG

E���DQ\�GLVFORVXUH�RI�WKH�SDUWLFLSDQWV¶�UHVSRQVHV�RXWVLGH�WKH�UHVHDUFK�FRXOG�UHDVRQDEO\�SODFH�WKH
SDUWLFLSDQWV�DW�ULVN�RI�FULPLQDO�RU�FLYLO�OLDELOLW\�RU�EH�GDPDJLQJ�WR�WKH�SDUWLFLSDQWV¶�ILQDQFLDO�VWDQGLQJ�
HPSOR\DELOLW\��RU�UHSXWDWLRQ�

����5HVHDUFK�LQYROYLQJ�WKH�XVH�RI�HGXFDWLRQDO�WHVWV��FRJQLWLYH��GLDJQRVWLF��DSWLWXGH��DFKLHYHPHQW���VXUYH\
SURFHGXUHV��LQWHUYLHZ�SURFHGXUHV��RU�REVHUYDWLRQ�RI�SXEOLF�EHKDYLRU�WKDW�LV�QRW�H[HPSW�XQGHU���DERYH�LI

D���WKH�SDUWLFLSDQWV�DUH�HOHFWHG�RU�DSSRLQWHG�SXEOLF�RIILFLDOV�RU�FDQGLGDWHV�IRU�SXEOLF�RIILFH��RU

E���IHGHUDO�VWDWXWH�V��UHTXLUH�V��ZLWKRXW�H[FHSWLRQ�WKDW�WKH�FRQILGHQWLDOLW\�RI�WKH�SHUVRQDOO\�LGHQWLILDEOH
LQIRUPDWLRQ�ZLOO�EH�PDLQWDLQHG�WKURXJKRXW�WKH�UHVHDUFK�DQG�WKHUHDIWHU�

����5HVHDUFK�LQYROYLQJ�WKH�FROOHFWLRQ�RU�VWXG\�RI�H[LVWLQJ�GDWD��GRFXPHQWV��UHFRUGV��SDWKRORJLFDO�VSHFLPHQV��RU
GLDJQRVWLF�VSHFLPHQV�LI�WKHVH�VRXUFHV�DUH�SXEOLFO\�DYDLODEOH�RU�LI�WKH�LQIRUPDWLRQ�LV�UHFRUGHG�E\�WKH
LQYHVWLJDWRU�LQ�VXFK�D�PDQQHU�WKDW�SDUWLFLSDQWV�FDQQRW�EH�LGHQWLILHG��GLUHFWO\�RU�WKURXJK�LGHQWLILHUV�OLQNHG�WR�WKH
SDUWLFLSDQWV�

����5HVHDUFK�DQG�GHPRQVWUDWLRQ�SURMHFWV�WKDW�DUH�FRQGXFWHG�E\�RU�VXEMHFW�WR�WKH�DSSURYDO�RI�GHSDUWPHQW�RU
DJHQF\�KHDGV�DQG�WKDW�DUH�GHVLJQHG�WR�VWXG\��HYDOXDWH��RU�RWKHUZLVH�H[DPLQH�

D���SXEOLF�EHQHILW�RU�VHUYLFH�SURJUDPV�

E���SURFHGXUHV�IRU�REWDLQLQJ�EHQHILWV�RU�VHUYLFHV�XQGHU�WKRVH�SURJUDPV�

F���SRVVLEOH�FKDQJHV�LQ�RU�DOWHUQDWLYHV�WR�WKRVH�SURJUDPV�RU�SURFHGXUHV��RU

G���SRVVLEOH�FKDQJHV�LQ�PHWKRGV�RU�OHYHOV�RI�SD\PHQW�IRU�EHQHILWV�RU�VHUYLFHV�XQGHU�WKRVH�SURJUDPV�

6RXUFH��)URP�2355�5HSRUWV����������&RGH�RI�)HGHUDO�5HJXODWLRQV�����3DUW�����S������:DVKLQJWRQ��'&��86
*RYHUQPHQW�3ULQWLQJ�2IILFH�

+RZHYHU�� HYHQ� LI� D� VWXG\� GRHV� IDOO� LQWR� RQH� RI� WKH� H[HPSW� FDWHJRULHV� DQG
UHFHLYHV�DSSURYDO�IURP�WKH�,5%��WKHUH�VWLOO�DUH�HWKLFDO�LVVXHV�WR�EH�FRQVLGHUHG��6�
5�� 3KLOOLSV� ������� VXEPLWWHG� KHU� VXUYH\� RI� DGROHVFHQWV¶� DWWLWXGHV� DQG� EHKDYLRUV
UHODWHG� WR�+,9�$,'6� SUHYHQWLRQ� WR� WKH� ,5%� DQG� UHFHLYHG� DSSURYDO� SHQGLQJ� RQO\
PLQRU� FKDQJHV� LQ� WKH� YRFDEXODU\� RI� WKH� FRQVHQW� IRUP��6KH� UHTXHVWHG� D� IXOO� ERDUG



UHYLHZ�HYHQ� WKRXJK� WKH� VWXG\�ZDV�DQ�DQRQ\PRXV�VXUYH\�RI�DGROHVFHQWV¶�DWWLWXGHV�
7KHQ�� HYHQ� ZLWK� ,5%� DSSURYDO�� 3KLOOLSV� LGHQWLILHG� D� QXPEHU� RI� HWKLFDO� FRQFHUQV
UDQJLQJ� IURP� SULYDF\� LVVXHV� WR� SRWHQWLDO� KDUP� WR� WKH� SDUWLFLSDQWV�� $JDLQ�� WKH
LQYHVWLJDWRU�PXVW�UHPDLQ�DWWXQHG�WR�WKH�HWKLFV�RI�KLV�RU�KHU�UHVHDUFK�DQG�QRW�EHFRPH
FRPSODFHQW�MXVW�EHFDXVH�,5%�DSSURYDO�KDV�EHHQ�UHFHLYHG�

,I�\RX�VXEPLW�D�VWXG\�WKDW�LV�H[HPSW��\RX�VKRXOG�QRW�DVVXPH�WKDW�WKLV�H[HPSWV�\RX
IURP� WKH� QHFHVVLW\� RI� REWDLQLQJ� LQIRUPHG� FRQVHQW�� 7KH� ,5%� PLJKW� ZDLYH� WKH
UHTXLUHPHQW� RI� LQIRUPHG� FRQVHQW� XQGHU� WZR� FRQGLWLRQV�� )LUVW�� LI� WKH� FRQVHQW
GRFXPHQW� LV� WKH�RQO\�UHFRUG�WKDW�FRXOG�OLQN�WKH�SDUWLFLSDQW� WR� WKH�UHVHDUFK�DQG�WKH
SULPDU\� KDUP� DULVLQJ� IURP� WKH� UHVHDUFK� LV� D� EUHDFK� RI� FRQILGHQWLDOLW\�� LQIRUPHG
FRQVHQW�PLJKW� EH�ZDLYHG��6HFRQG�� LI� WKH� UHVHDUFK�SUHVHQWV� QR�PRUH� WKDQ�PLQLPDO
ULVN�WR�SDUWLFLSDQWV�DQG�FRQVHQW�SURFHGXUHV�DUH�W\SLFDOO\�QRW�UHTXLUHG�LQ�WKH�FRQWH[W
RI� WKH� VWXG\�� LQIRUPHG� FRQVHQW� PLJKW� EH� ZDLYHG�� $OO� RWKHU� VWXGLHV� PXVW� REWDLQ
LQIRUPHG� FRQVHQW�� 5HPHPEHU� WKDW� LW� LV� WKH� ,5%� WKDW� PXVW� SURYLGH� WKH� ZDLYHU� RI
LQIRUPHG�FRQVHQW�

6RPH� VWXGLHV� TXDOLI\� IRU� H[SHGLWHG� UHYLHZ��([SHGLWHG� UHYLHZ� LV� D� SURFHVV
ZKHUHE\�D�VWXG\�LV�UDSLGO\�UHYLHZHG�E\�IHZHU�PHPEHUV�WKDQ�FRQVWLWXWH�WKH�IXOO�,5%
ERDUG��6WXGLHV�WKDW�UHFHLYH�H[SHGLWHG�UHYLHZ�DUH�W\SLFDOO\�WKRVH�LQYROYLQJ�QR�PRUH
WKDQ�PLQLPDO�ULVN��VXFK�DV�WKH�IROORZLQJ�

��([SHGLWHG�UHYLHZ�$�SURFHVV�E\�ZKLFK�D�VWXG\�LV�UDSLGO\�UHYLHZHG�E\�IHZHU
PHPEHUV�WKDQ�FRQVWLWXWH�WKH�IXOO�,5%�ERDUG

���5HVHDUFK�LQYROYLQJ�GDWD��GRFXPHQWV��UHFRUGV��RU�VSHFLPHQV�WKDW�KDYH�EHHQ
FROOHFWHG�RU�ZLOO�EH�FROOHFWHG�VROHO\�IRU�QRQUHVHDUFK�SXUSRVHV

�� � 5HVHDUFK� LQYROYLQJ� WKH� FROOHFWLRQ� RI� GDWD� IURP� YRLFH�� YLGHR�� GLJLWDO�� RU
LPDJH�UHFRUGLQJV�PDGH�IRU�UHVHDUFK�SXUSRVHV

�� � 5HVHDUFK� RQ� LQGLYLGXDO� RU� JURXS� FKDUDFWHULVWLFV� RU� EHKDYLRU� RU� UHVHDUFK
HPSOR\LQJ� VXUYH\�� LQWHUYLHZ�� RUDO� KLVWRU\�� IRFXV� JURXSV�� SURJUDP
HYDOXDWLRQ�� KXPDQ� IDFWRUV� HYDOXDWLRQ�� RU� TXDOLW\� DVVXUDQFH� PHWKRGRORJLHV
ZKHQ�WKH\�SUHVHQW�QR�PRUH�WKDQ�PLQLPDO�ULVN�WR�SDUWLFLSDQWV

$OO�RWKHU�VWXGLHV�UHFHLYH�IXOO�ERDUG�UHYLHZ��RU� UHYLHZ�E\�DOO�PHPEHUV�RI� WKH
,5%�

��)XOO�ERDUG�UHYLHZ�5HYLHZ�E\�DOO�PHPEHUV�RI�WKH�,5%

5(9,(:
48(67 ,21 6

������:KDW�LV�WKH�SXUSRVH�RI�WKH�,5%"
������:KDW�NLQGV�RI�LQIRUPDWLRQ�VKRXOG�EH�FRQWDLQHG

LQ�D�UHVHDUFK�SURWRFRO�VXEPLWWHG�WR�WKH�,5%"
������:KDW�DUH�H[HPSW�VWXGLHV��DQG�ZKDW�W\SH�RI

VWXGLHV�PHHW�WKH�H[HPSW�FULWHULRQ"



������:KDW�LV�H[SHGLWHG�UHYLHZ��DQG�ZKDW�W\SH�RI
VWXGLHV�ZRXOG�UHFHLYH�H[SHGLWHG�UHYLHZ"

(7+,&$/�,668(6�,1�(/(&7521,&�5(6($5&+
2YHU� WKH� SDVW� GHFDGH�� UHVHDUFKHUV� KDYH� LQFUHDVLQJO\� WXUQHG� WR� WKH� ,QWHUQHW� DV� D
PHGLXP� IRU� FRQGXFWLQJ� UHVHDUFK��)RU� H[DPSOH�� 6PXFNHU��(DUOH\ZLQH�� DQG�*RUGLV
�������PDGH�XVH�RI� WKH� ,QWHUQHW� LQ� WKHLU� VWXG\�H[DPLQLQJ� WKH� UHODWLRQVKLS�EHWZHHQ
DOFRKRO� FRQVXPSWLRQ� DQG� FDQQDELV� XVH�� 7KH� LQFUHDVLQJ� XVH� RI� WKH� ,QWHUQHW� LQ� WKH
FRQGXFW� RI� UHVHDUFK� LV� ORJLFDO� JLYHQ� WKH� DGYDQWDJHV� LW� RIIHUV�� ,QWHUQHW� VWXGLHV� FDQ
DFFHVV� D� ODUJH� QXPEHU� RI� LQGLYLGXDOV� LQ� D� VKRUW� SHULRG� RI� WLPH�� DV� ZHOO� DV
LQGLYLGXDOV� ZLWK� GLYHUVH� EDFNJURXQGV�� &RQGXFWLQJ� UHVHDUFK� WKURXJK� WKH� ,QWHUQHW
PHGLXP�DOVR�UDLVHV�HWKLFDO�LVVXHV�DURXQG�WRSLFV�VXFK�DV�LQIRUPHG�FRQVHQW��SULYDF\�
DQG� GHEULHILQJ�� :KLOH� WKHVH� LVVXHV� DUH� UHFRJQL]HG� DQG� GLVFXVVHG� E\� VXFK
RUJDQL]DWLRQV� DV� WKH�$PHULFDQ�$VVRFLDWLRQ� IRU� WKH�$GYDQFHPHQW� RI� 6FLHQFH� �VHH
ZZZ�DDDV�RUJ�VSS�VIUO�SURMHFWV�LQWUHV�UHSRUW�SGI�� DQG� WKH� $VVRFLDWLRQ� RI� ,QWHUQHW
5HVHDUFK��VHH�ZZZ�DRLU�RUJ�UHSRUWV�HWKLFV�SGI��� WKH�GHYHORSPHQW�RI� D� ILUP� VHW� RI
JXLGHOLQHV�KDV�QRW�EHHQ�DFKLHYHG��'HVSLWH�WKH�DEVHQFH�RI�VXFK�JXLGHOLQHV��ZH�ZDQW
WR�HODERUDWH�RQ�VRPH�RI�WKH�HWKLFDO�LVVXHV�VXUURXQGLQJ�,QWHUQHW�UHVHDUFK�

,QIRUPHG�&RQVHQW�DQG�,QWHUQHW�5HVHDUFK
2EWDLQLQJ� WKH� LQIRUPHG� FRQVHQW� RI� SDUWLFLSDQWV� LV� D� YLWDO� FRPSRQHQW� RI

FRQGXFWLQJ� HWKLFDO� UHVHDUFK� EHFDXVH� WKLV� FRPSRQHQW� UHFRJQL]HV� WKH� DXWRQRP\� RI
UHVHDUFK� SDUWLFLSDQWV��7KH� LVVXH� RI�ZKHQ� LQIRUPHG� FRQVHQW� VKRXOG� EH� REWDLQHG� LV
FRPSOLFDWHG� EHFDXVH� LW� LQYROYHV� D� GHWHUPLQDWLRQ� RI� ZKDW� LV� SXEOLF� DQG� ZKDW� LV
SULYDWH�EHKDYLRU�� ,QIRUPHG�FRQVHQW�PLJKW�QRW�EH�QHHGHG�ZLWK�GDWD�FROOHFWHG� IURP
WKH�SXEOLF�GRPDLQ��)RU�H[DPSOH��GDWD�FROOHFWHG�IURP�WHOHYLVLRQ�RU�UDGLR�SURJUDPV
RU� IURP�ERRNV� RU� FRQIHUHQFHV� DUH� GHILQLWHO\�ZLWKLQ� WKH� SXEOLF� GRPDLQ��+RZHYHU�
DUH�GDWD�REWDLQHG�IURP�QHZVJURXSV��/LVWVHUYV��DQG�FKDW�URRPV�ZLWKLQ�WKH�SXEOLF�RU
SULYDWH�GRPDLQ"�6RPH�YLHZ�WKHVH�FRPSRQHQWV�RI�F\EHUVSDFH�DV�EHLQJ�LQ�WKH�SXEOLF
GRPDLQ�EHFDXVH�WKH�FRPPXQLFDWLRQV�DUH�WKHUH�IRU�DQ\RQH�WR�UHDG��2WKHUV�GLVDJUHH
EHFDXVH��DOWKRXJK�WKH�FRPPXQLFDWLRQV�DUH�SXEOLF��WKH�F\EHUVSDFH�SDUWLFLSDQWV�PLJKW
SHUFHLYH�DQG�H[SHFW�D�GHJUHH�RI�SULYDF\�LQ�WKHLU�FRPPXQLFDWLRQV��7KLV�LVVXH�KDV�QRW
\HW�EHHQ�UHVROYHG�

,I� LW� LV� GHWHUPLQHG� WKDW� D� VWXG\� UHTXLUHV� LQIRUPHG� FRQVHQW�� WKHQ� WKH� LVVXH
EHFRPHV�KRZ� WR� REWDLQ� LW�� ,QIRUPHG� FRQVHQW� KDV� WKUHH� FRPSRQHQWV�� SURYLGLQJ� WKH
LQIRUPDWLRQ� WR� SDUWLFLSDQWV�� HQVXULQJ� WKDW� WKH\� FRPSUHKHQG� LW�� DQG� REWDLQLQJ
YROXQWDU\� FRQVHQW� WR� SDUWLFLSDWH��2EYLRXVO\�� D� FRQVHQW� IRUP�FDQ�EH� SODFHG�RQOLQH
ZLWK�D�UHTXHVW�WKDW�WKH�SDUWLFLSDQW�UHDG�WKH�IRUP�DQG�FKHFN�D�ER[�QH[W�WR�D�VWDWHPHQW
VXFK�DV�³,�DJUHH�WR�WKH�DERYH�FRQVHQW�IRUP�´�+RZHYHU��KRZ�GR�\RX�HQVXUH�WKDW�WKH
SDUWLFLSDQW�FRPSUHKHQGV�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�FRQVHQW�IRUP��DQG�KRZ�GR
\RX�DQVZHU�TXHVWLRQV�KH�RU�VKH�PLJKW�KDYH"�,I�D�VWXG\�LV�RQOLQH��LW�LV�DFFHVVLEOH���
KRXUV� D� GD\�� EXW� UHVHDUFKHUV� DUH� QRW�� 7R� WU\� WR� GHDO� ZLWK� WKLV� LVVXH�� 1RVHN� DQG

http://www.aaas.org/spp/sfrl/projects/intres/report.pdf
http://www.aoir.org/reports/ethics.pdf


%DQDML� ������� KDYH� VXJJHVWHG� WKDW� FRQVHQW� IRUPV� EH� DFFRPSDQLHG� E\� )$4V
�IUHTXHQWO\� DVNHG� TXHVWLRQV�� WKDW� DQWLFLSDWH� SRWHQWLDO� TXHVWLRQV� DQG� FRQFHUQV� DQG
DGGUHVV�WKHP�

3ULYDF\�DQG�,QWHUQHW�5HVHDUFK
0DLQWDLQLQJ� WKH� SULYDF\� RI� WKH� GDWD� FROOHFWHG� IURP� UHVHDUFK� SDUWLFLSDQWV� LV

HVVHQWLDO� WR� WKH� FRQGXFW� RI� DQ� HWKLFDO� VWXG\� EHFDXVH� SDUWLFLSDQWV� FDQ� EH� KDUPHG
ZKHQ� WKHLU� SULYDF\� LV� LQYDGHG� RU� ZKHQ� WKHLU� FRQILGHQWLDO� LQIRUPDWLRQ� LV
LQDSSURSULDWHO\�GLVVHPLQDWHG��7KLV�LV�LPSRUWDQW�ZKHQ�FRQGXFWLQJ�UHVHDUFK�RYHU�WKH
,QWHUQHW� EHFDXVH� RQH¶V� DELOLW\� WR� PDLQWDLQ� WKH� SULYDF\� DQG� FRQILGHQWLDOLW\� RI
LQIRUPDWLRQ� LV� OLPLWHG� RQOLQH�� 3ULYDF\� DQG� FRQILGHQWLDOLW\� FDQ� EH� FRPSURPLVHG
GXULQJ� GDWD� WUDQVPLVVLRQ� DQG� VWRUDJH� LQ� D� PXOWLWXGH� RI� ZD\V� IURP� KDFNHUV� WR
VRPHRQH� VHQGLQJ� DQ� HPDLO� WR� WKH� ZURQJ� DGGUHVV�� +RZHYHU�� 1RVHN� DQG� %DQDML
������� SRLQWHG� RXW� WKDW� LW� PLJKW� EH� SRVVLEOH� WR� JXDUDQWHH� D� JUHDWHU� GHJUHH� RI
SULYDF\�RI�UHVHDUFK�GDWD�FROOHFWHG�RYHU�WKH�,QWHUQHW�WKDQ�LQ�VWDQGDUG�VWXGLHV��7KLV�LV
EHFDXVH�GDWD� WUDQVPLWWHG�RYHU� WKH� ,QWHUQHW� FDQ�EH�HQFU\SWHG�DQG�� LI�QR� LGHQWLI\LQJ
LQIRUPDWLRQ�LV�FROOHFWHG��WKH�RQO\�SRVVLEOH�FRQQHFWLRQ�WR�D�SDUWLFLSDQW�LV�WKH�,QWHUQHW
3URWRFRO� �,3��DGGUHVV��0RUHRYHU��EHFDXVH�,3�DGGUHVVHV� LGHQWLI\�PDFKLQHV�DQG�QRW
LQGLYLGXDOV��WKH�RQO\�ZD\�DQ�,3�DGGUHVV�FRXOG�EH�FRQQHFWHG�WR�D�SDUWLFLSDQW�LV�LI�WKH
SDUWLFLSDQW� LV� WKH� VROH� XVHU� RI� WKH� PDFKLQH� RU� FRPSXWHU�� ,I� LGHQWLI\LQJ� GDWD� DUH
REWDLQHG��WKHQ�WKH�JXDUDQWHH�RI�SULYDF\�DQG�FRQILGHQWLDOLW\�LV�QRW�DV�HIIHFWLYH�LI�WKH
LQIRUPDWLRQ� LV�VWRUHG� LQ�D� ILOH� WKDW� LV�RQ�DQ�,QWHUQHW�FRQQHFWHG�VHUYHU��0RVW�RI� WKH
GDWD�FROOHFWHG�LQ�HGXFDWLRQDO�VWXGLHV�DUH�RI�OLWWOH�LQWHUHVW�WR�KDFNHUV��VR�ZH�VXVSHFW
WKDW� WKHUH� XVXDOO\� LV� OLWWOH� ULVN� RI� WKH� GDWD� EHLQJ� FRPSURPLVHG� E\� KDFNHUV�
1RQHWKHOHVV��LQGLYLGXDOV�FRQGXFWLQJ�,QWHUQHW�UHVHDUFK�PXVW�FRQVLGHU�WKLV�SRVVLELOLW\
DQG�WDNH�DV�PDQ\�SUHFDXWLRQV�DV�QHFHVVDU\�WR�SUHYHQW�LW�

'HEULHILQJ�DQG�,QWHUQHW�5HVHDUFK
7R�FRQGXFW� DQ� HWKLFDO� VWXG\�� LW� LV� VRPHWLPHV� QHFHVVDU\� WR� GHEULHI� SDUWLFLSDQWV

IROORZLQJ� FRPSOHWLRQ�RI� WKH� UHVHDUFK��7R�EH�PRVW� HIIHFWLYH�� GHEULHILQJ� VKRXOG�EH
LQWHUDFWLYH��ZLWK� WKH� UHVHDUFKHU�SURYLGLQJ�D�GHVFULSWLRQ�RI� WKH�VWXG\�� LQFOXGLQJ� LWV
SXUSRVH�DQG�WKH�ZD\�LQ�ZKLFK�WKH�VWXG\�ZDV�FRQGXFWHG��7KH�UHVHDUFKHU�VKRXOG�DOVR
EH� DYDLODEOH� WR� DQVZHU� DQ\� TXHVWLRQV� WKH� SDUWLFLSDQW� PLJKW� KDYH� DQG�� PRUH
LPSRUWDQW�� WR� HQVXUH� WKDW� WKH� SDUWLFLSDQW� LV� DGHTXDWHO\� GHKRD[HG� LI� GHFHSWLRQ�ZDV
XVHG�RU�GHVHQVLWL]HG�LI� WKH�SDUWLFLSDQW�ZDV�PDGH�WR�IHHO�XQFRPIRUWDEOH��+RZHYHU�
WKH�,QWHUQHW�FDQ�FUHDWH�GLIILFXOWLHV�LQ�HIIHFWLYHO\�GHEULHILQJ�SDUWLFLSDQWV�IRU�D�YDULHW\
RI�UHDVRQV��7KH�VWXG\�PLJKW�EH�WHUPLQDWHG�HDUO\�WKURXJK�D�FRPSXWHU�RU�VHUYHU�FUDVK
FDXVHG�E\� D�EURNHQ� ,QWHUQHW� FRQQHFWLRQ�RU� D�SRZHU�RXWDJH��7KH�SDUWLFLSDQW�PLJKW
EHFRPH�LUULWDWHG�ZLWK�WKH�VWXG\�RU�GHFLGH�WR�WHUPLQDWH�YROXQWDULO\�EHFDXVH�KH�RU�VKH
LV� ERUHG�� LV� IUXVWUDWHG�� LV� ODWH� IRU� DQ� DSSRLQWPHQW�� RU� GRHV� QRW� ZDQW� WR� PLVV� D
WHOHYLVLRQ� SURJUDP�� 1RVHN� DQG� %DQDML� ������� KDYH� LGHQWLILHG� VHYHUDO� RSWLRQV
UHVHDUFKHUV�FDQ�XVH�WR�PD[LPL]H�WKH�SUREDELOLW\�RI�D�GHEULHILQJ�LQ�WKH�HYHQW�WKDW�D



VWXG\�LV�WHUPLQDWHG�HDUO\��LQFOXGLQJ�WKH�IROORZLQJ�

�� � 5HTXLUH� WKH� SDUWLFLSDQW� WR� SURYLGH� DQ� HPDLO� DGGUHVV� VR� WKDW� D� GHEULHILQJ
VWDWHPHQW�FDQ�EH�VHQW�WR�KLP�RU�KHU�

���3URYLGH�D�³OHDYH�WKH�VWXG\´�UDGLR�EXWWRQ�RQ�HYHU\�SDJH�WKDW�ZLOO�GLUHFW�WKH
SDUWLFLSDQW�WR�D�GHEULHILQJ�SDJH�

���,QFRUSRUDWH�D�GHEULHILQJ�SDJH�LQWR�WKH�SURJUDP�GULYLQJ�WKH�VWXG\�WKDW�GLUHFWV
WKH�SDUWLFLSDQW�WR�WKLV�SDJH�LI�WKH�VWXG\�LV�WHUPLQDWHG�SULRU�WR�FRPSOHWLRQ�

$V� \RX� FDQ� VHH�� UHVHDUFKHUV� FRQGXFWLQJ� UHVHDUFK� RQ� WKH� ,QWHUQHW� HQFRXQWHU� D
QXPEHU� RI� HWKLFDO� LVVXHV� WKDW� GR� QRW� KDYH� D� SHUIHFW� VROXWLRQ�� ,I� \RX� DUH� JRLQJ� WR
FRQGXFW�D�VWXG\�XVLQJ�WKH�,QWHUQHW��\RX�PXVW�FRQVLGHU�WKH�LVVXHV�RI�SULYDF\��LQIRUPHG
FRQVHQW��DQG�GHEULHILQJ�MXVW�GLVFXVVHG�DQG�LGHQWLI\�WKH�EHVW�ZD\�WR�DFFRPSOLVK�HDFK�
,Q�GRLQJ�WKLV��\RX�PXVW�NHHS�LQ�PLQG�ERWK�WKH�HWKLFDO�VWDQGDUGV�DQG�WKH�IDFW�WKDW�GDWD
FROOHFWHG� RYHU� WKH� ,QWHUQHW� DUH� SRWHQWLDOO\� DYDLODEOH� WR� DQ\RQH� LI� WKH\� DUH� QRW
HQFU\SWHG�

(7+,&$/�,668(6�,1�35(3$5,1*�7+(�5(6($5&+�5(3257
7KURXJKRXW� WKLV�FKDSWHU��ZH�KDYH�FRQFHQWUDWHG�RQ�YDULRXV�HWKLFDO� LVVXHV� WKDW�PXVW
EH� FRQVLGHUHG� LQ� GHVLJQLQJ� DQG� FRQGXFWLQJ� DQ� HWKLFDO� VWXG\�� $IWHU� \RX� KDYH
FRPSOHWHG� WKH�VWXG\�� WKH� ODVW�SKDVH�RI� WKH� UHVHDUFK�SURFHVV� LV� WR�FRPPXQLFDWH� WKH
UHVXOWV�RI� WKH� VWXG\� WR�RWKHUV��&RPPXQLFDWLRQ�PRVW� IUHTXHQWO\� WDNHV�SODFH� WKURXJK
WKH� SURIHVVLRQDO� MRXUQDOV� LQ� D� ILHOG�� 7KLV� PHDQV� WKDW� \RX� PXVW� ZULWH� D� UHVHDUFK
UHSRUW�VWDWLQJ�KRZ�WKH�UHVHDUFK�ZDV�FRQGXFWHG�DQG�ZKDW�ZDV�IRXQG��,Q�ZULWLQJ�WKH
UHVHDUFK�UHSRUW��VHYHUDO�HWKLFDO�LVVXHV�PXVW�EH�FRQVLGHUHG�

$XWKRUVKLS
$XWKRUVKLS� LGHQWLILHV� WKH� LQGLYLGXDO�V��ZKR�DUH�UHVSRQVLEOH�IRU� WKH�VWXG\��,W� LV

LPSRUWDQW�EHFDXVH�LW�UHSUHVHQWV�D�UHFRUG�RI�D�SHUVRQ¶V�VFKRODUO\�ZRUN��DQG��IRU�WKH
SURIHVVLRQDO��LW�UHODWHV�GLUHFWO\�WR�GHFLVLRQV�LQYROYLQJ�VDODU\��KLULQJ��SURPRWLRQ��DQG
WHQXUH��)RU�WKH�VWXGHQW��LW�FDQ�KDYH�LPSOLFDWLRQV�IRU�JHWWLQJ�LQWR�D�JUDGXDWH�SURJUDP
RU�IRU�VHFXULQJ�D�MRE�RQ�FRPSOHWLRQ�RI�GRFWRUDO�VWXGLHV��$XWKRUVKLS��WKHUHIRUH��KDV
VHULRXV�LPSOLFDWLRQV�IRU�HYHU\RQH�LQYROYHG��,W�LV�QRW�QHFHVVDULO\�WUXH��KRZHYHU��WKDW
HYHU\RQH�ZKR�PDNHV�D�FRQWULEXWLRQ�WR�WKH�UHVHDUFK�VWXG\�VKRXOG�UHFHLYH�DXWKRUVKLS�
$XWKRUVKLS� VKRXOG� EH� FRQILQHG� WR� WKRVH� LQGLYLGXDOV� ZKR� PDGH� D� VXEVWDQWLDO
FRQWULEXWLRQ�WR�FRQFHSWXDOL]DWLRQ��GHVLJQ��H[HFXWLRQ��DQDO\VLV��RU�LQWHUSUHWDWLRQ��7KH
RUGHU�RI�DXWKRUVKLS�RI�WKHVH�LQGLYLGXDOV�LV�W\SLFDOO\�VXFK�WKDW�WKH�SHUVRQ�ZKR�PDGH
WKH�PRVW�VXEVWDQWLDO�FRQWULEXWLRQ�LV�OLVWHG�DV�WKH�ILUVW�DXWKRU��7KRVH�ZKR�KDYH�PDGH
D�FRQWULEXWLRQ�RI�D�WHFKQLFDO�QDWXUH��VXFK�DV�FROOHFWLQJ��FRGLQJ��RU�HQWHULQJ�GDWD�LQWR
D�FRPSXWHU� ILOH�RU� UXQQLQJ�D�VWDQGDUG�VWDWLVWLFDO�DQDO\VLV�XQGHU� WKH�VXSHUYLVLRQ�RI
VRPHRQH�HOVH��GR�QRW�XVXDOO\�ZDUUDQW�DXWKRUVKLS��7KHVH� LQGLYLGXDOV¶�FRQWULEXWLRQV
DUH�JHQHUDOO\�DFNQRZOHGJHG�LQ�D�IRRWQRWH�



:ULWLQJ�WKH�5HVHDUFK�5HSRUW
7KH� SULPDU\� HWKLFDO� JXLGHOLQH� WKDW� PXVW� EH� IROORZHG� LQ� ZULWLQJ� WKH� UHVHDUFK

UHSRUW�LV�KRQHVW\�DQG�LQWHJULW\��<RX�VKRXOG�QHYHU�IDEULFDWH�RU�IDOVLI\�DQ\�LQIRUPDWLRQ
SUHVHQWHG��DQG�\RX�VKRXOG�UHSRUW�WKH�PHWKRGRORJ\�XVHG�LQ�FROOHFWLQJ�DQG�DQDO\]LQJ
WKH�GDWD�DV�DFFXUDWHO\�DV�SRVVLEOH�DQG�LQ�D�PDQQHU�WKDW�DOORZV�RWKHUV�WR�UHSOLFDWH�WKH
VWXG\� DQG� GUDZ� UHDVRQDEOH� FRQFOXVLRQV� DERXW� LWV� YDOLGLW\�� ,Q� ZULWLQJ� D� UHVHDUFK
UHSRUW��LW�LV�QHFHVVDU\��HVSHFLDOO\�ZLWK�TXDQWLWDWLYH�VWXGLHV��WR�PDNH�XVH�RI�WKH�ZRUN
RI�RWKHUV�ERWK�LQ�WKH�LQWURGXFWLRQ�VHFWLRQ��ZKHUH�\RX�VHW�GRZQ�WKH�UDWLRQDOH�IRU�WKH
VWXG\�� DQG� LQ� WKH�GLVFXVVLRQ� VHFWLRQ��ZKHUH�\RX�GLVFXVV�\RXU� VWXG\¶V� ILQGLQJV� DQG
UHODWH�WKHP�WR�WKH�ILQGLQJV�RI�RWKHUV�

:KHQ�PDNLQJ� XVH� RI� WKH� FRQWULEXWLRQV� RI� RWKHUV�� LW� LV� HVVHQWLDO� WKDW� \RX� JLYH
FUHGLW�WR�WKHP��0DNLQJ�XVH�RI�WKH�FRQWULEXWLRQV�RI�RWKHUV�ZLWKRXW�JLYLQJ�WKHP�FUHGLW
FRQVWLWXWHV� SODJLDULVP��3ODJLDULVP� RFFXUV�ZKHQ� \RX� XVH� VRPHRQH¶V� LGHD� RU� FRS\
VRPHRQH� HOVH¶V�ZRUGV� EXW� GR� QRW� JLYH� WKDW� SHUVRQ� FUHGLW��:KHQ� \RX� GR� QRW� JLYH
FUHGLW�� \RX� DUH� SDVVLQJ� VRPHRQH� HOVH¶V� ZRUN� RII� DV� \RXUV�� 7KLV� LV� D� W\SH� RI
VFKRODUO\�WKLHYHU\�DQG�LV�WRWDOO\�XQHWKLFDO�

��3ODJLDULVP�8VLQJ�ZRUGV�RU�ZRUN�SURGXFHG�E\�RWKHUV�DQG�SUHVHQWLQJ�LW�DV
\RXU�RZQ

7KH�W\SH�RI�SODJLDULVP�LQ�ZKLFK�\RX�VWHDO�VRPHRQH¶V�ZRUGV�RFFXUV�LI�\RX�XVH�D
VWULQJ�RI�IRXU�RU�PRUH�ZRUGV�ZLWKRXW�XVLQJ�TXRWDWLRQ�PDUNV�DQG�FLWLQJ�WKH�DXWKRU��,I
\RX�KDYH�D�VKRUW�TXRWDWLRQ��\RX�PXVW�XVH�TXRWDWLRQ�PDUNV��,I�\RX�DUH�XVLQJ����RU
PRUH� ZRUGV�� \RX� DUH� WR� GLVSOD\� WKH� TXRWH� DV� DQ� LQGHQWHG� EORFN� ZLWK� TXRWDWLRQ
PDUNV� RPLWWHG� DQG� WKH� SDJH� QXPEHU� SURYLGHG� DW� WKH� HQG� RI� WKH� TXRWH�� WKH� VRXUFH
PXVW�EH�SURYLGHG�LQ�WKH�OHDG�LQ�VHQWHQFH�RU�DW�WKH�HQG�RI�WKH�TXRWDWLRQ��7KLV�W\SH�RI
TXRWDWLRQ�LV�FDOOHG�D�EORFN�TXRWDWLRQ�

��6KRUW�TXRWDWLRQ�4XRWDWLRQ�RI���RU�PRUH�ZRUGV��EXW�IHZHU�WKDQ�����DURXQG
ZKLFK�TXRWDWLRQ�PDUNV�DUH�XVHG

��%ORFN�TXRWDWLRQ�4XRWDWLRQ�RI����RU�PRUH�ZRUGV�XVLQJ�LQGHQWHG�IRUPDW
�LQFOXGLQJ�FLWDWLRQ�DQG�SDJH�QXPEHU�

)RU�H[DPSOH��LI�\RX�ZHUH�XVLQJ�VRPH�RI�WKH�PDWHULDO�SUHVHQWHG�LQ�WKH�1RVHN�DQG
%DQDML��������DUWLFOH��\RX�ZRXOG�SXW�WKH�EULHI�PDWHULDO�\RX�ZHUH�XVLQJ�LQ�TXRWDWLRQ
PDUNV�DQG�WKHQ�JLYH�WKH�DXWKRUV�FUHGLW�DV�IROORZV��1RVHN�DQG�%DQDML��������KDYH
VWDWHG�� ³7KH� SRWHQWLDO� RI� WKH� LQIRUPDWLRQ� KLJKZD\� WR� DGYDQFH� XQGHUVWDQGLQJ� RI
SV\FKRORJLFDO� VFLHQFH� LV� LPPHQVH´� �S�������� ,I�\RX�XVH�D� ORQJHU�TXRWDWLRQ� ����RU
PRUH�ZRUGV���\RX�ZRXOG�LQGHQW�WKH�TXRWHG�PDWHULDO�DV�IROORZV��1RVHN�DQG�%DQDML
�������KDYH�VWDWHG�

7KH� SRWHQWLDO� RI� WKH� LQIRUPDWLRQ� KLJKZD\� WR� DGYDQFH� XQGHUVWDQGLQJ� RI



SV\FKRORJLFDO� VFLHQFH� LV� LPPHQVH�� DQG� LW� LV� OLNHO\� WKDW� WKH� ,QWHUQHW� ZLOO
GHFLVLYHO\� VKDSH� WKH� QDWXUH� RI� SV\FKRORJLFDO� UHVHDUFK�� <HW� DV� DQ\� UHVHDUFKHU
ZKR�KDV�DWWHPSWHG�WR�XVH�WKH�,QWHUQHW�WR�REWDLQ�GDWD�ZLOO�KDYH�GLVFRYHUHG��D�KRVW
RI�PHWKRGRORJLFDO�LVVXHV�UHTXLUH�FRQVLGHUDWLRQ�EHFDXVH�RI�GLIIHUHQFHV�EHWZHHQ
VWDQGDUG� ODERUDWRU\� UHVHDUFK� DQG� ,QWHUQHW�EDVHG� UHVHDUFK� FRQFHUQLQJ� UHVHDUFK
PHWKRGRORJ\���SS�����±����

,I�\RX�GR�QRW�XVH� WKH�DXWKRU¶V�ZRUGV�EXW�GR�XVH�KLV�RU�KHU� LGHDV�RU�\RX�KDYH
SDUDSKUDVHG�VRPHWKLQJ�IURP�WKH�DXWKRU��\RX�PXVW�FLWH�WKH�VRXUFH��)RU�H[DPSOH��\RX
PLJKW� SDUDSKUDVH� WKH� DERYH� TXRWDWLRQ� OLNH� WKLV�� 7KH� ,QWHUQHW� KDV� WKH� SRWHQWLDO� WR
KDYH� D� PDMRU� HIIHFW� RQ� SV\FKRORJLFDO� UHVHDUFK�� EXW� LW� EULQJV� ZLWK� LW� PDQ\� QHZ
PHWKRGRORJLFDO�LVVXHV��1RVHN�	�%DQDML��������

$QRWKHU� W\SH� RI� SODJLDULVP� LV� FDOOHG� VHOI�SODJLDULVP�� 7KLV� RFFXUV� LI� D
UHVHDUFKHU�XVHV� VWULQJV�RI�ZRUGV� IURP�RQH�RI�KLV�RU� KHU�RZQ�SXEOLVKHG�ZRUNV� LQ
DQRWKHU�SXEOLFDWLRQ�ZLWKRXW�LQIRUPLQJ�WKH�UHDGHU��)RU�WKH�OLPLWHG�FLUFXPVWDQFHV�LQ
ZKLFK� WKLV� LV� DOORZDEOH�� VHH� WKH� 3XEOLFDWLRQ� 0DQXDO� RI� WKH� $PHULFDQ
3V\FKRORJLFDO�$VVRFLDWLRQ��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��������

��6HOI�SODJLDULVP�3UHVHQWLQJ�RQH¶V�ZRUGV�DV�RULJLQDO�ZKHQ�WKH\�KDYH�EHHQ
XVHG�SUHYLRXVO\�LQ�DQRWKHU�SXEOLFDWLRQ

:KLOH�ZH�KDYH�RQO\�DGGUHVVHG�SODJLDULVP�ZLWK� UHJDUG� WR�SXEOLVKHG� WH[W�� LW� LV
HTXDOO\�LPSRUWDQW�WKDW�\RX�JLYH�DSSURSULDWH�FUHGLW�LI�\RX�XVH�WDEOHV�RU�ILJXUHV�WDNHQ
IURP� VRPHRQH� HOVH¶V� ZRUN�� LQFOXGLQJ� DQ\WKLQJ� WKDW� \RX� ILQG� RQ� WKH� ,QWHUQHW�� 7KH
EDVLF�SULQFLSOH�\RX�PXVW�IROORZ�LV�WKDW�LI�\RX�XVH�VRPHWKLQJ�VRPHRQH�HOVH�KDV�GRQH�
\RX�PXVW�JLYH�KLP�RU�KHU�FUHGLW�IRU�WKDW�ZRUN�

5(9,(:
48(67 ,21 6

������:KDW�DUH�WKH�HWKLFDO�LVVXHV�LQYROYHG�LQ
FRQGXFWLQJ�UHVHDUFK�RQ�WKH�,QWHUQHW"

������:KDW�DUH�WKH�HWKLFDO�LVVXHV�LQYROYHG�LQ�WKH
SUHSDUDWLRQ�RI�WKH�UHVHDUFK�UHSRUW"

������:KDW�FRQVWLWXWHV�SODJLDULVP��DQG�KRZ�GR�\RX
JLYH�FUHGLW�WR�DQRWKHU�SHUVRQ�ZKHQ�\RX�XVH�KLV
RU�KHU�ZRUN"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ�UHVHDUFKHUV�KDYH�HWKLFV�DW�WKH�KHDUW�RI�WKHLU�SUDFWLFH��7KH\�DWWHPSW
WR�FUHDWH�D�EHWWHU�ZRUOG��WKHLU�YDOXHG�HWKLFDO�HQGV��DQG�WKH\�PXVW�DFW�HWKLFDOO\��WKHLU
YDOXHG� HWKLFDO� PHDQV��� -RKQ� 'HZH\¶V� HWKLFDO�PRUDO� WKHRU\� KDV� EHHQ� SRSXODU� LQ
DFWLRQ� UHVHDUFK�� +H� HPSKDVL]HG� WKDW� HDFK� VLWXDWLRQ� FDQ� EH� FRPSOH[� �PDUNHG� E\
FRPSHWLQJ� JRRGV� DQG� YDOXHV��� +H� DUJXHG� WKDW� ZH� VKRXOG� LGHQWLI\� SUREOHPDWLF



VLWXDWLRQV��LQTXLUH�LQWR�WKHP��DQG�DWWHPSW�WR�FRQWLQXDOO\�LPSURYH�WKHP��6LWXDWLRQV�IRU
'HZH\�LQFOXGHG�SK\VLFDO��VRFLDO��DQG�PRUDO�GLPHQVLRQV��'HZH\¶V�DSSURDFK�ZDV�DQ
H[SHULPHQWDO�RU�DFWLRQ�UHVHDUFK�RULHQWDWLRQ�WKDW�VWULYHV�IRU�JURZWK�DQG�LPSURYHPHQW
�SK\VLFDO�� VRFLDO�� DQG�PRUDO�� LQ� RXU� FRPPXQLWLHV� DQG�ZRUOG�� 'HZH\� DUJXHG� WKDW
ORFDO�GHPRFUDF\�RU�GHPRFUDF\�DV�D�ZD\�RI�OLIH�ZDV�LPSRUWDQW�DV�ZH�WU\�WR�LPSURYH
RXU�ZRUOG�

����7KLQN�DERXW�D�VLWXDWLRQ�RU�SUREOHP�WKDW�\RX�ZRXOG�OLNH�WR�FKDQJH��:KDW
LV�DUH�WKH�QHJDWLYH�YDOXHV�LQ�RSHUDWLRQ��L�H���XQGHUO\LQJ�ZKDW�\RX�ZDQW�WR
HOLPLQDWH�"�:KDW�LV�DUH�WKH�SRVLWLYH�YDOXH�V���L�H���XQGHUO\LQJ�ZKDW�\RX�ZDQW
WR�KHOS�EULQJ�DERXW��DQG�ZK\�LV�WKDW�JRRG�"

����&RQWLQXLQJ�\RXU�WKLQNLQJ�DERXW�D�VLWXDWLRQ�RU�SUREOHP�\RX�ZRXOG�OLNH�WR
FKDQJH��ZKDW�HWKLFDO�SULQFLSOHV�DQG�YDOXHG�DFWLRQV�ZLOO�\RX�FDUU\�RXW�LI�\RX
FRQGXFW�\RXU�DFWLRQ�UHVHDUFK"

����7U\�WR�LGHQWLI\�ILYH�PDMRU�YDOXHV�WKDW�DUH�QHDU�WKH�FRUH�RI�\RXU�³VHOI´��H�J��
HTXDOLW\��WROHUDQFH��MXVWLFH��ORYH��IUHHGRP��GHPRFUDF\��UHFLSURFLW\��IDLUQHVV�
MXVWLFH���+RZ�GR�WKHVH�UHODWH�WR�\RXU�JRDOV�DQG�ZRUN�SUDFWLFHV"

����+RZ�GR�\RXU�PRUDOV�DIIHFW�\RXU�DFWLRQV�LQ�\RXU�SURIHVVLRQ"

����:KDW�GR�\RX�VHH�DV�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�'HZH\¶V�HWKLFDO�RU
PRUDO�WKHRU\�IRU�DFWLRQ�UHVHDUFK"�+RZ�PLJKW�\RX�LPSURYH�KLV�WKHRU\"

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

6800$5<

(WKLFV�DUH�WKH�SULQFLSOHV�DQG�JXLGHOLQHV�WKDW�KHOS�XV�WR�GLVWLQJXLVK�EHWZHHQ�ULJKW�DQG
ZURQJ� DQG� WR� GR� WKH� ULJKW� WKLQJ��5HVHDUFK� HWKLFV� DVVLVW� UHVHDUFKHUV� LQ� FRQGXFWLQJ
HWKLFDOO\�VRXQG�UHVHDUFK�VWXGLHV�

7KHUH�DUH�WKUHH�PDMRU�DUHDV�RI�HWKLFDO�FRQFHUQ�IRU�WKH�HGXFDWLRQDO�UHVHDUFKHU�

����7KH�UHODWLRQVKLS�EHWZHHQ�VRFLHW\�DQG�VFLHQFH��7R�ZKDW�GHJUHH�VKRXOG
VRFLHW\�LQIOXHQFH�WKH�UHVHDUFK�LVVXHV�WKDW�ZH�FRQVLGHU�LPSRUWDQW�DQG�QHHGLQJ
LQYHVWLJDWLRQ"�7KH�PRVW�LQIOXHQWLDO�DJHQF\�LV�WKH�IHGHUDO�JRYHUQPHQW�EHFDXVH
WKLV�DJHQF\�QRW�RQO\�SURYLGHV�PRVW�RI�WKH�IXQGV�IRU�UHVHDUFK�EXW�DOVR
LGHQWLILHV�SULRULW\�DUHDV�

����3URIHVVLRQDO�LVVXHV��7KH�SULPDU\�SURIHVVLRQDO�LVVXH�FRQFHUQV�UHVHDUFK
PLVFRQGXFW��,Q�UHFHQW�\HDUV��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�WKH�SUHVHQWDWLRQ�RI
IUDXGXOHQW�UHVXOWV��2WKHU��OHVV�VHULRXV�SURIHVVLRQDO�LVVXHV�LQFOXGH
RYHUORRNLQJ�WKH�XVH�RI�IODZHG�GDWD�E\�RWKHUV�

����7UHDWPHQW�RI�UHVHDUFK�SDUWLFLSDQWV��7UHDWPHQW�RI�UHVHDUFK�SDUWLFLSDQWV�LV



WKH�PRVW�IXQGDPHQWDO�HWKLFDO�LVVXH�LQ�UHVHDUFK��$OWKRXJK�PRVW�HGXFDWLRQDO
UHVHDUFK�GRHV�QRW�UXQ�WKH�ULVN�RI�SK\VLFDO�KDUP��PDQ\�VXEWOH�HWKLFDO�LVVXHV
PXVW�EH�DGGUHVVHG�UHODWLQJ�WR�WKH�SRWHQWLDO�IRU�HPRWLRQDO�KDUP��GHFHSWLRQ�
DQG�SURWHFWLQJ�WKH�SULYDF\�RI�UHVHDUFK�SDUWLFLSDQWV�

7KH� $(5$� KDV� GHYHORSHG� D� VHW� RI� HWKLFDO� VWDQGDUGV� VSHFLILFDOO\� GLUHFWHG
WRZDUG� WKH�HGXFDWLRQDO�UHVHDUFKHU��ZKLFK�QHHG� WR�EH�IROORZHG�ZKHQ�FRQGXFWLQJ�D
UHVHDUFK� VWXG\�� 6RPH� RI� WKH� LPSRUWDQW� SRLQWV� LQFOXGHG� LQ� WKHVH� VWDQGDUGV� DUH� WKH
IROORZLQJ�

����7KH�QHFHVVLW\�RI�REWDLQLQJ�LQIRUPHG�FRQVHQW��$�SHUVRQ�FDQ�SDUWLFLSDWH�LQ�D
UHVHDUFK�VWXG\�RQO\�ZKHQ�KH�RU�VKH�KDV�DJUHHG�WR�SDUWLFLSDWH�DIWHU�EHLQJ
JLYHQ�DOO�LQIRUPDWLRQ�WKDW�ZRXOG�LQIOXHQFH�KLV�RU�KHU�ZLOOLQJQHVV�WR
SDUWLFLSDWH��3URYLGLQJ�IXOO�GLVFORVXUH�RI�WKH�QDWXUH�RU�SXUSRVH�RI�WKH�UHVHDUFK
ZLOO�DOWHU�WKH�RXWFRPH�DQG�LQYDOLGDWH�WKH�UHVXOWV�RI�VRPH�VWXGLHV��7KHUHIRUH�
WKH�UHVHDUFKHU�XVXDOO\�GRHV�QRW�GLVFORVH�WKH�H[DFW�K\SRWKHVLV�DQG��LQVWHDG�
SURYLGHV�D�EULHI�VXPPDU\�RI�WKH�JHQHUDO�SXUSRVH�RI�WKH�VWXG\�

����$VVHQW�DQG�GLVVHQW�ZLWK�PLQRUV��0LQRUV�FDQQRW�SURYLGH�LQIRUPHG�FRQVHQW�
EXW�ZKHQ�WKH\�DUH�FDSDEOH�RI�SURYLGLQJ�DVVHQW��LW�PXVW�EH�REWDLQHG�

����3DVVLYH�YHUVXV�DFWLYH�FRQVHQW��$OWKRXJK�DFWLYH�FRQVHQW�LV�SUHIHUDEOH�DQG
HQVXUHV�WKDW�WKH�SDUWLFLSDQW�KDV�XQGHUVWRRG�WKH�GHPDQGV�DQG�ULVNV�RI�WKH
VWXG\��SDVVLYH�FRQVHQW�LV�VRPHWLPHV�XVHG�LQ�HGXFDWLRQDO�UHVHDUFK�WR�LQFUHDVH
SDUWLFLSDWLRQ�DQG�PLQLPL]H�ELDV��+RZHYHU��SDVVLYH�FRQVHQW�PDNHV�WKH
DVVXPSWLRQ�WKDW�QRQUHVSRQVH�UHSUHVHQWV�LQIRUPHG�FRQVHQW��ZKLFK�PLJKW�RU
PLJKW�QRW�EH�WKH�FDVH�

����'HFHSWLRQ��6RPHWLPHV�LW�LV�QHFHVVDU\�WR�PLVOHDG�RU�ZLWKKROG�LQIRUPDWLRQ
IURP�UHVHDUFK�SDUWLFLSDQWV��:KHQ�WKLV�LV�QHFHVVDU\��WKH�UHVHDUFKHU�PXVW�XVH�D
GHEULHILQJ�VHVVLRQ�DW�WKH�FRQFOXVLRQ�RI�WKH�VWXG\��KHUH�\RX�PXVW�H[SODLQ�WKDW
GHFHSWLRQ�ZDV�XVHG��H[SODLQ�WKH�UHDVRQ�IRU�WKH�GHFHSWLRQ��DQG�PDNH�VXUH�WKDW
WKH�GHFHSWLRQ�GLG�QRW�FDXVH�DQ\�XQGXH�VWUHVV�RU�RWKHU�XQGHVLUDEOH�IHHOLQJV��,I
VXFK�IHHOLQJV�ZHUH�LQFXUUHG��WKH�UHVHDUFKHU�PXVW�LQFRUSRUDWH�SURFHGXUHV�WR
HOLPLQDWH�WKH�XQGHVLUDEOH�VWUHVV�RU�IHHOLQJV�

����)UHHGRP�WR�ZLWKGUDZ��5HVHDUFK�SDUWLFLSDQWV�PXVW�EH�WROG�WKDW�WKH\�DUH�IUHH
WR�ZLWKGUDZ�IURP�WKH�UHVHDUFK�VWXG\�DW�DQ\�WLPH�ZLWKRXW�SHQDOW\��$V�D
JHQHUDO�UXOH��WKH�GLVVHQW�RI�D�PLQRU�VKRXOG�EH�UHVSHFWHG�HYHQ�LI�WKH�JXDUGLDQ
RU�SDUHQW�KDV�SURYLGHG�LQIRUPHG�FRQVHQW��&KLOGUHQ�EHORZ�WKH�DJH�RI�EHLQJ
DEOH�WR�SURYLGH�FRQVHQW�RU�LQIDQWV�VKRXOG�EH�H[FXVHG�IURP�WKH�UHVHDUFK�VWXG\
LI�WKH\�VHHP�WR�EH�GLVWXUEHG�E\�RU�XQFRPIRUWDEOH�ZLWK�WKH�SURFHGXUHV�

����&RQILGHQWLDOLW\��DQRQ\PLW\��DQG�WKH�FRQFHSW�RI�SULYDF\��,GHDOO\��ZH�VKRXOG
KDYH�FRQWURO�RYHU�ZKR�JHWV�LQIRUPDWLRQ�DERXW�XV��7KH�EHVW�ZD\�WR�HQVXUH
SULYDF\�RI�LQIRUPDWLRQ�LV�WR�PDNH�VXUH�WKDW�WKH�UHVHDUFK�SDUWLFLSDQW¶V�LGHQWLW\
LV�QRW�NQRZQ�WR�DQ\RQH�LQYROYHG��LQFOXGLQJ�WKH�UHVHDUFKHU��DQRQ\PLW\���,Q



FDVHV�LQ�ZKLFK�LW�LV�QRW�SRVVLEOH�WR�PDLQWDLQ�DQRQ\PLW\��WKH�LGHQWLW\�RI�WKH
SDUWLFLSDQW�DQG�KLV�RU�KHU�UHVSRQVHV�PXVW�QRW�EH�UHYHDOHG�WR�DQ\RQH�RWKHU
WKDQ�WKH�UHVHDUFK�VWDII��FRQILGHQWLDOLW\��

,Q� DOO� FDVHV�� LW� LV� QHFHVVDU\� WR� SUHVHQW� D� UHVHDUFK� SURWRFRO� WR� WKH� ,5%� IRU
DSSURYDO�� HYHQ� LI� WKH�JXLGHOLQHV�SUHVHQWHG�E\� WKH�$(5$�KDYH�EHHQ� IROORZHG�DQG
WKH�SURSRVDO�VHHPV�WR�IDOO�LQWR�WKH�H[HPSW�FDWHJRU\��0RVW�RUJDQL]DWLRQDO�DVVXUDQFH
SROLFLHV� VWDWH� WKDW�DOO� UHVHDUFK� LQYROYLQJ� KXPDQV� LV� WR� EH� UHYLHZHG� E\� WKH� ,5%�
ZKLFK�PHDQV� WKDW� LW� LV� WKH� ,5%� WKDW�GHFLGHV�ZKHWKHU�D� VWXG\� IDOOV� LQWR� WKH�H[HPSW
FDWHJRU\�

(WKLFDO�LVVXHV�WKDW�KDYH�UHFHQWO\�DWWUDFWHG�WKH�DWWHQWLRQ�RI�UHVHDUFKHUV�DUH�WKRVH
VXUURXQGLQJ� UHVHDUFK� FRQGXFWHG� RYHU� WKH� ,QWHUQHW��:KLOH� WKH� ,QWHUQHW� RIIHUV�PDQ\
DGYDQWDJHV��VXFK�DV�DFFHVV�WR�D�ODUJH�QXPEHU�RI�LQGLYLGXDOV�RYHU�D�VKRUW�SHULRG�RI
WLPH��LW�UDLVHV�PDQ\�HWKLFDO�LVVXHV��KRZ�WR�REWDLQ�LQIRUPHG�FRQVHQW��KRZ�WR�PDLQWDLQ
WKH�SULYDF\�RI�WKH�UHVHDUFK�GDWD�FROOHFWHG��DQG�KRZ�WR�GHEULHI�UHVHDUFK�SDUWLFLSDQWV
RQFH�WKH\�KDYH�FRPSOHWHG�WKH�VWXG\��1R�SHUIHFW�VROXWLRQ�FXUUHQWO\�H[LVWV�IRU�DQ\�RI
WKHVH�LVVXHV��VR�ZKHQ�FRQGXFWLQJ�DQ�,QWHUQHW�VWXG\��\RX�PXVW�LGHQWLI\�WKH�EHVW�ZD\�WR
DFFRPSOLVK�HDFK��NHHSLQJ�LQ�PLQG�WKH���*XLGLQJ�3ULQFLSOHV�RI�WKH�$(5$�DQG�LWV���
(WKLFDO�6WDQGDUGV�

$IWHU�\RX�KDYH�FRPSOHWHG�D�UHVHDUFK�VWXG\��\RX�VKRXOG�FRPPXQLFDWH�WKH�UHVXOWV
WR� RWKHUV�� W\SLFDOO\� E\� SXEOLVKLQJ� WKH� UHVXOWV� LQ� D� SURIHVVLRQDO� MRXUQDO�� :KHQ
SUHSDULQJ� WKH�UHVHDUFK�UHSRUW��\RX�PXVW�PDNH�D�GHFLVLRQ�DV� WR� WKH�DXWKRUVKLS��DQG
ZKHQ�ZULWLQJ�WKH�UHSRUW��\RX�PXVW�HQVXUH�WKDW�LW�LV�ZULWWHQ�ZLWK�KRQHVW\�DQG�LQWHJULW\�
7KLV�PHDQV� WKDW�\RX�PXVW� UHSRUW� HYHU\WKLQJ�DV� DFFXUDWHO\� DV�SRVVLEOH� DQG�DOZD\V
DYRLG�SODJLDULVP�

.(<�7(506

DFWLYH�FRQVHQW��S������
DQRQ\PLW\��S������
DVVHQW��S������
EHQHILFHQFH��S������
EORFN�TXRWDWLRQ��S������
FRQILGHQWLDOLW\��S������
GHEULHILQJ��S������
GHFHSWLRQ��S������
GHKRD[LQJ��S������
GHRQWRORJLFDO�DSSURDFK��S������
GHVHQVLWL]LQJ��S������
HWKLFDO�VNHSWLFLVP��S������
HWKLFV��S������



H[HPSW�VWXGLHV��S������
H[SHGLWHG�UHYLHZ��S������
IXOO�ERDUG�UHYLHZ��S������
LQIRUPHG�FRQVHQW��S������
,QVWLWXWLRQDO�5HYLHZ�%RDUG��,5%���S������
QRQPDOHILFHQFH��S������
SDVVLYH�FRQVHQW��S������
SODJLDULVP��S������
SULYDF\��S������
UHVHDUFK�HWKLFV��S������
UHVHDUFK�PLVFRQGXFW��S������
UHVHDUFK�SURWRFRO��S������
VHOI�SODJLDULVP��S������
VKRUW�TXRWDWLRQ��S������
XWLOLWDULDQLVP��S������

',6&866,21�48(67,216

����*R�WR�KWWS���SR\QWHU�LQGLDQD�HGX�PU�PU�EDQNV�SGI��5HDG�WKH�VDPSOH�FDVH�DQG
WKHQ�GLVFXVV�ZKHWKHU�-HVVLFD�%DQNV�VKRXOG�SKRWRFRS\�WKH�QRWHERRNV�UHODWLQJ�WR
KHU�GLVVHUWDWLRQ�UHVHDUFK�

����0RVW�RI�WKH�UHVHDUFK�WKDW�HGXFDWLRQDO�UHVHDUFKHUV�FRQGXFW�IDOOV�LQWR�WKH�H[HPSW
FDWHJRU\��7KLV�PHDQV�WKDW�UHTXLULQJ�,5%�UHYLHZ�RI�HGXFDWLRQDO�UHVHDUFK�VWXGLHV
UHSUHVHQWV�DQ�LQWUXVLRQ�DQG�D�KXUGOH�WKDW�DFFRPSOLVKHV�QRWKLQJ��7KHUHIRUH��,5%
UHYLHZ�RI�HGXFDWLRQDO�VWXGLHV�VKRXOG�EH�HOLPLQDWHG��'HIHQG�RU�UHIXWH�WKLV�YLHZ�

����6KRXOG�SDVVLYH�FRQVHQW�EH�DOORZHG��RU�GRHV�LW�YLRODWH�HWKLFDO�VWDQGDUGV�
PHDQLQJ�WKDW�DFWLYH�FRQVHQW�VKRXOG�DOZD\V�EH�REWDLQHG�SULRU�WR�SDUWLFLSDWLRQ�LQ�D
UHVHDUFK�VWXG\"

5(6($5&+�(;(5&,6(6

)LQG� D� SXEOLVKHG� MRXUQDO� DUWLFOH� RQ� D� WRSLF� DUHD� WKDW� LQWHUHVWV� \RX�� 7KHQ� JHW� WKH
DUWLFOH�DQG�FRPSOHWH�WKH�IROORZLQJ�H[HUFLVHV�

����8VLQJ�WKH�SXEOLVKHG�DUWLFOH�\RX�VHOHFWHG��FRQVWUXFW�D�UHVHDUFK�SURWRFRO�WKDW�PLJKW
KDYH�EHHQ�VXEPLWWHG�WR�WKH�,5%�E\�SURYLGLQJ�WKH�IROORZLQJ�LQIRUPDWLRQ�

7LWOH�RI�3URWRFRO�3ULPDU\�,QYHVWLJDWRU
&R�,QYHVWLJDWRU

http://poynter.indiana.edu/mr/mr-banks.pdf


5HOHYDQW�%DFNJURXQG�DQG�3XUSRVH
3DUWLFLSDQW�3RSXODWLRQ
0DWHULDOV�DQG�3URFHGXUH
'HVLJQ�DQG�0HWKRGRORJ\
3RWHQWLDO�%HQHILW
5LVNV
&RQILGHQWLDOLW\

����8VLQJ�WKH�SXEOLVKHG�DUWLFOH�\RX�VHOHFWHG��FRQVWUXFW�DQ�LQIRUPHG�FRQVHQW�IRUP�WKDW
PLJKW�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKLV�UHVHDUFK�VWXG\��,QFOXGH�WKH�IROORZLQJ�

D���6WDWHPHQW�RI�,QYLWDWLRQ�WR�3DUWLFLSDWH

E���6WDWHPHQW�RI�:KDW�WKH�6WXG\�:LOO�$VN�WKH�3DUWLFLSDQW�WR�'R�RU�+DYH�'RQH�WR
+LP�RU�+HU

F���6WDWHPHQW�RI�WKH�%HQHILWV�'HULYHG�)URP�3DUWLFLSDWLQJ�LQ�WKH�6WXG\

G���6WDWHPHQW�RI�WKH�5LVNV�(QFRXQWHUHG�)URP�3DUWLFLSDWLQJ�LQ�WKH�6WXG\

H���6WDWHPHQW�RI�+RZ�&RQILGHQWLDOLW\�:LOO�%H�0DLQWDLQHG

I���,GHQWLILFDWLRQ�RI�3HUVRQ�V��:KR�&DQ�%H�&RQWDFWHG�,I�4XHVWLRQV�$ULVH
5HJDUGLQJ�WKH�6WXG\

5(/(9$17�,17(51(7�6,7(6

7KLQNLQJ�$ERXW�5HVHDUFK�DQG�(WKLFV��HWKLFV�RI�UHVHDUFK�LQ�F\EHUVSDFH�
KWWS���MWKRPDVQLX�RUJ�3DSHUV�HWKLFV�KWPO

2IILFH�RI�5HVHDUFK�,QWHJULW\�RI�WKH�'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV
KWWS���RUL�GKKV�JRY

$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ�&RGH�RI�(WKLFV
KWWS���ZZZ�DHUD�QHW�3RUWDOV����GRFV�$ERXWB$(5$�&RGH2I�(WKLFV����SGI

(WKLFV�LQIRUPDWLRQ�IURP�WKH�$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ
KWWS���ZZZ�DSD�RUJ�HWKLFV�

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV

http://jthomasniu.org/Papers/ethics.html
http://ori.dhhs.gov
http://www.apa.org/ethics/
http://www.sagepub.com/bjohnson5e/


6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

&RPPLWWHH�RQ�*RYHUQPHQW�2SHUDWLRQV����������$UH�VFLHQWLILF�PLVFRQGXFW�DQG
FRQIOLFWV�RI�LQWHUHVW�KD]DUGRXV�WR�RXU�KHDOWK"�:DVKLQJWRQ��'&��86�*RYHUQPHQW
3ULQWLQJ�2IILFH�

6DOHV��%��'���	�)RONPDQ��6����������(WKLFV�LQ�UHVHDUFK�ZLWK�KXPDQ�SDUWLFLSDQWV�
:DVKLQJWRQ��'&��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�



3$57�,,,

)RXQGDWLRQV�RI�5HVHDUFK

&KDSWHU��
6WDQGDUGL]HG�0HDVXUHPHQW�DQG�$VVHVVPHQW

&KDSWHU��
+RZ�WR�&RQVWUXFW�D�4XHVWLRQQDLUH

&KDSWHU��
0HWKRGV�RI�'DWD�&ROOHFWLRQ

&KDSWHU���
6DPSOLQJ�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

&KDSWHU���
9DOLGLW\�RI�5HVHDUFK�5HVXOWV�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG
0L[HG�5HVHDUFK



&KDSWHU��

6WDQGDUGL]HG�0HDVXUHPHQW�DQG�$VVHVVPHQW

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�WKH�PHDQLQJ�RI�PHDVXUHPHQW�
��([SODLQ�WKH�GLIIHUHQW�VFDOHV�RI�PHDVXUHPHQW��LQFOXGLQJ�WKH�W\SH�RI�LQIRUPDWLRQ
FRPPXQLFDWHG�E\�HDFK�RQH�

��$UWLFXODWH�WKH�VHYHQ�DVVXPSWLRQV�XQGHUO\LQJ�WHVWLQJ�DQG�DVVHVVPHQW�
��([SODLQ�WKH�PHDQLQJ�RI�UHOLDELOLW\�
��([SODLQ�WKH�FKDUDFWHULVWLFV�RI�HDFK�RI�WKH�PHWKRGV�IRU�FRPSXWLQJ�UHOLDELOLW\�
��([SODLQ�WKH�PHDQLQJ�RI�YDOLGLW\�DQG�YDOLGLW\�HYLGHQFH�
��([SODLQ�WKH�GLIIHUHQW�PHWKRGV�RI�FROOHFWLQJ�YDOLGLW\�HYLGHQFH�
��,GHQWLI\�WKH�GLIIHUHQW�W\SHV�RI�VWDQGDUGL]HG�WHVWV�DQG�WKH�VRXUFHV�RI
LQIRUPDWLRQ�RQ�WKHVH�WHVWV�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�0HDVXULQJ�9DULDEOHV

,Q� WKH� ����V�� WKH� 1DWLRQDO� &HQWHU� IRU� (GXFDWLRQ� 6WDWLVWLFV
SXEOLVKHG�D�UHSRUW�HQWLWOHG�$GXOW�/LWHUDF\�LQ�$PHULFD��.DHVWOH�
&DPSEHOO�� )LQQ�� -RKQVRQ�� 	� 0LNXOHFN\�� ������� 7KLV� UHSRUW
VWDWHG� WKDW� ���� RI�$PHULFDQ� DGXOWV� VFRUHG� LQ� WKH� WZR� ORZHVW
OHYHOV�RI�WKH������1DWLRQDO�$GXOW�/LWHUDF\�6XUYH\�DQG�WKDW����
VFRUHG�DW�WKH�ORZHVW�RI�WKH�ILYH�OLWHUDF\�OHYHOV��,W�VXJJHVWHG�WKDW
PDQ\� $PHULFDQV� FRXOG� QRW� SHUIRUP� HYHQ� WKH� VLPSOHVW� WDVNV�
VXFK�DV�XQGHUVWDQGLQJ�D� VLPSOH�QHZV�DUWLFOH�RU� FDOFXODWLQJ� WKH
FRVW� RI� PRYLH� WLFNHWV�� +HDGOLQHV� RI� QHZVSDSHUV� DFURVV� WKH

FRXQWU\�VWDWHG�WKDW�����RI�$PHULFDQV�ZHUH�IXQFWLRQDOO\�LOOLWHUDWH��3ROLWLFLDQV�ZHUH�DODUPHG��DQG�PDQ\
DGYRFDWHG�LQFUHDVHG�WHVWLQJ�DQG�LPPHGLDWH�VFKRRO�UHIRUP�

,Q�)HEUXDU\�������WKH�&KURQLFOH�RI�+LJKHU�(GXFDWLRQ��%DURQ��������UHSRUWHG�WKDW�D�QHZ�DQDO\VLV
RI� WKH� ����� VXUYH\� GDWD� VKRZHG� WKDW� OHVV� WKDQ� ��� RI� WKH� DGXOW� SRSXODWLRQ�ZDV� IXQFWLRQDOO\� LOOLWHUDWH�
+RZ�FDQ�LW�EH�WKDW�D�UHDQDO\VLV�RI�WKH�VDPH�GDWD�GURSSHG�WKH�LOOLWHUDF\�UDWH�IURP�����WR�OHVV�WKDQ���"
'LG� WKH�QDWLRQ�VXGGHQO\�EHFRPH�PRUH� OLWHUDWH"� ,Q� WKLV�FDVH�� WKH�ZULWHUV�RI� WKH�RULJLQDO� UHSRUW�DGPLWWHG
WKDW� WKH\�KDG�PLVUHDG� WKH�GDWD��7KH\�KDG�XVHG� D� VLQJOH� VWDQGDUG� WR� HYDOXDWH� WKH� WHVW� UHVXOWV� EXW� ODWHU
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UHDOL]HG� WKDW� OLWHUDF\�GDWD� VKRXOG�EH�YLHZHG� IURP�PXOWLSOH�SHUVSHFWLYHV��$GGLWLRQDOO\�� WKH�PRUH�FXUUHQW
��� ILJXUH� LQFOXGHV� SHRSOH� ZLWK� OLQJXLVWLF� RU� SK\VLFDO� SUREOHPV� WKDW� FRXOG� KDYH� DIIHFWHG� WKHLU
SHUIRUPDQFH��2I�WKRVH�VFRULQJ�DW�WKH�ORZHVW�SURILFLHQF\�OHYHO������ZHUH�LPPLJUDQWV��DQG�PDQ\�RWKHUV
ZHUH�VFKRRO�GURSRXWV��SHRSOH�ROGHU�WKDQ�����SHRSOH�ZKR�KDG�VLJQLILFDQW�SK\VLFDO�RU�PHQWDO�LPSDLUPHQWV�
RU�SHRSOH�ZKR�KDG�YLVLRQ�SUREOHPV��6XFK�SUREOHPV�ZRXOG�REYLRXVO\�DIIHFW�WKH�UHVSRQVH�WR�WKH�VXUYH\�

$V� \RX� FDQ� VHH�� ³OLWHUDF\´� LV� D� FRPSOH[� LVVXH�� DQG� LW� LV� GLIILFXOW� WR� DVVHVV�� 7R�PDNH� D� VWDWHPHQW
DERXW�WKH�OLWHUDF\�RI�WKH�$PHULFDQ�SHRSOH��ZH�PXVW�FROOHFW�GDWD�WKDW�ZLOO�SURYLGH�XV�ZLWK�VWURQJ�HYLGHQFH
WKDW�WKH�LQIHUHQFHV�ZH�PDNH�DUH�GHIHQVLEOH��$VVHVVLQJ�OLWHUDF\�LV�QRW�D�VLPSOH�PDWWHU�RI�VRUWLQJ�SHRSOH
LQWR�WKRVH�ZKR�³FDQ�UHDG´�DQG�WKRVH�ZKR�³FDQ¶W�UHDG�´

$V� HGXFDWRUV� RU� HGXFDWLRQDO� UHVHDUFKHUV�� ZH� DUH� FRQVWDQWO\� IDFHG� ZLWK� WKH� TXHVWLRQ� RI� KRZ� WR
PHDVXUH� WKH�YDULDEOHV� WKDW� DUH� LPSRUWDQW� WR�XV��:H�ZDQW� WR�PHDVXUH�YDULRXV� HGXFDWLRQDO� DELOLWLHV� DQG
DFKLHYHPHQW� OHYHOV� VXFK� DV� PDWKHPDWLFDO� SHUIRUPDQFH�� :H� ZDQW� WR� PHDVXUH� FRQVWUXFWV� VXFK� DV
GHSUHVVLRQ��VWUHVV��DQG�VHOI�HVWHHP�DQG�EH�DEOH�WR�GLDJQRVH�YDULRXV�SUREOHPV�VXFK�DV�OHDUQLQJ�GLVRUGHUV�
,Q�PDNLQJ�WKHVH�PHDVXUHPHQWV��ZH�FROOHFW�GDWD�DQG�WKHQ�PDNH�LQIHUHQFHV�RU�DVVHVVPHQWV�EDVHG�RQ�WKH
GDWD�LQ�D�ZD\�YHU\�VLPLODU�WR�ZKDW�ZDV�GRQH�LQ�WKH�³OLWHUDF\�VXUYH\�´�,Q�WKLV�FKDSWHU��ZH�GLVFXVV�PDQ\
RI� WKH� LVVXHV� WKDW� PXVW� EH� FRQVLGHUHG� WR� HQVXUH� WKDW� WKH� LQIHUHQFHV� ZH� PDNH� RQ� WKH� EDVLV� RI� RXU
PHDVXUHPHQWV�DUH�DFFXUDWH��XVHIXO��DQG�GHIHQVLEOH�

KLQN� IRU� D� PRPHQW� DERXW� ZKDW� \RX� KDYH� OHDUQHG� DERXW� FRQGXFWLQJ� DQ
HGXFDWLRQDO� UHVHDUFK� VWXG\�� <RX� EHJLQ� E\� IRUPXODWLQJ� \RXU� UHVHDUFK
TXHVWLRQV�� 7KHQ� \RX� KDYH� WR� ILJXUH� RXW� KRZ� WR� DQVZHU� HDFK� UHVHDUFK

TXHVWLRQ� E\� FROOHFWLQJ� LQIRUPDWLRQ�� RU� GDWD�� WKDW� ZLOO� JLYH� \RX� DQ� DQVZHU� WKDW� LV
MXVWLILHG�RU�ZDUUDQWHG��:KHQHYHU�\RX�FROOHFW�GDWD��\RX�DUH�PHDVXULQJ�RU�DVVHVVLQJ
VRPHWKLQJ��DQG�LI�\RXU�PHDVXUHPHQW�LV�SRRU��\RXU�UHVHDUFK�ZLOO�QHFHVVDULO\�EH�SRRU�
+HUH¶V�D�WHOOLQJ�FRQYHUVDWLRQ��$�QHZ�UHVHDUFK�PHWKRGV�VWXGHQW�DVNV��³:K\�GR�ZH
QHHG� WR� OHDUQ� DERXW� PHDVXUHPHQW"´� 7KH� SURIHVVRU� UHSOLHV�� ³+PP«´� +DYH� \RX
KHDUG�RI�*,*2"�,Q�FDVH�\RX�KDYHQ¶W��*,*2�UHIHUV� WR� WKH�SULQFLSOH�RI�JDUEDJH� LQ�
JDUEDJH� RXW�� ,W� LV� D� FDUGLQDO� UXOH� LQ� UHVHDUFK� WKDW� SRRU� PHDVXUHPHQW� UHVXOWV� LQ
*,*2��:LWKRXW�JRRG�PHDVXUHPHQW��\RX�GRQ¶W�KDYH�DQ\WKLQJ��3OHDVH�UHPHPEHU�WKDW
LPSRUWDQW�SRLQW�µ

'(),1,1*�0($685(0(17
0HDVXUHPHQW� UHIHUV� WR� WKH� DFW� RI� PHDVXULQJ��:KHQ� ZH�PHDVXUH�� ZH� LGHQWLI\� WKH
GLPHQVLRQV��TXDQWLW\��FDSDFLW\��RU�GHJUHH�RI�VRPHWKLQJ��0HDVXUHPHQW�RSHUDWHV�E\
DVVLJQLQJ� V\PEROV� RU� QXPEHUV� WR� REMHFWV�� HYHQWV�� SHRSOH�� FKDUDFWHULVWLFV�� DQG� VR
IRUWK�DFFRUGLQJ�WR�D�VSHFLILF�VHW�RI�UXOHV��$FWXDOO\��WKLV�LV�VRPHWKLQJ�\RX�GR�DOO�WKH
WLPH��)RU�H[DPSOH��ZKHQ�\RX�GHWHUPLQH�KRZ�WDOO�D�SHUVRQ�LV�RU�KRZ�PXFK�KH�RU�VKH
ZHLJKV�� \RX� DUH� HQJDJHG� LQ� PHDVXUHPHQW� EHFDXVH� \RX� DUH� DVVLJQLQJ� QXPEHUV
DFFRUGLQJ�WR�D�JLYHQ�VHW�RI�UXOHV��,I�\RX�PHDVXUH�KHLJKW�LQ�LQFKHV��\RX�DUH�XVLQJ�WKH
UXOH� RI� DVVLJQLQJ� WKH� QXPEHU� �� WR� D� OHQJWK� WKDW� LV� H[DFWO\� RQH� LQFK� RQ� D� VWDQGDUG
UXOHU��+HLJKW�LV�GHWHUPLQHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�WKHVH�RQH�LQFK�OHQJWKV�LW�WDNHV
WR� VSDQ� WKH� KHLJKW� RI� WKH� SHUVRQ� ZKRP� \RX� DUH�PHDVXULQJ�� ,I� \RX� DUH�PHDVXULQJ
SHRSOH¶V�JHQGHU��\RX�XVH�WKH�UXOH�RI�DVVLJQLQJ�WKH�V\PERO�RI�IHPDOH�WR�LQGLYLGXDOV
ZKR�KDYH�IHPDOH�FKDUDFWHULVWLFV�DQG�WKH�V\PERO�RI�PDOH� WR� LQGLYLGXDOV�ZKR�KDYH
PDOH�FKDUDFWHULVWLFV��6WDWLQJ�WKDW�D�SHUVRQ�LV����LQFKHV�WDOO�FRPPXQLFDWHV�WKH�H[DFW
KHLJKW� RI� WKH� SHUVRQ�� MXVW� DV� WKH� V\PERO� RI� IHPDOH� FRPPXQLFDWHV� WKH� JHQGHU



GLPHQVLRQ�RI�WKH�SHUVRQ�

��0HDVXUHPHQW�$VVLJQLQJ�V\PEROV�RU�QXPEHUV�WR�VRPHWKLQJ�DFFRUGLQJ�WR�D
VSHFLILF�VHW�RI�UXOHV

(GXFDWLRQDO� UHVHDUFKHUV� PLJKW� EH� LQWHUHVWHG� LQ� VXFK� YDULDEOHV� DV� DJJUHVVLRQ�
VK\QHVV��GHSUHVVLRQ��G\VOH[LD��JHQGHU��VWUDWHJ\�XVH��DQG�LQWHOOLJHQFH��7R�FRQGXFW�D
VWXG\�LQYHVWLJDWLQJ�WKHVH�YDULDEOHV��D�SURFHGXUH�RU�WHFKQLTXH�LV�QHHGHG�WR�UHSUHVHQW
WKH�PDJQLWXGH�RI�TXDQWLWDWLYH�YDULDEOHV��VXFK�DV�LQFRPH�DQG�,4��DQG�WKH�GLPHQVLRQV
RI� FDWHJRULFDO� YDULDEOHV� �VXFK� DV� JHQGHU� DQG� FROOHJH� PDMRU��� +HUH� DUH� VRPH
H[DPSOHV��7KH�QXPEHU�WKDW�LV�GHULYHG�IURP�DQ�LQWHOOLJHQFH�WHVW�SURYLGHV�DQ�LQGH[�RI
WKH�PDJQLWXGH�RI�LQWHOOHFW��7KH�QXPEHU�RI�WLPHV�D�FKLOG�KLWV�DQRWKHU�KDV�EHHQ�XVHG�DV
DQ�LQGH[�RI�WKH�PDJQLWXGH�RI�DJJUHVVLRQ��7KH�ELRORJLFDO�PDNHXS�RI�D�FKLOG�LV�RIWHQ
XVHG�DV�DQ�LQGH[�RI�JHQGHU�

5(9,(:
48(67 ,21 6

�������:KDW�LV�PHDVXUHPHQW"

6&$/(6�2)�0($685(0(17
0HDVXUHPHQW�FDQ�EH�FDWHJRUL]HG�LQ�WHUPV�RI�WKH�W\SH�RI�LQIRUPDWLRQ�FRPPXQLFDWHG
E\� WKH�V\PEROV�RU�QXPEHUV� WKDW�DUH�DVVLJQHG��:H�QRZ�LQWURGXFH�\RX� WR�D�SRSXODU
IRXU�OHYHO� FODVVLILFDWLRQ� VFKHPH�� 7KLV� IRXU�OHYHO� VFKHPH� SURYLGHV� PRUH
LQIRUPDWLRQ� WKDQ� WKH� WZR�OHYHO� �L�H��� FDWHJRULFDO� YHUVXV� TXDQWLWDWLYH� YDULDEOHV�
V\VWHP�XVHG�LQ�HDUOLHU�FKDSWHUV��7KH�HDUOLHU�VFKHPH�ZRUNV�ILQH��DQG�WKHUH�LV�QRWKLQJ
ZURQJ� ZLWK� LW�� 6RPHWLPHV�� KRZHYHU�� UHVHDUFKHUV� SUHIHU� WR� PDNH� WKH� ILQHU
GLVWLQFWLRQV�WKDW�DUH�SURYLGHG�E\�WKH�IRXU�OHYHO�V\VWHP�

7KH�IRXU�OHYHO�V\VWHP��RULJLQDOO\�GHYHORSHG�E\�6WHYHQV���������������LQFOXGHV
IRXU� OHYHOV� RU� ³VFDOHV´� RI�PHDVXUHPHQW�� QRPLQDO�� RUGLQDO�� LQWHUYDO�� DQG� UDWLR��$V
7DEOH����� LOOXVWUDWHV��HDFK�RI� WKHVH� OHYHOV�FRQYH\V�D�GLIIHUHQW�NLQG�RI� LQIRUPDWLRQ�
7R�KHOS�\RX�UHPHPEHU�WKH�RUGHU�RI�WKH�IRXU�OHYHOV��QRWH�WKDW�WKH�ILUVW�OHWWHUV�RI�WKH
IRXU�VFDOHV�VSHOO� WKH�)UHQFK�ZRUG�IRU�³EODFN´���QRLU�� �<RX�GLGQ¶W�NQRZ�\RX�ZHUH
JRLQJ�WR�OHDUQ�)UHQFK�LQ�\RXU�UHVHDUFK�PHWKRGV�FRXUVH��GLG�\RX"��,W�LV�LPSRUWDQW�WR
NQRZ� WKH� OHYHO� RI� PHDVXUHPHQW� EHLQJ� HPSOR\HG� EHFDXVH� LW� VXJJHVWV� WKH� W\SH� RI
VWDWLVWLFDO�PDQLSXODWLRQV�RI� WKH�GDWD� WKDW�DUH�DSSURSULDWH�DQG�LGHQWLILHV� WKH� W\SH�RI
LQIRUPDWLRQ�EHLQJ�FRPPXQLFDWHG��

�7$%/(�������6FDOH�RI�0HDVXUHPHQW



1RPLQDO�6FDOH
7KH� ILUVW� OHYHO� RI� PHDVXUHPHQW�� WKH� QRPLQDO� VFDOH�� LV� WKH� VLPSOHVW� IRUP� RI

PHDVXUHPHQW��$�QRPLQDO� VFDOH� RI� PHDVXUHPHQW� XVHV� V\PEROV�� VXFK� DV� ZRUGV� RU
QXPEHUV�� WR� ODEHO��FODVVLI\��RU� LGHQWLI\�SHRSOH�RU�REMHFWV��,Q�&KDSWHU����ZH�FDOOHG
YDULDEOHV�PHDVXUHG�DW�WKLV�OHYHO�FDWHJRULFDO�YDULDEOHV��7KHUHIRUH��\RX�DUH�DOUHDG\
IDPLOLDU� ZLWK� WKLV� W\SH� RI� PHDVXUHPHQW�� $� IHZ� H[DPSOHV� RI� QRPLQDO� VFDOHV� RU
QRPLQDO�YDULDEOHV�DUH�JHQGHU��VFKRRO�W\SH��UDFH��SROLWLFDO�SDUW\��VWDWH�RI�UHVLGHQFH�
FROOHJH� PDMRU�� WHDFKLQJ� PHWKRG�� FRXQVHOLQJ� PHWKRG�� DQG� SHUVRQDOLW\� W\SH�� 7KH
V\PEROV�WKDW�\RX�DWWDFK�WR�WKH�OHYHOV�RI�D�QRPLQDO�YDULDEOH�GR�OLWWOH�PRUH�WKDQ�VHUYH
DV�PDUNHUV��)RU�WKH�YDULDEOH�VFKRRO�W\SH��\RX�PLJKW�XVH���IRU�SXEOLF�VFKRRO�DQG��
IRU�SULYDWH�VFKRRO��RU�\RX�PLJKW�XVH�WKH�IXOO�ZRUGV��L�H���SXEOLF�DQG�SULYDWH��DV�\RXU
PDUNHUV�� )RU� WKH� YDULDEOH� SROLWLFDO� SDUW\� LGHQWLILFDWLRQ�� \RX� PLJKW� FKRRVH� WKH
PDUNHUV��� IRU�5HSXEOLFDQ���� IRU�'HPRFUDW�� DQG��� IRU�RWKHU��7KH�V\PEROV� WKDW�DUH
XVHG�WR�PDUN�WKH�QRPLQDO�YDULDEOH�FDWHJRULHV�FDQQRW�EH�DGGHG��VXEWUDFWHG��UDQNHG�
RU�DYHUDJHG��+RZHYHU��\RX�FDQ�FRXQW�WKH�IUHTXHQF\�ZLWKLQ�HDFK�FDWHJRU\��DQG�\RX
FDQ�UHODWH�D�QRPLQDO�YDULDEOH�WR�RWKHU�YDULDEOHV�

��1RPLQDO�VFDOH�$�VFDOH�RI�PHDVXUHPHQW�WKDW�XVHV�V\PEROV��VXFK�DV�ZRUGV�RU
QXPEHUV��WR�ODEHO��FODVVLI\��RU�LGHQWLI\�SHRSOH�RU�REMHFWV

2UGLQDO�6FDOH
7KH� RUGLQDO� VFDOH� RI� PHDVXUHPHQW� LV� D� UDQN�RUGHU� VFDOH�� 7KLV� VFDOH� RI

PHDVXUHPHQW�LV�IUHTXHQWO\�XVHG�WR�GHWHUPLQH�ZKLFK�VWXGHQWV�ZLOO�EH�DFFHSWHG�LQWR
JUDGXDWH� SURJUDPV�� 0RVW� JUDGXDWH� SURJUDPV� UHFHLYH� PDQ\� PRUH� DSSOLFDQWV� WKDQ
WKH\�FDQ�DFFHSW��WKHUHIRUH��DSSOLFDQWV�DUH�UDQN�RUGHUHG�IURP�WKH�RQH�ZLWK�WKH�PRVW
RXWVWDQGLQJ� FUHGHQWLDOV� WR� WKH� RQH� ZLWK� WKH� OHDVW� RXWVWDQGLQJ� FUHGHQWLDOV�� DQG� D
VSHFLILHG�QXPEHU�RI�VWXGHQWV�ZLWK�WKH�KLJKHVW�UDQNV�DUH�VHOHFWHG�IRU�DGPLVVLRQ��,Q
DQRWKHU�VLWXDWLRQ��VWXGHQWV�PLJKW�EH�UDQN�RUGHUHG�LQ�WHUPV�RI�WKHLU�QHHG�IRU�UHPHGLDO
LQVWUXFWLRQ�� ,Q� ERWK� H[DPSOHV�� WKH� NH\� FKDUDFWHULVWLF� LV� WKDW� LQGLYLGXDOV� DUH
FRPSDUHG�ZLWK�RWKHUV�LQ�WHUPV�RI�VRPH�DELOLW\�RU�SHUIRUPDQFH�DQG�DVVLJQHG�D�UDQN�
ZLWK���SHUKDSV�EHLQJ�DVVLJQHG�WR�WKH�SHUVRQ�ZLWK�WKH�PRVW�DELOLW\�RU�WKH�SHUVRQ�ZKR
SHUIRUPV�EHVW����WR�WKH�QH[W�EHVW��DQG�VR�IRUWK�

��2UGLQDO�VFDOH�$�UDQN�RUGHU�VFDOH�RI�PHDVXUHPHQW



<RX�FDQ�VHH�WKDW�DQ�RUGLQDO�VFDOH�RI�PHDVXUHPHQW�DOORZV�\RX�WR�PDNH�RUGLQDO
MXGJPHQWV��WKDW�LV��LW�DOORZV�\RX�WR�GHWHUPLQH�ZKLFK�SHUVRQ�LV�KLJKHU�RU�ORZHU�WKDQ
DQRWKHU� SHUVRQ� RQ� D� YDULDEOH� RI� LQWHUHVW�� +RZHYHU�� LW� GRHV� QRW� JLYH� \RX� DQ\
LQGLFDWLRQ� DV� WR� KRZ� PXFK� KLJKHU� RQH� SHUVRQ� LV� WKDQ� DQRWKHU�� ,I� \RX� UDQNHG� ��
VWXGHQWV�LQ�WHUPV�RI�WKHLU�QHHG�IRU�UHPHGLDO�LQVWUXFWLRQ��DV�LOOXVWUDWHG�LQ�7DEOH�����
\RX�ZRXOG� NQRZ� WKDW� WKH� SHUVRQ� UHFHLYLQJ� D� UDQN� RI� �� LV� WKH� SHUVRQ�ZKR� QHHGV
UHPHGLDO�LQVWUXFWLRQ�WKH�PRVW��L�H���KH�RU�VKH�KDV�WKH�KLJKHVW�RU�JUHDWHVW�QHHG�EDVHG
RQ�\RXU�PHDVXUHPHQW���+RZHYHU��\RX�ZRXOG�QRW�NQRZ�KRZ�PXFK�PRUH�WKH�SHUVRQ
ZKR�ZDV�UDQNHG�ILUVW�QHHGHG�UHPHGLDO�LQVWUXFWLRQ�WKDQ�WKH�SHUVRQ�ZKR�ZDV�UDQNHG
VHFRQG�� 7KDW¶V� EHFDXVH� DQ� RUGLQDO� VFDOH� RI�PHDVXUHPHQW� VD\V� QRWKLQJ� DERXW�KRZ
PXFK�JUHDWHU�RQH�UDQNLQJ�LV�WKDQ�DQRWKHU��$OO�\RX�FDQ�GR�ZLWK�RUGLQDO�OHYHO�GDWD�LV
UDQN� LQGLYLGXDOV� RQ� VRPH� FKDUDFWHULVWLF� DFFRUGLQJ� WR� WKHLU� SRVLWLRQ� RQ� WKDW
FKDUDFWHULVWLF�

�7$%/(�������5DQNLQJ�RI�6WXGHQWV�RQ�1HHG�IRU�5HPHGLDO�,QVWUXFWLRQ

,QWHUYDO�6FDOH
7KH� WKLUG� OHYHO� RI� PHDVXUHPHQW�� WKH� LQWHUYDO� VFDOH�� LQFOXGHV� WKH� UDQN�RUGHU

IHDWXUH�RI�RUGLQDO�VFDOHV��DQG�LW�KDV�WKH�DGGLWLRQDO�FKDUDFWHULVWLF�RI�HTXDO�GLVWDQFHV�
RU� HTXDO� LQWHUYDOV�� EHWZHHQ� DGMDFHQW� QXPEHUV� RQ� WKH� VFDOH�� ,Q� RWKHU� ZRUGV�� WKH
GLIIHUHQFH�EHWZHHQ�DQ\�WZR�DGMDFHQW�QXPEHUV�RQ�WKH�VFDOH�LV�HTXDO�WR�WKH�GLIIHUHQFH
EHWZHHQ�DQ\�WZR�RWKHU�DGMDFHQW�QXPEHUV�

��,QWHUYDO�VFDOH�$�VFDOH�RI�PHDVXUHPHQW�WKDW�KDV�HTXDO�LQWHUYDOV�RI�GLVWDQFHV
EHWZHHQ�DGMDFHQW�QXPEHUV

7ZR�H[DPSOHV�RI�LQWHUYDO�VFDOHV�DUH�WKH�&HOVLXV�WHPSHUDWXUH�VFDOH��LOOXVWUDWHG
LQ� )LJXUH� ����� DQG� WKH� )DKUHQKHLW� WHPSHUDWXUH� VFDOH�� EHFDXVH� DOO� SRLQWV� RQ� WKHVH
VFDOHV�DUH�HTXDOO\�GLVWDQW�IURP�RQH�DQRWKHU��$�GLIIHUHQFH�LQ�WHPSHUDWXUH�EHWZHHQ��
DQG����GHJUHHV�)DKUHQKHLW�LV�WKH�VDPH�DV�WKH�GLIIHUHQFH�EHWZHHQ����DQG����GHJUHHV
)DKUHQKHLW��+RZHYHU��\RX�PXVW�UHPHPEHU�WKDW�WKH�]HUR�SRLQW�RQ�DQ�LQWHUYDO�VFDOH�LV
DUELWUDU\�� 7KH� ]HUR� SRLQW� RQ� WKH�&HOVLXV� VFDOH� UHIHUV� WR� WKH� SRLQW� DW�ZKLFK�ZDWHU
IUHH]HV�DW�VHD�OHYHO��QRW�D�FRPSOHWH�DEVHQFH�RI�KHDW��ZKLFK�LV�ZKDW�D�WUXH�]HUR�SRLQW
ZRXOG� GHVLJQDWH�� $FWXDOO\�� WKH� DEVHQFH� RI� KHDW� LV� DSSUR[LPDWHO\� ±���� GHJUHHV
&HOVLXV��QRW�WKH�]HUR�SRLQW�RQ�HLWKHU�D�&HOVLXV�RU�D�)DKUHQKHLW�WHPSHUDWXUH�VFDOH�

7KH�DEVHQFH�RI�DQ�DEVROXWH�]HUR�SRLQW� UHVWULFWV� WKH� W\SH�RI� LQIRUPDWLRQ� WKDW� LV



FRQYH\HG� E\� LQWHUYDO�OHYHO� PHDVXUHPHQWV�� 6SHFLILFDOO\�� \RX� FDQQRW� PDNH� ³UDWLR
VWDWHPHQWV�´�)RU�H[DPSOH��LW�VHHPV�ORJLFDO�WR�VD\�WKDW����GHJUHHV�&HOVLXV�LV�WZLFH
DV�ZDUP�DV����GHJUHHV�&HOVLXV�EHFDXVH�WKH�GLIIHUHQFH�EHWZHHQ���DQG����GHJUHHV�LV
WZLFH�DV�JUHDW�DV�WKH�GLIIHUHQFH�EHWZHHQ���DQG����GHJUHHV��RU������� ����+RZHYHU�
\RX�FDQQRW�PDNH�WKLV�UDWLR�VWDWHPHQW�EHFDXVH�LQWHUYDO�VFDOHV�GR�QRW�KDYH�DEVROXWH
]HUR�SRLQWV��7R�LOOXVWUDWH�WKLV�SRLQW�IXUWKHU��FRQVLGHU�WKH�WZR�WHPSHUDWXUHV����DQG���
GHJUHHV�)DKUHQKHLW��,I�UDWLR�VWDWHPHQWV�FRXOG�EH�PDGH�����GHJUHHV�)DKUHQKHLW�ZRXOG
EH�WZLFH�DV�ZDUP�DV����GHJUHHV�)DKUHQKHLW��,I�WKLV�UHODWLRQVKLS�ZHUH�WUXH��LW�ZRXOG
H[LVW�UHJDUGOHVV�RI�ZKHWKHU�ZH�ZHUH�WDONLQJ�DERXW�WHPSHUDWXUH�PHDVXUHG�DFFRUGLQJ
WR� WKH� )DKUHQKHLW� VFDOH� RU� WKH� &HOVLXV� VFDOH�� +RZHYHU�� ��� GHJUHHV� )DKUHQKHLW
FRQYHUWV�WR�DSSUR[LPDWHO\�����GHJUHHV�&HOVLXV��DQG����GHJUHHV�)DKUHQKHLW�FRQYHUWV
WR� DSSUR[LPDWHO\� ����� GHJUHHV� &HOVLXV�� 7KLV� SDUDGR[� RI� DQ� LQWHUYDO� VFDOH� LV� D
IXQFWLRQ�RI�WKH�DEVHQFH�RI�DQ�DEVROXWH�]HUR�SRLQW�

�),*85(�������$�&HOVLXV�WHPSHUDWXUH�VFDOH

2QFH� DQ� LQWHUYDO� OHYHO� RI� PHDVXUHPHQW� KDV� EHHQ� UHDFKHG�� LW� LV� SRVVLEOH� WR
HQJDJH� LQ� DULWKPHWLF� RSHUDWLRQV�� VXFK� DV� FRPSXWLQJ� DQ� DYHUDJH� DQG� JHWWLQJ� D
PHDQLQJIXO� UHVXOW�� 0DQ\� RI� WKH� VFRUHV� �H�J��� ,4�� SHUVRQDOLW\�� DWWLWXGH�� DSWLWXGH�
HGXFDWLRQDO� OHYHO�� UHDGLQJ� DFKLHYHPHQW�� WKDW� ZH� XVH� LQ� HGXFDWLRQDO� UHVHDUFK� DUH
WDNHQ� WR� EH� DW� WKH� LQWHUYDO� OHYHO� RI� PHDVXUHPHQW�� +RZHYHU�� IRU� PRVW� RI� WKH
FKDUDFWHULVWLFV�ZH�LQYHVWLJDWH��UHPHPEHU�WKDW�]HUR�GRHV�QRW�PHDQ�DQ�DEVHQFH�RI�WKDW
FKDUDFWHULVWLF�� $� VFLHQFH� DFKLHYHPHQW� VFRUH� RI� ]HUR�ZRXOG� QRW� QHFHVVDULO\�PHDQ
WKDW�D�SHUVRQ�KDG�D�FRPSOHWH�DEVHQFH�RI�VFLHQFH�NQRZOHGJH��MXVW�DV�DQ�,4�VFRUH�RI
]HUR�ZRXOG�QRW�QHFHVVDULO\�PHDQ�D�FRPSOHWH�DEVHQFH�RI�LQWHOOLJHQFH�

5DWLR�6FDOH
7KH� IRXUWK� OHYHO� RI� PHDVXUHPHQW�� WKH� UDWLR� VFDOH�� LV� WKH� KLJKHVW� OHYHO� RI

TXDQWLWDWLYH�PHDVXUHPHQW��7KH�UDWLR�VFDOH� LQFOXGHV�WKH�SURSHUWLHV�RI�RUGLQDO��UDQN
RUGHU��DQG�LQWHUYDO��HTXDO�GLVWDQFHV�EHWZHHQ�SRLQWV��VFDOHV��SOXV�LW�KDV�D�WUXH�]HUR
SRLQW��7KH�QXPEHU�]HUR�UHSUHVHQWV�DQ�DEVHQFH�RI�WKH�FKDUDFWHULVWLF�EHLQJ�PHDVXUHG�
2Q�WKH�.HOYLQ�WHPSHUDWXUH�VFDOH��]HUR�UHIHUV�WR�WKH�FRPSOHWH�DEVHQFH�RI�KHDW��DQG
\RX� WKRXJKW�]HUR�GHJUHHV�)DKUHQKHLW�ZDV�FROG����0RVW�SK\VLFDO�PHDVXUHPHQWV�DUH
GRQH� DW� WKH� UDWLR� OHYHO� �H�J��� KHLJKW�� ZHLJKW�� DJH�� GLVWDQFH�� DUHD��� 6RPHWKLQJ
ZHLJKLQJ�]HUR�SRXQGV�PHDQV�WKDW�LW�LV�ZHLJKWOHVV���,I�\RXU�ZHLJKW�LV�]HUR��\RX�DUH�LQ
ELJ� WURXEOH���6LPLODUO\�� LI�\RXU�DQQXDO� LQFRPH�ZDV�]HUR�GROODUV� ODVW�\HDU��\RX�GLG
QRW� HDUQ� DQ\� PRQH\� DW� DOO�� %HFDXVH� WKH� UDWLR� VFDOH� RI� PHDVXUHPHQW� KDV� WKH
FKDUDFWHULVWLFV�RI�UDQN�RUGHU��HTXDO�LQWHUYDOV��DQG�D�WUXH�RU�DEVROXWH�]HUR�SRLQW��DOO
PDWKHPDWLFDO�RSHUDWLRQV�FDQ�PHDQLQJIXOO\�EH�SHUIRUPHG�



��5DWLR�VFDOH�$�VFDOH�RI�PHDVXUHPHQW�WKDW�KDV�D�WUXH�]HUR�SRLQW

,Q�HGXFDWLRQ��UDWLR�OHYHO�PHDVXUHPHQW�LV�RFFDVLRQDOO\�XVHG��)RU�H[DPSOH��LI�\RX
DUH�LQWHUHVWHG�LQ�WKH�QXPEHU�RI�WHVW�LWHPV�D�VWXGHQW�JRW�FRUUHFW�RU�WKH�DPRXQW�RI�WLPH
WDNHQ�WR�FRPSOHWH�DQ�DVVLJQPHQW��\RX�KDYH�UDWLR�OHYHO�PHDVXUHPHQW��+RZHYHU��PRVW
RI� WKH� FKDUDFWHULVWLFV� WKDW�ZH�PHDVXUH� LQ� HGXFDWLRQ� DUH� QRW� DW� WKLV� OHYHO� EHFDXVH
HGXFDWLRQDO� UHVHDUFKHUV� IUHTXHQWO\� GHDO� ZLWK� DWWULEXWHV� VXFK� DV� HGXFDWLRQDO
DWWDLQPHQW�� OHDUQLQJ� GLVRUGHUV�� SHUVRQDOLW\�� DWWLWXGHV�� RSLQLRQV�� DQG� OHDUQLQJ
VWUDWHJLHV��6XFK�DWWULEXWHV�DQG�FKDUDFWHULVWLFV�GR�QRW�KDYH�DOO�WKH�FKDUDFWHULVWLFV�RI�D
UDWLR�VFDOH�RI�PHDVXUHPHQW��7KHUHIRUH��UDWLR�OHYHO�PHDVXUHPHQW��GHVLUDEOH�DV�LW�LV�
LV�QRW�WKH�OHYHO�RI�PHDVXUHPHQW�WKDW�LV�XVHG�LQ�PRVW�HGXFDWLRQDO�UHVHDUFK�VWXGLHV�
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�������:KDW�DUH�WKH�IRXU�GLIIHUHQW�OHYHOV�RU�VFDOHV�RI
PHDVXUHPHQW��DQG�ZKDW�DUH�WKH�HVVHQWLDO
FKDUDFWHULVWLFV�RI�HDFK�RQH"

$668037,216�81'(5/<,1*�7(67,1*�$1'�$66(660(17
$V� WKH\� FRQGXFW� WKHLU� UHVHDUFK� VWXGLHV�� HGXFDWLRQDO� UHVHDUFKHUV� DWWHPSW� WR� REWDLQ
PHDVXUHV� RI� FKDUDFWHULVWLFV� WKDW� DUH� RIWHQ� FRQVLGHUHG� VXEMHFWLYH� DQG� GLIILFXOW� WR
DVVHVV�� VXFK� DV� SHUVRQDOLW\� RU� WHDFKHU� PRUDOH�� 0HDVXULQJ� WKHVH� FKDUDFWHULVWLFV
LQYROYHV� ERWK� WHVWLQJ� DQG� DVVHVVPHQW�� 7KH� GLVWLQFWLRQ� EHWZHHQ� WHVWLQJ� DQG
DVVHVVPHQW� LV� RIWHQ� VRPHZKDW� DPELJXRXV� DQG� KDV� EHHQ� VORZ� LQ� GHYHORSLQJ� DQG
EHFRPLQJ�LQWHJUDWHG�LQWR�HYHU\GD\�SDUODQFH��+RZHYHU��WKHUH�LV�D�GLIIHUHQFH�LQ�VSLWH
RI�WKLV�RYHUODS��DQG�WKLV�GLIIHUHQFH�QHHGV�WR�EH�PDGH�FOHDU��)RU�RXU�SXUSRVHV��ZH
IROORZ�WKH�OHDG�RI�5��-��&RKHQ��6ZHUGOLN��DQG�3KLOOLSV��������DQG�GHILQH�WHVWLQJ�DV
³WKH� SURFHVV� RI� PHDVXULQJ«´� YDULDEOHV� E\� PHDQV� RI� GHYLFHV� RU� SURFHGXUHV
GHVLJQHG� WR� REWDLQ� D� VDPSOH� RI� EHKDYLRUµ� DQG� DVVHVVPHQW� DV� ³WKH� JDWKHULQJ� DQG
LQWHJUDWLRQ� RI«´� GDWD� IRU� WKH� SXUSRVH� RI�PDNLQJ� �� �� �� DQ� HGXFDWLRQDO� HYDOXDWLRQ�
DFFRPSOLVKHG� WKURXJK� WKH� XVH� RI� WRROV� VXFK� DV� WHVWV�� LQWHUYLHZV�� FDVH� VWXGLHV�
EHKDYLRUDO� REVHUYDWLRQ�� DQG� VSHFLDOO\� GHVLJQHG� DSSDUDWXV� DQG� PHDVXUHPHQW
SURFHGXUHVµ��S�����

��7HVWLQJ�0HDVXUHPHQW�RI�YDULDEOHV

��$VVHVVPHQW�*DWKHULQJ�DQG�LQWHJUDWLQJ�GDWD�WR�PDNH�HGXFDWLRQDO�HYDOXDWLRQV

:KHQ�DVVHVVLQJ�FKDUDFWHULVWLFV�RI�LQWHUHVW��HGXFDWLRQDO�UHVHDUFKHUV�XVH�D�YDULHW\
RI� WRROV� UDQJLQJ� IURP� HGXFDWLRQDO� DQG� SV\FKRORJLFDO� WHVWV� WR� LQWHUYLHZV� DQG
EHKDYLRUDO� REVHUYDWLRQV�� (GXFDWLRQDO� UHVHDUFKHUV� DQG� SV\FKRPHWULFLDQV� �L�H��
SURIHVVLRQDOV�ZKR�VSHFLDOL]H�LQ�WHVW�GHYHORSPHQW��PLJKW�GHYLVH�D�QHZ�DVVHVVPHQW
WRRO�� XVH� DQ� H[LVWLQJ� WRRO�� RU� DGDSW� DQ� H[LVWLQJ� WRRO� SUHYLRXVO\�XVHG� WR�PHDVXUH� D



FKDUDFWHULVWLF�� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW� YLUWXDOO\� DOO� PHDVXUHPHQW� SURFHGXUHV
LQYROYH� VRPH� DPRXQW� RI� HUURU��(UURU� LV� WKH� GLIIHUHQFH� EHWZHHQ� WUXH� VFRUHV� DQG
REVHUYHG� �L�H���PHDVXUHG�� VFRUHV�� ,W� LV� WKH� MRE� RI� WKH� SV\FKRPHWULFLDQ�� RU� DQ\RQH
HOVH�GHYHORSLQJ�D�WHVW��WR�GHYLVH�LQVWUXPHQWV�WKDW�KDYH�VPDOO�DPRXQWV�RI�HUURU�ZKHQ
XVHG�LQ�UHVHDUFK�DQG�RU�DVVHVVPHQW�

��(UURU�7KH�GLIIHUHQFH�EHWZHHQ�WUXH�VFRUHV�DQG�REVHUYHG�VFRUHV

�7$%/(�������$VVXPSWLRQV�0DGH�E\�3URIHVVLRQDO�7HVW�'HYHORSHUV�DQG�8VHUV

����3V\FKRORJLFDO�WUDLWV�DQG�VWDWHV�H[LVW�

����7UDLWV�DQG�VWDWHV�FDQ�EH�TXDQWLILHG�DQG�PHDVXUHG�

����$�PDMRU�GHFLVLRQ�DERXW�DQ�LQGLYLGXDO�VKRXOG�QRW�EH�PDGH�RQ�WKH�EDVLV�RI�D�VLQJOH�WHVW�VFRUH�EXW��UDWKHU��IURP
D�YDULHW\�RI�GLIIHUHQW�GDWD�VRXUFHV�

����9DULRXV�VRXUFHV�RI�HUURU�DUH�DOZD\V�SUHVHQW�LQ�WHVWLQJ�DQG�DVVHVVPHQW�

����7HVW�UHODWHG�DWWLWXGHV�DQG�EHKDYLRU�FDQ�EH�XVHG�WR�SUHGLFW�QRQ�WHVW�UHODWHG�DWWLWXGHV�DQG�EHKDYLRU�

����:LWK�PXFK�ZRUN�DQG�FRQWLQXDO�XSGDWLQJ��IDLU�DQG�XQELDVHG�WHVWV�FDQ�EH�GHYHORSHG�

����6WDQGDUGL]HG�WHVWLQJ�DQG�DVVHVVPHQW�FDQ�EHQHILW�VRFLHW\�LI�WKH�WHVWV�DUH�GHYHORSHG�E\�H[SHUW
SV\FKRPHWULFLDQV�DQG�DUH�SURSHUO\�DGPLQLVWHUHG�DQG�LQWHUSUHWHG�E\�WUDLQHG�SURIHVVLRQDOV�

,Q� 7DEOH� ����� ZH� OLVW� VHYHQ� DVVXPSWLRQV� WKDW� DUH� FRPPRQO\� PDGH� E\
SV\FKRPHWULFLDQV� DQG� HGXFDWLRQDO� UHVHDUFKHUV�ZKR�GHYHORS� DQG� XVH� VWDQGDUGL]HG
WHVWV��5��-��&RKHQ�HW�DO����������%HIRUH�ORRNLQJ�DW�WKH�WDEOH��\RX�QHHG�WR�NQRZ�WKH
GLIIHUHQFH� EHWZHHQ� WUDLWV� DQG� VWDWHV�� 7UDLWV� DUH� ³DQ\� GLVWLQJXLVKDEOH�� UHODWLYHO\
HQGXULQJ�ZD\�LQ�ZKLFK�RQH�LQGLYLGXDO�YDULHV�IURP�DQRWKHU´��*XLOIRUG��������S�����
VWDWHV� DUH� GLVWLQJXLVKDEOH� ZD\V� LQ� ZKLFK� LQGLYLGXDOV� YDU\�� EXW� WKH\� GLIIHU� IURP
WUDLWV�LQ�WKDW�WKH\�DUH�OHVV�HQGXULQJ��&KDSOLQ��-RKQ��	�*ROGEHUJ��������RU�DUH�PRUH
WUDQVLHQW�FKDUDFWHULVWLFV��)RU�H[DPSOH��WUDLW�DQ[LHW\�UHIHUV�WR�DQ�HQGXULQJ�RU�FRQVWDQW
OHYHO� RI� DQ[LHW\� WKDW� SHUVLVWV� ERWK� RYHU� WLPH� DQG� DFURVV� VLWXDWLRQV�� VWDWH� DQ[LHW\
UHIHUV� WR� D� PRUH� WHPSRUDU\� DQ[LHW\� FRQGLWLRQ�� VXFK� DV� PLJKW� H[LVW� LI� \RX� ZHUH
ZDONLQJ� LQ� WKH� ZRRGV� DQG� VDZ� D� EHDU� RQ� WKH� SDWK� LQ� IURQW� RI� \RX�� 1RZ� SOHDVH
H[DPLQH�7DEOH�����

��7UDLWV�'LVWLQJXLVKDEOH��UHODWLYHO\�HQGXULQJ�ZD\V�LQ�ZKLFK�RQH�LQGLYLGXDO
GLIIHUV�IURP�DQRWKHU

��6WDWHV�'LVWLQJXLVKDEOH�EXW�OHVV�HQGXULQJ�ZD\V�LQ�ZKLFK�LQGLYLGXDOV�YDU\

5(9,(:
48(67 ,21

�������:KDW�DUH�WKH�VHYHQ�DVVXPSWLRQV�XQGHUO\LQJ
WHVWLQJ�DQG�PHDVXUHPHQW"



,'(17,)<,1*�$�*22'�7(67�25�$66(660(17�352&('85(
:KHQ� SODQQLQJ� WR� FRQGXFW� D� UHVHDUFK� VWXG\�� LW� LV� LPSRUWDQW� WR� VHOHFW� PHDVXULQJ
LQVWUXPHQWV� WKDW�ZLOO�SURYLGH� WKH�EHVW�DQG�PRVW�DFFXUDWH�PHDVXUH�RI� WKH�YDULDEOHV
\RX� LQWHQG� WR� LQYHVWLJDWH�� ,I� \RX� ZHUH� LQYHVWLJDWLQJ� WKH� XVHIXOQHVV� RI� D� UHDGLQJ
SURJUDP� IRU� WHDFKLQJ� UHDGLQJ� WR� FKLOGUHQ�ZLWK� G\VOH[LD�� \RX�ZRXOG� QHHG� D� JRRG
DVVHVVPHQW�RI�G\VOH[LD�WR�HQVXUH�WKDW�WKH�FKLOGUHQ�ZKR�DUH�LQFOXGHG�LQ�WKH�VWXG\�DUH
WUXO\�G\VOH[LF��<RX�DOVR�ZRXOG�QHHG� D�JRRG�PHDVXUH�RI� UHDGLQJ� WR�GRFXPHQW� DQ\
FKDQJH� LQ� UHDGLQJ�DFKLHYHPHQW�RI� WKH�FKLOGUHQ�ZLWK�G\VOH[LD�DV�D� UHVXOW�RI�KDYLQJ
SDUWLFLSDWHG� LQ� WKH� UHDGLQJ� SURJUDP�� :KHQ� VHOHFWLQJ� DQG� XVLQJ� D� PHDVXUHPHQW
LQVWUXPHQW� �H�J��� D� WHVW��� \RX� PXVW� DOZD\V� FRQVLGHU� WKH� LVVXHV� RI� UHOLDELOLW\� DQG
YDOLGLW\�

2YHUYLHZ�RI�5HOLDELOLW\�DQG�9DOLGLW\
5HOLDELOLW\�DQG�YDOLGLW\�DUH�WKH�WZR�PRVW�LPSRUWDQW�SV\FKRPHWULF�SURSHUWLHV�WR

FRQVLGHU� LQ� XVLQJ� D� WHVW� RU� DVVHVVPHQW� SURFHGXUH�� 5HOLDELOLW\� UHIHUV� WR� WKH
FRQVLVWHQF\�RU�VWDELOLW\�RI�WKH�WHVW�VFRUHV��DQG�YDOLGLW\�UHIHUV�WR�WKH�DFFXUDF\�RI�WKH
LQIHUHQFHV�RU�LQWHUSUHWDWLRQV�\RX�PDNH�IURP�WKH�WHVW�VFRUHV��)RU�H[DPSOH��OHW¶V�VD\
WKDW�\RX�MXVW�JRW�KRPH�IURP�\RXU� ORFDO�GHSDUWPHQW�VWRUH��ZKHUH�\RX�ERXJKW�D�QHZ
VFDOH� IRU� ZHLJKLQJ� \RXUVHOI�� ,W� KDV� DQ� /&'� UHDGRXW� WKDW� GLVSOD\V� D� QXPEHU� WKDW
LQGLFDWHV�SRXQGV��$VVXPH�WKDW�\RX�ZHLJK�����SRXQGV��<RX�VWHS�RQ�\RXU�QHZ�VFDOH�
DQG�WKH�UHDGRXW�VD\V�����SRXQGV��<RX�WKLQN�WKLV�VHHPV�D�OLWWOH�KLJK��VR�\RX�ZHLJK
\RXUVHOI�DJDLQ��DQG�WKLV�WLPH�WKH�UHDGRXW�VD\V������<RX�WKLQN��³:RZ��:KDW¶V�JRLQJ
RQ�KHUH"´�<RX�ZHLJK�\RXUVHOI�DJDLQ��DQG�WKLV�WLPH�WKH�UHDGRXW�VD\V������:KDW�LV�WKH
SUREOHP�ZLWK�WKLV�VFDOH"�7KH�SUREOHP�LV�WKDW�WKH�VFRUHV�DUH�QRW�FRQVLVWHQW��7KH\�DUH
WKHUHIRUH�QRW�UHOLDEOH��%HFDXVH�WKH�VFRUHV�DUH�QRW�UHOLDEOH��WKH�LVVXH�RI�YDOLGLW\�LV
LUUHOHYDQW��DQG�\RX�QHHG�WR�UHWXUQ�\RXU�QHZ�VFDOH�WR�WKH�VWRUH�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

1RZ� DVVXPH� WKDW� \RX� KDYH� D� GLIIHUHQW� NLQG� RI� SUREOHP�ZLWK� \RXU� QHZ� /&'
VFDOH��$JDLQ�DVVXPH�WKDW�\RX�ZHLJK�����SRXQGV��<RX�VWHS�RQ�WKH�VFDOH�IRU�WKH�ILUVW
WLPH��DQG�WKH�UHDGRXW�VD\V������<RX�NQRZ�WKDW¶V�KLJK��VR�\RX�ZHLJK�\RXUVHOI�DJDLQ�
DQG�WKH�UHDGRXW�VD\V������<RX�ZHLJK�\RXUVHOI�ILYH�PRUH�WLPHV��DQG�WKH�UHDGRXWV�DUH
����� ����� ����� ����� DQG� ����� 7KLV� WLPH� \RXU� VFDOH� LV� UHOLDEOH� EHFDXVH� \RX� JHW
DSSUR[LPDWHO\�WKH�VDPH�VFRUH�HDFK�WLPH��:KDW�LV�WKH�SUREOHP�ZLWK�\RXU�QHZ�VFDOH
LQ�WKLV�FDVH"�7KH�SUREOHP�LV�WKDW�WKHUH�LV�D�V\VWHPDWLF�HUURU�WKDW�RFFXUV�HYHU\�WLPH
\RX�XVH�LW��7KH�VFDOH�LV�V\VWHPDWLFDOO\�KLJK�E\�DERXW����SRXQGV��VR�LI�\RX�XVH�LW�WR
LQIHU�\RXU�ZHLJKW��\RX�ZLOO�EH�V\VWHPDWLFDOO\�ZURQJ�� ,Q� WKLV�H[DPSOH�� WKH�ZHLJKWV
ZHUH� UHOLDEOH��EXW�\RXU� LQIHUHQFHV�DERXW�\RXU�ZHLJKW�ZHUH�QRW�YDOLG� EHFDXVH� WKH
VFDOH�JDYH�\RX� WKH�ZURQJ�ZHLJKW�� -XVW�DV� LQ� WKH�FDVH�RI�XQUHOLDELOLW\��\RX�QHHG� WR
UHWXUQ�\RXU�QHZ�VFDOH�WR�WKH�VWRUH�



��6\VWHPDWLF�HUURU�$Q�HUURU�WKDW�LV�SUHVHQW�HYHU\�WLPH�DQ�LQVWUXPHQW�LV�XVHG

,Q�WKLV�WKLUG�FDVH��\RXU�QHZ�VFDOH�LV�JRLQJ�WR�ZRUN�DV�SURPLVHG��$JDLQ�DVVXPH
WKDW�\RX�ZHLJK�����SRXQGV��<RX�VWHS�RQ� WKH�VFDOH��DQG� WKH�UHDGRXW�VD\V������<RX
ZHLJK�\RXUVHOI�ILYH�PRUH�WLPHV��DQG�WKH�UHDGRXWV�DUH���������������������DQG�����
,Q� WKLV� FDVH�� WKH� VFRUHV� DUH� UHOLDEOH� �WKH� VFRUHV� DUH� FRQVLVWHQW��� DQG�\RX� DUH� DOVR
DEOH�WR�PDNH�D�YDOLG�LQIHUHQFH�DERXW�\RXU�ZHLJKW��,Q�WKLV�FDVH��WKH�VFRUHV�DUH�ERWK
UHOLDEOH�DQG�YDOLG��<RX�FDQ�NHHS�\RXU�QHZ�VFDOH�EHFDXVH�LW�ZRUNV�SURSHUO\��,I�\RX
WKLQN� DERXW� LW�� \RX� ZLOO� VHH� WKDW� UHOLDELOLW\� LV� D� QHFHVVDU\� EXW� QRW� VXIILFLHQW
FRQGLWLRQ�IRU�YDOLGLW\��ZKLFK�VLPSO\�PHDQV�WKDW�LI�\RX�ZDQW�YDOLGLW\��\RX�PXVW�KDYH
UHOLDELOLW\� �1XQQDOO\� 	� %HUQVWHLQ�� ������� 2Q� WKH� RWKHU� KDQG�� UHOLDELOLW\� LV� QR
JXDUDQWHH� RI� YDOLGLW\�� :KHQ� MXGJLQJ� WKH� SHUIRUPDQFH� RI� D� WHVW� DQG� \RXU
LQWHUSUHWDWLRQV� EDVHG� RQ� WKDW� WHVW�� UHPHPEHU� WKDW� UHOLDELOLW\� DQG� YDOLGLW\� DUH� ERWK
LPSRUWDQW�SURSHUWLHV��<RX�QHHG�ERWK��.HHS�WKLV�SRLQW�LQ�PLQG�DV�\RX�UHDG�DERXW�KRZ
WR�REWDLQ�HYLGHQFH�RI�UHOLDELOLW\�DQG�YDOLGLW\�IRU�WHVWLQJ�DQG�RWKHU�PHDVXUHPHQWV�
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�������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�UHOLDELOLW\�DQG
YDOLGLW\"�:KLFK�LV�PRUH�LPSRUWDQW"

5HOLDELOLW\
,Q�SV\FKRORJLFDO�DQG�HGXFDWLRQDO�WHVWLQJ��UHOLDELOLW\�UHIHUV�WR�WKH�FRQVLVWHQF\�RU

VWDELOLW\�RI�D�VHW�RI�WHVW�VFRUHV��,I�D�WHVW�RU�DVVHVVPHQW�SURFHGXUH�SURYLGHV�UHOLDEOH
VFRUHV�� WKH� VFRUHV�ZLOO� EH� VLPLODU� RQ� HYHU\� RFFDVLRQ�� )RU� H[DPSOH�� LI� WKH� VFRUHV
IURP�D�WHVW�RI�LQWHOOLJHQFH�DUH�UHOLDEOH��WKH�VDPH��RU�MXVW�DERXW�WKH�VDPH��,4�VFRUHV
ZLOO�EH�REWDLQHG�HYHU\�WLPH�WKH�WHVW�LV�DGPLQLVWHUHG�WR�D�SDUWLFXODU�JURXS�RI�SHRSOH�

��5HOLDELOLW\�7KH�FRQVLVWHQF\�RU�VWDELOLW\�RI�WHVW�VFRUHV

7KH�UHOLDELOLW\�RI�VFRUHV�IURP�D�PHDVXUH�PXVW�EH�GHWHUPLQHG�HPSLULFDOO\��<RX
FDQ�VHH�D�VXPPDU\�RI�WKH�GLIIHUHQW�ZD\V�RI�DVVHVVLQJ�UHOLDELOLW\�LQ�7DEOH������(DFK
ZD\�SURYLGHV�D�VOLJKWO\�GLIIHUHQW�LQGH[�RI�UHOLDELOLW\��5HVHDUFKHUV�VKRXOG�VHOHFW�WKH
PHWKRG� WKDW� SURYLGHV� WKH� NLQG� RI� LQIRUPDWLRQ� WKH\� QHHG�� RIWHQ�� VHYHUDO� ZD\V� RI
FRPSXWLQJ�UHOLDELOLW\�DUH�XVHG�WR�GHPRQVWUDWH�WKH�GLIIHUHQW�ZD\V�LQ�ZKLFK�WKH�VFRUHV
DUH� UHOLDEOH� WR� SURYLGH� FRUURERUDWLQJ� HYLGHQFH� RI� UHOLDELOLW\�� )RU� H[DPSOH�� WHVW�
UHWHVW� DQG� LQWHUQDO� FRQVLVWHQF\� UHOLDELOLW\� DUH� XVXDOO\� UHSRUWHG� LQ� KLJK�TXDOLW\
MRXUQDO�DUWLFOHV�

�7$%/(�������6XPPDU\�RI�0HWKRGV�IRU�&RPSXWLQJ�5HOLDELOLW\



5HOLDELOLW\�LV�RIWHQ�FDOFXODWHG�E\�XVLQJ�VRPH�W\SH�RI�FRUUHODWLRQ�FRHIILFLHQW��,I
\RX�DUH�D�OLWWOH�UXVW\�RQ�WKH�FRQFHSW�RI�FRUUHODWLRQ��\RX�QHHG�WR�WDNH�D�PRPHQW�ULJKW
QRZ�DQG�UHUHDG�WKH�SDJHV�LQ�&KDSWHU���RQ�FRUUHODWLRQ�FRHIILFLHQWV��L�H���VHH�SS����±
�����:KHQ�ZH�FDOFXODWH�D�FRUUHODWLRQ�FRHIILFLHQW�DV�RXU�PHDVXUH�RI�UHOLDELOLW\��ZH
FDOO� LW� D� UHOLDELOLW\� FRHIILFLHQW�� $� UHOLDELOLW\� FRHIILFLHQW� RI� ]HUR� VWDQGV� IRU� QR
UHOLDELOLW\�DW�DOO���,I�\RX�JHW�D�QHJDWLYH�FRUUHODWLRQ��WUHDW�LW�DV�PHDQLQJ�QR�UHOLDELOLW\
DQG� WKDW� \RXU� WHVW� LV� IDXOW\��� $� UHOLDELOLW\� FRHIILFLHQW� RI� ������ VWDQGV� IRU� SHUIHFW
UHOLDELOLW\��5HVHDUFKHUV�ZDQW�UHOLDELOLW\�FRHIILFLHQWV�WR�EH�VWURQJ�DQG�SRVLWLYH��L�H��
DV� FORVH� WR� ������ DV� SRVVLEOH�� EHFDXVH� WKLV� LQGLFDWHV� KLJK� UHOLDELOLW\�� 1RZ� OHW¶V
ORRN�DW�WKH�GLIIHUHQW�W\SHV�RI�UHOLDELOLW\�

��5HOLDELOLW\�FRHIILFLHQW�$�FRUUHODWLRQ�FRHIILFLHQW�WKDW�LV�XVHG�DV�DQ�LQGH[�RI
UHOLDELOLW\
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�������:KDW�DUH�WKH�GHILQLWLRQV�RI�UHOLDELOLW\�DQG
UHOLDELOLW\�FRHIILFLHQW"

7HVW�5HWHVW�5HOLDELOLW\

7HVW�UHWHVW�UHOLDELOLW\�UHIHUV�WR�WKH�FRQVLVWHQF\�RU�VWDELOLW\�RI�WHVW�VFRUHV�RYHU
WLPH�� )RU� H[DPSOH�� LI� \RX� ZHUH� WR� DVVHVV� WKH� UHOLDELOLW\� RI� WKH� VFRUHV� IURP� DQ
LQWHOOLJHQFH�WHVW�XVLQJ�WKH�WHVW�UHWHVW�PHWKRG��\RX�ZRXOG�JLYH�WKH�WHVW�WR�D�JURXS�RI�
VD\������LQGLYLGXDOV�RQ�RQH�RFFDVLRQ��ZDLW�D�SHULRG�RI�WLPH��DQG�WKHQ�JLYH�WKH�VDPH
LQWHOOLJHQFH� WHVW� WR� WKH�VDPH����� LQGLYLGXDOV�DJDLQ��7KHQ�\RX�ZRXOG�FRUUHODWH� WKH
VFRUHV�RQ�WKH�ILUVW�WHVWLQJ�RFFDVLRQ�ZLWK�WKH�VFRUHV�RQ�WKH�VHFRQG�WHVWLQJ�RFFDVLRQ��,I
WKH�LQGLYLGXDOV�ZKR�UHFHLYHG�KLJK�,4�VFRUHV�RQ�WKH�ILUVW�WHVWLQJ�RFFDVLRQ�UHFHLYHG
KLJK� ,4� VFRUHV� RQ� WKH� VHFRQG� WHVWLQJ� RFFDVLRQ� DQG� WKH� LQGLYLGXDOV�ZKR� UHFHLYHG
ORZ� ,4� VFRUHV� RQ� WKH� ILUVW� WHVWLQJ� RFFDVLRQ� DOVR� UHFHLYHG� ORZ� ,4� VFRUHV� RQ� WKH
VHFRQG� WHVWLQJ� RFFDVLRQ�� WKH� FRUUHODWLRQ� EHWZHHQ� WKH� VFRUHV� RQ� WKH� WZR� WHVWLQJ
RFFDVLRQV� ZRXOG� EH� KLJK�� LQGLFDWLQJ� WKDW� WKH� WHVW� VFRUHV� ZHUH� UHOLDEOH�� ,I� WKHVH
LQGLYLGXDOV� UHFHLYHG� YHU\� GLIIHUHQW� VFRUHV� RQ� WKH� WZR� WHVWLQJ� RFFDVLRQV�� WKH
FRUUHODWLRQ�EHWZHHQ� WKH� WZR� VHWV� RI� VFRUHV�ZRXOG�EH� ORZ�� LQGLFDWLQJ� WKDW� WKH� WHVW
VFRUHV�ZHUH�XQUHOLDEOH�



��7HVW�UHWHVW�UHOLDELOLW\�$�PHDVXUH�RI�WKH�FRQVLVWHQF\�RI�VFRUHV�RYHU�WLPH

7DEOH�����VKRZV�WZR�VHWV�RI�VFRUHV��RQH�VHW�WKDW�LV�UHOLDEOH�DQG�DQRWKHU�VHW�WKDW
LV�XQUHOLDEOH��)RU�WKH�UHOLDEOH�LQWHOOLJHQFH�WHVW��WKH�VFRUHV�IURP�WKH�ILUVW�DQG�VHFRQG
WHVWLQJ�SHULRG�DUH�DERXW�WKH�VDPH��ZKLFK�PHDQV�WKDW�WKH�WHVW�LV�SURYLGLQJ�DERXW�WKH
VDPH�PHDVXUH�RI�LQWHOOLJHQFH�RQ�ERWK�WHVWLQJ�RFFDVLRQV��7KH�DFWXDO�FRUUHODWLRQ��L�H��
WKH�UHOLDELOLW\�FRHIILFLHQW��LV�HTXDO�WR������VXJJHVWLQJ�WKDW�WKH�WHVW�UHWHVW�UHOLDELOLW\�LV
TXLWH�KLJK��)RU�WKH�XQUHOLDEOH�LQWHOOLJHQFH�WHVW��WKH�VFRUHV�DQG�WKH�UDQN�RUGHU�RI�WKH
VFRUHV�IURP�WKH�ILUVW�DQG�VHFRQG�WHVWLQJ�SHULRGV�DUH�TXLWH�GLIIHUHQW��7KH�FRUUHODWLRQ
�L�H��� WKH� UHOLDELOLW\� FRHIILFLHQW�� LQ� WKLV� FDVH� LV� �����ZKLFK� LV� H[WUHPHO\� ORZ� IRU� D
UHOLDELOLW\�FRHIILFLHQW��,Q�WKH�ILUVW�FDVH��WKH�VFRUHV�ZHUH�FRQVLVWHQW�RYHU�WLPH��LQ�WKH
VHFRQG�FDVH��WKH�VFRUHV�ZHUH�QRW�FRQVLVWHQW��7KH�DVVHVVPHQW�RI�LQWHOOLJHQFH�ZRXOG
EH�YHU\�GLIIHUHQW�LQ�WKHVH�WZR�FDVHV�

2QH�RI�WKH�SUREOHPV�ZLWK�DVVHVVLQJ�WHVW�UHWHVW�UHOLDELOLW\�LV�NQRZLQJ�KRZ�PXFK
WLPH� VKRXOG� HODSVH� EHWZHHQ� WKH� WZR� WHVWLQJ� RFFDVLRQV�� ,I� WKH� WLPH� LQWHUYDO� LV� WRR
VKRUW��WKH�VFRUHV�REWDLQHG�IURP�WKH�VHFRQG�WHVWLQJ�RFFDVLRQ�PLJKW�EH�VLPLODU�WR�WKH
ILUVW�VFRUHV�SDUWLDOO\�EHFDXVH�LQGLYLGXDOV�UHPHPEHU�KRZ�WKH\�UHVSRQGHG�ZKHQ�WKH\
WRRN� WKH� WHVW� WKH� ILUVW� WLPH�� ,Q� WKLV� FDVH�� WKH� UHOLDELOLW\� RI� WKH� WHVW� LV� DUWLILFLDOO\
LQIODWHG�� 2Q� WKH� RWKHU� KDQG�� LI� WKH� WLPH� LQWHUYDO� LV� WRR� ORQJ�� WKH� UHVSRQVH� WR� WKH
VHFRQG� WHVW� PLJKW� EH� GXH� WR� FKDQJHV� LQ� WKH� LQGLYLGXDOV�� $V� WLPH� SDVVHV�� SHRSOH
FKDQJH��7KH\�PLJKW��IRU�H[DPSOH�� OHDUQ�QHZ�WKLQJV��IRUJHW�VRPH�WKLQJV��RU�DFTXLUH
QHZ� VNLOOV�� 8QIRUWXQDWHO\�� WKHUH� GRHV� QRW� VHHP� WR� EH� DQ� LGHDO� WLPH� LQWHUYDO� WKDW
ZRUNV� LQ� DOO� FDVHV�� 7KH� EHVW� WLPH� LQWHUYDO� WR� XVH� GHSHQGV� RQ� WKH� NLQG� RI� WHVW
LQYROYHG�� WKH� SDUWLFLSDQWV� WDNLQJ� WKH� WHVW�� DQG� WKH� VSHFLILF� FLUFXPVWDQFHV
VXUURXQGLQJ�WKH�WHVW�WKDW�PD\�DIIHFW�SDUWLFLSDQWV¶�SHUIRUPDQFH��,W�LV�VDIH�WR�VD\�WKDW
OHVV� WKDQ� D�ZHHN� LV�XVXDOO\� WRR� VKRUW� DQ� LQWHUYDO� IRU�PRVW� WHVWV��*HQHUDOO\�� DV� WKH
OHQJWK�RI�WLPH�LQFUHDVHV��WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VFRUHV�REWDLQHG�RQ�HDFK�WHVWLQJ
GHFUHDVHV��%HFDXVH�WKH�WLPH�LQWHUYDO�FDQ�KDYH�DQ�HIIHFW�RQ�WHVW�UHWHVW�UHOLDELOLW\��WKLV
LQIRUPDWLRQ� VKRXOG� DOZD\V� EH� SURYLGHG� LQ� DGGLWLRQ� WR� WKH� UHOLDELOLW\� FRHIILFLHQW
ZKHQ�UHSRUWLQJ�UHVXOWV�

�7$%/(�������,OOXVWUDWLRQ�RI�5HOLDEOH�DQG�8QUHOLDEOH�,QWHOOLJHQFH�7HVWV�8VLQJ�WKH
7HVW�5HWHVW�5HOLDELOLW\�3URFHGXUH



(TXLYDOHQW�)RUPV�5HOLDELOLW\
+DYH�\RX�HYHU�WDNHQ�DQ�H[DP�LQ�ZKLFK�VRPH�SHRSOH�JRW�RQH�IRUP�RI�WKH�WHVW�DQG

RWKHU�SHRSOH�JRW�D�GLIIHUHQW�IRUP�RI�WKH�WHVW"�,I�VR��\RX�KDYH�H[SHULHQFHG�WKH�XVH�RI
DOWHUQDWLYH�IRUPV��,Q�FRQVWUXFWLQJ�DOWHUQDWLYH�IRUPV��WKH�WHVWHU�DWWHPSWV�WR�PDNH�WKHP
HTXLYDOHQW�LQ�DOO�UHVSHFWV��,I�\RX�KDYH�HYHU�ZRQGHUHG�ZKHWKHU�DOWHUQDWLYH�IRUPV�DUH
UHDOO\� HTXLYDOHQW�� \RX� KDYH� ZRQGHUHG� DERXW� HTXLYDOHQW�IRUPV� UHOLDELOLW\�
(TXLYDOHQW�IRUPV�UHOLDELOLW\� UHIHUV� WR� WKH� FRQVLVWHQF\� RI� D� JURXS� RI� LQGLYLGXDOV¶
VFRUHV�RQ�DOWHUQDWLYH�IRUPV�RI�D� WHVW�GHVLJQHG� WR�PHDVXUH� WKH�VDPH�FKDUDFWHULVWLF�
7ZR�RU�PRUH�YHUVLRQV�RI�D� WHVW�DUH�FRQVWUXFWHG�VR�WKDW� WKH\�DUH� LGHQWLFDO� LQ�HYHU\
ZD\�H[FHSW�IRU�WKH�VSHFLILF�LWHPV�DVNHG�RQ�WKH�WHVWV��7KLV�PHDQV�WKDW�WKH\�KDYH�WKH
VDPH�QXPEHU�RI�LWHPV��WKH�LWHPV�DUH�RI�WKH�VDPH�GLIILFXOW\�OHYHO��WKH�LWHPV�PHDVXUH
WKH�VDPH�FRQVWUXFW��DQG�WKH�WHVW�LV�DGPLQLVWHUHG��VFRUHG��DQG�LQWHUSUHWHG�LQ�WKH�VDPH
ZD\�

��(TXLYDOHQW�IRUPV�UHOLDELOLW\�7KH�FRQVLVWHQF\�RI�D�JURXS�RI�LQGLYLGXDOV¶
VFRUHV�RQ�DOWHUQDWLYH�IRUPV�RI�D�WHVW�PHDVXULQJ�WKH�VDPH�WKLQJ

2QFH� WKH� WZR� HTXLYDOHQW� WHVWV� KDYH� EHHQ� FRQVWUXFWHG�� WKH\� DUH� DGPLQLVWHUHG
FRQFXUUHQWO\� WR� D� JURXS�RI� LQGLYLGXDOV�� RU� WKH� VHFRQG� WHVW� LV� DGPLQLVWHUHG� VKRUWO\
DIWHU�WKH�ILUVW�WHVW��(LWKHU�ZD\��HDFK�SHUVRQ�WDNHV�ERWK�WHVWV�DQG�KDV�VFRUHV�RQ�ERWK
WHVWV��7KH�WZR�VHWV�RI�VFRUHV��SDUWLFLSDQWV¶�VFRUHV�RQ�HDFK�IRUP��DUH�WKHQ�FRUUHODWHG�
7KLV�FRUUHODWLRQ�FRHIILFLHQW�VKRZV�WKH�FRQVLVWHQF\�RI�WKH�WHVW�VFRUHV�REWDLQHG�IURP
WKH� WZR� IRUPV�RI� WKH� WHVW��:H�ZDQW� WKLV� UHOLDELOLW\�FRHIILFLHQW� WR�EH�YHU\�KLJK�DQG
SRVLWLYH��WKDW�LV��WKH�LQGLYLGXDOV�ZKR�GR�ZHOO�RQ�WKH�ILUVW�IRUP�RI�WKH�WHVW�VKRXOG�DOVR
GR�ZHOO�RQ� WKH� VHFRQG� IRUP��DQG� WKH� LQGLYLGXDOV�ZKR�SHUIRUP�SRRUO\�RQ� WKH� ILUVW
IRUP�RI�WKH�WHVW�VKRXOG�SHUIRUP�SRRUO\�RQ�WKH�VHFRQG�IRUP�

$OWKRXJK� WKH� HTXLYDOHQW�IRUPV� UHOLDELOLW\� PHWKRG� LV� DQ� H[FHOOHQW� ZD\� RI
DVVHVVLQJ�UHOLDELOLW\��WKH�VXFFHVV�RI�WKLV�PHWKRG�GHSHQGV�RQ�WKH�DELOLW\�WR�FRQVWUXFW
WZR� HTXLYDOHQW� IRUPV� RI� WKH� VDPH� WHVW�� ,W� LV� GLIILFXOW� WR� FRQVWUXFW� WZR� HTXLYDOHQW



YHUVLRQV�RI�WKH�WHVW�EHFDXVH�WKH�WZR�YHUVLRQV�FDQQRW�LQFOXGH�WKH�VDPH�LWHPV��7R�WKH
H[WHQW� WR�ZKLFK� WKH�YHUVLRQV�DUH�QRW� HTXLYDOHQW��PHDVXUHPHQW�HUURU� LV� LQWURGXFHG�
ZKLFK� ORZHUV� WKH� UHOLDELOLW\� RI� WKH� WHVW�� ,Q� DGGLWLRQ�� WKH� SDUWLFLSDQWV� KDYH� WR� WDNH
HVVHQWLDOO\�WKH�VDPH�WHVW�WZLFH�LQ�D�VKRUW�SHULRG�RI�WLPH��6RPHWLPHV�WKLV�LV�GLIILFXOW�
-XVW�WKLQN�DERXW�WKH�UHDFWLRQ�\RX�PLJKW�KDYH�LI�\RX�ZHUH�WROG�WKDW�\RX�KDG�WR�WDNH�WKH
*5(� WZLFH� LQ� WKH� VDPH� GD\��%HFDXVH� RI� WKHVH� SUREOHPV�� UHVHDUFKHUV� VHOGRP�XVH
WKLV�PHWKRG�RI�DVVHVVLQJ�UHOLDELOLW\�

,QWHUQDO�&RQVLVWHQF\�5HOLDELOLW\

,QWHUQDO�FRQVLVWHQF\� UHIHUV� WR�KRZ�FRQVLVWHQWO\� WKH� LWHPV�RQ�D� WHVW�PHDVXUH�D
VLQJOH� FRQVWUXFW� RU� FRQFHSW�� 7KH� WHVW�UHWHVW� DQG� HTXLYDOHQW�IRUPV� PHWKRGV� RI
DVVHVVLQJ�UHOLDELOLW\�DUH�JHQHUDO�PHWKRGV�WKDW�FDQ�EH�XVHG�ZLWK�MXVW�DERXW�DQ\�WHVW�
0DQ\�WHVWV��KRZHYHU��DUH�VXSSRVHG�WR�EH�KRPRJHQHRXV��$�WHVW�LV�KRPRJHQHRXV�RU
XQLGLPHQVLRQDO�ZKHQ� WKH� LWHPV�PHDVXUH� D� VLQJOH� FRQVWUXFW� RU� D� VLQJOH�GLPHQVLRQ�
VXFK�DV�UHDGLQJ�FRPSUHKHQVLRQ�RU�VSHOOLQJ�DELOLW\��7KLV�LV�LQ�FRQWUDVW�WR�D�WHVW�WKDW�LV
KHWHURJHQHRXV� RU� PXOWLGLPHQVLRQDO�� PHDQLQJ� WKDW� LW� PHDVXUHV� PRUH� WKDQ� RQH
FRQVWUXFW�RU�GLPHQVLRQ��)RU�H[DPSOH��FRQWUDVW�D�WHVW�WKDW�LV�FRQVWUXFWHG�WR�PHDVXUH
DFDGHPLF�SHUIRUPDQFH�RI�VL[WK�JUDGH�VWXGHQWV�ZLWK�D�WHVW�GHVLJQHG�WR�PHDVXUH�MXVW
WKH�UHDGLQJ�FRPSUHKHQVLRQ�RI�VL[WK�JUDGH�VWXGHQWV��$�WHVW�RI�DFDGHPLF�SHUIRUPDQFH
ZRXOG� EH� PRUH� KHWHURJHQHRXV� LQ� FRQWHQW� WKDQ� D� WHVW� RI� UHDGLQJ� FRPSUHKHQVLRQ
EHFDXVH� DFDGHPLF� SHUIRUPDQFH� LQYROYHV� PDQ\� VNLOOV�� RQH� RI� ZKLFK� LV� UHDGLQJ
FRPSUHKHQVLRQ�

��,QWHUQDO�FRQVLVWHQF\�7KH�FRQVLVWHQF\�ZLWK�ZKLFK�WKH�LWHPV�RQ�D�WHVW�PHDVXUH
D�VLQJOH�FRQVWUXFW

��+RPRJHQHRXV�WHVW�$�XQLGLPHQVLRQDO�WHVW�LQ�ZKLFK�DOO�WKH�LWHPV�PHDVXUH�D
VLQJOH�FRQVWUXFW

+RPRJHQHRXV�WHVWV�KDYH�PRUH�LQWHULWHP�FRQVLVWHQF\��L�H���LQWHUQDO�FRQVLVWHQF\�
WKDQ�GR�KHWHURJHQHRXV�WHVWV�RI�HTXDO�OHQJWK�EHFDXVH�WKH�LWHPV�IRFXV�RQ�RQH�FRQVWUXFW
DQG� WKHUHIRUH� VDPSOH� D�PRUH� QDUURZ� FRQWHQW� DUHD�� 7HVW� KRPRJHQHLW\� LV� JHQHUDOO\
GHVLUDEOH�EHFDXVH�LW�DOORZV�VWUDLJKWIRUZDUG�WHVW�VFRUH�LQWHUSUHWDWLRQ��,I�\RXU�WHVW�LV
PXOWLGLPHQVLRQDO�� WKHQ� \RX� VKRXOG� DOZD\V� FKHFN� WKH� LQWHUQDO� FRQVLVWHQF\� RI� HDFK
FRPSRQHQW�RI�WKH�WHVW��)RU�H[DPSOH��LI�\RXU�,4�WHVW�LQFOXGHV�D�UHDGLQJ�FRPSRQHQW��D
UHDVRQLQJ�FRPSRQHQW��D�PDWKHPDWLFV�FRPSRQHQW��DQG�D�FUHDWLYLW\�FRPSRQHQW�� WKHQ
\RX� ZRXOG� QHHG� WR� FKHFN� HDFK� RI� WKHVH� FRPSRQHQWV� VHSDUDWHO\� IRU� LQWHUQDO
FRQVLVWHQF\�

,QWHUQDO� FRQVLVWHQF\� PHDVXUHV� DUH� FRQYHQLHQW� DQG� DUH� YHU\� SRSXODU� ZLWK
UHVHDUFKHUV� EHFDXVH� WKH\� RQO\� UHTXLUH� D� JURXS� RI� LQGLYLGXDOV� WR� WDNH� WKH� WHVW� RQH
WLPH��<RX�GR�QRW�KDYH�WR�ZDLW�IRU�D�SHULRG�RI�WLPH�WR�HODSVH�DIWHU�DGPLQLVWHULQJ�WKH
WHVW�EHIRUH�\RX�FDQ�JLYH�LW�DJDLQ��DV�LQ�WHVW�UHWHVW�UHOLDELOLW\���DQG�\RX�GR�QRW�KDYH�WR
FRQVWUXFW� WZR� HTXLYDOHQW� IRUPV� RI� D� WHVW� �DV� LQ� HTXLYDOHQW�IRUPV� UHOLDELOLW\���:H



QRZ� GLVFXVV� WZR� LQGH[HV� RI� LQWHUQDO� FRQVLVWHQF\�� VSOLW�KDOI� UHOLDELOLW\� DQG
FRHIILFLHQW� DOSKD��&RHIILFLHQW� DOSKD� LV� E\� IDU�PRUH�SRSXODU�ZLWK� UHVHDUFKHUV�� DQG
\RX�ZLOO�FRPPRQO\�VHH�LW�UHSRUWHG�LQ�MRXUQDO�DUWLFOHV��<RX�ZLOO�VHH�ERWK�VSOLW�KDOI
DQG� FRHIILFLHQW� DOSKD� FRHIILFLHQWV� UHSRUWHG� LQ� WHVW� PDQXDOV� DQG� LQ� UHYLHZV� RI
VWDQGDUGL]HG�WHVWV�

6SOLW�KDOI� UHOLDELOLW\� LQYROYHV� VSOLWWLQJ� D� WHVW� LQWR� WZR� HTXLYDOHQW� KDOYHV� DQG
WKHQ� DVVHVVLQJ� WKH� FRQVLVWHQF\� RI� VFRUHV� DFURVV� WKH� WZR� KDOYHV� RI� WKH� WHVW�
VSHFLILFDOO\�E\�FRUUHODWLQJ�WKH�VFRUHV�IURP�WKH�WZR�KDOYHV��7KHUH�DUH�VHYHUDO�ZD\V
RI�VSOLWWLQJ�D�WHVW�LQWR�KDOYHV��7KH�ILUVW�SURFHGXUH�LV�WR�GLYLGH�WKH�WHVW�LQ�WKH�PLGGOH�
7KLV� SURFHGXUH� LV� QRW� UHFRPPHQGHG� EHFDXVH� IDFWRUV� VXFK� DV� GLIIHUHQW� OHYHOV� RI
IDWLJXH� LQIOXHQFLQJ� SHUIRUPDQFH� RQ� WKH� ILUVW� YHUVXV� WKH� VHFRQG� KDOI� RI� WKH� WHVW�
GLIIHUHQW�DPRXQWV�RI�WHVW�DQ[LHW\��DQG�GLIIHUHQFHV�LQ�LWHP�GLIILFXOW\�DV�D�IXQFWLRQ�RI
SODFHPHQW�LQ�WKH�WHVW�FRXOG�VSXULRXVO\�UDLVH�RU�ORZHU�WKH�UHOLDELOLW\�FRHIILFLHQW��$
PRUH�DFFHSWDEOH�ZD\�WR�VSOLW�D�WHVW�LV�WR�XVH�WKH�RGG�QXPEHUHG�LWHPV�IRU�RQH�KDOI�RI
WKH� WHVW� DQG� WKH� HYHQ�QXPEHUHG� LWHPV� IRU� WKH� RWKHU� KDOI�� 5DQGRPO\� DVVLJQLQJ� WKH
LWHPV�WR�RQH�RU�WKH�RWKHU�KDOI�RI�WKH�WHVW�LV�DOVR�DFFHSWDEOH��$�IRXUWK�ZD\�LV�WR�GLYLGH
WKH� WHVW� E\� FRQWHQW� VR� WKDW� HDFK� KDOI� FRQWDLQV� DQ� HTXDO� QXPEHU� RI� LWHPV� WKDW� DUH
HTXLYDOHQW�LQ�FRQWHQW�DQG�GLIILFXOW\��,Q�JHQHUDO��\RX�ZDQW�HDFK�KDOI�WR�EH�HTXDO�WR�WKH
RWKHU� LQ� IRUPDW�� VW\OH�� FRQWHQW�� DQG�RWKHU� DVSHFWV��2QFH�\RX�KDYH� FUHDWHG� WKH� WZR
KDOYHV��UHOLDELOLW\�RI�WKH�VFRUHV�LV�GHWHUPLQHG�XVLQJ�WKH�IROORZLQJ�VWHSV�

��6SOLW�KDOI�UHOLDELOLW\�$�PHDVXUH�RI�WKH�FRQVLVWHQF\�RI�WKH�VFRUHV�REWDLQHG
IURP�WZR�HTXLYDOHQW�KDOYHV�RI�WKH�VDPH�WHVW

����6FRUH�HDFK�KDOI�RI�WKH�WHVW�IRU�HYHU\�SHUVRQ�WR�ZKRP�LW�ZDV�DGPLQLVWHUHG�

����&RPSXWH�WKH�FRUUHODWLRQ�EHWZHHQ�VFRUHV�RQ�WKH�WZR�KDOYHV�RI�WKH�WHVW�

����$GMXVW�WKH�FRPSXWHG�FRUUHODWLRQ�FRHIILFLHQW�XVLQJ�WKH�6SHDUPDQ�%URZQ
IRUPXOD��WKH�IRUPXOD�LV�SURYLGHG�DW�WKLV�ERRN¶V�FRPSDQLRQ�ZHEVLWH�IRU
LQWHUHVWHG�UHDGHUV��

��6SHDUPDQ�%URZQ�IRUPXOD�$�VWDWLVWLFDO�IRUPXOD�XVHG�IRU�FRUUHFWLQJ�WKH�VSOLW�
KDOI�UHOLDELOLW\�FRHIILFLHQW

7KH� DGMXVWHG� FRUUHODWLRQ� LV� WKH� VSOLW�KDOI� HVWLPDWH� RI� UHOLDELOLW\�� $� ORZ
FRUUHODWLRQ� LQGLFDWHV� WKDW� WKH� WHVW� ZDV� XQUHOLDEOH� DQG� FRQWDLQHG� FRQVLGHUDEOH
PHDVXUHPHQW�HUURU��D�KLJK�FRUUHODWLRQ�LQGLFDWHV�WKDW�WKH�WHVW�ZDV�UHOLDEOH��1XQQDOO\
DQG�%HUQVWHLQ��������SRLQWHG�RXW�WKDW�EHIRUH�FRPSXWHUV�ZHUH�FRPPRQO\�DYDLODEOH�
WKH�VSOLW�KDOI�SURFHGXUH�ZDV�WKH�PRVW�SRSXODU�ZD\�XVHG�WR�HVWLPDWH�UHOLDELOLW\��2QH
RI� WKH�SUREOHPV�ZLWK�XVLQJ�WKH�VSOLW�KDOI�SURFHGXUH�LV� WKDW�GLIIHUHQW�UHVXOWV�FDQ�EH
REWDLQHG� IURP� WKH� GLIIHUHQW� ZD\V� RI� VXEGLYLGLQJ� WKH� WHVW�� 7KH� QH[W� WHFKQLTXH
�FRHIILFLHQW�DOSKD��LV�JHQHUDOO\�D�EHWWHU�PHDVXUH�RI�LQWHUQDO�FRQVLVWHQF\�UHOLDELOLW\�

7KH�VHFRQG�DSSURDFK�WR�PHDVXULQJ�LQWHUQDO�FRQVLVWHQF\�LV�NQRZQ�DV�FRHIILFLHQW



DOSKD��/HH�&URQEDFK� ������� GHYHORSHG� FRHIILFLHQW� DOSKD� IURP�DQ� HDUOLHU� LQWHUQDO
FRQVLVWHQF\� IRUPXOD� GHYHORSHG� E\� *�� )UHGHULF� .XGHU� DQG� 0�� :�� 5LFKDUGVRQ
��������&RHIILFLHQW�DOSKD� �DOVR� FDOOHG�&URQEDFK¶V�DOSKD�� SURYLGHV� D� UHOLDELOLW\
HVWLPDWH�WKDW�FDQ�EH�WKRXJKW�RI�DV�WKH�DYHUDJH�RI�DOO�SRVVLEOH�VSOLW�KDOI�FRUUHODWLRQV�
FRUUHFWHG� E\� WKH� 6SHDUPDQ�%URZQ� IRUPXOD�� $QRWKHU� ZD\� RI� VD\LQJ� WKLV� LV� WKDW
FRHIILFLHQW�DOSKD�WHOOV�\RX�WKH�GHJUHH�WR�ZKLFK�WKH�LWHPV�DUH�LQWHUUHODWHG�

��&RHIILFLHQW�DOSKD�$�IRUPXOD�WKDW�SURYLGHV�DQ�HVWLPDWH�RI�WKH�UHOLDELOLW\�RI�D
KRPRJHQHRXV�WHVW�RU�DQ�HVWLPDWH�RI�WKH�UHOLDELOLW\�RI�HDFK�GLPHQVLRQ�LQ�D
PXOWLGLPHQVLRQDO�WHVW

��&URQEDFK¶V�DOSKD�$�IUHTXHQWO\�XVHG�QDPH�IRU�ZKDW�/HH�&URQEDFK�FDOOHG
³FRHIILFLHQW�DOSKD´

$�SRSXODU�UXOH�RI�WKXPE�LV�WKDW�WKH�VL]H�RI�FRHIILFLHQW�DOSKD�VKRXOG�JHQHUDOO\�EH�
DW� D�PLQLPXP�� JUHDWHU� WKDQ� RU� HTXDO� WR� ���� IRU� UHVHDUFK� SXUSRVHV� DQG� VRPHZKDW
JUHDWHU�WKDQ�WKDW�YDOXH��H�J����������IRU�FOLQLFDO�WHVWLQJ�SXUSRVHV��L�H���IRU�DVVHVVLQJ
VLQJOH�LQGLYLGXDOV���+RZHYHU��WKH�VL]H�WKDW�LV�FRQVLGHUHG�DGHTXDWH�ZLOO�GHSHQG�RQ
WKH�FRQWH[W�DQG�PDQ\�RWKHU�FRQVLGHUDWLRQV��H�J���1XQQDOO\�	�%HUQVWHLQ��������

$�VWUHQJWK�RI�FRHIILFLHQW�DOSKD�LV�LWV�YHUVDWLOLW\��,W�FDQ�EH�XVHG�IRU�WHVW�LWHPV�WKDW
DOORZ� IRU� D� UDQJH� RI� UHVSRQVHV�� )RU� H[DPSOH�� RQ� D� ��SRLQW� DJUHHPHQW� VFDOH
�VWURQJO\� GLVDJUHH�� GLVDJUHH�� QHXWUDO�� DJUHH�� VWURQJO\� DJUHH��� UHVSRQGHQWV� FDQ
VHOHFW� IURP� D� UDQJH� RI� ILYH� DQVZHUV�� &RHIILFLHQW� DOSKD� FDQ� DOVR� EH� XVHG� IRU
GLFKRWRPRXV�LWHPV��2Q�D�GLFKRWRPRXV�LWHP��HLWKHU�WZR�FKRLFHV�DUH�SURYLGHG��H�J��
WUXH� RU� IDOVH��� RU� WKH� LWHP� LV� VFRUHG� DV� KDYLQJ� RQO\� WZR� DQVZHUV� �H�J���PXOWLSOH�
FKRLFH�TXHVWLRQV�DUH�VFRUHG�DV�HLWKHU�ULJKW�RU�ZURQJ��

1RZ� ZH� H[DPLQH� D� YHUVLRQ� RI� WKH� IRUPXOD� IRU� FRHIILFLHQW� DOSKD� WKDW� LV
LQVWUXFWLYH� EHFDXVH� LW� KHOSV� GHPRQVWUDWH� WZR� LPSRUWDQW� SRLQWV� DERXW� FRHIILFLHQW
DOSKD��

ZKHUH
UĮ�LV�FRHIILFLHQW�DOSKD�
N�LV�WKH�QXPEHU�RI�LWHPV��DQG
�LV�WKH�DYHUDJH�FRUUHODWLRQ�EHWZHHQ�WKH�LWHPV�
,Q� WKH�IRUPXOD��N� LV� WKH�QXPEHU�RI� LWHPV�RQ�\RXU� WHVW�RU�VXEVFDOH��DQG� � LV� WKH

DYHUDJH�RI� WKH� FRUUHODWLRQV�EHWZHHQ� WKH� LWHPV� �L�H��� HYHU\� LWHP� LV� FRUUHODWHG�ZLWK
HYHU\�RWKHU�LWHP��DQG�WKH�DYHUDJH�RI�WKHVH�LV�WDNHQ���<RX�ZRXOG�QRW�ZDQW�WR�XVH�WKLV
IRUPXOD�WR�FRPSXWH�FRHIILFLHQW�DOSKD�E\�KDQG�EHFDXVH�LW�ZRXOG�EH�FXPEHUVRPH��)RU
H[DPSOH��LI�WKHUH�ZHUH����LWHPV�RQ�\RXU�WHVW��\RX�ZRXOG�KDYH�WR�JHW����FRUUHODWLRQV
EHWZHHQ�WKH����LWHPV�DQG�WKHQ�DYHUDJH�WKHP�WR�REWDLQ� ���,I�\RXU�WHVW�KDG����LWHPV�
\RX� ZRXOG� KDYH� WR� FDOFXODWH� ���� FRUUHODWLRQV�� )RUWXQDWHO\�� UHVHDUFKHUV� DOPRVW



DOZD\V�XVH�FRPSXWHU�SDFNDJHV�WR�FDOFXODWH�FRHIILFLHQW�DOSKD�
1RZ�OHW¶V�ORRN�DW�WKH�IRUPXOD�DQG�PDNH�WZR�LPSRUWDQW�SRLQWV��)LUVW��WKH�IRUPXOD

VKRZV�WKDW�FRHIILFLHQW�DOSKD�GHSHQGV�RQ�WKH�FRUUHODWLRQ�DPRQJ�WKH�LWHPV�RQ�WKH�WHVW�
7KH�VWURQJHU�WKH�FRUUHODWLRQV�DPRQJ�WKH�LWHPV��V\PEROL]HG�E\� �LQ�WKH�IRUPXOD���WKH
ODUJHU� FRHIILFLHQW� DOSKD� ZLOO� EH�� %HFDXVH� FRHIILFLHQW� DOSKD� PHDVXUHV� LQWHUQDO
FRQVLVWHQF\�� RQH� ZRXOG� H[SHFW� WKH� LWHPV� WR� EH� FRUUHODWHG� ZLWK� RQH� DQRWKHU�� 7KH
VHFRQG�SRLQW�LV�VRPHWLPHV�RYHUORRNHG²FRHIILFLHQW�DOSKD�GHSHQGV�RQ�WKH�QXPEHU�RI
LWHPV�LQ�\RXU�WHVW��V\PEROL]HG�E\�N�LQ�WKH�IRUPXOD���7KH�PRUH�LWHPV�\RX�LQFOXGH�LQ
\RXU� WHVW� RU� VXEVFDOH�� WKH� ODUJHU� FRHIILFLHQW� DOSKD� ZLOO� EH�� 7KLV�PHDQV� WKDW� LW� LV
SRVVLEOH� WR� JHW� D� ODUJH� FRHIILFLHQW� DOSKD� HYHQ� ZKHQ� WKH� LWHPV� DUH� QRW� YHU\
KRPRJHQHRXV� RU� LQWHUQDOO\� FRQVLVWHQW�� WKLV� FDQ� KDSSHQ� ZKHQ� PDQ\� LWHPV� DUH
LQFOXGHG�RQ�WKH�WHVW��-RKQ�	�%HQHW�0DUWLQH]���������7KXV��WKH�UHDGHU�RI�D�UHVHDUFK
UHSRUW�PLJKW�EH�OHG�WR�FRQFOXGH�IDOVHO\�WKDW�D�WHVW�LV�LQWHUQDOO\�FRQVLVWHQW�EHFDXVH�RI
D� UHSRUWHG� KLJK� FRHIILFLHQW� DOSKD�� 7KHUHIRUH�� UHPHPEHU� WR� EH� FDUHIXO� ZKHQ
LQWHUSUHWLQJ� FRHIILFLHQW� DOSKD�� %H� VXUH� WR� FRQVLGHU� WKH� QXPEHU� RI� LWHPV� ZKHQ
LQWHUSUHWLQJ� FRHIILFLHQW� DOSKD� DV� D�PHDVXUH� RI� LQWHUQDO� FRQVLVWHQF\�� DQG�GRQ¶W� MXVW
DVVXPH�WKDW�D�ODUJH�FRHIILFLHQW�DOSKD�PHDQV�WKH�LWHPV�DUH�VWURQJO\�UHODWHG�

,QWHUVFRUHU�5HOLDELOLW\
6RPHWLPHV�� DQ� HYDOXDWLRQ� RI� D� SHUVRQ¶V� SHUIRUPDQFH� RQ� D� WHVW� LV� PDGH� E\� D

FRPPLWWHH� RU� JURXS�RI� SHUVRQV�� VXFK� DV� D� WHDP�RI� WHDFKHUV�� UHVHDUFKHUV�� RU� RWKHU
SURIHVVLRQDOV�� ,W� LV� GLIILFXOW� IRU� D� VLQJOH� WHDFKHU� RU� UHVHDUFKHU� WR� EH� D� FRQVLVWHQW
UDWHU��,W�LV�HYHQ�PRUH�GLIILFXOW�IRU�D�WHDP�RI�UDWHUV�WR�EH�FRQVLVWHQW�ZLWK�HDFK�RWKHU�LQ
MXGJLQJ�HDFK�SHUVRQ¶V�SHUIRUPDQFH��EXW�RQFH�FRQVLVWHQF\�RI�DJUHHPHQW�LV�REWDLQHG�
WKH�UHVXOW�LV�PRUH�WUXVWZRUWK\�DQG�REMHFWLYH��7KH�GHJUHH�RI�DJUHHPHQW�EHWZHHQ�WZR
RU�PRUH� VFRUHUV�� MXGJHV�� RU� UDWHUV� LV� UHIHUUHG� WR� DV� LQWHUVFRUHU� UHOLDELOLW\� �DOVR
FDOOHG�MXGJH�UHOLDELOLW\��LQWHUUDWHU�UHOLDELOLW\��DQG�REVHUYHU�UHOLDELOLW\��

��,QWHUVFRUHU�UHOLDELOLW\�7KH�GHJUHH�RI�DJUHHPHQW�RU�FRQVLVWHQF\�EHWZHHQ�WZR
RU�PRUH�VFRUHUV��MXGJHV��RU�UDWHUV

7KH�VLPSOHVW�ZD\�WR�GHWHUPLQH�WKH�GHJUHH�RI�FRQVLVWHQF\�EHWZHHQ�WZR�UDWHUV�LQ
WKH� VFRULQJ� RI� D� WHVW� RU� VRPH� RWKHU� SHUIRUPDQFH� PHDVXUH� LV� WR� KDYH� HDFK� UDWHU
LQGHSHQGHQWO\�UDWH�WKH�FRPSOHWHG�WHVWV�DQG�WKHQ�FRPSXWH�WKH�FRUUHODWLRQ�EHWZHHQ�WKH
WZR�UDWHUV¶�VFRUHV��)RU�H[DPSOH��DVVXPH�WKDW�\RX�KDG�HDFK�VWXGHQW�LQ�D�FODVV�UHDG�D
SDVVDJH�DQG�KDG�WZR�³H[SHUWV´�UDWH�WKH�UHDGLQJ�DELOLW\�RI�HDFK�VWXGHQW��7KH�VFRUHV
SURYLGHG� E\� WKHVH� WZR� UDWHUV� DUH� WKHQ� FRUUHODWHG�� DQG� WKH� UHVXOWLQJ� FRUUHODWLRQ
FRHIILFLHQW�UHSUHVHQWV�WKH�LQWHUVFRUHU�UHOLDELOLW\�

)UHTXHQWO\��WKH�DJUHHPHQW�EHWZHHQ�WZR�RU�PRUH�UDWHUV�LV�QRW�YHU\�JRRG�XQOHVV
WUDLQLQJ�DQG�SUDFWLFH�SUHFHGH�WKH�VFRULQJ��)RUWXQDWHO\��ZLWK�WUDLQLQJ��WKH�GHJUHH�RI
DJUHHPHQW�FDQ�LPSURYH��7KH�LPSRUWDQW�LVVXHV�DUH�WKDW�WUDLQLQJ�LV�RIWHQ�UHTXLUHG�DQG
WKDW� D� PHDVXUH� RI� WKH� UHOLDELOLW\� RI� DQ� HYDOXDWLRQ� RI� SHUIRUPDQFH� E\� UDWHUV� LV
QHFHVVDU\�
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�������:KDW�DUH�WKH�GLIIHUHQW�ZD\V�RI�DVVHVVLQJ
UHOLDELOLW\"

�������8QGHU�ZKDW�FRQGLWLRQV�VKRXOG�HDFK�RI�WKH
GLIIHUHQW�ZD\V�RI�DVVHVVLQJ�UHOLDELOLW\�EH�XVHG"

9DOLGLW\
:KHQ�ZH�VHOHFW�D�WHVW�RU�RWKHU�PHDVXUH��ZH�QDWXUDOO\�ZDQW�WR�VHOHFW�WKH�RQH�WKDW

ZLOO� JLYH� XV� WKH� LQIRUPDWLRQ� ZH� ZDQW�� ,I� ZH� ZDQW� WR� PHDVXUH� D� FKLOG¶V� ,4�� ZH
REYLRXVO\�ZDQW�VRPH�DVVHVVPHQW�WKDW�ZLOO�SURYLGH�XV�ZLWK�D�VFRUH�WKDW�ZH�FDQ�XVH
WR�PDNH�D�MXGJPHQW�DERXW�WKDW�SDUWLFXODU�FKLOG¶V�LQWHOOHFWXDO�OHYHO��7KLV�LV�WKH�LVVXH
RI� YDOLGLW\�� ZKLFK� LV� GHILQHG� DV� WKH� DSSURSULDWHQHVV� RI� WKH� LQWHUSUHWDWLRQV�
LQIHUHQFHV��DQG�DFWLRQV�WKDW�ZH�PDNH�EDVHG�RQ�WHVW�VFRUHV��$(5$��$3$��	�1&0(�
������0HVVLFN����������,I�WKH�DVVHVVPHQW�SURFHGXUH�ZHUH�D�PHDVXUH�RI�LQWHOOLJHQFH�
WKH� VFRUH� REWDLQHG� IURP� WKLV� WHVW� FRXOG� EH� XVHG� WR� LQIHU� WKH� SHUVRQ¶V� LQWHOOHFWXDO
OHYHO��2Q�WKH�EDVLV�RI�WKLV�LQWHUSUHWDWLRQ�RI�D�SHUVRQ¶V�LQWHOOHFWXDO�OHYHO��ZH�PLJKW
DOVR� WDNH�VRPH�VSHFLILF�DFWLRQ�VXFK�DV�SODFLQJ� WKH�FKLOG� LQ�D� VSHFLDO�SURJUDP�IRU
JLIWHG�FKLOGUHQ��7HFKQLFDOO\�VSHDNLQJ��LW�LV�LQDFFXUDWH�WR�VWDWH�WKDW�D�WHVW�LV�YDOLG�RU
LQYDOLG��EHFDXVH� WKLV�VWDWHPHQW� LPSOLHV� WKDW�YDOLGLW\� LV�RQO\�D�SURSHUW\�RI� WKH� WHVW�
&URQEDFK��������SXW�LW�OLNH�WKLV��³$�WHVW�PD\�EH�H[FHOOHQW�LQ�RWKHU�UHVSHFWV��EXW�LI�LW
LV� ZURQJO\� LQWHUSUHWHG� LW� LV� ZRUWKOHVV� LQ� WKDW� WLPH� DQG� SODFH´� �S�� ������:KDW� LV
LPSRUWDQW�LV�WR�PDNH�VXUH�WKDW�\RXU�WHVW�LV�PHDVXULQJ�ZKDW�\RX�LQWHQG�LW�WR�PHDVXUH
IRU� WKH� SDUWLFXODU� SHRSOH� LQ� D� SDUWLFXODU� FRQWH[W� DQG� WKDW� WKH� LQWHUSUHWDWLRQV� \RX
PDNH�RQ�WKH�EDVLV�RI�WKH�WHVW�VFRUHV�DUH�FRUUHFW�

��9DOLGLW\�7KH�DFFXUDF\�RI�WKH�LQIHUHQFHV��LQWHUSUHWDWLRQV��RU�DFWLRQV�PDGH�RQ
WKH�EDVLV�RI�WHVW�VFRUHV

�6HH�-RXUQDO�$UWLFOH�����DQG�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

:KHQ�PDNLQJ�LQIHUHQFHV�RU�WDNLQJ�VRPH�DFWLRQ�RQ�WKH�EDVLV�RI�VFRUHV��ZH�ZDQW
RXU�LQIHUHQFHV�WR�EH�DFFXUDWH��DQG�ZH�ZDQW�RXU�DFWLRQV�WR�EH�DSSURSULDWH��:KHWKHU
WKH�LQIHUHQFHV�DQG�DFWLRQV�DUH�DFFXUDWH�DQG�DSSURSULDWH�LV�DQ�HPSLULFDO�TXHVWLRQ��7R
YDOLGDWH�WKH�LQIHUHQFHV�WKDW�ZH�PDNH�UHTXLUHV�FROOHFWLQJ�YDOLGLW\�HYLGHQFH��9DOLGLW\
HYLGHQFH� LV� WKH� HPSLULFDO� HYLGHQFH� DQG� WKHRUHWLFDO� UDWLRQDOHV� WKDW� VXSSRUW� WKH
LQWHUSUHWDWLRQV�DQG�DFWLRQV�WKDW�ZH�WDNH�RQ�WKH�EDVLV�RI�WKH�VFRUH�RU�VFRUHV�ZH�JHW
IURP�DQ� DVVHVVPHQW� SURFHGXUH��)RU� H[DPSOH�� LI�ZH�JLYH� D� VWXGHQW� DQ� LQWHOOLJHQFH
WHVW� DQG� WKDW� VWXGHQW�JHWV� D� VFRUH�RI������ZH�ZRXOG� LQIHU� IURP� WKDW� VFRUH� WKDW� WKH
VWXGHQW� LV�EULJKW�DQG�FDQ�PDVWHU�DOPRVW�DQ\�DFDGHPLF�VNLOO�DWWHPSWHG��7R�YDOLGDWH
WKLV�LQIHUHQFH��ZH�ZRXOG�KDYH�WR�FROOHFW�HYLGHQFH�LQGLFDWLQJ�WKDW�D�SHUVRQ�REWDLQLQJ
D�VFRUH�RI�����RQ�WKLV�WHVW�LV�D�YHU\�EULJKW�SHUVRQ�ZKR�FDQ�PDVWHU�VXEMHFWV�UDQJLQJ
IURP�FKHPLVWU\�WR�SKLORVRSK\�



��9DOLGLW\�HYLGHQFH�(PSLULFDO�HYLGHQFH�DQG�WKHRUHWLFDO�UDWLRQDOHV�WKDW�VXSSRUW
WKH�LQIHUHQFHV�RU�LQWHUSUHWDWLRQV�PDGH�IURP�WHVW�VFRUHV

9DOLGDWLRQ��WKHUHIRUH��LV�WKH�LQTXLU\�SURFHVV�RI�JDWKHULQJ�YDOLGLW\�HYLGHQFH�WKDW
VXSSRUWV� RXU� VFRUH� LQWHUSUHWDWLRQV� RU� LQIHUHQFHV�� ,W� LQYROYHV� HYDOXDWLQJ� RXU
LQWHUSUHWDWLRQV� RU� LQIHUHQFHV� IRU� WKHLU� VRXQGQHVV� DQG� UHOHYDQFH�� 0DQ\� GLIIHUHQW
W\SHV� RI� YDOLGLW\� HYLGHQFH� FDQ� EH� FROOHFWHG�� DQG� LQ� JHQHUDO�� WKH� EHVW� UXOH� LV� WR
FROOHFW� PXOWLSOH� VRXUFHV� RI� HYLGHQFH�� $V� ZH� GLVFXVV� KRZ� WR� FROOHFW� YDOLGLW\
HYLGHQFH�� UHPHPEHU� WKDW� RXU� GLVFXVVLRQ� DSSOLHV� WR� DQ\� NLQG� RI� PHDVXUHPHQW� RU
DVVHVVPHQW�SURFHGXUH�DQG�QRW�MXVW� WHVWV��,W�DSSOLHV�WR�WKH�PHDVXUHPHQW�RI�YLUWXDOO\
DQ\WKLQJ�WKDW�D�UHVHDUFKHU�SODQV�RQ�HPSLULFDOO\�VWXG\LQJ�

��9DOLGDWLRQ�7KH�SURFHVV�RI�JDWKHULQJ�HYLGHQFH�WKDW�VXSSRUWV�LQIHUHQFHV�PDGH
RQ�WKH�EDVLV�RI�WHVW�VFRUHV

,Q�UHFHQW�\HDUV��RXU�WKLQNLQJ�DERXW�YDOLGLW\�LVVXHV�KDV�PRYHG�IURP�D�GLVFXVVLRQ
RI�W\SHV�RI�YDOLGLW\��L�H���FRQWHQW�YDOLGLW\��FULWHULRQ�YDOLGLW\��DQG�FRQVWUXFW�YDOLGLW\�
WR�D�IRFXV�RQ�REWDLQLQJ�HYLGHQFH�IRU�D�XQLWDU\�YDOLGLW\���7KH�ODWHVW�WKLQNLQJ�LV�VKRZQ
LQ� WKH� IROORZLQJ� TXRWH� IURP� WKH� DXWKRULWDWLYH� 6WDQGDUGV� IRU� (GXFDWLRQDO� DQG
3V\FKRORJLFDO�7HVWLQJ��$(5$��$3$��	�1&0(������������

7KHVH� VRXUFHV� RI� HYLGHQFH� >FRQWHQW�� FULWHULRQ�� DQG� FRQVWUXFW@� PD\� LOOXPLQDWH
GLIIHUHQW�DVSHFWV�RI�YDOLGLW\��EXW�WKH\�GR�QRW�UHSUHVHQW�GLVWLQFW�W\SHV�RI�YDOLGLW\�
9DOLGLW\� LV� D� XQLWDU\� FRQFHSW�� ,W� LV� WKH� GHJUHH� WR� ZKLFK� DOO� WKH� DFFXPXODWHG
HYLGHQFH� VXSSRUWV� WKH� LQWHQGHG� LQWHUSUHWDWLRQ� RI� WHVW� VFRUHV� IRU� WKH� SURSRVHG
SXUSRVH���S�����

7KH�SULPDU\�VRXUFHV�RI�YDOLGLW\�HYLGHQFH�DUH�VXPPDUL]HG�LQ�7DEOH������.HHS�LQ
PLQG�WKDW�FRPSOHWH�YDOLGDWLRQ�LV�QHYHU�IXOO\�DWWDLQHG��9DOLGDWLRQ�LV�YHU\�VLPLODU�WR
WKHRU\� GHYHORSPHQW� �\RX� VWDWH� \RXU� H[SHFWDWLRQV� RU� K\SRWKHVHV�� \RX� FROOHFW� GDWD�
\RX�H[DPLQH� WKH� UHVXOWV�� DQG�\RX� UHILQH� WKH� WKHRU\�� WKHQ�\RX�JR� WKURXJK� WKLV�F\FOH
DJDLQ� DQG� DJDLQ� RYHU� WLPH��� 9DOLGDWLRQ� WKHUHIRUH� VKRXOG� EH� YLHZHG� DV� D� QHYHU�
HQGLQJ�SURFHVV��0HVVLFN���������$W�WKH�VDPH�WLPH��WKH�PRUH�YDOLGLW\�HYLGHQFH�\RX
KDYH��WKH�PRUH�FRQILGHQFH�\RX�FDQ�SODFH�LQ�\RXU�LQWHUSUHWDWLRQV��6R�OHW¶V�VHH�KRZ
HGXFDWLRQDO�UHVHDUFKHUV�REWDLQ�HYLGHQFH�RI�WKH�YDOLGLW\�

�7$%/(�������6XPPDU\�RI�0HWKRGV�IRU�2EWDLQLQJ�9DOLGLW\�(YLGHQFH
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�������:KDW�DUH�WKH�GHILQLWLRQV�RI�YDOLGLW\�DQG
YDOLGDWLRQ"

�������:KDW�LV�PHDQW�E\�WKH�XQLILHG�YLHZ�RI�YDOLGLW\"

(YLGHQFH�%DVHG�RQ�&RQWHQW

:KHQ�\RX�XVH�FRQWHQW�UHODWHG�HYLGHQFH��\RX�HYDOXDWH�WKH�GHJUHH�WR�ZKLFK�WKH
HYLGHQFH� VXJJHVWV� WKDW� WKH� LWHPV�� WDVNV�� RU� TXHVWLRQV� RQ� \RXU� WHVW� UHSUHVHQW� WKH
GRPDLQ�RI�LQWHUHVW��H�J���WHDFKHU�EXUQRXW�RU�VWXGHQW�VHOI�HVWHHP���7KLV�UHSUHVHQWDWLRQ
LV� EDVHG� RQ� LWHP� FRQWHQW�� EXW� LW� LV� DOVR� EDVHG� RQ� WKH� IRUPDWWLQJ�� ZRUGLQJ�
DGPLQLVWUDWLRQ��DQG�VFRULQJ�RI�WKH�WHVW��-XGJPHQWV�RI�FRQWHQW�YDOLGLW\�PXVW�EH�PDGH
E\�H[SHUWV�LQ�WKH�GRPDLQ�RI�LQWHUHVW�

��&RQWHQW�UHODWHG�HYLGHQFH�9DOLGLW\�HYLGHQFH�EDVHG�RQ�D�MXGJPHQW�RI�WKH
GHJUHH�WR�ZKLFK�WKH�LWHPV��WDVNV��RU�TXHVWLRQV�RQ�D�WHVW�DGHTXDWHO\�UHSUHVHQW
WKH�FRQVWUXFW�GRPDLQ�RI�LQWHUHVW

&RQWHQW�YDOLGDWLRQ� IROORZV� WKUHH� VWHSV�� ����<RX�PXVW�XQGHUVWDQG� WKH� FRQVWUXFW
WKDW� WKH� WHVW� LV� VXSSRVHG� WR�PHDVXUH� �L�H���PDNH� VXUH� WKDW� \RX�XQGHUVWDQG�KRZ� WKH
FRQVWUXFW�LV�GHILQHG�DQG�XQGHUVWDQG�WKH�FRQWHQW�GRPDLQ�WKH�LWHPV�VKRXOG�UHSUHVHQW��
����H[DPLQH�WKH�FRQWHQW�RQ�WKH�VSHFLILF�WHVW��DQG�����GHFLGH�ZKHWKHU�WKH�FRQWHQW�RQ
WKH�WHVW�DGHTXDWHO\�UHSUHVHQWV�WKH�FRQWHQW�GRPDLQ��,I�WKH�DQVZHU�LV�\HV�WR�VWHS����\RX
KDYH�HYLGHQFH�WKDW�\RX�DUH�PHDVXULQJ�WKH�FRQVWUXFW�\RX�KRSH�WR�EH�PHDVXULQJ��:KHQ
PDNLQJ�\RXU�GHFLVLRQ��DQVZHU�WKHVH�WKUHH�TXHVWLRQV�

����'R�WKH�LWHPV�DSSHDU�WR�UHSUHVHQW�WKH�WKLQJ�\RX�DUH�WU\LQJ�WR�PHDVXUH"

����'RHV�WKH�VHW�RI�LWHPV�XQGHUUHSUHVHQW�WKH�FRQVWUXFW¶V�FRQWHQW��L�H���KDYH�\RX
H[FOXGHG�DQ\�LPSRUWDQW�FRQWHQW�DUHDV�RU�WRSLFV�"

����'R�DQ\�RI�WKH�LWHPV�UHSUHVHQW�VRPHWKLQJ�RWKHU�WKDQ�ZKDW�\RX�DUH�WU\LQJ�WR
PHDVXUH��L�H���KDYH�\RX�LQFOXGHG�DQ\�LUUHOHYDQW�LWHPV�"



$V� \RX� FDQ� VHH�� WKH� SURFHVV� RI� FRQWHQW� YDOLGDWLRQ� LV� EDVLFDOO\� D� UDWLRQDO
DSSURDFK�WR�MXGJLQJ�D�WHVW¶V�FRQWHQW��<RX�GHILQH�WKH�FRQWHQW�\RX�ZDQW�WR�UHSUHVHQW�
DQG�WKHQ�\RX�GHWHUPLQH�ZKHWKHU�WKH�LWHPV�UHSUHVHQW�WKH�FRQWHQW�DGHTXDWHO\�

7R�LOOXVWUDWH�FRQWHQW�YDOLGDWLRQ��OHW¶V�DVVXPH�WKDW�\RX�DUH�GHYHORSLQJ�D�PHDVXUH
WR� GHWHUPLQH� ZKHWKHU� VWXGHQWV� KDYH� PDVWHUHG� D� WRSLF� LQ� LQWURGXFWRU\� VWDWLVWLFV�
6WDWLVWLFDO� NQRZOHGJH� LV� W\SLFDOO\� PHDVXUHG� E\� DGPLQLVWHULQJ� D� VWDWLVWLFV
DFKLHYHPHQW�WHVW�DQG�XVLQJ�WKH�WHVW�VFRUHV�WR�LQIHU�VWXGHQWV¶�PDVWHU\�RI�VWDWLVWLFV��,I
\RXU� LQVWUXFWLRQ� FRYHUHG� WKH� WKHRU\�� UDWLRQDOH�� DQG� FRPSXWDWLRQDO� SURFHGXUH� RI
3HDUVRQ� SURGXFW�PRPHQW� FRUUHODWLRQ�� W� WHVWV�� DQG� DQDO\VLV� RI� YDULDQFH�� WKHQ� WKH
LWHPV��TXHVWLRQV��DQG�WDVNV�RQ�WKH�VWDWLVWLFV�WHVW�VKRXOG�DOVR�FRYHU�WKLV�PDWHULDO��7KH
SURSRUWLRQ�RI�PDWHULDO�FRYHUHG�RQ�WKH�WHVW�VKRXOG�PDWFK�WKH�SURSRUWLRQ�RI�PDWHULDO
FRYHUHG� GXULQJ� WKH� LQVWUXFWLRQDO� SHULRG�� ,I� ���� RI� LQVWUXFWLRQ� WLPH� ZDV� VSHQW
FRYHULQJ�FRUUHODWLRQ������RI�WKH�WLPH�ZDV�VSHQW�RQ�W�WHVWV��DQG�����RI�WKH�WLPH�ZDV
VSHQW�RQ�DQDO\VLV�RI�YDULDQFH�� WKHQ�����RI� WKH� WHVW�TXHVWLRQV�DQG� WDVNV�VKRXOG�EH
GHYRWHG�WR�FRUUHODWLRQ������WR�W�WHVWV��DQG�����WR�DQDO\VLV�RI�YDULDQFH��,I�DOO�RI�WKH
LWHPV�ZHUH�RQ�DQDO\VLV�RI�YDULDQFH�� WKH� WHVW�ZRXOG�QRW�EH�YDOLG�EHFDXVH� LW�ZRXOG
XQGHUUHSUHVHQW� WKH� IXOO� FRQWHQW� GRPDLQ�� /LNHZLVH�� LI� WKH� WHVW� KDG� LWHPV� IURP� WKH
DUHDV� OLVWHG� SOXV� WKH� DUHD� RI� UHJUHVVLRQ� DQDO\VLV�� WKHQ� WKH� WHVW�ZRXOG� QRW� EH� YHU\
YDOLG�EHFDXVH�LW�ZRXOG�LQFOXGH�PHDVXUHPHQW�RI�DQ�LUUHOHYDQW�FRQWHQW�DUHD��,I�\RXU
WHVW� TXHVWLRQV�� LWHPV�� DQG� WDVNV� DUH� IRUPDWWHG� DSSURSULDWHO\�� DUH� DGPLQLVWHUHG
DSSURSULDWHO\�� DQG�DGHTXDWHO\� UHSUHVHQW� WKH�GRPDLQ�RI� LQIRUPDWLRQ�FRYHUHG� LQ� WKH
VWDWLVWLFV�LQVWUXFWLRQ��WKHQ�\RX�ZLOO�KDYH�JRRG�FRQWHQW�UHODWHG�HYLGHQFH�RI�YDOLGLW\�

(YLGHQFH�%DVHG�RQ�,QWHUQDO�6WUXFWXUH
6RPH� WHVWV� DUH� GHVLJQHG� WR� PHDVXUH� D� VLQJOH� FRQVWUXFW�� EXW� RWKHU� WHVWV� DUH

GHVLJQHG� WR� PHDVXUH� VHYHUDO� FRPSRQHQWV� RU� GLPHQVLRQV� RI� D� FRQVWUXFW�� 7KH
5RVHQEHUJ�6HOI�(VWHHP�6FDOH�LV�D����LWHP�VFDOH�GHVLJQHG�WR�PHDVXUH�WKH�FRQVWUXFW
RI�JOREDO�VHOI�HVWHHP���$�FRS\�RI�WKLV�WHVW�LV�VKRZQ�LQ�)LJXUH�����RQ�SDJH�������$OO
���LWHPV�RQ�WKLV� WHVW�DUH� LQWHQGHG�WR�PHDVXUH� WKH�VDPH�WKLQJ��<RX�FRXOG�FKHFN�WKH
LQWHUQDO�VWUXFWXUH�RI�WKLV�VHOI�HVWHHP�VFDOH�LQ�VHYHUDO�ZD\V��<RXU�JRDO�LQ�REWDLQLQJ
LQWHUQDO�VWUXFWXUH�HYLGHQFH�IRU�WKLV�VHOI�HVWHHP�VFDOH�ZRXOG�EH�WR�PDNH�VXUH�WKDW�WKH
LWHPV� LQ� IDFW� PHDVXUH� D� VLQJOH� XQGHUO\LQJ� FRQVWUXFW� �L�H��� PDNH� VXUH� LW� LV
XQLGLPHQVLRQDO��� ,Q� FRQWUDVW�� WKH� +DUWHU� 6HOI�3HUFHSWLRQ� 3URILOH� IRU� &KLOGUHQ
SURYLGHV� QRW� RQO\� D� PHDVXUH� RI� JOREDO� VHOI�HVWHHP� EXW� DOVR� PHDVXUHV� RI� ILYH
GLPHQVLRQV�RI�VHOI�HVWHHP��L�H���VFKRODVWLF�FRPSHWHQFH��VRFLDO�DFFHSWDQFH��DWKOHWLF
FRPSHWHQFH�� SK\VLFDO� DSSHDUDQFH�� DQG�EHKDYLRUDO� FRQGXFW���6R� LQ� WKH� FDVH�RI� WKH
+DUWHU�VFDOH��ZKHQ�H[DPLQLQJ�WKH�LQWHUQDO�VWUXFWXUH��\RX�ZRXOG�PDNH�VXUH�WKDW� WKH
GLIIHUHQW�VHWV�RI�LWHPV�GR�LQGHHG�PHDVXUH�WKH�VHSDUDWH�GLPHQVLRQV�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

$�XVHIXO� WHFKQLTXH�IRU�H[DPLQLQJ�WKH�LQWHUQDO�VWUXFWXUH�RI�WHVWV� LV�FDOOHG�IDFWRU
DQDO\VLV��)DFWRU�DQDO\VLV� LV�D� VWDWLVWLFDO�SURFHGXUH� WKDW�DQDO\]HV� WKH� UHODWLRQVKLSV



DPRQJ� LWHPV� WR�GHWHUPLQH�ZKHWKHU� D� WHVW� LV�XQLGLPHQVLRQDO� �L�H��� DOO� RI� WKH� LWHPV
PHDVXUH� D� VLQJOH� FRQVWUXFW�� RU�PXOWLGLPHQVLRQDO� �L�H��� GLIIHUHQW� VHWV� RI� LWHPV� WDS
GLIIHUHQW�FRQVWUXFWV�RU�GLIIHUHQW�FRPSRQHQWV�RI�D�EURDGHU�FRQVWUXFW���<RX�ZRXOG�UXQ
D�IDFWRU�DQDO\VLV�XVLQJ�D�VWDWLVWLFDO�VRIWZDUH�SURJUDP��VXFK�DV�6366���DQG�WKHQ�\RX
FRXOG� VHH� LI� \RXU� WHVW� LWHPV� DSSHDU� WR�PHDVXUH� RQH� GLPHQVLRQ� RU�PRUH� WKDQ� RQH
GLPHQVLRQ�

��)DFWRU�DQDO\VLV�$�VWDWLVWLFDO�SURFHGXUH�WKDW�DQDO\]HV�FRUUHODWLRQV�DPRQJ�WHVW
LWHPV�DQG�WHOOV�\RX�WKH�QXPEHU�RI�IDFWRUV�SUHVHQW��,W�WHOOV�\RX�ZKHWKHU�WKH�WHVW
LV�XQLGLPHQVLRQDO�RU�PXOWLGLPHQVLRQDO�

$Q�H[DPSOH�ZLOO�PDNH� WKH�FRQFHSW�RI� IDFWRU�DQDO\VLV�FOHDU��/HW¶V�VD\� WKDW�\RX
GLG�D�IDFWRU�DQDO\VLV�RQ�WKH����LWHPV�WKDW�PDNH�XS�WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH�
3DVW�UHVHDUFK�KDV�VKRZQ�WKDW� WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH� LV�XQLGLPHQVLRQDO�
VR�\RXU�IDFWRU�DQDO\VLV�VKRXOG�FRQILUP�WKDW�WKH�LWHPV�DUH�LQGHHG�PHDVXULQJ�D�VLQJOH
GLPHQVLRQ�RU�³IDFWRU�´�1RZ�OHW¶V�DGG����QHZ�LWHPV�WR�WKH�RULJLQDO����DQG�WDNH�WKHVH
QHZ�LWHPV�IURP�D�WHVW�WKDW�PHDVXUHV�³LQWURYHUVLRQ�´�:KHQ�\RX�UXQ�D�IDFWRU�DQDO\VLV
RQ� WKHVH� ��� LWHPV��ZKDW� GR�\RX� WKLQN�\RX�ZLOO� JHW"�7KH� UHVXOWV� VKRXOG� VKRZ� WKDW
\RXU� ��� LWHPV� PHDVXUH� WZR� GLPHQVLRQV� �D� VHOI�HVWHHP� GLPHQVLRQ� DQG� DQ
LQWURYHUVLRQ�GLPHQVLRQ��

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

$V� DQRWKHU� H[DPSOH�� DVVXPH� WKDW� \RX� MXVW� GLG� D� IDFWRU� DQDO\VLV� RQ� WKH�+DUWHU
VFDOH�ZH�PHQWLRQHG�DERYH��+RZ�PDQ\�GLPHQVLRQV�VKRXOG�WKLV�IDFWRU�DQDO\VLV�VKRZ
DUH�SUHVHQW"�:H�EHW�\RX�VDLG�ILYH��L�H���VFKRODVWLF�FRPSHWHQFH��VRFLDO�DFFHSWDQFH�
DWKOHWLF� FRPSHWHQFH�� SK\VLFDO� DSSHDUDQFH�� DQG� EHKDYLRUDO� FRQGXFW��� 7KDW¶V� UHDOO\
DOO� \RX� QHHG� WR� NQRZ� DERXW� IDFWRU� DQDO\VLV� KHUH�� 7KH� WHFKQLFDO� GHWDLOV� RI� IDFWRU
DQDO\VLV�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�WH[W��EXW�WKH�EDVLF�LGHD�LV�VLPSO\�WKDW�D�IDFWRU
DQDO\VLV�WHOOV�\RX�KRZ�PDQ\�GLPHQVLRQV�RU�IDFWRUV�\RXU�WHVW�LWHPV�UHSUHVHQW�

:KHQ�H[DPLQLQJ�WKH�LQWHUQDO�VWUXFWXUH�RI�D�WHVW��\RX�FDQ�DOVR�REWDLQ�D�PHDVXUH�RI
WHVW�KRPRJHQHLW\� �L�H��� WKH� GHJUHH� WR�ZKLFK� WKH� GLIIHUHQW� LWHPV�PHDVXUH� WKH� VDPH
FRQVWUXFW�RU�WUDLW���2QH�LQGH[�RI�KRPRJHQHLW\�LV�REWDLQHG�E\�FRUUHODWLQJ�WKH�VFRUHV
RQ� HDFK� WHVW� LWHP� ZLWK� WKH� VFRUHV� RQ� WKH� WRWDO� WHVW� �L�H��� WKH� LWHP�WR�WRWDO
FRUUHODWLRQ���)RU�H[DPSOH��LI�\RX�ZDQW�WR�REWDLQ�HYLGHQFH�RI�WKH�KRPRJHQHLW\�RI�D
WHVW� RI� VWXGHQW� PRUDOH�� \RX� FRXOG� JLYH� WKH� WHVW� WR� D� JURXS� RI� VWXGHQWV� DQG� WKHQ
FRUUHODWH�WKH�VFRUHV�RQ�HDFK�WHVW�LWHP�ZLWK�WKH�WRWDO�WHVW�VFRUHV��,I�DOO�WKH�LWHPV�DUH
FRUUHODWHG�ZLWK� WKH� WRWDO� WHVW� VFRUHV�� \RX� KDYH� HYLGHQFH� WKDW� WKH� WHVW� LV� LQWHUQDOO\
FRQVLVWHQW�DQG�WKDW�LW�PHDVXUHV�WKH�FRQVWUXFW�RI�VWXGHQW�PRUDOH��,I�D�SDUWLFXODU�LWHP
FRUUHODWHV� SRRUO\� ZLWK� WKH� WRWDO� WHVW� VFRUH�� LW� VKRXOG� EH� HOLPLQDWHG� RU� UHYLVHG
EHFDXVH�WKH�ORZ�FRUUHODWLRQ�LQGLFDWHV�WKDW�LWHP�GRHV�QRW�PHDVXUH�WKH�VDPH�WKLQJ�DV
WKH�WRWDO�WHVW�

��+RPRJHQHLW\�,Q�WHVW�YDOLGLW\��UHIHUV�WR�KRZ�ZHOO�WKH�GLIIHUHQW�LWHPV�LQ�D�WHVW



PHDVXUH�WKH�VDPH�FRQVWUXFW�RU�WUDLW�

$�VHFRQG�LQGH[�RI�KRPRJHQHLW\�KDV�DOUHDG\�EHHQ�GLVFXVVHG��FRHIILFLHQW�DOSKD�
<RX�FDQ�KDYH�\RXU�FRPSXWHU�FDOFXODWH�FRHIILFLHQW�DOSKD�IRU�WKH�WHVW��RU�IRU�HDFK�RI
WKH�GLPHQVLRQV�RI�WKH�WHVW�LI�LW�LV�PXOWLGLPHQVLRQDO��DV�WKH�+DUWHU�WHVW�LV���,I�WKH�DOSKD
LV� ORZ� �H�J��� �� ������ WKHQ� VRPH� LWHPV�PLJKW� EH�PHDVXULQJ� GLIIHUHQW� FRQVWUXFWV�� RU
VRPH�LWHPV�PLJKW�EH�GHIHFWLYH��:KHQ�FRHIILFLHQW�DOSKD�LV�ORZ��\RX�VKRXOG�H[DPLQH
WKH� LWHPV� WKDW� DUH� FRQWULEXWLQJ� WR� \RXU� ORZ� FRHIILFLHQW� DOSKD� DQG� FRQVLGHU
HOLPLQDWLQJ�RU�UHYLVLQJ�WKHP��

(YLGHQFH�%DVHG�RQ�5HODWLRQV�WR�2WKHU�9DULDEOHV
9DOLGLW\�HYLGHQFH�LV�DOVR�REWDLQHG�E\�UHODWLQJ�\RXU�WHVW�VFRUHV�WR�VFRUHV�RQ�RWKHU

YDULDEOHV�� 7KH� ILUVW� IRUP� RI� HYLGHQFH� LQ� WKLV� FDWHJRU\�� FDOOHG� FULWHULRQ�UHODWHG
HYLGHQFH�� IRFXVHV�RQ� WKH�XVHIXOQHVV�RI�D� WHVW� LQ�SUHGLFWLQJ�KRZ�SHRSOH� WDNLQJ� WKH
WHVW� ZLOO� SHUIRUP� RQ� VRPH� FULWHULRQ� RI� LQWHUHVW�� $� FULWHULRQ� LV� WKH� VWDQGDUG� RU
EHQFKPDUN�WKDW�\RX�ZDQW�WR�SUHGLFW�DFFXUDWHO\�RQ�WKH�EDVLV�RI�WKH�VFRUHV�IURP�\RXU
QHZ� WHVW��<RX� JDLQ� YDOLGLW\� HYLGHQFH�ZKHQ� WKHUH� LV� D� VWURQJ� FRUUHODWLRQ� EHWZHHQ
\RXU� IRFDO� WHVW� �L�H��� WKH� WHVW� \RX� DUH� VWXG\LQJ�� DQG� VFRUHV� RQ� D� ZHOO�HVWDEOLVKHG
FULWHULRQ�� 3HUKDSV� \RX� KDYH� GHVLJQHG� D� WHVW� WR� JLYH� WR�PLGGOH� VFKRRO� VWXGHQWV� WR
SUHGLFW�ZKHWKHU�WKH\�ZLOO�GURS�RXW�RI�KLJK�VFKRRO��$Q�H[FHOOHQW�FULWHULRQ�ZRXOG�EH
ZKHWKHU�WKH\�HYHQWXDOO\�GURS�RXW�RI�KLJK�VFKRRO��<RX�KDYH�VHOHFWHG�D�JRRG�FULWHULRQ
ZKHQ�\RXU�DXGLHQFH�DFFHSWV�LW�DV�LPSRUWDQW�DQG�ZKHQ�\RX�KDYH�H[DPLQHG�LW�IRU�LWV
UHOHYDQFH��FRPSOHWHQHVV��DQG�IUHHGRP�IURP�ELDV�

��&ULWHULRQ�UHODWHG�HYLGHQFH�9DOLGLW\�HYLGHQFH�EDVHG�RQ�WKH�H[WHQW�WR�ZKLFK
VFRUHV�IURP�D�WHVW�FDQ�EH�XVHG�WR�SUHGLFW�RU�LQIHU�SHUIRUPDQFH�RQ�VRPH
FULWHULRQ�VXFK�DV�D�WHVW�RU�IXWXUH�SHUIRUPDQFH

��&ULWHULRQ�7KH�VWDQGDUG�RU�EHQFKPDUN�WKDW�\RX�ZDQW�WR�SUHGLFW�DFFXUDWHO\�RQ
WKH�EDVLV�RI�WKH�WHVW�VFRUHV

:KHQ�\RX�FDOFXODWH�FRUUHODWLRQ�FRHIILFLHQWV�IRU�WKH�VWXG\�RI�YDOLGLW\��\RX�VKRXOG
FDOO�WKHP�YDOLGLW\�FRHIILFLHQWV��)RU�H[DPSOH��LI�\RX�DUH�GHYHORSLQJ�D�WHVW�WR�SUHGLFW
VWXGHQW�SHUIRUPDQFH�LQ�DGYDQFHG�KLJK�VFKRRO�PDWKHPDWLFV��\RX�ZDQW�D�SRVLWLYH�DQG
KLJK�FRUUHODWLRQ��L�H���YDOLGLW\�FRHIILFLHQW��EHWZHHQ�VWXGHQWV¶�VFRUHV�RQ�WKH�WHVW�DQG
WKHLU� PDWKHPDWLFV� SHUIRUPDQFH� VFRUHV�� 6SHFLILFDOO\�� WKH� VWXGHQWV� ZKR� JHW� ORZ
VFRUHV� RQ� WKH� DSWLWXGH� WHVW� VKRXOG� JHW� ORZ� VFRUHV� LQ� WKH� DGYDQFHG� KLJK� VFKRRO
PDWKHPDWLFV�FODVV��DQG�WKH�VWXGHQWV�ZKR�JHW�KLJK�VFRUHV�RQ�WKH�DSWLWXGH�WHVW�VKRXOG
JHW�KLJK�VFRUHV�LQ�WKH�DGYDQFHG�PDWK�FODVV�

��9DOLGLW\�FRHIILFLHQW�$�FRUUHODWLRQ�FRHIILFLHQW�WKDW�LV�FRPSXWHG�WR�SURYLGH
YDOLGLW\�HYLGHQFH��VXFK�DV�WKH�FRUUHODWLRQ�EHWZHHQ�WHVW�VFRUHV�DQG�FULWHULRQ
VFRUHV



�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

$�GLVWLQFWLRQ�PDGH�ZLWK�FULWHULRQ�UHODWHG�HYLGHQFH�FRQFHUQV�ZKHQ�WKH�WHVWV�DUH
DGPLQLVWHUHG��<RX�KDYH�FRQFXUUHQW�HYLGHQFH�LI�\RX�DGPLQLVWHU�\RXU�IRFDO�WHVW�DQG
WKH� FULWHULRQ� WHVW� DW� DSSUR[LPDWHO\� WKH� VDPH� SRLQW� LQ� WLPH� �L�H��� FRQFXUUHQWO\��
FRUUHODWH� WKH� WZR� VHWV� RI� VFRUHV�� DQG� ILQG� WKDW� WKH� WZR� VHWV� RI� VFRUHV� DUH� KLJKO\
FRUUHODWHG�� <RX� KDYH� SUHGLFWLYH� HYLGHQFH� RI� YDOLGLW\� LI� \RX� PHDVXUH� \RXU
SDUWLFLSDQWV¶�SHUIRUPDQFH�RQ�\RXU�IRFDO�WHVW�DW�RQH�SRLQW�LQ�WLPH�DQG�PHDVXUH�WKHP
RQ�WKH�FULWHULRQ�PHDVXUH�DW�D�IXWXUH�SRLQW�LQ�WLPH�DQG�\RX�ILQG�WKDW�WKHVH�WZR�VHWV�RI
VFRUHV�DUH�KLJKO\�FRUUHODWHG��$V�\RX�FDQ�VHH��SUHGLFWLYH�HYLGHQFH�WDNHV�PRUH�WLPH
DQG�HIIRUW�WKDQ�FRQFXUUHQW�HYLGHQFH�EHFDXVH�\RX�KDYH�WR�ZDLW�EHIRUH�REWDLQLQJ�DOO
RI� WKH� GDWD�� +RZHYHU�� SUHGLFWLYH� HYLGHQFH� LV� VXSHULRU� LI� \RXU� JRDO� LV� WR� SUHGLFW
VRPH�IXWXUH�HYHQW�RU�FRQGLWLRQ�

��&RQFXUUHQW�HYLGHQFH�9DOLGLW\�HYLGHQFH�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ
WHVW�VFRUHV�DQG�FULWHULRQ�VFRUHV�REWDLQHG�DW�WKH�VDPH�WLPH

��3UHGLFWLYH�HYLGHQFH�9DOLGLW\�HYLGHQFH�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ
WHVW�VFRUHV�FROOHFWHG�DW�RQH�SRLQW�LQ�WLPH�DQG�FULWHULRQ�VFRUHV�REWDLQHG�DW�D
ODWHU�WLPH

+HUH�LV�DQ�H[DPSOH�RI�WKH�GLVWLQFWLRQ��$VVXPH�WKDW�\RX�KDYH�UHFHQWO\�GHYHORSHG
D�QHZ��VKRUWHU�YHUVLRQ�RI�WKH�6$7��<RX�K\SRWKHVL]H�WKDW�\RXU�WHVW�ZLOO��OLNH�WKH�6$7�
ZLOO�SUHGLFW�FROOHJH�JUDGH�SRLQW�DYHUDJH��5DWKHU�WKDQ�ZDLWLQJ���\HDUV��KRZHYHU��\RX
PLJKW� DGPLQLVWHU� \RXU� QHZ� WHVW� WR� KLJK� VFKRRO� VWXGHQWV� DQG� VHH� ZKHWKHU� LW� LV
FRUUHODWHG�ZLWK�WKHLU�KLJK�VFKRRO�JUDGH�SRLQW�DYHUDJH��$OWKRXJK�\RX�XOWLPDWHO\�ZDQW
WR�SUHGLFW�FROOHJH�*3$��\RX�XVH�KLJK�VFKRRO�*3$�DV�D�VXEVWLWXWH�RU�SUR[\�YDULDEOH
EHFDXVH�LW�LV�HDV\�WR�REWDLQ�ULJKW�QRZ��7KLV�ZLOO�SURYLGH�FRQFXUUHQW�HYLGHQFH��EXW�LQ
WKLV�VLWXDWLRQ�SUHGLFWLYH�HYLGHQFH�LV�SUHIHUUHG��7R�REWDLQ�SUHGLFWLYH�HYLGHQFH��\RX
ZRXOG�JLYH�\RXU� WHVW� WR�KLJK� VFKRRO� VHQLRUV� DQG� WKHQ�ZDLW���\HDUV� WR�REWDLQ� WKHLU
FROOHJH�*3$��7KHQ�\RX�ZRXOG�FRUUHODWH�WKHLU�VFRUHV�RQ�\RXU�WHVW�ZLWK�WKHLU�FROOHJH
*3$��,I�WKH�FRUUHODWLRQ�LV�KLJK��\RX�KDYH�JRRG�HYLGHQFH�WKDW�WKH�WHVW�GRHV�ZKDW�LW�LV
VXSSRVHG�WR�GR��,W�DFFXUDWHO\�SUHGLFWV�VWXGHQWV¶�SHUIRUPDQFH�LQ�FROOHJH��&RQFXUUHQW
VWXGLHV�WHQG�WR�EH�SRSXODU�EHFDXVH�WKH\�FDQ�EH�GRQH�TXLFNO\��EXW�DJDLQ��SUHGLFWLYH
VWXGLHV�DUH�VXSHULRU�LI�\RXU�JRDO�LV�WR�SUHGLFW�VRPH�IXWXUH�HYHQW�RU�FRQGLWLRQ�

9DOLGLW\�HYLGHQFH�EDVHG�RQ�UHODWLRQV�WR�RWKHU�YDULDEOHV�FDQ�DOVR�EH�REWDLQHG�E\
FROOHFWLQJ� ZKDW� LV� FDOOHG� FRQYHUJHQW� DQG� GLVFULPLQDQW� HYLGHQFH�� 7KH� LGHDV� RI
FRQYHUJHQW� DQG� GLVFULPLQDQW� HYLGHQFH� FRPH� IURP� D� ODQGPDUN�ZRUN� E\�&DPSEHOO
DQG�)LVNH���������7KHVH�NLQGV�RI�HYLGHQFH�DUH�XVHG�WR�GHPRQVWUDWH�ZKDW�\RXU�WHVW
PHDVXUHV� DQG� ZKDW� LW� GRHV� QRW� PHDVXUH��&RQYHUJHQW� HYLGHQFH� LV� EDVHG� RQ� WKH
UHODWLRQVKLS� EHWZHHQ� WKH� IRFDO� WHVW� VFRUHV� DQG� RWKHU� LQGHSHQGHQW�PHDVXUHV� RI� WKH
VDPH�FRQVWUXFW��<RX�JHW�\RXU�SDUWLFLSDQWV� WR� WDNH�ERWK� WHVWV��DQG�\RX�FRUUHODWH� WKH
WZR� VHWV� RI� VFRUHV�� ,I� WKH� WZR� PHDVXUHV� DUH� EDVHG� RQ� GLIIHUHQW� PRGHV� RI� GDWD



FROOHFWLRQ� �H�J��� RQH� LV� D� SDSHU�DQG�SHQFLO� WHVW�� DQG� WKH� RWKHU� LV� EDVHG� RQ
REVHUYDWLRQ�RU�SHUIRUPDQFH���WKDW�LV�ILQH�EHFDXVH�LQGHSHQGHQW�PHDVXUHV�RI�WKH�VDPH
WKLQJ�VKRXOG�SURYLGH�PHDVXUHV� WKDW�DUH�KLJKO\�FRUUHODWHG��)RU�H[DPSOH��\RX�PLJKW
FROOHFW�HYLGHQFH�LQ�VXSSRUW�RI�WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH��ZKLFK�LV�EDVHG�RQ
D� VHOI�UHSRUW� PHDVXUH�� E\� VKRZLQJ� WKDW� DQRWKHU� VHOI�HVWHHP� WHVW� EDVHG� RQ� SHHU
UDWLQJV� DQG� RQH� EDVHG� RQ� WHDFKHU� REVHUYDWLRQV� DUH� KLJKO\� FRUUHODWHG� ZLWK� WKH
5RVHQEHUJ�VFDOH��7KLV�NLQG�RI�HYLGHQFH�ZRXOG�EH�LPSRUWDQW�EHFDXVH�LW�ZRXOG�VKRZ
WKDW� \RXU� WHVW� LV� UHODWHG� WR� RWKHU� PHDVXUHV� RI� WKH� VDPH� FRQVWUXFW� �DV� \RX� ZRXOG
H[SHFW�� DQG� WKDW� \RXU� IRFDO� WHVW� PHDVXUHPHQW� �LQ� WKLV� FDVH�� WKH� 5RVHQEHUJ� VFDOH
EDVHG� RQ� D� VHOI�UHSRUW� TXHVWLRQQDLUH�� LV� QRW� MXVW� DQ� DUWLIDFW� RI� WKH� PHWKRG� RI
PHDVXUHPHQW�\RX�KDYH�XVHG��EHFDXVH�\RX�JRW�VLPLODU�UHVXOWV�XVLQJ�SHHU�UDWLQJV�DQG
REVHUYDWLRQV��

��&RQYHUJHQW�HYLGHQFH�9DOLGLW\�HYLGHQFH�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ
WKH�IRFDO�WHVW�VFRUHV�DQG�LQGHSHQGHQW�PHDVXUHV�RI�WKH�VDPH�FRQVWUXFW

'LVFULPLQDQW�HYLGHQFH�H[LVWV�ZKHQ�WHVW�VFRUHV�RQ�\RXU�IRFDO�WHVW�DUH�QRW�KLJKO\
UHODWHG� WR� VFRUHV� IURP� RWKHU� WHVWV� WKDW� DUH� GHVLJQHG� WR� PHDVXUH� WKHRUHWLFDOO\
GLIIHUHQW�FRQVWUXFWV��7KLV�LQIRUPDWLRQ�LV�VLJQLILFDQW�EHFDXVH�LW� LV�DOVR�LPSRUWDQW�WR
GHPRQVWUDWH� ZKDW� \RXU� WHVW� GRHV� QRW� PHDVXUH�� ,Q� WKH� ZRUGV� RI� /HH� &URQEDFK
��������³7KLV�SULQFLSOH�RI�GLYHUJHQFH�RI�LQGLFDWRUV�NHHSV�D�VFLHQFH�IURP�EHFRPLQJ
RYHUORDGHG�ZLWK�PDQ\�QDPHV�IRU�WKH�VDPH�WKLQJ´��S��������)RU�H[DPSOH��WKLQN�DERXW
WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH�DJDLQ��)LUVW��WKH�FRUUHODWLRQ�EHWZHHQ�VHOI�HVWHHP
DQG�DXWKRULWDULDQLVP�VKRXOG�EH�VPDOO�RU�]HUR�EHFDXVH�WKHVH�WZR�FRQVWUXFWV�DUH�QRW
H[SHFWHG� �IRU� WKHRUHWLFDO� UHDVRQV�� WR� EH� UHODWHG�� ,I� \RX� JHW� D� VPDOO� RU� ]HUR
FRUUHODWLRQ�� \RX� ZLOO� KDYH� VRPH� GLVFULPLQDQW� HYLGHQFH� WKDW� WKH� 5RVHQEHUJ� VFDOH
PHDVXUHV� VRPHWKLQJ� RWKHU� WKDQ� WKH� FRQVWUXFW� RI� DXWKRULWDULDQLVP�� 6HFRQG�� WKLV
GLVFULPLQDQW� FRUUHODWLRQ� VKRXOG� EH� PXFK� VPDOOHU� WKDQ� WKH� FRQYHUJHQW� YDOLGLW\
FRUUHODWLRQV� �L�H��� WKH� FRUUHODWLRQV� EHWZHHQ�PHDVXUHV� RI� WKH� VDPH� FRQVWUXFW��� )RU
H[DPSOH��\RX�ZRXOG�H[SHFW�WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH�WHVW�WR�FRUUHODWH�PRUH
VWURQJO\�ZLWK�RWKHU�PHDVXUHV�RI�VHOI�HVWHHP�WKDQ�ZLWK�PHDVXUHV�RI�RWKHU�FRQVWUXFWV
VXFK�DV�DXWKRULWDULDQLVP��DWWLWXGHV�WRZDUG�FRQWUDFHSWLRQ��DQG�QHHG�IRU�UHFRJQLWLRQ�
%DVLFDOO\��WKH�JRDO�LV�WR�VKRZ�WKDW�\RXU�VFDOH�LV�FRUUHODWHG�ZLWK�ZKDW�LW�VKRXOG�EH
FRUUHODWHG� �FRQYHUJHQW� HYLGHQFH�� DQG� WKDW� LW� LV� QRW� FRUUHODWHG� ZLWK� GLIIHUHQW� RU
WKHRUHWLFDOO\�XQUHODWHG�FRQVWUXFWV�

��'LVFULPLQDQW�HYLGHQFH�(YLGHQFH�WKDW�WKH�VFRUHV�RQ�\RXU�IRFDO�WHVW�DUH�QRW
KLJKO\�UHODWHG�WR�WKH�VFRUHV�IURP�RWKHU�WHVWV�WKDW�DUH�GHVLJQHG�WR�PHDVXUH
WKHRUHWLFDOO\�GLIIHUHQW�FRQVWUXFWV

7KH� ODVW� W\SH� RI� YDOLGLW\� HYLGHQFH� ZH� GLVFXVV� LV� FDOOHG� NQRZQ� JURXSV
HYLGHQFH��7KH� LGHD�KHUH� LV� WR� UHODWH� VFRUHV� IURP� WKH� WHVW�\RX�DUH� VWXG\LQJ�ZLWK�D
JURXSLQJ�YDULDEOH� RQ�ZKLFK� \RX�ZRXOG� H[SHFW� WKH�PHPEHUV� WR� GLIIHU��<RX�ZRXOG
H[DPLQH�JURXSV� WKDW� DUH�NQRZQ� WR�GLIIHU�RQ�\RXU� IRFDO� FRQVWUXFW� DQG� VHH�ZKHWKHU



WKH\�GLIIHU�LQ�WKH�K\SRWKHVL]HG�GLUHFWLRQ�RQ�WKH�WHVW�\RX�DUH�XVLQJ��)RU�H[DPSOH�� LI
\RX�DUH�GHYHORSLQJ�D�WHVW�PHDVXULQJ�GHSUHVVLRQ��\RX�FRXOG�DGPLQLVWHU�\RXU�WHVW�WR�D
JURXS� RI� SDUWLFLSDQWV� ZKR� KDYH� EHHQ� GLDJQRVHG� ZLWK� FOLQLFDO� GHSUHVVLRQ� DQG� D
JURXS�RI�SDUWLFLSDQWV�ZKR�KDYH�QRW�EHHQ�GLDJQRVHG�ZLWK�FOLQLFDO�GHSUHVVLRQ��7KH
GHSUHVVHG� SDUWLFLSDQWV� VKRXOG� VFRUH� KLJKHU� RQ� \RXU� GHSUHVVLRQ� WHVW� WKDQ� WKH
³QRUPDO´� SDUWLFLSDQWV�� )RU� DQRWKHU� H[DPSOH�� \RX� ZRXOG� H[SHFW� PHPEHUV� RI� WKH
'HPRFUDWLF� 3DUW\� WR� VFRUH� KLJKHU� RQ� D� OLEHUDOLVP� VFDOH� WKDQ� PHPEHUV� RI� WKH
5HSXEOLFDQ�3DUW\�

��.QRZQ�JURXSV�HYLGHQFH�(YLGHQFH�WKDW�JURXSV�WKDW�DUH�NQRZQ�WR�GLIIHU�RQ�WKH
FRQVWUXFW�GR�GLIIHU�RQ�WKH�WHVW�LQ�WKH�K\SRWKHVL]HG�GLUHFWLRQ

8VLQJ�5HOLDELOLW\�DQG�9DOLGLW\�,QIRUPDWLRQ
)RU� \RX� WR� XVH� UHOLDELOLW\� DQG� YDOLGLW\� LQIRUPDWLRQ� �IURP� D� WHVW� PDQXDO� RU

UHVHDUFK� DUWLFOH�� OHJLWLPDWHO\�� WKH� SDUWLFLSDQWV� RQ� ZKLFK� WKH� LQIRUPDWLRQ� ZDV
FROOHFWHG�PXVW�EH� VLPLODU� WR� WKH�SDUWLFLSDQWV�ZLWK�ZKLFK�\RX�DUH� FRQGXFWLQJ�\RXU
VWXG\�� )RU� H[DPSOH�� LI� \RX� DUH� FRQGXFWLQJ� D� VWXG\� LQYHVWLJDWLQJ� WKH� DFDGHPLF
DFKLHYHPHQW�RI�ILIWK��DQG�VL[WK�JUDGH�VWXGHQWV�ZLWK�,4V�EHORZ�WKH�QRUPDO�UDQJH��WKH
UHOLDELOLW\� DQG� YDOLGLW\� LQIRUPDWLRQ� SURYLGHG�ZLWK� WKH� DFDGHPLF� DFKLHYHPHQW� WHVW
WKDW� \RX� VHOHFW� IRU� WKLV� VWXG\�PXVW� EH� EDVHG� RQ�QRUPV� IURP� ILIWK�� DQG� VL[WK�JUDGH
VWXGHQWV� RI� EHORZ�QRUPDO� LQWHOOLJHQFH�� ,I� WKH� UHOLDELOLW\� DQG� YDOLGLW\� FRHIILFLHQWV
SURYLGHG�ZHUH�GHULYHG�IURP�ILIWK��DQG�VL[WK�JUDGH�VWXGHQWV�ZLWK�QRUPDO�RU�KLJKHU
,4V�� WKHVH� FRHIILFLHQWV� ZRXOG� JLYH� OLWWOH� LQIRUPDWLRQ� DERXW� WKH� UHOLDELOLW\� DQG
YDOLGLW\�RI�WKH�VFRUHV�RI�WKH�VWXGHQWV�\RX�DUH�VWXG\LQJ��7KHUHIRUH��EHIRUH�\RX�PDNH
XVH� RI� DQ\� DVVHVVPHQW� SURFHGXUH�� \RX� PXVW� ORRN� DW� WKH� FKDUDFWHULVWLFV� RI� WKH
QRUPLQJ�JURXS��ZKLFK�LV�WKH�JURXS�RI�SHRSOH�RQ�ZKLFK�WKH�UHOLDELOLW\�DQG�YDOLGLW\
FRHIILFLHQWV�ZHUH�FRPSXWHG��7KHVH�FRHIILFLHQWV�DUH�W\SLFDOO\�UHSRUWHG�LQ�WKH�PDQXDO
WKDW� FRPHV�ZLWK� WKH� VWDQGDUGL]HG� WHVW�� ,I� WKH� FKDUDFWHULVWLFV� RI� WKH� SDUWLFLSDQWV� LQ
\RXU�VWXG\�PDWFK�WKH�FKDUDFWHULVWLFV�RI�WKH�SDUWLFLSDQWV�LQ�WKH�UHOLDELOLW\�DQG�YDOLGLW\
VWXGLHV�� \RX� FDQ� XVH� WKHVH� FRHIILFLHQWV� WR� DVVHVV� WKH� TXDOLW\� RI� WKH� DVVHVVPHQW
SURFHGXUH�� ,I� WKH\�GR� QRW�� \RX�KDYH� QR�GLUHFW� LQIRUPDWLRQ�E\�ZKLFK� WR� DVVHVV� WKH
TXDOLW\� RI� WKH� DVVHVVPHQW� SURFHGXUH�� <RX� FDQ� VWLOO� JHW� VFRUHV� IURP� XVLQJ� WKH
DVVHVVPHQW��EXW�EHFDXVH�\RX�ZLOO�QRW�NQRZ�ZKDW�WKH\�PHDQ��\RX�HVVHQWLDOO\�ZLOO�EH
FROOHFWLQJ�GDWD�WKDW�\RX�FDQQRW�LQWHUSUHW�

��1RUPLQJ�JURXS�7KH�VSHFLILF�JURXS�IRU�ZKLFK�WKH�WHVW�SXEOLVKHU�RU�UHVHDUFKHU
SURYLGHV�HYLGHQFH�IRU�WHVW�YDOLGLW\�DQG�UHOLDELOLW\

,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKDW� LW� LV� QRW� ZLVH� WR� UHO\� VROHO\� RQ� SUHYLRXVO\
UHSRUWHG�UHOLDELOLW\�DQG�YDOLGLW\�LQIRUPDWLRQ��HVSHFLDOO\�ZKHQ�WKH�FKDUDFWHULVWLFV�RI
\RXU� SDUWLFLSDQWV� GR� QRW� FORVHO\� PDWFK� WKH� FKDUDFWHULVWLFV� RI� WKH� QRUPLQJ� JURXS�
7KHUHIRUH�� \RX� VKRXOG� DWWHPSW� WR� FROOHFW� DGGLWLRQDO� HPSLULFDO� UHOLDELOLW\� DQG�RU
YDOLGLW\� HYLGHQFH� GHPRQVWUDWLQJ� KRZ�ZHOO� \RXU� VHOHFWHG� WHVW� RSHUDWHV� ZLWK� \RXU



UHVHDUFK� SDUWLFLSDQWV� RU� VWXGHQWV�� )RU� H[DPSOH�� UHOLDELOLW\� LQIRUPDWLRQ�� VXFK� DV
FRHIILFLHQW� DOSKD� DQG� WHVW�UHWHVW� UHOLDELOLW\�� LV� XVXDOO\� UHSRUWHG� LQ� KLJK�TXDOLW\
MRXUQDOV� �VXFK� DV� WKH� -RXUQDO� RI� (GXFDWLRQDO� 3V\FKRORJ\��� 9DOLGLW\� LQIRUPDWLRQ�
VXFK�DV�FRQYHUJHQW�DQG�GLVFULPLQDQW�HYLGHQFH��LV�RIWHQ�UHSRUWHG�ZKHQ�UHVHDUFKHUV
QHHG� WR� MXVWLI\� WKH� XVH� RI� WKHLU� PHDVXUHV�� 7KH� SRLQW� LV� WKDW�� ZKHQ� UHDGLQJ� DQ
HPSLULFDO�UHVHDUFK�UHSRUW��\RX�VKRXOG�EH�VXUH�WR�ORRN�IRU�DQ\�GLUHFW�HYLGHQFH� WKDW
WKH� UHVHDUFKHUV� SURYLGH� DERXW� UHOLDELOLW\� DQG� YDOLGLW\� DQG� WKHQ� XSJUDGH� \RXU
HYDOXDWLRQ� RI� WKH� PHDVXUHPHQW� FRPSRQHQW� RI� WKH� UHVHDUFK� WR� WKH� GHJUHH� WKDW� WKH
DXWKRUV�SURYLGH�WKLV�HYLGHQFH��<RX�ZLOO�ILQG�WKLV�LQIRUPDWLRQ�LQ�HLWKHU�WKH�0HWKRG
VHFWLRQ� RU� WKH� 5HVXOWV� VHFWLRQ� RI� DQ� DUWLFOH�� <RX� ZLOO� DOVR� ILQG� LW� LQ� SXEOLVKHG
UHYLHZV�RI�WHVWV�

5(9,(:
48(67 ,21

������:KDW�DUH�WKH�FKDUDFWHULVWLFV�RI�WKH�GLIIHUHQW
ZD\V�RI�REWDLQLQJ�YDOLGLW\�HYLGHQFH"

('8&$7,21$/�$1'�36<&+2/2*,&$/�7(676
:KHQHYHU�DQ�HGXFDWLRQDO�UHVHDUFKHU�FRQGXFWV�D�VWXG\��PHDVXUHPHQWV�PXVW�EH�WDNHQ
RQ�D�QXPEHU�RI�YDULDEOHV��)RU�H[DPSOH��LI�\RX�DUH�FRQGXFWLQJ�DQ�H[SHULPHQWDO�VWXG\
LQYHVWLJDWLQJ� WKH� HIIHFW� RI� H[SRVXUH� WR� D� +HDG� 6WDUW� SURJUDP� RQ� ODWHU� DFDGHPLF
DFKLHYHPHQW�RI�GLVDGYDQWDJHG�FKLOGUHQ��\RX�KDYH�WR�KDYH�VRPH�ZD\�RI�LGHQWLI\LQJ
FKLOGUHQ�ZKR�DUH�GLVDGYDQWDJHG�DQG�VRPH�PHDVXUH�RI�DFDGHPLF�DFKLHYHPHQW��2QH
ZD\�RI�GRLQJ� WKLV� LV� WR�DGPLQLVWHU�D� WHVW� WKDW� LV�GHVLJQHG� WR�PHDVXUH� WKH�H[WHQW� WR
ZKLFK�D�FKLOG�LV�GLVDGYDQWDJHG�DQG�D�WHVW�WKDW�LV�GHVLJQHG�WR�PHDVXUH�D�FKLOG¶V�OHYHO
RI� DFDGHPLF� DFKLHYHPHQW�� )RUWXQDWHO\�� HGXFDWLRQDO� DQG� SV\FKRORJLFDO� WHVWV� KDYH
EHHQ� GHYHORSHG� WR� PHDVXUH� PRVW� VLWXDWLRQV�� FKDUDFWHULVWLFV�� DQG� W\SHV� RI
SHUIRUPDQFH��DQG�HGXFDWLRQDO�UHVHDUFKHUV�PDNH�H[WHQVLYH�XVH�RI�WKHVH�WHVWV�LQ�WKHLU
UHVHDUFK�SURMHFWV��$OWKRXJK�WKHUH�DUH�WRR�PDQ\�WHVWV�WR�PHQWLRQ�LQ�WKLV�WH[WERRN��ZH
LGHQWLI\� WKH� SULPDU\� DUHDV� LQ� ZKLFK� WHVWV� KDYH� EHHQ� GHYHORSHG�� DQG� ZH�PHQWLRQ
VRPH�RI�WKH�PRUH�SRSXODU�WHVWV�LQ�HDFK�RI�WKHVH�DUHDV�

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

,QWHOOLJHQFH�7HVWV
,QWHOOLJHQFH� WHVWV� KDYH� SUREDEO\� UHFHLYHG� WKH�PRVW� DWWHQWLRQ� DQG� DUH� WKH� WHVWV

SHRSOH�DUH�PRVW�IDPLOLDU�ZLWK�EHFDXVH�PRVW�RI�XV�KDYH�FRPSOHWHG�RQH�DW�VRPH�WLPH
LQ� RXU� OLIH�� ,QWHOOLJHQFH�� KRZHYHU�� LV� DQ� LQWHUHVWLQJ� FRQVWUXFW� EHFDXVH� RI� WKH
GLIILFXOW\� LQ� FRPLQJ� XS� ZLWK� DQ� DJUHHG�RQ� GHILQLWLRQ�� )RU� H[DPSOH�� ZKDW� GRHV
LQWHOOLJHQFH�PHDQ�WR�\RX"�,I�\RX�KDYH�GLIILFXOW\�DQVZHULQJ�WKLV�TXHVWLRQ��\RX�DUH�QRW
DORQH�� 6WHUQEHUJ�� &RQZD\�� .HWURQ�� DQG� %HUQVWHLQ� ������� DVNHG� ���� SHRSOH�
LQFOXGLQJ� VWXGHQWV�� FRPPXWHUV�� DQG� VXSHUPDUNHW� VKRSSHUV�� WR� LGHQWLI\� EHKDYLRUV
WKH\� FRQVLGHUHG� LQWHOOLJHQW� DQG� XQLQWHOOLJHQW�� %HKDYLRUV� WKDW� ZHUH� PRVW� RIWHQ



DVVRFLDWHG�ZLWK�LQWHOOLJHQFH�LQFOXGHG�³UHDVRQV�ORJLFDOO\�DQG�ZHOO�´�³UHDGV�ZLGHO\�´
³GLVSOD\V� FRPPRQ� VHQVH�´� ³NHHSV� DQ� RSHQ� PLQG�´� DQG� ³UHDGV� ZLWK� KLJK
FRPSUHKHQVLRQ�´�8QLQWHOOLJHQW�EHKDYLRUV�PHQWLRQHG�PRVW�IUHTXHQWO\�LQFOXGHG�³GRHV
QRW� WROHUDWH�GLYHUVLW\�RI� YLHZV�´� ³GRHV�QRW� GLVSOD\� FXULRVLW\�´� DQG� ³EHKDYHV�ZLWK
LQVXIILFLHQW� FRQVLGHUDWLRQ� RI� RWKHUV�´� 'R� WKHVH� H[DPSOHV� ILW� \RXU� FRQFHSWLRQ� RI
LQWHOOLJHQW� DQG� XQLQWHOOLJHQW� EHKDYLRUV"� ,I� WKH\� GR� QRW�� GRQ¶W� EH� DODUPHG�� EHFDXVH
HYHQ�WKH�H[SHUWV�FDQQRW�DJUHH�RQ�D�GHILQLWLRQ�

2QH�JHQHUDO�GHILQLWLRQ�LV�WKDW�LQWHOOLJHQFH�LV�WKH�DELOLW\�WR�WKLQN�DEVWUDFWO\�DQG�WR
OHDUQ�UHDGLO\�IURP�H[SHULHQFH��)O\QQ���������+RZHYHU��WKLV�LV�D�JHQHUDO�GHILQLWLRQ
DQG�QRW�RQH� WKDW� LV�XQLYHUVDOO\� DFFHSWHG��1HLVVHU� �������KDV� HYHQ�FRQFOXGHG� WKDW
LQWHOOLJHQFH��EHFDXVH�RI�LWV�QDWXUH��FDQQRW�EH�H[SOLFLWO\�GHILQHG�EHFDXVH�IRU�FHUWDLQ
FRQVWUXFWV��D�VLQJOH�SURWRW\SH�GRHV�QRW�H[LVW��7KLV� LV�FHUWDLQO\� WUXH��+RZHYHU�� MXVW
EHFDXVH� D� XQLYHUVDOO\� DFFHSWHG� GHILQLWLRQ� RI� LQWHOOLJHQFH� GRHV� QRW� H[LVW� GRHV� QRW
PHDQ� WKDW� WKH� FRQFHSW� GRHV� QRW� H[LVW�� WKDW� LW� ODFNV� XWLOLW\�� RU� WKDW� LW� FDQQRW� EH
PHDVXUHG�� ,QGHHG�� LW� LV� D� PXOWLIDFHWHG� FRQVWUXFW�� DQG� PDQ\� WHVWV� KDYH� EHHQ
GHYHORSHG�WR�PHDVXUH�LQWHOOLJHQFH��$�VXPPDU\�RI�VRPH�RI�WKH�WHVWV�RI�LQWHOOLJHQFH
WKDW�KDYH�EHHQ�GHYHORSHG�DQG�XVHG�LQ�HGXFDWLRQDO�UHVHDUFK�DV�ZHOO�DV�RWKHU�VHWWLQJV
LV�SURYLGHG�DW�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH�

��,QWHOOLJHQFH�7KH�DELOLW\�WR�WKLQN�DEVWUDFWO\�DQG�WR�OHDUQ�UHDGLO\�IURP
H[SHULHQFH

3HUVRQDOLW\�7HVWV
3HUVRQDOLW\� LV� D� FRQVWUXFW� WKDW�� OLNH� LQWHOOLJHQFH�� KDV� EHHQ� GHILQHG� LQ� PDQ\

GLIIHUHQW�ZD\V��$�JHQHUDOO\�DJUHHG�RQ�GHILQLWLRQ�LV�0LVFKHO¶V��������VWDWHPHQW�WKDW
SHUVRQDOLW\� UHIHUV� WR� ³WKH� GLVWLQFWLYH� SDWWHUQV� �LQFOXGLQJ� WKRXJKWV� DV� ZHOO� DV
IHHOLQJV�� HPRWLRQV�� DQG� DFWLRQV�� WKDW� FKDUDFWHUL]H� HDFK� LQGLYLGXDO� HQGXULQJO\´� �S�
���� )HLVW� ������� GHILQHG� SHUVRQDOLW\� DV� ³D� JOREDO� FRQFHSW� UHIHUULQJ� WR� DOO� WKRVH
UHODWLYHO\� SHUPDQHQW� WUDLWV�� GLVSRVLWLRQV�� RU� FKDUDFWHULVWLFV� ZLWKLQ� WKH� LQGLYLGXDO�
ZKLFK�JLYH�VRPH�GHJUHH�RI�FRQVLVWHQF\�WR�WKDW�SHUVRQ¶V�EHKDYLRU´��S�����,W�LV�FOHDU
WKDW� SHUVRQDOLW\� LV� D� PXOWLIDFHWHG� FRQVWUXFW�� DV� D� UHVXOW�� PDQ\� WHVWV� KDYH� EHHQ
GHYHORSHG� WR� PHDVXUH� GLIIHUHQW� IDFHWV� RI� SHUVRQDOLW\� �VXFK� DV� HPRWLRQDO�
PRWLYDWLRQDO�� LQWHUSHUVRQDO�� DQG� DWWLWXGLQDO� FKDUDFWHULVWLFV� RI� LQGLYLGXDOV��� $
VXPPDU\�RI�VRPH�SHUVRQDOLW\�WHVWV�LV�SURYLGHG�DW�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH�

��3HUVRQDOLW\�7KH�UHODWLYHO\�SHUPDQHQW�SDWWHUQV�WKDW�FKDUDFWHUL]H�DQG�FDQ�EH
XVHG�WR�FODVVLI\�LQGLYLGXDOV

0DQ\� SHUVRQDOLW\� WHVWV� DUH� RI� WKH� VHOI�UHSRUW� YDULHW\� �VRPHWLPHV� FDOOHG� VHOI�
UHSRUW�LQYHQWRULHV���LQ�ZKLFK�WKH�WHVW�WDNHU�LV�DVNHG�WR�UHVSRQG��HLWKHU�RQ�D�SHQFLO�
DQG�SDSHU�IRUP�RU�RQ�D�FRPSXWHU��WR�D�VHULHV�RI�TXHVWLRQV�DERXW�KLV�RU�KHU�PRWLYHV
DQG�IHHOLQJV��7KHVH�VHOI�UHSRUWV�SURYLGH�D�ZLQGRZ�LQWR�WKH�WHVW�WDNHU¶V�EHKDYLRUDO
WHQGHQFLHV�� IHHOLQJV�� DQG�PRWLYHV�� ZKLFK� DUH� LQ� WXUQ� VXPPDUL]HG� ZLWK� D� VSHFLILF



ODEHO��6RPH�ODEHOV�DUH�FOLQLFDO�ODEHOV��VXFK�DV�QHXURWLFLVP��RWKHUV�DUH�WUDLW�ODEHOV�
VXFK�DV�GRPLQDQFH�RU�VRFLDELOLW\��6WLOO�RWKHU� ODEHOV� UHIHU� WR�DWWLWXGHV�� LQWHUHVWV��RU
WKH�YDOXHV�D�SHUVRQ�KROGV��7KH�QXPHURXV�VXPPDU\�ODEHOV�WKDW�DUH�XVHG�WR�SRUWUD\�D
SHUVRQ¶V� ³SHUVRQDOLW\´� DQG� WKH� QXPHURXV� VHOI�UHSRUW� LQYHQWRULHV� WKDW� KDYH� EHHQ
GHYHORSHG�WR�PHDVXUH�WKHVH�IXUWKHU�UHIOHFW�WKH�IDFW�WKDW�SHUVRQDOLW\�LV�D�PXOWLIDFHWHG
FRQVWUXFW�

��6HOI�UHSRUW�$�WHVW�WDNLQJ�PHWKRG�LQ�ZKLFK�SDUWLFLSDQWV�FKHFN�RU�UDWH�WKH
GHJUHH�WR�ZKLFK�YDULRXV�FKDUDFWHULVWLFV�DUH�GHVFULSWLYH�RI�WKHPVHOYHV

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

$OWKRXJK� VHOI�UHSRUW� PHDVXUHV� RI� SHUVRQDOLW\� FDQ� EH� D� YDOXDEOH� VRXUFH� RI
LQIRUPDWLRQ��WKH\�DUH�DOZD\V�VXEMHFW�WR�FRQWDPLQDWLRQ��,Q�VRPH�LQVWDQFHV�� WR�DWWDLQ
KLV�RU�KHU�JRDOV��D�SHUVRQ�PLJKW�EH�PRWLYDWHG�WR�³IDNH�JRRG´���LQ�RWKHU�LQVWDQFHV��D
SHUVRQ�PLJKW�EH�PRWLYDWHG�WR�³IDNH�EDG�´�)RU�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW�\RXU
FKLOG� WR� DWWHQG� DQ� HOLWH� SULYDWH� VFKRRO� WKDW� ZLOO� QRW� WDNH� FKLOGUHQ� ZLWK� QHJDWLYH
DWWLWXGHV�RQ�WKH�DVVXPSWLRQ�WKDW�WKH\�PLJKW�EH�SURQH�WR�YLROHQW�EHKDYLRU��,I�\RX�DUH
DVNHG�WR�UHSRUW�RQ�\RXU�FKLOG¶V�EHKDYLRUDO� WHQGHQFLHV�DQG�DWWLWXGHV��\RX�PLJKW�QRW
WHOO�WKH�WUXWK��³IDNH�JRRG´��WR�HQKDQFH�WKH�SUREDELOLW\�RI�\RXU�FKLOG¶V�EHLQJ�DGPLWWHG
LQWR� WKH� VFKRRO��$GGLWLRQDOO\�� GLIIHUHQW� LQGLYLGXDOV� KDYH� GLIIHUHQW� UHVSRQVH� VW\OHV
WKDW�FDQ�LQIOXHQFH�WKH�LPSUHVVLRQ�FRPPXQLFDWHG�E\�WKH�UHVSRQVHV�WR�WKH�SHUVRQDOLW\
WHVW��)RU�H[DPSOH�� VRPH�SHRSOH�KDYH�D� WHQGHQF\� WR�DQVZHU�³\HV´�RU�³WUXH´� UDWKHU
WKDQ� ³QR´� RU� ³IDOVH´� WR� VKRUW�DQVZHU� LWHPV��2WKHUV�PD\� QRW� KDYH� WKH� LQVLJKW� LQWR
WKHLU�RZQ�EHKDYLRU�RU�WKLQNLQJ�QHHGHG�WR�DFFXUDWHO\�FRPPXQLFDWH�LQIRUPDWLRQ�DERXW
WKHPVHOYHV�� 7KHVH� OLPLWDWLRQV� RI� VHOI�UHSRUW� LQYHQWRULHV� DOZD\V� KDYH� WR� EH
FRQVLGHUHG�ZKHQ�XVLQJ�WKHP�WR�FROOHFW�LQIRUPDWLRQ�

,Q� DGGLWLRQ� WR� VHOI�UHSRUWV�� SHUVRQDOLW\� GLPHQVLRQV� DUH� VRPHWLPHV� PHDVXUHG
XVLQJ�SHUIRUPDQFH�PHDVXUHV��+HUH�� WKH�UHVHDUFKHU�SURYLGHV� WKH�H[DPLQHH�ZLWK�D
WDVN� WR� SHUIRUP� DQG� WKHQ� PDNHV� DQ� LQIHUHQFH� DERXW� WKH� H[DPLQHH¶V� SHUVRQDOLW\
FKDUDFWHULVWLFV� RQ� WKH� EDVLV� RI� WKH� WDVN� SHUIRUPDQFH�� 7KHVH� NLQGV� RI� WHVWLQJ
VLWXDWLRQV� DUH� RIWHQ� GHVLJQHG� WR� VLPXODWH� HYHU\GD\� OLIH� RU� ZRUN� VLWXDWLRQV�� ,W� LV
XVXDOO\�LPSRUWDQW�WR�NHHS�WKH�SUHFLVH�QDWXUH�RU�SXUSRVH�RI�WKH�SHUIRUPDQFH�WHVWLQJ
GLVJXLVHG� WR� KHOS� PLQLPL]H� IDNLQJ� RU� RWKHU� W\SHV� RI� UHDFWLYH� EHKDYLRUV�� $Q
DGYDQWDJH�RI�SHUIRUPDQFH�PHDVXUHV�LV�WKDW�WKH�UHVHDUFKHU�FDQ�GLUHFWO\�REVHUYH�WKH
WHVW�WDNHU¶V�EHKDYLRU��UDWKHU�WKDQ�UHO\LQJ�RQO\�RQ�VHOI�UHSRUW�PHDVXUHV�

��3HUIRUPDQFH�PHDVXUHV�$�WHVW�WDNLQJ�PHWKRG�LQ�ZKLFK�WKH�SDUWLFLSDQWV
SHUIRUP�VRPH�UHDO�OLIH�EHKDYLRU�WKDW�LV�REVHUYHG�E\�WKH�UHVHDUFKHU

7KH� ODVW� WHFKQLTXH� IRU� WDSSLQJ� LQWR� SHUVRQDOLW\� LV� WKH� XVH� RI� SURMHFWLYH
PHDVXUHV��7KH�PDMRU� IHDWXUH�RI�SURMHFWLYH�PHDVXUHV�RU� WHFKQLTXHV� LV� WKDW� WKH� WHVW
WDNHU� KDV� WR� UHVSRQG� WR� D� UHODWLYHO\� XQVWUXFWXUHG� WDVN� XVLQJ� WHVW� VWLPXOL� WKDW� DUH
XVXDOO\�YDJXH�RU�DPELJXRXV��)RU�H[DPSOH��WKH�WHVW�WDNHU�PLJKW�EH�DVNHG�WR�WHOO�ZKDW



KH�RU�VKH�VHHV�LQ�D�EORW�RI�LQN�RQ�D�SLHFH�RI�SDSHU�RU�WR�PDNH�XS�D�VWRU\�EDVHG�RQ�D
FDUG� WKDW� VKRZV� DQ� DPELJXRXV� SLFWXUH� RI� VHYHUDO� SHRSOH� ZKR� DUH� LQ� D� VSHFLILF
HQYLURQPHQW�� VXFK� DV� ZKDW� DSSHDUV� WR� EH� D� VXUJLFDO� URRP�� 7KH� XQGHUO\LQJ
DVVXPSWLRQ� LV� WKDW� WKH� ZD\� LQ� ZKLFK� WKH� WHVW� WDNHU� VWUXFWXUHV� DQG� LQWHUSUHWV� WKH
DPELJXRXV�WHVW�VWLPXOL�ZLOO�UHIOHFW�IXQGDPHQWDO�DVSHFWV�RI�KLV�RU�KHU�SHUVRQDOLW\�RU
SV\FKRORJLFDO� IXQFWLRQLQJ� DQG� LQ� WKLV�ZD\� UHYHDO� KLV� RU� KHU� QHHGV�� DQ[LHWLHV�� DQG
FRQIOLFWV��+RZHYHU��PDQ\�SURMHFWLYH�WHFKQLTXHV�DUH�LQDGHTXDWHO\�VWDQGDUGL]HG�ZLWK
UHVSHFW� WR� DGPLQLVWUDWLRQ� DQG� VFRULQJ�� ZKLFK� PHDQV� WKDW� UHOLDELOLW\� DQG� YDOLGLW\
LQIRUPDWLRQ�PLJKW�EH�KDUG�WR�REWDLQ�

��3URMHFWLYH�PHDVXUH�$�WHVW�WDNLQJ�PHWKRG�LQ�ZKLFK�SDUWLFLSDQWV�SURYLGH
UHVSRQVHV�WR�DPELJXRXV�VWLPXOL

(GXFDWLRQDO�$VVHVVPHQW�7HVWV
2QH� RI� WKH� WKLQJV�PDQ\� SHRSOH� DVVRFLDWH�ZLWK� HGXFDWLRQ� LV� WHVWLQJ� EHFDXVH� LW

VHHPV� WR� EH� DQ� LQKHUHQW� SDUW� RI� WKH� HGXFDWLRQDO� SURFHVV�� 7KH� W\SH� RI� WHVWLQJ� WKDW
PDQ\�SHRSOH� WKLQN�RI� LV� VRPH� W\SH�RI�SHUIRUPDQFH�RU�NQRZOHGJH� WHVWLQJ��EHFDXVH
RQH�RI�WKH�PRVW�FRPPRQ�ZD\V�RI�LGHQWLI\LQJ�ZKHWKHU�D�SHUVRQ�KDV�PDVWHUHG�D�VHW�RI
PDWHULDO�LV�WR�PHDVXUH�ZKHWKHU�KH�RU�VKH�FDQ�DQVZHU�TXHVWLRQV�DERXW�WKH�PDWHULDO�RU
PHDVXUH� KLV� RU� KHU� SHUIRUPDQFH� RQ� DFWLYLWLHV� WKDW� DUH� LQGLFDWLYH� RI� PDVWHU\�
+RZHYHU��PDQ\�RWKHU�W\SHV�RI�WHVWV�DUH�DGPLQLVWHUHG�LQ�VFKRROV��LQWHOOLJHQFH�WHVWV�
SHUVRQDOLW\� WHVWV�� WHVWV�RI�SK\VLFDO�DQG�VHQVRU\�DELOLWLHV��GLDJQRVWLF� WHVWV�� OHDUQLQJ
VW\OHV� WHVWV�� DQG� VR� IRUWK�� ,Q� WKLV� VHFWLRQ�� ZH� ORRN� DW� WKH� PDMRU� FDWHJRULHV� RI
HGXFDWLRQDO� DVVHVVPHQW� WHVWV� DQG�PHQWLRQ� VRPH� RI� WKH� WHVWV� WKDW� IDOO� LQWR� HDFK� RI
WKHVH�FDWHJRULHV�

3UHVFKRRO�$VVHVVPHQW�7HVWV
0DQ\� WHVWV� WKDW�DUH�XVHG�ZLWK�SUHVFKRRO�FKLOGUHQ�DUH� UHIHUUHG� WR�DV�VFUHHQLQJ

WHVWV�UDWKHU�WKDQ�LQWHOOLJHQFH�WHVWV�RU�DFDGHPLF�DFKLHYHPHQW�WHVWV��SULPDULO\�EHFDXVH
WKH�SUHGLFWLYH�YDOLGLW\�RI�PDQ\�RI�WKH�SUHVFKRRO�WHVWV�LV�ZHDN��'XULQJ�WKH�SUHVFKRRO
\HDUV�� PDQ\� IDFWRUV� RWKHU� WKDQ� FKLOGUHQ¶V� FRJQLWLYH� FDSDFLW\� LQIOXHQFH� WKHLU� ODWHU
GHYHORSPHQW� DQG� DELOLW\�� $� FKLOG¶V� KHDOWK�� IDPLO\� HQYLURQPHQW�� DQG� WHPSHUDPHQW
GLIIHUHQFHV�DOO�LQIOXHQFH�WKH�FKLOG¶V�GHYHORSPHQW��7KHUHIRUH��WHVWLQJ�DW�D�\RXQJ�DJH
W\SLFDOO\� IDLOV� WR� \LHOG� VXIILFLHQW� LQIRUPDWLRQ� DERXW� ODWHU� SHUIRUPDQFH� LQ� WKH
FODVVURRP��:KHQ�WHVWV�DUH�XVHG�DV�VFUHHQLQJ�WHVWV��WKH\�DUH�XVHG�WR�LGHQWLI\�FKLOGUHQ
ZKR�DUH�³DW�ULVN´�DQG�LQ�QHHG�RI�IXUWKHU�HYDOXDWLRQ��7KH�WHUP�DW�ULVN��KRZHYHU�� LV
QRW�FOHDUO\�GHILQHG��)RU�H[DPSOH��LW�FRXOG�UHIHU�WR�D�FKLOG�ZKR�LV�LQ�GDQJHU�RI�QRW
EHLQJ�UHDG\�IRU�WKH�ILUVW�JUDGH��RU�LW�PLJKW�GHVFULEH�D�OHYHO�RI�IXQFWLRQLQJ�WKDW�LV�QRW
ZLWKLQ�QRUPDO�OLPLWV��,W�PLJKW�HYHQ�UHIHU� WR�D�FKLOG�ZKR�KDV�GLIILFXOWLHV�WKDW�PLJKW
QRW� KDYH� EHHQ� LGHQWLILHG�ZHUH� LW� QRW� IRU� URXWLQH� VFUHHQLQJ�� 3UHVFKRRO� DVVHVVPHQW
WHVWV� GR� KDYH� D� SODFH�� +RZHYHU�� WKH\� PXVW� EH� XVHG� ZLWK� FDXWLRQ� DQG� QRW� EH
RYHULQWHUSUHWHG�



3UHVFKRRO�WHVWV�LQFOXGH�WKH�(DUO\�6FUHHQLQJ�3URILOH��/DVHH�	�6PLWK��������DQG
WKH�0LOOHU�$VVHVVPHQW�IRU�3UHVFKRROHUV��3��*��:��6FKRXWHQ�	�.LUNSDWULFN��������
7KH�(DUO\�6FUHHQLQJ�3URILOH�IRFXVHV�RQ�GHYHORSPHQWDO�IXQFWLRQLQJ�RI�FKLOGUHQ�IURP
DJH� �� WR� MXVW� XQGHU� DJH� �� DQG� LQFOXGHV� FRJQLWLYH�ODQJXDJH�� PRWRU�� DQG� VHOI�
KHOS�VRFLDO� VXEWHVWV�� 7KH� 0LOOHU� $VVHVVPHQW� IRU� 3UHVFKRROHUV� IRFXVHV� RQ� WKH
GHWHFWLRQ�RI�GHYHORSPHQWDO�SUREOHPV�LQ�FKLOGUHQ�DJHG����� WR�����\HDUV�E\�PDNLQJ
XVH�RI�YHUEDO��FRRUGLQDWLRQ��DQG�QRQYHUEDO�IRXQGDWLRQV�VXEWHVWV��7KHVH�DUH�MXVW�WZR
RI� PDQ\� WHVWV� WKDW� DVVHVV� WKH� YDULRXV� EHKDYLRUV� DQG� FRJQLWLYH� VNLOOV� RI� \RXQJ
FKLOGUHQ�

$FKLHYHPHQW�7HVWV

$FKLHYHPHQW� WHVWV� DUH� GHVLJQHG� WR� PHDVXUH� WKH� GHJUHH� RI� OHDUQLQJ� WKDW� KDV
WDNHQ�SODFH�DIWHU�D�SHUVRQ�KDV�EHHQ�H[SRVHG�WR�D�VSHFLILF�OHDUQLQJ�H[SHULHQFH��7KLV
OHDUQLQJ� H[SHULHQFH� FDQ� EH� YLUWXDOO\� DQ\WKLQJ�� ,Q� WKH� FRQWH[W� RI� HGXFDWLRQ�� WKH
FODVVURRP� OHDUQLQJ� H[SHULHQFH� LV� PRVW� IUHTXHQWO\� WHVWHG�� $IWHU� D� WHDFKHU� KDV
FRYHUHG�D�VHW�RI�PDWHULDO�LQ�D�FRXUVH�VXFK�DV�$PHULFDQ�KLVWRU\��KH�RU�VKH�ZDQWV�WR
PHDVXUH�KRZ�PXFK�RI� WKLV�PDWHULDO� WKH�VWXGHQWV�KDYH� OHDUQHG��7KH� W\SLFDO�ZD\�RI
GRLQJ�WKLV�LV�WR�JLYH�D�WHVW�FRYHULQJ�WKH�PDWHULDO��$�VXPPDU\�RI�VRPH�VWDQGDUGL]HG
DFKLHYHPHQW�WHVWV�LV�SURYLGHG�DW�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH�

��$FKLHYHPHQW�WHVWV�7HVWV�WKDW�DUH�GHVLJQHG�WR�PHDVXUH�WKH�GHJUHH�RI�OHDUQLQJ
WKDW�KDV�WDNHQ�SODFH�DIWHU�D�SHUVRQ�KDV�EHHQ�H[SRVHG�WR�D�VSHFLILF�OHDUQLQJ
H[SHULHQFH

7HDFKHU�FRQVWUXFWHG� WHVWV� VXFK� DV� D� KLVWRU\� WHVW� DUH� QRW� WKH� RQO\� YDULHW\� RI
DFKLHYHPHQW�WHVWV��2WKHU�DFKLHYHPHQW�WHVWV�DUH�WKH�PRUH�VWDQGDUGL]HG�WHVWV��VXFK�DV
WKH�0HWURSROLWDQ�$FKLHYHPHQW�7HVW��ZKLFK�KDYH�EHHQ�SURGXFHG�E\�D�WHVW�SXEOLVKHU
�H�J���3V\FKRORJLFDO�&RUSRUDWLRQ��DQG�FRQWDLQ�QRUPDWLYH�GDWD��GDWD�LQGLFDWLQJ�KRZ
FHUWDLQ� JURXSV� RI� LQGLYLGXDOV�� VXFK� DV� VL[WK�JUDGH�ZKLWH� IHPDOHV�� SHUIRUP� RQ� WKH
WHVW���7KHVH�WHVWV�PLJKW�EH�JLYHQ�DW�WKH�HQG�RI�D�VFKRRO�\HDU�VR�WKDW�WKH�SHUIRUPDQFH
RI� WKH� VWXGHQWV�ZKR� WRRN� WKH� DFKLHYHPHQW� WHVW� FDQ� EH� FRPSDUHG� WR� WKH� QRUPDWLYH
JURXS�� 7KH� FRPSDULVRQ� ZLWK� WKH� QRUPDWLYH� JURXS� LV� RIWHQ� XVHG� WR� PHDVXUH
DFFRPSOLVKPHQW� RU� DFKLHYHPHQW� LQ� YDULRXV� DFDGHPLF� DUHDV�� VXFK� DV� ELRORJ\�
(QJOLVK�� PDWKHPDWLFV�� DQG� UHDGLQJ� FRPSUHKHQVLRQ�� 7KHVH� VWDQGDUGL]HG
DFKLHYHPHQW�WHVWV�FDQ�EH�XVHG�IRU�D�YDULHW\�RI�SXUSRVHV��UDQJLQJ�IURP�JDXJLQJ�WKH
TXDOLW\�RI�LQVWUXFWLRQ�RI�D�WHDFKHU��D�VFKRRO�GLVWULFW��RU�HYHQ�D�VWDWH�WR�VFUHHQLQJ�IRU
DFDGHPLF�GLIILFXOWLHV�WR�LGHQWLI\�DUHDV�LQ�ZKLFK�UHPHGLDWLRQ�LV�QHHGHG�

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH� SULPDU\� GLIIHUHQFH� EHWZHHQ� WHDFKHU�FRQVWUXFWHG� DFKLHYHPHQW� WHVWV� DQG
VWDQGDUGL]HG� DFKLHYHPHQW� WHVWV� LV� WKHLU� SV\FKRPHWULF� VRXQGQHVV�� 5HOLDELOLW\� DQG
YDOLGLW\�VWXGLHV�DUH�VHOGRP��LI�HYHU��GRQH�RQ�WHDFKHU�FRQVWUXFWHG�WHVWV��7HDFKHUV�GR
QRW�KDYH�WKH�OX[XU\�RI�WLPH�WR�FROOHFW�YDOLGLW\�DQG�UHOLDELOLW\�GDWD��7KH\�PXVW�FRYHU



D� JLYHQ� VHJPHQW� RI� PDWHULDO� DQG� WKHQ� FRQVWUXFW� D� WHVW� WKDW� VHHPV� WR� VDPSOH� WKH
FRQWHQW� DUHD� DQG� UHSUHVHQW� D� UHDVRQDEOH�PHDVXUH� RI� DFKLHYHPHQW��5HOLDELOLW\� DQG
YDOLGLW\� GDWD� DUH� FROOHFWHG� RQ� VWDQGDUGL]HG� DFKLHYHPHQW� WHVWV� EHFDXVH� WKHVH� WHVWV
DUH� GHYHORSHG� DQG� QRUPHG� E\� SV\FKRPHWULFLDQV� ZRUNLQJ� IRU� WHVWLQJ� FRPSDQLHV�
ZKR�KDYH�WR�MXVWLI\�WKHLU�WHVWV�EHIRUH�PDNLQJ�WKHP�DYDLODEOH�IRU�VDOH��$FKLHYHPHQW
WHVWV�FDQ�YDU\�IURP�PHDVXULQJ�JHQHUDO�DFKLHYHPHQW�WR�PHDVXULQJ�DFKLHYHPHQW�LQ�D
VSHFLILF� VXEMHFW� DUHD�� 0HDVXUHV� RI� JHQHUDO� DFKLHYHPHQW� FRYHU� D� QXPEHU� RI
DFDGHPLF�DUHDV�DQG�DUH�W\SLFDOO\�UHIHUUHG�WR�DV�DFKLHYHPHQW�EDWWHULHV�EHFDXVH�WKH\
FRQVLVW�RI�VHYHUDO�VXEWHVWV��(DFK�VXEWHVW�W\SLFDOO\�IRFXVHV�RQ�D�GLIIHUHQW�DFDGHPLF
DUHD�RU�VNLOO��0HDVXUHV�RI�DFKLHYHPHQW� LQ�VSHFLILF�VXEMHFW�DUHDV�DUH� WHVWV� WKDW�DUH
GHVLJQHG� WR�JDXJH�DFKLHYHPHQW� LQ� VSHFLILF�DUHDV�� VXFK�DV� UHDGLQJ��DULWKPHWLF�� DQG
VFLHQFH��:H�SURYLGH�D� OLVW�RI�ERWK�JHQHUDO�DQG�VSHFLILF�VWDQGDUGL]HG�DFKLHYHPHQW
WHVWV�RQ�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH�

$SWLWXGH�7HVWV

$SWLWXGH�WHVWV�IRFXV�RQ�LQIRUPDWLRQ�DFTXLUHG�WKURXJK�WKH�LQIRUPDO�OHDUQLQJ�WKDW
JRHV� RQ� LQ� OLIH� DV� RSSRVHG� WR� WKH� IRUPDO� OHDUQLQJ� WKDW� H[LVWV� LQ� WKH� HGXFDWLRQDO
V\VWHP��(DFK�LQGLYLGXDO¶V�SDUWLFXODU�PHQWDO�DQG�SK\VLFDO�DELOLWLHV�DOORZ�KLP�RU�KHU
WR� DFTXLUH� GLIIHUHQW� DPRXQWV� RI� LQIRUPDWLRQ� WKURXJK� HYHU\GD\� OLIH� H[SHULHQFHV�� DV
ZHOO� DV� WKURXJK� IRUPDO� OHDUQLQJ� H[SHULHQFHV� VXFK� DV� FRXUVH� ZRUN� LQ� VFKRRO�
$FKLHYHPHQW� WHVWV� DWWHPSW� WR� PHDVXUH� VSHFLILF� LQIRUPDWLRQ� WKDW� LV� DFTXLUHG� LQ� D
IRUPDO� DQG� UHODWLYHO\� VWUXFWXUHG� HQYLURQPHQW�� VXFK� DV� D� )UHQFK� RU� FRPSXWHU
SURJUDPPLQJ� FODVV�� ,Q� FRQWUDVW�� DSWLWXGH� WHVWV� DWWHPSW� WR�PHDVXUH� WKH� LQIRUPDWLRQ
SHRSOH� DFTXLUH� XQGHU� WKH� XQFRQWUROOHG� DQG� XQGHILQHG� FRQGLWLRQV� RI� OLIH��$SWLWXGH
WHVW� SHUIRUPDQFH�� WKHUHIRUH�� UHIOHFWV� WKH� FXPXODWLYH� LQIOXHQFH� RI� DOO� RI� RXU� GDLO\
OLYLQJ�H[SHULHQFHV��7KHUH�LV�DQ�RYHUODS�DQG�D�VRPHWLPHV�EOXUU\�GLVWLQFWLRQ�EHWZHHQ
DFKLHYHPHQW� DQG� DSWLWXGH� WHVWV�� $� NH\� LGHD� LV� WKDW� DFKLHYHPHQW� WHVWV� DUH� PRUH
OLPLWHG� LQ� VFRSH� DQG� UHIOHFW� WKH� OHDUQLQJ� WKDW� WDNHV� SODFH� LQ� GHILQDEOH� FRQGLWLRQV�
VXFK� DV� D� VSHFLILF� FODVV� GHVLJQHG� WR� WHDFK� D� VSHFLILF� VXEMHFW�� DQG� DSWLWXGH� WHVWV
UHIOHFW�WKH�OHDUQLQJ�WKDW�WDNHV�SODFH�LQ�DOO�RI�OLIH¶V�XQFRQWUROOHG�FRQGLWLRQV�

��$SWLWXGH�WHVWV�7HVWV�WKDW�IRFXV�RQ�LQIRUPDWLRQ�DFTXLUHG�WKURXJK�WKH�LQIRUPDO
OHDUQLQJ�WKDW�JRHV�RQ�LQ�OLIH

$QRWKHU�GLVWLQFWLRQ�EHWZHHQ�DFKLHYHPHQW�DQG�DSWLWXGH�WHVWV�LV�WKDW�DSWLWXGH�WHVWV
DUH� W\SLFDOO\� XVHG� WR� PDNH� SUHGLFWLRQV�� ZKHUHDV� DFKLHYHPHQW� WHVWV� DUH� XVHG� WR
PHDVXUH�DFFRPSOLVKPHQW��7KLV�GRHV�QRW�PHDQ�WKDW�DFKLHYHPHQW�WHVWV�DUH�QHYHU�XVHG
WR�PDNH�SUHGLFWLRQV�� EHFDXVH� WKH\� FDQ� EH� XVHG� WKLV�ZD\� DQG� VRPHWLPHV� DUH�� )RU
H[DPSOH��DFKLHYHPHQW�WHVW�SHUIRUPDQFH�LQ�D�ILUVW�VHPHVWHU�IRUHLJQ�ODQJXDJH�FRXUVH
PLJKW� EH� FRQVLGHUHG� SUHGLFWLYH� RI� DFKLHYHPHQW� LQ� VXEVHTXHQW� IRUHLJQ� ODQJXDJH
FRXUVHV��+RZHYHU��IXWXUH�SUHGLFWLRQV�DUH�PRUH�IUHTXHQWO\�PDGH�IURP�DSWLWXGH�WHVWV�

$SWLWXGH� WHVWV� DUH� XVHG� WR�PDNH� SUHGLFWLRQV� DERXW�PDQ\� WKLQJV�� UDQJLQJ� IURP
UHDGLQHVV�IRU�VFKRRO�DQG�DSWLWXGH�IRU�FROOHJH�OHYHO�ZRUN�WR�DSWLWXGH�IRU�ZRUN�LQ�D
JLYHQ� SURIHVVLRQ� VXFK� DV� ODZ� RU� PHGLFLQH�� )RU� H[DPSOH�� WKH� 0HWURSROLWDQ



5HDGLQHVV�7HVWV�DUH� VHYHUDO�JURXS�DGPLQLVWHUHG� WHVWV� WKDW�DVVHVV� WKH�GHYHORSPHQW
RI� UHDGLQJ� DQG�PDWKHPDWLFV� VNLOOV� LQ� NLQGHUJDUWHQ� DQG� ILUVW� JUDGH��7KH�6FKRODVWLF
$SWLWXGH� 7HVW� �6$7�� LV� D� JURXS�DGPLQLVWHUHG� WHVW� WKDW� LV� GLYLGHG� LQWR� YHUEDO� DQG
PDWKHPDWLFV� VHFWLRQV�� ,W� LV�XVHG� LQ� WKH�FROOHJH� VHOHFWLRQ�SURFHVV�DQG� IRU�DGYLVLQJ
KLJK� VFKRRO� VWXGHQWV�� 2WKHU� DSWLWXGH� WHVWV� FRQVLVW� RI� WKH� *UDGXDWH� 5HFRUG
([DPLQDWLRQ��*5(���XVHG�DV�D�FULWHULRQ�IRU�DGPLVVLRQ�WR�PDQ\�JUDGXDWH�VFKRROV��WKH
0HGLFDO�&ROOHJH�$GPLVVLRQ�7HVW��0&$7���ZKLFK�LV�UHTXLUHG�RI�VWXGHQWV�DSSO\LQJ
WR�PHGLFDO�VFKRRO��DQG�WKH�/DZ�6FKRRO�$GPLVVLRQ�7HVW��/6$7���ZKLFK�LV�UHTXLUHG
RI�VWXGHQWV�DSSO\LQJ�WR�ODZ�VFKRRO�

'LDJQRVWLF�7HVWV

'LDJQRVWLF� WHVWV� DUH�GHVLJQHG� WR� LGHQWLI\�ZKHUH� D� VWXGHQW� LV� KDYLQJ�GLIILFXOW\
ZLWK� DQ� DFDGHPLF� VNLOO�� )RU� H[DPSOH�� D� GLDJQRVWLF� PDWKHPDWLFV� WHVW� FRQVLVWV� RI
VXEWHVWV� PHDVXULQJ� WKH� GLIIHUHQW� W\SHV� RI� NQRZOHGJH� DQG� VNLOOV� QHHGHG� LQ
PDWKHPDWLFV��3RRU�SHUIRUPDQFH�RQ�RQH�RU�PRUH�VXEWHVWV�LGHQWLILHV�WKH�QDWXUH�RI�WKH
GLIILFXOW\� WKH�VWXGHQW� LV�KDYLQJ�ZLWK�PDWKHPDWLFV��DQG�DWWHQWLRQ�FDQ�EH�GLUHFWHG� WR
WKHVH� DUHDV� WR� DPHOLRUDWH� WKH� GLIILFXOW\�� 7KHVH� WHVWV� DUH� XVXDOO\� DGPLQLVWHUHG� WR
VWXGHQWV�ZKR�DUH�VXVSHFWHG�RI�KDYLQJ�GLIILFXOW\�ZLWK�D�VSHFLILF�VXEMHFW�DUHD�EHFDXVH
RI� SRRU� SHUIRUPDQFH� HLWKHU� LQ� WKH� FODVVURRP� RU� RQ� DQ� DFKLHYHPHQW� WHVW�� )RU
H[DPSOH��WKH�:RRGFRFN�5HDGLQJ�0DVWHU\�7HVW�LV�DQ�LQGLYLGXDOO\�DGPLQLVWHUHG�WHVW
WKDW� LV� GHVLJQHG� WR�PHDVXUH� VNLOOV� LQKHUHQW� LQ� UHDGLQJ�� ,WV� ILYH� VXEWHVWV� FRQVLVW� RI
OHWWHU� LGHQWLILFDWLRQ�� ZRUG� LGHQWLILFDWLRQ�� ZRUG� DWWDFN�� ZRUG� FRPSUHKHQVLRQ�� DQG
SDVVDJH�FRPSUHKHQVLRQ��7KH�.H\0DWK�5HYLVHG�7HVW�LV�DQ�LQGLYLGXDOO\�DGPLQLVWHUHG
WHVW� IRU� DVVHVVLQJ� GLIILFXOWLHV� ZLWK� PDWKHPDWLFDO� FRQFHSWV�� RSHUDWLRQV�� DQG
DSSOLFDWLRQV�

��'LDJQRVWLF�WHVWV�7HVWV�WKDW�DUH�GHVLJQHG�WR�LGHQWLI\�ZKHUH�D�VWXGHQW�LV�KDYLQJ
GLIILFXOW\�ZLWK�DQ�DFDGHPLF�VNLOO

,W� LV� LPSRUWDQW� WR� UHFRJQL]H� WKDW� GLDJQRVWLF� WHVWV� DUH� XVHIXO� RQO\� LQ� LGHQWLI\LQJ
ZKHUH�D�VWXGHQW�LV�KDYLQJ�D�SUREOHP�ZLWK�DQ�DFDGHPLF�VNLOO��7KH\�GR�QRW�JLYH�DQ\
LQIRUPDWLRQ�DV�WR�ZK\�WKH�GLIILFXOW\�H[LVWV��7KH�SUREOHP�FRXOG�VWHP�IURP�SK\VLFDO�
SV\FKRORJLFDO��RU�VLWXDWLRQDO�GLIILFXOWLHV�RU�VRPH�FRPELQDWLRQ�RI�WKHVH��(GXFDWRUV�
SV\FKRORJLVWV��DQG�SK\VLFLDQV�PXVW�KHOS�DQVZHU�WKH�TXHVWLRQ�RI�ZK\�WKH�VWXGHQW�LV
VWUXJJOLQJ�

6285&(6�2)�,1)250$7,21�$%287�7(676
:H�KDYH� IRFXVHG�RQ� W\SHV�RI� WHVWV� DQG� WKH� FKDUDFWHULVWLFV� WKDW� D� WHVW� RU� DQ\�RWKHU
W\SH�RI�DVVHVVPHQW�PHDVXUH�PXVW�KDYH�WR�EH�FRQVLGHUHG�D�³JRRG´�WHVW�RU�DVVHVVPHQW
PHDVXUH�� )RU� PDQ\� \HDUV�� HGXFDWRUV�� SV\FKRORJLVWV�� DQG� VRFLRORJLVWV� KDYH� EHHQ
FRQVWUXFWLQJ� WHVWV� WR�PHDVXUH� MXVW� DERXW� DQ\� FRQVWUXFW� \RX�PLJKW� EH� LQWHUHVWHG� LQ�
7KLV�PHDQV�WKDW�LI�\RX�DUH�SODQQLQJ�D�UHVHDUFK�VWXG\�LQYHVWLJDWLQJ�D�FRQVWUXFW�VXFK
DV� WHDFKHU�EXUQRXW��\RX�GR�QRW�KDYH� WR�ZRUU\�DERXW�GHYHORSLQJ�D�PHDVXUH�RI� WKLV



FRQVWUXFW�EHFDXVH�RQH�SUREDEO\�H[LVWV��+RZHYHU��\RX�KDYH�WR�NQRZ�ZKHUH�WR�ILQG
VXFK� D� PHDVXUH�� )RUWXQDWHO\�� PDQ\� UHIHUHQFH� VRXUFHV� SURYLGH� LQIRUPDWLRQ� DERXW
ERWK�SXEOLVKHG�DQG�XQSXEOLVKHG�WHVWV��0DQ\�RI�WKHVH�UHVRXUFHV�DUH�DYDLODEOH�RQOLQH
�VR�\RX�FDQ�HYHQ�ILQG�WHVWV�ZKLOH�\RX�VLW�DW�KRPH�DW�\RXU�FRPSXWHU���7DEOH�����OLVWV
VRPH�XVHIXO�UHIHUHQFH�ERRNV�IRU�ORFDWLQJ�WHVWV��DQG�VRPH�,QWHUQHW�VLWHV�WR�KHOS�\RX
ILQG� WKH� WHVW� \RX�ZDQW� WR� XVH� DUH� SURYLGHG� DW� WKH� FRPSDQLRQ�ZHEVLWH� �XQGHU�:HE
5HVRXUFHV�IRU�WKLV�FKDSWHU���5HPHPEHU�WKDW�LI�D�WHVW�LV�DOUHDG\�DYDLODEOH�WR�PHDVXUH
WKH�FRQVWUXFW�RI� LQWHUHVW� WR�\RX�� WKHQ� LW� LV�XVXDOO\�D�JRRG� LGHD� WR�XVH� LW� UDWKHU� WKDQ
FRQVWUXFWLQJ�D�QHZ�WHVW�

3UREDEO\� WKH�PRVW� LPSRUWDQW� VRXUFHV� RI� LQIRUPDWLRQ� DERXW� SXEOLVKHG� WHVWV� DUH
WKH�0HQWDO�0HDVXUHPHQWV�<HDUERRN� �00<�� DQG�7HVWV� LQ� 3ULQW� �7,3��� ERWK� RI
ZKLFK� DUH� SXEOLVKHG� E\� WKH� %XURV� ,QVWLWXWH� RI� 0HQWDO� 0HDVXUHPHQWV� DW� WKH
'HSDUWPHQW� RI� (GXFDWLRQDO� 3V\FKRORJ\� RI� WKH�8QLYHUVLW\� RI�1HEUDVND±/LQFROQ�� ,I
\RX�DUH�DWWHPSWLQJ�WR�ORFDWH�DQG�OHDUQ�DERXW�D�WHVW��\RX�VKRXOG�FRQVLGHU�FRQVXOWLQJ
7,3�ILUVW�EHFDXVH�LW� LV�D�FRPSUHKHQVLYH�YROXPH�WKDW�GHVFULEHV�HYHU\�WHVW�FXUUHQWO\
SXEOLVKHG�DV�ZHOO�DV�UHIHUHQFHV� WR� WKHVH� WHVWV��<RX�FDQ�GLUHFWO\�DFFHVV�00<�DQG
7,3�E\�JRLQJ�WR�\RXU�OLEUDU\��7KHVH�DQG�DGGLWLRQDO�VRXUFHV�DUH�VKRZQ�LQ�7DEOH�����

��0HQWDO�0HDVXUHPHQWV�<HDUERRN�$�SULPDU\�VRXUFH�RI�LQIRUPDWLRQ�DERXW
SXEOLVKHG�WHVWV

��7HVWV�LQ�3ULQW�$�FRPSUHKHQVLYH�SULPDU\�VRXUFH�RI�LQIRUPDWLRQ�DERXW
SXEOLVKHG�WHVWV

�7$%/(�������6RXUFHV�RI�,QIRUPDWLRQ�$ERXW�7HVWV�DQG�7HVW�5HYLHZV



,QIRUPDWLRQ�DERXW� WHVWV� FDQ�DOVR�EH�REWDLQHG� IURP�FDWDORJV�GLVWULEXWHG�E\� WHVW
SXEOLVKHUV�DQG� IURP�WKH�SXEOLVKHG� OLWHUDWXUH��5HPHPEHU� WKDW�SXEOLVKHUV�DUH� LQ� WKH
EXVLQHVV� RI� VHOOLQJ� WHVWV�� DQG� D� FULWLFDO� UHYLHZ� ZLOO� EH� RPLWWHG�� 7KHUH� DUH� DOVR
VHYHUDO�VSHFLDOL]HG�MRXUQDOV�LQ�ZKLFK�UHVHDUFKHUV�URXWLQHO\�SXEOLVK�WHVW�YDOLGDWLRQ
VWXGLHV�� 6RPH� LPSRUWDQW� PHDVXUHPHQW� MRXUQDOV� LQFOXGH� (GXFDWLRQDO� DQG
3V\FKRORJLFDO� 0HDVXUHPHQW�� $SSOLHG� 3V\FKRORJLFDO� 0HDVXUHPHQW�� $SSOLHG
0HDVXUHPHQW� LQ� (GXFDWLRQ�� DQG� WKH� -RXUQDO� RI� (GXFDWLRQDO� 0HDVXUHPHQW�� :H
KLJKO\� UHFRPPHQG� WKDW�\RX�EURZVH� WKURXJK� WKHVH�DQG� UHODWHG� MRXUQDOV� VR� WKDW�\RX
VHH�H[DPSOHV�RI�KRZ�PHDVXUHPHQW�UHVHDUFK�LV�FRQGXFWHG�

5(9,(:
48(67 ,21 6

������:KDW�DUH�WKH�SXUSRVHV�DQG�NH\�FKDUDFWHULVWLFV
RI�WKH�PDMRU�W\SHV�RI�WHVWV�GLVFXVVHG�LQ�WKLV
FKDSWHU"

������:KDW�LV�D�JRRG�H[DPSOH�RI�HDFK�RI�WKH�PDMRU
W\SHV�RI�WHVWV�WKDW�DUH�GLVFXVVHG�LQ�WKLV�FKDSWHU"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� DUH� LQWHUHVWHG� LQ� VWDQGDUGL]HG� WHVWV� WKDW� KHOS� WKHP
GLDJQRVH�� PHDVXUH�� DQG�RU� KHOS� VROYH� WKHLU� ORFDO� SUREOHPV�� 6WDQGDUGL]HG
PHDVXUHPHQW�DOVR�LV�KHOSIXO�ZKHQ�\RX�ZDQW�WR�VKDUH�\RXU�ZRUN�ZLWK�RWKHUV��EH\RQG
\RXU�LPPHGLDWH�VHWWLQJ�

����6WDQGDUGL]HG�PHDVXUHPHQW�LV�KHOSIXO�IRU�PHDVXULQJ�DWWLWXGHV��EHOLHIV��DQG
FRQVWUXFWV�VXFK�DV�SHUVRQDO�VHOI�HVWHHP�DQG�PDWK�VHOI�HIILFDF\��:KDW�DUH
WKUHH�FRQVWUXFWV�WKDW�\RX�ZRXOG�OLNH�WR�PHDVXUH�LQ�\RXU�FODVVURRP�RU
ZRUNSODFH"�,GHQWLI\�SUHYLRXVO\�GHYHORSHG�PHDVXUHV�RI�WKHVH�LQ�WKH�OLWHUDWXUH
DQG�HYDOXDWH�WKHLU�XVDELOLW\�IRU�\RXU�VHWWLQJ�

����/RRN�DW�RXU�GHILQLWLRQ�RI�YDOLGLW\�DJDLQ��+RZ�PLJKW�\RX�REWDLQ�YDOLG
PHDVXUHPHQW�DQG�LQIHUHQFHV�LQ�UHODWLRQ�WR�\RXU�DFWLRQ�UHVHDUFK�SURMHFW"

6800$5<

0HDVXUHPHQW�UHIHUV�WR�WKH�DFW�RI�DVVLJQLQJ�V\PEROV�RU�QXPEHUV�WR�REMHFWV��HYHQWV�
SHRSOH�� DQG� FKDUDFWHULVWLFV� DFFRUGLQJ� WR� D� VSHFLILF� VHW� RI� UXOHV�� 7KHUH� DUH� IRXU
GLIIHUHQW�VFDOHV�RI�PHDVXUHPHQW��ZKLFK�FRPPXQLFDWH�GLIIHUHQW�NLQGV�RI�LQIRUPDWLRQ�
7KH�QRPLQDO�VFDOH�LV�D�³QDPH´�VFDOH�WKDW�W\SLFDOO\�XVHV�V\PEROV�WR�ODEHO��FODVVLI\�
RU�LGHQWLI\�SHRSOH�RU�REMHFWV��7KH�RUGLQDO�VFDOH�UDQN�RUGHUV�WKH�SHRSOH��REMHFWV��RU
FKDUDFWHULVWLFV�EHLQJ�VWXGLHG��7KH�LQWHUYDO�VFDOH�KDV�WKH�DGGLWLRQDO�FKDUDFWHULVWLF�RI
HTXDO� GLVWDQFHV� EHWZHHQ� DGMDFHQW� QXPEHUV�� 7KH� UDWLR� VFDOH� KDV� WKH� DGGLWLRQDO



SURSHUW\�RI�KDYLQJ�D�WUXH�]HUR�SRLQW�
7KH� WZR� PDMRU� FKDUDFWHULVWLFV� RI� WHVWV� DQG� DVVHVVPHQWV� WKDW� PXVW� DOZD\V� EH

FRQVLGHUHG�LQ�XVLQJ�WHVWV�RU�RWKHU�PHDVXUHV�DUH�UHOLDELOLW\�DQG�YDOLGLW\��5HOLDELOLW\
UHIHUV�WR�WKH�FRQVLVWHQF\�RU�VWDELOLW\�RI�WKH�VFRUHV�IURP�D�WHVW��5HOLDELOLW\�RI�D�WHVW�RU
DVVHVVPHQW� SURFHGXUH� FDQ� EH� GHWHUPLQHG� LQ� VHYHUDO� ZD\V�� 7HVW�UHWHVW� UHOLDELOLW\
UHIHUV�WR�WKH�FRQVLVWHQF\�RI�VFRUHV�RYHU�WLPH��(TXLYDOHQW�IRUPV�UHOLDELOLW\�UHIHUV�WR
WKH�FRQVLVWHQF\�RI�VFRUHV�RQ� WZR�HTXLYDOHQW� IRUPV�RI�D� WHVW�� ,QWHUQDO� FRQVLVWHQF\
UHIHUV� WR� WKH� KRPRJHQHLW\� RI� WKH� LWHPV� RQ� D� WHVW�� DQG� VSOLW�KDOI� FRUUHODWLRQV� DQG
FRHIILFLHQW� DOSKD� SURYLGH� LQWHUQDO� FRQVLVWHQF\� UHOLDELOLW\� HVWLPDWHV�� ,QWHUVFRUHU
UHOLDELOLW\� UHIHUV� WR� WKH� FRQVLVWHQF\� RI� VFRUHV� SURYLGHG� E\� WZR� RU� PRUH� SHRSOH
VFRULQJ�WKH�VDPH�SHUIRUPDQFH�

9DOLGLW\�UHIHUV�WR�WKH�DSSURSULDWHQHVV�RI�WKH�LQWHUSUHWDWLRQV�DQG�DFWLRQV�ZH�PDNH
RQ� WKH� EDVLV� RI� WKH� VFRUHV� ZH� JHW� IURP� D� WHVW� RU� DVVHVVPHQW� SURFHGXUH�� 9DOLGLW\
HYLGHQFH�LV�EDVHG�RQ�WKH�FRQWHQW�RI�WKH�WHVW��'RHV�WKH�FRQWHQW�DGHTXDWHO\�UHSUHVHQW
WKH�FRQVWUXFW"���WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�WHVW��'RHV�WKH�WHVW�PHDVXUH�WKH�QXPEHU
RI� GLPHQVLRQV� LW� LV� SXUSRUWHG� WR�PHDVXUH"��� DQG� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� WHVW
DQG� RWKHU� YDULDEOHV� �,V� WKH� WHVW� UHODWHG� WR� RWKHU� PHDVXUHV� RI� WKH� FRQVWUXFW"� ,V� LW
XQUHODWHG� WR�GLIIHUHQW�FRQVWUXFWV"�&DQ� LW�EH�XVHG� WR�SUHGLFW� IXWXUH�SHUIRUPDQFH�RQ
LPSRUWDQW�FULWHULD"�'R�JURXSV�WKDW�DUH�NQRZQ�WR�GLIIHU�RQ�WKH�FRQVWUXFW�JHW�GLIIHUHQW
VFRUHV�RQ�WKH�WHVW�LQ�WKH�K\SRWKHVL]HG�GLUHFWLRQ"��

5HOLDELOLW\� DQG�YDOLGLW\� HYLGHQFH�FDQ�EH�XVHG� WR� VHOHFW� WKH� WHVW�RU� DVVHVVPHQW
SURFHGXUH� WKDW� ZLOO� SURYLGH� LQWHUSUHWDEOH� VFRUHV�� 7KH� HGXFDWLRQ� UHVHDUFKHU� FDQ
FRQVXOW�D�QXPEHU�RI�UHVRXUFH�ERRNV�DQG�,QWHUQHW�VLWHV�WR�LGHQWLI\�LQWHOOLJHQFH�WHVWV�
SHUVRQDOLW\� WHVWV��DQG�HGXFDWLRQDO�DVVHVVPHQW� WHVWV� WKDW�FDQ�EH�XVHG� IRU�KLV�RU�KHU
UHVHDUFK�VWXG\��5HOLDELOLW\�DQG�YDOLGLW\�HYLGHQFH�VKRXOG�DOZD\V�EH�XVHG�LQ�VHOHFWLQJ
WKH�WHVW�RU�DVVHVVPHQW�SURFHGXUH��,Q�DGGLWLRQ��UHVHDUFKHUV�VKRXOG�FROOHFW�DGGLWLRQDO
UHOLDELOLW\� DQG� YDOLGLW\� HYLGHQFH� YLV�i�YLV� WKH� SHRSOH� LQ� WKHLU� VWXGLHV� WR� SURYLGH
HYLGHQFH�WKDW�WKH�WHVWLQJ�LQVWUXPHQWV�ZRUNHG�IRU�WKHLU�XQLTXH�UHVHDUFK�SDUWLFLSDQWV�

.(<�7(506

DFKLHYHPHQW�WHVWV��S������
DSWLWXGH�WHVWV��S������
DVVHVVPHQW��S������
FRHIILFLHQW�DOSKD��S������
FRQFXUUHQW�HYLGHQFH��S������
FRQWHQW�UHODWHG�HYLGHQFH��S������
FRQYHUJHQW�HYLGHQFH��S������
FULWHULRQ��S������
FULWHULRQ�UHODWHG�HYLGHQFH��S������
&URQEDFK¶V�DOSKD��S������



GLDJQRVWLF�WHVWV��S������
GLVFULPLQDQW�HYLGHQFH��S������
HTXLYDOHQW�IRUPV�UHOLDELOLW\��S������
HUURU��S������
IDFWRU�DQDO\VLV��S������
KRPRJHQHLW\��S������
KRPRJHQHRXV�WHVW��S������
LQWHOOLJHQFH��S������
LQWHUQDO�FRQVLVWHQF\��S������
LQWHUVFRUHU�UHOLDELOLW\��S������
LQWHUYDO�VFDOH��S������
NQRZQ�JURXSV�HYLGHQFH��S������
PHDVXUHPHQW��S������
0HQWDO�0HDVXUHPHQWV�<HDUERRN��S������
QRPLQDO�VFDOH��S������
QRUPLQJ�JURXS��S������
RUGLQDO�VFDOH��S������
SHUIRUPDQFH�PHDVXUHV��S������
SHUVRQDOLW\��S������
SUHGLFWLYH�HYLGHQFH��S������
SURMHFWLYH�PHDVXUHV��S������
UDWLR�VFDOH��S������
UHOLDELOLW\��S������
UHOLDELOLW\�FRHIILFLHQW��S������
VHOI�UHSRUW��S������
6SHDUPDQ�%URZQ�IRUPXOD��S������
VSOLW�KDOI�UHOLDELOLW\��S������
VWDWHV��S������
V\VWHPDWLF�HUURU��S������
WHVWLQJ��S������
WHVW�UHWHVW�UHOLDELOLW\��S������
7HVWV�LQ�3ULQW��S������
WUDLWV��S������
YDOLGDWLRQ��S������
YDOLGLW\��S������
YDOLGLW\�FRHIILFLHQW��S������
YDOLGLW\�HYLGHQFH��S������



',6&866,21�48(67,216

����$VVXPH�WKDW�\RX�KDYH�MXVW�ILQLVKHG�GHYHORSLQJ�D�QHZ�WHVW�WKDW�\RX�EHOLHYH
PHDVXUHV�JUDGXDWH�HGXFDWLRQ�DSWLWXGH��\RX�FDOO�LW�WKH�*($���+RZ�ZRXOG�\RX
YDOLGDWH�WKLV�LQVWUXPHQW"��8OWLPDWHO\��\RX�KRSH�WKDW�\RXU�XQLYHUVLW\�ZLOO�XVH�WKLV
QHZ�WHVW�UDWKHU�WKDQ�WKH�WHVW�LW�FXUUHQWO\�UHTXLUHV�RI�DOO�DSSOLFDQWV��

����:KDW�DUH�VRPH�YDULDEOHV�DW�HDFK�RI�WKH�IROORZLQJ�OHYHOV�RI�PHDVXUHPHQW�
QRPLQDO��RUGLQDO��LQWHUYDO��DQG�UDWLR"

����<RXU�QHZ�EDWKURRP�VFDOH�SURYLGHV�WKH�VDPH�ZHLJKW�HDFK�WLPH�\RX�VWHS�RQ�LW�
7KH�SUREOHP�LV�WKDW�WKH�UHSRUWHG�ZHLJKW�LV�ZURQJ��:KDW�LV�WKH�SUREOHP�ZLWK�\RXU
QHZ�VFDOH"

����&DQ�D�PHDVXUHPHQW�SURFHGXUH�EH�UHOLDEOH�EXW�QRW�YDOLG"�&DQ�LW�EH�YDOLG�EXW�QRW
UHOLDEOH"�([SODLQ�\RXU�DQVZHUV�

����:KDW�LV�\RXU�GHILQLWLRQ�RI�PHDVXUHPHQW�YDOLGLW\"�+RZ�ZHOO�GRHV�LW�PDWFK�WKH
GHILQLWLRQ�SURYLGHG�LQ�WKH�FKDSWHU"

5(6($5&+�(;(5&,6(6

����7R�LOOXVWUDWH�WKH�W\SH�RI�UHVHDUFK�RQH�ZRXOG�FRQGXFW�LQ�WKH�ILHOG�RI�WHVWLQJ�DQG
PHDVXUHPHQW��VHOHFW�RQH�RI�WKH�IROORZLQJ�DUWLFOHV��$V�\RX�UHDG�\RXU�DUWLFOH�
DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

D���:KDW�ZDV�PHDVXUHG"

E���:HUH�WKHUH�DQ\�VXEVFDOHV"�,I�VR��ZKDW�ZHUH�WKH\"

F���+RZ�ZHUH�WKH�VFDOHV�RU�PHDVXUHV�FRQVWUXFWHG�DQG�VFRUHG"

G���+RZ�ZHUH�WKH\�YDOLGDWHG"

H���+RZ�ZDV�UHOLDELOLW\�DVVHVVHG"

I���'LG�WKH�UHVHDUFKHUV�IROORZ�WKH�SULQFLSOHV�RI�WHVW�YDOLGDWLRQ�SUHVHQWHG�LQ�WKLV
FKDSWHU"�%H�VXUH�WR�H[SODLQ�\RXU�DQVZHUV�

����5HYLHZ�RQH�RI�WKH�IROORZLQJ�DUWLFOHV�RU�D�FORVHO\�UHODWHG�DUWLFOH��L�H���D
PHDVXUHPHQW�DUWLFOH�WKDW�HPSLULFDOO\�H[DPLQHV�WKH�SURSHUWLHV�RI�D�WHVW��

%XUQH\��'��0���	�.URPHU\��-����������,QLWLDO�GHYHORSPHQW�DQG�VFRUH�YDOLGDWLRQ
RI�WKH�$GROHVFHQW�$QJHU�5DWLQJ�6FDOH��(GXFDWLRQDO�DQG�3V\FKRORJLFDO
0HDVXUHPHQW������������±����

&RSHQKDYHU��0��0���	�(LVOHU��5��0����������7KH�GHYHORSPHQW�DQG�YDOLGDWLRQ�RI
WKH�$WWLWXGH�7RZDUG�)DWKHU�6FDOH��%HKDYLRU�0RGLILFDWLRQ������������±����

.HPEHU��'���	�/HXQJ��<��3����������'HYHORSPHQW�RI�D�TXHVWLRQQDLUH�WR�PHDVXUH



WKH�OHYHO�RI�UHIOHFWLYH�WKLQNLQJ��$VVHVVPHQW�DQG�(YDOXDWLRQ�LQ�+LJKHU
(GXFDWLRQ������������±����

6KRUH��7��+���7DVKFKLDQ��$���	�$GDPV��-��6����������'HYHORSPHQW�DQG
YDOLGDWLRQ�RI�D�VFDOH�PHDVXULQJ�DWWLWXGHV�WRZDUG�VPRNLQJ��7KH�-RXUQDO�RI
6RFLDO�3V\FKRORJ\�������������±����

����6HOHFW�WKH�TXDQWLWDWLYH�RU�WKH�PL[HG�UHVHDUFK�DUWLFOH�IURP�WKH�FRPSDQLRQ
ZHEVLWH��7KHQ�DQVZHU��SURYLGLQJ�VRPH�GHWDLO��WKH�IROORZLQJ�TXHVWLRQV�

D���:KDW�YDULDEOHV�GLG�WKH�UHVHDUFKHU�VWXG\"

E���+RZ�ZDV�HDFK�RI�WKHVH�YDULDEOHV�PHDVXUHG"

F���'LG�WKH�UHVHDUFKHU�SUHVHQW�DQ\�HYLGHQFH�RI�UHOLDELOLW\"�:KDW�ZDV�WKH
HYLGHQFH"

G���'LG�WKH�UHVHDUFKHU�SUHVHQW�DQ\�HYLGHQFH�RI�YDOLGLW\"�:KDW�ZDV�WKH
HYLGHQFH"

H���:KDW�LV�\RXU�HYDOXDWLRQ�RI�WKH�PHDVXUHV�XVHG�LQ�WKH�DUWLFOH"

����,I�\RX�DUH�SODQQLQJ�WR�SURSRVH�RU�FRQGXFW�D�UHVHDUFK�VWXG\��ILOO�RXW�WKH�IROORZLQJ
([HUFLVH�6KHHW�

(;(5&,6(�6+((7

�,I�DQ�LWHP�LV�QRW�DSSOLFDEOH�WR�\RXU�VWXG\��ZULWH�1�$��

����7KH�YDULDEOHV�LQ�P\�UHVHDUFK�VWXG\�DUH�DV�IROORZV�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

����/LVWHG�QH[W��IRU�HDFK�YDULDEOH��DUH�WKH�YDULDEOH�W\SHV�RU�IXQFWLRQV
�LQGHSHQGHQW�YDULDEOH��GHSHQGHQW�YDULDEOH��LQWHUYHQLQJ�YDULDEOH�
PRGHUDWRU�YDULDEOH��FRQWURO�YDULDEOH��
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

����,�SODQ�RQ�XVLQJ�DQ�DOUHDG\�H[LVWLQJ�LQVWUXPHQW�WR�PHDVXUH�WKH�IROORZLQJ
YDULDEOHV��SURYLGH�WKH�QDPH�RI�WKH�LQVWUXPHQW�DQG�VDPSOH�TXHVWLRQV�RU
LWHPV�IRU�HDFK�RI�WKHVH�YDULDEOHV��
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



����,�SODQ�RQ�ZULWLQJ�WKH�QHZ�LWHPV�WR�PHDVXUH�WKH�IROORZLQJ�YDULDEOHV
�SURYLGH�VDPSOH�TXHVWLRQV�RU�LWHPV�IRU�HDFK�YDULDEOH��
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

����/LVWHG�QH[W�LV�WKH�OHYHO�RI�PHDVXUHPHQW��QRPLQDO��RUGLQDO��LQWHUYDO��UDWLR�
IRU�HDFK�RI�P\�YDULDEOHV�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

����/LVWHG�QH[W��IRU�HDFK�YDULDEOH��LV�WKH�UHOLDELOLW\�DQG�YDOLGLW\�HYLGHQFH�WKDW
LV�FXUUHQWO\�DYDLODEOH�DQG�RU�WKDW�,�SODQ�RQ�REWDLQLQJ�GXULQJ�WKH�FRQGXFW�RI
P\�UHVHDUFK��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

5(/(9$17�,17(51(7�6,7(6

1DWLRQDO�&RXQFLO�RQ�0HDVXUHPHQW�LQ�(GXFDWLRQ
KWWS���ZZZ�QFPH�RUJ

*ORVVDULHV�RI�PHDVXUHPHQWV�DQG�DVVHVVPHQW�WHUPV
KWWS���HULFDH�QHW�HGR�HG�������KWP
KWWS���ZZZ�VDEHV�RUJ�DVVHVVPHQW�JORVVDU\�KWP

)UHTXHQWO\�DVNHG�TXHVWLRQV�DERXW�PHDVXUHPHQW�WKHRU\
IWS���IWS�VDV�FRP�SXE�QHXUDO�PHDVXUHPHQW�KWPO

+RZ�WR�HYDOXDWH�D�WHVW
KWWS���HULFDH�QHW�VHOWLSV�W[W
KWWS���EXURV�RUJ�TXHVWLRQV�DVN�ZKHQ�HYDOXDWLQJ�WHVWV

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV

http://www.ncme.org
http://ericae.net/edo/ed315430.htm
http://www.sabes.org/assessment/glossary.htm
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)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�
	�1DWLRQDO�&RXQFLO�RQ�0HDVXUHPHQW�LQ�(GXFDWLRQ����������6WDQGDUGV�IRU
HGXFDWLRQDO�DQG�SV\FKRORJLFDO�WHVWLQJ��:DVKLQJWRQ��'&��$XWKRU�

&URQEDFK��/��-���	�0HHKO��3��(����������&RQVWUXFW�YDOLGLW\�LQ�SV\FKRORJLFDO�WHVWV�
3V\FKRORJLFDO�%XOOHWLQ���������±����

-RKQ��2��3���	�%HQHW�0DUWLQH]��9����������0HDVXUHPHQW��5HOLDELOLW\��FRQVWUXFW
YDOLGDWLRQ��DQG�VFDOH�FRQVWUXFWLRQ��,Q�+��7��5HLV�	�&��0��-XGG��(GV����+DQGERRN
RI�UHVHDUFK�PHWKRGV�LQ�VRFLDO�DQG�SHUVRQDOLW\�SV\FKRORJ\��SS�����±�����
&DPEULGJH��(QJODQG��&DPEULGJH�8QLYHUVLW\�3UHVV�

127(6

��� � $OWKRXJK� 6WHYHQV¶V� V\VWHP� LV� FRPPRQO\� XVHG� LQ� VHOHFWLQJ� VWDWLVWLFDO
SURFHGXUHV�� WKHUH� DUH� VRPH� OLPLWDWLRQV� WR� WKLV� XVDJH�� 7KHVH� OLPLWDWLRQV� DUH
GLVFXVVHG�E\�9HOOHPDQ�DQG�:LONLQVRQ��������

����7KLV�YHUVLRQ�RI�FRHIILFLHQW�DOSKD�DVVXPHV�WKDW�WKH�LWHPV�DUH�VWDQGDUGL]HG�WR
KDYH�WKH�VDPH�YDULDQFH�

��� � 7KH� QXPEHU� RI� LQWHULWHP� FRUUHODWLRQV� WKDW� ZRXOG� EH� FDOFXODWHG� DQG� WKHQ
DYHUDJHG�WR�JHW�WKH�DYHUDJH�LQWHULWHP�FRUUHODWLRQ��L�H��� �� LV�HTXDO�WR�>S�S�±���@���
ZKHUH�S�LV�WKH�QXPEHU�RI�LWHPV�LQ�\RXU�WHVW�RU�VXEVFDOH��)RU�H[DPSOH��\RXU�WHVW�RU
VXEVFDOH�KDV����LWHPV�RQ�LW��WKH�QXPEHU�RI�LQWHULWHP�FRUUHODWLRQV�LV�>������±���@��� 
�����  � ���� 7KHUHIRUH�� WR� JHW� �� \RX� ZRXOG� KDYH� WR� WDNH� WKH� DYHUDJH� RI� WKH� ��
LQWHULWHP�FRUUHODWLRQV�

��� � $FFRUGLQJ� WR� WKH� 6WDQGDUGV� IRU� (GXFDWLRQDO� DQG� 3V\FKRORJLFDO� 7HVWLQJ
�$(5$��$3$��	�1&0(���������³9DOLGLW\�UHIHUV� WR� WKH�GHJUHH� WR�ZKLFK�HYLGHQFH
DQG� WKHRU\� VXSSRUW� WKH� LQWHUSUHWDWLRQV�RI� WHVW� VFRUHV�HQWDLOHG�E\�SURSRVHG�XVHV�RI
WHVWV´��S������,Q�WKH�ZRUGV�RI�6DPXHO�0HVVLFN���������WKH�GHWHUPLQDWLRQ�RI�YDOLGLW\
LV� ³DQ� LQWHJUDWHG� HYDOXDWLYH� MXGJPHQW� RI� WKH� GHJUHH� WR�ZKLFK� HPSLULFDO� HYLGHQFH
DQG�WKHRUHWLFDO�UDWLRQDOHV�VXSSRUW�WKH�DGHTXDF\�DQG�DSSURSULDWHQHVV�RI�LQIHUHQFHV
DQG�DFWLRQV�EDVHG�RQ�WHVW�VFRUHV�RU�RWKHU�PRGHV�RI�DVVHVVPHQW´��S������

��� � 7KH� FXUUHQW� YLHZ� LV� WKDW� FRQVWUXFW� YDOLGDWLRQ� LV� WKH� XQLI\LQJ� FRQFHSW� IRU
YDOLGLW\� HYLGHQFH�� ,Q� IDFW�� ZH� QR� ORQJHU� VD\� ³FRQVWUXFW� YDOLGDWLRQ´� EHFDXVH� WKH
ZRUG�FRQVWUXFW�ZRXOG�EH�UHGXQGDQW��$�FRQVWUXFW�LV�WKH�WKHRUHWLFDO�YDULDEOH�WKDW�\RX
ZDQW� WR� UHSUHVHQW�� ,W¶V�ZKDW�\RX�ZDQW� WR�PHDVXUH��7KH� LGHD�RI�D�FRQVWUXFW� LV�XVHG
EURDGO\�DQG�UHIHUV�ERWK�WR�DEVWUDFW�YDULDEOHV�VXFK�DV�VHOI�HIILFDF\��LQWHOOLJHQFH��DQG
VHOI�HVWHHP�DQG�WR�YHU\�FRQFUHWH�YDULDEOHV�VXFK�DV�DJH��KHLJKW��ZHLJKW��DQG�JHQGHU�



����7KLV�ERRN�ZDV�ZULWWHQ�E\�D�FRPPLWWHH�RI�H[SHUWV�DSSURYHG�E\�WKH�IROORZLQJ
QDWLRQDO� DVVRFLDWLRQV�� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK� $VVRFLDWLRQ�� WKH
$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��DQG�WKH�1DWLRQDO�&RXQFLO�RQ�0HDVXUHPHQW�LQ
(GXFDWLRQ�

����7R�VWXG\�WKH�HYROXWLRQ�RI�WKLQNLQJ�DERXW�YDOLGLW\��\RX�FDQ�VWDUW�E\�H[DPLQLQJ
WKH�IROORZLQJ�VRXUFHV�LQ�FKURQRORJLFDO�RUGHU��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ
��������&URQEDFK�DQG�0HHKO���������&DPSEHOO�DQG�)LVNH���������$(5$��$3$��	
1&0(���������0HVVLFN��������DQG�$(5$��$3$��	�1&0(��������

��� � 7KH� H[FHSWLRQ� WR� WKLV� UXOH� LV� ZKHQ� \RX� KDYH� ZKDW� DUH� FDOOHG� IRUPDWLYH
PHDVXUHV� �%ROOHQ� 	� /HQQR[�� ������ 3HGKD]XU� 	� 6FKPHONLQ�� ������� )RUPDWLYH
PHDVXUHV� GHWHUPLQH� WKH� GLVWLQFW� DVSHFWV� RI� D� FRQVWUXFW� �UDWKHU� WKDQ� UHIOHFWLQJ� WKH
FRQVWUXFW�DV�D�ZKROH���DQG�WKH\�QHHG�QRW�EH�FRUUHODWHG�ZLWK�RQH�DQRWKHU��7KHUHIRUH�
WKH� XVH� RI� FRHIILFLHQW� DOSKD� DQG� LWHP�WR�WRWDO� FRUUHODWLRQV� LV� JHQHUDOO\
LQDSSURSULDWH�



&KDSWHU��

+RZ�WR�&RQVWUXFW�D�4XHVWLRQQDLUH

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�HDFK�RI�WKH����SULQFLSOHV�RI�TXHVWLRQQDLUH�FRQVWUXFWLRQ�
��.QRZ�ZKHQ�RSHQ�HQGHG�TXHVWLRQV�DQG�FORVHG�HQGHG�TXHVWLRQV�VKRXOG�EH
XVHG�

��*LYH�PXOWLSOH�H[DPSOHV�RI�UHVSRQVH�FDWHJRULHV�XVHG�IRU�FRPSOHWHO\�DQFKRUHG
UDWLQJ�VFDOHV�

��([SODLQ�KRZ�WKH�GLIIHUHQW�SDUWV�RI�D�TXHVWLRQQDLUH�DUH�RUJDQL]HG�LQWR�D
VPRRWKO\�RSHUDWLQJ�ZKROH�

��/LVW�DQG�H[SODLQ�WKH�ILYH�PDMRU�VWHSV�LQ�TXHVWLRQQDLUH�FRQVWUXFWLRQ�
��6XPPDUL]H�DQG�H[SODLQ�WKH�FRQWHQW�LQ�WKH�FKHFNOLVW�IRU�TXHVWLRQQDLUH
GHYHORSPHQW�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�&UHDWLQJ�4XHVWLRQV�7KDW�:RUN

5DFKHO��D�VHFRQG�JUDGH�WHDFKHU��ZDV�H[FLWHG�E\�WKH�SURVSHFW
RI�RIIHULQJ�KHU�RSLQLRQ�E\�ILOOLQJ�RXW�D�VXUYH\�LQVWUXPHQW��L�H��
D�TXHVWLRQQDLUH���7KH�TXHVWLRQQDLUH�ZDV�GHVLJQHG�E\�D� WHDP
RI� UHVHDUFKHUV� LQYHVWLJDWLQJ� ZKDW� QHHGHG� WR� EH� GRQH� WR
LPSURYH�VWXGHQW�OHDUQLQJ�RXWFRPHV�DW�KHU�VFKRRO��5DFKHO�ZDV
KDSS\�WR�EH�DVNHG�WR�ILOO�RXW�WKH�TXHVWLRQQDLUH��6KH�NQHZ�WKDW
KHU� RSLQLRQV� ZHUH� YDOXDEOH� DQG� FRXOG� KDUGO\� ZDLW� WR� ZULWH
WKHP� GRZQ�� 6KH� KDG� DOUHDG\� GLVFXVVHG� KHU� WKRXJKWV� ZLWK
RWKHU�WHDFKHUV�DW�KHU�VFKRRO�DERXW�VRPH�RI�WKH�WRSLFV�WKDW�WKH
TXHVWLRQQDLUH�ZRXOG�SUREDEO\�DGGUHVV�

%XW�DV�5DFKHO�VDW� WU\LQJ� WR�ILOO�RXW� WKH�TXHVWLRQQDLUH��VKH
ZDV� GLVPD\HG�� 7R� EHJLQ� ZLWK�� WKH� LPSRUWDQW� TXHVWLRQV� ZHUHQ¶W� HYHQ� DVNHG�� 1RZKHUH� ZDV� WKHUH� D
TXHVWLRQ� DERXW� IXQGLQJ� RU� DIWHUVFKRRO� SURJUDPV�� (YHQ� ZRUVH�� WKHUH� ZDV� QRZKHUH� WR� WDON� DERXW� DQ\
LVVXHV�QRW�VSHFLILFDOO\�DVNHG��$V�VKH�ZRUNHG�WKURXJK�WKH�TXHVWLRQQDLUH��VKH�EHJDQ�WR�JHW�PRUH�DQG�PRUH
ZRUULHG��7KH�RUGHULQJ� DQG� IRUPDWWLQJ�RI� WKH�TXHVWLRQV�ZDV� FRQIXVLQJ� WR� WKH� H[WHQW� WKDW�� DW� WLPHV�� VKH
ZDVQ¶W�VXUH�LI�VKH�ZDV�SXWWLQJ�KHU�DQVZHUV�LQ�WKH�SURSHU�SODFH��6HYHUDO�TXHVWLRQV�DVNHG�DERXW�VHYHUDO
LVVXHV� DOO� LQ� RQH� TXHVWLRQ�� DQG� VKH� KDG� GLIIHUHQW� IHHOLQJV� DERXW� WKH� LVVXHV�� 6RPH� TXHVWLRQV� ZHUH� VR
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FRQIXVLQJ�WKDW�VKH�GLGQ¶W�NQRZ�ZKHWKHU�VKH�VKRXOG�VD\�WKDW�VKH�DJUHHG�RU�GLVDJUHHG�EHFDXVH�VKH�VLPSO\
GLGQ¶W�NQRZ�ZKDW�WKH�TXHVWLRQ�ZDV�DVNLQJ��6KH�VDW�IRU�DOPRVW����PLQXWHV�ZRQGHULQJ�KRZ�WR�DQVZHU�WKLV
TXHVWLRQ��³'R�\RX�QRW�DJUHH�ZLWK� OHWWLQJ�VWXGHQWV�QRW�GR� WKHLU�KRPHZRUN�RQ�D�GDLO\�EDVLV"´�6KH�NQHZ
WKDW�KRPHZRUN�ZDV� LPSRUWDQW��EXW�GLG� WKDW�PHDQ�VKH�DJUHHG�RU�QRW"�(YHQ�ZRUVH��ZKDW� LI� VKH�DJUHHG
ZLWK�KRPHZRUN�EXW�QRW�RQ�D�GDLO\�EDVLV"

)XUWKHU�RQ�LQ�WKH�TXHVWLRQQDLUH��VKH�FRXOGQ¶W�KHOS�EXW�IHHO�WKDW�WKH�UHVHDUFKHUV�KDG�DQ�DJHQGD��6KH
FRXOG� WHOO� WKDW� WKH\� EHOLHYHG� LQ� EORFN� VFKHGXOLQJ� RI� FRXUVHV� MXVW� E\� KRZ� WKH� TXHVWLRQV�ZHUH� SKUDVHG�
5DFKHO�ZRUULHG�DERXW�KRZ�VKH�ZRXOG�ORRN�LI�VKH�GLVDJUHHG��HYHQ�WKRXJK�VKH�KDG�QHYHU�OLNHG�WKH�EORFN
VFKHGXOLQJ�LGHD�

)LQDOO\��DW�WKH�HQG�RI�WKH�TXHVWLRQQDLUH��5DFKHO�GHFLGHG�WR�VWDUW�UDQGRPO\�PDUNLQJ�DQVZHUV�EHFDXVH
WKH�MDUJRQ�XVHG�ZDV�VR�KDUG�WR�XQGHUVWDQG��$V�5DFKHO�WXUQHG�LQ�WKH�TXHVWLRQQDLUH��VKH�ZDV�VDGGHQHG�E\
WKH�IDFW� WKDW� WKH�UHVHDUFKHUV�ZRXOG�QHYHU�NQRZ�DQ\�RI�KHU�ZHOO�WKRXJKW�RXW�RSLQLRQV��DQG�VKH�GHFLGHG
QHYHU�WR�ZDVWH�KHU�WLPH�E\�YROXQWHHULQJ�IRU�D�UHVHDUFK�SURMHFW�DJDLQ�

KH� SXUSRVH� RI� WKLV� FKDSWHU� LV� WR� KHOS� \RX� XQGHUVWDQG� KRZ� WR� FRQVWUXFW� D
TXHVWLRQQDLUH� ZKHQ� \RX� QHHG� WKLV� W\SH� RI� GDWD�FROOHFWLRQ� LQVWUXPHQW� IRU
\RXU� UHVHDUFK� VWXG\�DQG�RQH� LV�QRW� DOUHDG\�DYDLODEOH� IURP�SDVW� UHVHDUFK�

7KH�TXHVWLRQQDLUH�PLJKW�EH�WKH�RQO\�GDWD�FROOHFWLRQ�LQVWUXPHQW��RU�LW�PLJKW�EH�XVHG
DORQJ�ZLWK�RWKHU�GDWD�FROOHFWLRQ�PHWKRGV�LQ�D�UHVHDUFK�VWXG\��<RX�ZLOO�OHDUQ�WKDW�LI
\RX� IROORZ� WKH� VLPSOH� SULQFLSOHV� DGGUHVVHG� LQ� WKLV� FKDSWHU�� \RXU� UHVHDUFK
SDUWLFLSDQWV�ZLOO�EH�OHVV�OLNHO\�WR�IDFH�VLWXDWLRQV�OLNH�WKH�RQH�IDFHG�E\�5DFKHO��RXU
VHFRQG�JUDGH�WHDFKHU��DQG�\RXU�GDWD�ZLOO�EH�PRUH�FRPSOHWH�DQG�XVHIXO�DV�ZHOO�

:+$7�,6�$�48(67,211$,5("
$� TXHVWLRQQDLUH� LV� D� VHOI�UHSRUW� GDWD�FROOHFWLRQ� LQVWUXPHQW� WKDW� HDFK� UHVHDUFK
SDUWLFLSDQW�ILOOV�RXW�DV�SDUW�RI�D�UHVHDUFK�VWXG\��5HVHDUFKHUV�XVH�TXHVWLRQQDLUHV�VR
WKDW� WKH\� FDQ� REWDLQ� LQIRUPDWLRQ� DERXW� WKH� WKRXJKWV�� IHHOLQJV�� DWWLWXGHV�� EHOLHIV�
YDOXHV��SHUFHSWLRQV��SHUVRQDOLW\��DQG�EHKDYLRUDO�LQWHQWLRQV�RI�UHVHDUFK�SDUWLFLSDQWV�
,Q�RWKHU�ZRUGV�� UHVHDUFKHUV�PHDVXUH�PDQ\�GLIIHUHQW�NLQGV�RI�FKDUDFWHULVWLFV�XVLQJ
TXHVWLRQQDLUHV�

��4XHVWLRQQDLUH�$�VHOI�UHSRUW�GDWD�FROOHFWLRQ�LQVWUXPHQW�ILOOHG�RXW�E\�UHVHDUFK
SDUWLFLSDQWV

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

:H�YLHZ�WKH�WHUP�TXHVWLRQQDLUH�EURDGO\��4XHVWLRQQDLUHV�FDQ�EH�XVHG�WR�FROOHFW
TXDQWLWDWLYH�� TXDOLWDWLYH�� DQG� PL[HG� GDWD�� 7KH� FRQWHQW� DQG� RUJDQL]DWLRQ� RI� D
TXHVWLRQQDLUH�ZLOO�FRUUHVSRQG�WR�WKH�UHVHDUFKHU¶V�REMHFWLYHV��7KH�NH\�SRLQW�LV�WKDW
WKH� TXHVWLRQQDLUH� LV� D� YHUVDWLOH� WRRO� DYDLODEOH� WR� \RX� DQG� RWKHU� HGXFDWLRQDO
UHVHDUFKHUV�

4XHVWLRQQDLUHV�W\SLFDOO\�LQFOXGH�PDQ\�TXHVWLRQV�DQG�VWDWHPHQWV��)RU�H[DPSOH��D
UHVHDUFKHU� PLJKW� DVN� D� TXHVWLRQ� DERXW� WKH� SUHVHQW� �'R� \RX� VXSSRUW� WKH� XVH� RI
FRUSRUDO� SXQLVKPHQW� LQ� HOHPHQWDU\� VFKRROV"��� WKH� SDVW� �+DYH� \RX� HYHU� XVHG
FRUSRUDO�SXQLVKPHQW�ZLWK�RQH�RI�\RXU� VWXGHQWV"��� RU� WKH� IXWXUH� �'R�\RX� WKLQN� WKDW



\RX�ZLOO�XVH�FRUSRUDO�SXQLVKPHQW�VRPHWLPH�LQ�WKH�IXWXUH"���6HH�7DEOH�����IRU�PRUH
H[DPSOHV��4XHVWLRQQDLUHV�FDQ�DOVR�LQFOXGH�VWDWHPHQWV�WKDW�SDUWLFLSDQWV�FRQVLGHU�DQG
UHVSRQG�WR��)RU�H[DPSOH��ZKHQ�ILOOLQJ�RXW�WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH�VKRZQ
LQ� )LJXUH� ����� UHVHDUFK� SDUWLFLSDQWV� PXVW� LQGLFDWH� WKHLU� GHJUHH� RI� DJUHHPHQW� RU
GLVDJUHHPHQW�ZLWK����VWDWHPHQWV�PHDVXULQJ�WKHLU�DWWLWXGHV�WRZDUG�WKHPVHOYHV�

�7$%/(�������7\SH�RI�4XHVWLRQ�0DWUL[�:LWK�([DPSOHV

�),*85(�������7KH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH



6RXUFH�� 5RVHQEHUJ�� 0�� �������� 6RFLHW\� DQG� WKH� DGROHVFHQW� VHOI�,PDJH�� 5HYLVHG� HGLWLRQ�� 0LGGOHWRZQ�� &7�
:HVOH\DQ�8QLYHUVLW\�3UHVV�


,WHPV�PDUNHG�ZLWK�DQ�DVWHULVN�KDYH�UHYHUVHG�ZRUGLQJ��7KH�QXPEHUV�RQ�LWHPV�ZLWK�UHYHUVHG�ZRUGLQJ�VKRXOG�EH
UHYHUVHG�EHIRUH�VXPPLQJ�WKH�UHVSRQVHV�IRU�WKH����LWHPV��)RU�H[DPSOH��RQ�LWHP����³VWURQJO\�DJUHH´�EHFRPHV���
³DJUHH´�EHFRPHV����³GLVDJUHH´�EHFRPHV����DQG�³VWURQJO\�GLVDJUHH´�EHFRPHV���

�7$%/(�������3ULQFLSOHV�RI�4XHVWLRQQDLUH�&RQVWUXFWLRQ

35,1&,3/(6�2)�48(67,211$,5(�&216758&7,21
7KH� NH\� SULQFLSOHV� RI� TXHVWLRQQDLUH� FRQVWUXFWLRQ� DUH� VKRZQ� LQ�7DEOH� ����� 7DNH� D
PRPHQW�WR�H[DPLQH�WKLV�OLVW�RI����SULQFLSOHV�VR�WKDW�\RX�ZLOO�KDYH�DQ�RYHUYLHZ�RI
ZKDW� LV� LPSRUWDQW� WR�FRQVLGHU�ZKHQ�FRQVWUXFWLQJ�D�TXHVWLRQQDLUH��:H�ZLOO�H[SODLQ
HDFK�RI�WKHVH�SULQFLSOHV�LQ�PRUH�GHWDLO��5HPHPEHU�WKDW�WKH�JRDO�RI�WKH�TXHVWLRQQDLUH
LV� WR� WDS� LQWR� DQG� XQGHUVWDQG� WKH� RSLQLRQV� RI� \RXU� SDUWLFLSDQWV� DERXW� YDULDEOHV
UHODWHG�WR�\RXU�UHVHDUFK�REMHFWLYHV��$V�\RX�FRQVWUXFW�\RXU�TXHVWLRQQDLUH��\RX�PXVW
FRQVWDQWO\�DVN�\RXUVHOI� LI�\RXU�TXHVWLRQV�ZLOO�SURYLGH�FOHDU�GDWD�DERXW�ZKDW�\RXU
SDUWLFLSDQWV�WKLQN�RU�IHHO�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

3ULQFLSOH����0DNH�VXUH�WKH�TXHVWLRQQDLUH�LWHPV�PDWFK�\RXU
UHVHDUFK�REMHFWLYHV�

7KLV�FDUGLQDO�SULQFLSOH�VKRXOG�EH�REYLRXV��<RX�PXVW�DOZD\V�GHWHUPLQH�ZK\�\RX
LQWHQG�WR�FRQGXFW�\RXU�UHVHDUFK�VWXG\�EHIRUH�\RX�FDQ�ZULWH�D�TXHVWLRQQDLUH��,I�\RX
SODQ�WR�FRQGXFW�DQ�H[SORUDWRU\�UHVHDUFK�VWXG\��L�H���\RX�ZDQW�WR�FROOHFW�RULJLQDO�GDWD
WR�XQGHUVWDQG�D�JURXS�RU�H[DPLQH�VRPH�LVVXH���\RXU�TXHVWLRQQDLUH�ZLOO�XVXDOO\�QRW
QHHG� WR� EH� DV� GHWDLOHG� DQG� VSHFLILF� DV� LI� \RX� SODQ� WR� FRQGXFW� D� FRQILUPDWRU\
UHVHDUFK� VWXG\� �L�H��� ZKHQ� \RX� LQWHQG� WR� FROOHFW� GDWD� WKDW�ZLOO� HQDEOH� \RX� WR� WHVW



UHVHDUFK�K\SRWKHVHV���7KDW�LV��ZKHQ�\RXU�SULPDU\�JRDO�LV�WR�H[SORUH�WKH�WRSLF��\RX
ZDQW�WR�EH�EURDG�LQ�\RXU�TXHVWLRQV�VR�WKDW�\RX�GR�QRW�PLVV�DQ�LPSRUWDQW�FRQFHSW�WKDW
\RXU� UHVHDUFK� SDUWLFLSDQWV� IHHO� LV� UHOHYDQW�� ,Q� ERWK� H[SORUDWRU\� DQG� FRQILUPDWRU\
UHVHDUFK�� \RX� VKRXOG� FDUHIXOO\� UHYLHZ� WKH� H[LVWLQJ� UHVHDUFK� OLWHUDWXUH�� DV�ZHOO� DV
DQ\� UHODWHG� LQVWUXPHQWV� WKDW�KDYH�DOUHDG\�EHHQ�XVHG� IRU�\RXU� UHVHDUFK�REMHFWLYHV�
EHIRUH�GHFLGLQJ� WR�FRQVWUXFW�\RXU�RZQ�TXHVWLRQQDLUH��2QH�RI� WKH�ZRUVW� WKLQJV� WKDW
FDQ�KDSSHQ�LQ�TXHVWLRQQDLUH�EDVHG�UHVHDUFK�LV�WR�UHDOL]H�WKDW�\RX�VKRXOG�KDYH�DVNHG
D�TXHVWLRQ�RU�LQFOXGHG�D�YDULDEOH�DIWHU�\RXU�GDWD�KDYH�EHHQ�FROOHFWHG�

7KLQN�EDFN�WR�5DFKHO��RXU�VHFRQG�JUDGH�WHDFKHU��6KH�ZDV�XSVHW�WKDW�D�TXHVWLRQ
ZDV� QRW� DVNHG� DERXW� DIWHUVFKRRO� SURJUDPV��7KLV� RPLVVLRQ� RI� D� TXHVWLRQ� DERXW� DQ
LPSRUWDQW� LVVXH� FRXOG� LQGLFDWH� WKDW� WKH� GHVLJQHUV� RI� WKH� TXHVWLRQQDLUH� GLG� QRW
FDUHIXOO\�FRQVLGHU�WKH�UHVHDUFK�RQ�WKH�WRSLF�EHIRUH�GHVLJQLQJ�WKH�TXHVWLRQQDLUH��$V
D�UHVXOW��D� OLNHO\�LPSRUWDQW�YDULDEOH�ZDV�QRW�PHDVXUHG�IXOO\��ZKLFK�ZLOO�DIIHFW� WKH
UHVHDUFK�UHVXOWV�DV�ZHOO�DV�WKH�UHVHDUFKHUV¶�XQGHUVWDQGLQJ�RI�5DFKHO¶V�WUXH�RSLQLRQ
RQ�WKH�WRSLF�

3ULQFLSOH����8QGHUVWDQG�\RXU�UHVHDUFK�SDUWLFLSDQWV�
$� NH\� WR� HIIHFWLYH� TXHVWLRQQDLUH� FRQVWUXFWLRQ� LV� XQGHUVWDQGLQJ� \RXU� UHVHDUFK

SDUWLFLSDQWV�� 5HPHPEHU� WKDW� LW� LV� WKH\�� QRW� \RX�� ZKR� ZLOO� EH� ILOOLQJ� RXW� WKH
TXHVWLRQQDLUH�� $� YHU\� LPSRUWDQW� VWUDWHJ\� ZKHQ� \RX� ZULWH� D� TXHVWLRQQDLUH� LV� WR
GHYHORS� DQ� HPSDWKHWLF� XQGHUVWDQGLQJ� RU� DQ� DELOLW\� WR� ³WKLQN� OLNH´� \RXU� SRWHQWLDO
UHVHDUFK� SDUWLFLSDQWV�� ,I� WKH� TXHVWLRQQDLUH� GRHV� QRW� ³PDNH� VHQVH´� WR� \RXU
SDUWLFLSDQWV��LW�ZLOO�QRW�ZRUN�

3ULQFLSOH����8VH�QDWXUDO�DQG�IDPLOLDU�ODQJXDJH�
<RX�VKRXOG�XVH�ODQJXDJH�WKDW�LV�XQGHUVWDQGDEOH�WR�WKH�SHRSOH�ZKR�DUH�JRLQJ�WR

ILOO�RXW�\RXU�TXHVWLRQQDLUH��7U\�WR�DYRLG�WKH�XVH�RI�MDUJRQ�RU�WHFKQLFDO�WHUPV��7KLV
SULQFLSOH�EXLOGV�RQ�WKH�DERYH�SULQFLSOH�RI�XQGHUVWDQGLQJ�\RXU�UHVHDUFK�SDUWLFLSDQWV�
<RX�PXVW� NQRZ� HQRXJK� DERXW� \RXU� SDUWLFLSDQWV� WR� XVH� ODQJXDJH� IDPLOLDU� WR� WKHP�
&RQVLGHU� WKH� DJH� RI� \RXU� SDUWLFLSDQWV�� WKHLU� HGXFDWLRQDO� OHYHO�� DQG� DQ\� RI� WKHLU
UHOHYDQW� FXOWXUDO� FKDUDFWHULVWLFV� ZKHQ� GHFLGLQJ� RQ� WKH� NLQG� RI� ODQJXDJH� WR� XVH�
5HPHPEHU� WKDW� LW� LV� YHU\� SRVVLEOH� WKDW� QRW� HYHU\RQH� XVHV� WKH� VDPH� HYHU\GD\
ODQJXDJH�DV�\RX��LI�\RX�DUH�UHDGLQJ�WKLV�ERRN��\RX�DUH�SUREDEO\�D�FROOHJH�JUDGXDWH
DQG�DUH�DOVR�ZRUNLQJ�RQ�D�JUDGXDWH�GHJUHH��7KH�XVH�RI�QDWXUDO�DQG�IDPLOLDU�ODQJXDJH
PDNHV�LW�HDVLHU�IRU�SDUWLFLSDQWV�WR�ILOO�RXW�D�TXHVWLRQQDLUH�DQG�KHOSV�SDUWLFLSDQWV�IHHO
PRUH�UHOD[HG�DQG�OHVV�WKUHDWHQHG�E\�WKH�WDVN�RI�ILOOLQJ�LW�RXW�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

2QH�NH\� LVVXH� UHODWHG� WR�ERWK� WKH�SULQFLSOH�RI�XQGHUVWDQGLQJ�\RXU�SDUWLFLSDQWV
DQG� WKDW� RI� XVLQJ� QDWXUDO� DQG� IDPLOLDU� ODQJXDJH� LV� GHWHUPLQLQJ� DQ� DSSURSULDWH
UHDGLQJ�OHYHO��,W�LV�LPSRUWDQW�WR�XVH�WKH�UHDGLQJ�OHYHO�WKDW�LV�QDWXUDO�DQG�DSSURSULDWH
IRU� \RXU� UHVHDUFK� SDUWLFLSDQWV�� 3RRUO\� FRQVWUXFWHG� TXHVWLRQQDLUHV� DUH� ZULWWHQ� DW



HLWKHU� WRR� KLJK� RU� WRR� ORZ� D� UHDGLQJ� OHYHO� IRU� WKH� LQWHQGHG� SDUWLFLSDQWV�� ,I� WKH
UHDGLQJ� OHYHO� LV� WRR� KLJK� IRU� \RXU� SDUWLFLSDQWV�� WKRVH� ILOOLQJ� RXW� WKH� TXHVWLRQQDLUH
PLJKW� VNLS� TXHVWLRQV� VLPSO\� EHFDXVH� WKH\� GR� QRW� XQGHUVWDQG� ZKDW� LV� DVNHG�� RU�
ZRUVH��WKH\�ZLOO�³JXHVV´�DQ�DQVZHU�WKDW�PLJKW�QRW�UHIOHFW�WKHLU�WUXH�RSLQLRQ��$OPRVW
DV�SUREOHPDWLF�LV�ZKHQ�WKH�TXHVWLRQQDLUH�LV�ZULWWHQ�VLJQLILFDQWO\�EHORZ�WKH�UHDGLQJ
OHYHO� RI� WKRVH� IRU� ZKRP� LW� LV� LQWHQGHG�� :KHQ� WKLV� RFFXUV�� SDUWLFLSDQWV� DUH
VRPHWLPHV�LQVXOWHG�E\�WKH�ORZ�OHYHO�DQG�GR�QRW�WDNH�WKH�TXHVWLRQQDLUH�VHULRXVO\�RU
UHIUDLQ�IURP�SDUWLFLSDWLQJ�LQ�DGGLWLRQDO�UHVHDUFK��)XUWKHU��D�UHDGLQJ�OHYHO�WKDW�LV�WRR
ORZ�FDQ�UHVXOW�LQ�D�PRUH�VLPSOLVWLF�DQG�OHVV�ULFK�YLHZ�RI�WKH�WRSLF�WKDQ�ZRXOG�KDYH
EHHQ�SRVVLEOH�LI�D�KLJKHU�OHYHO�KDG�EHHQ�XVHG��,I�\RX�HIIHFWLYHO\�FRQVLGHU�KRZ�\RXU
UHVHDUFK�SDUWLFLSDQWV�ZLOO� LQWHUSUHW� DQG� UHDFW� WR� HDFK� LWHP�RQ�\RXU� TXHVWLRQQDLUH�
WKHQ�\RX�OLNHO\�ZLOO�EH�DEOH�WR�ZULWH�LWHPV�WKDW�ZLOO�SURYLGH�XVHIXO�LQIRUPDWLRQ�
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�������:K\�LV�UHDGLQJ�OHYHO�LPSRUWDQW�WR�FRQVLGHU
ZKHQ�ZULWLQJ�LWHPV�DQG�FRQVWUXFWLQJ�D
TXHVWLRQQDLUH"�:KDW�HOVH�LV�LPSRUWDQW�
UHJDUGLQJ�FRPPXQLFDWLRQ��LQ�FRQVWUXFWLQJ�D
TXHVWLRQQDLUH"

3ULQFLSOH����:ULWH�LWHPV�WKDW�DUH�FOHDU��SUHFLVH��DQG�UHODWLYHO\
VKRUW�

(DFK� LWHP� RQ� \RXU� TXHVWLRQQDLUH� VKRXOG� EH� XQGHUVWDQGDEOH� WR� \RX� �WKH
UHVHDUFKHU�� DQG� WR� WKH� SDUWLFLSDQWV� �WKH� SHRSOH� ILOOLQJ� RXW� WKH� TXHVWLRQQDLUH��
%HFDXVH� HDFK� LWHP� LV�PHDVXULQJ� VRPHWKLQJ�� LW� LV� LPSRUWDQW� IRU� LW� WR� EH� FOHDU� DQG
SUHFLVH�� 7KH�*,*2� SULQFLSOH� LV� UHOHYDQW� KHUH�� ³*DUEDJH� LQ�� JDUEDJH� RXW�´� ,I� WKH
SDUWLFLSDQWV�DUH�QRW�FOHDU�DERXW�ZKDW� LV�EHLQJ�DVNHG�RI� WKHP�� WKHLU� UHVSRQVHV�ZLOO
UHVXOW�LQ�GDWD�WKDW�FDQQRW�RU�VKRXOG�QRW�EH�XVHG�LQ�D�UHVHDUFK�VWXG\��<RXU�JRDO�LV�IRU
HDFK�UHVHDUFK�SDUWLFLSDQW�WR�LQWHUSUHW�WKH�PHDQLQJ�RI�HDFK�LWHP�LQ�WKH�TXHVWLRQQDLUH
LQ�H[DFWO\�WKH�VDPH�ZD\��,I�\RX�PXVW�XVH�D�WHFKQLFDO�WHUP��UHPHPEHU�WR�GHILQH�LW�IRU
WKH�SDUWLFLSDQWV��)LQDOO\��WU\�WR�NHHS�PRVW�LWHPV�UHODWLYHO\�VKRUW�EHFDXVH�ORQJ�LWHPV
FDQ�EH�FRQIXVLQJ�DQG�VWUHVVIXO�IRU�UHVHDUFK�SDUWLFLSDQWV�

2QFH� DJDLQ� FRQVLGHU� 5DFKHO�� RXU� LOO�IDWHG� UHVHDUFK� SDUWLFLSDQW� ZKR� UHSRUWHG
EHLQJ�FRQIXVHG�E\�WKH�TXHVWLRQV�HYHQ�WKRXJK�VKH�ZDV�FOHDU�DERXW�WKH�WRSLFV�EHLQJ
VWXGLHG��$OWKRXJK�VKH�FRXOG�KDYH�RIIHUHG�YDOXDEOH�LQVLJKWV� WR� WKH�UHVHDUFKHUV��VKH
JRW� ³ORVW´� LQ� WKH�ZRUGLQJ�RI� WKH�TXHVWLRQV�� WKH� MDUJRQ�XVHG�� DQG�SHUKDSV� HYHQ� WKH
UHDGLQJ� OHYHO�� $V� D� UHVXOW�� WKH� UHVHDUFKHUV� GLG� QRW� JHW� D� FOHDU� SLFWXUH� RI� KHU
RSLQLRQV��DQG�5DFKHO�EHFDPH�IUXVWUDWHG��7KLV�VLWXDWLRQ�ZRXOG�KDYH�EHHQ�DYRLGHG�LI
WKH� UHVHDUFKHUV� KDG� WDNHQ� WKH� WLPH� WR� XQGHUVWDQG� WKHLU� UHVHDUFK� SDUWLFLSDQWV� DQG
ZULWH�FOHDU��SUHFLVH�TXHVWLRQV�

3ULQFLSOH����'R�QRW�XVH�³OHDGLQJ´�RU�³ORDGHG´�TXHVWLRQV�
$� OHDGLQJ� RU� ORDGHG�TXHVWLRQ� ELDVHV� WKH� UHVSRQVH� WKH� SDUWLFLSDQW� JLYHV� WR� WKH



TXHVWLRQ�� $� ORDGHG� TXHVWLRQ� LV� RQH� WKDW� FRQWDLQV� HPRWLRQDOO\� FKDUJHG� ZRUGV
�ZRUGV� WKDW� FUHDWH�D�SRVLWLYH�RU�QHJDWLYH� UHDFWLRQ���)RU�H[DPSOH�� WKH�HPRWLRQDOO\
FKDUJHG�ZRUG�OLEHUDO�ZDV�RIWHQ�DYRLGHG�E\�SROLWLFLDQV�ZLWK�OHIW�RI�FHQWHU�OHDQLQJV
GXULQJ�WKH�����V�DQG�����V�EHFDXVH�WKH�ZRUG�FUHDWHG�D�QHJDWLYH�UHDFWLRQ�LQ�VRPH
SHRSOH� UHJDUGOHVV�RI� WKH�FRQWHQW�RI� WKH�VWDWHPHQW��6RPH�RWKHU�H[DPSOHV�RI� ORDGHG
ZRUGV�DUH�SROLWLFLDQ�� FRPPXQLVW��ZHOIDUH��GUXJ�F]DU�� VRFFHU�PRP��SUR�OLIH��SUR�
FKRLFH��DQG�GUXJ�DEXVHU��$�OHDGLQJ�TXHVWLRQ�LV�RQH�WKDW�LV�SKUDVHG�LQ�VXFK�D�ZD\
WKDW�LW�VXJJHVWV�D�FHUWDLQ�DQVZHU��+HUH�LV�DQ�H[DPSOH�RI�D�OHDGLQJ�TXHVWLRQ�

��/RDGHG�TXHVWLRQ�D�TXHVWLRQ�FRQWDLQLQJ�HPRWLRQDOO\�FKDUJHG�ZRUGV

��/HDGLQJ�TXHVWLRQ�$�TXHVWLRQ�WKDW�VXJJHVWV�D�FHUWDLQ�DQVZHU

'RQ¶W�\RX�DJUHH�WKDW�WHDFKHUV�VKRXOG�HDUQ�PRUH�PRQH\�WKDQ�WKH\�FXUUHQWO\�HDUQ"

��<HV��WKH\�VKRXOG�HDUQ�PRUH�
��1R��WKH\�VKRXOG�QRW�HDUQ�PRUH�
��'RQ¶W�NQRZ�QR�RSLQLRQ�

7KH�SKUDVH�³'RQ¶W�\RX�DJUHH´�OHDGV�WKH�SDUWLFLSDQW��$�PRUH�QHXWUDO�ZRUGLQJ�RI
WKLV�TXHVWLRQ�ZRXOG�EH�DV�IROORZV�

'R�\RX�EHOLHYH�WHDFKHU�VDODULHV�DUH�ORZHU�WKDQ�WKH\�VKRXOG�EH��KLJKHU�WKDQ�WKH\
VKRXOG�EH��RU�DW�WKH�ULJKW�DPRXQW"

��7HDFKHU�VDODULHV�DUH�ORZHU�WKDQ�WKH\�VKRXOG�EH�
��7HDFKHU�VDODULHV�DUH�KLJKHU�WKDQ�WKH\�VKRXOG�EH�
��7HDFKHU�VDODULHV�DUH�DW�WKH�ULJKW�DPRXQW�
��'RQ¶W�NQRZ�QR�RSLQLRQ�

+HUH� LV� DQ� HQWHUWDLQLQJ� H[DPSOH� RI� D� TXHVWLRQ� WKDW� LV� OHDGLQJ� DQG� KDV� ORDGHG
SKUDVHV�LQ�LW��IURP�%RQHYDF��������

'R�\RX�EHOLHYH� WKDW�\RX�VKRXOG�NHHS�PRUH�RI�\RXU�KDUG�HDUQHG�PRQH\�RU� WKDW
WKH� JRYHUQPHQW� VKRXOG� JHW� PRUH� RI� \RXU� PRQH\� IRU� LQFUHDVLQJ� EXUHDXFUDWLF
JRYHUQPHQW�SURJUDPV"

��.HHS�PRUH�RI�P\�KDUG�HDUQHG�PRQH\�
��*LYH�P\�PRQH\�WR�LQFUHDVH�EXUHDXFUDWLF�JRYHUQPHQW�SURJUDPV�
��'RQ¶W�NQRZ�QR�RSLQLRQ�

$OZD\V� UHPHPEHU� WKDW� \RXU� JRDO� LV� WR� ZULWH� TXHVWLRQQDLUH� LWHPV� WKDW� KHOS
SDUWLFLSDQWV� IHHO� IUHH� WR� SURYLGH� WKHLU� QDWXUDO� DQG� KRQHVW� DQVZHUV�� <RX� ZDQW� WR



REWDLQ�UHVSRQVHV�WKDW�DUH�XQGLVWRUWHG�E\�WKH�ZRUGLQJ�RI�WKH�TXHVWLRQV��5HFDOO�LQ�RXU
RSHQLQJ� H[DPSOH� WKDW� 5DFKHO� IHOW� WKH� UHVHDUFKHUV� KDG� DQ� ³DJHQGD´� DQG� VKH� ZDV
ZRUULHG� WKDW� VKH� FRXOGQ¶W� DSSURSULDWHO\� DJUHH�RU� GLVDJUHH�ZLWK� FHUWDLQ� TXHVWLRQV�
+DYH�\RX�HYHU�IHOW�WKDW�ZD\�ZKHQ�ILOOLQJ�RXW�D�TXHVWLRQQDLUH"�,I�VR��\RX�PLJKW�KDYH
H[SHULHQFHG�OHDGLQJ�RU�ORDGHG�TXHVWLRQV�
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�������7KLQN�RI�DQ�H[DPSOH�RI�D�OHDGLQJ�RU�ORDGHG
TXHVWLRQ�

3ULQFLSOH����$YRLG�GRXEOH�EDUUHOHG�TXHVWLRQV�
$�GRXEOH�EDUUHOHG�TXHVWLRQ�FRPELQHV�WZR�RU�PRUH�LVVXHV�RU�DWWLWXGH�REMHFWV�LQ

D� VLQJOH� LWHP�� +HUH¶V� DQ� H[DPSOH�� 'R� \RX� WKLQN� WKDW� WHDFKHUV� VKRXOG� KDYH� PRUH
FRQWDFW�ZLWK� SDUHQWV� DQG� VFKRRO� DGPLQLVWUDWRUV"�$V� \RX� FDQ� VHH�� WKLV� VLQJOH� LWHP
DVNV� DERXW� WZR� GLIIHUHQW� LVVXHV�� 7KH� TXHVWLRQ� LV� UHDOO\� DVNLQJ��'R� \RX� WKLQN� WKDW
WHDFKHUV� VKRXOG� KDYH�PRUH� FRQWDFW�ZLWK� SDUHQWV"�DQG� 'R� \RX� WKLQN� WKDW� WHDFKHUV
VKRXOG�KDYH�PRUH�FRQWDFW�ZLWK�VFKRRO�DGPLQLVWUDWRUV"�(DFK�RI�WKHVH�WZR�LVVXHV�PD\
HOLFLW� D� GLIIHUHQW� DWWLWXGH�� DQG� FRPELQLQJ� WKHP� LQWR� RQH� TXHVWLRQ�PDNHV� LW� XQFOHDU
ZKLFK�DWWLWXGH�RU�RSLQLRQ�LV�EHLQJ�PHDVXUHG��2QFH�VRPHRQH�DQVZHUV�WKH�TXHVWLRQ�
LW¶V� LPSRVVLEOH� IRU� WKH� UHVHDUFKHU� WR� NQRZ� ZKLFK� EDUUHO� RI� WKH� TXHVWLRQ� ZDV
DQVZHUHG�

��'RXEOH�EDUUHOHG�TXHVWLRQ�$�TXHVWLRQ�WKDW�FRPELQHV�WZR�RU�PRUH�LVVXHV�RU
DWWLWXGH�REMHFWV

%HFDXVH� LW� LV� LPSRVVLEOH� WR� NQRZ� ZKLFK� SDUW� RI� WKH� TXHVWLRQ� WKH� SDUWLFLSDQW
DGGUHVVHG�RU�ZKHWKHU�KH�RU�VKH�DGGUHVVHG�WKH�XQLRQ�RI�WKH�WZR��LW�LV�D�JRRG�UXOH�WR
DYRLG�GRXEOH�EDUUHOHG�TXHVWLRQV��$V�D�JHQHUDO� UXOH�� LI� WKH�ZRUG�DQG�DSSHDUV� LQ�D
TXHVWLRQ� RU� VWDWHPHQW�� \RX� VKRXOG� FKHFN� WR� VHH�ZKHWKHU� LW� LV� GRXEOH�EDUUHOHG� RU�
UDWKHU��LI�WKH�TXHVWLRQ�LV�MXVW�JHWWLQJ�DW�D�YHU\�VSHFLILF�VLWXDWLRQ�

3ULQFLSOH����$YRLG�GRXEOH�QHJDWLYHV�
:KHQ� SDUWLFLSDQWV� DUH� DVNHG� IRU� WKHLU� DJUHHPHQW� ZLWK� D� VWDWHPHQW�� GRXEOH

QHJDWLYHV�FDQ�HDVLO\�RFFXU��)RU�H[DPSOH�

'R�\RX�DJUHH�RU�GLVDJUHH�ZLWK�WKH�IROORZLQJ�VWDWHPHQW"

7HDFKHUV�VKRXOG�QRW�EH�UHTXLUHG�WR�VXSHUYLVH�WKHLU�VWXGHQWV�GXULQJ�OLEUDU\�WLPH�

,I� \RX� GLVDJUHH� ZLWK� WKH� VWDWHPHQW�� \RX�PXVW� FRQVWUXFW� D�GRXEOH� QHJDWLYH� �D
VHQWHQFH�FRQVWUXFWLRQ�WKDW�LQFOXGHV�WZR�QHJDWLYHV���,I�\RX�GLVDJUHH��\RX�DUH�VD\LQJ
WKDW�\RX�GR�QRW�WKLQN�WKDW�WHDFKHUV�VKRXOG�QRW�VXSHUYLVH�VWXGHQWV�GXULQJ�OLEUDU\�WLPH
�&RQYHUVH�	� 3UHVVHU�� ������� ,Q� RWKHU�ZRUGV�� \RX� SUREDEO\� EHOLHYH� WKDW� WHDFKHUV



VKRXOG�VXSHUYLVH�VWXGHQWV�GXULQJ�OLEUDU\�WLPH�

��'RXEOH�QHJDWLYH�$�VHQWHQFH�FRQVWUXFWLRQ�WKDW�LQFOXGHV�WZR�QHJDWLYHV

+HUH�LV�DQRWKHU�H[DPSOH�RI�D�GRXEOH�QHJDWLYH�
7HDFKHUV�VKRXOG�QRW�EH�DEOH�WR�GR�WKH�IROORZLQJ�WKLQJV�

6SDQN�FKLOGUHQ

��<HV
��1R

([SHO�FKLOGUHQ�IURP�VFKRRO

��<HV
��1R

,I� \RX� PXVW� XVH� D� QHJDWLYH� LWHP�� \RX� VKRXOG� XQGHUOLQH� WKH� QHJDWLYH� ZRUG� RU
ZRUGV�WR�FDWFK�WKH�SDUWLFLSDQW¶V�DWWHQWLRQ�

3ULQFLSOH����'HWHUPLQH�ZKHWKHU�DQ�RSHQ�HQGHG�RU�D�FORVHG�HQGHG
TXHVWLRQ�LV�QHHGHG�

$Q�RSHQ�HQGHG�TXHVWLRQ�HQDEOHV�SDUWLFLSDQWV� WR�UHVSRQG�LQ�DQ\�ZD\�WKDW� WKH\
SOHDVH��2SHQ�HQGHG�TXHVWLRQV�WDNH�\RX�LQWR�WKH�QDWXUDO�ODQJXDJH�DQG�ZRUOGV�RI�\RXU
UHVHDUFK� SDUWLFLSDQWV�� DQG�� WKHUHIRUH�� RSHQ�HQGHG� TXHVWLRQV� SURYLGH� SULPDULO\
TXDOLWDWLYH� GDWD�� ,Q� FRQWUDVW�� D� FORVHG�HQGHG� TXHVWLRQ� UHTXLUHV� SDUWLFLSDQWV� WR
FKRRVH� IURP� D� OLPLWHG� QXPEHU� RI� UHVSRQVHV� WKDW� DUH� SUHGHWHUPLQHG� E\� WKH
UHVHDUFKHU��&ORVHG�HQGHG�TXHVWLRQV�SURYLGH�SULPDULO\�TXDQWLWDWLYH�GDWD��$OWKRXJK
RSHQ�HQGHG�TXHVWLRQV�DUH� W\SLFDOO\�DQDO\]HG�TXDOLWDWLYHO\�� WKH�DQVZHUV�VRPHWLPHV
DUH� DQDO\]HG� TXDQWLWDWLYHO\� E\� FRXQWLQJ� WKH� QXPEHU� RI� WLPHV� D� UHVSRQVH� ZDV
SURYLGHG��)XUWKHUPRUH��D�PLQLPDOO\�RSHQ�HQGHG�TXHVWLRQ�FDQ�SURYLGH�TXDQWLWDWLYH
LQIRUPDWLRQ��DV�LQ�WKLV�H[DPSOH��³+RZ�PDQ\�WLPHV�KDYH�\RX�UHPRYHG�D�VWXGHQW�IURP
\RXU�FODVV�IRU�GLVFLSOLQDU\�UHDVRQV�LQ�WKH�ODVW�\HDU"´

��2SHQ�HQGHG�TXHVWLRQ�$�TXHVWLRQ�WKDW�DOORZV�SDUWLFLSDQWV�WR�UHVSRQG�LQ�WKHLU
RZQ�ZRUGV

��&ORVHG�HQGHG�TXHVWLRQ�$�TXHVWLRQ�WKDW�IRUFHV�SDUWLFLSDQWV�WR�FKRRVH�IURP�D
VHW�RI�SUHGHWHUPLQHG�UHVSRQVHV

7R� GHWHUPLQH� VRPHRQH¶V� PDULWDO� VWDWXV�� \RX� FRXOG� XVH� WKH� TXHVWLRQ� ³:KDW� LV
\RXU�FXUUHQW�PDULWDO�VWDWXV"´�DQG�OHDYH�VXIILFLHQW�VSDFH�IRU�SDUWLFLSDQWV�WR�ZULWH�LQ
WKHLU�DQVZHU�� ,Q� WKLV�FDVH�� WKH�TXHVWLRQ�ZRXOG�EH�DQ�RSHQ�HQGHG�TXHVWLRQ�EHFDXVH



WKH�SDUWLFLSDQWV�ZRXOG�KDYH�WR�SURYLGH�DQ�DQVZHU�LQ�WKHLU�RZQ�ZRUGV��2Q�WKH�RWKHU
KDQG��\RX�FRXOG�XVH�D�FORVHG�HQGHG�TXHVWLRQ�WR�GHWHUPLQH�VRPHRQH¶V�PDULWDO�VWDWXV�
OLNH�WKLV�

:KDW�LV�\RXU�FXUUHQW�PDULWDO�VWDWXV"��&KHFN�RQH�ER[��

��6LQJOH
��0DUULHG
��'LYRUFHG
��6HSDUDWHG
��:LGRZHG

,Q� WKH� TXHVWLRQ� DERXW� PDULWDO� VWDWXV�� QRWLFH� WKDW� WKH� LWHP� VWHP� �WKH� ZRUGV
IRUPLQJ�WKH�TXHVWLRQ�RU�VWDWHPHQW��ZDV�WKH�VDPH�LQ�WKH�RSHQ�HQGHG�DQG�WKH�FORVHG�
HQGHG�TXHVWLRQ�H[DPSOHV��%RWK�DVN��:KDW� LV�\RXU�FXUUHQW�PDULWDO� VWDWXV"� ,Q� VKRUW�
WKH�GLIIHUHQFH�EHWZHHQ�DQ�RSHQ�HQGHG�TXHVWLRQ�DQG�D�FORVHG�HQGHG�TXHVWLRQ�LV�MXVW
WKH�ZD\�SDUWLFLSDQWV�DUH�DOORZHG�WR�UHVSRQG��,Q�RSHQ�HQGHG�TXHVWLRQV��SDUWLFLSDQWV
PXVW�FRPH�XS�ZLWK�WKHLU�RZQ�DQVZHUV��LQ�FORVHG�HQGHG�TXHVWLRQV��SDUWLFLSDQWV�PXVW
VHOHFW�IURP�WKH�SUHGHWHUPLQHG�UHVSRQVHV�SURYLGHG�E\�WKH�UHVHDUFKHU�

��,WHP�VWHP�7KH�VHW�RI�ZRUGV�IRUPLQJ�D�TXHVWLRQ�RU�VWDWHPHQW

2SHQ�HQGHG�TXHVWLRQV�DUH�XVXDOO\�XVHG�LQ�H[SORUDWRU\�UHVHDUFK��L�H���ZKHQ�WKH
UHVHDUFKHU� NQRZV� OLWWOH� DERXW� WKH� WRSLF��� DQG� FORVHG�HQGHG� TXHVWLRQV� DUH� XVXDOO\
XVHG� LQ� FRQILUPDWRU\� UHVHDUFK� �L�H��� ZKHQ� WKH� UHVHDUFKHU� ZDQWV� WR� WHVW� VSHFLILF
K\SRWKHVHV��� 2SHQ�HQGHG� TXHVWLRQV� DUH� YDOXDEOH� ZKHQ� WKH� UHVHDUFKHU� QHHGV� WR
NQRZ� ZKDW� SHRSOH� DUH� WKLQNLQJ� DQG� WKH� GLPHQVLRQV� RI� D� YDULDEOH� DUH� QRW� ZHOO
GHILQHG�� %HFDXVH� WKH� SDUWLFLSDQWV� UHVSRQG� E\�ZULWLQJ� WKHLU� DQVZHUV� LQ� WKHLU� RZQ
ZRUGV�� RSHQ�HQGHG� TXHVWLRQV� FDQ� SURYLGH� ULFK� LQIRUPDWLRQ�� )RU� H[DPSOH�� WKH
IROORZLQJ�RSHQ�HQGHG�TXHVWLRQ�ZRXOG�SURYLGH�VRPH�LQWHUHVWLQJ�LQIRUPDWLRQ��:KDW
GR�\RX� WKLQN� WHDFKHUV�FDQ�GR� WR�NHHS�VWXGHQWV� IURP�XVLQJ� LOOLFLW�GUXJV"� ,W� LV�PRUH
GLIILFXOW� DQG�PRUH� WLPH�FRQVXPLQJ� WR� DQDO\]H� WKH� GDWD� REWDLQHG� IURP� RSHQ�HQGHG
TXHVWLRQV�WKDQ�IURP�FORVHG�HQGHG�TXHVWLRQV��1RQHWKHOHVV��RSHQ�HQGHG�TXHVWLRQV�DUH
DW�WKH�KHDUW�RI�TXDOLWDWLYH�UHVHDUFK��ZKRVH�JRDO�LV�WR�XQGHUVWDQG�SDUWLFLSDQWV¶�LQQHU
ZRUOGV�LQ�WKHLU�QDWXUDO�ODQJXDJHV�DQG�FDWHJRULHV�

$�FORVHG�HQGHG�TXHVWLRQ�LV�DSSURSULDWH�ZKHQ�WKH�GLPHQVLRQV�RI�D�YDULDEOH�DUH
DOUHDG\� NQRZQ�� &ORVHG�HQGHG� TXHVWLRQV� H[SRVH� DOO� SDUWLFLSDQWV� WR� WKH� VDPH
UHVSRQVH�FDWHJRULHV�DQG�DOORZ�VWDQGDUGL]HG�TXDQWLWDWLYH�VWDWLVWLFDO�DQDO\VLV��2IWHQ�
UHVHDUFKHUV� ZLOO� XVH� WKH� UHVSRQVHV� IURP� RSHQ�HQGHG� TXHVWLRQV� WR� KHOS� GHVLJQ
FORVHG�HQGHG�TXHVWLRQV�IRU�IXWXUH�TXHVWLRQQDLUHV��)RU�H[DPSOH��D�UHVHDUFKHU�PLJKW
JURXS� WHDFKHUV¶�VXJJHVWLRQV� IRU�NHHSLQJ�VWXGHQWV�RII�GUXJV� LQWR�D�VHW�RI�FDWHJRULHV
�H�J��� HGXFDWLRQ�� DIWHUVFKRRO� SURJUDPV�� GLVFLSOLQH�� DQG� XVH� WKHVH� FDWHJRULHV� DV
UHVSRQVH�FKRLFHV�LQ�D�IXWXUH�FORVHG�HQGHG�TXHVWLRQ�

4XHVWLRQQDLUHV� FDQ� EH� FODVVLILHG� E\� WKH� W\SH� RI� TXHVWLRQV� WKDW� DUH� XVHG�



4XHVWLRQQDLUHV� WKDW� LQFOXGH� PRVWO\� RSHQ�HQGHG� LWHPV� DUH� FDOOHG� TXDOLWDWLYH
TXHVWLRQQDLUHV��7KHVH�TXHVWLRQQDLUHV�DUH�RIWHQ�XVHG�IRU�H[SORUDWRU\�UHVHDUFK��VXFK
DV�ZKHQ�WKH�UHVHDUFKHU�ZDQWV�WR�NQRZ�KRZ�SDUWLFLSDQWV�WKLQN�RU�IHHO�RU�H[SHULHQFH
D� SKHQRPHQRQ� RU� ZKHQ� WKH� UHVHDUFKHU� ZDQWV� WR� NQRZ� ZK\� SDUWLFLSDQWV� EHOLHYH
VRPHWKLQJ�KDSSHQV��$Q�H[DPSOH�RI�DQ�RSHQ�HQGHG�TXHVWLRQQDLUH�LV�SURYLGHG�LQ�WKH
ERQXV�PDWHULDOV�RQ�WKH�VWXGHQW�FRPSDQLRQ�ZHEVLWH�

��4XDOLWDWLYH�TXHVWLRQQDLUH�$�TXHVWLRQQDLUH�EDVHG�RQ�RSHQ�HQGHG�LWHPV�DQG
W\SLFDOO\�XVHG�LQ�H[SORUDWRU\�RU�TXDOLWDWLYH�UHVHDUFK

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

4XHVWLRQQDLUHV�WKDW�LQFOXGH�PRVWO\�FORVHG�HQGHG�LWHPV�DUH�FDOOHG�TXDQWLWDWLYH
TXHVWLRQQDLUHV��7KHVH�TXHVWLRQQDLUHV�DUH�IRFXVHG�RQ�JHWWLQJ�SDUWLFLSDQW�UHVSRQVHV
WR� VWDQGDUGL]HG� LWHPV� IRU� WKH� SXUSRVH� RI� FRQILUPDWRU\� UHVHDUFK� LQ�ZKLFK� VSHFLILF
YDULDEOHV� DUH� PHDVXUHG� DQG� K\SRWKHVHV� DUH� WHVWHG�� 7KH� SULQFLSOH� RI
VWDQGDUGL]DWLRQ�LV�YHU\�LPSRUWDQW�LQ�TXDQWLWDWLYH�UHVHDUFK��WKH�JRDO�LV�WR�SURYLGH�D
FRPPRQ�VWLPXOXV��LWHP�VWHP��UHVSRQVH�FDWHJRULHV��DQG�DQ\�DGGLWLRQDO�LQIRUPDWLRQ�
WR� HDFK� SHUVRQ� LQ� WKH� UHVHDUFK� VWXG\� �'LOOPDQ�� ������� 7KLV� LV� GRQH� WR� HQVXUH
PD[LPXP� FRPSDUDELOLW\� RI� UHVSRQVHV�� ,Q� SUDFWLFH�� PRVW� TXHVWLRQQDLUHV� HPSOR\� D
PL[WXUH� RI� RSHQ�HQGHG� DQG� FORVHG�HQGHG� LWHPV�� WKHVH� DUH� FDOOHG� PL[HG
TXHVWLRQQDLUHV� �-RKQVRQ� 	� 7XUQHU�� ������� $OWKRXJK� ZH� KDYH� FODVVLILHG
TXHVWLRQQDLUHV�LQWR�WKUHH�W\SHV��QRWH�WKDW�TXHVWLRQQDLUHV�DFWXDOO\�IDOO�RQ�D�FRQWLQXXP
ZLWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DV�HQGSRLQWV�DQG�PL[HG�LQ�WKH�PLGGOH�

��4XDQWLWDWLYH�TXHVWLRQQDLUH�$�TXHVWLRQQDLUH�EDVHG�RQ�FORVHG�HQGHG�LWHPV
DQG�W\SLFDOO\�XVHG�LQ�FRQILUPDWRU\�RU�TXDQWLWDWLYH�UHVHDUFK

��3ULQFLSOH�RI�VWDQGDUGL]DWLRQ�SURYLGLQJ�H[DFWO\�WKH�VDPH�VWLPXOXV�WR�HDFK
UHVHDUFK�SDUWLFLSDQW

��0L[HG�TXHVWLRQQDLUH�$�TXHVWLRQQDLUH�WKDW�LQFOXGHV�D�PL[WXUH�RI�RSHQ�HQGHG
DQG�FORVHG�HQGHG�LWHPV

&RQVLGHU��DJDLQ��WKH�IUXVWUDWLRQ�RI�RXU�WHDFKHU�LQ�WKH�RSHQLQJ�H[DPSOH��$�ODUJH
SDUW�RI�WKLV�IUXVWUDWLRQ�ZDV�FDXVHG�E\�WKH�IDFW�WKDW�WKH�UHVHDUFKHUV�IDLOHG�WR�DGGUHVV
D�WRSLF�WKDW�VKH�FRQVLGHUHG�LPSRUWDQW��7KLV�IUXVWUDWLRQ�FRXOG�KDYH�EHHQ�DYRLGHG�LI
WKH� UHVHDUFKHUV� KDG� UHDOL]HG� DQG� DFNQRZOHGJHG� WKDW� WKH\�PLJKW� QRW� NQRZ� DOO� WKH
LPSRUWDQW�WRSLFV�WKDW�WKHLU�SDUWLFLSDQWV�ZDQWHG�WR�GLVFXVV��2QH�ZD\�WR�GHDO�ZLWK�WKLV
SRWHQWLDO� OLPLWDWLRQ�LV� WR�LQFOXGH�DQ�RSHQ�HQGHG�TXHVWLRQ�VXFK�DV�³:KDW� WRSLFV�GR
\RX�IHHO�DUH� LPSRUWDQW� WR�VWXGHQW� OHDUQLQJ�RXWFRPHV"´�7KH�XVH�RI� WKLV�RSHQ�HQGHG
TXHVWLRQ�ZRXOG�DOORZ�SDUWLFLSDQWV�WR�H[SUHVV�WKHLU�RSLQLRQV�PRUH�IXOO\��HVSHFLDOO\
RSLQLRQV� WKH� UHVHDUFKHU� IDLOHG� WR�DQWLFLSDWH��DQG� LW�ZRXOG�SURYLGH� WKH� UHVHDUFKHUV



ZLWK�YDOXDEOH�LQIRUPDWLRQ�IRU�WKHLU�UHVHDUFK�VWXGLHV�
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�������:KDW�LV�DQ�LWHP�VWHP"
�������,I�\RX�DUH�FRQGXFWLQJ�DQ�H[SORUDWRU\�UHVHDUFK

VWXG\��DUH�\RX�PRUH�OLNHO\�WR�XVH�FORVHG�HQGHG
TXHVWLRQV�RU�RSHQ�HQGHG�TXHVWLRQV"

3ULQFLSOH����8VH�PXWXDOO\�H[FOXVLYH�DQG�H[KDXVWLYH�UHVSRQVH
FDWHJRULHV�IRU�FORVHG�HQGHG�TXHVWLRQV�

&DWHJRULHV�DUH�PXWXDOO\�H[FOXVLYH�ZKHQ�WKH\�GR�QRW�RYHUODS��)RU�H[DPSOH��WKH
IROORZLQJ� UHVSRQVH� FDWHJRULHV� IRU� D� TXHVWLRQ� DERXW� WKH� SDUWLFLSDQW¶V� DJH� DUH� QRW
PXWXDOO\�H[FOXVLYH�

��0XWXDOO\�H[FOXVLYH�5HVSRQVH�FDWHJRULHV�WKDW�GR�QRW�RYHUODS

�����RU�OHVV
�����WR���
�����WR���
�����WR���
�����WR���
�����WR���
�����WR���
�����WR���
�����RU�JUHDWHU

'R�\RX� VHH� WKH�SUREOHP�ZLWK� WKHVH� UHVSRQVH� FDWHJRULHV"�7KH�SUREOHP� LV� WKDW
WKH\�RYHUODS��)RU�H[DPSOH��D�SHUVRQ�ZKR�LV����\HDUV�ROG�FRXOG�EH�SODFHG�LQWR�WZR
FDWHJRULHV�� ,Q� IDFW�� SHUVRQV� DJHG� ���� ���� ���� ���� ���� ���� ���� DQG� ��� FDQ� DOO� EH
SODFHG� LQWR� PRUH� WKDQ� RQH� FDWHJRU\�� ,Q� VKRUW�� WKH� UHVSRQVH� FDWHJRULHV� DUH� QRW
PXWXDOO\�H[FOXVLYH��,Q�D�PRPHQW��ZH�ZLOO�VKRZ�\RX�KRZ�WR�IL[�WKLV�SUREOHP�

$�VHW�RI�UHVSRQVH�FDWHJRULHV�LV�H[KDXVWLYH�ZKHQ�WKHUH�LV�D�FDWHJRU\�DYDLODEOH
IRU�DOO� OHJLWLPDWH�UHVSRQVHV��)RU�H[DPSOH��ZKDW�LV�WKH�SUREOHP�ZLWK�WKH�IROORZLQJ
FDWHJRULHV�IURP�D�TXHVWLRQ�DVNLQJ�IRU�\RXU�FXUUHQW�DJH"

��([KDXVWLYH�5HVSRQVH�FDWHJRULHV�WKDW�LQFOXGH�DOO�SRVVLEOH�UHVSRQVHV

����WR��
����WR��
�����WR���



7KH�SUREOHP�LV�WKDW�WKHVH�WKUHH�FDWHJRULHV�DUH�QRW�H[KDXVWLYH�EHFDXVH�WKHUH�LV�QR
FDWHJRU\�DYDLODEOH�IRU�DQ\RQH�RYHU�WKH�DJH�RI����RU�DQ\RQH�\RXQJHU�WKDQ���\HDU�ROG�
$� VHW� RI� FDWHJRULHV� LV� QRW� H[KDXVWLYH� XQOHVV� WKHUH� LV� D� FDWHJRU\� DYDLODEOH� IRU� DOO
SRWHQWLDO�UHVSRQVHV�

3XWWLQJ�WKH�LGHDV�RI�PXWXDOO\�H[FOXVLYH�DQG�H[KDXVWLYH�FDWHJRULHV�WRJHWKHU��\RX
FDQ� VHH� WKDW� WKH� IROORZLQJ� VHW� RI� UHVSRQVH� FDWHJRULHV� LV� PXWXDOO\� H[FOXVLYH� DQG
H[KDXVWLYH�

:KLFK�RI�WKH�IROORZLQJ�FDWHJRULHV�LQFOXGHV�\RXU�FXUUHQW�DJH"��&KHFN�RQH�ER[��

��/HVV�WKDQ���
�����WR���
�����WR���
�����WR���
�����WR���
�����WR���
�����WR���
�����RU�ROGHU

7KH� SULQFLSOH� RI� PXWXDOO\� H[FOXVLYH� FDWHJRULHV� DSSOLHV� EHFDXVH� QRQH� RI� WKH
FDWHJRULHV� RYHUODS�� 7KH� SULQFLSOH� RI� H[KDXVWLYH� FDWHJRULHV� DSSOLHV� EHFDXVH� D
FDWHJRU\� LV� DYDLODEOH� IRU� HYHU\� SRVVLEOH� DJH�� :KHQHYHU� \RX� ZULWH� D� VWDQGDUG
FORVHG�HQGHG� TXHVWLRQ� �D� TXHVWLRQ�ZLWK� DQ� LWHP� VWHP� DQG� D� VHW� RI� SUHGHWHUPLQHG
UHVSRQVH� FDWHJRULHV��� UHPHPEHU� WR� PDNH� VXUH� WKDW� \RXU� UHVSRQVH� FDWHJRULHV� DUH
PXWXDOO\�H[FOXVLYH�DQG�H[KDXVWLYH�

3ULQFLSOH�����&RQVLGHU�WKH�GLIIHUHQW�W\SHV�RI�UHVSRQVH�FDWHJRULHV
DYDLODEOH�IRU�FORVHG�HQGHG�TXHVWLRQQDLUH�LWHPV�

,Q� WKLV� VHFWLRQ��ZH� LQWURGXFH� VHYHUDO� SRSXODU� W\SHV� RI� FORVHG�HQGHG� UHVSRQVH
FDWHJRULHV�E\�H[SODLQLQJ�WKH�LGHDV�RI�UDWLQJ�VFDOHV��UDQNLQJV��VHPDQWLF�GLIIHUHQWLDOV�
DQG�FKHFNOLVWV�

5DWLQJ�6FDOHV
5HVHDUFKHUV�RIWHQ�REWDLQ�GDWD�IURP�UHVHDUFK�SDUWLFLSDQWV�E\�SURYLGLQJ�TXHVWLRQV

RU� VWDWHPHQWV� �WKH� LWHP� VWHP�� DQG� UDWLQJ� VFDOHV� �WKH� UHVSRQVH� FKRLFHV�� ZLWK
LQVWUXFWLRQV� WR�PDNH� MXGJPHQWV�DERXW�HDFK� LWHP�VWHP�XVLQJ� WKH� UDWLQJ�VFDOH� WKDW� LV
SURYLGHG��$�UDWLQJ�VFDOH� LV�D�FRQWLQXXP�RI� UHVSRQVH�FKRLFHV� WKDW�SDUWLFLSDQWV�DUH
WROG� WR� XVH� LQ� LQGLFDWLQJ� WKHLU� UHVSRQVHV�� 5DWLQJ� VFDOHV� SURGXFH� QXPHULFDO
�TXDQWLWDWLYH��GDWD� UDWKHU� WKDQ�TXDOLWDWLYH�GDWD� �QRPLQDO�OHYHO�GDWD���5DWLQJ�VFDOHV
KDYH� EHHQ� XVHG� E\� UHVHDUFKHUV� IRU� TXLWH� D� ORQJ� WLPH�� ,Q� DQ� HDUO\� UHYLHZ� RI� WKH
KLVWRU\�RI�UDWLQJ�VFDOHV��*XLOIRUG��������SURYLGHG�H[DPSOHV�IURP�DV�HDUO\�DV�����
DQG�PDQ\�RWKHU�H[DPSOHV�IURP�VKRUWO\�DIWHU�������6RPH�LPSRUWDQW�HDUO\�GHYHORSHUV



RI�UDWLQJ�VFDOHV�ZHUH�6LU�)UDQFLV�*DOWRQ������±�������.DUO�3HDUVRQ������±������
DQG�5HQVLV�/LNHUW������±������

��5DWLQJ�VFDOH�$�FRQWLQXXP�RI�UHVSRQVH�FKRLFHV

$� QXPHULFDO� UDWLQJ� VFDOH� FRQVLVWV� RI� D� VHW� RI� QXPEHUV� DQG� ³DQFKRUHG´
HQGSRLQWV��:KHQ�\RX�DQFKRU�D�SRLQW�RQ�D� UDWLQJ�VFDOH��\RX� ODEHO� WKH�SRLQW�ZLWK�D
ZULWWHQ�GHVFULSWRU��+HUH�LV�DQ�H[DPSOH�RI�DQ�LWHP�VWHP�DQG�D�QXPHULFDO�UDWLQJ�VFDOH
ZLWK�DQFKRUHG�HQGSRLQWV�

��1XPHULFDO�UDWLQJ�VFDOH�$�UDWLQJ�VFDOH�WKDW�LQFOXGHV�D�VHW�RI�QXPEHUV�ZLWK
DQFKRUHG�HQGSRLQWV

��$QFKRU�$�ZULWWHQ�GHVFULSWRU�IRU�D�SRLQW�RQ�D�UDWLQJ�VFDOH

+RZ�ZRXOG�\RX�UDWH�WKH�RYHUDOO�MRE�SHUIRUPDQFH�RI�\RXU�VFKRRO�SULQFLSDO"

$V�\RX�FDQ�VHH��WKH�ILUVW�HQGSRLQW�����LV�DQFKRUHG�ZLWK�WKH�ZRUGV�YHU\�ORZ��7KH
RWKHU�HQGSRLQW� ���� LV�DQFKRUHG�ZLWK� WKH�ZRUGV�YHU\�KLJK��7KLV� LV�D���SRLQW� UDWLQJ
VFDOH�EHFDXVH�WKHUH�LV�D� WRWDO�RI�VHYHQ�SRLQWV�RQ�WKH�VFDOH��,I�\RX�XVH�D�QXPHULFDO
UDWLQJ� VFDOH� WKDW�KDV�RQO\� WKH�HQGSRLQWV� DQFKRUHG� �DV� DERYH���ZH� UHFRPPHQG� WKDW
\RX�XVH�DQ�RGG�QXPEHU�RI�SRLQWV�UDWKHU�WKDQ�DQ�HYHQ�QXPEHU�RI�SRLQWV��,I�\RX�XVH�DQ
HYHQ�QXPEHU�RI�SRLQWV��D�UHVSRQGHQW�PLJKW�PLVLQWHUSUHW�RQH�RI� WKH�WZR�FHQWHUPRVW
QXPEHUV�DV�UHSUHVHQWLQJ�WKH�FHQWHU�RU�QHXWUDO�SRLQW��'LOOPDQ���������,I�\RX�FKRRVH
WR� XVH� DQ� HYHQ� QXPEHU� RI� SRLQWV�� \RX� ZLOO� QHHG� WR� DQFKRU� WKH� WZR� FHQWHUPRVW
QXPEHUV� RU� FOHDUO\� DQFKRU� WKH� DUHD� EHWZHHQ� WKH� WZR� FHQWHUPRVW� QXPEHUV�� )RU
H[DPSOH��LI�\RX�WKLQN�\RX�ZDQW�WR�XVH�D�³���SRLQW´�UDWLQJ�VFDOH��\RX�VKRXOG�XVH�WKH
QXPEHUV� �� WR� ��� �ZKLFK� LV� ��� SRLQWV��� LI� \RX� LQVLVW� RQ� XVLQJ� �� WR� ���� \RX� VKRXOG
SODFH� DQ� DQFKRU� HTXDOO\� RYHU� WKH� QXPEHUV� �� DQG� �� VR� WKDW� SDUWLFLSDQWV� GR� QRW
HUURQHRXVO\�XVH�WKH�VFDOH�DV�LI���LV�WKH�FHQWHU�SRLQW�

$� VLPLODU� W\SH�RI� UDWLQJ� VFDOH� LV� FDOOHG� D� IXOO\� DQFKRUHG� UDWLQJ� VFDOH��$� IXOO\
DQFKRUHG� UDWLQJ� VFDOH� KDV� DOO� SRLQWV� DQFKRUHG� ZLWK� GHVFULSWRUV�� +HUH� LV� DQ
H[DPSOH�RI�DQ�LWHP�VWHP�IROORZHG�E\�D�IXOO\�DQFKRUHG�UDWLQJ�VFDOH�

��)XOO\�DQFKRUHG�UDWLQJ�VFDOH�$�UDWLQJ�VFDOH�RQ�ZKLFK�DOO�SRLQWV�DUH�DQFKRUHG

0\�SULQFLSDO�LV�DQ�HIIHFWLYH�OHDGHU�

7KLV�VFDOH�LV�FDOOHG�D���SRLQW�UDWLQJ�VFDOH�EHFDXVH�WKHUH�DUH�ILYH�SRLQWV�RQ�WKH



VFDOH���:H�UHFRPPHQG�WKDW�D�VLQJOH�LWHP�³VFDOH´�QRW�EH�FDOOHG�D�³/LNHUW�VFDOH�´�DV
LV�VRPHWLPHV�GRQH�LQ�UHVHDUFK�OLWHUDWXUH��EHFDXVH�WKH�WHUP�/LNHUW�VFDOH�KDV�PXOWLSOH
PHDQLQJV�������6RPH�UHVHDUFKHUV�SUHIHU�WR�H[FOXGH�WKH�QXPEHUV�DQG�SURYLGH�MXVW�WKH
GHVFULSWRUV�LQ�D�IXOO\�DQFKRUHG�UDWLQJ�VFDOH��5HJDUGOHVV��\RX�VKRXOG�DWWHPSW�WR�PDNH
WKH�ZRUGV�RU� DQFKRUV�XVHG� IRU� DGMDFHQW� SRLQWV� DQ� HTXDO� GLVWDQFH� DSDUW� IURP�HDFK
RWKHU�� <RX� PXVW� EH� YHU\� FDUHIXO� LQ� \RXU� FKRLFH� RI� DQFKRUV� IRU� ERWK� IXOO\� DQG
SDUWLDOO\�DQFKRUHG�VFDOHV��$QFKRUV�SURYLGH�UHIHUHQFH�SRLQWV� WKDW�SDUWLFLSDQWV�ZLOO
XVH�WR�GLUHFW�WKH�H[SUHVVLRQ�RI�WKHLU�RSLQLRQV��,I�WKH�UHIHUHQFH�SRLQWV�DUH�RQH�VLGHG�
DUH�QRW�FOHDU��RU�DUH�QRW�VSDFHG�DW�HTXDO�GLVWDQFHV��WKHQ�\RX�ZLOO�QRW�JHW�DQ�DFFXUDWH
PHDVXUH�RI� WKH�SDUWLFLSDQWV¶�RSLQLRQV��&RQVLGHU� WKH�IROORZLQJ�XQEDODQFHG���SRLQW
UDWLQJ�VFDOH�

,�HQMR\�P\�ZRUNSODFH�HQYLURQPHQW�

,Q�WKH�DERYH�H[DPSOH�� WKHUH�DUH�IRXU�DQFKRU�RU�UHIHUHQFH�SRLQWV�IRU�DJUHHPHQW
DQG�RQO\�RQH�IRU�GLVDJUHHPHQW��7KLV�ORRNV�OLNH�D�VFDOH�WKDW�DQ�XQHWKLFDO�SROLWLFLDQ
PLJKW� WU\� WR� XVH� EHFDXVH� KH� RU� VKH� ZDQWV� GDWD� VKRZLQJ� WKDW� SHRSOH� DJUHH� ZLWK
FHUWDLQ� SROLFLHV�� 7KHVH� IDXOW\� UHVSRQVH� FDWHJRULHV� ZRXOG� PDNH� LW� HDV\� IRU� D
UHVSRQGHQW� WR� DJUHH� EXW� GLIILFXOW� IRU� KLP� RU� KHU� WR� GLVDJUHH�� 5HPHPEHU�� $V� \RX
FRQVWUXFW�DQFKRUV�IRU�UDWLQJ�VFDOHV��DOZD\V�XVH�D�VHW�RI�DQFKRUV�WKDW�LV�EDODQFHG�DQG
SODFH�DQ�HTXDO�GLVWDQFH�EHWZHHQ�HDFK�SDLU�RI�DGMDFHQW�FDWHJRULHV�

<RX�PLJKW�EH�ZRQGHULQJ�KRZ�PDQ\�SRLQWV�D�UDWLQJ�VFDOH�VKRXOG�KDYH��5HVHDUFK
VXJJHVWV�WKDW�\RX�VKRXOG�XVH�VRPHZKHUH�IURP���WR����SRLQWV�RQ�D�UDWLQJ�VFDOH��H�J��
0F.HOYLH��������1XQQDOO\���������5DWLQJ�VFDOHV�ZLWK�IHZHU�WKDQ�IRXU�SRLQWV�DUH�QRW
DV� UHOLDEOH� DV� UDWLQJ� VFDOHV� ZLWK� PRUH� SRLQWV�� 5DWLQJ� VFDOHV� ZLWK� PRUH� WKDQ� ��
SRLQWV�FDQ�EH�FRQIXVLQJ��EHFDXVH�PRVW�SDUWLFLSDQWV�KDYH�D� OLPLWHG�DELOLW\� WR�PDNH
ILQH�GLVWLQFWLRQV�DPRQJ�D�JUHDW�QXPEHU�RI�VFDOH�SRLQWV�

:KHQ�GHFLGLQJ�KRZ�PDQ\�SRLQWV�WR�LQFOXGH��FRQVLGHU�KRZ�GLIIHUHQW�WKH�DQFKRU
SRLQWV� WUXO\� DUH�� 7KDW� LV�� ZKDW� LV� WKH� UHDO� GLIIHUHQFH� EHWZHHQ� VRPHRQH� ZKR
LQGLFDWHV� D� �� DQG� VRPHRQH�ZKR� LQGLFDWHV� D� �� RQ� DQ� ���SRLQW� VFDOH"� ,I� \RX� KDYH
PRUH�SRLQWV�WKDQ�UHDO�GLIIHUHQFHV��WKHQ�\RX�KDYH�WRR�PDQ\�SRLQWV��&RQYHUVHO\��\RX
PXVW� EH� VXUH� WR� LQFOXGH� HQRXJK� SRLQWV� WR� VHH� WKH� UHDO� GLIIHUHQFHV�� &RQVLGHU� DQ
H[WUHPH�H[DPSOH�RI�D���SRLQW�VFDOH��DJUHH�RU�GLVDJUHH��:KLOH�WKLV�PLJKW�ZRUN�RQ�D
VLPSOH�LVVXH��KRZ�PDQ\�H[DPSOHV�FDQ�\RX�WKLQN�RI�ZKHUH�D�JUD\�DUHD�H[LVWV�WKDW�LV
QHLWKHU�IXOO�DJUHHPHQW�QRU�IXOO�GLVDJUHHPHQW"�,Q�WKRVH�FDVHV��\RX�ZRXOG�QHHG�PRUH
SRLQWV� WR� JHW� DQ� DFFXUDWH� SLFWXUH� RI� WKH� LVVXH�� 2QH� WKLQJ� WR� UHPHPEHU�� <RX� FDQ
DOZD\V�FROODSVH�FDWHJRULHV�GXULQJ�GDWD�DQDO\VLV�LI�\RX�QHHG�WR��EXW�\RX�FDQQRW�DGG
H[WUD�FDWHJRULHV�DIWHU�\RX�KDYH�FROOHFWHG�WKH�GDWD��$V�D�UHVXOW��VRPH�UHVHDUFKHUV�HUU
RQ�WKH�VLGH�RI�VOLJKWO\�PRUH�UDWKHU�WKDQ�IHZHU�SRLQWV�RQ�D�VFDOH��2Q�WKH�RWKHU�KDQG�
'LOOPDQ�������� UHSRUWHG� WKDW�KH�KDV��RYHU� WKH�\HDUV��HQFRXUDJHG� WKH�XVH�RI� IHZHU
SRLQWV��L�H���IRXU�RU�ILYH�SRLQWV��IRU�WKH�VDNH�RI�VLPSOLFLW\�DQG�HDVLHU�FRPSUHKHQVLRQ
E\�UHVSRQGHQWV��:H�UHFRPPHQG�VWDUWLQJ�ZLWK�WKH�FRPPRQO\�XVHG��L�H���³VWDQGDUG´�



UDWLQJ�VFDOHV��VXFK�DV�WKH�RQHV�SURYLGHG�LQ�([KLELW������DQG�DGMXVWLQJ� WKHP�RQO\� LI
QHHGHG�

(PSLULFDO�GDWD�FDQ�DOVR� LQIRUP�\RXU�XQGHUVWDQGLQJ�RI� WKH�QXPEHU�RI� UHVSRQVH
FDWHJRULHV� QHHGHG�� )RU� H[DPSOH�� ZKHQ� SLORW� WHVWLQJ� D� TXHVWLRQQDLUH� GHVLJQHG� WR
PHDVXUH� UHVHDUFKHUV¶� PHWKRGRORJLFDO� EHOLHIV�� ,� �%XUNH� -RKQVRQ�� IRXQG� WKDW� WKH
WUDGLWLRQDO� ��SRLQW� DJUHHPHQW� VFDOH� �VWURQJO\� GLVDJUHH�� GLVDJUHH�� DJUHH�� VWURQJO\
DJUHH�� ZDV� QRW� ZRUNLQJ� ZHOO�� 0\� SDUWLFLSDQWV� VRPHWLPHV� FRPSODLQHG� WKDW� WKH\
GLGQ¶W� IXOO\� DJUHH�� DW� RWKHU� WLPHV� WKH\� FRPSODLQHG� WKDW� WKH\� GLGQ¶W� IXOO\� GLVDJUHH�
7KHUHIRUH�� ,� VKLIWHG� WR� D� ��SRLQW� VFDOH� �VWURQJO\� GLVDJUHH�� GLVDJUHH�� VOLJKWO\
GLVDJUHH��VOLJKWO\�DJUHH��DJUHH��VWURQJO\�DJUHH��WR�SURYLGH�PRUH�JUDGDWHG�FKRLFHV�

<RX�PLJKW�DOVR�ZRQGHU�ZKHWKHU�\RX�VKRXOG�LQFOXGH�D�FHQWHU�RU�PLGGOH�FDWHJRU\
LQ� \RXU� UDWLQJ� VFDOH�� 5HVHDUFK� VXJJHVWV� WKDW� RPLWWLQJ� WKH�PLGGOH� DOWHUQDWLYH� �H�J��
QHXWUDO��DERXW� WKH�VDPH��DYHUDJH��QR�GLIIHUHQFH�� GRHV�QRW� DSSUHFLDEO\� DIIHFW� WKH
RYHUDOO� SDWWHUQ� RI� UHVXOWV� �&RQYHUVH� 	� 3UHVVHU�� ������ 6FKXPDQ� 	� 3UHVVHU�
������������$V�D�UHVXOW��VRPH�UHVHDUFKHUV�FKRRVH�WR�LQFOXGH�D�PLGGOH�DOWHUQDWLYH�
DQG�RWKHUV�FKRRVH�QRW�WR�LQFOXGH�LW��%RWK�SUDFWLFHV�FDQ�EH�GHIHQGHG��<RX�FDQ�VHH�LQ
)LJXUH����� WKDW�5RVHQEHUJ� XVHG� ��SRLQW� UDWLQJ� VFDOHV� �L�H��� KH� RPLWWHG� WKH�PLGGOH
DOWHUQDWLYH�� LQ� KLV� SRSXODU� 6HOI�(VWHHP� 6FDOH�� 6RPH� UHVHDUFKHUV�� VXFK� DV
5RVHQEHUJ��SUHIHU�WR�RPLW�WKH�PLGGOH�DOWHUQDWLYH�EHFDXVH�GRLQJ�VR�IRUFHV�UHVHDUFK
SDUWLFLSDQWV�WR�OHDQ�RQH�ZD\�RU�WKH�RWKHU��EHFDXVH�LW�GRHV�QRW�DOORZ�³IHQFH�VLWWLQJ�´
LW�SURYLGHV�OHVV�DPELJXRXV�GDWD��2Q�WKH�RWKHU�KDQG��RPLWWLQJ�WKH�PLGGOH�DOWHUQDWLYH
LV�PRUH� DJJUHVVLYH� LQ� VW\OH�� LW� ZLOO� RFFDVLRQDOO\� LUULWDWH� D� SDUWLFLSDQW�� DQG� VRPH
SDUWLFLSDQWV�GR�KROG�D�WUXO\�QHXWUDO�DWWLWXGH�DIWHU�FDUHIXOO\�FRQVLGHULQJ�DQ�LVVXH�

([KLELW� ���� VKRZV� VRPH� UDWLQJ� VFDOHV� WKDW� UHVHDUFKHUV� DQG� SUDFWLWLRQHUV
FRPPRQO\�XVH��<RX�FDQ�XVH�WKHVH�LQ�\RXU�TXHVWLRQQDLUHV��$OWKRXJK�WKH�RUGHULQJ�RI
FDWHJRULHV� �SRVLWLYH�WR�QHJDWLYH�� QHJDWLYH�WR�SRVLWLYH�� GRHV� QRW� DSSHDU� WR� DIIHFW
UHVSRQVH�SDWWHUQV��%DUQHWWH��������:HQJ�	�&KHQJ���������ZH�JHQHUDOO\�UHFRPPHQG
D�QHJDWLYH�WR�SRVLWLYH�RUGHU�EHFDXVH�LW�PLJKW�DSSHDU�OHVV�OHDGLQJ��1RWH�WKDW�ERWK���
SRLQW�DQG���SRLQW�UDWLQJ�VFDOHV�DUH�FRPPRQO\�XVHG�E\�VXUYH\�UHVHDUFK�H[SHUWV��$V
VHHQ� LQ�([KLELW������\RX�FDQ�FRQVWUXFW� UDWLQJ�VFDOHV� IRU�PDQ\�GLPHQVLRQV�� VXFK�DV
DJUHHPHQW�� DSSURYDO�� LPSRUWDQFH�� DQG� VDWLVIDFWLRQ��:KHQ� \RX� FRQVWUXFW� \RXU� RZQ
UDWLQJ�VFDOHV��\RX�ZLOO�LGHQWLI\�DGGLWLRQDO�GLPHQVLRQV�WKDW�\RX�DUH�LQWHUHVWHG�LQ��DQG
\RX�ZLOO� QHHG� WR� FRQVWUXFW� VLPLODU� �L�H��� DQDORJRXV�� UHVSRQVH� FDWHJRULHV� IRU� WKRVH
GLPHQVLRQV�

�(;+,%,7�������([DPSOHV�RI�&RPPRQO\�8VHG�5HVSRQVH�&DWHJRULHV�IRU�5DWLQJ
6FDOHV

1RWH��:KHQ�\RX�ZULWH�UHVSRQVH�FDWHJRULHV��PDNH�VXUH�WKDW�WKH�GLVWDQFH�EHWZHHQ�HDFK�SDLU�RI�DQFKRUV
RU� UHVSRQVH� FDWHJRULHV� LV� WKH� VDPH�� )RU� H[DPSOH�� WKH� ³GLVWDQFH´� LQ� PHDQLQJ� EHWZHHQ� DJUHH� DQG
VWURQJO\�DJUHH�LV�WKH�VDPH�DV�EHWZHHQ�GLVDJUHH�DQG�VWURQJO\�GLVDJUHH�

$JUHHPHQW
����6WURQJO\�'LVDJUHH�����'LVDJUHH�����$JUHH�����6WURQJO\�$JUHH



����6WURQJO\�'LVDJUHH�����'LVDJUHH�����1HXWUDO�����$JUHH�����6WURQJO\�$JUHH

$PRXQW
����7RR�/LWWOH�����$ERXW�WKH�5LJKW�$PRXQW�����7RR�0XFK
����1RW�(QRXJK�����$ERXW�WKH�5LJKW�$PRXQW�����7RR�0DQ\

$SSURYDO
����6WURQJO\�'LVDSSURYH�����'LVDSSURYH�����$SSURYH�����6WURQJO\�$SSURYH
����6WURQJO\�'LVDSSURYH�����'LVDSSURYH�����1HXWUDO�����$SSURYH�����6WURQJO\�$SSURYH

%HOLHI
����'HILQLWHO\�)DOVH�����3UREDEO\�)DOVH�����3UREDEO\�7UXH�����'HILQLWHO\�7UXH

&RPSDULVRQ
����0XFK�:RUVH�����:RUVH�����$ERXW�WKH�6DPH�����%HWWHU�����0XFK�%HWWHU
����0XFK�/HVV�����$�/LWWOH�/HVV�����$ERXW�WKH�6DPH�����$�/LWWOH�0RUH�����0XFK�0RUH
����9HU\�0XFK�8QOLNH�0H�����6RPHZKDW�8QOLNH�0H�����6RPHZKDW�/LNH�0H�����9HU\�0XFK�/LNH�0H

(IIHFWLYHQHVV
����1RW�DW�$OO�(IIHFWLYH�����1RW�9HU\�(IIHFWLYH�����6RPHZKDW�(IIHFWLYH�����9HU\�(IIHFWLYH

(YDOXDWLRQ
����([FHOOHQW�����*RRG�����)DLU�����3RRU
����9HU\�3RRU�����3RRU�����)DLU�����*RRG�����9HU\�*RRG
����9HU\�%DG�����6RPHZKDW�%DG�����6RPHZKDW�*RRG�����9HU\�*RRG

,PSRUWDQFH
����1RW�DW�$OO�,PSRUWDQW�����1RW�9HU\�,PSRUWDQW�����)DLUO\�,PSRUWDQW�����9HU\�,PSRUWDQW
���� 1RW� DW� $OO� ,PSRUWDQW� ���� 1RW� 7RR� ,PSRUWDQW� ���� 6RPHZKDW� ,PSRUWDQW� ���� 9HU\� ,PSRUWDQW� ���
([WUHPHO\�,PSRUWDQW

.QRZOHGJH
����1RW�DW�$OO�)DPLOLDU�����1RW�9HU\�)DPLOLDU�����6RPHZKDW�)DPLOLDU�����9HU\�)DPLOLDU

3HUIRUPDQFH
����8QVDWLVIDFWRU\�����)DLU�����*RRG�����9HU\�*RRG

3UREDELOLW\
����$�/RW�/HVV�/LNHO\�����6RPHZKDW�/HVV�/LNHO\�����1R�'LIIHUHQFH�����6RPHZKDW�0RUH�/LNHO\�����$
/RW�0RUH�/LNHO\

6DWLVIDFWLRQ
����9HU\�'LVVDWLVILHG�����6RPHZKDW�'LVVDWLVILHG�����6RPHZKDW�6DWLVILHG�����9HU\�6DWLVILHG

5(9,(:
48(67 ,21 6

�������+RZ�PDQ\�SRLQWV�VKRXOG�D�UDWLQJ�VFDOH�KDYH"
�������6KRXOG�DOO�UDWLQJ�VFDOHV�KDYH�D�FHQWHU�SRLQW"

5DQNLQJV



6RPHWLPHV� \RX� PLJKW� ZDQW� \RXU� UHVHDUFK� SDUWLFLSDQWV� WR� UDQN� RUGHU� WKHLU
UHVSRQVHV��$�UDQNLQJ�LQGLFDWHV�WKH�LPSRUWDQFH�RU�SULRULW\�DVVLJQHG�E\�D�SDUWLFLSDQW
WR�DQ�DWWLWXGLQDO�REMHFW��5DQNLQJV�FDQ�EH�XVHG�ZLWK�RSHQ�HQGHG�DQG�FORVHG�HQGHG
TXHVWLRQV��)RU�H[DPSOH��\RX�PLJKW�ILUVW�DVN�DQ�RSHQ�HQGHG�TXHVWLRQ�VXFK�DV��,Q�\RXU
RSLQLRQ��ZKR�DUH�WKH�WKUHH�WRS�WHDFKHUV�LQ�\RXU�VFKRRO"�7KHQ�\RX�FRXOG�IROORZ�XS
WKLV�TXHVWLRQ�ZLWK�D� UDQNLQJ� LWHP�VXFK�DV��3OHDVH� UDQN�RUGHU� WKH� WHDFKHUV�\RX� MXVW
PHQWLRQHG��5DQNLQJV�FDQ�DOVR�EH�XVHG�ZLWK�FORVHG�HQGHG�LWHPV��)RU�H[DPSOH��\RX
PLJKW�XVH�WKH�IROORZLQJ�FORVHG�HQGHG�LWHP�

��5DQNLQJ�WKH�RUGHULQJ�RI�UHVSRQVHV�LQ�DVFHQGLQJ�RU�GHVFHQGLQJ�RUGHU

3OHDVH�UDQN�WKH�LPSRUWDQFH�RI�WKH�IROORZLQJ�TXDOLWLHV�LQ�D�VFKRRO�SULQFLSDO���)LOO
LQ�\RXU�UDQN�RUGHU�LQ�WKH�VSDFHV�SURYLGHG�XVLQJ�WKH�QXPEHUV���WKURXJK����ZLWK��
LQGLFDWLQJ�PRVW�LPSRUWDQW�DQG���LQGLFDWLQJ�OHDVW�LPSRUWDQW��

BBBB�$�SULQFLSDO�ZKR�LV�VLQFHUH
BBBB�$�SULQFLSDO�ZKR�JHWV�UHVRXUFHV�IRU�WKH�VFKRRO
BBBB�$�SULQFLSDO�ZKR�LV�DQ�DGYRFDWH�IRU�WHDFKHU�QHHGV
BBBB�$�SULQFLSDO�ZKR�LV�D�VWURQJ�GLVFLSOLQDULDQ
BBBB�$�SULQFLSDO�ZKR�LV�D�JRRG�PRWLYDWRU

$V� \RX� FDQ� VHH�� WKLV� LV� D� FORVHG�HQGHG� LWHP�EHFDXVH� SUHGHWHUPLQHG� UHVSRQVH
FDWHJRULHV�DUH�SURYLGHG��$V�D�JHQHUDO�UXOH��\RX�VKRXOG�QRW�DVN�SDUWLFLSDQWV�WR�UDQN
PRUH�WKDQ�WKUHH�WR�ILYH�UHVSRQVHV�RU�UHVSRQVH�FDWHJRULHV�EHFDXVH�UDQNLQJ�FDQ�EH�D
GLIILFXOW�WDVN�IRU�SDUWLFLSDQWV��$GGLWLRQDOO\��UDQN�RUGHU�LWHPV�DUH�GLIILFXOW�WR�DQDO\]H
VWDWLVWLFDOO\�DQG�UHODWH�WR�RWKHU�YDULDEOHV�

7KH� XVH� RI� D� VLQJOH� LWHP� DVNLQJ� IRU� D� UDQNLQJ� LV� XVXDOO\� XQQHFHVVDU\�� 7KH
UHFRPPHQGHG� SURFHGXUH� LV� WR� KDYH� WKH� SDUWLFLSDQWV� UDWH� HDFK� RI� WKH� UHVSRQVH
FDWHJRULHV�XVLQJ�D�UDWLQJ�VFDOH��'XULQJ�GDWD�DQDO\VLV��\RX�REWDLQ�WKH�DYHUDJH�UDWLQJ
IRU�HDFK�RI� WKH�FDWHJRULHV��DQG�WKHQ�\RX�FDQ�UDQN�RUGHU� WKRVH�DYHUDJHV��7KLV�ZD\�
\RX�KDYH�GDWD�WKDW�DUH�PRUH�HDVLO\�DQDO\]HG�IRU�UHODWLRQVKLSV�ZLWK�RWKHU�YDULDEOHV�
DQG�\RX�FDQ�REWDLQ�D�UDQNLQJ�RI�WKH�UHVSRQVH�FDWHJRULHV�

6HPDQWLF�'LIIHUHQWLDO

7KH� VHPDQWLF� GLIIHUHQWLDO� LV� D� VFDOLQJ� WHFKQLTXH� WKDW� LV� XVHG� WR�PHDVXUH� WKH
PHDQLQJ� WKDW�SDUWLFLSDQWV�JLYH� WR�YDULRXV�DWWLWXGLQDO�REMHFWV�RU�FRQFHSWV� �2VJRRG�
6XFL��	�7DQQHQEDXP���������3DUWLFLSDQWV�DUH�DVNHG�WR�UDWH�HDFK�REMHFW�RU�FRQFHSW
SURYLGHG� LQ� WKH� LWHP�VWHP�RQ�D�VHULHV�RI����RU���SRLQW��ELSRODU� UDWLQJ�VFDOHV��7KH
VFDOHV� DUH� ³ELSRODU´� EHFDXVH� FRQWUDVWLQJ� DGMHFWLYHV� �DQWRQ\PV�� DQFKRU� WKH
HQGSRLQWV��<RX�FDQ�VHH�DQ�H[DPSOH�RI�D�VHPDQWLF�GLIIHUHQWLDO�LQ�([KLELW�����

��6HPDQWLF�GLIIHUHQWLDO�$�VFDOLQJ�WHFKQLTXH�LQ�ZKLFK�SDUWLFLSDQWV�UDWH�D�VHULHV
RI�REMHFWV�RU�FRQFHSWV



6HPDQWLF� GLIIHUHQWLDOV� DUH� XVHIXO�ZKHQ� \RX�ZDQW� WR� ³SURILOH´� RU� GHVFULEH� WKH
PXOWLSOH�FKDUDFWHULVWLFV�DVVRFLDWHG�ZLWK�DQ�DWWLWXGLQDO�REMHFW��,Q�([KLELW������\RX�DUH
DVNHG�WR�UDWH�\RXU�VFKRRO�SULQFLSDO�RQ����GLIIHUHQW�ELSRODU�UDWLQJ�VFDOHV��,I�\RX�KDG
DOO�RI�WKH�WHDFKHUV�LQ�D�VFKRRO�XVH�WKLV�VHPDQWLF�GLIIHUHQWLDO��\RX�FRXOG�DYHUDJH�WKH
WHDFKHUV¶�UHVSRQVHV�DQG�SURILOH�WKHLU�SULQFLSDO��<RX�PLJKW�ILQG�WKDW�GLIIHUHQW�JURXSV
SURGXFH�GLIIHUHQW�SURILOHV��)RU�H[DPSOH��PDOH�DQG�IHPDOH�WHDFKHUV�PLJKW�YLHZ�WKH
SULQFLSDO�GLIIHUHQWO\��,I�\RX�QHHG�WR�GHYHORS�D�VHPDQWLF�GLIIHUHQWLDO��LW�LV�KHOSIXO�WR
ORRN�DW�DQ�DQWRQ\P�GLFWLRQDU\�IRU�FRQWUDVWLQJ�ZRUG�SDLUV��<RX�FDQ�DOVR�ILQG�VRPH
XVHIXO�OLVWV�RI�VHPDQWLF�GLIIHUHQWLDO�ZRUG�SDLUV�LQ�,VDDF�DQG�0LFKDHO��������DQG�LQ
-HQNLQV��5XVVHOO��DQG�6XFL��������

�(;+,%,7�������([DPSOH�RI�6HPDQWLF�'LIIHUHQWLDO�6FDOLQJ�7HFKQLTXH

3OHDVH�UDWH�\RXU�VFKRRO�SULQFLSDO�RQ�HDFK�RI�WKH�IROORZLQJ�GHVFULSWLYH�VFDOHV��3ODFH�D�FKHFNPDUN�RQ�RQH
RI�WKH�EODQNV�EHWZHHQ�HDFK�SDLU�RI�ZRUGV�WKDW�EHVW�LQGLFDWHV�KRZ�\RX�IHHO�

<RXU�6FKRRO�3ULQFLSDO

&KHFNOLVWV

5HVHDUFKHUV�VRPHWLPHV�SURYLGH�D�OLVW�RI�UHVSRQVH�FDWHJRULHV��D�FKHFNOLVW��DQG
DVN�UHVHDUFK�SDUWLFLSDQWV�WR�FKHFN�WKH�UHVSRQVHV�WKDW�DSSO\��0XOWLSOH�UHVSRQVHV�DUH
DOORZHG��+HUH�LV�DQ�H[DPSOH�RI�D�FKHFNOLVW�

��&KHFNOLVW�$�OLVW�RI�UHVSRQVH�FDWHJRULHV�WKDW�UHVSRQGHQWV�FKHFN�LI�DSSURSULDWH

:KHUH�GR�\RX�JHW�LQIRUPDWLRQ�DERXW�WKH�PRVW�UHFHQW�DGYDQFHV�LQ�WHDFKLQJ"

�3OHDVH�FKHFN�DOO�FDWHJRULHV�WKDW�DSSO\�WR�\RX��



��2WKHU�WHDFKHUV
��3URIHVVRUV
��3ULQFLSDO
��3DUHQWV
��6XSHULQWHQGHQW
��$FDGHPLF�MRXUQDOV
��3URIHVVLRQDO�MRXUQDOV
��0DJD]LQHV
��7HOHYLVLRQ
��2WKHU��3OHDVH�OLVW��BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

&KHFNOLVWV� DUH� RFFDVLRQDOO\� XVHIXO� IRU� GHVFULSWLYH� SXUSRVHV�� +RZHYHU�� DV� D
JHQHUDO�UXOH��\RX�VKRXOG�DYRLG�PXOWLSOH�UHVSRQVH�LWHPV�VXFK�DV�FKHFNOLVWV�EHFDXVH
WKH\�DUH�GLIILFXOW� WR�DQDO\]H�DQG�EHFDXVH�RI�SULPDF\�HIIHFWV� �L�H��� UHVSRQGHQWV�DUH
PRUH� OLNHO\� WR� FKHFN� LWHPV� SODFHG� HDUOLHU� LQ� WKH� OLVW�� 'LOOPDQ�� ������� 7KH
UHFRPPHQGHG�DOWHUQDWLYH� LV� WR�KDYH� UHVSRQGHQWV�XVH�D� UHVSRQVH�VFDOH� IRU�HDFK�RI
WKH�FDWHJRULHV�

3ULQFLSOH�����8VH�PXOWLSOH�LWHPV�WR�PHDVXUH�DEVWUDFW�FRQVWUXFWV�
0XOWLSOH�LWHPV�GHVLJQHG�WR�PHDVXUH�D�VLQJOH�FRQVWUXFW�DUH�XVHG�WR�LQFUHDVH�WKH

UHOLDELOLW\�DQG�YDOLGLW\�RI�WKH�PHDVXUH��3HUKDSV�WKH�PRVW�FRPPRQO\�XVHG�SURFHGXUH
IRU�WKH�PHDVXUHPHQW�RI�DEVWUDFW�FRQVWUXFWV�LV�D�VXPPDWHG�UDWLQJ�VFDOH��DOVR�FDOOHG
D�/LNHUW� VFDOH��� 5DWKHU� WKDQ� EHLQJ� FRPSRVHG� RI� D� VLQJOH� LWHP� VWHP� DQG� D� UDWLQJ
VFDOH��D�VXPPDWHG�UDWLQJ�VFDOH�LV�FRPSRVHG�RI�PXOWLSOH�LWHPV�WKDW�DUH�GHVLJQHG�WR
PHDVXUH�WKH�VDPH�FRQVWUXFW��(DFK�RI�WKH�LWHPV�LV�UDWHG�E\�HDFK�UHVSRQGHQW�XVLQJ�D
UDWLQJ�VFDOH��H�J���D����RU���SRLQW�UDWLQJ�VFDOH���DQG�WKHVH�LWHP�UDWLQJV�DUH�VXPPHG
E\�WKH�UHVHDUFKHU�IRU�HDFK�SDUWLFLSDQW��SURYLGLQJ�D�VLQJOH�VFRUH�IRU�HDFK�SHUVRQ�

��6XPPDWHG�UDWLQJ�VFDOH�$�PXOWL�LWHP�VFDOH�WKDW�KDV�WKH�UHVSRQVHV�IRU�HDFK
SHUVRQ�VXPPHG�LQWR�D�VLQJOH�VFRUH

��/LNHUW�VFDOH�$�W\SH�RI�VXPPDWHG�UDWLQJ�VFDOH�LQYHQWHG�E\�5HQVLV�/LNHUW

7KH�SRSXODU�5RVHQEHUJ�6HOI�(VWHHP�6FDOH�VKRZQ�LQ�)LJXUH����� LV�D�VXPPDWHG
UDWLQJ� VFDOH�� ,W� FRQVLVWV� RI���� LWHPV�GHVLJQHG� WR�PHDVXUH� VHOI�HVWHHP��7KH� ORZHVW
SRVVLEOH�WRWDO�VFRUH�RQ�WKH�IXOO�VFDOH�LV�����DQG�WKH�KLJKHVW�SRVVLEOH�WRWDO�VFRUH�LV
����3DUWLFLSDQWV�ZLOO�VFRUH�VRPHZKHUH�EHWZHHQ�WKHVH�WZR�H[WUHPHV��L�H���EHWZHHQ
WKH�PLQLPXP�DQG�WKH�PD[LPXP�VFRUHV��

7KH�VXPPDWHG�UDWLQJ�VFDOH�SURFHGXUH�ZDV�RULJLQDOO\�GHYHORSHG�E\�WKH�IDPRXV
VRFLDO� SV\FKRORJLVW� 5HQVLV� /LNHUW� �SURQRXQFHG� /,&.�HUW��� /LNHUW� �����±�����
SXEOLVKHG�WKH�UHVXOWV�RI�KLV�GLVVHUWDWLRQ��ZKLFK�LQFOXGHG�WKH�ILUVW�NQRZQ�VXPPDWHG



UDWLQJ�VFDOH��LQ�DQ�DUWLFOH�LQ�������/LNHUW���������6LQFH�WKLV�WLPH��UHVHDUFKHUV�KDYH
XVHG�VXPPDWHG�UDWLQJ�VFDOHV�H[WHQVLYHO\��DQG�FRQVWUXFWLRQ�RI�D�/LNHUW�VFDOH�LV�RQH
RI�WKH�WKUHH�WUDGLWLRQDO�DSSURDFKHV�WR�VFDOH�FRQVWUXFWLRQ��WKH�RWKHU�WZR�DUH�*XWWPDQ
DQG�7KXUVWRQH�VFDOLQJ���

7KH� NH\� DGYDQWDJHV� RI� PXOWLSOH�LWHP� UDWLQJ� VFDOHV� FRPSDUHG� WR� VLQJOH�LWHP
UDWLQJ� VFDOHV� DUH� WKDW� PXOWLSOH�LWHP� VFDOHV� SURYLGH� PRUH� UHOLDEOH� �L�H��� PRUH
FRQVLVWHQW� RU� VWDEOH�� VFRUHV� DQG� WKH\� SURGXFH� PRUH� YDULDELOLW\�� ZKLFK� KHOSV� WKH
UHVHDUFKHU�PDNH�ILQHU�GLVWLQFWLRQV�DPRQJ�WKH�UHVSRQGHQWV��,I�\RX�ZDQW�WR�PHDVXUH�D
FRPSOH[�FRQVWUXFW��VXFK�DV�VHOI�HIILFDF\��ORFXV�RI�FRQWURO��ULVN�WDNLQJ��WHVW�DQ[LHW\�
GRJPDWLVP�� RU� WHPSHUDPHQW��� WKH� XVH� RI� D� PXOWLSOH�LWHP� VFDOH� LV� SUHWW\� PXFK� D
QHFHVVLW\�� :KHQ� \RX� ZDQW� WR� PHDVXUH� FRQVWUXFWV� VXFK� DV� WKHVH�� \RX� VKRXOG� QRW�
KRZHYHU��MXPS�WR�GHYHORS�\RXU�RZQ�VFDOH��5DWKHU��\RX�VKRXOG�FRQGXFW�D�OLWHUDWXUH
VHDUFK� WR� ILQG� DOUHDG\� YDOLGDWHG�PHDVXUHV� RI� \RXU� FRQVWUXFW�� ,I� D�PHDVXUH� LV� QRW
DYDLODEOH��RQO\�WKHQ�ZRXOG�\RX�QHHG�WR�FRQVLGHU�GHYHORSLQJ�\RXU�RZQ�PHDVXUH��7KH
GHYHORSPHQW�RI�D�JRRG�VXPPDWHG�UDWLQJ�VFDOH�WDNHV�D�ORW�RI�WLPH�DQG�H[SHUWLVH��DQG
H[WHQVLYH�YDOLGDWLRQ�LV�UHTXLUHG�EHIRUH�WKH�VFDOH�VKRXOG�EH�XVHG�LQ�D�UHVHDUFK�VWXG\�
7KH�SULQFLSOHV�RI�WHVW�FRQVWUXFWLRQ��UHOLDELOLW\�DQG�YDOLGLW\��GLVFXVVHG�LQ�&KDSWHU��
PXVW�EH�IROORZHG�ZKHQ�FRQVWUXFWLQJ�D�VXPPDWHG�UDWLQJ�VFDOH�

3ULQFLSOH�����&RQVLGHU�XVLQJ�PXOWLSOH�PHWKRGV�ZKHQ�PHDVXULQJ
DEVWUDFW�FRQVWUXFWV�

7KLV�SULQFLSOH�IROORZV�IURP�WKH�ORQJ�VWDQGLQJ�PD[LP�LQ�VRFLDO�UHVHDUFK�WKDW�RXU
PHDVXUHPHQWV�DUH�SDUWLDOO\�DQ�DUWLIDFW�RI�RXU�PHWKRG�RI�PHDVXUHPHQW��,Q�IDFW��LI�\RX
XVH�RQH�PHWKRG�RI�PHDVXUHPHQW� IRU� DOO�RI�\RXU�YDULDEOHV�� LW� LV�SRVVLEOH� WKDW�\RXU
YDULDEOHV�DUH�FRUUHODWHG�VLPSO\�EHFDXVH�\RX�XVHG�WKH�VDPH�PHDVXUHPHQW�SURFHGXUH
�&URQEDFK�	�0HHKO�� ������� 7KH� UHODWLRQVKLS� EHWZHHQ� YDULDEOHV� WKDW� \RX� WKRXJKW
\RX�ZHUH�LQWHUSUHWLQJ�FRXOG�EH�QRWKLQJ�EXW�D�PHDVXUHPHQW�DUWLIDFW��7KLQN�DERXW�WKLV
LVVXH� LQ�\RXU�RZQ� OLIH��+DYH�\RX� IRXQG� WKDW� WKHUH� LV� RQH� W\SH�RI�PHDVXUHPHQW�RQ
ZKLFK�\RX�GR�EHWWHU�RQ�WKDQ�RWKHUV"�)RU�LQVWDQFH��GR�\RX�XVXDOO\�GR�ZHOO�RQ�HVVD\
WHVWV��QR�PDWWHU�WKH�WRSLF��EXW�GR�ZRUVH�RQ�WUXH�IDOVH�WHVWV"�,I�\RX�KDYH�H[SHULHQFHG
VRPHWKLQJ�OLNH�WKLV��\RX�KDYH�VHHQ�ZK\�3ULQFLSOH����LV�LPSRUWDQW�

7KH�XVH�RI�PXOWLSOH�PHDVXUHPHQW�PHWKRGV�LV�VR�LPSRUWDQW�WRGD\�WKDW�PRUH�DQG
PRUH� UHVHDUFKHUV� DUH� XVLQJ� ³PHDVXUHPHQW� PRGHOV´� EDVHG� RQ� WZR� RU� HYHQ� WKUHH
PHDVXUHPHQW� PHWKRGV� RU� SURFHGXUHV� �H�J��� TXHVWLRQQDLUHV�� LQWHUYLHZV�
REVHUYDWLRQV�� VWDQGDUGL]HG� WHVWV��� 7KH� UHVXOWLQJ� GDWD� DUH� RIWHQ� DQDO\]HG� E\� XVLQJ
DGYDQFHG�VWDWLVWLFDO�VRIWZDUH�VXFK�DV�/,65(/��$026��P3OXV��RU�(46��7KH�SRLQW�LV
WKDW� WKH� PRUH� PHWKRGV� D� UHVHDUFKHU� XVHV� WR� PHDVXUH� WKH� UHOHYDQW� FRQFHSWV� RU
FRQVWUXFWV��WKH�PRUH�FRQILGHQFH�\RX�FDQ�SODFH�LQ�WKH�UHVHDUFKHU¶V�DELOLW\�WR�WDS�LQWR
WKH�FKDUDFWHULVWLFV�RI�WKH�FRQFHSW��UDWKHU�WKDQ�WKH�PHWKRG�

3ULQFLSOH�����8VH�FDXWLRQ�LI�\RX�UHYHUVH�WKH�ZRUGLQJ�LQ�VRPH�RI�WKH
LWHPV�WR�SUHYHQW�UHVSRQVH�VHWV�LQ�PXOWL�LWHP�VFDOHV�



:KHQ�SDUWLFLSDQWV�UDWH�PXOWLSOH�LWHPV�XVLQJ�WKH�VDPH�RU�VLPLODU�UDWLQJ�VFDOH��D
³UHVSRQVH� VHW´� PLJKW� RFFXU�� $� UHVSRQVH� VHW� LV� WKH� WHQGHQF\� IRU� D� UHVHDUFK
SDUWLFLSDQW�WR�UHVSRQG�WR�D�VHULHV�RI�LWHPV�LQ�D�VSHFLILF�GLUHFWLRQ��UHJDUGOHVV�RI�WKH
GLIIHUHQFHV� LQ� LWHP� FRQWHQW��2QH� W\SH� RI� UHVSRQVH� VHW� LV� FDOOHG� WKH�DFTXLHVFHQFH
UHVSRQVH�VHW��ZKLFK�LV�WKH�WHQGHQF\�WR�VD\�\HV�UDWKHU�WKDQ�QR�RU�WR�DJUHH�UDWKHU�WKDQ
WR� GLVDJUHH� RQ� D� ZKROH� VHULHV� RI� LWHPV�� $QRWKHU� UHVSRQVH� VHW�� FDOOHG� WKH� VRFLDO
GHVLUDELOLW\� UHVSRQVH� VHW�� LV� WKH� WHQGHQF\� WR� SURYLGH� DQVZHUV� WKDW� DUH� VRFLDOO\
GHVLUDEOH�

��5HVSRQVH�VHW�7KH�WHQGHQF\�WR�UHVSRQG�LQ�D�VSHFLILF�GLUHFWLRQ�UHJDUGOHVV�RI
FRQWHQW

��$FTXLHVFHQFH�UHVSRQVH�VHW�7KH�WHQGHQF\�HLWKHU�WR�DJUHH�RU�GLVDJUHH

��6RFLDO�GHVLUDELOLW\�UHVSRQVH�VHW�7KH�WHQGHQF\�WR�SURYLGH�DQVZHUV�WKDW�DUH
VRFLDOO\�GHVLUDEOH

2QH�WHFKQLTXH�XVHG�WR�KHOS�SUHYHQW�UHVSRQVH�VHWV��HVSHFLDOO\�WKH�DFTXLHVFHQFH
UHVSRQVH� VHW�� LV� WR� UHYHUVH� WKH�ZRUGLQJ� �DQG� VFRULQJ�� LQ� VRPH�RI� WKH� LWHPV��7KLV
WHFKQLTXH� LV� LQWHQGHG� WR� HQFRXUDJH� SDUWLFLSDQWV� WR� UHDG� HDFK� LWHP� RQ� WKH
TXHVWLRQQDLUH�PRUH�FDUHIXOO\��$Q�H[DPSOH�RI�UHYHUVHG�ZRUGLQJ�LV�VKRZQ�LQ�)LJXUH
�����<RX�FDQ�VHH�WKDW�WKH�ZRUGLQJ�IRU�LWHPV�������������DQG����RI�WKH�5RVHQEHUJ�6HOI�
(VWHHP�6FDOH�LV�³UHYHUVHG�´

:KHWKHU�RQH�VKRXOG�XVH�WKH�UHYHUVH�ZRUGLQJ�WHFKQLTXH�KDV�EHHQ�GHEDWHG�LQ�WKH
TXHVWLRQQDLUH� DQG� WHVW� FRQVWUXFWLRQ� OLWHUDWXUH�� 2QH� VFKRRO� RI� WKRXJKW� GRHV� QRW
UHFRPPHQG�UHYHUVLQJ�WKH�ZRUGLQJ�EHFDXVH�WKHUH�LV�HYLGHQFH�WKDW�WKLV�SUDFWLFH�FDQ
UHGXFH�WKH�UHOLDELOLW\�DQG�YDOLGLW\�RI�PXOWL�LWHP�VFDOHV��%DUQHWWH��������%HQVRQ�	
+RFHYDU��������'HHPHU�	�0LQNH��������:HHPV�	�2QZXHJEX]LH��������:ULJKW�	
0DVWHUV�� ������� $Q� RSSRVLQJ� YLHZ� KROGV� WKDW� WKLV� UHGXFWLRQ� RI� UHOLDELOLW\� LV
DWWULEXWDEOH� WR� D� UHGXFWLRQ� LQ� UHVSRQVH� VHWV� DQG� FRQWHQGV� WKDW� WKH� ³EHQHILW´� RI
UHGXFLQJ�WKH�HIIHFWV�RI�UHVSRQVH�VHWV�LV�JUHDWHU�WKDQ�WKH�³FRVW´�RI�ORZHU�UHOLDELOLW\�
'LOOPDQ��������EHOLHYHG�WKDW�UHYHUVLQJ�VRPH�LWHPV�GRHV�QRW�UHGXFH�UHVSRQVH�VHWV
DQG� WKDW� WKH� UHGXFWLRQ� LQ� UHOLDELOLW\� LV� GXH� WR� UHVSRQGHQWV� EHFRPLQJ� FRQIXVHG
EHFDXVH�RI�WKH�ZRUGLQJ�UHYHUVDOV��,W� LV�RXU�UHFRPPHQGDWLRQ�WKDW�\RX�XVH�UHYHUVH�
ZRUGHG� LWHPV� RQO\� ZKHQ� UHVSRQVH� VHWV� DUH� D� PDMRU� FRQFHUQ�� )XUWKHUPRUH�� LW� LV
LPSRUWDQW�IRU�\RX�WR�H[DPLQH�\RXU�GDWD�WR�WU\�WR�³FDWFK´�ZKHQ�D�UHVSRQVH�VHW�RFFXUV
DQG� HOLPLQDWH� WKRVH� UHVSRQVHV�� )LQDOO\�� GR� QRW� XVH� D� UHYHUVH�ZRUGHG� LWHP� LI� LW
UHVXOWV�LQ�D�GRXEOH�QHJDWLYH�

��5HYHUVH�ZRUGHG�LWHP�$Q�LWHP�RQ�ZKLFK�D�ORZHU�VFRUH�LQGLFDWHV�D�KLJKHU
OHYHO�RQ�D�FRQVWUXFW�RI�LQWHUHVW��$OVR�FDOOHG�UHYHUVH�VFRUHG�LWHP�



3ULQFLSOH�����'HYHORS�D�TXHVWLRQQDLUH�WKDW�LV�SURSHUO\�RUJDQL]HG
DQG�HDV\�IRU�WKH�SDUWLFLSDQW�WR�XVH�

2XU�FKHFNOLVW�IRU�TXHVWLRQQDLUH�FRQVWUXFWLRQ��VKRZQ�LQ�7DEOH������OLVWV�ZKDW�\RX
VKRXOG�FRQVLGHU�ZKHQ�GHVLJQLQJ�\RXU�TXHVWLRQQDLUH��7KH�RUGHULQJ��RU�VHTXHQFLQJ��RI
TXHVWLRQQDLUH� LWHPV� LV� RQH� FRQVLGHUDWLRQ�� )RU� H[DPSOH�� 5REHUVRQ� DQG� 6XQGVWURP
������� IRXQG� WKDW� SODFLQJ� TXHVWLRQV� WKDW� UHVSRQGHQWV� FRQVLGHUHG� PRVW� LPSRUWDQW
ILUVW� DQG� GHPRJUDSKLF� TXHVWLRQV� �DJH�� JHQGHU�� HWF��� ODVW� LQ� DQ� HPSOR\HH� DWWLWXGH
VXUYH\� UHVXOWHG� LQ� WKH� KLJKHVW� UHWXUQ� UDWH��:KHQ� FRQVWUXFWLQJ� D� TXHVWLRQQDLUH�� \RX
VKRXOG�EHJLQ�WKH�TXHVWLRQQDLUH�ZLWK�SRVLWLYH�RU�QRQWKUHDWHQLQJ�LWHPV�EHFDXVH�GRLQJ
VR� KHOSV� REWDLQ� FRPPLWPHQW� IURP� SDUWLFLSDQWV� DV� WKH\� ILOO� RXW� WKH� TXHVWLRQQDLUH�
)XUWKHUPRUH��DV�ZULWHUV�DQG�SURIHVVLRQDOV�LQ�VXUYH\�UHVHDUFK�KDYH�SRLQWHG�RXW�IRU
PDQ\�\HDUV��GHPRJUDSKLF�TXHVWLRQV�VKRXOG�JHQHUDOO\�JR�ODVW�LQ�D�TXHVWLRQQDLUH�
ZLWK�D�OHDG�LQ�VXFK�DV�³7R�ILQLVK�WKLV�TXHVWLRQQDLUH��ZH�KDYH�D�IHZ�TXHVWLRQV�DERXW
\RX�´�7KH�TXHVWLRQQDLUH�VKRXOG�DOVR�QRW�EH�RYHUO\� ORQJ�IRU� WKH� W\SHV�RI�SHRSOH� LQ
\RXU�WDUJHW�SRSXODWLRQ��2WKHUZLVH��WKH\�PLJKW�QRW�ILOO�RXW�WKH�TXHVWLRQQDLUH�SURSHUO\�
RU�WKH\�PLJKW�UHIXVH�WR�FRPSOHWH�WKH�HQWLUH�TXHVWLRQQDLUH�

�7$%/(�������&KHFNOLVW�IRU�4XHVWLRQQDLUH�&RQVWUXFWLRQ

����)ROORZ�WKH����SULQFLSOHV�RI�TXHVWLRQQDLUH�FRQVWUXFWLRQ�GLVFXVVHG�LQ�WKLV�FKDSWHU�

����5HPHPEHU�WKDW�DSSHDUDQFH�PDWWHUV�

����0DNH�\RXU�TXHVWLRQQDLUH�ORRN�SURIHVVLRQDO��7KH�RYHUDOO�ORRN�RI�\RXU�TXHVWLRQQDLUH�VKRXOG�EH
SUHVHQWDEOH��UHDGDEOH��DQG�FOHDU��6HYHUDO�RI�WKH�SRLQWV�EHORZ�DGGUHVV�VSHFLILF�DSSHDUDQFH�LVVXHV�

����8VH�WLWOHV�

����$OZD\V�SXW�D�WLWOH�RQ�\RXU�TXHVWLRQQDLUH��LW�LQIRUPV�WKH�SDUWLFLSDQWV�DERXW�WKH�WRSLF�RI�WKH�TXHVWLRQQDLUH
DQG�JLYHV�WKH�TXHVWLRQQDLUH�DQ�LGHQWLW\�

����&RQVLGHU�XVLQJ�VHFWLRQ�WLWOHV�ZLWKLQ�WKH�TXHVWLRQQDLUH��HVSHFLDOO\�ZLWK�ORQJHU�TXHVWLRQQDLUHV��7KHVH�KHOS
IRFXV�WKH�SDUWLFLSDQW�RQ�WKH�WRSLF�RU�GLUHFWLRQ�WDNHQ�LQ�WKH�LQVWUXPHQW�

����7LWOHV�JLYH�D�SURIHVVLRQDO�DSSHDUDQFH�WR�WKH�RYHUDOO�GRFXPHQW�DQG�VKRZ�KRZ�LW�LV�RUJDQL]HG�

����8VH�VKRUW�TXHVWLRQV�ZKHQ�SRVVLEOH�

����%DODQFH�WKH�OHQJWK�RI�WKH�TXHVWLRQV�ZLWK�WKDW�RI�WKH�LQIRUPDWLRQ�WR�EH�JDLQHG��$OWKRXJK�LW�LV�WHPSWLQJ�WR
ZULWH�ORQJ��GHWDLOHG�TXHVWLRQV��VKRUW�TXHVWLRQV�ZRUN�EHWWHU��7KH�ORQJHU�WKH�TXHVWLRQ��WKH�PRUH�OLNHO\�WKH
SDUWLFLSDQW�ZLOO�PLVLQWHUSUHW�RU�VLPSO\�QRW�XQGHUVWDQG�WKH�LWHP�

����&DUHIXOO\�FRQVLGHU�WKH�SODFHPHQW�RI�HDFK�TXHVWLRQ�DQG�VHW�RI�UHODWHG�TXHVWLRQV�

����:KHUH�D�TXHVWLRQ�DSSHDUV�LV�LPSRUWDQW��'R�QRW�SXW�VHQVLWLYH�TXHVWLRQV��VXFK�DV�GHPRJUDSKLF�TXHVWLRQV�
DW�WKH�EHJLQQLQJ�RI�\RXU�TXHVWLRQQDLUH��$OZD\V�SXW�VHQVLWLYH�TXHVWLRQV�DW�WKH�HQG��3DUWLFLSDQWV�DUH
PRUH�OLNHO\�WR�DQVZHU�TXHVWLRQV�WKDW�PD\�PDNH�WKHP�XQFRPIRUWDEOH�LI�WKH\�KDYH�DOUHDG\�LQYHVWHG�D
JUHDW�GHDO�RI�WLPH�LQ�ILOOLQJ�RXW�WKH�RWKHU�TXHVWLRQV�ILUVW�

����0DNH�XVH�RI�ZDUP�XS�TXHVWLRQV��HVSHFLDOO\�TXHVWLRQV�WKDW�SDUWLFLSDQWV�ILQG�LQWHUHVWLQJ��DW�WKH�EHJLQQLQJ
RI�WKH�TXHVWLRQQDLUH��-XVW�DV�\RX�GR�QRW�ZDQW�WR�SXW�VHQVLWLYH�TXHVWLRQV�DW�WKH�EHJLQQLQJ�RI�WKH
TXHVWLRQQDLUH��LW�LV�D�JRRG�LGHD�QRW�WR�VWDUW�RXW�ZLWK�\RXU�PRVW�GLIILFXOW�RU�WLPH�FRQVXPLQJ�TXHVWLRQ��7KLV
PD\�³VFDUH�RII´�SDUWLFLSDQWV�DQG�UHGXFH�WKH�UHVSRQVH�UDWH��,QVWHDG��DVN�LQWHUHVWLQJ��HDV\��VKRUW�
QRQWKUHDWHQLQJ��L�H���ZDUP�XS��TXHVWLRQV�ILUVW�

����9DU\�TXHVWLRQ�W\SHV�UHDVRQDEO\��%UHDN�XS�ODUJH�VHFWLRQV�RI�UDWLQJ�VFDOH�LWHPV�ZLWK�DQ�RSHQ�HQGHG



TXHVWLRQ�DQG�YLFH�YHUVD��$OWKRXJK�\RX�GRQ¶W�ZDQW�WR�MXPS�DURXQG�WRR�PXFK��E\�EUHDNLQJ�XS�TXHVWLRQ
W\SHV��\RX�FDQ�UHGXFH�SDUWLFLSDQWV¶�QDWXUDO�LQFOLQDWLRQ�WR�IDOO�LQWR�D�UHVSRQVH�VHW�DQG�UHGXFH�WKHLU�IDWLJXH�

����1XPEHU�WKH�LWHPV�FRQVHFXWLYHO\�IURP�WKH�EHJLQQLQJ�WR�WKH�HQG�

����8VH�SOHQW\�RI�ZKLWH�VSDFH�

����7KLV�SURGXFHV�D�OHVV�FURZGHG��PRUH�HDVLO\�UHDG�TXHVWLRQQDLUH��'R�QRW�FURZG�D�TXHVWLRQQDLUH�LQ�DQ
HIIRUW�WR�UHGXFH�WKH�QXPEHU�RI�SDJHV�

����8VH�D�UHDGDEOH�IRQW�VL]H�

����6WLFN�WR�FRPPRQO\�XVHG�IRQW�W\SHV�OLNH�7LPHV�1HZ�5RPDQ�RU�$ULDO��&XUVLYH��RU�FDOOLJUDSK\�W\SH�IRQWV
WDNH�DZD\�IURP�WKH�FOHDQ�ORRN�RI�WKH�TXHVWLRQQDLUH��5HPHPEHU�WKDW�\RXU�JRDO�LV�D�UHDGDEOH�
SURIHVVLRQDO�ORRNLQJ�TXHVWLRQQDLUH��QRW�D�SUHWW\�RQH�

����,I�\RXU�TXHVWLRQQDLUH�LV�ZHE�EDVHG��EH�VXUH�WR�XVH�D�7UXH7\SH�IRQW�WKDW�DSSHDUV�RQ�WKH�,QWHUQHW
SURSHUO\�

����:KHQ�FRQVLGHULQJ�WKH�VL]H�RI�\RXU�IRQW��EH�VXUH�WR�FRQVLGHU�\RXU�SDUWLFLSDQWV��KRZHYHU��D�JRRG�UXOH�RI
WKXPE�LV�WR�VWLFN�WR�IRQWV�QR�VPDOOHU�WKDQ����SRLQW�

����&RQVLGHU�GLIIHUHQW�IRQW�VW\OHV�EXW�UHPHPEHU�WKDW�³OHVV�LV�PRUH�´

����8VH�GLIIHUHQW�VW\OHV��VXFK�DV�XQGHUOLQLQJ�RU�EROGLQJ��WR�HPSKDVL]H�GLIIHUHQW�VHFWLRQV�DQG�WR�DLG�LQ�WKH
IORZ�RI�WKH�TXHVWLRQQDLUH��$GGLWLRQDOO\��GLIIHUHQW�VW\OHV�FDQ�EH�XVHG�WR�HPSKDVL]H�VSHFLILF�ZRUGV�VXFK�DV
QRW�DQG�DOZD\V�

����5HPHPEHU�WKDW�³OHVV�LV�PRUH�´�7RR�PDQ\�VW\OH�W\SHV�FDQ�KLQGHU�WKH�UHDGDELOLW\�RI�WKH�TXHVWLRQQDLUH��,I
HYHU\WKLQJ�LV�XQGHUOLQHG�RU�SODFHG�LQ�D�EROG�IRQW��WKHQ�WKH�HPSKDVLV�LV�ORVW�

�����8VH�OHDG�LQV�IRU�QHZ�RU�OHQJWK\�VHFWLRQV�WR�RULHQW�DQG�JXLGH�WKH�XVHU�

����'R�QRW�DVVXPH�WKDW�SDUWLFLSDQWV�FDQ�WHOO�WKDW�\RX�DUH�VZLWFKLQJ�WRSLFV�RU�GLUHFWLRQV��8VH�FOHDU�WUDQVLWLRQV
EHWZHHQ�WKH�VHFWLRQV��:ULWLQJ�D�TXHVWLRQQDLUH�LV�OLNH�ZULWLQJ�D�VWRU\�WKDW�IORZV�HDVLO\�DQG�QDWXUDOO\�

�����3URYLGH�FOHDU�LQVWUXFWLRQV�

����:KHQ�LQ�GRXEW��DGG�LQVWUXFWLRQV�WR�FODULI\�WKH�QDWXUH�RI�D�UDWLQJ�VFDOH�RU�ZKHWKHU�D�VLQJOH�UHVSRQVH�RU
PXOWLSOH�UHVSRQVHV�DUH�DOORZHG�

�����'LUHFW�WKH�XVHU�H[DFWO\�ZKHUH�WR�JR�LQ�WKH�TXHVWLRQQDLUH�

����,I�\RX�XVH�VFUHHQHU�DQG�RU�FRQWLQJHQF\�TXHVWLRQV��PDNH�VXUH�WKH�XVHU�NQRZV�ZKHUH�WR�JR�RU�ZKDW�WR�GR
QH[W��:ULWLQJ�D�TXHVWLRQQDLUH�LV�OLNH�ZULWLQJ�D�PDS��LW�PXVW�VKRZ�WKH�XVHU�H[DFWO\�ZKHUH�WR�JR�ZLWKLQ�WKH
LQVWUXPHQW�DQG�VKRZ�ZKHQ�DQG�ZKHUH�WR�H[LW�

�����/LVW�UHVSRQVH�FDWHJRULHV�IRU�FORVHG�HQGHG�LWHPV�YHUWLFDOO\�UDWKHU�WKDQ�KRUL]RQWDOO\���5DWLQJ�VFDOHV�DUH�WKH
SRVVLEOH�H[FHSWLRQ��

�����8VH�PDWUL[�IRUPDWWLQJ�IRU�LWHPV�XVLQJ�WKH�VDPH�UDWLQJ�VFDOH�

����7KLV�LV�WKH�H[FHSWLRQ�WR�WKH�SUHYLRXV�UXOH�

����,I�\RX�KDYH�D�VHULHV�RI�TXHVWLRQV�ZLWK�WKH�VDPH�UHVSRQVH�FKRLFHV�RU�DQFKRUV��XVH�D�PDWUL[�GHVLJQ��VHH
LWHPV��±���LQ�([KLELW������UDWKHU�WKDQ�UHSHDWLQJ�WKH�UHVSRQVH�FKRLFHV�IRU�HDFK�LWHP��7KLV�UHGXFHV
UHGXQGDQF\�DQG�DOORZV�SDUWLFLSDQWV�WR�ZRUN�PRUH�TXLFNO\�DQG�HDVLO\�WKURXJK�WKH�TXHVWLRQQDLUH��$OVR��LW
DOORZV�UHVHDUFKHUV�WR�VSRW�UHVSRQVH�VHWV�TXLFNO\�LQ�D�SDUWLFXODU�TXHVWLRQQDLUH�

�����$YRLG�PXOWLSOH�UHVSRQVH�TXHVWLRQV�

�����,QFOXGH�VRPH�RSHQ�HQGHG�TXHVWLRQV�

����(YHQ�LI�\RXU�LQVWUXPHQW�LV�SULPDULO\�D�TXDQWLWDWLYH�TXHVWLRQQDLUH��LW�LV�XVHIXO�WR�SURYLGH�SDUWLFLSDQWV
SODFHV�WR�LQVHUW�WKHLU�RZQ�WKRXJKWV��ZKLFK�PLJKW�EH�PLVVHG�E\�WKH�FORVHG�HQGHG�LWHPV�

�����'R�QRW�XVH�OLQHV�ZLWK�RSHQ�HQGHG�TXHVWLRQV�

����:KHQ�XVLQJ�RSHQ�HQGHG�TXHVWLRQV��GR�QRW�VXSSO\�OLQHV�LQ�WKH�UHVSRQVH�DUHD��6LPSO\�OHDYH�WKDW�DUHD�DV



ZKLWH�VSDFH��:KLWH�VSDFH�DGGV�WR�WKH�FOHDQ�ORRN�RI�WKH�TXHVWLRQQDLUH�DQG�GRHV�QRW�OLPLW�WKH�DPRXQW�RI
IHHGEDFN�\RX�UHFHLYH��DV�OLQHV�PD\�GR�

�����'R�QRW�³EUHDN´�\RXU�TXHVWLRQV�

����1HYHU�FDUU\�D�TXHVWLRQ�RU�LWV�UHVSRQVH�FKRLFHV�IURP�RQH�SDJH�WR�WKH�QH[W��7KLV�IRUFHV�SDUWLFLSDQWV�WR
IOLS�EHWZHHQ�SDJHV��ZKLFK�LQFUHDVHV�HUURU��$GGLWLRQDOO\��PDQ\�SDUWLFLSDQWV�PD\�PLVV�D�SRVVLEOH�UHVSRQVH
DOWHUQDWLYH�LI�LW�DSSHDUV�RQ�WKH�QH[W�SDJH�

�����,QFOXGH�SDJH�QXPEHUV�

����8VLQJ�SDJH�QXPEHUV�LV�D�VLPSOH�ZD\�WR�HQKDQFH�WKH�ORRN�DQG�FODULW\�RI�\RXU�TXHVWLRQQDLUH��7KLV�LV�HYHQ
PRUH�LPSRUWDQW�ZKHQ�\RX�XVH�FRQWLQJHQF\�TXHVWLRQV�WKDW�UHTXLUH�D�SDUWLFLSDQW�WR�MXPS�WR�GLIIHUHQW�SDJHV
LQ�WKH�TXHVWLRQQDLUH�

�����8VH�FORVLQJV�

����,QFOXGH�D�FORVLQJ�VWDWHPHQW�VXFK�DV�³7KDQN�\RX�IRU�\RXU�WLPH�́ �RU�³:H�DSSUHFLDWH�\RXU�SDUWLFLSDWLRQ�´
&ORVLQJV�DOORZ�D�SDUWLFLSDQW�WR�EH�DZDUH�WKDW�KH�RU�VKH�LV�ILQLVKHG��EXW�PRUH�LPSRUWDQWO\��WKH�XVH�RI�D
FORVLQJ�VWDWHPHQW�UHVXOWV�LQ�D�PRUH�SRVLWLYH�RYHUDOO�H[SHULHQFH�IRU�WKH�SDUWLFLSDQW��7KLV�FDQ�UHVXOW�LQ�D
EHWWHU�UHVSRQVH�UDWH�VKRXOG�\RX�QHHG�WR�GR�DQ\�IROORZ�XS�UHVHDUFK�ZLWK�WKH�SDUWLFLSDQW�

,W� DOVR� LV� D� JRRG� LGHD� WR� OLPLW� WKH� QXPEHU� RI� FRQWLQJHQF\� TXHVWLRQV� LQ� D
TXHVWLRQQDLUH� EHFDXVH� SDUWLFLSDQWV� PLJKW� EHFRPH� FRQIXVHG� RU� DJLWDWHG�� $
FRQWLQJHQF\� TXHVWLRQ� �DOVR� FDOOHG� D� ILOWHU� TXHVWLRQ�� LV� DQ� LWHP� WKDW� GLUHFWV
SDUWLFLSDQWV�WR�GLIIHUHQW�IROORZ�XS�TXHVWLRQV�GHSHQGLQJ�RQ�WKHLU�UHVSRQVH��,W�DOORZV
WKH� UHVHDUFKHU� WR� ³ILOWHU� RXW´� SDUWLFLSDQWV� IURP� TXHVWLRQV� WKDW� WKHVH� SDUWLFLSDQWV
FDQQRW�RU�VKRXOG�QRW�DWWHPSW�WR�DQVZHU��+HUH�LV�DQ�H[DPSOH�RI�DQ�LWHP�RSHUDWLQJ�DV
D�FRQWLQJHQF\�TXHVWLRQ�

��&RQWLQJHQF\�TXHVWLRQ�$Q�LWHP�WKDW�GLUHFWV�SDUWLFLSDQWV�WR�GLIIHUHQW�IROORZ�
XS�TXHVWLRQV�GHSHQGLQJ�RQ�WKHLU�UHVSRQVH

4XHVWLRQ����:KDW�LV�\RXU�JHQGHU"

0DOH�ĺ��,)�0$/(��*2�72�48(67,21����
)HPDOH�ĺ��,)�)(0$/(��*2�72�48(67,21����

7KH�XVH�RI� FRQWLQJHQF\�TXHVWLRQV� LV�XVXDOO\�QRW�SUREOHPDWLF� IRU�ZHE� VXUYH\V
�L�H��� WKRVH� LQ� ZKLFK� SDUWLFLSDQWV� JR� WR� D� ZHEVLWH� WR� FRPSOHWH� D� TXHVWLRQQDLUH��
EHFDXVH� LQ�ZHE� VXUYH\V�� WKH� VNLS� SDWWHUQV� DVVRFLDWHG�ZLWK� FRQWLQJHQF\� TXHVWLRQV
FDQ� EH� SURJUDPPHG� WR� WDNH� SODFH� DXWRPDWLFDOO\�� 7KH� SDUWLFLSDQWV� GRQ¶W� VHH� WKH
VNLSV�� 7KH� XVH� RI� FRQWLQJHQF\� TXHVWLRQV� DOVR� LV� OHVV� RI� D� SUREOHP� LQ� LQWHUYLHZ
SURWRFROV�EHFDXVH�WKH�WUDLQHG�LQWHUYLHZHU�GRHV�WKH�VNLSSLQJ�UDWKHU�WKDQ�WKH�UHVHDUFK
SDUWLFLSDQW�

��:HE�VXUYH\V�3DUWLFLSDQWV�UHDG�DQG�FRPSOHWH�D�VXUYH\�LQVWUXPHQW�WKDW�LV
GHYHORSHG�IRU�DQG�ORFDWHG�RQ�WKH�ZHE�

<RX�VKRXOG�LQFOXGH�FOHDU�LQVWUXFWLRQV�WKURXJKRXW�\RXU�TXHVWLRQQDLUH�DQG�QRW�SXW
WRR� PDQ\� LWHPV� RQ� D� SDJH�� ,I� D� TXHVWLRQQDLUH� KDV� VHYHUDO� WRSLFDO� VHFWLRQV�� \RX



VKRXOG�SURYLGH�WUDQVLWLRQDO�RU�³OHDG�LQ´�VWDWHPHQWV�WR�RULHQW�WKH�SDUWLFLSDQWV�WR�HDFK
QHZ�WRSLF��2WKHU�LPSRUWDQW�WLSV�DUH�WR�JLYH�\RXU�TXHVWLRQQDLUH�D�WLWOH��H�J���³6FKRRO
&XOWXUH�4XHVWLRQQDLUH´���QXPEHU�WKH�LWHPV�FRQVHFXWLYHO\�IURP�WKH�EHJLQQLQJ�WR�WKH
HQG��OLVW�UHVSRQVH�FDWHJRULHV�YHUWLFDOO\�UDWKHU�WKDQ�KRUL]RQWDOO\��UDWLQJ�VFDOHV�FDQ�EH
GRQH�KRUL]RQWDOO\�RU�YHUWLFDOO\���SURYLGH�DQ�RSHQ�HQGHG�TXHVWLRQ�DW�WKH�HQG�RI�\RXU
TXHVWLRQQDLUH� WR� JLYH� WKH� SDUWLFLSDQW� D� SODFH� WR� DGG� DQ\� FRPPHQWV� RU� DGGLWLRQDO
LQVLJKWV��H�J���³,V� WKHUH�DQ\WKLQJ�HOVH� WKDW�\RX�ZRXOG�OLNH�WR�DGG"´���SURYLGH�FOHDU
LQVWUXFWLRQV� WKURXJKRXW� WKH� LQVWUXPHQW� �H�J��� ³3OHDVH� FKHFN� RQH� RI� WKH� IROORZLQJ
FDWHJRULHV�´���DQG� WKDQN� WKH�SDUWLFLSDQW� IRU� ILOOLQJ�RXW�\RXU�TXHVWLRQQDLUH� �\RX�FDQ
MXVW�SXW�D�³7KDQN�<RX�IRU�&RPSOHWLQJ�7KLV�4XHVWLRQQDLUH´�DW�WKH�ERWWRP�RI�WKH�ODVW
SDJH��� )LQDOO\�� DOZD\V� WU\� WR�PDNH� \RXU� TXHVWLRQQDLUH� ORRN� SURIHVVLRQDO�� EHFDXVH
SDUWLFLSDQWV� DUH� PRUH� OLNHO\� WR� ILOO� LW� RXW� DQG� WKH\� ZLOO� JR� DZD\� ZLWK� D� EHWWHU
LPSUHVVLRQ�RI�\RX�DQG�\RXU�RUJDQL]DWLRQ��%\�XVLQJ�IRQW�VL]HV�DQG�W\SHV�WKDW�DUH�FOHDU
DQG� UHDGDEOH�� \RX� HQKDQFH� WKH� FODULW\� RI� \RXU� TXHVWLRQQDLUH�� $GGLWLRQDOO\�� \RX
VKRXOG�PD[LPL]H�WKH�DPRXQW�RI�ZKLWH�RU�EODQN�VSDFH�LQ� WKH�TXHVWLRQQDLUH��1RYLFH
TXHVWLRQQDLUH�FRQVWUXFWLRQ�LV�PRVW�HYLGHQW�ZKHQ�WKHUH�LV�OLWWOH�RU�QR�ZKLWH�VSDFH��,W
LV� EHWWHU� WR� KDYH� DQ� H[WUD� SDJH� LQ� D� UHDGDEOH� TXHVWLRQQDLUH� WKDQ� D� FRPSDFW
TXHVWLRQQDLUH� WKDW� LV� XQFOHDU�� 5HPHPEHU� WKDW� WKH� DSSHDUDQFH� DQG� TXDOLW\� RI� \RXU
TXHVWLRQQDLUH�DOVR�UHIOHFW�RQ�\RX�DQG�\RXU�RUJDQL]DWLRQ�
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�������:KHQ�VKRXOG�\RX�XVH�D�FRQWLQJHQF\�TXHVWLRQ"
�������:KDW�DUH�VRPH�NH\�LGHDV�RI�7DEOH�����

&KHFNOLVW�IRU�4XHVWLRQQDLUH�&RQVWUXFWLRQ"

3ULQFLSOH�����$OZD\V�SLORW�WHVW�\RXU�TXHVWLRQQDLUH�
,W� LV� D� FDUGLQDO� UXOH� LQ� UHVHDUFK� WKDW� \RX� PXVW� ³WU\� RXW�´� RU� SLORW� WHVW�� \RXU

TXHVWLRQQDLUH� WR� GHWHUPLQH� ZKHWKHU� LW� RSHUDWHV� SURSHUO\� EHIRUH� XVLQJ� LW� LQ� D
UHVHDUFK� VWXG\�� <RX� VKRXOG� FRQGXFW� \RXU� SLORW� WHVW� ZLWK� D� PLQLPXP� RI� �� WR� ��
SHRSOH��<RX�PD\�ZDQW�WR�VWDUW�ZLWK�FROOHDJXHV�RU�IULHQGV��DVNLQJ�WKHP�WR�ILOO�RXW�WKH
TXHVWLRQQDLUH�DQG�QRWH�DQ\�SRLQWV�RI�FRQIXVLRQ��7KHQ�\RX�ZLOO�QHHG�WR�SLORW�WHVW�WKH
TXHVWLRQQDLUH� ZLWK� VHYHUDO� LQGLYLGXDOV� VLPLODU� WR� WKRVH� ZKR� ZLOO� EH� LQ� \RXU
UHVHDUFK�VWXG\�

��3LORW�WHVW�3UHOLPLQDU\�WHVW�RI�\RXU�TXHVWLRQQDLUH

2QH� XVHIXO� WHFKQLTXH� WR� XVH� GXULQJ� \RXU� SLORW� WHVW� LV� FDOOHG� WKH� WKLQN�DORXG
WHFKQLTXH�� ZKLFK� UHTXLUHV� UHVHDUFK� SDUWLFLSDQWV� WR� YHUEDOL]H� WKHLU� WKRXJKWV� DQG
SHUFHSWLRQV�ZKLOH�WKH\�HQJDJH�LQ�DQ�DFWLYLW\��:KHQ�WKLV�WHFKQLTXH�LV�XVHG�DV�SDUW�RI
D� SLORW� WHVW�� \RX� DVN� \RXU� SDUWLFLSDQWV� WR� YHUEDOL]H� WKHLU� WKRXJKWV� DQG� SHUFHSWLRQV
DERXW� WKH� TXHVWLRQQDLUH�� LQFOXGLQJ� ZK\� WKH\� FKRVH� D� SDUWLFXODU� UHVSRQVH� FKRLFH�
ZKLOH�WKH\�DUH�ILOOLQJ�LW�RXW��<RX�PXVW�UHFRUG�RU�FDUHIXOO\�ZULWH�GRZQ�H[DFWO\�ZKDW
WKH\� VD\�� ,W� LV�KHOSIXO� WR�PDNH�DXGLRWDSH�RU�YLGHRWDSH� UHFRUGLQJV�RI� WKH�SLORW� WHVW



VHVVLRQV� IRU� ODWHU� UHYLHZ�� 7KH� WKLQN�DORXG� WHFKQLTXH� LV� HVSHFLDOO\� KHOSIXO� IRU
GHWHUPLQLQJ�ZKHWKHU�SDUWLFLSDQWV�DUH�LQWHUSUHWLQJ�WKH�LWHPV�WKH�ZD\�\RX�LQWHQGHG�

��7KLQN�DORXG�WHFKQLTXH�+DV�SDUWLFLSDQWV�YHUEDOL]H�WKHLU�WKRXJKWV�DQG
SHUFHSWLRQV�ZKLOH�HQJDJHG�LQ�DQ�DFWLYLW\�

<RX�ZLOO�ZDQW�WR�XVH�WKH�WKLQN�DORXG�WHFKQLTXH�ZLWK�VRPH�RI�WKH�SDUWLFLSDQWV�LQ
\RXU�SLORW�WHVW��EXW�\RX�VKRXOG�KDYH�RWKHUV�LQ�WKH�SLORW�WHVW�ILOO�RXW�WKH�TXHVWLRQQDLUH
XQGHU�FLUFXPVWDQFHV�WKDW�DUH�DV�VLPLODU�DV�SRVVLEOH�WR�WKRVH�RI�WKH�DFWXDO�UHVHDUFK
VWXG\��:KHQ�\RX�FRQGXFW� D�SLORW� WHVW�� \RX�QHHG� WR� WKLQN�DERXW� VHYHUDO� LVVXHV��)RU
H[DPSOH�� EH� VXUH� WR� FKHFN� KRZ� ORQJ� LW� WDNHV� SDUWLFLSDQWV� WR� FRPSOHWH� WKH
TXHVWLRQQDLUH� XQGHU� FLUFXPVWDQFHV� VLPLODU� WR� WKRVH� RI� WKH� DFWXDO� UHVHDUFK� VWXG\�
7KLV�ZLOO� KHOS� \RX� NQRZ�ZKHWKHU� WKH� TXHVWLRQQDLUH� LV� WRR� ORQJ��<RX� DOZD\V� FDQ
WKLQN� RI� VRPH� DGGLWLRQDO� LWHPV� WKDW� \RX� ZRXOG� OLNH� WR� DGG�� EXW� \RX� PXVW� DYRLG
ZULWLQJ� RYHUORQJ� TXHVWLRQQDLUHV�� 2WKHU� WKLQJV� EHLQJ� HTXDO�� WKH� UHVSRQVH� UDWH� DQG
TXDOLW\�RI�UHVSRQVHV�DUH�EHWWHU�IRU�VKRUW�DQG�PHGLXP�OHQJWK�TXHVWLRQQDLUHV�WKDQ�IRU
ORQJ�TXHVWLRQQDLUHV�

8VLQJ�WKH�WKLQN�DORXG�WHFKQLTXH��\RX�VKRXOG�OLVWHQ�WR�ZKDW�WKH�SDUWLFLSDQWV�WKLQN
DERXW�WKH�LQVWUXFWLRQV�DQG�WKH�LWHPV�LQ�\RXU�TXHVWLRQQDLUH��7U\�WR�GHWHUPLQH�ZKHWKHU
DQ\�RI�WKH�TXHVWLRQQDLUH�LWHPV�DUH�FRQIXVLQJ�RU�WKUHDWHQLQJ��$VN�\RXU�SDUWLFLSDQWV�WR
WHOO�\RX�ZKHQ�WKH\�UHDFK�DQ�LWHP�WKDW�LV�GLIILFXOW�WR�XQGHUVWDQG�DQG�WKHQ�DVN�WKHP�WR
SDUDSKUDVH� ZKDW� WKH\� EHOLHYH� WKH� SUREOHP� LWHP� LV� VWDWLQJ� RU� DVNLQJ�� 'HWHUPLQH
ZKHWKHU� \RXU� SDUWLFLSDQWV� XQGHUVWDQG� WKH� LWHPV� LQ� D� FRQVLVWHQW� ZD\�� &KHFN� WKH
YHUDFLW\�RI�WKH�UHVSRQVHV�RI�\RXU�SDUWLFLSDQWV��L�H���ZKHWKHU�WKHLU�DQVZHUV�DUH�WUXH
DQG�DFFXUDWH���7KHVH�VWUDWHJLHV�ZLOO�KHOS�\RX�GHWHUPLQH�ZKHWKHU�WKH�LWHPV�DFWXDOO\
PHDVXUH� ZKDW� WKH\� DUH� LQWHQGHG� WR�PHDVXUH�� $OVR�� ZKHQ� WKH� SDUWLFLSDQWV� ILOO� RXW
\RXU�TXHVWLRQQDLUH��FKHFN�WR�VHH�ZKHWKHU�WKH\�VNLS�WR�WKH�FRUUHFW�SODFH�LI�\RX�KDYH
FRQWLQJHQF\�TXHVWLRQV�LQ�\RXU�TXHVWLRQQDLUH�

$IWHU� SDUWLFLSDQWV� ILQLVK� ILOOLQJ� RXW� WKH� TXHVWLRQQDLUH�� \RX� FDQ� GLVFXVV� WKH
TXHVWLRQQDLUH�ZLWK�WKHP�LQGLYLGXDOO\�RU� LQ�JURXS�VHVVLRQV��([SODLQ�WKH�SXUSRVH�RI
\RXU�TXHVWLRQQDLUH�WR�WKHP�DQG�DVN�ZKHWKHU�WKH\�EHOLHYH�DQ\WKLQJ�LPSRUWDQW�ZDV�OHIW
RXW��ZKHWKHU� WKH� LQVWUXFWLRQV�ZHUH�FOHDU��DQG�ZKHWKHU�DQ\� LWHPV�VWRRG�RXW� IRU�DQ\
UHDVRQ�� 3UREH� IRU� H[SODQDWLRQV�� ,I� WKH� TXHVWLRQQDLUH� KDV� DQ� H[SHULPHQWDO
PDQLSXODWLRQ� HPEHGGHG� LQ� LW�� EH� VXUH� WR� FKHFN� WR� VHH� WKDW� WKH� PDQLSXODWLRQ� LV
ZRUNLQJ� DV� LQWHQGHG�� )RU� H[DPSOH�� LI� D� VWDWHPHQW� RU� D� YLJQHWWH� LV� VXSSRVHG� WR
LQFUHDVH� HPSDWK\� WRZDUG� PLQRULW\� JURXSV�� DVN� \RXU� SDUWLFLSDQWV� ZKHWKHU� WKH\
XQGHUVWRRG� LW� DQG� ZKHWKHU� WKH\� IHOW� HPSDWKHWLF� DIWHUZDUG�� $VN� SDUWLFLSDQWV� WR
FRPPHQW� RQ� WKH� DSSHDUDQFH� DQG� FODULW\� RI� WKH� SUHVHQWDWLRQ��:HUH� WKHUH� WRR�PDQ\
TXHVWLRQV� RQ� D� SDJH"� :DV� WKHUH� QRW� HQRXJK� VSDFH� WR� ZULWH� UHVSRQVHV"� :DV� WKH
TXHVWLRQQDLUH� HDVLO\� UHDGDEOH"� )LQDOO\�� FKHFN� WKH� UHVSRQVHV� DQG� GHWHUPLQH� LI� WRR
PDQ\�³,�GRQ¶W�NQRZ�´�RU�³'RHV�QRW�DSSO\�´�DQVZHUV�DUH�LQGLFDWHG��,I�VR��\RX�PD\�EH
DVNLQJ�TXHVWLRQV�WKDW�DUH�XQFOHDU�RU�QRW�DSSOLFDEOH��$IWHU�FRPSOHWLQJ�\RXU�SLORW�WHVW�
UHYLVH� \RXU� TXHVWLRQQDLUH� DQG� WKHQ� SLORW� WHVW� LW� DJDLQ�� 5HPHPEHU� WKDW� \RX� GR� QRW
ZDQW� WR� XVH� D� TXHVWLRQQDLUH� LQ� D� UHVHDUFK� VWXG\� XQWLO� DOO� RI� WKH� NLQNV� KDYH� EHHQ



ZRUNHG�RXW�
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�������:KDW�SULQFLSOHV�VKRXOG�\RX�IROORZ�ZKHQ
FRQVWUXFWLQJ�D�TXHVWLRQQDLUH"

������+RZ�GRHV�RQH�SLORW�WHVW�D�TXHVWLRQQDLUH�RU�DQ
LQWHUYLHZ�SURWRFRO"

3877,1*�,7�$//�72*(7+(5
<RX� QRZ� KDYH� WKH� ��� SULQFLSOHV� RI� TXHVWLRQQDLUH� FRQVWUXFWLRQ� DQG� RXU� FKHFNOLVW
�7DEOH������DW�\RXU�GLVSRVDO��<RX�VKRXOG�IHHO�UHDG\�WR�VWDUW�WKH�FRQVWUXFWLRQ�RI�\RXU
RZQ�TXHVWLRQQDLUH��2QH� JRRG�ZD\� WR� VWDUW� \RXU� ILUVW� TXHVWLRQQDLUH� LV� WR�PRGHO� LW
DIWHU� DQ� H[LVWLQJ�TXHVWLRQQDLUH� WKDW�ZDV�SURSHUO\� FRQVWUXFWHG��7KHUHIRUH��ZH�QRZ
SURYLGH� DQ� H[DPSOH� RU� PRGHO� TXHVWLRQQDLUH� LQ� ([KLELW� ����� LW� LV� HQWLWOHG� WKH
5HVHDUFK� 0HWKRGV� 'HPRQVWUDWLRQ� 4XHVWLRQQDLUH�� 1RWLFH� KRZ� WKH� SULQFLSOHV� IRU
TXHVWLRQQDLUH�FRQVWUXFWLRQ�KDYH�EHHQ�HPSOR\HG�LQ�WKLV�TXHVWLRQQDLUH��)RU�H[DPSOH�
WDNH�QRWH�RI�WKH�DSSHDUDQFH�RI�WKH�TXHVWLRQQDLUH�DQG�WKH�RUGHULQJ�RI�WKH�TXHVWLRQV�
7KLV�LV�DQ�H[DPSOH�RI�KRZ�D�EDVLF�PL[HG�TXHVWLRQQDLUH�VKRXOG�ORRN�

2ND\��VR�QRZ�WKDW�\RX�KDYH�DOO�\RXU�LQIRUPDWLRQ��ZKDW�LV�WKH�QH[W�VWHS"�)LJXUH
���� LV� DQ� RXWOLQH� WR� KHOS� JXLGH� \RX� WKURXJK� WKH� FRQVWUXFWLRQ� RI� \RXU� ILUVW²RU� WHQ
WKRXVDQGWK²TXHVWLRQQDLUH��4XHVWLRQQDLUH�FRQVWUXFWLRQ�LV�QRW�D�VWUDLJKW�SDWK��,W�LV�DQ
LWHUDWLYH�SURFHVV�ZLWK�PDQ\�WZLVWV�DQG�WXUQV��(YHQ�WKH�PRVW�H[SHULHQFHG�UHVHDUFKHU
DW�TXHVWLRQQDLUH�FRQVWUXFWLRQ�ZLOO�ILQG�WKDW�KH�RU�VKH�KDV�WR�JR�EDFN�DQG�UHYLVH�WKH
LQVWUXPHQW� DW� VRPH� SRLQW� LQ� WKH� SURFHVV�� 5HPHPEHU�� \RXU� JRDO� LV� WR� GHVLJQ� D
TXHVWLRQQDLUH�WKDW�ZRUNV�ZHOO��4XHVWLRQQDLUH�FRQVWUXFWLRQ�WDNHV�WLPH��EXW�ZKHQ�\RX
JHW�LW�ULJKW��\RXU�UHVHDUFK�SDUWLFLSDQWV�DQG�WKH�UHDGHUV�RI�\RXU�UHVHDUFK�UHSRUWV�ZLOO
WKDQN�\RX�IRU�LW�

�(;+,%,7�������([DPSOH�RI�D�0L[HG�4XHVWLRQQDLUH











�),*85(�������2XWOLQH�RI�WKH�VWHSV�LQ�FRQVWUXFWLQJ�D�TXHVWLRQQDLUH
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������:KDW�SULQFLSOHV��SURFHGXUHV��RU�VSHFLILF�LGHDV
GR�\RX�VHH�³DFWXDOL]HG´��L�H���DSSOLHG��LQ�WKH
TXHVWLRQQDLUH�VKRZQ�LQ�([KLELW����"

������:KHUH�ZHUH�WKH�GHPRJUDSKLF�LWHPV�SODFHG�LQ
WKH�([KLELW�����TXHVWLRQQDLUH"�:K\�ZHUH�WKH\
SODFHG�WKHUH"

������:KDW�DUH�WKH�VWHSV�LQ�TXHVWLRQQDLUH
FRQVWUXFWLRQ"��+LQW��6HH�WKH�RXWOLQH�LQ�)LJXUH
�����



$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� RIWHQ� XVH� RSHQ�HQGHG�� FORVHG�HQGHG�� DQG� PL[HG
TXHVWLRQQDLUHV� EHFDXVH� TXHVWLRQQDLUHV� DUH� DQ� H[FHOOHQW� ZD\� WR� GHWHUPLQH� DQG
UHFRUG�ZKDW� WKHLU� FOLHQWV�� VWXGHQWV�� SDUHQWV�� DGPLQLVWUDWRUV�� DQG�RWKHU� SDUWLFLSDQWV
EHOLHYH��$FWLRQ�UHVHDUFKHUV�XVH�TXHVWLRQQDLUHV�WR�PHDVXUH�DWWLWXGHV�DQG��ZKHQ�XVLQJ
RSHQ�HQGHG�TXHVWLRQV��WKH\�DVN�RWKHUV�WR�ZULWH�GRZQ�LQ�WKHLU�RZQ�ZRUGV�ZKDW�WKH\
EHOLHYH�LV�KHOSIXO�DQG�QRW�KHOSIXO�

����6HDUFK�WKH�UHVHDUFK�OLWHUDWXUH�IRU�TXHVWLRQQDLUHV�RQ�D�WRSLF�RI�LQWHUHVW�WR�\RX�
,V�D�TXHVWLRQQDLUH�DOUHDG\�DYDLODEOH�WKDW�\RX�ZRXOG�OLNH�WR�XVH"�:KDW�LV�LWV
QDPH��DQG�ZKDW�GRHV�LW�PHDVXUH"

����:KDW�HOVH�ZRXOG�\RX�OLNH�WR�ILQG�RXW�WKDW�LV�QRW�PHDVXUHG�E\�WKH�DYDLODEOH
TXHVWLRQQDLUH"�&RQVWUXFW�D�VKRUW��H�J�����±���LWHPV��PL[HG�TXHVWLRQQDLUH
�L�H���FRPELQDWLRQ�RI�FORVHG��DQG�RSHQ�HQGHG�LWHPV��WKDW�\RX�ZRXOG�OLNH�WR
DGPLQLVWHU�WR�SDUWLFLSDQWV�LQ�\RXU�FODVVURRP�RU�ZRUNSODFH��'R�\RXU�LWHPV
DQG�TXHVWLRQQDLUH�DGHTXDWHO\�IROORZ�WKH�SULQFLSOHV�RI�JRRG�TXHVWLRQQDLUH
FRQVWUXFWLRQ�H[SODLQHG�LQ�WKLV�FKDSWHU"�,I�QRW��EH�VXUH�WR�UHYLVH�LW�DQG�SLORW
WHVW�LW�DJDLQ�

6800$5<

7KLV�FKDSWHU�H[SODLQV�KRZ�WR�ZULWH�LWHPV�DQG�FRQVWUXFW�D�TXHVWLRQQDLUH�WR�EH�XVHG
LQ�FROOHFWLQJ�GDWD�LQ�D�UHVHDUFK�VWXG\��7KLV�PLJKW�VHHP�OLNH�D�VLPSOH�WDVN²DQG�LW�LV
QRW�RYHUO\�GLIILFXOW²EXW� LW� LV� LPSHUDWLYH� WKDW�\RX� WDNH� WKLV�SURFHVV�YHU\�VHULRXVO\
DQG� WKDW�\RX� IROORZ� WKH�DSSURSULDWH� VWHSV�DQG�SURFHGXUHV� WKDW�ZH�KDYH�SURYLGHG�
5HPHPEHU�WKDW�LI�\RXU�GDWD�FROOHFWLRQ�LQVWUXPHQW��L�H���\RXU�TXHVWLRQQDLUH��GRHV�QRW
ZRUN� ZHOO�� WKHQ� \RXU� UHVXOWV� ZLOO� EH� PHDQLQJOHVV�� :KHQ� GHYHORSLQJ� D� JRRG
TXHVWLRQQDLUH�� \RX� QHHG� WR� XQGHUVWDQG� DQG� XVH� WKH� ��� SULQFLSOHV� RI� TXHVWLRQQDLUH
FRQVWUXFWLRQ��7DEOH������GLVFXVVHG�LQ�WKLV�FKDSWHU��:H�SURYLGHG�D�FKHFNOLVW�WKDW�\RX
VKRXOG�XVH�WR�PDNH�VXUH�\RX�KDYH�QRW�IRUJRWWHQ�DQ\�LPSRUWDQW�SRLQWV��7DEOH�������:H
DOVR�SURYLGHG�DQ�H[DPSOH�RI�D�FRUUHFWO\�ZULWWHQ�TXHVWLRQQDLUH�WKDW�\RX�FDQ�XVH�DV�D
PRGHO� RU� H[DPSOH� ZKHQ� \RX� VWDUW� FRQVWUXFWLQJ� \RXU� RZQ� TXHVWLRQQDLUH� �([KLELW
������ 2YHU� WLPH�� ZH� UHFRPPHQG� WKDW� \RX� GHYHORS� D� FROOHFWLRQ� RI� PRGHO
TXHVWLRQQDLUHV�� :KHQ� \RX� DGG� DGGLWLRQDO� TXHVWLRQQDLUHV� WR� \RXU� FROOHFWLRQ�
KRZHYHU�� PDNH� VXUH� WKDW� WKH\� FRPH� IURP� SURIHVVLRQDOV� ZLWK� PDQ\� \HDUV� RI
H[SHULHQFH� VSHFLILFDOO\� LQ� TXHVWLRQQDLUH� FRQVWUXFWLRQ� RU� IURP� D� WRS�QRWFK� VXUYH\
UHVHDUFK� RUJDQL]DWLRQ� �H�J��� VXFK� DV� WKH�8QLYHUVLW\� RI�0LFKLJDQ� 6XUYH\� 5HVHDUFK
&HQWHU�RU�WKH�1DWLRQDO�2SLQLRQ�5HVHDUFK�&HQWHU�LQ�&KLFDJR���)LQDOO\��ZH�SURYLGHG
DQ�RXWOLQH�VKRZLQJ�\RX�WKH�F\FOLFDO�VWHSV�LQ�GHYHORSLQJ�DQG�FRQWLQXDOO\�LPSURYLQJ
\RXU�TXHVWLRQQDLUH��)LJXUH������



.(<�7(506

DFTXLHVFHQFH�UHVSRQVH�VHW��S������
DQFKRU��S������
FKHFNOLVW��S������
FORVHG�HQGHG�TXHVWLRQ��S������
FRQWLQJHQF\�TXHVWLRQ��S������
GRXEOH�EDUUHOHG�TXHVWLRQ��S������
GRXEOH�QHJDWLYH��S������
H[KDXVWLYH��S������
IXOO\�DQFKRUHG�UDWLQJ�VFDOH��S������
LWHP�VWHP��S������
OHDGLQJ�TXHVWLRQ��S������
/LNHUW�VFDOH��S������
ORDGHG�TXHVWLRQ��S������
PL[HG�TXHVWLRQQDLUH��S������
PXWXDOO\�H[FOXVLYH��S������
QXPHULFDO�UDWLQJ�VFDOH��S������
RSHQ�HQGHG�TXHVWLRQ��S������
SLORW�WHVW��S������
SULQFLSOH�RI�VWDQGDUGL]DWLRQ��S������
TXDOLWDWLYH�TXHVWLRQQDLUH��S������
TXDQWLWDWLYH�TXHVWLRQQDLUH��S������
TXHVWLRQQDLUH��S������
UDQNLQJ��S������
UDWLQJ�VFDOH��S������
UHVSRQVH�VHW��S������
UHYHUVH�ZRUGHG�LWHP��S������
VHPDQWLF�GLIIHUHQWLDO��S������
VRFLDO�GHVLUDELOLW\�UHVSRQVH�VHW��S������
VXPPDWHG�UDWLQJ�VFDOH��S������
WKLQN�DORXG�WHFKQLTXH��S������
ZHE�VXUYH\V��S������

5(6($5&+�(;(5&,6(6

����)LOO�RXW�WKH�5RVHQEHUJ�6HOI�(VWHHP�6FDOH�VKRZQ�LQ�)LJXUH������7KHQ�VXP�\RXU
UHVSRQVHV�WR�WKH����LWHPV�WR�REWDLQ�\RXU�RYHUDOO�VFRUH��L�H���\RXU�VXPPDWHG



VFRUH���%H�VXUH�WKDW�\RX�³UHYHUVH�VFRUH´�LWHPV�������������DQG�����L�H���D��
EHFRPHV�D����D���EHFRPHV�D����D���EHFRPHV�D����DQG�D���EHFRPHV�D����EHIRUH
\RX�DGG�XS�\RXU�LWHP�VFRUHV�WR�REWDLQ�\RXU�RYHUDOO�VFRUH��$IWHU�GRLQJ�WKLV��\RX
ZLOO�NQRZ�KRZ�WR�VFRUH�D�VXPPDWHG�VFDOH��1RWH�WKDW�WKH�ZD\�WKH�5RVHQEHUJ
6HOI�(VWHHP�6FDOH�LV�FRGHG��ORZHU�VFRUHV�DUH�EHWWHU��L�H���WKH\�UHSUHVHQW�KLJKHU
VHOI�HVWHHP��DQG�KLJKHU�VFRUHV�DUH�ZRUVH��L�H���WKH\�UHSUHVHQW�ORZHU�VHOI�
HVWHHP���6RPH�UHVHDUFKHUV�KDYH�WKHLU�FRPSXWHU�SURJUDP�UHYHUVH�WKH�ILQDO
QXPEHUV�VR�WKDW�KLJKHU�VFRUHV�UHSUHVHQW�KLJKHU�VHOI�HVWHHP��)RU�QRZ��MXVW�EH�VXUH
WKDW�\RX�DUH�FDUHIXO�LQ�LQWHUSUHWLQJ�\RXU�VFRUH�

����3LFN�D�WRSLF�DQG�FRQVWUXFW�D����LWHP�TXHVWLRQQDLUH��&ROOHFW�GDWD�IURP�ILYH�RI
\RXU�FODVVPDWHV��+DYH�WKHP�HYDOXDWH�\RXU�GDWD�FROOHFWLRQ�LQVWUXPHQW��L�H���\RXU
TXHVWLRQQDLUH��RQ�WKH�EDVLV�RI�ZKDW�WKH\�KDYH�OHDUQHG�LQ�WKLV�FKDSWHU��5HYLVH
\RXU�TXHVWLRQQDLUH�

����*R�WR�(5,&�RU�6RF,1'(;�DQG�FRQGXFW�D�MRXUQDO�DUWLFOH�VHDUFK�XVLQJ�WKH�WHUP
TXHVWLRQQDLUH��/LVW�ILYH�TXHVWLRQQDLUHV�WKDW�\RX�IRXQG�LQWHUHVWLQJ��:KDW�ZDV�WKH
SXUSRVH�RI�HDFK�RI�WKHVH"

5(/(9$17�,17(51(7�6,7(6

6366�6XUYH\�7LSV��7KLV� LV� D�ZHOO�GRQH� �DQG� IUHH�� JXLGH� RQ� WLSV� IRU� FRQVWUXFWLQJ
TXHVWLRQQDLUHV�DQG�LQWHUYLHZ�SURWRFROV
KWWS���ZZZ�QRQSURILWIHGHUDWLRQ�RUJ�VLWHV�GHIDXOW�ILOHV�6XUYH\7LSVIURP6366�SGI

³:KDW� ,V� D� 6XUYH\"´�:HOO�GRQH� �DQG� IUHH�� JXLGH� RQ� FRQGXFWLQJ� VXUYH\� UHVHDUFK�
&KDSWHU� �� LQ� WKH� ³%URFKXUH´� LQFOXGHV� D� IHZ� SRLQWV� DERXW� ³GHVLJQLQJ� D
TXHVWLRQQDLUH�´
KWWS���ZZZ�ZKDWLVDVXUYH\�LQIR��FOLFN�GRZQORDG�DQG�IROORZ�GLUHFWLRQV�

6LWH� PDLQWDLQHG� E\� 'RQ� $�� 'LOOPDQ�� D� SURPLQHQW� VXUYH\� UHVHDUFK� H[SHUW�� WKDW
FRQWDLQV�VRPH�RI�KLV�SDSHUV
KWWS���VXUYH\�VHVUF�ZVX�HGX�GLOOPDQ�

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�WH[W�6$*(�MRXUQDO�DUWLFOHV

http://www.nonprofitfederation.org/sites/default/files/SurveyTipsfromSPSS.pdf
http://www.whatisasurvey.info
http://http://survey.sesrc.wsu.edu/dillman/
http://www.sagepub.com/bjohnson5e/


,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

%DEELH��(����������6XUYH\�UHVHDUFK�PHWKRGV���WK�HG����%HOPRQW��&$��:DGVZRUWK�
%ODFNEXUQ��1���6XGPDQ��6���	�:DQVLQN��%����������$VNLQJ�TXHVWLRQV��7KH
GHILQLWLYH�JXLGH�WR�TXHVWLRQQDLUH�GHVLJQ²)RU�PDUNHW�UHVHDUFK��SROLWLFDO�SROOV�
DQG�VRFLDO�DQG�KHDOWK�TXHVWLRQQDLUHV��6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

'LOOPDQ��'��$���6P\WK��-��'���	�&KULVWLDQ��/��0����������,QWHUQHW��PDLO�DQG�PL[HG�
PRGH�VXUYH\V��7KH�WDLORUHG�GHVLJQ�PHWKRG���UG�HG����+RERNHQ��1-��:LOH\�

127(6

��� � 5HQVLV� /LNHUW� LV� PRVW� IDPRXV� IRU� LQYHQWLQJ� D� VXPPDWHG� UDWLQJ� VFDOH
SURFHGXUH��GLVFXVVHG�ODWHU�LQ�WKLV�FKDSWHU���+RZHYHU��KH�DOVR�XVHG�D���SRLQW�UDWLQJ
VFDOH� PHDVXULQJ� ³DSSURYDO�´� +HUH� DUH� WKH� DQFKRUV� KH� XVHG� LQ� WKH� ODWH� ����V�
�±VWURQJO\� DSSURYH�� �±DSSURYH�� �±XQGHFLGHG�� �±GLVDSSURYH�� �±VWURQJO\
GLVDSSURYH�

����7KH�WHUP�UDWLQJ�VFDOH�LV�IOH[LEOH��<RX�FDQ�YDU\�WKH�QXPEHU�RI�SRLQWV��DV�LQ
³��SRLQW�UDWLQJ�VFDOH´�DQG�³��SRLQW�UDWLQJ�VFDOH�´�DQG�\RX�FDQ�LQGLFDWH�WKH�FRQWHQW
RI�WKH�VFDOH��DV�LQ�³��SRLQW�DJUHHPHQW�VFDOH´�RU�³��SRLQW�VDWLVIDFWLRQ�VFDOH�´

����<RX�FDQ�OHDUQ�PRUH�DERXW�WKHVH�LQ�9RJW�DQG�-RKQVRQ¶V��������'LFWLRQDU\�RI
6WDWLVWLFV�DQG�0HWKRGRORJ\��<RX�DOVR�FDQ�ILQG�XVHIXO�LQIRUPDWLRQ�RQ�WKH�ZHE�



&KDSWHU��

0HWKRGV�RI�'DWD�&ROOHFWLRQ

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��/LVW�WKH�VL[�PDMRU�PHWKRGV�RI�GDWD�FROOHFWLRQ�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�PHWKRG�RI�GDWD�FROOHFWLRQ�DQG�UHVHDUFK
PHWKRG�

��'HILQH�DQG�H[SODLQ�WKH�FKDUDFWHULVWLFV�RI�HDFK�RI�WKH�VL[�PHWKRGV�RI�GDWD
FROOHFWLRQ�

��([SODLQ�WKH�FRQFHSW�RI�VWDQGDUGL]DWLRQ�
��([SODLQ�WKH�NH\�FKDUDFWHULVWLFV�RI�WKH�IRXU�GLIIHUHQW�W\SHV�RI�LQWHUYLHZV�
��'HVFULEH�WKH�IRXU�UROHV�WKH�UHVHDUFKHU�FDQ�WDNH�LQ�TXDOLWDWLYH�LQWHUYLHZLQJ�
��/LVW�DW�OHDVW�ILYH�FRPPRQO\�XVHG�LQWHUYLHZLQJ�SUREHV�
��([SODLQ�KRZ�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK�FDQ�EH�DSSOLHG�WR
PHWKRGV�RI�GDWD�FROOHFWLRQ�DQG�SURYLGH�DQ�H[DPSOH�

��6WDWH�WKH�WZR�³FDUGLQDO�UXOHV´�RI�HGXFDWLRQDO�UHVHDUFK�PHQWLRQHG�LQ�WKLV
FKDSWHU�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�'DWD�&ROOHFWLQJ�DQG�5HVHDUFK
4XHVWLRQV

6HSWHPEHU� ���� ������ LV� D� GD\� ZH� ZLOO� DOO� UHPHPEHU�� 2XU
IHHOLQJV� RI� VHFXULW\� DQG� LQYXOQHUDELOLW\� WR� WKH� DWWDFNV� RI
WHUURULVWV� ZHUH� VKDWWHUHG�� %HIRUH� WKLV� WLPH�� WHUURULVWV¶
DWWDFNV�ZHUH� ODUJHO\� VRPHWKLQJ� WKDW� KDSSHQHG� WR� SHRSOH� LQ
RWKHU� FRXQWULHV�� $V� IRUPHU� 3UHVLGHQW� %XVK� VWDWHG�� WKH
WHUURULVWV¶� JRDO� LV� WR� IULJKWHQ� XV�� QRW� MXVW� NLOO�� PDLP�� DQG
GHVWUR\��,QGHHG��WKH�WHUURULVWV�PDGH�SURJUHVV�LQ�WKLV�UHJDUG�

$IWHU� 6HSWHPEHU� ���� DLU� WUDIILF� IHOO� ����� 7KLV� GLGQ¶W
QHFHVVDULO\� PHDQ� WKDW� SHRSOH� ZHUH� WUDYHOLQJ� OHVV�� PDQ\
SHRSOH� GURYH� VRPH� RI� WKRVH� XQIORZQ� PLOHV�� 'ULYLQJ� DOO� RI

WKHVH�DGGLWLRQDO�PLOHV�ZRXOG� WUDQVODWH� LQWR�����PRUH�KLJKZD\�GHDWKV�RU��� WLPHV� WKH�QXPEHU�RI�SHRSOH



,

WKDW�ZHUH� NLOOHG� RQ� WKH� IRXU� KLMDFNHG� SODQHV��0\HUV� ������� QRWHG� WKDW� GDWD� IURP� WKH�1DWLRQDO� 6DIHW\
&RXQFLO�UHYHDOHG�WKDW��LQ�WKH�ODVW�KDOI�RI�WKH�����V��SHRSOH�ZHUH����WLPHV�PRUH�OLNHO\�WR�GLH�LQ�D�YHKLFOH
FUDVK� WKDQ� LQ� D� FUDVK� RI� D� FRPPHUFLDO� SODQH��&UDVKLQJ� DQG� G\LQJ�ZKLOH� IO\LQJ� RQ� D� FRPPHUFLDO� IOLJKW
ZHUH�OHVV�OLNHO\�WKDQ�JHWWLQJ�KHDGV�HYHU\�WLPH�RQ����IOLSV�RI�D�FRLQ��7KH�WHUURULVWV¶�DWWDFNV�RQ�6HSWHPEHU
���ZHUH� WUDJLF�DQG�FUHDWHG�D� WUHPHQGRXV�DPRXQW�RI�JULHI�IRU�HYHU\RQH�LQYROYHG��HVSHFLDOO\� WKRVH�ZKR
ORVW� ORYHG� RQHV�� $QG� WKH� IHDU� WKH\� FDXVHG�� SDUWLFXODUO\� RI� IO\LQJ�� UHVXOWHG� LQ�PRUH� UDWKHU� WKDQ� IHZHU
GHDWKV�� 5HSRUWV� VXFK� DV� WKRVH� RI� WKH� 1DWLRQDO� 6DIHW\� &RXQFLO� SURYLGH� PXFK� QXPHULFDO� LQIRUPDWLRQ�
2WKHU�UHSRUWV�LQFOXGH�RWKHU�W\SHV�RI�LQIRUPDWLRQ�DQG�GDWD�

&ROOHFWLRQ� RI� GDWD� LV� QHFHVVDU\� WR� REWDLQ� LQIRUPDWLRQ� WKDW� ZLOO� SURYLGH� DQVZHUV� WR� LPSRUWDQW
TXHVWLRQV�� ,Q� WKH� DERYH� H[DPSOH�� GDWD�ZHUH� FROOHFWHG� DQG� FRQYHUWHG� WR� SHUFHQWDJHV� WR� GRFXPHQW� WKH
IDFW� WKDW� IO\LQJ� LV� OHVV� GDQJHURXV� WKDQ� GULYLQJ�� (GXFDWLRQDO� UHVHDUFKHUV� DOVR� KDYH� WR� FROOHFW� GDWD� WR
SURYLGH�DQVZHUV�WR�WKHLU�UHVHDUFK�TXHVWLRQV��,Q�WKLV�FKDSWHU��ZH�UHYLHZ�WKH�VL[�PRVW�FRPPRQ�IRUPV�RI
GDWD� FROOHFWLRQ� XVHG� E\� HGXFDWLRQDO� UHVHDUFKHUV�� :LWK� \RXU� XQGHUVWDQGLQJ� RI� WKHVH� IRUPV� RI� GDWD
FROOHFWLRQ��\RX�ZLOO�EH�DUPHG�ZLWK�NQRZOHGJH�RI�WKH�SURFHGXUHV�QHHGHG�WR�FROOHFW�GDWD�WKDW�ZLOO�SURYLGH
DQVZHUV�WR�\RXU�RZQ�UHVHDUFK�TXHVWLRQV�

Q� &KDSWHU� ��� ZH� LQWURGXFHG� \RX� WR� WKH� FRQFHSW� RI� PHDVXUHPHQW�� DQG� ZH
GLVFXVVHG� WKH� GLIIHUHQW� NLQGV� RI� WHVWV� WKDW� DUH� XVHG� IRU� FROOHFWLQJ� GDWD� LQ
HGXFDWLRQDO�UHVHDUFK��,I�DQ�DOUHDG\�FRQVWUXFWHG�WHVW�LV�DYDLODEOH�IRU�WKH�WRSLFV

RI� LQWHUHVW� WR�\RX��\RX� VKRXOG� VWURQJO\� FRQVLGHU�XVLQJ� WKDW� WHVW� EHFDXVH� UHOLDELOLW\
DQG� YDOLGLW\� LQIRUPDWLRQ� ZLOO� XVXDOO\� EH� DYDLODEOH� IRU� LW�� +RZHYHU�� DQ� DOUHDG\
GHYHORSHG� GDWD�FROOHFWLRQ� LQVWUXPHQW� PLJKW� QRW� EH� DYDLODEOH� IRU� \RXU� SDUWLFXODU
UHVHDUFK�QHHGV��,Q�WKLV�FDVH��\RX�PXVW�FRQVWUXFW�D�QHZ�WHVW�RU�DQRWKHU�W\SH�RI�GDWD�
FROOHFWLRQ�LQVWUXPHQW��VXFK�DV�D�TXHVWLRQQDLUH�RU�DQ�LQWHUYLHZ�SURWRFRO��DQG�GRLQJ
WKLV�ZHOO� WDNHV�WLPH�DQG�HIIRUW��,Q�WKH�ODVW�FKDSWHU��\RX�OHDUQHG�KRZ�WR�FRQVWUXFW�D
TXHVWLRQQDLUH�ZKHQ�RQH�LV�QHHGHG�IRU�\RXU�UHVHDUFK�VWXG\�

7KLV�FKDSWHU�EXLOGV�RQ�WKH�ODVW�WZR�FKDSWHUV��,W�DQVZHUV�WKHVH�IRXU�TXHVWLRQV�

����:KDW�DUH�WKH�VL[�PDMRU�PHWKRGV�RI�GDWD�FROOHFWLRQ"

����:KDW�PHWKRG�RU�PHWKRGV�RI�GDWD�FROOHFWLRQ�ZLOO�DOORZ�PH�WR�REWDLQ�WKH
LQIRUPDWLRQ�,�QHHG�WR�DQVZHU�P\�UHVHDUFK�TXHVWLRQV"

����:KDW�DUH�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�GLIIHUHQW�PHWKRGV�RI�GDWD
FROOHFWLRQ"

����+RZ�GR�,�XVH�WKHVH�PHWKRGV�RI�GDWD�FROOHFWLRQ�LQ�P\�UHVHDUFK"

7KH�IROORZLQJ�OLVW�VKRZV�WKH�VL[�PRVW�FRPPRQ�PHWKRGV�RI�GDWD�FROOHFWLRQ�XVHG
E\�HGXFDWLRQDO�UHVHDUFKHUV�

����7HVWV

����4XHVWLRQQDLUHV

����,QWHUYLHZV

����)RFXV�JURXSV

����2EVHUYDWLRQ



����&RQVWUXFWHG�DQG�VHFRQGDU\�RU�H[LVWLQJ�GDWD

�6HH�7RROV�DQG�7LSV�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

:LWK� WKHVH�PHWKRGV�RI�GDWD�FROOHFWLRQ�� UHVHDUFKHUV�FDQ�KDYH� WKHLU�SDUWLFLSDQWV
ILOO� RXW� DQ� LQVWUXPHQW� RU� SHUIRUP� D� EHKDYLRU� GHVLJQHG� WR�PHDVXUH� WKHLU� DELOLW\� RU
GHJUHH�RI�VNLOO��WHVWV���UHVHDUFKHUV�FDQ�KDYH�UHVHDUFK�SDUWLFLSDQWV�ILOO�RXW�VHOI�UHSRUW
LQVWUXPHQWV��TXHVWLRQQDLUHV���UHVHDUFKHUV�FDQ�WDON�WR�SDUWLFLSDQWV�LQ�SHUVRQ�RU�RYHU
WKH� WHOHSKRQH� �LQWHUYLHZV��� UHVHDUFKHUV� FDQ�GLVFXVV� LVVXHV�ZLWK�PXOWLSOH� UHVHDUFK
SDUWLFLSDQWV� DW� WKH� VDPH� WLPH� LQ� D� VPDOO�JURXS� VHWWLQJ� �IRFXV�JURXSV��� UHVHDUFKHUV
FDQ�H[DPLQH�KRZ�UHVHDUFK�SDUWLFLSDQWV�DFW� LQ�QDWXUDO�DQG�VWUXFWXUHG�HQYLURQPHQWV
�REVHUYDWLRQ��� DQG� UHVHDUFKHUV� FDQ� KDYH� SDUWLFLSDQWV� FRQVWUXFW� QHZ�GDWD� GXULQJ� D
VWXG\��VXFK�DV�GUDZLQJV�RU�UHFRUGLQJV��RU�XVH�GDWD� WKDW�FDPH�IURP�DQ�HDUOLHU� WLPH
IRU�D�GLIIHUHQW�SXUSRVH�WKDQ�WKH�FXUUHQW�UHVHDUFK�SUREOHP�DW�KDQG��FRQVWUXFWHG�DQG
VHFRQGDU\� RU� H[LVWLQJ� GDWD��� 6RPH� VWUHQJWKV� DQG�ZHDNQHVVHV� RI� WKHVH�PHWKRGV� RI
GDWD�FROOHFWLRQ�DUH�SURYLGHG�DW�WKH�VWXGHQW�FRPSDQLRQ�ZHEVLWH�

,Q� D� W\SLFDO� UHVHDUFK� VWXG\�� UHVHDUFKHUV� EHJLQ� E\� LGHQWLI\LQJ� WKH� LPSRUWDQW
UHVHDUFK�SUREOHPV�DQG�VSHFLILF�UHVHDUFK�TXHVWLRQV�WKDW�WKH\�ZDQW�WR�DGGUHVV��7KHQ
WKH\� VHOHFW� WKH� PRVW� DSSURSULDWH� UHVHDUFK� PHWKRG� RU� PHWKRGV� �H[SHULPHQWDO�
FRUUHODWLRQDO��HWKQRJUDSK\��JURXQGHG�WKHRU\��HWF���WR�KHOS�WKHP�GHFLGH�RQ�D�UHVHDUFK
GHVLJQ� DQG� D� UHVHDUFK� VWUDWHJ\� WKDW� ZLOO� DOORZ� WKHP� WR� DQVZHU� WKHLU� UHVHDUFK
TXHVWLRQV��5HVHDUFKHUV� QH[W� GHFLGH� KRZ� WKH\� DUH� JRLQJ� WR� FROOHFW� WKHLU� HPSLULFDO
UHVHDUFK� GDWD�� 7KDW� LV�� WKH\� GHFLGH�ZKDW�PHWKRGV� RI� GDWD� FROOHFWLRQ� �L�H��� WHVWV�
TXHVWLRQQDLUHV�� LQWHUYLHZV�� IRFXV� JURXSV�� REVHUYDWLRQV�� FRQVWUXFWHG� DQG
VHFRQGDU\�H[LVWLQJ�GDWD��WKH\�ZLOO�SK\VLFDOO\�XVH�WR�REWDLQ�WKH�UHVHDUFK�GDWD�

��5HVHDUFK�PHWKRG�2YHUDOO�UHVHDUFK�GHVLJQ�DQG�VWUDWHJ\

��0HWKRG�RI�GDWD�FROOHFWLRQ�7HFKQLTXH�IRU�SK\VLFDOO\�REWDLQLQJ�GDWD�WR�EH
DQDO\]HG�LQ�D�UHVHDUFK�VWXG\

$V� \RX� UHDG� WKLV� FKDSWHU�� NHHS� LQ�PLQG� WKH� IXQGDPHQWDO� SULQFLSOH� RI�PL[HG
UHVHDUFK� GHILQHG� LQ�&KDSWHU� ���$FFRUGLQJ� WR� WKLV� SULQFLSOH�� WKRXJKWIXO�PL[LQJ� RI
PHWKRGV�� SURFHGXUHV�� DQG� RWKHU� SDUDGLJP� FKDUDFWHULVWLFV� LV� DQ� H[FHOOHQW� ZD\� WR
FRQGXFW�KLJK�TXDOLW\�UHVHDUFK��6SHFLILFDOO\��\RX�VKRXOG�PL[�LQ�D�ZD\�WKDW�SURYLGHV
PXOWLSOH��GLYHUJHQW�DQG�FRQYHUJHQW��DQG�FRPSOHPHQWDU\�VWUHQJWKV��YLHZHG�EURDGO\�
DQG� QRQRYHUODSSLQJ�ZHDNQHVVHV�� 7KH� SULQFLSOH� RIIHUV� \RX� RQH� JXLGLQJ� ³ORJLF� IRU
PL[LQJ�´�,Q�WKLV�FKDSWHU�� WKLQN�DERXW�KRZ�WKLV�SULQFLSOH�FDQ�DSSO\�WR�WKH�PL[LQJ�RI
GLIIHUHQW�PHWKRGV�RI�GDWD�FROOHFWLRQ��)RU�H[DPSOH��\RX�PLJKW�FROOHFW�VWDQGDUGL]HG
WHVW�GDWD�DQG�WKHQ�FROOHFW�TXDOLWDWLYH�LQWHUYLHZ�GDWD�WR�SURYLGH�D�IXOOHU�SLFWXUH�RI�D
JURXS�RI�WHDFKHUV¶�DSWLWXGH�IRU�WHDFKLQJ�UHDGLQJ��$V�DQRWKHU�H[DPSOH��D�UHVHDUFKHU
PLJKW�ILQG�D�VWDWLVWLFDO�UHODWLRQVKLS�EHWZHHQ�SDUHQWDO�VRFLDO�FODVV�DQG�WKH�OLNHOLKRRG
RI� FKLOGUHQ� MRLQLQJ� WKH� PLGGOH� VFKRRO� EDQG� �H�J��� SHUKDSV� KLJKHU� VRFLDO� FODVV� LV



UHODWHG�WR�EDQG�PHPEHUVKLS���$�UHVHDUFKHU�PLJKW�PL[�LQWR�WKLV�VWXG\�WKH�FROOHFWLRQ
RI� VRPH� IRFXV� JURXS� GDWD� IURP� WKH� SDUHQWV� DQG� FKLOGUHQ� IURP� GLIIHUHQW� VRFLDO
FODVVHV� WR� H[SORUH� WKH� UHDVRQV� DQG� WKLQNLQJ� WKDW� SURGXFH� WKLV� TXDQWLWDWLYH
UHODWLRQVKLS�

��)XQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK�$GYLVHV�UHVHDUFKHUV�WR
WKRXJKWIXOO\�DQG�VWUDWHJLFDOO\�PL[�RU�FRPELQH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH
UHVHDUFK�PHWKRGV��DSSURDFKHV��SURFHGXUHV��FRQFHSWV��DQG�RWKHU�SDUDGLJP
FKDUDFWHULVWLFV�LQ�D�ZD\�WKDW�SURGXFHV�DQ�RYHUDOO�GHVLJQ�ZLWK�PXOWLSOH
�GLYHUJHQW�DQG�FRQYHUJHQW��DQG�FRPSOHPHQWDU\�VWUHQJWKV��EURDGO\�YLHZHG�
DQG�QRQRYHUODSSLQJ�ZHDNQHVVHV�

7KHUH� DUH� DFWXDOO\� WZR� NLQGV� RI� PL[LQJ� RI� WKH� VL[� PDMRU� PHWKRGV� RI� GDWD
FROOHFWLRQ��5��%��-RKQVRQ�	�7XUQHU���������7KH�ILUVW�LV�LQWHUPHWKRG�PL[LQJ��ZKLFK
PHDQV�WZR�RU�PRUH�RI�WKH�PHWKRGV�RI�GDWD�FROOHFWLRQ�DUH�XVHG�LQ�D�UHVHDUFK�VWXG\�
7KLV� LV� VHHQ� LQ� WKH� WZR�H[DPSOHV� LQ� WKH�SUHYLRXV�SDUDJUDSK�� ,Q� WKH� ILUVW� H[DPSOH�
VWDQGDUGL]HG� WHVW�GDWD�DQG�TXDOLWDWLYH� LQWHUYLHZ�GDWD�ZHUH�PL[HG�FRPELQHG� LQ� WKH
VWXG\�� ,Q� WKH� VHFRQG� H[DPSOH�� D� VWUXFWXUHG� �TXDQWLWDWLYH�� TXHVWLRQQDLUH� DQG
H[SORUDWRU\��TXDOLWDWLYH��IRFXV�JURXSV�ZHUH�PL[HG�FRPELQHG�

��,QWHUPHWKRG�PL[LQJ�8VH�RI�PRUH�WKDQ�RQH�PHWKRG�RI�GDWD�FROOHFWLRQ�LQ�D
UHVHDUFK�VWXG\

,Q� WKH� VHFRQG� NLQG� RI� PL[LQJ�� LQWUDPHWKRG� PL[LQJ�� ERWK� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�GDWD�DUH�REWDLQHG�WKURXJK�WKH�FUHDWLYH�XVH�RI�D�VLQJOH�PHWKRG��L�H���XVLQJ
MXVW�RQH�RI�WKH�VL[�PDMRU�PHWKRGV�RI�GDWD�FROOHFWLRQ���)RU�H[DPSOH��ZH�SUHYLRXVO\
GHVFULEHG� D� PL[HG� TXHVWLRQQDLUH�� ,W� LQFOXGHV� ERWK� RSHQ�HQGHG� �H[SORUDWRU\�
TXHVWLRQV� DQG� VWDQGDUGL]HG� FORVHG�HQGHG� LWHPV�� WKH� RSHQ�HQGHG� SDUW� SURYLGHV
TXDOLWDWLYH�GDWD��DQG�WKH�FORVHG�HQGHG�SDUW�SURYLGHV�TXDQWLWDWLYH�GDWD��2QH�ZD\�WR
UHPHPEHU�WKHVH�WZR�WHUPV�LV�WR�QRWH�WKHLU�URRWV��,QWHU��PHDQV�³EHWZHHQ´�DQG�LQWUD�
PHDQV� ³ZLWKLQ�´� $FFRUGLQJO\�� LQWHUPHWKRG�PL[LQJ� XVHV� LQIRUPDWLRQ� IURP� WZR� �RU
PRUH��GDWD�FROOHFWLRQ�PHWKRGV��DQG�LQWUDPHWKRG�PL[LQJ�XVHV�LQIRUPDWLRQ�FROOHFWHG
E\�RQH�PHWKRG�

��,QWUDPHWKRG�PL[LQJ�8VH�RI�D�VLQJOH�PHWKRG�RI�GDWD�FROOHFWLRQ�WR�REWDLQ�D
PL[WXUH�RI�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD

0L[LQJ�PHWKRGV�RI�GDWD�FROOHFWLRQ�LV�OLNH�SXWWLQJ�WRJHWKHU�VHYHUDO�IODZHG�ILVKLQJ
QHWV²HDFK�RI�ZKLFK�KDV�D�KROH��D�WRUQ�SDUW��RU�D�ZHDN�SRLQW²WR�FRQVWUXFW�D�³QHZ�´
VWURQJHU� QHW� WKDW� ZRUNV� ZHOO� GHVSLWH� WKH� SUREOHP� ZLWK� HDFK� LQGLYLGXDO� QHW�� :H
KLJKO\�UHFRPPHQG�WKDW�\RX�SULQW�RXW�WKH�VL[�WDEOHV�DW�WKH�ERRN¶V�FRPSDQLRQ�ZHEVLWH
WKDW� OLVW� WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�VL[�PDMRU�PHWKRGV�RI�GDWD�FROOHFWLRQ�
<RX�ZLOO�ILQG�WKHVH�WDEOHV�LQ�WKH�OHFWXUH�QRWHV�IRU�&KDSWHU����8VLQJ�WKHVH�WDEOHV�DQG
ZKDW�\RX�OHDUQ�LQ�WKLV�FKDSWHU��\RX�ZLOO�EH�DEOH�WR�GHFLGH�KRZ�WR�PL[�DQG�PDWFK�WKH



PHWKRGV�LQ�\RXU�RZQ�UHVHDUFK�VWXG\�LQ�D�ZD\�WKDW�IROORZV�WKH�IXQGDPHQWDO�SULQFLSOH
RI�PL[HG�UHVHDUFK�

$OWKRXJK� RXU� IRFXV� LQ� WKLV� FKDSWHU� LV� RQ� PHWKRGV� RI� GDWD� FROOHFWLRQ�� WKH
SULQFLSOH�RI�PL[HG�UHVHDUFK�DOVR�DSSOLHV�WR�WKH�PL[LQJ�RI�RWKHU�UHVHDUFK�LQJUHGLHQWV�
VXFK�DV�UHVHDUFK�PHWKRGV��H�J���H[SHULPHQWV��HWKQRJUDSKLHV���VDPSOLQJ�PHWKRGV��DQG
GDWD�DQDO\VLV�PHWKRGV��(GXFDWLRQDO�UHVHDUFK�LV�DERXW�SURYLGLQJ�VROLG�HYLGHQFH�IRU
\RXU� FRQFOXVLRQV�� DQG� HYLGHQFH� LV� JUHDWHU� ZKHQ� \RX� HPSOR\� D� ORJLFDO� PL[LQJ
VWUDWHJ\��,Q�IDFW��RQH�FDUGLQDO�UXOH�LQ�HGXFDWLRQDO�UHVHDUFK�LV�WKLV��3URYLGH�PXOWLSOH
VRXUFHV� RI� HYLGHQFH�� 0XOWLSOH� VRXUFHV� RI� HYLGHQFH� ZLOO� VRPHWLPHV� SURYLGH
PXOWLSOH�FRQYHUJLQJ�VXSSRUW�IRU�D�VLQJOH�SRLQW��DQG�DW�RWKHU�WLPHV�WKH\�ZLOO�SURYLGH
D�IXOOHU�GLYHUJLQJ�SLFWXUH�RI�ZKDW�\RX�DUH�VWXG\LQJ��,Q�ERWK�FDVHV��\RX�ZLOO�EH�JODG
WKDW� \RX� XVHG� PXOWLSOH� PHWKRGV�� +HUH¶V� DQRWKHU� FDUGLQDO� UXOH� LQ� HGXFDWLRQDO
UHVHDUFK��5XOH�RXW�DOWHUQDWLYH�H[SODQDWLRQV��,I�\RX�ZDQW�WR�PDNH�D�VSHFLILF�FODLP�
IROORZLQJ� WKLV� UXOH� LV� HVVHQWLDO� VR� WKDW� \RX� FDQ� GHIHQG� \RXU� FODLP�� &DUHIXOO\
IROORZLQJ� WKHVH� WZR� UXOHV�� SURYLGLQJ� HYLGHQFH� IURP� PXOWLSOH� SHUVSHFWLYHV� DQG
UXOLQJ� RXW� DOWHUQDWLYH� H[SODQDWLRQV� RI� \RXU� FODLPV�� ZLOO� HQDEOH� \RX� WR� SURGXFH
UHVHDUFK�UHSRUWV�WKDW�DUH�FRQYLQFLQJ�DQG�GHIHQVLEOH�DQG�ZLOO�EH�WDNHQ�VHULRXVO\�

5HPHPEHU� WKDW� LQ� WKLV� FKDSWHU�ZH� DUH� FRQFHUQHG�ZLWK� KRZ� UHVHDUFK� GDWD� DUH
FROOHFWHG�IURP�UHVHDUFK�SDUWLFLSDQWV��QRW�ZLWK�WKH�GLIIHUHQW�UHVHDUFK�PHWKRGV��<RX
ZLOO�OHDUQ�PRUH�DERXW�WKH�GLIIHUHQW�UHVHDUFK�PHWKRGV�LQ�&KDSWHUV���±����1RZ�ZH
H[SODLQ�WKH�GLIIHUHQW�PHWKRGV�RI�GDWD�FROOHFWLRQ�

5(9,(:
48(67 ,21 6

�������:KDW�LV�D�PHWKRG�RI�GDWD�FROOHFWLRQ"
�������:KDW�DUH�WKH�VL[�PDLQ�PHWKRGV�RI�GDWD

FROOHFWLRQ"��+LQW��7KH�ILUVW�OHWWHUV�PDNH�WKH
UDWKHU�DZNZDUG�DFURQ\P�74,)26��

�������:KDW�DUH�WKH�WZR�³FDUGLQDO�UXOHV´�RI
HGXFDWLRQDO�UHVHDUFK�PHQWLRQHG�LQ�WKLV�FKDSWHU"

7(676
7HVWV�DUH�FRPPRQO\�XVHG�LQ�TXDQWLWDWLYH�UHVHDUFK�WR�PHDVXUH�DWWLWXGHV��SHUVRQDOLW\�
VHOI�SHUFHSWLRQV�� DSWLWXGH�� DQG� SHUIRUPDQFH� RI� UHVHDUFK� SDUWLFLSDQWV�� 3HUKDSV� WKH
PRVW� FRPPRQ� W\SH� RI� WHVW� LV� WKH� VWDQGDUGL]HG� WHVW�� ZKLFK� LV� GHYHORSHG� E\
SV\FKRPHWULFLDQV� DQG� XVXDOO\� LQFOXGHV� SV\FKRPHWULF� LQIRUPDWLRQ� RQ� UHOLDELOLW\�
YDOLGLW\�� DQG� UHIHUHQFH� JURXS� QRUPV�� ,Q� IDFW�� &KDSWHU� �� ZDV� DERXW� VWDQGDUGL]HG
WHVWV��VR�\RX�DOUHDG\�NQRZ�D�ORW�DERXW�WKLV�IRUP�RI�WHVW��H�J���LWV�FKDUDFWHULVWLFV��WKH
GLIIHUHQW� W\SHV�� DQG�ZKHUH� WR� ILQG� DOUHDG\� GHYHORSHG� WHVWV���:H� HPSKDVL]H� DJDLQ
WKDW�LI�D�UHOHYDQW�WHVW�LV�DOUHDG\�DYDLODEOH�WKDW�PHDVXUHV�WKH�YDULDEOHV�RI�LQWHUHVW�WR
\RX��WKHQ�\RX�VKRXOG�VHULRXVO\�FRQVLGHU�XVLQJ�WKDW�WHVW�

$OWKRXJK� PDQ\� WHVWV� DUH� DYDLODEOH� IRU� XVH� �H�J��� VWDQGDUGL]HG� WHVWV� RI
LQWHOOLJHQFH� DQG� SHUVRQDOLW\�� DFKLHYHPHQW�� SUHVFKRRO�� DSWLWXGH�� DQG� GLDJQRVWLF



WHVWV���H[SHULPHQWDO� UHVHDUFKHUV�RIWHQ�QHHG� WR�JHQHUDWH� WKHLU�RZQ� WHVWV� WR�PHDVXUH
YHU\�VSHFLILF�FRQVWUXFWV� WKDW�DUH�RSHUDWLRQDOL]HG� LQ�XQLTXH�ZD\V��$Q�H[SHULPHQWDO
UHVHDUFKHU�PLJKW�GHVLJQ�D�WHVW�SURFHGXUH�WR�PHDVXUH�D�FRJQLWLYH�RU�PHPRU\�SURFHVV
RU� WR� PHDVXUH� SDUWLFLSDQWV¶� UHVSRQVH� WLPH� WR� D� PHQWDO� DFWLYLW\�� )RU� H[DPSOH�� D
UHVHDUFKHU�VWXG\LQJ�SDUWLFXODU�W\SHV�RI�PDWKHPDWLFV�VWRU\�SUREOHPV�PLJKW�GHYHORS�D
WHVW� WKDW� GHDOV� VSHFLILFDOO\� ZLWK� WKRVH� SUREOHP� W\SHV�� 7KH� SRLQW� LV� WKDW�� ZKHQ� D
UHVHDUFKHU� LV� ORRNLQJ� DW� WKH�PDQLSXODWLRQ�RI� LQVWUXFWLRQDO� FRQWHQW� RU� FRQWH[W�� WHVWV
XVXDOO\� QHHG� WR� EH� WDLORUHG� WR� WKH� FRQWHQW� RU� WDVN�� 1RWH� WKDW� HYHQ� WKRXJK� VXFK
³H[SHULPHQWHU�FRQVWUXFWHG´� WHVWV� DUH� QRW� QRUPHG� IRU� VSHFLILF� SRSXODWLRQV�� WKH
UHVHDUFKHU�LV�REOLJHG�WR�GR�KLV�RU�KHU�EHVW�WR�ILQG�ZD\V�WR�DIILUP�WKH�UHOLDELOLW\�DQG
YDOLGLW\�RI�WKH�DVVHVVPHQWV�

%HFDXVH�\RX�KDYH�DOUHDG\�UHDG�D�IXOO�FKDSWHU�RQ�WHVWV��ZH�GR�QRW�HODERUDWH�PRUH
RQ�WHVWV�KHUH��'R�NHHS�LQ�PLQG��KRZHYHU��WKDW�DV�ZLWK�DOO�PHWKRGV�RI�GDWD�FROOHFWLRQ�
\RX�PD\�ZDQW�WR�PL[�WHVWV�ZLWK�RWKHU�PHWKRGV�ZKHQ�\RX�FRQGXFW�D�UHVHDUFK�VWXG\�
)RU�DQ�H[DPSOH�RI�PL[LQJ��\RX�PLJKW�WDNH�D�ORRN�DW�D�VWXG\�E\�0DQW]LFRSRXORV�DQG
.QXWVRQ� ������� RU� DQRWKHU� SXEOLVKHG� VWXG\� WKDW� LQWHUHVWV� \RX�� 7KHVH� UHVHDUFKHUV
XVHG� VFKRRO� UHFRUGV�� SDUHQW� LQWHUYLHZV�� WHDFKHU� TXHVWLRQQDLUHV�� DQG� VWDQGDUGL]HG
WHVWV�RI�DFKLHYHPHQW�WR�GHWHUPLQH�WKH�UHODWLRQVKLS�RI�VFKRRO�DQG�IDPLO\�PRELOLW\�WR
FKLOGUHQ¶V�DFDGHPLF�DFKLHYHPHQW�

48(67,211$,5(6

$V� GLVFXVVHG� LQ� &KDSWHU� ��� D� TXHVWLRQQDLUH� LV� D� VHOI�UHSRUW� GDWD�FROOHFWLRQ
LQVWUXPHQW� WKDW� HDFK� UHVHDUFK� SDUWLFLSDQW� ILOOV� RXW� DV� SDUW� RI� D� UHVHDUFK� VWXG\�
5HVHDUFKHUV�XVH�TXHVWLRQQDLUHV� WR�REWDLQ� LQIRUPDWLRQ�DERXW� WKH� WKRXJKWV�� IHHOLQJV�
DWWLWXGHV�� EHOLHIV�� YDOXHV�� SHUFHSWLRQV�� SHUVRQDOLW\�� DQG� EHKDYLRUDO� LQWHQWLRQV� RI
UHVHDUFK� SDUWLFLSDQWV�� ,Q� RWKHU� ZRUGV�� UHVHDUFKHUV� DWWHPSW� WR� PHDVXUH� PDQ\
GLIIHUHQW�NLQGV�RI�FKDUDFWHULVWLFV�XVLQJ�TXHVWLRQQDLUHV�

��4XHVWLRQQDLUH�$�VHOI�UHSRUW�GDWD�FROOHFWLRQ�LQVWUXPHQW�ILOOHG�RXW�E\�UHVHDUFK
SDUWLFLSDQWV

%HFDXVH� \RX� KDYH� DOUHDG\� UHDG� D� IXOO� FKDSWHU� RQ� TXHVWLRQQDLUH� FRQVWUXFWLRQ
�&KDSWHU�����ZH�GR�QRW�HODERUDWH�PRUH�RQ�TXHVWLRQQDLUHV�KHUH��$V�ZLWK�DOO�RI� WKH
PHWKRGV� RI� GDWD� FROOHFWLRQ�� UHPHPEHU� WKDW� \RX� ZLOO� RIWHQ� ZDQW� WR� PL[
TXHVWLRQQDLUHV� ZLWK� RWKHU� PHWKRGV� ZKHQ� \RX� FRQGXFW� D� UHVHDUFK� VWXG\�� $� WDEOH
VKRZLQJ�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�TXHVWLRQQDLUHV�LV�SURYLGHG�LQ�WKH�OHFWXUH
QRWHV�IRU�&KDSWHU���DW�WKH�FRPSDQLRQ�ZHEVLWH��%H�VXUH�WR�FRQVLGHU�WKHVH�ZKHQ�\RX
DUH� FRQVLGHULQJ� XVLQJ� D� TXHVWLRQQDLUH� VLQJXODUO\� RU� LQ� FRPELQDWLRQ� ZLWK� RWKHU
PHWKRGV�RI�GDWD�FROOHFWLRQ�

,17(59,(:6
<RX�OHDUQHG�LQ�WKH�ODVW�VHFWLRQ�WKDW�\RX�FDQ�FROOHFW�GDWD�IURP�UHVHDUFK�SDUWLFLSDQWV



E\�KDYLQJ�WKHP�ILOO�RXW�D�TXHVWLRQQDLUH��$QRWKHU�ZD\�WR�FROOHFW�GDWD�LV�WR�LQWHUYLHZ
UHVHDUFK� SDUWLFLSDQWV�� $Q� LQWHUYLHZ� LV� D� GDWD�FROOHFWLRQ� PHWKRG� LQ� ZKLFK� DQ
LQWHUYLHZHU��WKH�UHVHDUFKHU�RU�VRPHRQH�ZRUNLQJ�IRU�WKH�UHVHDUFKHU��DVNV�TXHVWLRQV
RI�DQ� LQWHUYLHZHH� �WKH� UHVHDUFK�SDUWLFLSDQW���7KDW� LV�� WKH� LQWHUYLHZHU�FROOHFWV� WKH
GDWD�IURP�WKH�LQWHUYLHZHH��ZKR�SURYLGHV�WKH�GDWD��,QWHUYLHZV�WKDW�DUH�GRQH�IDFH�WR�
IDFH�DUH�FDOOHG�LQ�SHUVRQ�LQWHUYLHZV��LQWHUYLHZV�FRQGXFWHG�RYHU�WKH�WHOHSKRQH�DUH
FDOOHG� WHOHSKRQH� LQWHUYLHZV�� $� VWUHQJWK� RI� LQWHUYLHZV� LV� WKDW� D� UHVHDUFKHU� FDQ
IUHHO\� XVH� SUREHV� �SURPSWV� XVHG� WR� REWDLQ� UHVSRQVH� FODULW\� RU� DGGLWLRQDO
LQIRUPDWLRQ���6RPH�FRPPRQO\�XVHG�SUREHV�DUH�JLYHQ�LQ�7DEOH�����

��,QWHUYLHZ�$�GDWD�FROOHFWLRQ�PHWKRG�LQ�ZKLFK�DQ�LQWHUYLHZHU�DVNV�DQ
LQWHUYLHZHH�TXHVWLRQV

��,QWHUYLHZHU�7KH�SHUVRQ�DVNLQJ�WKH�TXHVWLRQV

��,QWHUYLHZHH�7KH�SHUVRQ�EHLQJ�DVNHG�TXHVWLRQV

��,Q�SHUVRQ�LQWHUYLHZ�$Q�LQWHUYLHZ�FRQGXFWHG�IDFH�WR�IDFH

��7HOHSKRQH�LQWHUYLHZ�$Q�LQWHUYLHZ�FRQGXFWHG�RYHU�WKH�SKRQH

��3UREH�3URPSW�WR�REWDLQ�UHVSRQVH�FODULW\�RU�DGGLWLRQDO�LQIRUPDWLRQ

$Q� LQWHUYLHZ� LV� DQ� LQWHUSHUVRQDO� HQFRXQWHU�� ,W� LV� LPSRUWDQW� WKDW� \RX� �WKH
LQWHUYLHZHU�� HVWDEOLVK� UDSSRUW� ZLWK� WKH� SHUVRQ� \RX� DUH� LQWHUYLHZLQJ� �WKH
LQWHUYLHZHH��� 7KH� LQWHUYLHZ� VKRXOG� EH� IULHQGO\�� $W� WKH� VDPH� WLPH�� \RX� PXVW� EH
LPSDUWLDO� WR� ZKDWHYHU� WKH� LQWHUYLHZHH� VD\V� WR� \RX�� ,I� \RX� UHDFW� SRVLWLYHO\� RU
QHJDWLYHO\� WR� WKH� FRQWHQW� RI� WKH� LQWHUYLHZHH¶V� VWDWHPHQWV�� \RX� PD\� ELDV� WKH
UHVSRQVHV��,W�LV�DOVR�LPSRUWDQW�WKDW�WKH�LQWHUYLHZHH�WUXVWV�\RX��EHFDXVH�ZLWKRXW�WUXVW
\RX�DUH�OLNHO\�WR�REWDLQ�ELDVHG�UHVHDUFK�GDWD�

�7$%/(�������&RPPRQO\�8VHG�3UREHV�DQG�$EEUHYLDWLRQV



6RXUFH��)URP�8QLYHUVLW\�RI�0LFKLJDQ�6XUYH\�5HVHDUFK�&HQWHU����������,QWHUYLHZHU¶V�PDQXDO��5HY��HG����$QQ
$UERU��8QLYHUVLW\�RI�0LFKLJDQ�6XUYH\�5HVHDUFK�&HQWHU�

6RPH� WHFKQLTXHV� IRU� HVWDEOLVKLQJ� WUXVW� DQG� UDSSRUW� DUH� WR� H[SODLQ� ZKR� WKH
VSRQVRULQJ�RUJDQL]DWLRQ�LV��WR�H[SODLQ�ZK\�\RX�DUH�FRQGXFWLQJ�WKH�UHVHDUFK��DQG�WR
SRLQW�RXW�WR�WKH�SDUWLFLSDQW�WKDW�KLV�RU�KHU�UHVSRQVHV�DUH�HLWKHU�DQRQ\PRXV��QR�QDPH
RU� LGHQWLILFDWLRQ� ZLOO� EH� DWWDFKHG� WR� WKH� UHVSRQGHQW¶V� GDWD�� RU� FRQILGHQWLDO� �WKH
UHVSRQGHQW¶V�QDPH�RU� LGHQWLILFDWLRQ�ZLOO�EH�DWWDFKHG� WR� WKH� UHVSRQGHQW¶V�GDWD��EXW
WKH�UHVHDUFKHU�ZLOO�QHYHU�GLYXOJH�WKH�UHVSRQGHQW¶V�QDPH�WR�DQ\RQH���<RX�ZDQW�HDFK
SRWHQWLDO�SDUWLFLSDQW�WR�XQGHUVWDQG�WKDW�\RXU�UHVHDUFK�LV�LPSRUWDQW�DQG�WKDW�KLV�RU�KHU
SDUWLFLSDWLRQ�LV�LPSRUWDQW�IRU�WKH�LQWHJULW\�RI�\RXU�VWXG\��:H�KDYH�LQFOXGHG�LQ�7DEOH
����D�OLVW�RI�WLSV�WKDW�\RX�ZLOO�ILQG�KHOSIXO�LI�\RX�HYHU�QHHG�WR�FRQGXFW�DQ�LQWHUYLHZ�

�7$%/(�������7LSV�IRU�&RQGXFWLQJ�DQ�(IIHFWLYH�,QWHUYLHZ

����0DNH�VXUH�DOO�LQWHUYLHZHUV�DUH�ZHOO�WUDLQHG�

����'R�EDFNJURXQG�KRPHZRUN�RQ�WKH�LQWHUYLHZHHV�VR�WKDW�\RX�ZLOO�NQRZ�D�OLWWOH�DERXW�WKH�SHRSOH�\RX�ZLOO�EH
LQWHUYLHZLQJ�

����(VWDEOLVK�UDSSRUW�DQG�WUXVW�ZLWK�\RXU�LQWHUYLHZHH�

����%H�HPSDWKHWLF�EXW�UHPDLQ�QHXWUDO�WRZDUG�WKH�FRQWHQW�RI�ZKDW�WKH�LQWHUYLHZHH�VD\V�

����8VH�JHQWOH�QRQYHUEDO�KHDG�QRGV�DQG�YHUEDO�³XP�KPV´�WR�VKRZ�\RXU�LQWHUHVW�LQ�ZKDW�WKH�LQWHUYLHZHH�VD\V�

����%H�UHIOH[LYH��L�H���PRQLWRU�\RXUVHOI��

����0DNH�VXUH�WKH�LQWHUYLHZHH�LV�GRLQJ�PRVW�RI�WKH�WDONLQJ��QRW�\RX�

����%H�VHQVLWLYH�WR�JHQGHU��DJH��DQG�FXOWXUDO�GLIIHUHQFHV�EHWZHHQ�\RX�DQG�WKH�LQWHUYLHZHH�

����0DNH�VXUH�WKH�LQWHUYLHZHH�XQGHUVWDQGV�H[DFWO\�ZKDW�\RX�DUH�DVNLQJ�

�����3URYLGH�VXIILFLHQW�WLPH�IRU�WKH�LQWHUYLHZHH�WR�DQVZHU�HDFK�TXHVWLRQ�

�����0DLQWDLQ�FRQWURO�RI�WKH�LQWHUYLHZ�DQG�NHHS�WKH�LQWHUYLHZ�IRFXVHG�

�����8WLOL]H�SUREHV�DQG�IROORZ�XS�TXHVWLRQV�WR�JDLQ�FODULW\�DQG�GHSWK�RI�UHVSRQVHV�

�����0DLQWDLQ�D�UHVSHFW�IRU�WKH�LQWHUYLHZHH¶V�YDOXDEOH�WLPH�



�����7\SLFDOO\��\RX�VKRXOG�WDSH�UHFRUG�WKH�LQWHUYLHZ�VHVVLRQ�

�����$IWHU�DQ�LQWHUYLHZ�LV�FRPSOHWHG��FKHFN�\RXU�QRWHV�DQG�UHFRUGLQJV�IRU�TXDOLW\�DQG�FRPSOHWHQHVV�

,Q� 7DEOH� ����� \RX� FDQ� VHH� IRXU� W\SHV� RI� LQWHUYLHZV� �3DWWRQ�� ������ ������� WKH
FORVHG�TXDQWLWDWLYH�LQWHUYLHZ��WKH�VWDQGDUGL]HG�RSHQ�HQGHG�LQWHUYLHZ��WKH�LQWHUYLHZ
JXLGH�DSSURDFK��DQG�WKH�LQIRUPDO�FRQYHUVDWLRQDO�LQWHUYLHZ��7KHVH�IRXU�W\SHV�FDQ�EH
JURXSHG� LQWR� TXDQWLWDWLYH� LQWHUYLHZV� �ZKLFK� LQFOXGH� WKH� FORVHG� TXDQWLWDWLYH
LQWHUYLHZ��DQG�TXDOLWDWLYH�LQWHUYLHZV��ZKLFK�LQFOXGH�WKH�VWDQGDUGL]HG�RSHQ�HQGHG
LQWHUYLHZ�� WKH� LQWHUYLHZ� JXLGH� DSSURDFK� WR� LQWHUYLHZLQJ�� DQG� WKH� LQIRUPDO
FRQYHUVDWLRQDO�LQWHUYLHZ���:H�ILUVW�GLVFXVV�TXDQWLWDWLYH�LQWHUYLHZV�

4XDQWLWDWLYH�,QWHUYLHZV
:KHQ�FDUU\LQJ�RXW�TXDQWLWDWLYH�LQWHUYLHZV��\RX�PXVW�FDUHIXOO\�UHDG�WKH�ZRUGV�DV

WKH\� DUH� SURYLGHG� LQ� WKH� LQWHUYLHZ�SURWRFRO��7KH� LQWHUYLHZ�SURWRFRO� LV� WKH� GDWD�
FROOHFWLRQ� LQVWUXPHQW� WKDW� LQFOXGHV� WKH� LWHPV�� WKH� UHVSRQVH� FDWHJRULHV�� WKH
LQVWUXFWLRQV�� DQG� VR� IRUWK�� 7KH� LQWHUYLHZ� SURWRFRO� LQ� D� TXDQWLWDWLYH� LQWHUYLHZ� LV
EDVLFDOO\� D� VFULSW� ZULWWHQ� E\� WKH� UHVHDUFKHU� DQG� UHDG� E\� WKH� LQWHUYLHZHU� WR� WKH
LQWHUYLHZHHV�� 7KH� LQWHUYLHZHU� DOVR� UHFRUGV� WKH� LQWHUYLHZHH¶V� UHVSRQVHV� RQ� WKH
LQWHUYLHZ� SURWRFRO�� 7KH� LQWHUYLHZ� SURWRFRO� LV� XVXDOO\� ZULWWHQ� RQ� SDSHU� IRU� LQ�
SHUVRQ�LQWHUYLHZV�DQG�VKRZQ�RQ�D�FRPSXWHU�VFUHHQ�IRU�WHOHSKRQH�LQWHUYLHZV�

��,QWHUYLHZ�SURWRFRO�'DWD�FROOHFWLRQ�LQVWUXPHQW�XVHG�LQ�DQ�LQWHUYLHZ

�7$%/(�������3DWWRQ¶V�&ODVVLILFDWLRQ�RI�7\SHV�RI�,QWHUYLHZV



6RXUFH��$GDSWHG�IURP�0��4��3DWWRQ��+RZ�WR�8VH�4XDOLWDWLYH�0HWKRGV�LQ�(YDOXDWLRQ��SS�����±������������E\
6$*(�3XEOLFDWLRQV��,QF��8VHG�E\�SHUPLVVLRQ�RI�6$*(�3XEOLFDWLRQV��,QF�

7KH�JRDO�RI�WKH�TXDQWLWDWLYH�LQWHUYLHZ�LV�WR�VWDQGDUGL]H�ZKDW�LV�SUHVHQWHG�WR�WKH
LQWHUYLHZHHV�� 6WDQGDUGL]DWLRQ� KDV� EHHQ� DFKLHYHG� ZKHQ� ZKDW� LV� VDLG� WR� DOO
LQWHUYLHZHHV� LV� WKH� VDPH� RU� DV� VLPLODU� DV� SRVVLEOH�� 7KH� NH\� LGHD� KHUH� LV� WKDW
TXDQWLWDWLYH� UHVHDUFKHUV�ZDQW� WR� H[SRVH� HDFK� SDUWLFLSDQW� WR� WKH� VDPH� VWLPXOXV� VR
WKDW�WKH�UHVXOWV�ZLOO�EH�FRPSDUDEOH��1RW�VXUSULVLQJO\��TXDQWLWDWLYH�LQWHUYLHZV�UHVXOW
LQ� PRVWO\� TXDQWLWDWLYH� GDWD� WKDW� DUH� ODWHU� DQDO\]HG� XVLQJ� TXDQWLWDWLYH� VWDWLVWLFDO
SURFHGXUHV�� 7KH� UHDVRQ�ZH� VD\� ³PRVWO\´� LV� WKDW� TXDQWLWDWLYH� LQWHUYLHZ� SURWRFROV
RIWHQ� LQFOXGH� D� IHZ� RSHQ�HQGHG� LWHPV�� ,I� DQ� RSHQ�HQGHG� TXHVWLRQ� LV� DVNHG� LQ� D
TXDQWLWDWLYH� LQWHUYLHZ�� KRZHYHU�� LW� LV� DVNHG� LQ� H[DFWO\� WKH� VDPH� ZD\� IRU� HDFK
SDUWLFLSDQW�LQ�WKH�VWXG\�

��6WDQGDUGL]DWLRQ�3UHVHQWLQJ�WKH�VDPH�VWLPXOXV�WR�DOO�SDUWLFLSDQWV

,Q� ([KLELW� ����� \RX� FDQ� VHH� D� VHFWLRQ� WDNHQ� IURP� DQ� LQWHUYLHZ� SURWRFRO�� ,W
LQFOXGHV� ILYH� FORVHG�HQGHG� LWHPV� �LWHPV� ��±���� IURP� WKH� ����� 3KL� 'HOWD
.DSSD�*DOOXS�(GXFDWLRQ�3ROO��1RWH�WKDW�'.�VWDQGV�IRU�³GRQ¶W�NQRZ�´�4XHVWLRQ���
DVNV� WKH� SDUWLFLSDQWV� WR�PDNH� WKHLU� UDWLQJV� XVLQJ� D� ��SRLQW� VFDOH�� 7KH� LQVWUXFWLRQ



SURYLGHG� DW� WKH� HQG� RI� TXHVWLRQ� ��� WHOOV� WKH� LQWHUYLHZHU� WR� JR� WR� LWHP� ��� LI� WKH
UHVSRQGHQW� KDV� RQH� RU� PRUH� FKLOGUHQ� LQ� D� SXEOLF�� SDURFKLDO�� RU� SULYDWH� VFKRRO�
2WKHUZLVH��WKH�LQWHUYLHZHU�LV�LQVWUXFWHG�WR�JR�GLUHFWO\�WR�LWHP�����VNLSSLQJ�LWHPV���
DQG�������7KH�SDUWLFLSDQWV�DUH�DVNHG�HDUO\�LQ�WKH�LQWHUYLHZ�ZKHWKHU�WKH\�KDYH�RQH
RU�PRUH� FKLOGUHQ� LQ� D� SXEOLF�� SDURFKLDO�� RU� SULYDWH� VFKRRO���$V� \RX� FDQ� VHH�� WKLV
LQVWUXFWLRQ�RSHUDWHV�MXVW�OLNH�D�ILOWHU�TXHVWLRQ�

�(;+,%,7�������([DPSOH�RI�D�6HFWLRQ�RI�D�7HOHSKRQH�,QWHUYLHZ�3URWRFRO��4XHVWLRQV
��±���$UH�)URP�WKH�3KL�'HOWD�.DSSD�*DOOXS�3ROO�(GXFDWLRQ�3ROO�
�����

�����7KHUH�LV�DOZD\V�D�ORW�RI�GLVFXVVLRQ�DERXW�WKH�EHVW�ZD\�WR�ILQDQFH�WKH�SXEOLF�VFKRROV��:KLFK�GR�\RX
WKLQN�LV�WKH�EHVW�ZD\�WR�ILQDQFH�WKH�SXEOLF�VFKRROV²E\�PHDQV�RI�ORFDO�SURSHUW\�WD[HV��E\�VWDWH�WD[HV�
RU�E\�WD[HV�IURP�WKH�IHGHUDO�JRYHUQPHQW�LQ�:DVKLQJWRQ��'�&�"

����/RFDO�SURSHUW\�WD[HV

����6WDWH�WD[HV

����)HGHUDO�WD[HV

�����'.�

�����5HIXVHG��BBBBBBBBBBBBBBBBB

�����,Q�\RXU�RSLQLRQ��LV�WKH�TXDOLW\�RI�WKH�SXEOLF�VFKRROV�UHODWHG�WR�WKH�DPRXQW�RI�PRQH\�VSHQW�RQ�VWXGHQWV
LQ�WKRVH�VFKRROV��RU�QRW"

����<HV

����1R

�����'.�

�����5HIXVHG��BBBBBBBBBBBBBBBBB

�����+RZ�VHULRXV�D�SUREOHP�ZRXOG�\RX�VD\�HDFK�RI�WKH�IROORZLQJ�LV�LQ�WKH�SXEOLF�VFKRROV�LQ�\RXU
FRPPXQLW\"�:RXOG�\RX�VD\��UHDG�DQG�URWDWH�$±*���LV�DUH��D�YHU\�VHULRXV�SUREOHP��IDLUO\�VHULRXV�
QRW�YHU\�VHULRXV��RU�QRW�DW�DOO�VHULRXV"

�,I�FRGH�³�´�LQ�6��RU�6���FRQWLQXH��RWKHUZLVH��VNLS�WR�����

�����7KLQNLQJ�DERXW�\RXU�ROGHVW�FKLOG�ZKHQ�KH�RU�VKH�LV�DW�VFKRRO��GR�\RX�IHDU�IRU�KLV�RU�KHU�SK\VLFDO
VDIHW\"

����<HV

����1R

�����'.�



�����5HIXVHG��BBBBBBBBBBBBBBBBB

�����:KHQ�\RXU�ROGHVW�FKLOG�LV�RXWVLGH�DW�SOD\�LQ�\RXU�RZQ�QHLJKERUKRRG��GR�\RX�IHDU�IRU�KLV�RU�KHU
SK\VLFDO�VDIHW\"

����<HV

����1R

�����'.�

�����5HIXVHG��BBBBBBBBBBBBBBBBB

�����,Q�\RXU�RSLQLRQ��VKRXOG�FKLOGUHQ�ZLWK�OHDUQLQJ�SUREOHPV�EH�SXW�LQ�WKH�VDPH�FODVVURRPV�ZLWK�RWKHU
VWXGHQWV��RU�VKRXOG�WKH\�EH�SXW�LQ�VSHFLDO�FODVVHV�RI�WKHLU�RZQ"

����<HV��VDPH�FODVVURRPV

����1R��VKRXOG�EH�SXW�LQ�VSHFLDO�FODVVHV

�����'.�

�����5HIXVHG��BBBBBBBBBBBBBBBBB
6RXUFH����3KL�'HOWD�.DSSD�,QWHUQDWLRQDO�

7KH�LQWHUYLHZ�SURWRFRO�XVHG�LQ�WKH�TXDQWLWDWLYH�LQWHUYLHZ�ORRNV�YHU\�VLPLODU�WR
D� TXHVWLRQQDLUH�� ,Q� IDFW�� PDQ\� UHVHDUFKHUV� FDOO� WKHLU� LQWHUYLHZ� SURWRFRO� D
TXHVWLRQQDLUH��H�J���%DEELH��������&RQYHUVH�	�3UHVVHU��������)UDQNIRUW�1DFKPLDV
	� 1DFKPLDV�� ������� $OWKRXJK� WKH� GDWD�FROOHFWLRQ� LQVWUXPHQWV� DUH� VLPLODU� LQ
LQWHUYLHZV�DQG�TXHVWLRQQDLUHV��WKHUH�LV�D�NH\�GLIIHUHQFH�LQ�KRZ�WKH\�DUH�XVHG��:KHQ
FRQGXFWLQJ�DQ�LQWHUYLHZ��DQ�LQWHUYLHZHU�UHDGV�WKH�TXHVWLRQV�RU�VWDWHPHQWV�H[DFWO\�DV
ZULWWHQ�RQ�WKH�LQWHUYLHZ�SURWRFRO��DQG�KH�RU�VKH�UHFRUGV�WKH�LQWHUYLHZHH¶V�DQVZHUV
LQ� WKH� VSDFHV� WKDW� DUH� SURYLGHG�� :KHQ� XVLQJ� D� TXHVWLRQQDLUH�� WKH� UHVHDUFK
SDUWLFLSDQW� UHDGV�DQG�UHFRUGV�KLV�RU�KHU�RZQ�DQVZHUV� LQ� WKH�VSDFHV�SURYLGHG�RQ
WKH�TXHVWLRQQDLUH�

7KH� ��� SULQFLSOHV� RI� TXHVWLRQQDLUH� FRQVWUXFWLRQ� GLVFXVVHG� LQ� WKH� ODVW� FKDSWHU
DOVR�DSSO\� WR� WKH�FRQVWUXFWLRQ�RI� LQWHUYLHZ�SURWRFROV��<RX�PLJKW�ZDQW� WR�H[DPLQH
WKH� OLVW� RI� SULQFLSOHV� VKRZQ� LQ� 7DEOH� ���� DJDLQ� WR� FRQYLQFH� \RXUVHOI� WKDW� WKRVH
SULQFLSOHV� DSSO\� WR� LQWHUYLHZ� SURWRFROV� DV� ZHOO�� :KHQ� ZULWLQJ� DQ� LQWHUYLHZ
SURWRFRO��WKH�NH\�SRLQW�WR�UHPHPEHU�LV�WKDW�WKH�LQWHUYLHZHU�ZLOO�UHDG�ZKDW�\RX�ZULWH
DQG� WKH� UHVHDUFK� SDUWLFLSDQW� ZLOO� KHDU� ZKDW� WKH� LQWHUYLHZHU� UHDGV�� <RX� ZLOO
WKHUHIRUH�QHHG�WR�PDNH�VXUH�WKDW�\RXU�LQWHUYLHZ�SURWRFRO�RSHUDWHV�SURSHUO\�IRU�WKDW
SXUSRVH�� <RX� PXVW� DOVR� PDNH� VXUH� WKDW� \RXU� LQWHUYLHZHUV� DUH� ZHOO� WUDLQHG� LQ
LQWHUYLHZLQJ�WHFKQLTXHV�DQG�WKH�SURSHU�XVH�RI�DQ�LQWHUYLHZ�SURWRFRO�

4XDOLWDWLYH�,QWHUYLHZV
4XDOLWDWLYH� LQWHUYLHZV� FRQVLVW� RI� RSHQ�HQGHG� TXHVWLRQV� DQG� SURYLGH

TXDOLWDWLYH�GDWD��4XDOLWDWLYH� LQWHUYLHZV� DUH� DOVR� FDOOHG�GHSWK� LQWHUYLHZV� EHFDXVH
WKH\� FDQ� EH� XVHG� WR� REWDLQ� LQ�GHSWK� LQIRUPDWLRQ� DERXW� D� SDUWLFLSDQW¶V� WKRXJKWV�
EHOLHIV��NQRZOHGJH��UHDVRQLQJ��PRWLYDWLRQV��DQG�IHHOLQJV�DERXW�D�WRSLF��4XDOLWDWLYH
LQWHUYLHZLQJ� DOORZV� D� UHVHDUFKHU� WR� HQWHU� LQWR� WKH� LQQHU�ZRUOG� RI� DQRWKHU� SHUVRQ



DQG� WR� JDLQ� DQ� XQGHUVWDQGLQJ� RI� WKDW� SHUVRQ¶V� SHUVSHFWLYH� �3DWWRQ�� ������� 7KH
LQWHUYLHZHU�PXVW�HVWDEOLVK�WUXVW�DQG�UDSSRUW��PDNLQJ�LW�HDV\�IRU�WKH�LQWHUYLHZHH�WR
SURYLGH�LQIRUPDWLRQ�DERXW�KLV�RU�KHU�LQQHU�ZRUOG�

��4XDOLWDWLYH�LQWHUYLHZ�$Q�LQWHUYLHZ�SURYLGLQJ�TXDOLWDWLYH�GDWD

7KH� LQWHUYLHZHU� VKRXOG� OLVWHQ� FDUHIXOO\� DQG� EH� WKH� UHSRVLWRU\� RI� GHWDLOHG
LQIRUPDWLRQ��7KH�LQWHUYLHZHU�VKRXOG�DOVR�EH�DUPHG�ZLWK�SUREHV�RU�SURPSWV�WR�XVH
ZKHQ� JUHDWHU� FODULW\� RU� GHSWK� LV� QHHGHG� IURP� WKH� SHUVRQ� EHLQJ� LQWHUYLHZHG�� )RU
H[DPSOH�� WKH� LQWHUYLHZHU� VKRXOG� IUHHO\� XVH� WKH� SUREHV� VKRZQ� LQ� 7DEOH� ����� 7KH
LQWHUYLHZHU�FDQ�DOVR�DVN�IROORZ�XS�TXHVWLRQV�WKDW�PD\�QDWXUDOO\�HPHUJH�GXULQJ�WKH
TXDOLWDWLYH�LQWHUYLHZ��$�TXDOLWDWLYH�LQWHUYLHZ�ZLOO�W\SLFDOO\�ODVW�DQ\ZKHUH�IURP���
PLQXWHV�WR�PRUH�WKDQ���KRXU�

1RW� VXUSULVLQJO\�� TXDOLWDWLYH� LQWHUYLHZV� DUH� YHU\� SRSXODU� ZLWK� TXDOLWDWLYH
UHVHDUFKHUV�� ,W� LV� QRW� XQFRPPRQ�� KRZHYHU�� IRU� TXDQWLWDWLYH� UHVHDUFKHUV� DOVR� WR
FRQGXFW� VRPH� TXDOLWDWLYH� LQWHUYLHZV� DV� SDUW� RI� WKHLU� RYHUDOO� UHVHDUFK� VWXG\�� 7KH
WKUHH� W\SHV� RI� TXDOLWDWLYH� LQWHUYLHZV� DUH� VKRZQ� LQ� 7DEOH� ����� WKH� LQIRUPDO
FRQYHUVDWLRQDO�LQWHUYLHZ��WKH�LQWHUYLHZ�JXLGH�DSSURDFK��DQG�WKH�VWDQGDUGL]HG�RSHQ�
HQGHG� LQWHUYLHZ�� 7KH� NH\� FKDUDFWHULVWLFV� RI� WKHVH� WKUHH� W\SHV� RI� TXDOLWDWLYH
LQWHUYLHZV�DUH�DOVR�JLYHQ�LQ�7DEOH�����

7KH� LQIRUPDO� FRQYHUVDWLRQDO� LQWHUYLHZ� LV� WKH�PRVW� VSRQWDQHRXV� DQG� ORRVHO\
VWUXFWXUHG� RI� WKH� WKUHH� W\SHV� RI� TXDOLWDWLYH� LQWHUYLHZV��7KH� LQWHUYLHZHU� GLVFXVVHV
WKH� WRSLFV� RI� LQWHUHVW� DQG� IROORZV� DOO� OHDGV� WKDW� HPHUJH� GXULQJ� WKH� GLVFXVVLRQ�
%HFDXVH�WKH�LQIRUPDO�FRQYHUVDWLRQDO�LQWHUYLHZ�GRHV�QRW�XVH�DQ�LQWHUYLHZ�SURWRFRO�
LW�LV�D�JRRG�LGHD�WR�WDSH�UHFRUG�WKH�LQWHUYLHZ�VR�WKDW�QR�LPSRUWDQW�LQIRUPDWLRQ�ZLOO
EH�ORVW��0DQ\�WLPHV�WKH�LQWHUYLHZ�ZLOO�RFFXU�DW�DQ�XQH[SHFWHG�RU�XQVFKHGXOHG�WLPH�
KRZHYHU��DQG�UHFRUGLQJ�LW�ZLOO�QRW�EH�SRVVLEOH��7KHUHIRUH��\RX�VKRXOG�DOZD\V�WDNH
VRPH�ILHOG�QRWHV�GXULQJ�WKH�LQIRUPDO�FRQYHUVDWLRQDO� LQWHUYLHZ�DQG�RU�LPPHGLDWHO\
DIWHU�FRQGXFWLQJ�WKH�LQWHUYLHZ�

��,QIRUPDO�FRQYHUVDWLRQDO�LQWHUYLHZ�6SRQWDQHRXV��ORRVHO\�VWUXFWXUHG
LQWHUYLHZ

,Q�WKH�QH[W�DSSURDFK�WR�TXDOLWDWLYH�LQWHUYLHZLQJ��WKH�LQWHUYLHZ�JXLGH�DSSURDFK�
WKH�LQWHUYLHZHU�HQWHUV�WKH�LQWHUYLHZ�VHVVLRQ�ZLWK�D�SODQ�WR�H[SORUH�VSHFLILF�WRSLFV
DQG� WR� DVN� VSHFLILF� RSHQ�HQGHG� TXHVWLRQV� RI� WKH� LQWHUYLHZHH�� 7KHVH� WRSLFV� DQG
TXHVWLRQV�DUH�SURYLGHG�RQ�DQ� LQWHUYLHZ�SURWRFRO�ZULWWHQ�E\� WKH�UHVHDUFKHU�EHIRUH
WKH� LQWHUYLHZ� VHVVLRQ�� 7KH� LQWHUYLHZHU�� KRZHYHU�� GRHV� QRW� KDYH� WR� IROORZ� WKHVH
WRSLFV�DQG�TXHVWLRQV�GXULQJ�WKH�LQWHUYLHZ�LQ�DQ\�SDUWLFXODU�RUGHU��7KH�LQWHUYLHZHU
FDQ�DOVR�FKDQJH� WKH�ZRUGLQJ�RI� DQ\�TXHVWLRQV� OLVWHG� LQ� WKH� LQWHUYLHZ�SURWRFRO�� ,Q
VKRUW��WKH�LQWHUYLHZ�VHVVLRQ�LV�VWLOO�D�UHODWLYHO\�XQVWUXFWXUHG�LQWHUDFWLRQ�EHWZHHQ�WKH
LQWHUYLHZHU� DQG� WKH� LQWHUYLHZHH�� $W� WKH� VDPH� WLPH�� EHFDXVH� RI� WKH� LQWHUYLHZ
SURWRFRO��WKH�LQWHUYLHZHU�ZLOO�FRYHU�WKH�VDPH�JHQHUDO�WRSLFV�DQG�TXHVWLRQV�ZLWK�DOO
RI� WKH� LQWHUYLHZHHV�� 7KH� LQWHUYLHZHU� PXVW� WU\� WR� NHHS� WKH� LQWHUYLHZ� RQ� WUDFN�



EULQJLQJ�WKH�UHVSRQGHQW�EDFN�ZKHQ�KH�RU�VKH�JRHV�RII�RQ�D�WRSLF�WKDW�LV�QRW�UHOHYDQW
WR�WKH�UHVHDUFK�SXUSRVH�

��,QWHUYLHZ�JXLGH�DSSURDFK�6SHFLILF�WRSLFV�DQG�RU�RSHQ�HQGHG�TXHVWLRQV�DUH
DVNHG�LQ�DQ\�RUGHU�

&URVV�DQG�6WHZDUW��������XVHG�WKH�LQWHUYLHZ�JXLGH�DSSURDFK�LQ� WKHLU�VWXG\�RI
ZKDW� LW� LV� OLNH� WR� EH� D� JLIWHG� VWXGHQW� DWWHQGLQJ� D� UXUDO� KLJK� VFKRRO�� 7KH\� ZHUH
LQWHUHVWHG�LQ�WKH�H[SHULHQFHV�RI�JLIWHG�VWXGHQWV�DWWHQGLQJ�UXUDO�KLJK�VFKRROV��JLIWHG
VWXGHQWV�DWWHQGLQJ�XUEDQ�VFKRROV�KDG�EHHQ�H[DPLQHG�LQ�SUHYLRXV�UHVHDUFK��+HUH�LV
&URVV� DQG� 6WHZDUW¶V� GLVFXVVLRQ� RI� WKH� TXDOLWDWLYH� LQWHUYLHZLQJ� SURFHVV� WKDW� WKH\
XVHG�LQ�WKHLU�UHVHDUFK�VWXG\�IROORZHG�E\�WKH�RSHQ�HQGHG�TXHVWLRQV�WKDW�WKH\�XVHG�WR
HOLFLW�LQIRUPDWLRQ�DERXW�WKH�VWXGHQWV¶�H[SHULHQFHV�

7R�REWDLQ�KLJKO\�HODERUDWHG�GHVFULSWLRQV��WKH�UHVHDUFKHUV�DVNHG�SDUWLFLSDQWV�WR
VLWXDWH� WKHLU� H[SHULHQFHV� LQ� VSHFLILF� VHWWLQJV�� 7KH� SURFHVV� DWWHPSWHG� WR� JHW
VXEMHFWV� WR� UHJUHVV� WR� WKH� DFWXDO� H[SHULHQFH� VR� WKDW� SXUH� GHVFULSWLRQV� ZRXOG
HPHUJH�� 7KH� LQWHUYLHZV� FRQVLVWHG� RI� D� EHJLQQLQJ� TXHVWLRQ�� ZKLFK� DVNHG
VXEMHFWV�

�� � :KHQ� \RX� WKLQN� RI� \RXU� H[SHULHQFH� RI� EHLQJ� D� VWXGHQW� LQ� \RXU� KLJK
VFKRRO��ZKDW�VWDQGV�RXW�LQ�\RXU�PLQG"

)ROORZ�XS�TXHVWLRQV�LQFOXGHG�

���&DQ�\RX�WKLQN�RI�D�SDUWLFXODU�VLWXDWLRQ�DQG�GHVFULEH�LW�WR�PH"

$IWHU�WKH�VXEMHFW�GHVFULEHG�WKH�VLWXDWLRQ��WKH�UHVHDUFKHU�ZRXOG�IROORZ�XS�ZLWK
SURPSWV�OLNH�

���7HOO�PH�PRUH�DERXW�WKDW��RU
���:KDW�ZHUH�\RX�DZDUH�RI�DW�WKDW�WLPH"

:KHQ�VXEMHFWV�H[KDXVWHG�WKHLU�GHSLFWLRQV��WKH�UHVHDUFKHU�DVNHG�

���&DQ�\RX�WKLQN�RI�DQRWKHU�WLPH�ZKHQ�WKDW�KDSSHQHG"

$W� WKLV� SRLQW�� WKH� DIRUHPHQWLRQHG� SURFHVV� ZRXOG� UHSHDW�� 7KH� UHVHDUFKHU
DWWHQGHG� WR� WKH� LGHDV� FRQYH\HG� E\� WKH� VXEMHFWV� DQG� WULHG� QRW� WR� OHDG� WKH
LQWHUYLHZV� LQ� DQ\� GLUHFWLRQ�� 7KH� LQWHUYLHZV� UDQJHG� LQ� OHQJWK� IURP� ��� WR� ��
PLQXWHV��$OO� LQWHUYLHZV�ZHUH� UHFRUGHG�RQ�FDVVHWWH� WDSH�DQG� ODWHU� WUDQVFULEHG�
�S������

,Q�WKH�WKLUG�DSSURDFK�WR�TXDOLWDWLYH�LQWHUYLHZLQJ��WKH�VWDQGDUGL]HG�RSHQ�HQGHG
LQWHUYLHZ�� WKH� LQWHUYLHZHU� HQWHUV� WKH� LQWHUYLHZ� VHVVLRQ� ZLWK� D� VWDQGDUGL]HG



LQWHUYLHZ� SURWRFRO� VLPLODU� WR� WKH� LQWHUYLHZ� SURWRFRO� XVHG� LQ� TXDQWLWDWLYH
LQWHUYLHZLQJ��7KH�NH\�GLIIHUHQFH� LV� WKDW� WKH� LQWHUYLHZ�SURWRFRO� LQ� WKH�TXDQWLWDWLYH
LQWHUYLHZ�LQFOXGHV�SULPDULO\�FORVHG�HQGHG�LWHPV��EXW�WKH�LQWHUYLHZ�SURWRFRO�LQ�WKH
VWDQGDUGL]HG� RSHQ�HQGHG� LQWHUYLHZ� LQFOXGHV� SULPDULO\� RSHQ�HQGHG� LWHPV�� 7KH
VWDQGDUGL]HG� RSHQ�HQGHG� LQWHUYLHZ�� LQ�ZKLFK� WKH� LQWHUYLHZHU� GRHV� QRW� YDU\� IURP
WKH� LQWHUYLHZ� SURWRFRO�� LV� PRUH� VWUXFWXUHG� WKDQ� WKH� LQWHUYLHZ� JXLGH� DSSURDFK� WR
TXDOLWDWLYH�LQWHUYLHZLQJ��LQ�ZKLFK�WKH�LQWHUYLHZHU�FDQ�YDU\�IURP�WKH�SURWRFRO��,Q�WKH
VWDQGDUGL]HG� RSHQ�HQGHG� LQWHUYLHZ�� WKH� TXHVWLRQV� DUH� DOO� ZULWWHQ� RXW�� DQG� WKH
LQWHUYLHZHU� UHDGV� WKH� TXHVWLRQV� H[DFWO\� DV� ZULWWHQ� DQG� LQ� WKH� VDPH� RUGHU� WR� DOO
LQWHUYLHZHHV�

��6WDQGDUGL]HG�RSHQ�HQGHG�LQWHUYLHZ�$�VHW�RI�RSHQ�HQGHG�TXHVWLRQV�DUH
DVNHG�LQ�D�VSHFLILF�RUGHU�DQG�H[DFWO\�DV�ZRUGHG�
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�������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�TXDQWLWDWLYH
DQG�D�TXDOLWDWLYH�LQWHUYLHZ"

)2&86�*52836

$�IRFXV�JURXS�LV�D�W\SH�RI�JURXS�LQWHUYLHZ�LQ�ZKLFK�D�PRGHUDWRU��ZRUNLQJ�IRU�WKH
UHVHDUFKHU�� OHDGV� D� GLVFXVVLRQ� ZLWK� D� VPDOO� JURXS� RI� LQGLYLGXDOV� �H�J��� VWXGHQWV�
WHDFKHUV�� WHHQDJHUV�� WR� H[DPLQH�� LQ� GHWDLO�� KRZ� WKH�JURXS�PHPEHUV� WKLQN� DQG� IHHO
DERXW� D� WRSLF�� ,W� LV� FDOOHG� D� ³IRFXV´� JURXS� EHFDXVH� WKH� PRGHUDWRU� NHHSV� WKH
LQGLYLGXDOV� LQ� WKH� JURXS� IRFXVHG� RQ� WKH� WRSLF� EHLQJ� GLVFXVVHG�� 7KH� PRGHUDWRU
JHQHUDWHV�JURXS�GLVFXVVLRQ�WKURXJK�WKH�XVH�RI�RSHQ�HQGHG�TXHVWLRQV��DQG�KH�RU�VKH
DFWV�DV�D�IDFLOLWDWRU�RI�JURXS�SURFHVV��)RFXV�JURXSV�DUH�XVHG�WR�FROOHFW�TXDOLWDWLYH
GDWD�WKDW�DUH�LQ�WKH�ZRUGV�RI� WKH�JURXS�SDUWLFLSDQWV��7KH�RULJLQ�RI�IRFXV�JURXSV�LV
XVXDOO\�DWWULEXWHG�WR�VRFLRORJLVW�5REHUW�.��0HUWRQ��+H�DQG�KLV�&ROXPELD�8QLYHUVLW\
VWXGHQWV�SXEOLVKHG�WKH�HDUOLHVW�ZRUNV�RQ�IRFXV�JURXSV��0HUWRQ��)LVNH��	�.HQGDOO�
������0HUWRQ�	�.HQGDOO��������

��)RFXV�JURXS�$�PRGHUDWRU�OHDGV�D�GLVFXVVLRQ�ZLWK�D�VPDOO�JURXS�RI�SHRSOH�

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

)RFXV�JURXSV�FDQ�EH�XVHG� IRU�PXOWLSOH�SXUSRVHV��+HUH�DUH� VHYHQ�RI� WKH�PDQ\
XVHV�RI�IRFXV�JURXSV�LGHQWLILHG�E\�6WHZDUW��6KDPGDVDQL��DQG�5RRN��������

����2EWDLQLQJ�JHQHUDO�EDFNJURXQG�LQIRUPDWLRQ�DERXW�D�WRSLF�RI�LQWHUHVW�

����*HQHUDWLQJ�UHVHDUFK�K\SRWKHVHV�WKDW�FDQ�EH�VXEPLWWHG�WR�IXUWKHU�UHVHDUFK�DQG
WHVWLQJ�XVLQJ�PRUH�TXDQWLWDWLYH�DSSURDFKHV�������



����6WLPXODWLQJ�QHZ�LGHDV�DQG�FUHDWLYH�FRQFHSWV�

����'LDJQRVLQJ�WKH�SRWHQWLDO�IRU�SUREOHPV�ZLWK�D�QHZ�SURJUDP��VHUYLFH��RU
SURGXFW�

����*HQHUDWLQJ�LPSUHVVLRQV�RI�SURGXFWV��SURJUDPV��VHUYLFHV��LQVWLWXWLRQV��RU
RWKHU�REMHFWV�RI�LQWHUHVW�

����/HDUQLQJ�KRZ�UHVSRQGHQWV�WDON�DERXW�WKH�SKHQRPHQRQ�RI�LQWHUHVW��ZKLFK�PD\�
LQ�WXUQ��IDFLOLWDWH�WKH�GHVLJQ�RI�TXHVWLRQQDLUHV��VXUYH\�LQVWUXPHQWV��RU�RWKHU
UHVHDUFK�WRROV�WKDW�PLJKW�EH�HPSOR\HG�LQ�PRUH�TXDQWLWDWLYH�UHVHDUFK���DQG

����,QWHUSUHWLQJ�SUHYLRXVO\�REWDLQHG�TXDQWLWDWLYH�UHVXOWV���S������

$� IRFXV� JURXS� LV� FRPSRVHG� RI� �� WR� ��� SDUWLFLSDQWV� ZKR� DUH� SXUSRVLYHO\
VHOHFWHG� EHFDXVH� WKH\� FDQ� SURYLGH� WKH� NLQG� RI� LQIRUPDWLRQ� RI� LQWHUHVW� WR� WKH
UHVHDUFKHU��$� IRFXV�JURXS� LV�XVXDOO\�KRPRJHQHRXV� �FRPSRVHG�RI� VLPLODU�NLQGV�RI
SHRSOH�� EHFDXVH� WKH� XVH� RI� D� KRPRJHQHRXV� JURXS� SURPRWHV� GLVFXVVLRQ�
+RPRJHQHRXV�JURXSV�DUH�OHVV�OLNHO\�WKDQ�KHWHURJHQHRXV�JURXSV�WR�IRUP�FOLTXHV�DQG
FRDOLWLRQV��8VLQJ�WZR�WR�IRXU�IRFXV�JURXSV�DV�SDUW�RI�D�VLQJOH�UHVHDUFK�VWXG\�LV�TXLWH
FRPPRQ�EHFDXVH�LW�LV�XQZLVH�WR�UHO\�WRR�KHDYLO\�RQ�WKH�LQIRUPDWLRQ�SURYLGHG�E\�D
VLQJOH� IRFXV�JURXS��$OWKRXJK�HDFK� IRFXV�JURXS� LV�XVXDOO\�KRPRJHQHRXV�� WKH�VHW�RI
IRFXV�JURXSV�XVHG�E\�WKH�UHVHDUFKHU�PD\�LQFOXGH�VRPH�KHWHURJHQHLW\��GHSHQGLQJ�RQ
WKH�SXUSRVH�RI�WKH�UHVHDUFK�

7KH�JURXS�PRGHUDWRU� �WKH� SHUVRQ� OHDGLQJ� WKH� IRFXV� JURXS� GLVFXVVLRQ�� PXVW
KDYH� JRRG� LQWHUSHUVRQDO� VNLOOV�� DQG� KH� RU� VKH�PXVW� NQRZ�KRZ� WR� IDFLOLWDWH� JURXS
GLVFXVVLRQ��+H�RU�VKH�QHHGV�WR�JHW�HYHU\RQH�LQYROYHG�LQ�GLVFXVVLQJ�WKH�UHVHDUFKHU¶V
TXHVWLRQV�DQG�QRW�DOORZ�RQH�RU�WZR�SHRSOH�WR�GRPLQDWH�WKH�GLVFXVVLRQ��,I�FRQIOLFWV
RU�SRZHU�VWUXJJOHV�RFFXU��WKH�PRGHUDWRU�PXVW�VNLOOIXOO\�EULQJ�WKH�JURXS�EDFN�WR�WKH
WDVN�� 7KH�PRGHUDWRU�PXVW� NQRZ�ZKHQ� WR� SUREH� RU� DVN� IRU�PRUH� LQIRUPDWLRQ� DQG
NQRZ�ZKHQ� WKH� GLVFXVVLRQ� DERXW� D� SDUWLFXODU� WRSLF� KDV� EHHQ� H[KDXVWHG�� ,W� LV� QRW
XQFRPPRQ�IRU�WKH�PRGHUDWRU�WR�KDYH�DQ�DVVLVWDQW�ZKR�REVHUYHV�WKH�JURXS�SURFHVV�
SURYLGHV� LQIRUPDWLRQ� WR� WKH� PRGHUDWRU� ZKHQ� QHHGHG�� DQG� WDNHV� QRWHV� GXULQJ� WKH
VHVVLRQ��6RPH�XVHIXO�PRGHUDWRU�UROHV��RU�PHWDSKRUV��DUH�WKH�VHHNHU�RI�ZLVGRP��WKH
HQOLJKWHQHG�QRYLFH��WKH�H[SHUW�FRQVXOWDQW��WKH�FKDOOHQJHU��WKH�UHIHUHH��WKH�ZULWHU��WKH
WHDP�PHPEHU��WKH�WKHUDSLVW��DQG�WKH�VHULDO�LQWHUYLHZHU��.UXHJHU��������

��*URXS�PRGHUDWRU�7KH�SHUVRQ�OHDGLQJ�WKH�IRFXV�JURXS�GLVFXVVLRQ

7KH� IRFXV� JURXS� PRGHUDWRU� QHHGV� WR� FRYHU� DOO� WKH� RSHQ�HQGHG� TXHVWLRQV
LQFOXGHG�LQ�WKH�IRFXV�JURXS�LQWHUYLHZ�SURWRFRO��7KH�LQWHUYLHZ�SURWRFRO�LV�EDVLFDOO\
DQ�LQWHUYLHZ�JXLGH��,W�W\SLFDOO\�FRQVLVWV�RI�D�VKHHW�RI�SDSHU�ZLWK�DSSUR[LPDWHO\���
RSHQ�HQGHG�TXHVWLRQV�RQ�LW��7KH�PRUH�JHQHUDO�TXHVWLRQV�DUH�RIWHQ�SODFHG�HDUO\�DQG
WKH�PRUH�VSHFLILF�TXHVWLRQV�SODFHG�ODWHU�LQ�WKH�LQWHUYLHZ�SURWRFRO��7KH�PRGHUDWRU
PD\�KDYH�DQ\ZKHUH�IURP���WR���KRXUV�WR�FRPSOHWH�WKH�JURXS�VHVVLRQ��7KH�PRGHUDWRU
GRHV� QRW� KDYH� WR� WDNH� PDQ\� QRWHV� GXULQJ� WKH� VHVVLRQ� EHFDXVH� IRFXV� JURXSV� DUH



DOPRVW� DOZD\V� UHFRUGHG� �XVLQJ� DXGLR�� DQG�RU� YLGHRWDSH�� VR� WKDW� WKH� GDWD� FDQ� EH
DQDO\]HG�ODWHU�

)RFXV�JURXSV�DUH�HVSHFLDOO\�XVHIXO� DV�D�FRPSOHPHQW� WR�RWKHU�PHWKRGV�RI�GDWD
FROOHFWLRQ��7KH\�DUH�YHU\�XVHIXO�IRU�SURYLGLQJ�LQ�GHSWK�LQIRUPDWLRQ�LQ�D�UHODWLYHO\
VKRUW� SHULRG� RI� WLPH�� ,Q� DGGLWLRQ�� WKH� UHVXOWV� DUH� XVXDOO\� HDV\� WR� XQGHUVWDQG�
5HVHDUFKHUV�PXVW��KRZHYHU��EH�YHU\�FDUHIXO� LQ�PDNLQJ�JHQHUDOL]DWLRQV� IURP�IRFXV
JURXSV� EHFDXVH� WKH� VDPSOH� VL]H� W\SLFDOO\� LV� WRR� VPDOO� DQG� WKH� SDUWLFLSDQWV� DUH
XVXDOO\� QRW� UDQGRPO\� VHOHFWHG� IURP� DQ\� NQRZQ� SRSXODWLRQ�� ,I� \RX� QHHG� PRUH
LQIRUPDWLRQ�DERXW�IRFXV�JURXSV��H[DPLQH�7KH�)RFXV�*URXS�.LW��0RUJDQ�	�.UXHJHU�
������
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�������:K\�ZRXOG�D�UHVHDUFKHU�ZDQW�WR�FRQGXFW�D
IRFXV�JURXS"

2%6(59$7,21
7KH� QH[W�PHWKRG� RI� GDWD� FROOHFWLRQ� LQYROYHV� VRPHWKLQJ� WKDW� \RX� GR�PRVW� RI� \RXU
ZDNLQJ� KRXUV�� REVHUYLQJ� WKLQJV�� 5HVHDUFKHUV� DUH� DOVR� REVHUYHUV� RI� WKLQJV� LQ� WKH
ZRUOG��,Q�UHVHDUFK��REVHUYDWLRQ� LV�GHILQHG�DV� WKH�ZDWFKLQJ�RI�EHKDYLRUDO�SDWWHUQV
RI� SHRSOH� LQ� FHUWDLQ� VLWXDWLRQV� WR� REWDLQ� LQIRUPDWLRQ� DERXW� WKH� SKHQRPHQRQ� RI
LQWHUHVW��7KH�REVHUYHU�VKRXOG�DWWHPSW�WR�EH�XQREWUXVLYH�VR�DV�QRW�WR�DIIHFW�ZKDW�LV
EHLQJ�REVHUYHG��2EVHUYDWLRQ� LV� DQ� LPSRUWDQW�ZD\�RI� FROOHFWLQJ� LQIRUPDWLRQ� DERXW
SHRSOH�EHFDXVH�SHRSOH�GR�QRW�DOZD\V�GR�ZKDW�WKH\�VD\�WKH\�GR��,W�LV�D�PD[LP�LQ�WKH
VRFLDO� DQG� EHKDYLRUDO� VFLHQFHV� WKDW� DWWLWXGHV� DQG� EHKDYLRU� DUH� QRW� DOZD\V
FRQJUXHQW�

��2EVHUYDWLRQ�:DWFKLQJ�WKH�EHKDYLRUDO�SDWWHUQV�RI�SHRSOH

$� FODVVLF� VWXG\� GRQH� E\� D� VRFLDO� VFLHQWLVW� QDPHG� 5LFKDUG� /D3LHUH� ������
GHPRQVWUDWHG�PDQ\�\HDUV�DJR�WKDW�DWWLWXGHV�DQG�EHKDYLRUV�DUH�QRW�DOZD\V�FRQJUXHQW�
/D3LHUH�WUDYHOHG�PRUH�WKDQ��������PLOHV�LQ�WKH�8QLWHG�6WDWHV�RYHU�D���\HDU�SHULRG
�����±������ZLWK�D�&KLQHVH�FRXSOH��/D3LHUH�XVXDOO\�KDG�WKH�&KLQHVH�PDOH�VHFXUH
WKH� ORGJLQJ� DQG� UHVWDXUDQW� DFFRPPRGDWLRQV� VR� WKDW� KH� FRXOG� REVHUYH� EHKDYLRU
WRZDUG�WKH�&KLQHVH��/D3LHUH�UHSRUWHG�WKDW�KH�DQG�KLV�IULHQGV�ZHUH�GHQLHG�VHUYLFH
RQO\� RQFH�� /D3LHUH� ODWHU� VHQW� D� TXHVWLRQQDLUH� WR� WKH� VDPH� HVWDEOLVKPHQWV� DVNLQJ
ZKHWKHU�D�&KLQHVH�SHUVRQ�ZRXOG�EH�DFFHSWHG�DV�D�JXHVW��)XOO\����SHUFHQW�UHSRUWHG
WKDW�WKH\�ZRXOG�QRW�DFFHSW�&KLQHVH�FXVWRPHUV��7KLV�UHSRUWHG�DWWLWXGH�ZDV�FOHDUO\�DW
RGGV�ZLWK�WKH�REVHUYHG�EHKDYLRU�

%HFDXVH� RI� WKH� SRWHQWLDO� LQFRQJUXHQFH� EHWZHHQ� DWWLWXGHV� DQG� EHKDYLRU�� LW� LV
KHOSIXO�IRU�UHVHDUFKHUV�WR�FROOHFW�REVHUYDWLRQDO�GDWD�LQ�DGGLWLRQ�WR�VHOI�UHSRUW�GDWD
�H�J��� WHVWV�� TXHVWLRQQDLUHV�� LQWHUYLHZV�� DQG� IRFXV� JURXSV��� $Q� DGYDQWDJH� RI
REVHUYDWLRQ� RYHU� VHOI�UHSRUW�PHWKRGV� LV� WKH� UHVHDUFKHU¶V� DELOLW\� WR� UHFRUG� DFWXDO
EHKDYLRU� UDWKHU� WKDQ� REWDLQ� UHSRUWV� RI� SUHIHUHQFHV� RU� LQWHQGHG� EHKDYLRU�



2EVHUYDWLRQ� LV� QRW� ZLWKRXW� ZHDNQHVVHV�� KRZHYHU�� VRPH� RI� ZKLFK� DUH� WKDW� LW
JHQHUDOO\�WDNHV�PRUH�WLPH�WKDQ�VHOI�UHSRUW�DSSURDFKHV��LW�XVXDOO\�FRVWV�PRUH�PRQH\
WKDQ� VHOI�UHSRUW� DSSURDFKHV�� GHWHUPLQLQJ� H[DFWO\� ZK\� SHRSOH� EHKDYH� DV� WKH\� GR
�L�H��� GHWHUPLQLQJ� WKHLU� LQQHU� VWDWHV�� PD\� QRW� EH� SRVVLEOH� WKURXJK� WKH� XVH� RI
REVHUYDWLRQV�� DQG� SHRSOH� PD\� DFW� GLIIHUHQWO\� ZKHQ� WKH\� NQRZ� WKH\� DUH� EHLQJ
REVHUYHG�

2EVHUYDWLRQDO� GDWD� DUH� FROOHFWHG� LQ� WZR� GLIIHUHQW� W\SHV� RI� HQYLURQPHQWV�
/DERUDWRU\�REVHUYDWLRQ�LV�FDUULHG�RXW�LQ�VHWWLQJV�WKDW�DUH�VHW�XS�E\�WKH�UHVHDUFKHU
LQVLGH�WKH�FRQILQHV�RI�D�UHVHDUFK�ODE��$Q�H[DPSOH�ZRXOG�EH�REVHUYLQJ�WKH�EHKDYLRU
RI�FKLOGUHQ� WKURXJK�D�RQH�ZD\�ZLQGRZ�LQ� WKH�UHVHDUFKHU¶V� ODERUDWRU\��$�RQH�ZD\
ZLQGRZ� LV�D�PLUURU�RQ�RQH�VLGH�DQG�D�ZLQGRZ� WKURXJK�ZKLFK� WKH� UHVHDUFKHU�FDQ
REVHUYH�RQ�WKH�RWKHU��1DWXUDOLVWLF�REVHUYDWLRQ�LV�FDUULHG�RXW�LQ�WKH�UHDO�ZRUOG��7R
PDNH� D� QDWXUDOLVWLF� REVHUYDWLRQ�� \RX� PXVW� JR� WR� ZKHUHYHU� WKH� EHKDYLRU� RFFXUV
QDWXUDOO\��)RU�H[DPSOH��/D3LHUH��������PDGH�QDWXUDOLVWLF�REVHUYDWLRQV�EHFDXVH�KH
REVHUYHG� WKH� EHKDYLRU� RI� KRWHO� DQG� UHVWDXUDQW� SURSULHWRUV� LQ� WKHLU� XVXDO� VHWWLQJV�
2EVHUYLQJ� WKH� EHKDYLRU� RI� FKLOGUHQ� LQ� WKHLU� FODVVURRPV� LV� DQRWKHU� H[DPSOH� RI
QDWXUDOLVWLF� REVHUYDWLRQ�� :H� QRZ� FRQWUDVW� KRZ� TXDQWLWDWLYH� DQG� TXDOLWDWLYH
UHVHDUFKHUV�FROOHFW�REVHUYDWLRQDO�GDWD�

��/DERUDWRU\�REVHUYDWLRQ�2EVHUYDWLRQ�GRQH�LQ�WKH�ODE�RU�RWKHU�VHWWLQJ�VHW�XS
E\�WKH�UHVHDUFKHU

��1DWXUDOLVWLF�REVHUYDWLRQ�2EVHUYDWLRQ�GRQH�LQ�UHDO�ZRUOG�VHWWLQJV

4XDQWLWDWLYH�2EVHUYDWLRQ
4XDQWLWDWLYH� �RU� VWUXFWXUHG�� REVHUYDWLRQ� LQYROYHV� WKH� VWDQGDUGL]DWLRQ� RI� DOO

REVHUYDWLRQDO�SURFHGXUHV�LQ�RUGHU�WR�REWDLQ�UHOLDEOH�UHVHDUFK�GDWD��,W�RIWHQ�LQYROYHV
WKH�VWDQGDUGL]DWLRQ�RI�HDFK�RI�WKH�IROORZLQJ��ZKR�LV�REVHUYHG��ZKDW�NLQGV�RI�SHRSOH
DUH�WR�EH�VWXGLHG��VXFK�DV�WHDFKHUV�RU�VWXGHQWV���ZKDW�LV�REVHUYHG��ZKDW�YDULDEOHV
DUH�WR�EH�REVHUYHG�E\�WKH�UHVHDUFKHU��VXFK�DV�WLPH�RQ�WDVN�RU�RXW�RI�VHDW�EHKDYLRU��
ZKHQ� WKH� REVHUYDWLRQV� DUH� WR� WDNH� SODFH� �GXULQJ� WKH� PRUQLQJ� KRXU�� GXULQJ� EUHDN
WLPH��� ZKHUH� WKH� REVHUYDWLRQV� DUH� WR� EH� FDUULHG� RXW� �LQ� WKH� ODERUDWRU\�� LQ� WKH
FODVVURRP�� LQ� WKH� OXQFKURRP�� LQ� WKH� OLEUDU\�� RQ� WKH� SOD\JURXQG��� DQG� KRZ� WKH
REVHUYDWLRQV� DUH� WR� EH�GRQH� �WKLV� LQYROYHV� WKH� H[WHQVLYH� WUDLQLQJ�RI� REVHUYHUV� VR
WKDW� WKH\� XVH� WKH� VDPH� SURFHGXUHV� DQG� VR� WKDW� KLJK� LQWHUUDWHU� UHOLDELOLW\� FDQ� EH
REWDLQHG��� 4XDQWLWDWLYH� REVHUYDWLRQ� XVXDOO\� UHVXOWV� LQ� TXDQWLWDWLYH� GDWD�� VXFK� DV
FRXQWV�RU�IUHTXHQFLHV�DQG�SHUFHQWDJHV�

��4XDQWLWDWLYH�REVHUYDWLRQ�6WDQGDUGL]HG�REVHUYDWLRQ

'LIIHUHQW�HYHQWV�PD\�EH�RI� LQWHUHVW� LQ�TXDQWLWDWLYH�REVHUYDWLRQ� �:HLFN��������
)LUVW�� WKH� UHVHDUFKHU� PD\� REVHUYH� QRQYHUEDO� EHKDYLRU� �ERG\� PRYHPHQWV�� IDFLDO



H[SUHVVLRQV��SRVWXUH��H\H�FRQWDFW��HWF����6HFRQG��WKH�UHVHDUFKHU�PD\�REVHUYH�VSDWLDO
EHKDYLRU� �WKH�GLVWDQFH�EHWZHHQ�GLIIHUHQW�SHRSOH�DQG� WKH�GLVWDQFH�EHWZHHQ�SHRSOH
DQG� REMHFWV��� 7KLUG�� WKH� UHVHDUFKHU� PD\� REVHUYH� H[WUDOLQJXLVWLF� EHKDYLRU
�FKDUDFWHULVWLFV� RI� VSHHFK� VXFK� DV� UDWH�� WRQH�� DQG�YROXPH���)RXUWK�� WKH� UHVHDUFKHU
PD\�FKRRVH�WR�REVHUYH�OLQJXLVWLF�EHKDYLRU��ZKDW�SHRSOH�VD\�DQG�ZKDW�WKH\�ZULWH��

4XDQWLWDWLYH�REVHUYDWLRQ�PLJKW�DOVR�LQYROYH�REVHUYDWLRQDO�VDPSOLQJ�WHFKQLTXHV�
2QH� WHFKQLTXH� LV� FDOOHG� WLPH�LQWHUYDO� VDPSOLQJ�� ZKLFK� LQYROYHV� REVHUYLQJ
SDUWLFLSDQWV�GXULQJ�WLPH�LQWHUYDOV�VSHFLILHG�LQ�DGYDQFH�RI�WKH�DFWXDO�GDWD�FROOHFWLRQ
�H�J��� REVHUYLQJ� VWXGHQW�EHKDYLRU� IRU� WKH� ILUVW� ���PLQXWHV�RI� HYHU\�KRXU���$QRWKHU
WHFKQLTXH�LV�FDOOHG�HYHQW�VDPSOLQJ��ZKLFK�LQYROYHV�PDNLQJ�REVHUYDWLRQV�RQO\�DIWHU
D� VSHFLILF� HYHQW� KDV� RFFXUUHG� �H�J��� REVHUYLQJ� WKH� EHKDYLRU� RI� VWXGHQWV� LQ� D
FODVVURRP� DIWHU� WKH� WHDFKHU� VHQGV� D� VWXGHQW� WR� WKH� SULQFLSDO¶V� RIILFH��� )RU� PRUH
LQIRUPDWLRQ� RQ� TXDQWLWDWLYH� REVHUYDWLRQ� VDPSOLQJ�� VHH� %DNHPDQ� �������� 'DQH
��������DQG�6XHQ�DQG�$U\��������

��7LPH�LQWHUYDO�VDPSOLQJ�2EVHUYLQJ�GXULQJ�VSHFLILF�WLPH�LQWHUYDOV

��(YHQW�VDPSOLQJ�2EVHUYLQJ�RQO\�DIWHU�VSHFLILF�HYHQWV�KDYH�RFFXUUHG

5HVHDUFKHUV�FRQGXFWLQJ�TXDQWLWDWLYH�REVHUYDWLRQ�XVXDOO\�XVH�FKHFNOLVWV�RU�RWKHU
W\SHV�RI�GDWD�FROOHFWLRQ�LQVWUXPHQWV��VXFK�DV�D�ODSWRS�FRPSXWHU�WR�UHFRUG�GDWD�RU�D
YLGHRWDSH� UHFRUGHU� WR�SURGXFH�D� UHFRUG� IRU� ODWHU�FRGLQJ��7KH�FRQWHQW�RI� WKH�GDWD�
FROOHFWLRQ� LQVWUXPHQW� ZLOO� GHSHQG� RQ� WKH� UHVHDUFK� SUREOHP� DQG� REMHFWLYHV� RI
LQWHUHVW� WR� WKH� UHVHDUFKHU�� 'DWD�FROOHFWLRQ� LQVWUXPHQWV� LQ� TXDQWLWDWLYH� REVHUYDWLRQ
DUH�XVXDOO\�PRUH�VSHFLILF�DQG�GHWDLOHG� WKDQ� WKRVH�XVHG� LQ�TXDOLWDWLYH�REVHUYDWLRQ�
8VXDOO\�� GDWD�FROOHFWLRQ� LQVWUXPHQWV� DUH� FORVHG� HQGHG� LQ� TXDQWLWDWLYH� REVHUYDWLRQ
DQG�RSHQ�HQGHG�LQ�TXDOLWDWLYH�REVHUYDWLRQ�EHFDXVH�TXDQWLWDWLYH�REVHUYDWLRQ�WHQGV�WR
EH� XVHG� IRU� FRQILUPDWRU\� SXUSRVHV� �L�H��� WR� WHVW� K\SRWKHVHV�� DQG� TXDOLWDWLYH
REVHUYDWLRQ� WHQGV� WR� EH� XVHG� IRU� H[SORUDWRU\� SXUSRVHV� �L�H��� WR� JHQHUDWH� QHZ
LQIRUPDWLRQ��

�6HH�-RXUQDO�$UWLFOH�����RQ�WKH�6WXGHQW�6WXG\�6LWH�

4XDOLWDWLYH�2EVHUYDWLRQ
4XDOLWDWLYH� REVHUYDWLRQ� LQYROYHV� REVHUYLQJ� DOO� SRWHQWLDOO\� UHOHYDQW

SKHQRPHQD�DQG�WDNLQJ�H[WHQVLYH�ILHOG�QRWHV�ZLWKRXW�VSHFLI\LQJ�LQ�DGYDQFH�H[DFWO\
ZKDW�LV�WR�EH�REVHUYHG��,Q�RWKHU�ZRUGV��TXDOLWDWLYH�REVHUYDWLRQ�LV�XVXDOO\�GRQH�IRU
H[SORUDWRU\�SXUSRVHV�� ,W� LV�DOVR�XVXDOO\�GRQH� LQ�QDWXUDO� VHWWLQJV�� ,Q� IDFW�� WKH� WHUPV
TXDOLWDWLYH� REVHUYDWLRQ� DQG� QDWXUDOLVWLF� REVHUYDWLRQ� DUH� IUHTXHQWO\� WUHDWHG� DV
V\QRQ\PV� LQ� WKH� UHVHDUFK� OLWHUDWXUH�� 1RW� VXUSULVLQJO\�� TXDOLWDWLYH� REVHUYDWLRQ� LV
XVXDOO\�FDUULHG�RXW�E\�TXDOLWDWLYH�UHVHDUFKHUV�

��4XDOLWDWLYH�REVHUYDWLRQ�2EVHUYLQJ�DOO�SRWHQWLDOO\�UHOHYDQW�SKHQRPHQD



:KHQHYHU� \RX� FRQGXFW� TXDOLWDWLYH� REVHUYDWLRQV�� \RX� PXVW� UHPHPEHU� H[DFWO\
ZKDW� \RX� KDYH� REVHUYHG�� ,Q� IDFW�� WKH� UHVHDUFKHU� LV� VDLG� WR� EH� WKH� GDWD�FROOHFWLRQ
LQVWUXPHQW�EHFDXVH�LW�LV�WKH�UHVHDUFKHU�ZKR�PXVW�GHFLGH�ZKDW�LV�LPSRUWDQW�DQG�ZKDW
GDWD�DUH�WR�EH�UHFRUGHG��,I�\RX�DUH�ZRQGHULQJ�ZKDW�WR�REVHUYH�ZKHQ�\RX�FRQGXFW�D
TXDOLWDWLYH�REVHUYDWLRQ��\RX�FDQ�FRQVLGHU�WKH�³*XLGHOLQHV�IRU�'LUHFWLQJ�4XDOLWDWLYH
2EVHUYDWLRQ´� LQ�([KLELW������0RVW� LPSRUWDQWO\��\RX�QHHG� WR� ORRN� IRU� DQ\WKLQJ�DQG
HYHU\WKLQJ�WR�REVHUYH�ZKDWHYHU�PD\�EH�UHOHYDQW�WR�\RXU�UHVHDUFK�TXHVWLRQV�

�(;+,%,7�������*XLGHOLQHV�IRU�'LUHFWLQJ�4XDOLWDWLYH�2EVHUYDWLRQ

����:KR�LV�LQ�WKH�JURXS�RU�VFHQH"�+RZ�PDQ\�SHRSOH�DUH�WKHUH��DQG�ZKDW�DUH�WKHLU�NLQGV��LGHQWLWLHV��DQG
UHOHYDQW�FKDUDFWHULVWLFV"�+RZ�LV�PHPEHUVKLS�LQ�WKH�JURXS�RU�VFHQH�DFTXLUHG"

����:KDW�LV�KDSSHQLQJ�KHUH"�:KDW�DUH�WKH�SHRSOH�LQ�WKH�JURXS�RU�VFHQH�GRLQJ�DQG�VD\LQJ�WR�RQH
DQRWKHU"

D���:KDW�EHKDYLRUV�DUH�UHSHWLWLYH��DQG�ZKLFK�RFFXU�LUUHJXODUO\"�,Q�ZKDW�HYHQWV��DFWLYLWLHV��RU
URXWLQHV�DUH�SDUWLFLSDQWV�HQJDJHG"�:KDW�UHVRXUFHV�DUH�XVHG�LQ�WKHVH�DFWLYLWLHV��DQG�KRZ�DUH
WKH\�DOORFDWHG"�+RZ�DUH�DFWLYLWLHV�RUJDQL]HG��ODEHOHG��H[SODLQHG��DQG�MXVWLILHG"�:KDW�GLIIHULQJ
VRFLDO�FRQWH[WV�FDQ�EH�LGHQWLILHG"

E���+RZ�GR�WKH�SHRSOH�LQ�WKH�JURXS�EHKDYH�WRZDUG�RQH�DQRWKHU"�:KDW�LV�WKH�QDWXUH�RI�WKLV
SDUWLFLSDWLRQ�DQG�LQWHUDFWLRQ"�+RZ�DUH�WKH�SHRSOH�FRQQHFWHG�RU�UHODWHG�WR�RQH�DQRWKHU"�:KDW
VWDWXVHV�DQG�UROHV�DUH�HYLGHQW�LQ�WKLV�LQWHUDFWLRQ"�:KR�PDNHV�ZKDW�GHFLVLRQV�IRU�ZKRP"�+RZ
GR�WKH�SHRSOH�RUJDQL]H�WKHPVHOYHV�IRU�LQWHUDFWLRQV"

F���:KDW�LV�WKH�FRQWHQW�RI�SDUWLFLSDQWV¶�FRQYHUVDWLRQV"�:KDW�VXEMHFWV�DUH�FRPPRQ��DQG�ZKLFK�DUH
UDUH"�:KDW�VWRULHV��DQHFGRWHV��DQG�KRPLOLHV�GR�WKH\�H[FKDQJH"�:KDW�YHUEDO�DQG�QRQYHUEDO
ODQJXDJHV�GR�WKH\�XVH�IRU�FRPPXQLFDWLRQ"�:KDW�EHOLHIV�GR�WKH�FRQWHQW�RI�WKHLU�FRQYHUVDWLRQV
GHPRQVWUDWH"�:KDW�IRUPDWV�GR�WKH�FRQYHUVDWLRQV�IROORZ"�:KDW�SURFHVVHV�GR�WKH\�UHIOHFW"
:KR�WDONV�DQG�ZKR�OLVWHQV"

����:KHUH�LV�WKH�JURXS�RU�VFHQH�ORFDWHG"�:KDW�SK\VLFDO�VHWWLQJV�DQG�HQYLURQPHQWV�IRUP�WKHLU�FRQWH[WV"
:KDW�QDWXUDO�UHVRXUFHV�DUH�HYLGHQW��DQG�ZKDW�WHFKQRORJLHV�DUH�FUHDWHG�RU�XVHG"�+RZ�GRHV�WKH
JURXS�DOORFDWH�DQG�XVH�VSDFH�DQG�SK\VLFDO�REMHFWV"�:KDW�LV�FRQVXPHG��DQG�ZKDW�LV�SURGXFHG"�:KDW
VLJKWV��VRXQGV��VPHOOV��WDVWHV��DQG�WH[WXUHV�DUH�IRXQG�LQ�WKH�FRQWH[WV�WKDW�WKH�JURXS�XVHV"

����:KHQ�GRHV�WKH�JURXS�PHHW�DQG�LQWHUDFW"�+RZ�RIWHQ�DUH�WKHVH�PHHWLQJV��DQG�KRZ�OHQJWK\�DUH�WKH\"
+RZ�GRHV�WKH�JURXS�FRQFHSWXDOL]H��XVH��DQG�GLVWULEXWH�WLPH"�+RZ�GR�SDUWLFLSDQWV�YLHZ�WKH�SDVW�
SUHVHQW��DQG�IXWXUH"

����+RZ�DUH�WKH�LGHQWLILHG�HOHPHQWV�FRQQHFWHG�RU�LQWHUUHODWHG��HLWKHU�IURP�WKH�SDUWLFLSDQWV¶�SRLQW�RI
YLHZ�RU�IURP�WKH�UHVHDUFKHU¶V�SHUVSHFWLYH"�+RZ�LV�VWDELOLW\�PDLQWDLQHG"�+RZ�GRHV�FKDQJH
RULJLQDWH��DQG�KRZ�LV�LW�PDQDJHG"�+RZ�DUH�WKH�LGHQWLILHG�HOHPHQWV�RUJDQL]HG"�:KDW�UXOHV��QRUPV��RU
PRUHV�JRYHUQ�WKLV�VRFLDO�RUJDQL]DWLRQ"�+RZ�LV�SRZHU�FRQFHSWXDOL]HG�DQG�GLVWULEXWHG"�+RZ�LV�WKLV
JURXS�UHODWHG�WR�RWKHU�JURXSV��RUJDQL]DWLRQV��RU�LQVWLWXWLRQV"

����:K\�GRHV�WKH�JURXS�RSHUDWH�DV�LW�GRHV"�:KDW�PHDQLQJV�GR�SDUWLFLSDQWV�DWWULEXWH�WR�ZKDW�WKH\�GR"
:KDW�LV�WKH�JURXS¶V�KLVWRU\"�:KDW�JRDOV�DUH�DUWLFXODWHG�LQ�WKH�JURXS"�:KDW�V\PEROV��WUDGLWLRQV�
YDOXHV��DQG�ZRUOG�YLHZV�FDQ�EH�IRXQG�LQ�WKH�JURXS"

6RXUFH�� )URP� 0�� '�� /H&RPSWH� DQG�� -�� 3UHLVVOH�� (WKQRJUDSK\� DQG� 4XDOLWDWLYH� 'HVLJQ� LQ
(GXFDWLRQDO�5HVHDUFK�� S��������������E\�$FDGHPLF�3UHVV��5HSULQWHG�E\�SHUPLVVLRQ�RI�(OVHYLHU� DQG
WKH�DXWKRUV�



5HVHDUFKHUV� UHFRUG�ZKDW� WKH\�EHOLHYH� LV� LPSRUWDQW� LQ� WKHLU� ILHOG�QRWHV� �QRWHV
ZULWWHQ� GRZQ�E\� WKH� REVHUYHU� GXULQJ� DQG� DIWHU�PDNLQJ� REVHUYDWLRQV��� ,W¶V� D� JRRG
LGHD�WR�FRUUHFW�DQG�HGLW�DQ\�QRWHV�\RX�ZULWH�GRZQ�GXULQJ�DQ�REVHUYDWLRQ�DV�VRRQ�DV
SRVVLEOH�DIWHU�WDNLQJ�WKHP�EHFDXVH�WKDW�LV�ZKHQ�\RXU�PHPRU\�LV�EHVW��,I�\RX�ZDLW�WRR
ORQJ�� \RX� PLJKW� IRUJHW� LPSRUWDQW� GHWDLOV� DQG� QRW� EH� DEOH� WR� PDNH� VHQVH� RI� \RXU
KDQGZULWWHQ�� VFULEEOHG� ILHOG� QRWHV�� ,Q� DGGLWLRQ� WR� WDNLQJ� ILHOG� QRWHV� GXULQJ� \RXU
REVHUYDWLRQV��FRQVLGHU�DXGLRWDSLQJ�DQG�YLGHRWDSLQJ�LPSRUWDQW�VFHQHV�

��)LHOG�QRWHV�1RWHV�WDNHQ�E\�DQ�REVHUYHU

7KH� IRUP� RI� LQWHUDFWLRQ� RU� W\SH� RI� UROH� WDNHQ� E\� WKH� UHVHDUFKHU� GXULQJ� WKH
FRQGXFW� RI� D� TXDOLWDWLYH� REVHUYDWLRQ� �FDOOHG� ³ILHOGZRUN´�� YDULHV� DORQJ� WKH
IROORZLQJ�FRQWLQXXP��*ROG��������

$OWKRXJK� RQH� UROH�PD\� EH� SULPDU\�� WKH� UHVHDUFKHU�PD\� SOD\� DOO� IRXU� UROHV� DW
GLIIHUHQW�WLPHV�DQG�LQ�GLIIHUHQW�VLWXDWLRQV�GXULQJ�WKH�FRQGXFW�RI�D�VLQJOH�TXDOLWDWLYH
UHVHDUFK� VWXG\�� 7KLV� LV� HVSHFLDOO\� WUXH�ZKHQ� WKH� UHVHDUFKHU� LV� LQ� WKH� ILHOG� IRU� DQ
H[WHQGHG�SHULRG�RI�WLPH�

7KH�FRPSOHWH�SDUWLFLSDQW�WDNHV�RQ�WKH�UROH�RI�DQ�LQVLGHU��HVVHQWLDOO\�EHFRPLQJ
D�PHPEHU� RI� WKH� JURXS� EHLQJ� VWXGLHG� DQG� VSHQGLQJ� D� JUHDW� GHDO� RI� WLPH�ZLWK� WKH
JURXS��)RU�H[DPSOH��\RX�PLJKW�VSHQG�D�\HDU�WHDFKLQJ�DW�D�³PRGHO�VFKRRO´�WKDW�\RX
ZDQW� WR� OHDUQ� DERXW�� 'XULQJ� WKH� \HDU�� \RX� ZRXOG� WDNH� H[WHQVLYH� ILHOG� QRWHV�
GRFXPHQWLQJ� ZKDW� \RX� REVHUYH� DQG� ZKDW� \RX� H[SHULHQFH�� %HFDXVH� WKH� FRPSOHWH
SDUWLFLSDQW�GRHV�QRW�LQIRUP�WKH�JURXS�PHPEHUV�WKDW�KH�RU�VKH�LV�LQ�D�UHVHDUFK�VWXG\�
PDQ\� UHVHDUFKHUV� TXHVWLRQ� WKH� XVH� RI� WKLV� DSSURDFK� RQ� HWKLFDO� JURXQGV�� ,W� LV� D
FDUGLQDO�UXOH�LQ�UHVHDUFK�HWKLFV�WKDW�UHVHDUFK�SDUWLFLSDQWV�VKRXOG�NQRZ�WKDW�WKH\�DUH
LQYROYHG�LQ�D�UHVHDUFK�VWXG\��WKDW�WKH\�KDYH�WKH�ULJKW�QRW�WR�SDUWLFLSDWH��DQG�WKDW�WKH\
DUH� IUHH� WR�ZLWKGUDZ�DW�DQ\� WLPH�GXULQJ�D� UHVHDUFK�VWXG\� LI� WKH\�GR�FKRRVH�QRW� WR
SDUWLFLSDWH��VHH�&KDSWHU���RQ�UHVHDUFK�HWKLFV���<RX�VKRXOG�WKHUHIRUH�EH�YHU\�FDUHIXO
DERXW� GRLQJ� ³XQGHUFRYHU´� UHVHDUFK� H[FHSW� LQ� OHJDOO\� RSHQ� DQG� DFFHVVLEOH� SODFHV
VXFK�DV�D�PDOO��D�SOD\JURXQG��RU�D�VSRUWLQJ�HYHQW�

��&RPSOHWH�SDUWLFLSDQW�5HVHDUFKHU�EHFRPHV�PHPEHU�RI�JURXS�EHLQJ�VWXGLHG
DQG�GRHV�QRW�WHOO�PHPEHUV�WKH\�DUH�EHLQJ�VWXGLHG�

7KH� SDUWLFLSDQW�DV�REVHUYHU� DWWHPSWV� WR� WDNH� RQ� WKH� UROH� RI� DQ� LQVLGHU� �D
SDUWLFLSDQW��� VLPLODU� WR� WKH�FRPSOHWH�SDUWLFLSDQW��7KH�SDUWLFLSDQW�DV�REVHUYHU�DOVR
VSHQGV�D�JRRG�GHDO�RI�WLPH�LQ�WKH�ILHOG�SDUWLFLSDWLQJ�DQG�REVHUYLQJ��7KH�SDUWLFLSDQW�
DV�REVHUYHU��KRZHYHU��H[SODLQV�WR�WKH�SHRSOH�LQ�WKH�JURXS�EHLQJ�VWXGLHG�WKDW�KH�RU
VKH�LV�D�UHVHDUFKHU�DQG�QRW�D�ERQD�ILGH�JURXS�PHPEHU��7KH�SHUVRQ�LQ�WKH�SUHYLRXV
H[DPSOH�ZKR�VSHQGV�D�\HDU�WHDFKLQJ�LQ�D�PRGHO�VFKRRO�ZRXOG�EH�D�SDUWLFLSDQW�DV�



REVHUYHU� LI� WKH� UHVHDUFKHU� LQIRUPHG� WKH� SHRSOH� LQ� WKH� VFKRRO� WKDW� KH� RU� VKH�ZDV
FRQGXFWLQJ�UHVHDUFK�DQG�WKHQ�SDUWLFLSDWHG�LQ�WKH�VFKRRO�IXQFWLRQV��$Q�DGYDQWDJH�RI
WKLV�DSSURDFK�LV�WKDW��IRU�HWKLFDO�UHDVRQV��WKH�UHVHDUFKHU�FDQ�UHTXHVW�SHUPLVVLRQ�WR
FROOHFW�DQG�UHFRUG�GDWD�DV�QHHGHG��,Q�DGGLWLRQ��WKH�UHVHDUFKHU�FDQ�REWDLQ�IHHGEDFN
DERXW� KLV� RU� KHU� REVHUYDWLRQV� DQG� WHQWDWLYH� FRQFOXVLRQV� IURP� WKH� SHRSOH� LQ� WKH
UHVHDUFK� VWXG\�� $� ZHDNQHVV� LV� WKDW� WKH� SDUWLFLSDQWV� PLJKW� QRW� EHKDYH� QDWXUDOO\
EHFDXVH� WKH\� DUH� DZDUH� WKDW� WKH\� DUH� EHLQJ� REVHUYHG�� )RUWXQDWHO\�� WKLV� SUREOHP
XVXDOO\�GLVDSSHDUV�DV� WKH�SHRSOH�EHJLQ�WR� WUXVW� WKH�UHVHDUFKHU�DQG�DGMXVW� WR�KLV�RU
KHU�SUHVHQFH�

��3DUWLFLSDQW�DV�REVHUYHU�5HVHDUFKHU�ZKR�VSHQGV�H[WHQGHG�WLPH�ZLWK�WKH
JURXS�DV�DQ�LQVLGHU�DQG�WHOOV�PHPEHUV�WKH\�DUH�EHLQJ�VWXGLHG

7KH�REVHUYHU�DV�SDUWLFLSDQW�WDNHV�RQ�WKH�UROH�RI�REVHUYHU�PXFK�PRUH�WKDQ�WKH
UROH�RI�SDUWLFLSDQW��7KH�SDUWLFLSDQWV�DUH�IXOO\�DZDUH�WKDW�WKH\�DUH�SDUW�RI�D�UHVHDUFK
VWXG\��7KH�REVHUYHU�DV�SDUWLFLSDQW�GRHV�QRW� VSHQG�PXFK� WLPH� LQ� WKH� ILHOG��5DWKHU�
WKH� REVHUYHU�DV�SDUWLFLSDQW� KDV� PRUH� OLPLWHG� DQG� EULHIHU� LQWHUDFWLRQV� ZLWK� WKH
SDUWLFLSDQWV�� )RU� H[DPSOH�� WKH� UHVHDUFKHU� PLJKW� QHJRWLDWH� HQWU\� WR� RQH� IDFXOW\
PHHWLQJ�� RQH� 37$�PHHWLQJ�� DQG� RQH� RU� WZR� FODVVHV� DV� SDUW� RI� D� UHVHDUFK� VWXG\�
&RPSDUHG� WR� WKH� FRPSOHWH� SDUWLFLSDQW� DQG� SDUWLFLSDQW�DV�REVHUYHU� UROHV�� D
GLVDGYDQWDJH�RI�WKH�REVHUYHU�DV�SDUWLFLSDQW�UROH�LV�WKDW�REWDLQLQJ�DQ�LQVLGHU¶V�YLHZ
LV�PRUH�GLIILFXOW��2Q�WKH�RWKHU�KDQG��PDLQWDLQLQJ�REMHFWLYLW\�DQG�QHXWUDOLW\�LV�HDVLHU�

��2EVHUYHU�DV�SDUWLFLSDQW�5HVHDUFKHU�ZKR�VSHQGV�D�OLPLWHG�DPRXQW�RI�WLPH
REVHUYLQJ�JURXS�PHPEHUV�DQG�WHOOV�PHPEHUV�WKH\�DUH�EHLQJ�VWXGLHG

7KH�FRPSOHWH�REVHUYHU� IXOO\�WDNHV�RQ�WKH�UROH�RI�RXWVLGH�REVHUYHU��+H�RU�VKH
GRHV�QRW�LQIRUP�WKH�SHRSOH�LQ�WKH�JURXS�EHLQJ�VWXGLHG�WKDW�WKH\�DUH�EHLQJ�REVHUYHG�
DQG� WKH\� XVXDOO\� ZLOO� QRW� NQRZ� WKDW� WKH\� DUH� EHLQJ� REVHUYHG�� )RU� H[DPSOH�� WKH
FRPSOHWH�REVHUYHU�PLJKW�YLHZ�SHRSOH� WKURXJK�D�RQH�ZD\�ZLQGRZ�RU�PLJKW� VLW� LQ
WKH� EDFN� RI� WKH� URRP� DW� DQ� RSHQ�PHHWLQJ��7KH� DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKDW
WKHUH�LV�PLQLPDO�UHDFWLYLW\��FKDQJHV�LQ�WKH�EHKDYLRU�RI�SHRSOH�EHFDXVH�WKH\�NQRZ
WKH\� DUH� EHLQJ� REVHUYHG��� 2Q� WKH� RWKHU� KDQG�� \RX� FDQ� WDNH� WKH� UROH� RI� FRPSOHWH
REVHUYHU�RQO\�LQ�RSHQ�VHWWLQJV�EHFDXVH�RI�HWKLFDO�FRQFHUQV�

��&RPSOHWH�REVHUYHU�5HVHDUFKHU�ZKR�REVHUYH�DV�DQ�RXWVLGHU�DQG�GRHV�QRW�WHOO
SHRSOH�WKH\�DUH�EHLQJ�REVHUYHG�

��5HDFWLYLW\�&KDQJHV�WKDW�RFFXU�LQ�SHRSOH�EHFDXVH�WKH\�NQRZ�WKH\�DUH�EHLQJ
REVHUYHG

3HUKDSV� WKH�PRVW� XVHIXO� VW\OHV� RI� REVHUYDWLRQ� DUH� WKH� SDUWLFLSDQW�DV�REVHUYHU
DQG� WKH�REVHUYHU�DV�SDUWLFLSDQW��7KHVH� UROHV�DUH�JHQHUDOO\�SUHIHUUHG�EHFDXVH� WKH\
DOORZ� YROXQWDU\� FRQVHQW� E\� UHVHDUFK� SDUWLFLSDQWV�� ,Q� DGGLWLRQ�� WKH\� DOORZ� WKH



UHVHDUFKHU� WR� WDNH� RQ� D� PL[� RI� WKH� LQVLGHU¶V� UROH� DQG� WKH� RXWVLGHU¶V� UROH�� 7KH
FRPSOHWH�SDUWLFLSDQW�DOZD\V� UXQV� WKH� ULVN�RI� ORVLQJ�KLV�RU�KHU�REMHFWLYLW\��DQG� WKH
FRPSOHWH� REVHUYHU� DOZD\V� UXQV� WKH� ULVN� RI� QRW� XQGHUVWDQGLQJ� WKH� LQVLGHU¶V
SHUVSHFWLYH�� 1RW� VXUSULVLQJO\�� WKH� SDUWLFLSDQW�DV�REVHUYHU� DQG� REVHUYHU�DV�
SDUWLFLSDQW�VW\OHV�RI�REVHUYDWLRQ�DUH�WKH�PRVW�FRPPRQO\�XVHG�E\�UHVHDUFKHUV�

,I� \RX� DUH� JRLQJ� WR� HQWHU� WKH� ILHOG� DQG� FDUU\� RXW� TXDOLWDWLYH� REVHUYDWLRQ�� \RX
VKRXOG�FDUU\�ZLWK�\RX�WKH�JHQHUDO�UHVHDUFK�TXHVWLRQ��D�GHVLUH�WR�OHDUQ��DQG�DQ�RSHQ
PLQG��*RRG�VRFLDO�VNLOOV�DUH�D�PXVW��6KDIILU�	�6WHEELQV���������7UXVW�DQG�UDSSRUW
ZLWK� WKH�JURXS�EHLQJ� VWXGLHG�DUH�HVVHQWLDO� LI�YDOLG�GDWD�DUH�JRLQJ� WR�EH�REWDLQHG�
.HHS� LQ� PLQG�� KRZHYHU�� (UYLQJ� *RIIPDQ¶V� ZDUQLQJ� ������� WKDW� PXFK� VRFLDO
EHKDYLRU�REVHUYHG�LV�IURQWVWDJH�EHKDYLRU��ZKDW�SHRSOH�ZDQW�RU�DOORZ�XV�WR�VHH�
UDWKHU�WKDQ�EDFNVWDJH�EHKDYLRU��ZKDW�SHRSOH�VD\�DQG�GR�ZLWK�WKHLU�FORVHVW�IULHQGV�
ZKHQ� ³DFWLQJ´� LV� DW� D�PLQLPXP���$IWHU� JHWWLQJ� LQWR� WKH� ILHOG�� WKH� UHVHDUFKHU�PXVW
OHDUQ�WKH�URSHV��PDLQWDLQ�UHODWLRQV�ZLWK�WKH�SHRSOH�EHLQJ�VWXGLHG��DQG��DW�WKH�HQG�RI
WKH� VWXG\�� OHDYH� DQG� NHHS� LQ� WRXFK� �6KDIILU� 	� 6WHEELQV��� :H� SURYLGH� D� OLVW� RI
SUDFWLFDO�WLSV�IRU�FRQGXFWLQJ�ILHOGZRUN�LQ�7DEOH�����

��)URQWVWDJH�EHKDYLRU�:KDW�SHRSOH�ZDQW�RU�DOORZ�XV�WR�VHH

��%DFNVWDJH�EHKDYLRU�:KDW�SHRSOH�VD\�DQG�GR�RQO\�ZLWK�WKHLU�FORVHVW�IULHQGV
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48(67 ,21 6

�������:KDW�DUH�WKH�PDLQ�GLIIHUHQFHV�EHWZHHQ
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�REVHUYDWLRQV"

�������:KDW�DUH�WKH�IRXU�PDLQ�UROHV�WKDW�D�UHVHDUFKHU
FDQ�WDNH�GXULQJ�TXDOLWDWLYH�REVHUYDWLRQ"

�������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�IURQWVWDJH
EHKDYLRU�DQG�EDFNVWDJH�EHKDYLRU"

�7$%/(�������7LSV�IRU�&RQGXFWLQJ�)LHOGZRUN�DQG�4XDOLWDWLYH�2EVHUYDWLRQ

����0DNH�VXUH�DOO�REVHUYHUV�DUH�ZHOO�WUDLQHG��DUH�JRRG�QRWH�WDNHUV��DQG�NQRZ�KRZ�WR�ILW�LQWR�GLYHUVH�VLWXDWLRQV�

����'R�EDFNJURXQG�KRPHZRUN�RQ�WKH�SHRSOH�DQG�FXOWXUDO�VHWWLQJV�WR�EH�REVHUYHG�

����%H�VHQVLWLYH�WR�JHQGHU��DJH��DQG�FXOWXUDO�GLIIHUHQFHV�EHWZHHQ�\RX�DQG�WKH�SHRSOH�EHLQJ�REVHUYHG�

����(VWDEOLVK�UDSSRUW�DQG�WUXVW��VWDUWLQJ�ZLWK�JDWHNHHSHUV�DQG�LQIRUPDQWV�

����'RQ¶W�SURPLVH�DQ\WKLQJ�WR�DQ\RQH�LQ�WKH�VHWWLQJ�WKDW�\RX�FDQQRW�RU�VKRXOG�QRW�GHOLYHU�

����%H�UHIOH[LYH��L�H���PRQLWRU�\RXUVHOI��

����%H�XQREWUXVLYH��L�H���WU\�WR�ILW�LQ�DQG�GRQ¶W�VWDQG�RXW��

����5HPDLQ�DOHUW�DW�DOO�WLPHV�DQG�SD\�DWWHQWLRQ�WR�DQ\WKLQJ�WKDW�PD\�EH�LPSRUWDQW�

����)LQG�DQ�HIIHFWLYH�ZD\�WR�UHFRUG�ZKDW�LV�EHLQJ�REVHUYHG��L�H���E\�WDNLQJ�ILHOG�QRWHV�RU�XVLQJ�DXGLRYLVXDO
UHFRUGHUV��

�����7U\�WR�FRUURERUDWH�DQ\WKLQJ�LPSRUWDQW�WKDW�\RX�VHH��KHDU��RU�OHDUQ�DERXW�



�����&RQGXFW�RSSRUWXQLVWLF�LQWHUYLHZV�ZKLOH�\RX�DUH�LQ�WKH�ILHOG�ZKHQ�SRVVLEOH�

�����%H�HPSDWKHWLF��EXW�DOVR�UHPDLQ�QHXWUDO�WR�WKH�FRQWHQW�RI�ZKDW�SHRSOH�VD\�WR�\RX�

�����0DNH�REVHUYDWLRQV�LQ�PXOWLSOH�DQG�GLVSDUDWH�VHWWLQJV�

�����,QFOXGH�GHVFULSWLYH�GHWDLOV�LQ�\RXU�ILHOG�QRWHV��*HW�GLUHFW�TXRWHV�ZKHQ�SRVVLEOH��,QFOXGH�\RXU�RZQ�LQVLJKWV�DQG
LQWHUSUHWDWLRQV�ZKHQ�WKH\�DULVH��EXW�NHHS�WKHP�VHSDUDWH�IURP�WKH�GHVFULSWLRQ�DQG�YHUEDWLPV��L�H���TXRWHV��

�����2EVHUYH�DQG�UHFRUG�FKDUDFWHULVWLFV�RI�WKH�VHWWLQJ�DQG�FRQWH[W��LQWHUSHUVRQDO�LQWHUDFWLRQV��VLJQLILFDQW
EHKDYLRUV��YHUEDO�DQG�QRQYHUEDO�FRPPXQLFDWLRQ��IRUPDO�DQG�LQIRUPDO�LQWHUDFWLRQV��ZKDW�GRHV�QRW�KDSSHQ�
SRZHU�DQG�VWDWXV�KLHUDUFK\�LQ�WKH�JURXS��DQG�DQ\WKLQJ�HOVH�WKDW�VHHPV�LPSRUWDQW�WR�\RX�DW�WKH�WLPH�

�����6SHQG�VXIILFLHQW�WLPH�LQ�WKH�ILHOG�WR�FROOHFW�XVHIXO�GDWD�DQG�WR�DOORZ�FRUURERUDWLRQ�RI�\RXU�ILQGLQJV�

�����:KHQ�\RX�OHDYH�WKH�ILHOG��LPPHGLDWHO\�ZULWH�XS�\RXU�ILHOG�QRWHV�VR�WKDW�\RX�GRQ¶W�IRUJHW�ZKDW�\RX�KDYH�VHHQ�
KHDUG��DQG�H[SHULHQFHG�

9LVXDO�'DWD
%HFDXVH�RI�WKH�LPSRUWDQFH�RI�SKRWRJUDSK\�LQ�FROOHFWLQJ�REVHUYDWLRQDO�GDWD��ZH

HODERUDWH� KHUH� RQ�ZKDW� LV� RIWHQ� FDOOHG�YLVXDO�GDWD� FROOHFWLRQ��2QH� RI� WKH� ULFKHVW
PHWKRGV� RI� GDWD� FROOHFWLRQ� LV� WKH� LPDJH�� 7KH� ROG� DGDJH� ³$� SLFWXUH� LV�ZRUWK� RQH
WKRXVDQG�ZRUGV�´�KROGV�WUXH�LQ�PDQ\�UHVHDUFK�VLWXDWLRQV��2QH�H[SODQDWLRQ�LV�WKDW�WKH
SDUWV�RI�WKH�EUDLQ�WKDW�SURFHVV�YLVXDO�LQIRUPDWLRQ�DUH�HYROXWLRQDULO\�ROGHU�WKDQ�WKRVH
WKDW� SURFHVV� YHUEDO� RU� QXPHULFDO� LQIRUPDWLRQ�� :H� VHH� YLVXDO� GDWD� FRQFUHWHO\�
ZKHUHDV�YHUEDO�DQG�QXPHULFDO�GDWD�DUH�PRUH�DEVWUDFW��9LVXDO�GDWD�FDQ�EH�SULPDULO\
TXDOLWDWLYH�� VXFK� DV� SKRWRJUDSKV�� FDUWRRQV�� GUDZLQJV�� YLGHRV�� RU� FDUYLQJV�
/LNHZLVH��YLVXDO�GLVSOD\V�FDQ� UHYHDO�TXDQWLWDWLYH�GDWD�E\�XVLQJ�JUDSKV�� FKDUWV��RU
SLFWRJUDSKV�LQ�ZD\V�WKDW�QXPEHUV�DORQH�FDQQRW�FRPPXQLFDWH��VHH�3KRWR������

��9LVXDO�GDWD�FROOHFWLRQ�3URFHVV�RI�FROOHFWLQJ�GDWD�XVLQJ�YLVXDO�VRXUFHV��VXFK
DV�SKRWRJUDSKV��GUDZLQJV��JUDSKLFV��SDLQWLQJV��ILOP��DQG�YLGHR

�3+272�������



7KHUH� DUH� VR�PDQ\�PHWKRGV� RI� YLVXDO� GDWD� FROOHFWLRQ� DQG� YLVXDO� UHVWUXFWXULQJ
WKDW�LW�LV�VXUSULVLQJ�WKDW�PRUH�VWXGLHV�GR�QRW�LQFRUSRUDWH�YLVXDO�SHUVSHFWLYHV��0DQ\
VWXGLHV�WKDW�GR�LQFRUSRUDWH�YLVXDO�GDWD�XVH�SKRWRJUDSK\�DV�D�WRRO��6RPH�UHVHDUFKHUV
DFW� DV� SDUWLFLSDQW� REVHUYHUV� DQG� UHFRUG� SKRWRJUDSKV� DV� SDUW� RI� WKH� JURXS
H[SHULHQFH�� 2WKHUV� WDNH� SKRWRJUDSKV� DV� DQ� ³RXWVLGH´� REVHUYHU� YLHZLQJ� VRFLDO
ULWXDOV�RU�GRFXPHQWLQJ�SDUWLFXODU�DUWLIDFWV�WKDW�PLJKW�UHSUHVHQW�FXOWXUDO�V\PEROLVPV
�&ROOLHU�	�&ROOLHU��������

6RPH�FODVVLF�UHVHDUFK�VWXGLHV�XVLQJ�SKRWRJUDSK\�ZHUH�FRQGXFWHG�E\�0DUJDUHW
0HDG�DQG�KHU�DVVRFLDWHV� �%DWHVRQ�	�0HDG��������0HDG��%DWHVRQ��	�0DFJUHJRU�
������ LQ� VWXG\LQJ� FKLOG� GHYHORSPHQW� XVLQJ� HWKQRJUDSK\�� ,Q� KLV� FODVVLF� ERRN�7KH
+LGGHQ� 'LPHQVLRQ�� (GZDUG� +DOO� ������� VWXGLHG� DVSHFWV� RI� XVLQJ� VSDFH� RU
³SUR[HPLFV�´� 3KRWRJUDSKLF� GDWD� DOVR� DUH� XVHG� LQ� TXDQWLWDWLYH� UHVHDUFK�� )RU
H[DPSOH��EHJLQQLQJ�ZLWK�WKH�ZRUN�RI�(DGZHDUG�0X\EULGJH��UHVHDUFKHUV�KDYH�XVHG
SKRWRJUDSK\� IRU� PDQ\� \HDUV� WR� VWXG\� PRWLRQ�� %HJLQQLQJ� LQ� ������ 0X\EULGJH
SKRWRJUDSKHG�KRUVHV�JDOORSLQJ�IRU����\HDUV�WR�ZLQ�D�EHW�WKDW�DW�VRPH�SRLQW�GXULQJ�D
JDOORS�D�KRUVH�KDV�DOO�LWV�KRRYHV�RII�WKH�JURXQG��+LV�FODVVLF�FRPSLODWLRQ�RI�SKRWRV
VKRZLQJ� KLV� HYLGHQFH� LV� VKRZQ� LQ� WKH� DFFRPSDQ\LQJ� SLFWXUHV� �VHH� DOVR
ZZZ�HDGZHDUGPX\EULGJH�FR�XN��

3KRWRJUDSKV� VRPHWLPHV� DUH� XVHG� DV� SDUW� RI� WKH� LQWHUYLHZLQJ� SURFHVV�� 3KRWR
LQWHUYLHZLQJ� RU� SKRWR� HOLFLWDWLRQ� �'HPSVH\�	�7XFNHU�� ������+DUSHU�� ������ XVHV
YLVXDOV� WR� REWDLQ� DGGLWLRQDO� LQIRUPDWLRQ� GXULQJ� LQWHUYLHZV�� 7KH� YLVXDO� GDWD
�SKRWRJUDSKV�� YLGHR�� FDQ� EH� XVHG� WR� VXSSRUW� DOWHUQDWH� LQWHUSUHWDWLRQV� RI� WKH
SKHQRPHQRQ�EHLQJ�LQYHVWLJDWHG��,Q�VRPH�VWXGLHV��WKH�SDUWLFLSDQWV�DUH�JLYHQ�FDPHUDV
DQG� FROOHFW� WKH� LQLWLDO� SKRWRJUDSKLF� GDWD� WKHPVHOYHV� �=LOOHU�� ������� 5HVHDUFK
WHFKQLTXHV�VXFK�DV�WKHVH�FDQ�H[SDQG�WKH�LQLWLDO�UDQJH�RI�YLVXDO�GDWD�HQRUPRXVO\�

��3KRWR�LQWHUYLHZLQJ�3URFHVV�RI�HOLFLWLQJ�GDWD�IURP�D�SHUVRQ�XVLQJ
SKRWRJUDSKLF�RU�YLGHR�LPDJHU\�ZKHQ�FRQGXFWLQJ�LQWHUYLHZV

&216758&7('�$1'�6(&21'$5<�25�(;,67,1*�'$7$
7KH� ODVW�PDMRU�PHWKRG�RI�GDWD� FROOHFWLRQ� LQYROYHV� WKH�FROOHFWLRQ�RI� VHFRQGDU\�RU
H[LVWLQJ� GDWD� IRU� XVH� LQ� D� UHVHDUFK� VWXG\� RU� GDWD�REMHFWV� OLWHUDOO\� FRQVWUXFWHG� E\
UHVHDUFK� SDUWLFLSDQWV� GXULQJ� D� UHVHDUFK� VWXG\�� &RQVWUXFWHG� GDWD� DUH� WKLQJV
SURGXFHG� E\� \RXU� UHVHDUFK� SDUWLFLSDQWV� GXULQJ� WKH� UHVHDUFK� VWXG\� VXFK� DV
GUDZLQJV�� SDLQWLQJV�� GLDULHV�� UHFRUGLQJV�� YLGHRV�� DQG� QHZO\� SURGXFHG� SHUVRQDO
GRFXPHQWV��6HFRQGDU\�RU�H[LVWLQJ�GDWD�DUH�GDWD�WKDW�ZHUH�FROOHFWHG��UHFRUGHG��RU
OHIW�EHKLQG�DW�DQ�HDUOLHU�WLPH��XVXDOO\�E\�D�GLIIHUHQW�SHUVRQ�DQG�RIWHQ�IRU�DQ�HQWLUHO\
GLIIHUHQW� SXUSRVH� WKDQ� WKH� FXUUHQW� UHVHDUFK� SXUSRVH� DW� KDQG�� ,Q� RWKHU� ZRUGV�� WKH
UHVHDUFKHU� XVHV� ZKDW� LV� DOUHDG\� WKHUH�� 7KH� UHVHDUFKHU�PXVW�� KRZHYHU�� ILQG� WKHVH
GDWD�RU�DUWLIDFWV� WR�XVH� WKHP� LQ�KLV�RU�KHU� UHVHDUFK� VWXG\��6HFRQGDU\�GDWD�PD\�EH
XVHG�ZLWK�RWKHU�GDWD�IRU�FRUURERUDWLRQ��RU�WKH\�PD\�EH�WKH�SULPDU\�GDWD�WR�EH�XVHG
LQ�D�UHVHDUFK�VWXG\��6HYHUDO�W\SHV�RI�VHFRQGDU\�GDWD�WKDW�UHVHDUFKHUV�FRPPRQO\�ILQG
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DUH�SHUVRQDO�GRFXPHQWV��RIILFLDO�GRFXPHQWV��SK\VLFDO�GDWD�� DQG�DUFKLYHG� UHVHDUFK
GDWD�

��&RQVWUXFWHG�GDWD�2EMHFWV�RU�WKLQJV�WKDW�DUH�FRQVWUXFWHG�E\�UHVHDUFK
SDUWLFLSDQWV�GXULQJ�D�UHVHDUFK�VWXG\

��6HFRQGDU\�GDWD�([LVWLQJ�GDWD�RULJLQDOO\�FROOHFWHG�RU�OHIW�EHKLQG�DW�DQ�HDUOLHU
WLPH�E\�D�GLIIHUHQW�SHUVRQ�IRU�D�GLIIHUHQW�SXUSRVH

'RFXPHQWV�DUH�RQH�PDMRU�W\SH�RI�VHFRQGDU\�GDWD��3HUVRQDO�GRFXPHQWV�LQFOXGH
DQ\WKLQJ�WKDW�LV�ZULWWHQ��SKRWRJUDSKHG��RU�RWKHUZLVH�UHFRUGHG�IRU�SULYDWH�SXUSRVHV�
6RPH�H[DPSOHV�RI�SHUVRQDO�GRFXPHQWV�DUH�OHWWHUV��GLDULHV��FRUUHVSRQGHQFH��IDPLO\
YLGHRV�� DQG�SLFWXUHV��2IILFLDO�GRFXPHQWV� DUH�ZULWWHQ�� SKRWRJUDSKHG�� RU� UHFRUGHG
E\� VRPH� W\SH� RI� SXEOLF� RU� SULYDWH� RUJDQL]DWLRQ�� 6RPH� H[DPSOHV� DUH� QHZVSDSHUV�
HGXFDWLRQDO� MRXUQDOV�DQG�PDJD]LQHV��FXUULFXOXP�JXLGHV��DQQXDO�UHSRUWV��PLQXWHV�RI
VFKRRO�ERDUG�PHHWLQJV��VWXGHQW�UHFRUGV��VWXGHQW�ZRUN��ERRNV��\HDUERRNV��SXEOLVKHG
DUWLFOHV�� VSHHFKHV�� SHUVRQQHO� ILOHV�� DQG� YLGHRV� VXFK� DV� QHZV� SURJUDPV� DQG
DGYHUWLVHPHQWV��'RFXPHQWV� DUH� IUHTXHQWO\� XVHG� E\� TXDOLWDWLYH� UHVHDUFKHUV� DQG� E\
KLVWRULFDO�UHVHDUFKHUV�

��3HUVRQDO�GRFXPHQWV�$Q\WKLQJ�ZULWWHQ��SKRWRJUDSKHG��RU�UHFRUGHG�IRU
SULYDWH�SXUSRVHV

��2IILFLDO�GRFXPHQWV�$Q\WKLQJ�ZULWWHQ��SKRWRJUDSKHG��RU�UHFRUGHG�E\�DQ
RUJDQL]DWLRQ

3K\VLFDO�GDWD� LQFOXGH� DQ\� SK\VLFDO� WUDFHV� OHIW� E\� SHRSOH� DV� WKH\� WDNH� SDUW� LQ
YDULRXV�DFWLYLWLHV��6RPH�H[DPSOHV�RI�SK\VLFDO�GDWD� WKDW�KDYH�EHHQ�XVHG�E\�VRFLDO
VFLHQWLVWV� DUH� ZHDU� RQ� IORRU� WLOHV� LQ�PXVHXPV�� ZHDU� RQ� OLEUDU\� ERRNV�� VRLO� IURP
VKRHV�DQG�FORWKLQJ��UDGLR�GLDO�VHWWLQJV��ILQJHUSULQWV��VXLWV�RI�DUPRU��DQG�FRQWHQWV�RI
SHRSOH¶V� WUDVK� �:HEE��&DPSEHOO��6FKZDUW]��	�6HFKUHVW���������3K\VLFDO�GDWD�FDQ
DOVR� LQFOXGH� LQVWDQFHV� RI� PDWHULDO� FXOWXUH� �H�J��� FORWKHV�� EXLOGLQJV�� ERRNV�
ELOOERDUGV��DUW��

��3K\VLFDO�GDWD�$Q\�PDWHULDO�WKLQJ�FUHDWHG�RU�OHIW�E\�KXPDQV�WKDW�PLJKW
SURYLGH�LQIRUPDWLRQ�DERXW�D�SKHQRPHQRQ�RI�LQWHUHVW�WR�D�UHVHDUFKHU

$UFKLYHG�UHVHDUFK�GDWD�ZHUH�RULJLQDOO\�XVHG�IRU� UHVHDUFK�SXUSRVHV�DQG� WKHQ
VWRUHG�IRU�SRVVLEOH�ODWHU�XVH��$UFKLYHG�UHVHDUFK�GDWD�PD\�EH�LQ�SULQW�IRUP�EXW�DUH
XVXDOO\� VWRUHG� LQ� D� FRPSXWHU�XVDEOH� IRUP� �IORSS\� GLVNV� RU� &'�520��� 6RPH
H[DPSOHV�RI�DUFKLYHG�UHVHDUFK�GDWD�DUH�WKH�FHQVXV�GDWD�DQG�VRFLDO�VFLHQFH�UHVHDUFK
GDWD� VWRUHG�DQG�NHSW�E\� UHVHDUFKHUV�RU� UHVHDUFK�UHODWHG�RUJDQL]DWLRQV� VXFK�DV� WKH
86� &HQVXV� %XUHDX� �ZZZ�FHQVXV�JRY��� WKH� ,QVWLWXWH� IRU� 6RFLDO� 5HVHDUFK� DW� WKH
8QLYHUVLW\� RI� 0LFKLJDQ� �KRPH�LVU�XPLFK�HGX��� WKH� 1DWLRQDO� 2SLQLRQ� 5HVHDUFK

http://www.census.gov


&HQWHU��125&��DW�WKH�8QLYHUVLW\�RI�&KLFDJR��ZZZ�QRUF�XFKLFDJR�HGX���DQG�*DOOXS
�ZZZ�JDOOXS�FRP���$UFKLYHG�UHVHDUFK�GDWD�DUH�XVXDOO\�TXDQWLWDWLYH��:H�H[SHFW�WKDW
TXDOLWDWLYH� UHVHDUFK� GDWD� ZLOO� LQFUHDVLQJO\� EH� DUFKLYHG� IRU� ODWHU� DFFHVV� DQG
UHDQDO\VLV�

��$UFKLYHG�UHVHDUFK�GDWD�'DWD�RULJLQDOO\�XVHG�IRU�UHVHDUFK�SXUSRVHV�DQG�WKHQ
VWRUHG

7KH� ODUJHVW� UHSRVLWRU\� RI� DUFKLYHG� VRFLDO� VFLHQFH� GDWD� LV� NHSW� E\� WKH� ,QWHU�
XQLYHUVLW\� &RQVRUWLXP� IRU� 3ROLWLFDO� DQG� 6RFLDO� 5HVHDUFK� �,&365�
ZZZ�LFSVU�XPLFK�HGX���%DVHG� LQ�$QQ�$UERU��0LFKLJDQ�� WKH� ,&365� LQFOXGHV�PRUH
WKDQ�����FROOHJHV�DQG�XQLYHUVLWLHV� LQ� WKH�8QLWHG�6WDWHV�DQG�DFURVV� WKH�ZRUOG��7KH
,&365�FXUUHQWO\�KRXVHV�PRUH�WKDQ��������FRPSXWHU�UHDGDEOH�GDWD�ILOHV��DQG�IDFXOW\
DW�PHPEHU� LQVWLWXWLRQV� �VXFK� DV� \RXU� ORFDO� XQLYHUVLW\�� FDQ� REWDLQ� WKH� GDWD� VHWV� DW
YHU\�PRGHVW�FRVWV��7\SLFDOO\��WKH�GDWD�ZHUH�SDUW�RI�D�UHVHDUFK�VWXG\�E\�DQ�DFDGHPLF
UHVHDUFKHU��0DQ\�VWXGLHV�ZHUH�JUDQW� IXQGHG��$IWHU� D� UHVHDUFKHU�KDV� ILQLVKHG�ZLWK
WKH� GDWD�� KH� RU� VKH� SURYLGHV� D� FRS\� WR� WKH� ,&365�� ZKLFK� PDNHV� LW� DYDLODEOH� WR
PHPEHU� LQVWLWXWLRQV� RU� DQ\RQH� HOVH�ZKR� KDV� D� OHJLWLPDWH� UHDVRQ� WR� XVH� LW�� ,I� \RX
ZDQW�WR�VHH�VRPH�RI�WKH�PDQ\�GDWD�ILOHV�WKDW�DUH�DYDLODEOH��YLVLW�WKH�,&365�ZHEVLWH
RU� JR� WR� \RXU� OLEUDU\� DQG� EURZVH� WKURXJK� WKH� ,&365� *XLGH� WR� 5HVRXUFHV� DQG
6HUYLFHV��D�ERRN�WKDW�LQFOXGHV�GHVFULSWLRQV�RI�KXQGUHGV�RI�UHVHDUFK�GDWD�ILOHV�

5(9,(:
48(67 ,21

�������:KDW�DUH�VRPH�H[DPSOHV�RI�FRQVWUXFWHG�DQG
VHFRQGDU\��RU�H[LVWLQJ��GDWD"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ� UHVHDUFKHUV��DW�GLIIHUHQW� WLPHV��FUHDWLYHO\�XVH�DOO� VL[�RI� WKH�PDMRU
PHWKRGV�RI�GDWD�FROOHFWLRQ��7KH\�DOVR�XVH�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�IRUPV�RI
WKH�PHWKRGV�RI�GDWD�FROOHFWLRQ��DQG� WKH\�RIWHQ�XVH�D�PL[HG�YHUVLRQ� �H�J��� D�PL[HG
TXHVWLRQQDLUH�� DQ� LQWHUYLHZ� ZLWK� ERWK� VWUXFWXUHG� DQG� XQVWUXFWXUHG� FRPSRQHQWV��
7KDW� LV�� WKH\� RIWHQ� XVH� LQWUDPHWKRG� PL[LQJ� �PL[LQJ� ZLWKLQ� D� VLQJOH�PHWKRG��� $Q
DFWLRQ�UHVHDUFKHU�ZLOO�UDUHO\�UHO\�RQ�D�VLQJOH�PHWKRG�RI�GDWD�FROOHFWLRQ��7KH�ZRUOG
LV� FRPSOH[�� DQG� WKH�PXOWLSOH�PHWKRGV� RI� GDWD� FROOHFWLRQ� KHOS� XV� WR� VHH� GLIIHUHQW
SDUWV�RI�WKDW�FRPSOH[LW\�RU�VHH�WKH�VDPH�SDUWV�LQ�GLIIHUHQW�ZD\V��7KHUHIRUH��DFWLRQ
UHVHDUFKHUV�DOVR�RIWHQ�XVH�LQWHUPHWKRG�PL[LQJ��PL[LQJ�E\�XVLQJ�PXOWLSOH�PHWKRGV��

����+RZ�FDQ�\RX�REVHUYH�\RXU�RZQ�ZRUN�SUDFWLFHV��UHPHPEHU��VHOI�
GHYHORSPHQW�LV�DQ�LPSRUWDQW�SDUW�RI�DFWLRQ�UHVHDUFK�"

����$V�DQ�DFWLRQ�UHVHDUFKHU��H�J���DWWHPSWLQJ�WR�PDNH�VRPHWKLQJ�ZRUN�EHWWHU�LQ
\RXU�VFKRRO�RU�ZRUNSODFH���ZKDW�NLQGV�RI�GDWD�ZRXOG�\RX�OLNH�WR�FROOHFW
DERXW�VRPHWKLQJ�WKDW�LQWHUHVWV�\RX"�%H�YHU\�VSHFLILF�

http://www.norc.uchicago.edu
http://www.gallup.com
http://www.icpsr.umich.edu


����6HOHFW�WKUHH�PHWKRGV�RI�GDWD�FROOHFWLRQ��\RXU�TXHVWLRQQDLUH�IURP�&KDSWHU��
FDQ�FRXQW�DV�RQH���:KDW�PLJKW�HDFK�RI�WKHVH�KHOS�\RX�WR�VHH�DQG�XQGHUVWDQG
RU�OHDUQ�DERXW�\RXU�WDUJHWHG�UHVHDUFK�SDUWLFLSDQWV"

6800$5<

$�PHWKRG�RI�GDWD�FROOHFWLRQ� LV� WKH�SURFHGXUH� WKDW� D� UHVHDUFKHU�SK\VLFDOO\�XVHV� WR
REWDLQ�UHVHDUFK�GDWD�IURP�UHVHDUFK�SDUWLFLSDQWV��7KH�PHWKRG�RI�GDWD�FROOHFWLRQ�WKDW
LV�XVHG�LQ�D�UHVHDUFK�VWXG\�LV�GLVFXVVHG�LQ�WKH�PHWKRG�VHFWLRQ�RI�D�UHVHDUFK�UHSRUW�
7KHUH� DUH� VL[� PDMRU� PHWKRGV� RI� GDWD� FROOHFWLRQ�� 5HVHDUFKHUV� FDQ� KDYH� WKHLU
SDUWLFLSDQWV�ILOO�RXW�DQ�LQVWUXPHQW�RU�SHUIRUP�D�EHKDYLRU�GHVLJQHG�WR�PHDVXUH�WKHLU
DELOLW\�RU�GHJUHH�RI�D�VNLOO� �WHVWV��� UHVHDUFKHUV�FDQ�KDYH�UHVHDUFK�SDUWLFLSDQWV� ILOO
RXW�VHOI�UHSRUW�LQVWUXPHQWV��TXHVWLRQQDLUHV���UHVHDUFKHUV�FDQ�WDON�WR�SDUWLFLSDQWV�LQ
SHUVRQ� RU� RYHU� WKH� WHOHSKRQH� �LQWHUYLHZV��� UHVHDUFKHUV� FDQ� GLVFXVV� LVVXHV� ZLWK
PXOWLSOH� UHVHDUFK� SDUWLFLSDQWV� DW� WKH� VDPH� WLPH� LQ� D� VPDOO�JURXS� VHWWLQJ� �IRFXV
JURXSV��� UHVHDUFKHUV� FDQ� H[DPLQH� KRZ� UHVHDUFK� SDUWLFLSDQWV� DFW� LQ� QDWXUDO� DQG
VWUXFWXUHG� HQYLURQPHQWV� �REVHUYDWLRQV��� DQG� UHVHDUFKHUV� FDQ� XVH� GDWD� WKDW
SDUWLFLSDQWV�FRQVWUXFW�GXULQJ�D�VWXG\�DQG�GDWD�WKDW�FDPH�IURP�DQ�HDUOLHU�WLPH�IRU�D
GLIIHUHQW� SXUSRVH� WKDQ� WKH� FXUUHQW� UHVHDUFK� SUREOHP� DW� KDQG� �FRQVWUXFWHG� DQG
VHFRQGDU\�RU�H[LVWLQJ�GDWD���2QH�FDQ�XVH�TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG�IRUPV
RI�WKH�GLIIHUHQW�PDMRU�PHWKRGV�RI�GDWD�FROOHFWLRQ��DOWKRXJK�IRFXV�JURXSV�DUH�XVXDOO\
XVHG� WR� FROOHFW� TXDOLWDWLYH� GDWD� DQG� WHVWV� DUH� XVXDOO\� XVHG� WR� FROOHFW� TXDQWLWDWLYH
GDWD�� 7KH� PL[HG� IRUP� RI� RQH� PHWKRG� RI� GDWD� FROOHFWLRQ� PHWKRG� LV� FDOOHG
LQWUDPHWKRG�PL[LQJ��H�J���D�PL[HG�TXHVWLRQQDLUH���DQG�WKH�PL[LQJ�RU�XVH�RI�WZR�RU
PRUH�PHWKRGV�RI�GDWD�FROOHFWLRQ�LV�FDOOHG�LQWHUPHWKRG�PL[LQJ��7KH�UHVHDUFKHU�PXVW
SD\�SDUWLFXODU�DWWHQWLRQ�WR�WKH�FRQVWUXFWLRQ�RI�WKH�GDWD�FROOHFWLRQ�LQVWUXPHQW�WKDW�LV
XVHG� WR� FROOHFW� UHVHDUFK� GDWD� WR� PDNH� VXUH� WKDW� LW� ZRUNV� ZHOO�� )LQDOO\�� WKH
IXQGDPHQWDO� SULQFLSOH� RI� PL[HG� UHVHDUFK� SURYLGHV� D� ORJLF� IRU� VWUHQJWKHQLQJ� WKH
HYLGHQFH�SURGXFHG�E\�D�UHVHDUFK�VWXG\�

.(<�7(506

DUFKLYHG�UHVHDUFK�GDWD��S������
EDFNVWDJH�EHKDYLRU��S������
FRPSOHWH�REVHUYHU��S������
FRPSOHWH�SDUWLFLSDQW��S������
FRQVWUXFWHG�GDWD��S������
HYHQW�VDPSOLQJ��S������
ILHOG�QRWHV��S������
IRFXV�JURXS��S������
IURQWVWDJH�EHKDYLRU��S������



IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK��S������
JURXS�PRGHUDWRU��S������
LQIRUPDO�FRQYHUVDWLRQDO�LQWHUYLHZ��S������
LQ�SHUVRQ�LQWHUYLHZ��S������
LQWHUPHWKRG�PL[LQJ��S������
LQWHUYLHZ��S������
LQWHUYLHZ�JXLGH�DSSURDFK��S������
LQWHUYLHZ�SURWRFRO��S������
LQWHUYLHZHH��S������
LQWHUYLHZHU��S������
LQWUDPHWKRG�PL[LQJ��S������
ODERUDWRU\�REVHUYDWLRQ��S������
PHWKRG�RI�GDWD�FROOHFWLRQ��S������
QDWXUDOLVWLF�REVHUYDWLRQ��S������
REVHUYDWLRQ��S������
REVHUYHU�DV�SDUWLFLSDQW��S������
RIILFLDO�GRFXPHQWV��S������
SDUWLFLSDQW�DV�REVHUYHU��S������
SHUVRQDO�GRFXPHQWV��S������
SKRWR�LQWHUYLHZLQJ��S������
SK\VLFDO�GDWD��S������
SUREH��S������
TXDOLWDWLYH�LQWHUYLHZ��S������
TXDOLWDWLYH�REVHUYDWLRQ��S������
TXDQWLWDWLYH�REVHUYDWLRQ��S������
TXHVWLRQQDLUH��S������
UHDFWLYLW\��S������
UHVHDUFK�PHWKRG��S������
VHFRQGDU\�GDWD��S������
VWDQGDUGL]DWLRQ��S������
VWDQGDUGL]HG�RSHQ�HQGHG�LQWHUYLHZ��S������
WHOHSKRQH�LQWHUYLHZ��S������
WLPH�LQWHUYDO�VDPSOLQJ��S������
YLVXDO�GDWD�FROOHFWLRQ��S������

',6&866,21�48(67,216



����:H�WDONHG�DERXW�VL[�PDMRU�PHWKRGV�RI�GDWD�FROOHFWLRQ�LQ�WKLV�FKDSWHU��&DQ�\RX
WKLQN�RI�DQ\�PHWKRG�RI�GDWD�FROOHFWLRQ�QRW�PHQWLRQHG�LQ�WKH�FKDSWHU"�:KDW�LV�LW"
'RHV�LW�ILW�LQWR�RQH�RI�WKH�VL[�PDMRU�PHWKRGV��RU�GRHV�LW�GHVHUYH�D�QHZ�FDWHJRU\"

����:KLFK�RI�WKH�VL[�PHWKRGV�RI�GDWD�FROOHFWLRQ�GR�\RX�WKLQN�LV�PRVW�FRPPRQO\�XVHG
E\�HGXFDWLRQDO�UHVHDUFKHUV"�:K\"

����:KLFK�RI�WKH�VL[�PHWKRGV�RI�GDWD�FROOHFWLRQ�ZRXOG�\RX�IHHO�PRVW�FRPIRUWDEOH
XVLQJ"�:K\"

����:KDW�LV�WKH�SRLQW�RI�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK"�7KLQN�RI�DQ
H[DPSOH�RI�LWV�XVH�WR�VKDUH�ZLWK�\RXU�FODVVPDWHV�

����6KRXOG�D�UHVHDUFKHU�XVH�D�VLQJOH�LWHP�WR�PHDVXUH�DQ�DEVWUDFW�FRQFHSW��VXFK�DV
VHOI�HVWHHP��LQWHOOLJHQFH��RU�WHDFKLQJ�VHOI�HIILFDF\"�,I�QRW��KRZ�VKRXOG�WKH
UHVHDUFKHU�PHDVXUH�VXFK�FRQFHSWV"

5(6($5&+�(;(5&,6(6

����&RQVWUXFW�D�VKRUW�LQWHUYLHZ�SURWRFRO�RQ�D�WRSLF�RI�LQWHUHVW�WR�\RX��*R�WR�WKH�ORFDO
VKRSSLQJ�PDOO�DQG�LQWHUYLHZ�ILYH�SHRSOH�ZKR�DUH�GHPRJUDSKLFDOO\�GLIIHUHQW�
$IWHU�LQWHUYLHZLQJ�WKH�SHRSOH��ZULWH�XS�ZKDW�\RX�IRXQG�RXW�DERXW�WKH�WRSLF��$OVR
ZULWH�XS�\RXU�PHWKRGRORJLFDO�REVHUYDWLRQV�DERXW�ZKHWKHU�WUXVW�DQG�UDSSRUW
DIIHFWHG�WKH�LQWHUYLHZ�SURFHVV�DQG�KRZ�\RX�FRXOG�LPSURYH�\RXU�LQWHUYLHZ
SURFHGXUH�

����*R�WR�D�SXEOLF�SODFH�DQG�REVHUYH�LQWHUDFWLRQV�EHWZHHQ�FRXSOHV��8VH�\RXU
REVHUYDWLRQV�WR�LGHQWLI\�WZR�UHVHDUFK�TXHVWLRQV�WKDW�\RX�PLJKW�ODWHU�VWXG\�LQ
PRUH�GHSWK�

5(/(9$17�,17(51(7�6,7(6

)UHH�KDQGERRN�RQ�PL[HG�PHWKRGV�GDWD�FROOHFWLRQ
KWWS���ZZZ�QVI�JRY�SXEV������QVI������QVI�����B��SGI

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV

http://www.nsf.gov/pubs/2002/nsf02057/nsf02057_1.pdf
http://www.sagepub.com/bjohnson5e


,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

-RKQVRQ��%���	�7XUQHU��/��$����������'DWD�FROOHFWLRQ�VWUDWHJLHV�LQ�PL[HG�PHWKRGV
UHVHDUFK��,Q�$��7DVKDNNRUL�	�&��7HGGOLH��(GV����+DQGERRN�RI�PL[HG�PHWKRGV�LQ
VRFLDO�	�EHKDYLRUDO�UHVHDUFK��7KRXVDQG�2DNV��&$��6DJH�

.UXHJHU��5��$���	�&DVH\��0��$����������)RFXV�JURXSV��$�SUDFWLFDO�JXLGH�IRU
DSSOLHG�UHVHDUFK���UG�HG����7KRXVDQG�2DNV��&$��6DJH�

:ROFRWW��+��)����������7KH�DUW�RI�ILHOGZRUN��:DOQXW�&UHHN��&$��$OWDPLUD�



&KDSWHU���

6DPSOLQJ�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG
5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�VDPSOH�DQG�D�FHQVXV�
��'HILQH�WKH�NH\�WHUPV�XVHG�LQ�VDPSOLQJ��UHSUHVHQWDWLYH�VDPSOH��JHQHUDOL]H�
HOHPHQW��VWDWLVWLF��SDUDPHWHU��DQG�VR�IRUWK��

��&RPSDUH�DQG�FRQWUDVW�WKH�GLIIHUHQW�UDQGRP�VDPSOLQJ�WHFKQLTXHV�
��.QRZ�ZKLFK�VDPSOLQJ�WHFKQLTXHV�DUH�HTXDO�SUREDELOLW\�RI�VHOHFWLRQ�PHWKRGV�
��'UDZ�D�VLPSOH�UDQGRP�VDPSOH�
��'UDZ�D�V\VWHPDWLF�VDPSOH�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�SURSRUWLRQDO�DQG�GLVSURSRUWLRQDO�VWUDWLILHG
VDPSOLQJ�

��([SODLQ�WKH�FKDUDFWHULVWLFV�RI�RQH�VWDJH�DQG�WZR�VWDJH�FOXVWHU�VDPSOLQJ�
��/LVW�DQG�H[SODLQ�WKH�FKDUDFWHULVWLFV�RI�WKH�GLIIHUHQW�QRQUDQGRP�VDPSOLQJ
WHFKQLTXHV�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�UDQGRP�VHOHFWLRQ�DQG�UDQGRP�DVVLJQPHQW�
��/LVW�WKH�IDFWRUV�WKDW�\RX�VKRXOG�FRQVLGHU�ZKHQ�GHWHUPLQLQJ�WKH�DSSURSULDWH
VDPSOH�VL]H�WR�EH�VHOHFWHG�ZKHQ�XVLQJ�UDQGRP�VDPSOLQJ�

��'LVFXVV�VDPSOLQJ�LQ�TXDOLWDWLYH�UHVHDUFK�DQG�FRPSDUH�DQG�FRQWUDVW�WKH
GLIIHUHQW�VDPSOLQJ�WHFKQLTXHV�XVHG�LQ�TXDOLWDWLYH�UHVHDUFK�

��([SODLQ�WKH�WZR�FULWHULD�WKDW�SURGXFH�WKH�HLJKW�PHWKRGV�RI�VDPSOLQJ�LQ�PL[HG
UHVHDUFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�5HSUHVHQWDWLYH�6DPSOHV

7KH�FRQFHSW�RI�VDPSOLQJ�KDV�LPSRUWDQW�DSSOLFDWLRQV�LQ�GDLO\�OLIH��)RU�H[DPSOH��PRVW�IDUP�SURGXFWV�WKDW
DUH� JURZQ� LQ� WKH� 8QLWHG� 6WDWHV� DUH� VXEMHFW� WR� LQVSHFWLRQ� E\� WKH� )HGHUDO�6WDWH� ,QVSHFWLRQ� 6HUYLFH�



,

%HFDXVH� LW� LV� QRW� SRVVLEOH� IRU� HDFK� DSSOH�� HDFK� KDP�� RU
HDFK� SHDQXW� WR� EH� LQVSHFWHG� LQGLYLGXDOO\�� WKH� ,QVSHFWLRQ
6HUYLFH� VHOHFWV� VDPSOHV� RI� HDFK� IDUP� FRPPRGLW\� IRU
LQVSHFWLRQ�� $QDO\VHV� RI� WKHVH� VDPSOHV� DUH� XVHG� WR� LQIHU
WKH� FKDUDFWHULVWLFV� RI� ODUJH� TXDQWLWLHV� RI� YDULRXV� IDUP
SURGXFWV�� ,QVSHFWLRQV� RI� IDUP� SURGXFWV� E\� WKHVH
JRYHUQPHQW� RIILFLDOV� SURWHFW� WKH� JHQHUDO� SXEOLF� E\
HQVXULQJ� WKDW� WKH�SURGXFWV� LQ�JURFHU\� VWRUHV� DUH� VDIH� IRU
SXEOLF�FRQVXPSWLRQ�

/HW¶V� ORRN� PRUH� FORVHO\� DW� WKH� H[DPSOH� RI� SHDQXWV�
7KRXVDQGV� RI� WRQV� RI� SHDQXWV� DUH� JURZQ� DQQXDOO\� LQ� WKH

8QLWHG�6WDWHV��$V�ZLWK�RWKHU� IDUP�SURGXFWV��SHDQXWV�DUH�VXEMHFW� WR�DQDO\VLV�E\� WKH� ,QVSHFWLRQ�6HUYLFH
EHIRUH� WKH\� FDQ� EH� SXW� RQ� WKH� PDUNHW�� 7KH� LQVSHFWRUV� QHHG� WR� NQRZ� WKH� SHUFHQWDJHV� RI� VSHFLILHG
FRPSRQHQWV�� VXFK� DV�ZKROH� SHDQXW� NHUQHOV�� KDOI� NHUQHOV�� VKULYHOHG� NHUQHOV�� KXOOV�� DQG� IRUHLJQ�PDWHULDO
�H�J��� KD\�� VDQG�� DQG� SHEEOHV��� LQ� HDFK� ORDG� RI� SHDQXWV�� DV�ZHOO� DV� WKH� SHUFHQWDJH� RI�PRLVWXUH� LQ� WKH
SHDQXWV�

$�W\SLFDO�WUXFNORDG�RI�SHDQXWV�EURXJKW�WR�PDUNHW�E\�D�86�IDUPHU�UDQJHV�LQ�VL]H�IURP�DSSUR[LPDWHO\
������WR�������SRXQGV��7KH�,QVSHFWLRQ�6HUYLFH�LQVSHFWRUV�GUDZ�D�VDPSOH�RI�SHDQXWV�IURP�HDFK�ORDG�ZLWK
WKH�XVH�RI�D�VSHFLDO�WRRO�FDOOHG�D�SHDQXW�DXJHU��D�KROORZ��VWDLQOHVV�VWHHO�F\OLQGHU�DSSUR[LPDWHO\���LQFKHV
LQ�GLDPHWHU�DQG���IHHW�ORQJ��7KH�LQVSHFWRU�SXVKHV�WKH�DXJHU�LQWR�WKH�SHDQXWV�IURP�WKH�WRS�VXUIDFH�WR�WKH
YHU\�ERWWRP�RI�WKH�ORDG��7KLV�SURFHGXUH�DOORZV�WKH�DXJHU�WR�WDNH�D�VDPSOH�RI�SHDQXWV�IURP�HYHU\�OHYHO
LQ�WKH�ORDG��7KH�LQVSHFWRU�SHUIRUPV�WKLV�SURFHGXUH�IRU�HDFK�RI�VHYHUDO�SRVLWLRQV�UDQGRPO\�VHOHFWHG�E\�D
FRPSXWHU�WKDW�JUDSKV�WKH�WRS�VXUIDFH�RI�WKH�ORDG�RI�SHDQXWV��7KHRUHWLFDOO\��HDFK�SHDQXW��DQG�HDFK�RWKHU
FRPSRQHQW� RI� WKH� ORDG�� KDV� DQ� HTXDO� FKDQFH� RI� EHLQJ� LQFOXGHG� LQ� WKH� VDPSOH�� 7KLV� SURFHVV� SURGXFHV
VDPSOHV�WKDW�DUH�UHSUHVHQWDWLYH�RI�WKH�ORDGV�RI�SHDQXWV�

Q� WKLV�FKDSWHU��ZH�H[DPLQH� WKH� LGHD�RI� VDPSOLQJ��6DPSOLQJ� LV� WKH�SURFHVV�RI
GUDZLQJ� D� VDPSOH� IURP� D� SRSXODWLRQ�� :KHQ� ZH� VDPSOH�� ZH� VWXG\� WKH
FKDUDFWHULVWLFV� RI� D� VXEVHW� �FDOOHG� WKH� VDPSOH�� VHOHFWHG� IURP� D� ODUJHU� JURXS

�FDOOHG�WKH�SRSXODWLRQ�� WR�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI� WKH�ODUJHU�JURXS��$IWHU
UHVHDUFKHUV�GHWHUPLQH� WKH�FKDUDFWHULVWLFV�RI� WKH� VDPSOH�� WKH\�JHQHUDOL]H� IURP� WKH
VDPSOH�WR�WKH�SRSXODWLRQ��WKDW�LV��UHVHDUFKHUV�PDNH�VWDWHPHQWV�DERXW�WKH�SRSXODWLRQ
EDVHG�RQ�WKHLU�VWXG\�RI�WKH�VDPSOH��$�VDPSOH�LV�XVXDOO\�PXFK�VPDOOHU�LQ�VL]H�WKDQ�D
SRSXODWLRQ��KHQFH��VDPSOLQJ�FDQ�VDYH�WLPH�DQG�PRQH\�

��6DPSOLQJ�7KH�SURFHVV�RI�GUDZLQJ�D�VDPSOH�IURP�D�SRSXODWLRQ

��*HQHUDOL]H�7R�PDNH�VWDWHPHQWV�DERXW�D�SRSXODWLRQ�EDVHG�RQ�VDPSOH�GDWD

,I� \RX� VWXG\� HYHU\� LQGLYLGXDO� LQ� D� SRSXODWLRQ�� \RX� DUH� DFWXDOO\� FRQGXFWLQJ� D
FHQVXV� DQG�QRW� D� VXUYH\�� ,Q� D�FHQVXV�� WKH�ZKROH� SRSXODWLRQ� LV� VWXGLHG�� QRW� MXVW� D
VDPSOH��RU�VXEVHW��RI�WKH�SRSXODWLRQ��$�ZHOO�NQRZQ�H[DPSOH�RI�D�FHQVXV�LV�WKH�86
'HFHQQLDO�&HQVXV�FRQGXFWHG�E\�WKH�&HQVXV�%XUHDX�HYHU\����\HDUV��7KH�SXUSRVH�RI
WKLV� FHQVXV� LV� WR� GHWHUPLQH� WKH� GHPRJUDSKLF� FKDUDFWHULVWLFV� �DJH�� JHQGHU�� UDFH�
LQFRPH� OHYHO��� HGXFDWLRQDO� FKDUDFWHULVWLFV� �HGXFDWLRQDO� DWWDLQPHQW�� VFKRRO
HQUROOPHQW��� IDPLO\� FKDUDFWHULVWLFV� �QXPEHU� RI� FKLOGUHQ�� DJH� DW� PDUULDJH�� IDPLO\
VWUXFWXUH���DQG�ZRUN�FKDUDFWHULVWLFV��H�J���W\SH�RI�MRE��RFFXSDWLRQDO�SUHVWLJH�RI�MRE�
QXPEHU�RI�KRXUV�ZRUNHG�SHU�ZHHN��RI�DOO� LQGLYLGXDO�FLWL]HQV�RI�WKH�8QLWHG�6WDWHV�



7KDW¶V�PRUH� WKDQ� ����PLOOLRQ� SHRSOH��$V� \RX� FDQ� SUREDEO\� LPDJLQH�� D� FHQVXV� LV
TXLWH�H[SHQVLYH�DQG�YHU\�GLIILFXOW�WR�FRQGXFW�

��&HQVXV�$�VWXG\�EDVHG�RQ�GDWD�IURP�WKH�ZKROH�SRSXODWLRQ�UDWKHU�WKDQ�D
VDPSOH

5HVHDUFKHUV�UDUHO\�VWXG\�HYHU\�LQGLYLGXDO�LQ�WKH�SRSXODWLRQ�RI�LQWHUHVW��,QVWHDG�
WKH\�VWXG\�D�VDPSOH�RI�WKH�SRSXODWLRQ��7KH�XVH�RI�UDQGRP�VDPSOLQJ�VDYHV�WLPH�DQG
PRQH\�FRPSDUHG� WR�D�FHQVXV��8VLQJ� WKH�UDQGRP�VDPSOLQJ� WHFKQLTXHV�GLVFXVVHG� LQ
WKLV�FKDSWHU��FKDUDFWHULVWLFV�RI� WKH�86�SRSXODWLRQ�FDQ�EH�HVWLPDWHG�ZLWKLQ�D�VPDOO
PDUJLQ�RI�HUURU��SOXV�RU�PLQXV�D�IHZ�SHUFHQWDJH�SRLQWV��XVLQJ�RQO\�������WR������
LQGLYLGXDOV��&RQGXFWLQJ�D�FHQVXV�IRU�ODUJH�SRSXODWLRQV�LV�JHQHUDOO\�WRR�GLIILFXOW�DQG
WRR�H[SHQVLYH��2Q�WKH�RWKHU�KDQG��LI�D�SRSXODWLRQ�LV�YHU\�VPDOO��H�J���DOO����WHDFKHUV
DW� D� VLQJOH� HOHPHQWDU\� VFKRRO��� LQFOXGLQJ� DOO� RI� WKH� LQGLYLGXDOV� LQ� \RXU� UHVHDUFK
VWXG\� LV� \RXU� EHVW� EHW��7KH� UHDO� SRZHU� RI� UDQGRP� VDPSOLQJ� FRPHV�ZKHQ�\RX� DUH
VWXG\LQJ�ODUJH�SRSXODWLRQV�

,Q� WKLV� FKDSWHU�� ZH� GLVFXVV� UDQGRP� �DOVR� FDOOHG� SUREDELOLW\�� VDPSOLQJ
WHFKQLTXHV� DQG� QRQUDQGRP� �DOVR� FDOOHG� QRQSUREDELOLW\�� VDPSOLQJ� WHFKQLTXHV�
5DQGRP� VDPSOLQJ� WHFKQLTXHV� DUH� EDVHG� RQ� WKH� WKHRU\� RI� SUREDELOLW\� DQG� XVXDOO\
SURGXFH� ³JRRG´� VDPSOHV�� $� JRRG� VDPSOH� LV� RQH� WKDW� LV� UHSUHVHQWDWLYH� RI� WKH
SRSXODWLRQ� LW� FDPH� IURP�� 7KDW� LV�� D� UHSUHVHQWDWLYH� VDPSOH� UHVHPEOHV� WKH
SRSXODWLRQ�WKDW�LW�FDPH�IURP�RQ�DOO�FKDUDFWHULVWLFV��WKH�SURSRUWLRQV�RI�PDOHV�DQG
IHPDOHV�� WHDFKHUV� DQG� QRQWHDFKHUV�� \RXQJ� DQG� ROG� SHRSOH�� 'HPRFUDWV� DQG
5HSXEOLFDQV�� DQG� VR� IRUWK��H[FHSW� WRWDO� VL]H��$� UHSUHVHQWDWLYH� VDPSOH� LV� OLNH� WKH
SRSXODWLRQ�H[FHSW�WKDW�LW�LV�VPDOOHU��$OWKRXJK�D�UDQGRP�VDPSOH�LV�UDUHO\�SHUIHFWO\
UHSUHVHQWDWLYH�� UDQGRP� VDPSOHV� DUH� DOPRVW� DOZD\V� PRUH� UHSUHVHQWDWLYH� WKDQ
QRQUDQGRP�VDPSOHV��1RQUDQGRP�VDPSOHV� DUH� VDLG� WR�EH�ELDVHG�VDPSOHV� EHFDXVH
WKH\� DUH� DOPRVW� DOZD\V� V\VWHPDWLFDOO\� GLIIHUHQW� IURP� WKH� SRSXODWLRQ� RQ� FHUWDLQ
FKDUDFWHULVWLFV�� ,Q� FRQWUDVW�� UDQGRP� VDPSOHV� DUH� VDLG� WR� EH� XQELDVHG� VDPSOHV
EHFDXVH�WKH\�WHQG�WR�EH�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQV�IURP�ZKLFK�WKH\�FRPH�

��5HSUHVHQWDWLYH�VDPSOH�$�VDPSOH�WKDW�UHVHPEOHV�WKH�SRSXODWLRQ

��%LDVHG�VDPSOH�$�VDPSOH�WKDW�LV�V\VWHPDWLFDOO\�GLIIHUHQW�IURP�WKH�SRSXODWLRQ

5DQGRP� VDPSOLQJ� LV� IUHTXHQWO\� XVHG� LQ� VXUYH\� UHVHDUFK�� ZKLFK� LV� D
QRQH[SHULPHQWDO�UHVHDUFK�PHWKRG�LQ�ZKLFK�TXHVWLRQQDLUHV�RU�LQWHUYLHZV�DUH�XVHG�WR
JDWKHU�LQIRUPDWLRQ�DQG�WKH�JRDO�LV�WR�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�D�SRSXODWLRQ
EDVHG�RQ�WKH�VDPSOH�GDWD��:HOO�NQRZQ�H[DPSOHV�RI�VXUYH\�UHVHDUFK�LQFOXGH�VWXGLHV
GRQH� WR�GHWHUPLQH�YRWHU� DWWLWXGHV� DERXW�SROLWLFDO� FDQGLGDWHV� DQG� UHODWHG� LVVXHV�RI
LQWHUHVW� �H�J��� HGXFDWLRQ�� IDPLO\�� FULPH�� IRUHLJQ� DIIDLUV��� $OWKRXJK� WKH� UDQGRP
VDPSOLQJ� WHFKQLTXHV�GLVFXVVHG� LQ� WKLV� FKDSWHU� DUH�PRVW� FRPPRQO\�XVHG� LQ� VXUYH\
UHVHDUFK�� WKH\�DUH� VRPHWLPHV�XVHG� LQ�PRVW�RWKHU� W\SHV�RI�TXDQWLWDWLYH� UHVHDUFK�DV
ZHOO�



��6XUYH\�UHVHDUFK�$�QRQH[SHULPHQWDO�UHVHDUFK�PHWKRG�EDVHG�RQ
TXHVWLRQQDLUHV�RU�LQWHUYLHZV

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

$V� \RX� UHDG� WKH� UHVW� RI� WKLV� FKDSWHU�� UHPHPEHU� WKDW� WKH� PDLQ� SXUSRVH� RI
VDPSOLQJ� LQ� TXDQWLWDWLYH� UHVHDUFK� LV� WR� HQDEOH� WKH� UHVHDUFKHU� WR� PDNH� DFFXUDWH
JHQHUDOL]DWLRQV�DERXW�D�SRSXODWLRQ�XVLQJ�VDPSOH�GDWD��,Q�VKRUW��REWDLQLQJ�D�VDPSOH
LV�D�PHDQV�WR�DQ�HQG��$IWHU�\RX�OHDUQ�DERXW�VDPSOLQJ�LQ�TXDQWLWDWLYH�UHVHDUFK��ZKDW
LW�LV�DQG�KRZ�LW�LV�FRQGXFWHG���ZH�GLVFXVV�VDPSOLQJ�LQ�TXDOLWDWLYH�UHVHDUFK��ZKHUH
WKH�JRDO�LV�WR�VHOHFW�SDUWLFXODU�JURXSV�DQG�WR�XQGHUVWDQG�WKHP��:H�FRQFOXGH�ZLWK�D
GLVFXVVLRQ�RI�VDPSOLQJ� LQ�PL[HG�PHWKRGV�UHVHDUFK��ZKLFK�FRPELQHV� LQVLJKWV� IURP
WKH�VWXG\�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�VDPSOLQJ�PHWKRGV�
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�����:KDW�W\SH�RI�VDPSOLQJ�SURGXFHV�UHSUHVHQWDWLYH
VDPSOHV"

�����:KDW�LV�D�UHSUHVHQWDWLYH�VDPSOH��DQG�ZKHQ�LV�LW
LPSRUWDQW�WR�REWDLQ�D�UHSUHVHQWDWLYH�VDPSOH"

7(50,12/2*<�86('�,1�6$03/,1*
7R� XQGHUVWDQG� VDPSOLQJ� EHWWHU�� LW� LV� KHOSIXO� WR� NQRZ� VRPH� VSHFLDOL]HG� WHUPV�� $
VDPSOH� LV� D� VHW� RI� HOHPHQWV� WDNHQ� IURP� D� ODUJHU� SRSXODWLRQ� DFFRUGLQJ� WR� FHUWDLQ
UXOHV��$Q�HOHPHQW�LV�WKH�EDVLF�XQLW�VHOHFWHG�IURP�WKH�SRSXODWLRQ��³,QGLYLGXDOV´�DUH
WKH�PRVW�FRPPRQ�HOHPHQW�VDPSOHG��KRZHYHU��RWKHU�W\SHV�RI�HOHPHQWV�DUH�SRVVLEOH
VXFK�DV�³JURXSV´��H�J���VFKRROV��FODVVURRPV��FOLQLFV��RU�³REMHFWV´��H�J���WH[WERRNV�
VFKRRO� UHFRUGV�� WHOHYLVLRQ� FRPPHUFLDOV��� $� VDPSOH� LV� DOZD\V� VPDOOHU� WKDQ� D
SRSXODWLRQ�� DQG� LW� LV� RIWHQ�PXFK� VPDOOHU�� ,Q� VDPSOLQJ�� WKH� OHWWHU�1� VWDQGV� IRU� WKH
SRSXODWLRQ� VL]H� �WKH� WRWDO� QXPEHU� RI� SHRSOH� RU� HOHPHQWV� LQ� D� SRSXODWLRQ��� DQG�Q
VWDQGV� IRU� WKH� VDPSOH� VL]H� �WKH� QXPEHU� RI� SHRSOH� RU� HOHPHQWV� LQ� D� VDPSOH��� )RU
H[DPSOH��LI�ZH�VHOHFWHG�D�VDPSOH�RI�����SHRSOH�IURP�D�SRSXODWLRQ�RI����������WKHQ
Q�ZRXOG�EH�����DQG�1�ZRXOG�EH����������6DPSOLQJ�UXOHV�WHOO�\RX�KRZ�WR�VHOHFW�D
VDPSOH��7KH�PHWKRGV�RI� VDPSOLQJ�GLVFXVVHG� LQ� WKLV� FKDSWHU� IROORZ�GLIIHUHQW� UXOHV
IRU�VHOHFWLRQ�

��6DPSOH�$�VHW�RI�HOHPHQWV�WDNHQ�IURP�D�ODUJHU�SRSXODWLRQ

��(OHPHQW�7KH�EDVLF�XQLW�WKDW�LV�VHOHFWHG�IURP�WKH�SRSXODWLRQ

��1�7KH�SRSXODWLRQ�VL]H



��Q�7KH�VDPSOH�VL]H

$�SRSXODWLRQ��VRPHWLPHV�FDOOHG�D�WDUJHW�SRSXODWLRQ��LV�WKH�VHW�RI�DOO�HOHPHQWV��,W
LV� WKH� ODUJH� JURXS� WR� ZKLFK� D� UHVHDUFKHU� ZDQWV� WR� JHQHUDOL]H� KLV� RU� KHU� VDPSOH
UHVXOWV��,Q�RWKHU�ZRUGV��LW�LV�WKH�WRWDO�JURXS�WKDW�\RX�DUH�LQWHUHVWHG�LQ�OHDUQLQJ�PRUH
DERXW�� $� IHZ� SRVVLEOH� SRSXODWLRQV� DUH� WKH� FLWL]HQV� RI� WKH� 8QLWHG� 6WDWHV�� DOO� WKH
VWXGHQWV� DWWHQGLQJ� SXEOLF� DQG� SULYDWH� VFKRROV� LQ� 3RUWODQG�� 2UHJRQ�� DQG� DOO
FRXQVHORUV�ZRUNLQJ�DW�D�PHQWDO�KHDOWK�FHQWHU�LQ�$XVWLQ��7H[DV�

��3RSXODWLRQ�7KH�ODUJH�JURXS�WR�ZKLFK�D�UHVHDUFKHU�ZDQWV�WR�JHQHUDOL]H�WKH
VDPSOH�UHVXOWV

$�VWDWLVWLF�LV�D�QXPHULFDO�FKDUDFWHULVWLF�RI�D�VDPSOH��)RU�H[DPSOH��RQ�WKH�EDVLV
RI� WKH� SHRSOH� LQFOXGHG� LQ� D� VDPSOH�� D� UHVHDUFKHU� PLJKW� FDOFXODWH� WKH� DYHUDJH
UHDGLQJ�SHUIRUPDQFH�RU�WKH�FRUUHODWLRQ�EHWZHHQ�WZR�YDULDEOHV��H�J���WHVW�JUDGHV�DQG
VWXG\� WLPH���$�SDUDPHWHU� LV� D�QXPHULFDO� FKDUDFWHULVWLF�RI� D� WRWDO�SRSXODWLRQ��)RU
H[DPSOH��LW�FRXOG�EH�DQ�DYHUDJH��D�FRUUHODWLRQ��RU�D�SHUFHQWDJH�WKDW�LV�EDVHG�RQ�WKH
FRPSOHWH� SRSXODWLRQ� UDWKHU� WKDQ� RQ� D� VDPSOH��:H� UDUHO\� NQRZ� WKH� YDOXHV� RI� WKH
SRSXODWLRQ�SDUDPHWHUV�RI�LQWHUHVW��7KHUHIRUH��ZH�FROOHFW�VDPSOH�GDWD�VR�WKDW�ZH�FDQ
HVWLPDWH�WKH�SUREDEOH�YDOXHV�RI�WKH�SRSXODWLRQ�SDUDPHWHUV��$�VDPSOH�VWDWLVWLF�ZLOO
UDUHO\�EH�H[DFWO\�WKH�VDPH�DV�WKH�SRSXODWLRQ�SDUDPHWHU��EXW�PRVW�RI�WKH�WLPH�LW�ZLOO
QRW�EH�YHU\�IDU�RII��DVVXPLQJ�WKDW�WKH�VDPSOH�LV�D�UDQGRP�VDPSOH�RI�DGHTXDWH�VL]H��
7KH�DFWXDO�GLIIHUHQFH�EHWZHHQ�D�VDPSOH�VWDWLVWLF�YDOXH��OHW¶V�VD\�\RX�FDOFXODWHG�DQ
DYHUDJH� IRU� WKH� VDPSOH�� DQG� WKH� SRSXODWLRQ� SDUDPHWHU� �WKH� DFWXDO� DYHUDJH� LQ� WKH
SRSXODWLRQ��LV�FDOOHG�VDPSOLQJ�HUURU��6DPSOLQJ�HUURU�ZLOO�IOXFWXDWH�UDQGRPO\�RYHU
UHSHDWHG� VDPSOLQJ� ZKHQ� D� UDQGRP� VDPSOLQJ� PHWKRG� LV� XVHG�� 7KDW� LV�� D� VDPSOH
VWDWLVWLF��H�J���DQ�DYHUDJH�RU�D�SHUFHQWDJH��ZLOO�VRPHWLPHV�EH�D�OLWWOH�ODUJHU�WKDQ�D
SRSXODWLRQ�SDUDPHWHU�� DQG� LW�ZLOO� VRPHWLPHV�EH�D� OLWWOH� VPDOOHU��+RZHYHU�� LW�ZLOO
QRW�EH�FRQVLVWHQWO\�WRR�ODUJH�RU�WRR�VPDOO��7KDW�LV��LW�ZLOO�QRW�EH�ELDVHG�LI�\RX�XVH
UDQGRP�VDPSOLQJ�

��6WDWLVWLF�$�QXPHULFDO�FKDUDFWHULVWLF�RI�D�VDPSOH

��3DUDPHWHU�$�QXPHULFDO�FKDUDFWHULVWLF�RI�D�SRSXODWLRQ

��6DPSOLQJ�HUURU�7KH�GLIIHUHQFH�EHWZHHQ�WKH�YDOXH�RI�D�VDPSOH�VWDWLVWLF�DQG
WKH�SRSXODWLRQ�SDUDPHWHU

:KHQ� ZH� GUDZ� D� VDPSOH�� ZH� W\SLFDOO\� EHJLQ� E\� ORFDWLQJ� RU� FRQVWUXFWLQJ� D
VDPSOLQJ�IUDPH��ZKLFK�LV�D�OLVW�RI�DOO�WKH�HOHPHQWV�LQ�WKH�SRSXODWLRQ��)RU�H[DPSOH�
LI�ZH�DUH� LQWHUHVWHG� LQ�GUDZLQJ�D�VDPSOH�RI�FROOHJH�VWXGHQWV�DWWHQGLQJ�2KLR�6WDWH
8QLYHUVLW\�� WKHQ�WKH�VDPSOLQJ�IUDPH�VKRXOG�EH�D�OLVW�RI�DOO�VWXGHQWV�DWWHQGLQJ�2KLR
6WDWH�8QLYHUVLW\��7KH�UHVHDUFKHU�GUDZV� WKH�VDPSOH�IURP�WKH�VDPSOLQJ�IUDPH�XVLQJ



RQH� RI� WKH� VDPSOLQJ� PHWKRGV� GLVFXVVHG� ODWHU�� $IWHU� WKH� VDPSOH� LV� VHOHFWHG�� WKH
PHPEHUV� RI� WKH� VDPSOH� DUH� FRQWDFWHG� DQG� DVNHG� LI� WKH\� ZLOO� SDUWLFLSDWH� LQ� WKH
UHVHDUFK�VWXG\�

��6DPSOLQJ�IUDPH�$�OLVW�RI�DOO�WKH�HOHPHQWV�LQ�D�SRSXODWLRQ

7\SLFDOO\�� VRPH� RI� WKH� SHRSOH� LQ� D� VDPSOH� ZLOO� UHIXVH� WR� SDUWLFLSDWH� LQ� WKH
UHVHDUFK� VWXG\�� <RX� FDQ� GHWHUPLQH� WKH� SHUFHQWDJH� WKDW� DFWXDOO\� SDUWLFLSDWHV� E\
FDOFXODWLQJ� WKH�UHVSRQVH�UDWH��7KH�UHVSRQVH�UDWH� LV� WKH�SHUFHQWDJH�RI�SHRSOH� LQ�D
VDPSOH� WKDW� SDUWLFLSDWHV� LQ� WKH� UHVHDUFK� VWXG\�� 7KH� UHVSRQVH� UDWH�ZLOO� XVXDOO\� EH
OHVV� WKDQ�������,I�\RX�VHOHFW��IRU�H[DPSOH��D�VDPSOH�VL]H�RI�����SHRSOH�DQG�RQO\
����RI�WKH�����LQGLYLGXDOV�SDUWLFLSDWH��WKHQ�WKH�UHVSRQVH�UDWH�LV����������������î
������7KH�IRUPXOD�IRU�WKH�UHVSRQVH�UDWH�LV

��5HVSRQVH�UDWH�7KH�SHUFHQWDJH�RI�SHRSOH�LQ�D�VDPSOH�ZKR�SDUWLFLSDWH�LQ�D
UHVHDUFK�VWXG\

,I�\RX�ZDQW�D� VDPSOH� WR�EH� UHSUHVHQWDWLYH�RI�D�SRSXODWLRQ�� WKHQ� LW� LV� HVVHQWLDO
WKDW� WKH� UHVSRQVH� UDWH� EH� DV� KLJK� DV� SRVVLEOH�� 5HVSRQVH� UDWHV� DURXQG� ���� DQG
KLJKHU� DUH� JHQHUDOO\� FRQVLGHUHG� DFFHSWDEOH�� +RZHYHU�� WKH� VDPSOH� PLJKW� VWLOO� EH
ELDVHG� �QRW� UHSUHVHQWDWLYH�RI� WKH�SRSXODWLRQ��HYHQ�ZKHQ� WKH� UHVSRQVH� UDWH� LV�KLJK
EHFDXVH�WKH�NLQGV�RI�SHRSOH�ZKR�GURS�RXW�RI�WKH�VDPSOH�PLJKW�EH�GLIIHUHQW�IURP�WKH
NLQGV�RI�SHRSOH�ZKR�UHPDLQ�LQ�WKH�VDPSOH��5HVHDUFKHUV�VKRXOG�GLVFXVV�WKH�LVVXHV�RI
VDPSOH�VHOHFWLRQ�SURFHGXUHV��UHVSRQVH�UDWHV��DQG�VDPSOH�LQWHJULW\�ZKHQ�WKH\�ZULWH
XS� WKHLU� UHSRUWV�� *HQHUDOO\�� \RX� VKRXOG� QRW� WUXVW� UHVHDUFK� UHSRUWV� LQ� ZKLFK� WKLV
LQIRUPDWLRQ�LV�QRW�IRXQG�
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�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�VWDWLVWLF�DQG�D
SDUDPHWHU"

�����:KDW�LV�D�VDPSOLQJ�IUDPH"

5$1'20�6$03/,1*�7(&+1,48(6

6LPSOH�5DQGRP�6DPSOLQJ
$�VLPSOH�UDQGRP�VDPSOH�LV�ZKDW�UHVHDUFKHUV�DUH�XVXDOO\�UHIHUULQJ�WR�ZKHQ�WKH\

VD\�WKH\�KDYH�D�UDQGRP�VDPSOH�RU�D�SUREDELOLW\�VDPSOH��6LPSOH�UDQGRP�VDPSOLQJ�LV
WKH� PRVW� EDVLF� IRUP� RI� UDQGRP� VDPSOLQJ�� DQG� LW¶V� WKH� FRUQHUVWRQH� RI� VDPSOLQJ
WKHRU\��,Q�IDFW��DOO�WKH�RWKHU�UDQGRP�VDPSOLQJ�PHWKRGV�XVH�VLPSOH�UDQGRP�VDPSOLQJ
DW� VRPH� SRLQW� GXULQJ� WKH� VDPSOLQJ� SURFHVV��$� VLPSOH� UDQGRP� VDPSOH� LV� IRUPDOO\



GHILQHG� DV� D� VDPSOH� GUDZQ�E\� D� SURFHGXUH� LQ�ZKLFK� HYHU\� SRVVLEOH� VDPSOH� RI� D
JLYHQ� VL]H� �H�J��� VL]H� ����� KDV� DQ� HTXDO� FKDQFH� RI� EHLQJ� VHOHFWHG� IURP� WKH
SRSXODWLRQ��0RUH� VLPSO\�� D� VLPSOH� UDQGRP� VDPSOH� LV� GUDZQ� E\� D� SURFHGXUH� LQ
ZKLFK�HYHU\�PHPEHU�RI�WKH�SRSXODWLRQ�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG�IRU�WKH
VWXG\��:KHQ� HYHU\�PHPEHU� KDV� DQ� HTXDO� FKDQFH� RI� EHLQJ� VHOHFWHG�� WKH� VDPSOLQJ
PHWKRG�LV�FDOOHG�DQ�HTXDO�SUREDELOLW\�RI�VHOHFWLRQ�PHWKRG��(36(0��

��6LPSOH�UDQGRP�VDPSOH�$�VDPSOH�GUDZQ�E\�D�SURFHGXUH�LQ�ZKLFK�HYHU\
PHPEHU�RI�WKH�SRSXODWLRQ�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG

��(TXDO�SUREDELOLW\�RI�VHOHFWLRQ�PHWKRG�$Q\�VDPSOLQJ�PHWKRG�LQ�ZKLFK�HDFK
PHPEHU�RI�WKH�SRSXODWLRQ�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG

2QH�ZD\�WR�YLVXDOL]H�WKH�GUDZLQJ�RI�D�VLPSOH�UDQGRP�VDPSOH�LV�WR�WKLQN�DERXW
WKH�³KDW�PRGHO�´�+HUH�LV�KRZ�LW�ZRUNV��)LUVW��JR�WR�D�JRRG�KDW�VWRUH�DQG�EX\�D�ELJ
WRS� KDW�� 1H[W�� PDNH� RQH� VOLS� RI� SDSHU� IRU� HDFK� LQGLYLGXDO� LQ� WKH� SRSXODWLRQ� DQG
SODFH�DOO�RI�WKH�VOLSV�LQ�WKH�KDW��0DNH�VXUH�\RX�XVH�VWDQGDUG�VL]HG�VOLSV�RI�SDSHU�VR
WKDW�WKH\�ZLOO�DOO�EH�WKH�VDPH�VKDSH��VL]H��DQG�ZHLJKW��,I�WKHUH�DUH�������SHRSOH�LQ
WKH�SRSXODWLRQ�RI� LQWHUHVW��\RX�ZLOO�QHHG�������VOLSV�RI�SDSHU��1RZ�� OHW¶V�VD\�\RX
ZDQW�WR�REWDLQ�D�VLPSOH�UDQGRP�VDPSOH�RI�����SHRSOH��7R�PDNH�VXUH�DOO�WKH�SLHFHV
RI�SDSHU�DUH� WKRURXJKO\�PL[HG� LQ� WKH�KDW��FRYHU� WKH� WRS�RI� WKH�KDW�DQG�VKDNH� LW�XS
YLJRURXVO\��1H[W��VHOHFW�RQH�VOLS�RI�SDSHU�IURP�WKH�KDW��$IWHU�VHOHFWLQJ� WKH�VOLS�RI
SDSHU��VKDNH�WKH�KDW�XS�DJDLQ�WR�EH�VXUH�WKH�UHPDLQLQJ�VOLSV�DUH�ZHOO�PL[HG�DQG�WKHQ
VHOHFW�DQRWKHU�VOLS�RI�SDSHU��$IWHU�\RX�KDYH�VHOHFWHG�DOO�����QDPHV��\RX�ZLOO�KDYH�D
VLPSOH�UDQGRP�VDPSOH�VL]H�RI������Q� ������IURP�D�SRSXODWLRQ�VL]H�RI��������1� 
��������$IWHU�\RX�ILQLVK�VHOHFWLQJ�WKH�VDPSOH��\RX�FDQ�ORRN�DW�WKH�QDPHV�WR�VHH�ZKR
LV�LQFOXGHG�LQ�WKH�VDPSOH��7KHVH�DUH�WKH�����SHRSOH�\RX�ZLOO�VWXG\��

'UDZLQJ�D�6LPSOH�5DQGRP�6DPSOH
1RZ� OHW¶V� JHW� D� OLWWOH�PRUH� SUDFWLFDO� DQG� VHH� KRZ� UHVHDUFKHUV� DFWXDOO\� GUDZ

UDQGRP�VDPSOHV��$OWKRXJK� WKH�KDW�PRGHO�ZDV� D� FRQYHQLHQW�PHWDSKRU� IRU� WKLQNLQJ
DERXW� VLPSOH� UDQGRP� VDPSOLQJ�� LW� LV� UDUHO\� XVHG� LQ� SUDFWLFH�� 8QWLO� UHODWLYHO\
UHFHQWO\��D�FRPPRQ�DSSURDFK�ZDV�WR�XVH�D�WDEOH�RI�UDQGRP�QXPEHUV��DV�VKRZQ�LQ
7DEOH�������ZKLFK�LV�D�OLVW�RI�QXPEHUV�WKDW�IDOO�LQ�D�UDQGRP�RUGHU��,Q�VXFK�D�WDEOH��QR
QXPEHU�DSSHDUV�PRUH�RIWHQ�WKDQ�DQ\�RWKHU�QXPEHU�LQ�WKH�ORQJ�UXQ��DOO�QXPEHUV�KDYH
DQ�HTXDO�FKDQFH�RI�DSSHDULQJ��)XUWKHUPRUH�� WKHUH�ZLOO�EH�QR�V\VWHPDWLF�SDWWHUQ� LQ
WKH�WDEOH��,I�\RX�HYHU�WKLQN�\RX�VHH�D�SDWWHUQ�LQ�D�WDEOH�RU�WKDW�VRPH�QXPEHU�RFFXUV
PRUH�IUHTXHQWO\�WKDQ�LW�VKRXOG��\RX�QHHG�RQO\�ORRN�IDUWKHU�LQ�WKH�WDEOH��7KH�DSSDUHQW
SDWWHUQ�ZLOO�GLVDSSHDU�

��7DEOH�RI�UDQGRP�QXPEHUV�$�OLVW�RI�QXPEHUV�WKDW�IDOO�LQ�D�UDQGRP�RUGHU

7KHVH� GD\V�� SUDFWLWLRQHUV� XVXDOO\� XVH� D� UDQGRP� QXPEHU� JHQHUDWRU� IRU



VHOHFWLQJ� WKHLU� UDQGRP�VDPSOHV��+HUH�DUH� OLQNV� WR� WZR� UDQGRP�QXPEHU�JHQHUDWRUV
DYDLODEOH�IRU�IUHH�RQ�WKH�,QWHUQHW�

��5DQGRP�QXPEHU�JHQHUDWRU�$�FRPSXWHU�SURJUDP�WKDW�SURGXFHV�UDQGRP
QXPEHUV�XVHG�LQ�UDQGRP�DVVLJQPHQW�DQG�UDQGRP�VHOHFWLRQ

ZZZ�UDQGRP�RUJ
ZZZ�UDQGRPL]HU�RUJ

�7$%/(�������7DEOH�RI�5DQGRP�1XPEHUV

,I� \RX� XVH� D� UDQGRP� QXPEHU� JHQHUDWRU�� VXFK� DV� WKH� RQHV� MXVW� OLVWHG�� \RX� DUH
DFWXDOO\�UDQGRPO\�VHOHFWLQJ�D�VHW�RI�QXPEHUV��7KDW�PHDQV�WKDW�DOO�RI�WKH�HOHPHQWV�LQ
WKH� VDPSOLQJ� IUDPH�PXVW� KDYH� D� QXPEHU� DWWDFKHG� WR� WKHP��5HPHPEHU�� D� VDPSOLQJ
IUDPH�LV�MXVW�D�OLVW�RI�DOO�WKH�SHRSOH��HOHPHQWV��LQ�D�SRSXODWLRQ��,I�\RX�DUH�VDPSOLQJ
IURP� D� OLVW� RI� \RXU� VWXGHQWV� RU� \RXU� FOLHQWV�� WKHQ� \RX� QHHG� WR� JLYH� HDFK� SHUVRQ� D
XQLTXH�QXPEHU��7KHVH�QXPEHUV�VHUYH�DV�DQ�LQGH[��$Q�H[DPSOH�RI�D�VDPSOLQJ�IUDPH
LV� VKRZQ� LQ�7DEOH�������7KLV� LV� D� OLVW� RI� SHRSOH� LQ� D� VPDOO� SRSXODWLRQ�ZLWK� WKHLU
DVVRFLDWHG� LGHQWLILFDWLRQ� QXPEHUV�� 7KH� LQIRUPDWLRQ� RQ� JHQGHU� �D� FDWHJRULFDO
YDULDEOH�� DQG� DJH� �D� TXDQWLWDWLYH� YDULDEOH�� LV� SURYLGHG� LQ� WKH� VDPSOLQJ� IUDPH
EHFDXVH�ZH�ZDQW�WR�EH�DEOH�WR�FDOFXODWH�ODWHU�WKH�DYHUDJH�DJH�DQG�WKH�SHUFHQW�PDOH
DQG�IHPDOH��:LWK�WKRVH�FDOFXODWLRQV��ZH�FDQ�VHH�KRZ�ZHOO�WKH�VDPSOH�WKDW�ZH�GUDZ
FRPSDUHV�ZLWK�WKH�DFWXDO�SRSXODWLRQ��8VXDOO\��\RX�ZRXOG�KDYH�WR�FROOHFW�WKLV�NLQG
RI� LQIRUPDWLRQ� �GDWD��EHIRUH�\RX�ZRXOG�NQRZ�KRZ�JRRG� WKH�VDPSOH� LV��7KDW� LV�� D
VDPSOLQJ�IUDPH�XVXDOO\�FRQWDLQV�RQO\�WKH�QDPHV�DQG�WKH�LGHQWLILFDWLRQ�QXPEHUV�

1RZ� OHW¶V�GUDZ�D� VDPSOH�RI� VL]H���� IURP� WKLV�SRSXODWLRQ�RI� VL]H���� LQ�7DEOH
������<RX� FRXOG�XVH� WKH� WDEOH� RI� UDQGRP�QXPEHUV��<RX� FDQ� VWDUW� DQ\ZKHUH� LQ� WKH
WDEOH�RI�UDQGRP�QXPEHUV��DQG�WKHQ�\RX�FDQ�JR�LQ�DQ\�GLUHFWLRQ��XS��GRZQ��DFURVV�
IRUZDUG�� RU� EDFNZDUG�� DV� ORQJ� DV� \RX� NHHS� JRLQJ� LQ� WKDW� GLUHFWLRQ�� 5DWKHU� WKDQ
XVLQJ�WKH�WDEOH�RI�UDQGRP�QXPEHUV��KRZHYHU��ZH�ZLOO�XVH�WKH�QHZHU�DSSURDFK��:H
ZLOO�XVH�WKH�UDQGRP�QXPEHU�JHQHUDWRU�DYDLODEOH�IRU�IUHH�DW�ZZZ�UDQGRPL]HU�RUJ�
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:H�QHHG����QXPEHUV�UDQGRPO\�VHOHFWHG�IURP���WR�����7R�GR�WKLV��ZH�ZHQW�WR�WKH
UDQGRPL]HU�RUJ� ZHEVLWH�� FOLFNHG� ³8VH� WKH� 5DQGRPL]HU� IRUP� WR� LQVWDQWO\� JHQHUDWH
UDQGRP�QXPEHUV�´�DQG�DQVZHUHG�HDFK�RI�WKH�IROORZLQJ�TXHVWLRQV�

����+RZ�PDQ\�VHWV�RI�QXPEHUV�GR�\RX�ZDQW�WR�JHQHUDWH"

���:H�LQVHUWHG�D���WR�LQGLFDWH�WKDW�ZH�MXVW�ZDQWHG�RQH�VHW�RI�QXPEHUV�

����+RZ�PDQ\�QXPEHUV�SHU�VHW"

���:H�LQVHUWHG�D����WR�LQGLFDWH�WKDW�ZH�ZDQWHG����QXPEHUV�LQ�RXU�VHW�

����1XPEHU�UDQJH"

���:H�LQVHUWHG���DQG����WR�LQGLFDWH�WKH�UDQJH�RI�QXPEHUV�LQ�RXU�VDPSOLQJ
IUDPH�

����'R�\RX�ZLVK�HDFK�QXPEHU�LQ�D�VHW�WR�UHPDLQ�XQLTXH"

�� � :H� FOLFNHG� ³\HV´� WR� LQGLFDWH� WKDW� ZH� ZDQWHG� VDPSOLQJ� ZLWKRXW
UHSODFHPHQW� �EHFDXVH� WKLV� LV� D� PRUH� HIILFLHQW� VDPSOLQJ� PHWKRG� WKDQ
VDPSOLQJ�ZLWK�UHSODFHPHQW��

����'R�\RX�ZLVK�WR�VRUW�WKH�QXPEHUV�WKDW�DUH�JHQHUDWHG"

���:H�FOLFNHG�³\HV´�IRU�FRQYHQLHQFH�

����+RZ�GR�\RX�ZLVK�WR�YLHZ�\RXU�UDQGRP�QXPEHUV"

�� �:H�OHIW� WKH�SURJUDP�DW� LWV�GHIDXOW�YDOXH��³SODFH�PDUNHUV�RII´��EHFDXVH
ZH� ZHUH� QRW� LQWHUHVWHG� LQ� NQRZLQJ� WKH� RUGHU� LQ� ZKLFK� WKH� QXPEHUV
KDSSHQHG�WR�EH�VHOHFWHG�

����1H[W��WR�REWDLQ�RXU�VHW�RI�UDQGRP�QXPEHUV��ZH�FOLFNHG�³5DQGRPL]H�1RZ�´

2XU�UHVXOWLQJ�VHW�RI�QXPEHUV�XVLQJ�WKH�UDQGRP�QXPEHU�JHQHUDWRU�ZDV�����������
����������������������DQG�����7KH�QH[W�VWHS�LV�WR�VHH�ZKR�WKHVH�SHRSOH�DUH�VR�\RX�FDQ
ILQG� RXW�ZKHWKHU� WKH\�ZLOO� SDUWLFLSDWH� LQ� \RXU� UHVHDUFK� VWXG\��$V� \RX� FDQ� VHH� LQ
7DEOH� ������ WKH� VDPSOH� LV� FRPSRVHG� RI� )UHG� $OH[DQGHU� �HOHPHQW� ���� %DUEDUD
)ORZHUV��HOHPHQW������/HQD�6FKPLWW��HOHPHQW������%DUU\�%LGGOHFRPE��HOHPHQW����
(XJHQH�'DYLV� �HOHPHQW������/DUU\�:DWVRQ��HOHPHQW������-RKQ�0LOOV� �HOHPHQW�����
7RP�%D[WHU� �HOHPHQW�����3DP�0DFNH\� �HOHPHQW������DQG�0DULH�*D\ORUG� �HOHPHQW
�����7KLV�LV�\RXU�VDPSOH�RI�VL]H�����6LQJOH�DVWHULVNV�DUH�SODFHG�E\�WKHVH�QDPHV�LQ
7DEOH������



�7$%/(�������$�6DPSOLQJ�)UDPH�:LWK�,QIRUPDWLRQ�RQ�*HQGHU�DQG�$JH�,QFOXGHGD

D'DWD�RQ�YDULDEOHV�VXFK�DV�DJH�DQG�JHQGHU�DUH�XVXDOO\�QRW�LQFOXGHG�LQ�D�VDPSOLQJ�IUDPH��'DWD�DUH�REWDLQHG�DIWHU
WKH\�DUH�FROOHFWHG�IURP�WKH�VDPSOH�UHVSRQGHQWV��7R�DOORZ�XV�WR�GR�D�FRXSOH�RI�FDOFXODWLRQV�LQ�WKLV�FKDSWHU��GDWD
RQ�DJH�DQG�JHQGHU�DUH�SURYLGHG�LQ�WKH�FROXPQV�DQG�SDUHQWKHVHV�


(OHPHQWV�VHOHFWHG�LQ�WKH�VLPSOH�UDQGRP�VDPSOLQJ�H[DPSOH�GLVFXVVHG�LQ�WKH�WH[W�



(OHPHQWV�VHOHFWHG�LQ�WKH�V\VWHPDWLF�VDPSOLQJ�H[DPSOH�GLVFXVVHG�LQ�WKH�WH[W�

$IWHU� FRQWDFWLQJ� DQG� FROOHFWLQJ� GDWD� �H�J��� DJH�� IURP� WKH� LQGLYLGXDOV� LQ� WKH
VDPSOH�� \RX� ZRXOG� FRQGXFW� D� VWDWLVWLFDO� DQDO\VLV�� /HW¶V� GR� D� YHU\� VLPSOH
FDOFXODWLRQ��7KH� DJH�ZDV�JLYHQ� IRU� HDFK� LQGLYLGXDO�� �*HQHUDOO\�� GDWD�ZRXOG�KDYH
EHHQ�FROOHFWHG�RQ�PDQ\�DGGLWLRQDO�YDULDEOHV�RU�FKDUDFWHULVWLFV�EHVLGHV�DJH���1RZ
FDOFXODWH�WKH�DYHUDJH�DJH�IRU�WKH�LQGLYLGXDOV�LQ�WKH�VDPSOH��-XVW�DGG�WKH�DJHV�IRU�WKH
���SHRSOH�DQG�GLYLGH�WKDW�QXPEHU�E\�����WKDW�LV�����������������������������������
������������������� �������7KH� DYHUDJH� DJH�RI� WKH� LQGLYLGXDOV� LQ� WKH� VDPSOH� LV
������ DQG� WKLV� LV� RXU� HVWLPDWH� RI� WKH� DYHUDJH� DJH� RI� DOO� RI� WKH� LQGLYLGXDOV� LQ� WKH
SRSXODWLRQ�VKRZQ�LQ�RXU�VDPSOLQJ�IUDPH�

,Q� WKLV� FDVH��ZH�NQRZ� WKDW� WKH�SRSXODWLRQ�DYHUDJH� LV�������RU� DERXW����\HDUV
ROG�� 7R� JHW� ������� MXVW� DGG� XS� WKH� DJHV� IRU� DOO� ��� SHRSOH� LQ� WKH� SRSXODWLRQ� DQG



GLYLGH� WKDW� QXPEHU� E\� ���� 7KH� VDPSOH� YDOXH� RI� ����� LV� RII� E\� DSSUR[LPDWHO\� �
\HDUV��'RQ¶W�EH�DODUPHG�LI�WKLV�VHHPV�OLNH�D�ELJ�VDPSOLQJ�HUURU��D�VDPSOH�VL]H�RI���
LV� DFWXDOO\� TXLWH� VPDOO�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� VDPSOH� DYHUDJH� DQG� WKH
SRSXODWLRQ� DYHUDJH� RFFXUUHG� EHFDXVH� RI� FKDQFH�� 7KDW� LV� KRZ� UDQGRP� VDPSOLQJ
ZRUNV�� ,I� \RX� ZHUH� WR� VHOHFW� DQRWKHU� VDPSOH� RI� VL]H� ���� WKH� DYHUDJH� DJH� LQ� WKH
VDPSOH�ZRXOG�SUREDEO\�DOVR�EH�GLIIHUHQW�IURP�WKH�SRSXODWLRQ�DYHUDJH��7U\�LW��'UDZ
DQRWKHU�VDPSOH�RI�VL]H����IURP�WKH�VDPSOLQJ�IUDPH�DQG�PDNH�VXUH�\RX�FDQ�GUDZ�D
VLPSOH� UDQGRP�VDPSOH�RQ�\RXU�RZQ��%DVLFDOO\�� VDPSOLQJ�HUURU� IROORZV�D�QRUPDO�
EHOO�VKDSHG� FXUYH�� 7KH� YDVW� PDMRULW\� RI� WKH� WLPH�� WKH� VDPSOH� PHDQ� ZLOO� EH
UHODWLYHO\� QHDU� WKH� SRSXODWLRQ� PHDQ�� EXW� LW� LV� SRVVLEOH� IRU� LW� WR� EH� IDU� IURP� WKH
SRSXODWLRQ�PHDQ�

:H�FRQFOXGH� WKLV�VHFWLRQ�ZLWK�DQ�H[FHUSW� IURP�D� MRXUQDO�DUWLFOH� WKDW� UHOLHG�RQ
VLPSOH�UDQGRP�VDPSOLQJ��/DQFH��������

3DUWLFLSDQWV� ZHUH� VHOHFWHG� IURP� WKH� ����� 0HPEHUVKLS� 'LUHFWRU\� RI� WKH
$VVRFLDWLRQ� RQ� +LJKHU� (GXFDWLRQ� DQG� 'LVDELOLW\� �$+($'��� D� SURIHVVLRQDO
RUJDQL]DWLRQ�IRU�VHUYLFH�SURYLGHUV�WR�VWXGHQWV�ZLWK�GLVDELOLWLHV�DW�LQVWLWXWLRQV�RI
KLJKHU� HGXFDWLRQ�� (QWULHV� LQ� WKH� GLUHFWRU\� ZHUH� DVVLJQHG� QXPEHUV�� H[FOXGLQJ
WKRVH� PHPEHUV� ZKR� ZHUH� VWXGHQWV�� ZHUH� VSHFLDOLVWV� LQ� RQO\� RQH� W\SH� RI
GLVDELOLW\�� GLG� QRW� UHVLGH� LQ� WKH�8QLWHG� 6WDWHV�� RU�ZHUH� QRW� DIILOLDWHG�ZLWK� DQ
LQVWLWXWLRQ� RI� KLJKHU� HGXFDWLRQ�� $� VWDWLVWLFDO� FRPSXWHU� SURJUDP� ZDV� XVHG� WR
VHOHFW� D� UDQGRP� VDPSOH� RI� ���� RI� WKH� PHPEHUV� GHHPHG� HOLJLEOH� IRU
SDUWLFLSDWLRQ�LQ�WKH�VWXG\��������7KH�ILQDO�VDPSOH�LQFOXGHG�����PHPEHUV�IURP���
VWDWHV�DQG�WKH�'LVWULFW�RI�&ROXPELD���S������

$V�\RX�FDQ�VHH�LQ�WKH�DERYH�H[FHUSW��WKH�PHPEHUVKLS�GLUHFWRU\�RI�$+($'�ZDV
WKH�UHVHDUFKHU¶V�VDPSOLQJ�IUDPH��$OVR��WKH�UHVHDUFKHU�XVHG�D�FRPSXWHU�SURJUDP�WR
JHQHUDWH�WKH�UDQGRP�QXPEHUV�

6\VWHPDWLF�6DPSOLQJ
6\VWHPDWLF� VDPSOLQJ� XVHV� D� GLIIHUHQW� VWUDWHJ\� IRU� VHOHFWLQJ� WKH� HOHPHQWV� WR� EH

LQFOXGHG� LQ� WKH� VDPSOH��� $� V\VWHPDWLF� VDPSOH� LV� GHILQHG� DV� D� VDPSOH� WKDW� LV
REWDLQHG�E\�GHWHUPLQLQJ�WKH�VDPSOLQJ�LQWHUYDO��L�H���WKH�SRSXODWLRQ�VL]H�GLYLGHG�E\
WKH� GHVLUHG� VDPSOH� VL]H��1�Q�� ZKLFK� LV� V\PEROL]HG� E\� N��� VHOHFWLQJ� DW� UDQGRP� D
VWDUWLQJ�SRLQW� �D�QXPEHU�EHWZHHQ���DQG�N�� LQFOXGLQJ���DQG�N��� DQG� WKHQ� VHOHFWLQJ
HYHU\�NWK� HOHPHQW� LQ� WKH� VDPSOLQJ� IUDPH��6\VWHPDWLF� VDPSOLQJ� LV� JHQHUDOO\� HDVLHU
WKDQ�VLPSOH�UDQGRP�VDPSOLQJ�ZKHQ�\RX�DUH�VHOHFWLQJ�IURP�OLVWV��H�J���OLVWV�RI�QDPHV�
OLVWV�RI�VFKRROV��

��6\VWHPDWLF�VDPSOH�$�VDPSOH�REWDLQHG�E\�GHWHUPLQLQJ�WKH�VDPSOLQJ�LQWHUYDO�
VHOHFWLQJ�D�UDQGRP�VWDUWLQJ�SRLQW�EHWZHHQ���DQG�N��DQG�WKHQ�VHOHFWLQJ�HYHU\
NWK�HOHPHQW



��6DPSOLQJ�LQWHUYDO�7KH�SRSXODWLRQ�VL]H�GLYLGHG�E\�WKH�GHVLUHG�VDPSOH�VL]H

��N�7KH�VL]H�RI�WKH�VDPSOLQJ�LQWHUYDO

��6WDUWLQJ�SRLQW�$�UDQGRPO\�VHOHFWHG�QXPEHU�EHWZHHQ���DQG�N

/HW¶V�K\SRWKHWLFDOO\�VD\�WKDW�WKHUH�DUH����WHDFKHUV�LQ�\RXU�PLGGOH�VFKRRO�DQG�ZH
KDYH�D�OLVW�RI�WKHVH����PLGGOH�VFKRRO�WHDFKHUV��ZLWK�WKH�WHDFKHUV�QXPEHUHG�IURP��
WKURXJK�����<RX�KDYH�GHFLGHG�WKDW�\RX�ZDQW�WR�VHOHFW�ILYH�WHDFKHUV�WR�EH�RQ�D�37$
FRPPLWWHH�� :H� FDQ� VHOHFW� D� V\VWHPDWLF� VDPSOH� IURP� RXU� OLVW� RI� ��� WHDFKHUV� E\
IROORZLQJ� WKH� WKUHH� VWHSV� JLYHQ� LQ� WKH� GHILQLWLRQ� RI� V\VWHPDWLF� VDPSOLQJ�� )LUVW�
GHWHUPLQH�WKH�VDPSOLQJ�LQWHUYDO��V\PEROL]HG�E\�WKH�OHWWHU�N���7R�REWDLQ�N��\RX�QHHG
WKH� SRSXODWLRQ� VL]H� DQG� WKH� GHVLUHG� VDPSOH� VL]H�� 7KHQ� MXVW� GLYLGH� WKH� SRSXODWLRQ
VL]H�E\�WKH�GHVLUHG�VDPSOH�VL]H��,Q�WKLV�FDVH��WKH�SRSXODWLRQ�VL]H�LV�����DQG�ZH�ZDQW
D�VDPSOH�RI�VL]H����,I�\RX�GLYLGH����E\����\RX�ZLOO�VHH�WKDW�N� LV�HTXDO� WR�����L�H��
����� ������

6HFRQG��UDQGRPO\�VHOHFW�RQH�QXPEHU�EHWZHHQ���DQG�N��LQFOXGLQJ���DQG�N���<RX
VKRXOG�XVH�D�WDEOH�RI�UDQGRP�QXPEHUV�RU�D�UDQGRP�QXPEHU�JHQHUDWRU�IRU�WKLV�VWHS
EHFDXVH�\RX�ZDQW�WKH�VDPSOH�WR�EH�D�UDQGRP�VDPSOH��,Q�RXU�H[DPSOH��ZH�ZDQW�WR
UDQGRPO\�VHOHFW�D�QXPEHU�EHWZHHQ���DQG����EHFDXVH�N�HTXDOV�����8VLQJ�WKH�VDPH
UDQGRP�QXPEHU�JHQHUDWRU�DV�EHIRUH��ZH�LQVHUWHG�D���IRU� WKH�TXHVWLRQ�³+RZ�PDQ\
QXPEHUV�SHU�VHW"´�DQG�FKDQJHG�WKH�UDQJH�WR���WR�����:H�WKHQ�FOLFNHG�³5DQGRPL]H
QRZ�´�DQG�IRXQG�WKDW�RXU�UDQGRPO\�VHOHFWHG�QXPEHU�ZDV����7KHUHIRUH��WKH�WHDFKHU
ZLWK�WKH�,'�QXPEHU���LV�WKH�ILUVW�SHUVRQ�VHOHFWHG�WR�EH�LQ�RXU�VDPSOH��7KH�QXPEHU��
DOVR�KDV�D�VSHFLDO�QDPH�LQ�RXU�V\VWHPDWLF�VDPSOLQJ��LW�LV�FDOOHG�WKH�VWDUWLQJ�SRLQW�

7KLUG��DIWHU�\RX�KDYH�GHWHUPLQHG�N��WKH�VDPSOLQJ�LQWHUYDO��DQG�WKH�VWDUWLQJ�SRLQW�
\RX� FDQ� VHOHFW� WKH� UHVW� RI� WKH� V\VWHPDWLF� VDPSOH�� ,Q� RXU� H[DPSOH�� ZH� UDQGRPO\
VHOHFWHG�WKH�QXPEHU����ZKLFK�LV�RXU�VWDUWLQJ�SRLQW��7KLV�LV�DOVR�WKH�ILUVW�SHUVRQ�WR�EH
LQFOXGHG� LQ� WKH� VDPSOH��:H� QRZ� QHHG� IRXU�PRUH� SHRSOH� VR� WKDW� ZH�ZLOO� KDYH� D
VDPSOH�RI�VL]H����7R�JHW� WKH�UHVW�RI� WKH�HOHPHQWV�LQ�RXU�VDPSOH��ZH�QHHG�WR�VHOHFW
HYHU\�NWK�HOHPHQW�VWDUWLQJ�DW�WKH�VWDUWLQJ�SRLQW��,Q�WKLV�H[DPSOH��RXU�VWDUWLQJ�SRLQW�LV
��DQG�N� �����WKHUHIRUH��WKH�VHFRQG�SHUVRQ�WR�EH�LQFOXGHG�LQ�WKH�VDPSOH�LV�SHUVRQ���
EHFDXVH�ZH�VWDUW�DW���DQG�ZH�DGG�����L�H���������� ������7R�JHW�WKH�WKLUG�SHUVRQ��ZH
VWDUW�ZLWK�WKH�VHFRQG�SHUVRQ¶V�QXPEHU��L�H�������DQG�DGG�N��L�H��������7KHUHIRUH��WKH
WKLUG�SHUVRQ�LV�SHUVRQ������������� ������:H�FRQWLQXH�DGGLQJ�N�WR�JHW�WKH�RWKHU�WZR
SHRSOH�LQ�WKH�VDPSOH��7KH�RWKHU�WZR�SHRSOH�LQ�WKH�VDPSOH�ZLOO�EH�SHUVRQ���������
���  � ���� DQG� SHUVRQ� ��� ���� �� ���  � ����� 6XPPDUL]LQJ�� ZH� VWDUWHG� ZLWK� �� DQG
FRQWLQXHG�DGGLQJ����XQWLO�ZH�REWDLQHG�RXU�GHVLUHG�VDPSOH�RI�VL]H����7KH�V\VWHPDWLF
UDQGRP�VDPSOH�LV�FRPSRVHG�RI�SHUVRQV����������������DQG�����7KDW�LV�ILYH�SHRSOH�

1RZ� OHW¶V� VHOHFW�D� V\VWHPDWLF� VDPSOH� IURP� WKH�VDPSOLQJ� IUDPH�JLYHQ� LQ�7DEOH
������ (DUOLHU�� ZH� VHOHFWHG� D� VLPSOH� UDQGRP� VDPSOH� IURP� WKLV� VDPSOLQJ� IUDPH�
6SHFLILFDOO\��ZH�VHOHFWHG�D�VLPSOH�UDQGRP�VDPSOH�RI�VL]H����IURP�WKH�SRSXODWLRQ�RI
VL]H����VKRZQ�LQ�7DEOH�������7KH����SHRSOH�FKRVHQ�LQ� WKH�VLPSOH�UDQGRP�VDPSOH



DUH� PDUNHG� ZLWK� VLQJOH� DVWHULVNV� LQ� WKH� WDEOH�� 1RZ� ZH� ZLOO� VHOHFW� D� V\VWHPDWLF
VDPSOH�RI�VL]H����IURP�WKLV�VDPH�SRSXODWLRQ��DQG�ZH�ZLOO�FDOFXODWH�WKH�DYHUDJH�DJH
VR�WKDW�ZH�FDQ�FRPSDUH�LW� WR� WKH�DYHUDJH�DJH�LQ�WKH�VLPSOH�UDQGRP�VDPSOH�������
DQG�WR�WKH�DYHUDJH�DJH�LQ�WKH�SRSXODWLRQ���������

:KDW�GR�ZH�GR�ILUVW"�5HPHPEHU��WKHUH�DUH�WKUHH�VWHSV��DQG�LQ�WKH�ILUVW�VWHS��ZH
PXVW�ILQG�N��,Q�WKLV�FDVH��N�LV������� ����1RZ�ZH�VHOHFW�D�UDQGRP�QXPEHU�EHWZHHQ��
DQG����ZLWK���DQG���DOVR�EHLQJ�SRVVLEOH�VHOHFWLRQV���7R�GR�WKLV��JR�WR�WKH�WDEOH�RI
UDQGRP�QXPEHUV�RU�XVH�D� UDQGRP�QXPEHU�JHQHUDWRU��:H�XVHG� WKH� UDQGRP�QXPEHU
JHQHUDWRU��DQG�RXU�UDQGRPO\�VHOHFWHG�QXPEHU�ZDV����7KH�QXPEHU���LV�RXU�VWDUWLQJ
SRLQW��:KDW�DUH�WKH�UHPDLQLQJ�QLQH�QXPEHUV�LQ�RXU�VDPSOH"�-XVW�NHHS�DGGLQJ����DQG
\RX�ZLOO� VHH� WKDW� WKH\� DUH� ��� ���� ���� ���� ���� ���� ���� ���� DQG� ���� 7KH� VDPSOH� LV
WKHUHIRUH� FRPSRVHG� RI� SHUVRQV� ��� ��� ���� ���� ���� ���� ���� ���� ���� DQG� ���
6SHFLILFDOO\�� LW� LV� FRPSRVHG� RI� .DWK\� $QGHUVRQ�� 0DUWKD� &DUU�� 'RQQD� )DLUFORWK�
6FRWW� +RXVH�� 3DP� 0DFNH\�� $QK� 1JX\DQ�� $QQHNH� 5HHYHV�� 0D[� 6PDUW�� 9HOPD
9DQGHQEHUJ��DQG�$QGUHZ�<RXQJ��7KHVH����SHRSOH�DUH�PDUNHG� LQ�7DEOH������ZLWK
GRXEOH� DVWHULVNV�� 1RZ� FDOFXODWH� WKH� DYHUDJH� DJH� IRU� WKH� ��� LQGLYLGXDOV� LQ� WKLV
V\VWHPDWLF�VDPSOH��,W� LV������������������������������������������������������
7KDW¶V�����GLYLGHG�E\�����ZKLFK� LV�������%HFDXVH� WKH�SRSXODWLRQ�YDOXH� LV�������
�����LV�D�SUHWW\�JRRG�HVWLPDWH��HVSHFLDOO\�ZLWK�VXFK�D�VPDOO�VDPSOH�VL]H��Q� �����

,Q�WKLV�FDVH��WKH�DYHUDJH�DJH�LQ�RXU�V\VWHPDWLF�VDPSOH��������LV�D�EHWWHU�HVWLPDWH
RI� WKH� SRSXODWLRQ� DYHUDJH� �L�H��� LW� LV� FORVHU� WR� ������� WKDQ� WKH� DYHUDJH� DJH� LQ� WKH
VLPSOH�UDQGRP�VDPSOH�VHOHFWHG���������7KLV�ZLOO�QRW��KRZHYHU��DOZD\V�EH�WKH�FDVH�
6RPHWLPHV� VLPSOH� UDQGRP� VDPSOLQJ� ZLOO� ZRUN� EHWWHU�� DQG� VRPHWLPHV� V\VWHPDWLF
VDPSOLQJ� ZLOO� ZRUN� EHWWHU�� %DVLFDOO\�� LI� D� OLVW� �D� VDPSOLQJ� IUDPH�� LV� UDQGRPO\
RUGHUHG��WKHQ�WKH�UHVXOWV�RI�D�VLPSOH�UDQGRP�VDPSOLQJ�DQG�V\VWHPDWLF�VDPSOLQJ�ZLOO
WHQG� WR� EH� YHU\� VLPLODU� �7U\IRV�� ������� ,I� WKH� OLVW� LV� RUGHUHG� �L�H��� VWUDWLILHG�
DFFRUGLQJ�WR�WKH�OHYHOV�RI�D�FDWHJRULFDO�YDULDEOH��H�J���IHPDOHV�DUH�OLVWHG�DQG�WKHQ
PDOHV�DUH�OLVWHG��RU�DFFRUGLQJ�WR�WKH�YDOXHV�RI�D�TXDQWLWDWLYH�YDULDEOH��H�J���WKH�OLVW
LV�RUGHUHG�LQ�DVFHQGLQJ�RU�GHVFHQGLQJ�RUGHU�RI�DJH���WKHQ�V\VWHPDWLF�VDPSOLQJ�ZLOO
WHQG� WR� SHUIRUP� D� OLWWOH� EHWWHU� WKDQ� VLPSOH� UDQGRP� VDPSOLQJ� �.DOWRQ�� �����
6FKHDIIHU��0HQGHQKDOO��	�2WW�� ��������%\� ³EHWWHU�´�ZH�PHDQ� LW�ZLOO� WHQG� WR� EH� D
OLWWOH�PRUH�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ��JLYHQ�D�FHUWDLQ�VDPSOH�VL]H��6\VWHPDWLF
VDPSOLQJ� SURGXFHV� UHSUHVHQWDWLYH� VDPSOHV� LQ� JHQHUDO� EHFDXVH� LW� LV� DQ� HTXDO
SUREDELOLW\� RI� VHOHFWLRQ�PHWKRG�� WKDW� LV�� HDFK� LQGLYLGXDO� LQ� WKH� SRSXODWLRQ� KDV� DQ
HTXDO�FKDQFH�RI�EHLQJ�LQFOXGHG�LQ�WKH�VDPSOH��.DOWRQ��

+RZHYHU�� LI� WKH� OLVW� LV�RUGHUHG� LQ�VXFK�D�ZD\�WKDW� WKHUH�DUH�F\FOHV� LQ� WKH�GDWD
WKDW� FRLQFLGH� ZLWK� WKH� VDPSOLQJ� LQWHUYDO� �N��� WKHQ� V\VWHPDWLF� VDPSOLQJ� FDQ� IDLO
GUDPDWLFDOO\��<RX�PXVW�ZDWFK�RXW�IRU�WKLV�SRWHQWLDOO\�VHULRXV�SUREOHP��/RRN�DW�WKH
VDPSOLQJ� IUDPH�JLYHQ� LQ�7DEOH�������7KH� SULQFLSDO� DQG� DVVLVWDQW� SULQFLSDOV� DW� ��
VFKRROV�PDNLQJ� XS� D� K\SRWKHWLFDO� ORFDO� VFKRRO� GLVWULFW� DUH� OLVWHG�� (DFK� VFKRRO� LV
DVVXPHG� WR�KDYH���SULQFLSDO�DQG���DVVLVWDQW�SULQFLSDO� �L�H��� WKHUH�DUH����DVVLVWDQW
SULQFLSDOV�DQG����SULQFLSDOV���/HW¶V�VD\�WKDW�ZH�ZDQW�WR�VHOHFW�D�V\VWHPDWLF�VDPSOH
RI���RI�WKHVH����VFKRRO�DGPLQLVWUDWRUV��%HFDXVH�WKH�SRSXODWLRQ�VL]H�LV�����1� ����
DQG�ZH�ZDQW�D�VDPSOH�VL]H�RI����Q� �����WKH�VDPSOLQJ�LQWHUYDO�N�LV�������ZKLFK�LV���



7KHUHIRUH� ZH� ZLOO� VHOHFW� HYHU\� IRXUWK� SHUVRQ� �L�H��� HOHPHQW�� DIWHU� UDQGRPO\
VHOHFWLQJ�D�VWDUWLQJ�SRLQW�EHWZHHQ���DQG����/HW�WKH�UDQGRPO\�VHOHFWHG�VWDUWLQJ�SRLQW
EH� ��� WKDW� LV�� DVVXPH� WKDW� \RX� XVHG� D� UDQGRP� QXPEHU� JHQHUDWRU� DQG� REWDLQHG� WKH
QXPEHU����$V�D�UHVXOW��HOHPHQW���LV�LQFOXGHG�LQ�WKH�VDPSOH��1RZ�VHOHFW�HYHU\�IRXUWK
HOHPHQW� DIWHU���XQWLO�\RX�KDYH���HOHPHQWV��7KDW�ZRXOG�EH������������ DQG�����7KH
VDPSOH�LV�FRPSRVHG�RI�HOHPHQWV���������������DQG����

%XW�ORRN�DW�ZKDW�KDSSHQHG�LQ�7DEOH�������:H�LQFOXGHG�RQO\�DVVLVWDQW�SULQFLSDOV
LQ� WKH� VDPSOH�� $OO� RI� WKH� SULQFLSDOV� ZHUH� H[FOXGHG�� 7KLV� LV� REYLRXVO\� D� PDMRU
SUREOHP�EHFDXVH�RXU�VHOHFWHG�VDPSOH�LV�QRW�DW�DOO�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�
LW�LV�D�ELDVHG�VDPSOH�WKDW�LQFOXGHV�RQO\�DVVLVWDQW�SULQFLSDOV�DQG�QR�SULQFLSDOV��7KH
VDPSOLQJ�IUDPH�LQ�WKLV�FDVH�LV�VDLG�WR�KDYH�D�F\FOLFDO�SDWWHUQ��LW�LV�VRPHWLPHV�VDLG�WR
EH�³SHULRGLF�´�7KH�F\FOLFDO�SDWWHUQ�LQ�WKH�VDPSOLQJ�IUDPH�LV�REYLRXV�EHFDXVH�HDFK
DVVLVWDQW�SULQFLSDO� LV�GLUHFWO\�SUHFHGHG�DQG� IROORZHG�E\�D�SULQFLSDO�� ,Q� WKLV�FDVH�
WKH�SHULRGLFLW\��WKH�SUHVHQFH�RI�D�F\FOLFDO�SDWWHUQ�LQ�D�VDPSOLQJ�IUDPH��KDV�FDXVHG�D
PDMRU� SUREOHP�� :KDW� VKRXOG� ZH� OHDUQ� IURP� WKH� EDG� H[SHULHQFH� ZH� MXVW� KDG"
%DVLFDOO\��DOZD\V�H[DPLQH�\RXU�VDPSOLQJ�IUDPH�FDUHIXOO\��,I�\RX�EHOLHYH�WKDW�WKHUH
LV�D�F\FOLFDO�SDWWHUQ�LQ�WKH�OLVW��WKHQ�GR�QRW�XVH�V\VWHPDWLF�VDPSOLQJ�

��3HULRGLFLW\�7KH�SUHVHQFH�RI�D�F\FOLFDO�SDWWHUQ�LQ�WKH�VDPSOLQJ�IUDPH

�7$%/(�������$�3HULRGLF�RU�&\FOLFDO�6DPSOLQJ�)UDPH


(OHPHQWV�PDUNHG� E\� DQ� DVWHULVN� DUH� LQ� WKH� H[DPSOH� RI� V\VWHPDWLF� VDPSOLQJ�ZLWK� SHULRGLFLW\� GLVFXVVHG� LQ� WKH
WH[W�



6WUDWLILHG�5DQGRP�6DPSOLQJ
6WUDWLILHG� VDPSOLQJ� LV� D� WHFKQLTXH� LQ� ZKLFK� D� SRSXODWLRQ� LV� GLYLGHG� LQWR

PXWXDOO\� H[FOXVLYH� JURXSV� �FDOOHG� VWUDWD�� DQG� WKHQ� D� VLPSOH� UDQGRP� VDPSOH� RU� D
V\VWHPDWLF� VDPSOH� LV� VHOHFWHG� IURP� HDFK� JURXS� �HDFK� VWUDWXP��� )RU� H[DPSOH�� ZH
FRXOG� GLYLGH� D� SRSXODWLRQ� LQWR�PDOHV� DQG� IHPDOHV� DQG� WDNH� D� UDQGRP� VDPSOH� RI
PDOHV�DQG�D�UDQGRP�VDPSOH�RI�IHPDOHV��7KH�YDULDEOH�WKDW�ZH�GLYLGH�WKH�SRSXODWLRQ
RQ� LV� FDOOHG� WKH� VWUDWLILFDWLRQ� YDULDEOH�� ,Q� WKH� FDVH� RI� PDOHV� DQG� IHPDOHV�� WKH
VWUDWLILFDWLRQ�YDULDEOH�LV�JHQGHU��,I�\RX�DUH�ZRQGHULQJ�ZK\�WKLV�DSSURDFK�LV�FDOOHG
VWUDWLILHG�VDPSOLQJ��LW�LV�SUREDEO\�EHFDXVH�WKH�VWUDWD�FDQ�EH�YLHZHG�PHWDSKRULFDOO\
DV� EHLQJ� VLPLODU� WR� WKH� GLVFUHWH� OHYHOV� RU� OD\HUV� EHORZ� RXU� HDUWK¶V� VXUIDFH�� 7KH
ZRUG�ZDV�SUREDEO\�ERUURZHG�IURP�WKH�ILHOG�RI�JHRORJ\�

��6WUDWLILHG�VDPSOLQJ�'LYLGLQJ�WKH�SRSXODWLRQ�LQWR�PXWXDOO\�H[FOXVLYH�JURXSV
DQG�WKHQ�VHOHFWLQJ�D�UDQGRP�VDPSOH�IURP�HDFK�JURXS

��6WUDWLILFDWLRQ�YDULDEOH�7KH�YDULDEOH�RQ�ZKLFK�WKH�SRSXODWLRQ�LV�GLYLGHG

3URSRUWLRQDO�6WUDWLILHG�6DPSOLQJ

7KH� PRVW� FRPPRQO\� XVHG� IRUP� RI� VWUDWLILHG� VDPSOLQJ� LV� FDOOHG� SURSRUWLRQDO
VWUDWLILHG�VDPSOLQJ��,I�WKH�VWUDWLILFDWLRQ�YDULDEOH�LV�JHQGHU��WKHQ�WKH�SURSRUWLRQV�RI
PDOHV� DQG� IHPDOHV� LQ� WKH� VDPSOH� DUH�PDGH� WR� EH� WKH� VDPH� DV� WKH� SURSRUWLRQV� RI
PDOHV�DQG�IHPDOHV�LQ�WKH�SRSXODWLRQ��)RU�H[DPSOH��LI�WKH�SRSXODWLRQ�LV�FRPSRVHG�RI
���� IHPDOHV� DQG� ���� PDOHV�� WKHQ� ���� RI� WKH� SHRSOH� LQ� WKH� VDPSOH� ZLOO� EH
UDQGRPO\� VHOHFWHG� IURP� WKH� IHPDOH� VXESRSXODWLRQ� �L�H��� DOO� IHPDOHV� LQ� WKH� WRWDO
SRSXODWLRQ���DQG�����RI�WKH�SHRSOH�LQ�WKH�VDPSOH�ZLOO�EH�UDQGRPO\�VHOHFWHG�IURP
WKH�PDOH� VXESRSXODWLRQ� �L�H��� DOO�PDOHV� LQ� WKH� WRWDO� SRSXODWLRQ��� 7KDW� LV�ZK\� LW� LV
FDOOHG�³SURSRUWLRQDO´�VWUDWLILHG�VDPSOLQJ��7KH�SURSRUWLRQV�LQ�WKH�VDPSOH�DUH�PDGH
WR�EH�WKH�VDPH�DV�WKH�SURSRUWLRQV�LQ�WKH�WRWDO�SRSXODWLRQ�RQ�FHUWDLQ�FKDUDFWHULVWLFV�
�:H�WHOO�\RX�KRZ�WR�GR�WKLV�VKRUWO\��

��3URSRUWLRQDO�VWUDWLILHG�VDPSOLQJ�7\SH�RI�VWUDWLILHG�VDPSOLQJ�LQ�ZKLFK�WKH
VDPSOH�SURSRUWLRQV�DUH�PDGH�WR�EH�WKH�VDPH�DV�WKH�SRSXODWLRQ�SURSRUWLRQV�RQ
WKH�VWUDWLILFDWLRQ�YDULDEOH

3URSRUWLRQDO� VWUDWLILHG�VDPSOLQJ� WHQGV� WR�EH�D� OLWWOH�PRUH�HIILFLHQW� �LW� UHTXLUHV
IHZHU�SHRSOH��WKDQ�VLPSOH�UDQGRP�VDPSOLQJ��.DOWRQ���������7KDW¶V�EHFDXVH�ZKHQ
\RX� GUDZ� D� SURSRUWLRQDO� VWUDWLILHG� VDPSOH�� WKH� SURSRUWLRQV� LQ� WKH� VDPSOH� RQ� WKH
VWUDWLILFDWLRQ� YDULDEOH� ZLOO� EH� SHUIHFWO\� RU� DOPRVW� SHUIHFWO\� UHSUHVHQWDWLYH� RI� WKH
SURSRUWLRQV�RI� WKDW� VDPH�VWUDWLILFDWLRQ�YDULDEOH� LQ� WKH�SRSXODWLRQ��)RU�H[DPSOH�� LI
WKH� VWUDWLILFDWLRQ�YDULDEOH� LV�JHQGHU�� WKHQ� WKH�SURSRUWLRQV�RI�PDOHV�DQG� IHPDOHV� LQ
WKH� VDPSOH�ZLOO� EH� WKH� VDPH�DV� WKH�SURSRUWLRQV� LQ� WKH�SRSXODWLRQ��2WKHU�SRVVLEOH
VWUDWLILFDWLRQ�YDULDEOHV�FDQ�EH�XVHG��H�J���JUDGH�OHYHO��LQWHOOLJHQFH��HGXFDWLRQ���DQG



\RX�FDQ�XVH�PRUH�WKDQ�RQH�VWUDWLILFDWLRQ�YDULDEOH�DW�WKH�VDPH�WLPH�LI�\RX�ZDQW��H�J��
JHQGHU�DQG�HGXFDWLRQ���$�VWUDWLILHG� UDQGRP�VDPSOH�ZLOO� DOVR�EH� UHSUHVHQWDWLYH�RI
WKH�SRSXODWLRQ�RQ�DOO�RWKHU�YDULDEOHV�WKDW�DUH�QRW�LQFOXGHG�DV�VWUDWLILFDWLRQ�YDULDEOHV
EHFDXVH�UDQGRP�VDPSOHV�DUH�VHOHFWHG�IURP�HDFK�SRSXODWLRQ�VWUDWXP��L�H���IURP�HDFK
VXESRSXODWLRQ���3URSRUWLRQDO�VWUDWLILHG�VDPSOLQJ�LV�DQ�HTXDO�SUREDELOLW\�RI�VHOHFWLRQ
PHWKRG��ZKLFK�PHDQV�WKDW�HYHU\�LQGLYLGXDO�LQ�WKH�SRSXODWLRQ�KDV�DQ�HTXDO�FKDQFH�RI
EHLQJ�LQFOXGHG�LQ�WKH�VDPSOH��7KDW¶V�ZK\�SURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ�SURGXFHV
UHSUHVHQWDWLYH�VDPSOHV�

$V�DQ�H[DPSOH��VXSSRVH�WKDW�\RX�DUH�LQWHUHVWHG�LQ�VHOHFWLQJ�D�VDPSOH�RI�VWXGHQWV
LQ� *UDGHV� �� WKURXJK� �� LQ� DQ� HOHPHQWDU\� VFKRRO��:H�ZLOO� XVH� JUDGH� OHYHO� DV� RXU
VWUDWLILFDWLRQ�YDULDEOH��7KH�OHYHOV�RI�WKH�VWUDWLILFDWLRQ�YDULDEOH�DUH�*UDGH����*UDGH
���DQG�*UDGH����%HFDXVH�ZH�DUH�XVLQJ�SURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ��ZH�ZDQW�WR
PDNH�VXUH�WKDW�WKH�SHUFHQWDJHV�RI�VWXGHQWV�LQ�*UDGHV���WKURXJK���LQ�WKH�VDPSOH�DUH
WKH�VDPH�DV�WKH�SHUFHQWDJHV�LQ�*UDGHV���WKURXJK���LQ�WKH�VFKRRO��ZKLOH�PDNLQJ�VXUH
WKDW�RXU�VDPSOH�LV�UDQGRP�LQ�HYHU\�RWKHU�UHVSHFW��$V�\RX�FDQ�VHH��\RX�KDYH�WR�NQRZ
WKH�SHUFHQWDJHV�RI�VWXGHQWV�LQ�*UDGHV���WKURXJK���LQ�WKH�VFKRRO�EHIRUH�GUDZLQJ�\RXU
VDPSOH�VR�WKDW�\RX�FDQ�VHOHFW�WKH�ULJKW�QXPEHU�RI�VWXGHQWV�IURP�HDFK�JUDGH�WR�EH�LQ
\RXU� VDPSOH�� 7KHUHIRUH�� SURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ� UHTXLUHV� WKDW� \RX� NQRZ
FHUWDLQ�LQIRUPDWLRQ�EHIRUH�GUDZLQJ�D�VDPSOH��,I�\RX�KDYH�WKH�UHTXLUHG�LQIRUPDWLRQ�
\RX� FDQ� VWUDWLI\� \RXU� VDPSOLQJ� IUDPH� DQG� UDQGRPO\� VHOHFW� WKH� ULJKW� QXPEHUV� RI
SHRSOH� VR� WKDW� \RXU� ILQDO� VDPSOH� ZLOO� EH� SURSRUWLRQDO� WR� WKH� SRSXODWLRQ� RQ� WKH
VWUDWLILFDWLRQ�YDULDEOH�DQG�UDQGRP�LQ�HYHU\�RWKHU�ZD\�

,Q� RXU� FXUUHQW� H[DPSOH�� DVVXPH� WKDW� \RX� NQRZ� EHIRUHKDQG� WKDW� ���� RI� WKH
VWXGHQWV�LQ�*UDGHV���WKURXJK���DUH�LQ�WKH�ILUVW�JUDGH������DUH�LQ�WKH�VHFRQG�JUDGH�
DQG�����DUH�LQ�WKH�WKLUG�JUDGH��,I�\RX�ZDQWHG�D�VDPSOH�RI�VL]H�����LQ�WKLV�H[DPSOH�
\RX�ZRXOG�GLYLGH�\RXU�VDPSOLQJ�IUDPH�LQWR�ILUVW���VHFRQG���DQG�WKLUG�JUDGH�VWUDWD�
DQG� WKHQ� \RX�ZRXOG� UDQGRPO\� VHOHFW� ��� ILUVW� JUDGHUV�� ��� VHFRQG� JUDGHUV�� DQG� ��
WKLUG� JUDGHUV��$V� \RX� FDQ� VHH�� \RXU� ILQDO� VDPSOH� RI� ���� SHRSOH�ZLOO� LQFOXGH� WKH
FRUUHFW�SURSRUWLRQV�IRU�HDFK�JUDGH��DQG�LW�LV�UDQGRP�LQ�HYHU\�RWKHU�UHVSHFW��+HUH¶V
D� FKHFN�RI�\RXU�XQGHUVWDQGLQJ��+RZ�PDQ\� ILUVW�� VHFRQG�� DQG� WKLUG�JUDGHUV�ZRXOG
\RX�UDQGRPO\�VHOHFW�IURP�WKHLU�VXEJURXSV�LQ�WKH�SRSXODWLRQ�VDPSOLQJ�IUDPH�LI�\RX
ZDQWHG�D�SURSRUWLRQDO�VWUDWLILHG�VDPSOH�RI�VL]H�����UDWKHU�WKDQ����"�7KH�DQVZHU�LV�
\RX�ZRXOG� UDQGRPO\� VHOHFW� ���� ILUVW� JUDGHUV� ����� RI� ������ ���� VHFRQG� JUDGHUV
�����RI�������DQG�����WKLUG�JUDGHUV������RI�������$V�\RX�FDQ�VHH������SOXV����
SOXV�����LV�WKH�����SHRSOH�\RX�GHVLUH�IRU�\RXU�VDPSOH�

:H�KDYH�VKRZQ�WKDW�RQFH�\RX�GHWHUPLQH�WKH�QXPEHU�RI�SHRSOH�WR�VHOHFW�LQ�HDFK
VWUDWXP��JURXS���\RX�FDQ�WDNH�D�VLPSOH�UDQGRP�VDPSOH�RI�WKH�DSSURSULDWH�VL]H�IURP
HDFK� JURXS�� 7KHUH� LV�� KRZHYHU�� D� ZD\� WR� VHOHFW� D� SURSRUWLRQDO� VWUDWLILHG� VDPSOH
ZLWKRXW� KDYLQJ� WR� ZRUU\� DERXW� WKH� QXPEHU� RI� SHRSOH� WR� VHOHFW� IURP� HDFK� JURXS
�VWUDWD���+HUH¶V�ZKDW�\RX�GR��)LUVW��PDNH�VXUH�WKDW�\RXU�OLVW��\RXU�VDPSOLQJ�IUDPH��LV
RUGHUHG�E\�JURXS��VWUDWD���,I�JHQGHU�LV�\RXU�VWUDWLILFDWLRQ�YDULDEOH��IRU�H[DPSOH��WKHQ
RUGHU�\RXU�OLVW�E\�JHQGHU��WKDW�LV��OLVW�DOO�RI�WKH�IHPDOHV�ILUVW��DQG�OLVW�DOO�RI�WKH�PDOHV
VHFRQG�� 6HFRQG�� VLPSO\� WDNH� D� V\VWHPDWLF� VDPSOH� IURP� WKH� HQWLUH� OLVW�� .DOWRQ
������� VKRZHG� WKDW� V\VWHPDWLF� VDPSOLQJ� IURP� RUGHUHG� OLVWV� LV� RIWHQ� SUHIHUUHG� WR



ILUVW�GHWHUPLQLQJ�WKH�VDPSOH�VL]HV�DQG�WKHQ�WDNLQJ�VLPSOH�UDQGRP�VDPSOHV��:H�DOVR
UHFRPPHQG� WKLV� SURFHGXUH� EHFDXVH� ZKHQ� D� OLVW� LV� RUGHUHG� E\� D� VWUDWLILFDWLRQ
YDULDEOH��LW�LV�XQOLNHO\�WKDW�WKH�SUREOHP�RI�SHULRGLFLW\��D�F\FOLFDO�SDWWHUQ�LQ�WKH�OLVW�
ZLOO�EH�SUHVHQW��

'LVSURSRUWLRQDO�6WUDWLILHG�6DPSOLQJ
6R� IDU�� ZH� KDYH� IRFXVHG� RQ� SURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ�� 6RPHWLPHV�

KRZHYHU��\RX�PLJKW�QHHG�WR�VHOHFW�D�GLVSURSRUWLRQDO�VWUDWLILHG�VDPSOH��7KDW�LV��\RX
PLJKW�ZDQW�WR�VHOHFW�D�ODUJHU�SHUFHQWDJH�RI�FHUWDLQ�JURXSV�RI�SHRSOH�WKDQ�\RX�ZRXOG
REWDLQ� LI� \RX�XVHG�SURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ��)RU� H[DPSOH��\RX�PLJKW�ZDQW
����RI�\RXU�VDPSOH�WR�EH�$IULFDQ�$PHULFDQV�DQG�����WR�EH�(XURSHDQ�$PHULFDQV�
%HFDXVH� RQO\� ���� RI� WKH� JHQHUDO� SRSXODWLRQ� LQ� WKH� 8QLWHG� 6WDWHV� LV� $IULFDQ
$PHULFDQ�DQG�EHFDXVH�(XURSHDQ�$PHULFDQV�DUH�D�PXFK�ODUJHU�SHUFHQW�WKDQ�����\RX
ZRXOG� GHILQLWHO\� QRW� JHW� D� ������ VSOLW� XVLQJ� SURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ�
7KHUHIRUH�� \RX�ZRXOG�RYHUVDPSOH�$IULFDQ�$PHULFDQV� DQG�XQGHUVDPSOH�(XURSHDQ
$PHULFDQV�WR�REWDLQ�D�������VSOLW��1RWLFH�WKDW�\RX�ZRXOG�EH�VHOHFWLQJ�LQGLYLGXDOV
GLVSURSRUWLRQDO� WR� WKHLU� RFFXUUHQFH� LQ� WKH� SRSXODWLRQ²WKDW¶V� ZK\� LW� LV� FDOOHG
GLVSURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ�� 'LVSURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ� LV� RIWHQ
XVHG� ZKHQ� WKH� UHVHDUFK� LQWHUHVW� OLHV� PRUH� LQ� FRPSDULQJ� JURXSV� WKDQ� LQ� PDNLQJ
JHQHUDOL]DWLRQV� DERXW� WKH� WRWDO� SRSXODWLRQ�� ,I� \RX� XVH� GLVSURSRUWLRQDO� VWUDWLILHG
VDPSOLQJ� DQG� DOVR�ZDQW� WR� JHQHUDOL]H� WR� WKH� WRWDO� SRSXODWLRQ�� VXEJURXS�ZHLJKWLQJ
SURFHGXUHV� PXVW� EH� XVHG�� 'LVSURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ� LV� DOVR� VRPHWLPHV
XVHG�ZKHQ�FHUWDLQ�JURXSV�LQ�WKH�SRSXODWLRQ�DUH�YHU\�VPDOO��KHQFH��\RX�RYHUVDPSOH
WKHVH�JURXSV�WR�HQVXUH�WKDW�\RX�KDYH�DGHTXDWH�VDPSOH�VL]HV�

��'LVSURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ�$�W\SH�RI�VWUDWLILHG�VDPSOLQJ�LQ�ZKLFK
WKH�VDPSOH�SURSRUWLRQV�DUH�PDGH�WR�EH�GLIIHUHQW�IURP�WKH�SRSXODWLRQ
SURSRUWLRQV�RQ�WKH�VWUDWLILFDWLRQ�YDULDEOH

+HUH� LV� DQ� H[DPSOH� LQ� ZKLFK� D� GLVSURSRUWLRQDO� VWUDWLILHG� VDPSOH� PLJKW� EH
QHHGHG��6XSSRVH�\RX�ZRUN�DW�D�WUDGLWLRQDOO\�IHPDOH�FROOHJH�RI�������VWXGHQWV�WKDW
UHFHQWO\�VWDUWHG�DFFHSWLQJ�PDOHV�DQG�WKH�QXPEHU�RI�IHPDOHV�VWLOO�IDU�RXWZHLJKV�WKH
QXPEHU�RI�PDOHV��$VVXPH�WKDW�����RI�WKH�VWXGHQWV���������DUH�IHPDOH�DQG�RQO\����
������DUH�PDOH��,I�\RX�DUH�PDLQO\�LQWHUHVWHG�LQ�FRPSDULQJ�PDOHV�DQG�IHPDOHV�RU�LQ
REWDLQLQJ� ODUJH�VDPSOHV�RI�ERWK�IHPDOHV�DQG�PDOHV�� WKHQ�\RX�PLJKW�ZLVK� WR�VHOHFW
WKH�VDPH�QXPEHU�RI�PDOHV�DV�IHPDOHV��7KDW�LV��\RX�PLJKW�RSW�IRU�D�GLVSURSRUWLRQDO
VWUDWLILHG�VDPSOH��/HW¶V�VD\�\RX�KDYH�WKH�UHVRXUFHV�WR�REWDLQ�D�VDPSOH�VL]H�RI�����
,Q�WKLV�FDVH��\RX�PLJKW�GHFLGH�WR�VHOHFW�DQ�HTXDO�QXPEHU�RI�IHPDOHV�DQG�PDOHV�����
IHPDOHV�DQG�����PDOHV���7KLV�ZD\��FRPSDULVRQV�EHWZHHQ�IHPDOHV�DQG�PDOHV�ZLOO
EH�EDVHG�RQ�VLPLODU�VDPSOH�VL]HV�IRU�ERWK�JURXSV��)XUWKHUPRUH��ZH�KDYH�IXOO\����
PDOHV� DQG� ���� IHPDOHV��ZKLFK�PLJKW� EH� FRQVLGHUHG� DGHTXDWH� VDPSOH� VL]HV� JLYHQ
\RXU�PRQHWDU\�UHVRXUFHV�

,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKDW� ZKHQ� GLVSURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ� LV



XVHG�� VWDWHPHQWV� FDQQRW� EH� PDGH� DERXW� WKH� WRWDO� SRSXODWLRQ� ZLWKRXW� ZHLJKWLQJ
SURFHGXUHV� EHFDXVH� WKH� UHODWLYH� VL]HV� RI� WKH� VDPSOH� VWUDWD� GR� QRW� UHSUHVHQW� WKH
UHODWLYH� VL]HV� RI� WKH� JURXSV� LQ� WKH� SRSXODWLRQ�� :HLJKWLQJ� LV� VRPHWKLQJ� WKDW
VWDWLVWLFLDQV� GR� WR� SURYLGH� OHVV� ZHLJKW� WR� WKH� VPDOOHU� VWUDWD� VR� WKDW� WKH\� PRUH
DFFXUDWHO\�UHSUHVHQW�WKHLU�VL]HV�LQ�WKH�SRSXODWLRQ��:LWKRXW�ZHLJKWLQJ��\RX�FDQ�PDNH
VWDWHPHQWV�RQO\�DERXW�VHSDUDWH�JURXSV�DQG�PDNH�FRPSDULVRQV�EHWZHHQ�WKH�JURXSV�
6RPHWLPHV�WKLV�LV�DOO�D�UHVHDUFKHU�ZDQWV�WR�GR�

&OXVWHU�5DQGRP�6DPSOLQJ
&OXVWHU�VDPSOLQJ�LV�D�IRUP�RI�VDPSOLQJ�LQ�ZKLFK�FOXVWHUV��D�FROOHFWLYH�W\SH�RI

XQLW� WKDW� LQFOXGHV� PXOWLSOH� HOHPHQWV�� VXFK� DV� VFKRROV�� FKXUFKHV�� FODVVURRPV�
XQLYHUVLWLHV��KRXVHKROGV��DQG�FLW\�EORFNV��UDWKHU�WKDQ�VLQJOH�XQLW�HOHPHQWV��VXFK�DV
LQGLYLGXDO� VWXGHQWV�� WHDFKHUV�� FRXQVHORUV�� DQG� DGPLQLVWUDWRUV�� DUH� UDQGRPO\
VHOHFWHG�� )RU� H[DPSOH�� D� VFKRRO� LV� D� FOXVWHU� EHFDXVH� LW� LV� FRPSRVHG� RI� PDQ\
LQGLYLGXDO� VWXGHQWV�� $W� VRPH� SRLQW�� FOXVWHU� VDPSOLQJ� DOZD\V� LQYROYHV� UDQGRPO\
VHOHFWLQJ� FOXVWHUV� �PXOWLSOH�XQLW� HOHPHQWV�� UDWKHU� WKDQ� VLQJOH�XQLW� HOHPHQWV�� )RU
H[DPSOH��LQ�FOXVWHU�VDPSOLQJ�RQH�PLJKW�UDQGRPO\�VHOHFW�FODVVURRPV��$�FODVVURRP�LV
D� FOXVWHU� EHFDXVH� LW� LV� D� FROOHFWLYH� XQLW� FRPSRVHG� RI� PDQ\� VLQJOH� XQLWV� �L�H��
VWXGHQWV��� ,Q� WKH� RWKHU� VDPSOLQJ� WHFKQLTXHV� GLVFXVVHG� LQ� WKLV� FKDSWHU�� VLQJOH� XQLWV
�LQGLYLGXDOV�� ZHUH� DOZD\V� WKH� REMHFWV� RI� VHOHFWLRQ� UDWKHU� WKDQ� FROOHFWLYH� XQLWV
�FOXVWHUV���%DVLF�FOXVWHU�VDPSOLQJ� LV� MXVW� OLNH�VLPSOH�UDQGRP�VDPSOLQJ�H[FHSW� WKDW
UDWKHU� WKDQ� WDNLQJ� D� UDQGRP� VDPSOH� RI� LQGLYLGXDOV�� \RX� WDNH� D� UDQGRP� VDPSOH� RI
FOXVWHUV�

��&OXVWHU�VDPSOLQJ�7\SH�RI�VDPSOLQJ�LQ�ZKLFK�FOXVWHUV�DUH�UDQGRPO\�VHOHFWHG

��&OXVWHU�$�FROOHFWLYH�W\SH�RI�XQLW�WKDW�LQFOXGHV�PXOWLSOH�HOHPHQWV

&OXVWHU� VDPSOLQJ� UHTXLUHV� D� ODUJHU� VDPSOH� VL]H� WKDQ� VLPSOH� UDQGRP�VDPSOLQJ�
V\VWHPDWLF� VDPSOLQJ�� RU� VWUDWLILHG� VDPSOLQJ�� $OWKRXJK� FOXVWHU� VDPSOLQJ� LV� OHVV
DFFXUDWH�IRU�D�JLYHQ�VDPSOH�VL]H��FOXVWHU�VDPSOLQJ�LV�SUHIHUUHG�RQ�PDQ\�RFFDVLRQV�
)RU�H[DPSOH��FOXVWHU�VDPSOLQJ�LV�RIWHQ�XVHG�ZKHQ�WKH�HOHPHQWV�LQ�WKH�SRSXODWLRQ�DUH
JHRJUDSKLFDOO\�VSUHDG�RXW��:KHQ�\RX�QHHG�WR�FRQGXFW�LQ�SHUVRQ�LQWHUYLHZV��FOXVWHU
VDPSOLQJ� ZLOO� UHVXOW� LQ� UHGXFHG� WUDYHO� FRVWV�� UHGXFHG� LQWHUYLHZHU� FRVWV�� DQG� D
UHGXFHG� WLPH� SHULRG� QHHGHG� WR� LQWHUYLHZ� DOO� WKH� SHRSOH� LQ� WKH� VDPSOH�� ,I� D
SRSXODWLRQ�LV�JHRJUDSKLFDOO\�GLVSHUVHG��DV�LQ�WKH�8QLWHG�6WDWHV���WKH�SK\VLFDO�DFW�RI
GULYLQJ�WR�HYHU\�SHUVRQ¶V�KRXVH�LQ�D�VLPSOH�UDQGRP�VDPSOH�WR�FRQGXFW�DQ�LQWHUYLHZ
ZRXOG� EH� YHU\� GLIILFXOW� WR� FDUU\� RXW�� 2Q� WKH� RWKHU� KDQG�� LI� \RX� DUH� FRQGXFWLQJ
WHOHSKRQH� LQWHUYLHZV�� \RX�ZLOO� QRW� QHHG� WR� XVH� FOXVWHU� VDPSOLQJ�EHFDXVH�\RX� FDQ
HDVLO\�FDOO�DQ\ZKHUH�LQ�WKH�8QLWHG�6WDWHV�IURP�D�VLQJOH�ORFDWLRQ��VXFK�DV�\RXU�KRPH
RU�RIILFH�

$Q�DGGLWLRQDO�UHDVRQ�IRU�FOXVWHU�VDPSOLQJ�LV�WKDW�VRPHWLPHV�D�VDPSOLQJ�IUDPH�RI
DOO� WKH�SHRSOH� LQ� WKH�SRSXODWLRQ�ZLOO�QRW�EH�DYDLODEOH��:KHQ� WKLV� LV� WKH�FDVH��\RX



PLJKW� EH� DEOH� WR� ORFDWH� QDWXUDOO\� RFFXUULQJ� JURXSV� RI� VDPSOLQJ� HOHPHQWV�� VXFK� DV
FODVVURRPV��PHQWDO�KHDOWK�DJHQFLHV��FHQVXV�EORFNV��VWUHHW�PDSV��DQG�YRWLQJ�GLVWULFWV�
/LVWV� RI� WKHVH� FOXVWHUV� DUH� RIWHQ� DYDLODEOH�� RU� WKH\� FDQ� EH� GHYHORSHG�ZLWKRXW� WRR
PXFK�HIIRUW��$IWHU�D�VDPSOH�RI�FOXVWHUV�LV�UDQGRPO\�VHOHFWHG�IURP�WKH�OLVW�RI�DOO�WKH
FOXVWHUV�LQ�WKH�SRSXODWLRQ��\RX�RQO\�QHHG�WR�GHYHORS�GHWDLOHG�OLVWV�RI�WKH�LQGLYLGXDO
HOHPHQWV�IRU�WKH�UDQGRPO\�VHOHFWHG�FOXVWHUV��7KHUH�LV�QR�QHHG�WR�LGHQWLI\�HYHU\RQH
LQ�WKH�HQWLUH�SRSXODWLRQ�

2QH�6WDJH�&OXVWHU�6DPSOLQJ
1RZ�OHW¶V� ORRN�DW� VRPH�H[DPSOHV�RI�FOXVWHU� VDPSOLQJ�� ,Q� WKH�VLPSOHVW�FDVH�RI

FOXVWHU� VDPSOLQJ�� RQH�VWDJH� FOXVWHU� VDPSOLQJ�� D� VHW� RI� FOXVWHUV� LV� UDQGRPO\
VHOHFWHG�IURP�WKH�ODUJHU�VHW�RI�DOO�FOXVWHUV�LQ�WKH�SRSXODWLRQ��)RU�H[DPSOH��\RX�PLJKW
WDNH� D� UDQGRP� VDPSOH� RI� ��� VFKRROV� IURP� DOO� RI� WKH� VFKRROV� LQ� D� FLW\�� 7\SLFDOO\�
VLPSOH� UDQGRP� VDPSOLQJ�� V\VWHPDWLF� VDPSOLQJ�� RU� VWUDWLILHG� UDQGRP� VDPSOLQJ� LV
XVHG� WR� VHOHFW� WKH� FOXVWHUV��$IWHU� WKH� FOXVWHUV� DUH� VHOHFWHG�� DOO� WKH� HOHPHQWV� �H�J��
SHRSOH�� LQ� WKH�VHOHFWHG�FOXVWHUV�DUH� LQFOXGHG� LQ� WKH�VDPSOH��6DPSOLQJ� LV� WKHUHIRUH
FRQGXFWHG�DW�RQO\�RQH�VWDJH�

��2QH�VWDJH�FOXVWHU�VDPSOLQJ�$�VHW�RI�UDQGRPO\�VHOHFWHG�FOXVWHUV�LQ�ZKLFK�DOO
WKH�HOHPHQWV�LQ�WKH�VHOHFWHG�FOXVWHUV�DUH�LQFOXGHG�LQ�WKH�VDPSOH

+HUH¶V�DQ�H[DPSOH�RI�RQH�VWDJH�FOXVWHU�VDPSOLQJ��/HW¶V�VD\�\RX�DUH�LQWHUHVWHG�LQ
JHWWLQJ�D�VDPSOH�RI�����ILIWK�JUDGH�VWXGHQWV�IURP�D�SXEOLF�VFKRRO�V\VWHP�FRPSRVHG
RI� ��� FODVVURRPV�� $VVXPH� WKDW� WKHUH� DUH� DSSUR[LPDWHO\� ��� VWXGHQWV� LQ� HDFK
FODVVURRP��7R�UHGXFH�LQWHUYLHZLQJ�DQG�WUDYHO�WLPH��\RX�PLJKW�FKRRVH�WR�UDQGRPO\
VHOHFW����FOXVWHUV�����ILIWK�JUDGH�FODVVURRPV��DQG�LQWHUYLHZ�DOO�WKH�VWXGHQWV�LQ�WKHVH
FODVVHV��<RX�ZLOO� KDYH� WR� YLVLW� RQO\� ��� FODVVURRPV��7KLV�ZLOO� UHVXOW� LQ� D� VDPSOH
LQFOXGLQJ�DSSUR[LPDWHO\�����ILIWK�JUDGH�VWXGHQWV��GHSHQGLQJ�RQ�WKH�UHVSRQVH�UDWH��
,I��RQ�WKH�RWKHU�KDQG��\RX�KDG�WDNHQ�D�VLPSOH�UDQGRP�VDPSOH�RI�VWXGHQWV��UDWKHU�WKDQ
FODVVURRPV���\RX�ZRXOG�KDYH�QHHGHG�WR�JR�WR�IDU�PRUH�WKDQ����FODVVURRPV�

7ZR�6WDJH�&OXVWHU�6DPSOLQJ

,Q� WZR�VWDJH� FOXVWHU� VDPSOLQJ�� VDPSOLQJ� LV� GRQH� DW� WZR� VWDJHV� UDWKHU� WKDQ� DW
RQH��,Q�VWDJH�RQH��D�VHW�RI�FOXVWHUV�LV�UDQGRPO\�VHOHFWHG�IURP�DOO�RI�WKH�FOXVWHUV��,Q
VWDJH�WZR��D�UDQGRP�VDPSOH�RI�HOHPHQWV�LV�GUDZQ�IURP�HDFK�RI�WKH�FOXVWHUV�VHOHFWHG
LQ� VWDJH� RQH�� )RU� H[DPSOH�� ��� FODVVURRPV� �FOXVWHUV�� FRXOG� EH� UDQGRPO\� VDPSOHG
IURP�WKH�OLVW�RI�FOXVWHUV��,I�DOO�VWXGHQWV�LQ�WKH����FODVVURRPV�ZHUH�LQFOXGHG�DV�LQ�D
RQH�VWDJH� FOXVWHU� VDPSOH�� WKH� VDPSOH� VL]H� ZRXOG� EH� ���� ���� FODVVURRPV� î� ��
VWXGHQWV�SHU�FODVVURRP� �������-XVW�DV�EHIRUH��KRZHYHU��ZH�ZDQW�WR�VHOHFW�D�VDPSOH
RI�VL]H������7KHUHIRUH��DW�VWDJH�WZR�����VWXGHQWV�FRXOG�EH�UDQGRPO\�VHOHFWHG�IURP
HDFK� RI� WKH� ��� FODVVURRPV�� 7KH� RXWFRPH� ZRXOG� EH� D� WZR�VWDJH� FOXVWHU� UDQGRP
VDPSOH�RI�����VWXGHQWV�



��7ZR�VWDJH�FOXVWHU�VDPSOLQJ�$�VHW�RI�FOXVWHUV�LV�UDQGRPO\�VHOHFWHG��DQG�WKHQ
D�UDQGRP�VDPSOH�RI�HOHPHQWV�LV�GUDZQ�IURP�HDFK�RI�WKH�FOXVWHUV�VHOHFWHG�LQ
VWDJH�RQH

$W� WKLV� SRLQW�� LW� LV� LPSRUWDQW� WR� QRWH� WKDW� ZH� KDYH� DVVXPHG� WKDW� DOO� WKH
FODVVURRPV�DUH� FRPSRVHG�RI� DSSUR[LPDWHO\���� VWXGHQWV��+RZHYHU�� LW� LV�RIWHQ�QRW
WKH� FDVH� WKDW� FOXVWHUV� DUH� RI� DSSUR[LPDWHO\� HTXDO� VL]HV�� $V� D� UHVXOW�� LQ� VHOHFWLQJ
FOXVWHUV�� D� WHFKQLTXH� FDOOHG� SUREDELOLW\� SURSRUWLRQDO� WR� VL]H� �336�� LV� XVHG
IUHTXHQWO\��%DVLFDOO\��WKLV�PRUH�DGYDQFHG�WHFKQLTXH�LV�XVHG�WR�JLYH�ODUJH�FOXVWHUV�D
ODUJHU� FKDQFH� RI� EHLQJ� VHOHFWHG� DQG� VPDOOHU� FOXVWHUV� D� VPDOOHU� FKDQFH� RI� EHLQJ
VHOHFWHG��7KHQ�D�IL[HG�QXPEHU�RI� LQGLYLGXDOV��H�J������� LV�UDQGRPO\�VHOHFWHG�IURP
HDFK�RI�WKH�VHOHFWHG�FOXVWHUV��7KLV�DSSURDFK��WKRXJK�PRUH�DGYDQFHG��LV�WKH�URXWH�WKDW
KDV�WR�EH�WDNHQ�ZKHQ�WKH�FOXVWHUV�DUH�XQHTXDO�LQ�VL]H�WR�HQVXUH�WKDW�DOO�SHRSOH�LQ�WKH
SRSXODWLRQ�KDYH�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG�

��3UREDELOLW\�SURSRUWLRQDO�WR�VL]H�$�W\SH�RI�WZR�VWDJH�FOXVWHU�VDPSOLQJ�LQ
ZKLFK�HDFK�FOXVWHU¶V�FKDQFH�RI�EHLQJ�VHOHFWHG�LQ�VWDJH�RQH�GHSHQGV�RQ�LWV
SRSXODWLRQ�VL]H

336� LV� DQ� HTXDO� SUREDELOLW\� RI� VHOHFWLRQ� PHWKRG� WHFKQLTXH�� $QG� UHPHPEHU�
HTXDO�SUREDELOLW\�RI�VHOHFWLRQ�PHWKRGV�SURGXFH�UHSUHVHQWDWLYH�VDPSOHV��7R�XVH�WKLV
DGYDQFHG�WHFKQLTXH��\RX�ZLOO�QHHG�WR�JR�WR�D�PRUH�DGYDQFHG�ERRN�RQ�VDPSOLQJ�RU
JHW� KHOS� IURP�D� VWDWLVWLFDO� FRQVXOWDQW� DW� \RXU� FROOHJH� RU� XQLYHUVLW\��7KH� LPSRUWDQW
SRLQW� IRU� \RX� WR� UHPHPEHU� KHUH� LV� WKDW� LI� \RX�ZDQW� D� UHSUHVHQWDWLYH� VDPSOH�� WKHQ
SUREDELOLW\�SURSRUWLRQDO�WR�VL]H�PXVW�EH�XVHG�ZKHQ�WKH�FOXVWHUV�DUH�XQHTXDO�LQ�VL]H�
)RU� \RXU� FRQYHQLHQFH�� ZH� LQFOXGH� D� WDEOH� ZLWK� OLQNV� WR� WKH� ZHEVLWHV� RI
RUJDQL]DWLRQV�WKDW�URXWLQHO\�XVH�UDQGRP�VDPSOLQJ�PHWKRGV��7DEOH�������

�7$%/(�������6XUYH\�5HVHDUFK�6LWHV�3URYLGLQJ�8VHIXO�6DPSOLQJ�,QIRUPDWLRQ�DQG
/LQNV
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�����+RZ�GR�\RX�VHOHFW�D�VLPSOH�UDQGRP�VDPSOH"
�����:KDW�GR�DOO�RI�WKH�HTXDO�SUREDELOLW\�RI�VHOHFWLRQ

PHWKRGV�KDYH�LQ�FRPPRQ"
�����:KDW�DUH�WKH�WKUHH�VWHSV�IRU�VHOHFWLQJ�D

V\VWHPDWLF�VDPSOH"
�����+RZ�GR�\RX�VHOHFW�D�VWUDWLILHG�VDPSOH"
�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�SURSRUWLRQDO�DQG

GLVSURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ"
������ :KHQ� PLJKW� D� UHVHDUFKHU� ZDQW� WR� XVH� FOXVWHU

VDPSOLQJ"

1215$1'20�6$03/,1*�7(&+1,48(6

&RQYHQLHQFH�6DPSOLQJ
5HVHDUFKHUV� XVH� FRQYHQLHQFH� VDPSOLQJ� ZKHQ� WKH\� LQFOXGH� LQ� WKHLU� VDPSOH

SHRSOH�ZKR�DUH�DYDLODEOH�RU�YROXQWHHU�RU�FDQ�EH�HDVLO\�UHFUXLWHG�DQG�DUH�ZLOOLQJ�WR
SDUWLFLSDWH�LQ�WKH�UHVHDUFK�VWXG\��7KDW�LV��WKH�UHVHDUFKHU�VHOHFWV�LQGLYLGXDOV�ZKR�FDQ
EH� ³FRQYHQLHQWO\� VHOHFWHG�´� ,W� VKRXOG� EH� QRWLFHG� WKDW� WHFKQLFDOO\� VSHDNLQJ�� ZH
FDQQRW� JHQHUDOL]H� IURP� D� FRQYHQLHQFH� VDPSOH� WR� D� SRSXODWLRQ�� )LUVW� DQG� PRVW
LPSRUWDQW��QRW�HYHU\RQH�LQ�D�SRSXODWLRQ�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�LQFOXGHG�LQ�WKH
VDPSOH�� 6HFRQG�� LW� LV� RIWHQ� QRW� FOHDU� ZKDW� VSHFLILF� SRSXODWLRQ� D� FRQYHQLHQFH
³VDPSOH´�FRPHV�IURP�



��&RQYHQLHQFH�VDPSOLQJ�,QFOXGLQJ�SHRSOH�ZKR�DUH�DYDLODEOH��YROXQWHHU��RU
FDQ�EH�HDVLO\�UHFUXLWHG�LQ�WKH�VDPSOH

:KHQ�FRQYHQLHQFH�VDPSOHV�DUH�XVHG��LW�LV�HVSHFLDOO\�LPSRUWDQW�WKDW�UHVHDUFKHUV
GHVFULEH� WKH� FKDUDFWHULVWLFV� RI� WKH� SHRSOH� SDUWLFLSDWLQJ� LQ� WKHLU� UHVHDUFK� VWXGLHV�
6RPHWLPHV��UHVHDUFKHUV�ZLOO�HYHQ�GHVFULEH�WKH�³K\SRWKHWLFDO�SRSXODWLRQ´�WKDW�WKH\
EHOLHYH� PRVW� FORVHO\� FRUUHVSRQGV� WR� WKHLU� FRQYHQLHQFH� VDPSOH�� 8OWLPDWHO\�
KRZHYHU�� LW� LV� XS� WR� \RX�� WKH� UHDGHU� RI� D� UHVHDUFK� DUWLFOH�� WR� H[DPLQH� WKH
FKDUDFWHULVWLFV�RI�D�FRQYHQLHQFH�VDPSOH�DQG�GHFLGH�ZKRP�\RX�EHOLHYH�WKH�JURXS�RI
SHRSOH�PD\�UHSUHVHQW�

<RX�PLJKW�EH�VXUSULVHG�WR�OHDUQ�WKDW�WKH�PDMRULW\�RI�H[SHULPHQWDO�UHVHDUFKHUV�GR
QRW� VHOHFW� UDQGRP� VDPSOHV�� 5DWKHU�� WKH\� WHQG� WR� XVH� FRQYHQLHQFH� VDPSOHV�� )RU
H[DPSOH�� VRPH� SXEOLVKHG� UHVHDUFK� LV� FRQGXFWHG� ZLWK� XQGHUJUDGXDWH� VWXGHQWV
HQUROOHG�LQ�LQWURGXFWRU\�SV\FKRORJ\�RU�HGXFDWLRQDO�SV\FKRORJ\�FODVVHV��+HUH�LV�DQ
H[DPSOH�IURP�D�VWXG\�E\�7XUQHU��-RKQVRQ��DQG�3LFNHULQJ��������

6HYHQW\�QLQH� FROOHJH� VWXGHQWV� ���� ZRPHQ� DQG� ��� PHQ�� ZHUH� UHFUXLWHG� IURP
LQWURGXFWRU\�SV\FKRORJ\�FRXUVHV��6WXGHQWV�SDUWLFLSDWHG�LQ�UHVHDUFK�DV�DQ�RSWLRQ
IRU�FRXUVH�FUHGLW��7KH�DYHUDJH�RI�WKH�VDPSOH�ZDV������\U���5DQJH� ����WR�����
6HYHQW\�WKUHH�SHUFHQW��Q� �����RI�WKH�SDUWLFLSDQWV�ZHUH�&DXFDVLDQ�������RU����
ZHUH� $IULFDQ� $PHULFDQ�� DQG� WKH� UHPDLQLQJ� ��� �RU� ��� ZHUH� RI� RWKHU� HWKQLF
RULJLQV���S�������

&RQYHQLHQFH� VDPSOHV� DUH� QRW� WKH� RSWLPDO� ZD\� WR� JR�� HVSHFLDOO\� ZKHQ� WKH
UHVHDUFKHU� ZDQWV� WR� JHQHUDOL]H� WR� D� SRSXODWLRQ� RQ� WKH� EDVLV� RI� D� VLQJOH� VWXG\�
1RQHWKHOHVV�� UHVHDUFKHUV�DUH�RIWHQ� IRUFHG� WR�XVH�FRQYHQLHQFH�VDPSOHV�EHFDXVH�RI
SUDFWLFDO�FRQVWUDLQWV�

4XRWD�6DPSOLQJ
,Q�TXRWD�VDPSOLQJ�� WKH� UHVHDUFKHU� LGHQWLILHV� WKH�PDMRU�JURXSV�RU�VXEJURXSV�RI

LQWHUHVW��GHWHUPLQHV� WKH�QXPEHU�RI�SHRSOH� WR�EH� LQFOXGHG� LQ�HDFK�RI� WKHVH�JURXSV�
DQG�WKHQ�VHOHFWV�D�FRQYHQLHQFH�VDPSOH�RI�SHRSOH�IRU�HDFK�JURXS��4XRWD�VDPSOLQJ�LV
VR�QDPHG�EHFDXVH�RQFH�WKH�UHVHDUFKHU�GHFLGHV�KRZ�PDQ\�RI�FHUWDLQ�W\SHV�RI�SHRSOH
WR� LQFOXGH� LQ� WKH� VDPSOH�� KH� RU� VKH� WKHQ� WULHV� WR� ³PHHW� WKH� TXRWDV´� �� WKDW� LV�� WKH
UHVHDUFKHU�WULHV�WR�JHW�WKH�ULJKW�QXPEHU�RI�SHRSOH��,I�WKH�UHVHDUFKHU�GHFLGHV�WR�PDNH
WKH�VDPSOH�SURSRUWLRQDO�WR�WKH�SRSXODWLRQ�RQ�FHUWDLQ�FKDUDFWHULVWLFV��H�J���JHQGHU��
WKHQ�WKLV�PHWKRG�RI�TXRWD�VDPSOLQJ�ZLOO�KDYH�DQ�DSSDUHQW�VLPLODULW\�WR�SURSRUWLRQDO
VWUDWLILHG�VDPSOLQJ��)RU�H[DPSOH��LI�D�VFKRRO�LV�FRPSRVHG�RI�����IHPDOHV�DQG����
PDOHV��WKH�UHVHDUFKHU�PLJKW�GHFLGH�WR�PDNH�VXUH�WKDW�KLV�RU�KHU�VDPSOH�LV�DOVR����
IHPDOH�DQG�����PDOH��+RZHYHU��DQ�LPSRUWDQW�GLIIHUHQFH�EHWZHHQ�TXRWD�VDPSOLQJ
DQG� VWUDWLILHG� UDQGRP� VDPSOLQJ� LV� WKDW� RQFH� WKH� UHVHDUFKHU� GHFLGHV� KRZ� PDQ\
SHRSOH� WR� LQFOXGH� LQ� HDFK�JURXS�� UDQGRP�VDPSOLQJ� LV�QRW� XVHG��$OWKRXJK� D� TXRWD
VDPSOH� PLJKW� ORRN� VLPLODU� WR� D� SRSXODWLRQ� RQ� VRPH� FKDUDFWHULVWLFV� �H�J��� WKH



SHUFHQWDJH�RI� IHPDOHV�DQG�PDOHV��� LW� LV�QRW� D�SUREDELOLW\� VDPSOH�� DQG�DV�D� UHVXOW�
RQH¶V�DELOLW\�WR�JHQHUDOL]H�LV�VHYHUHO\�OLPLWHG�

��4XRWD�VDPSOLQJ�7KH�UHVHDUFKHU�GHWHUPLQHV�WKH�DSSURSULDWH�VDPSOH�VL]HV�RU
TXRWDV�IRU�WKH�JURXSV�LGHQWLILHG�DV�LPSRUWDQW�DQG�WDNHV�FRQYHQLHQFH�VDPSOHV
IURP�WKRVH�JURXSV

3XUSRVLYH�6DPSOLQJ
,Q�SXUSRVLYH�VDPSOLQJ��VRPHWLPHV�FDOOHG�MXGJPHQWDO�VDPSOLQJ���WKH�UHVHDUFKHU

VSHFLILHV� WKH� FKDUDFWHULVWLFV� RI� D� SRSXODWLRQ� RI� LQWHUHVW� DQG� WKHQ� WULHV� WR� ORFDWH
LQGLYLGXDOV� ZKR� KDYH� WKRVH� FKDUDFWHULVWLFV�� )RU� H[DPSOH�� D� UHVHDUFKHU� PLJKW� EH
LQWHUHVWHG� LQ� DGXOW� IHPDOHV� RYHU� WKH� DJH� RI� ��� ZKR� DUH� HQUROOHG� LQ� D� FRQWLQXLQJ
HGXFDWLRQ�SURJUDP��2QFH�WKH�JURXS�LV�ORFDWHG��WKH�UHVHDUFKHU�DVNV�WKRVH�ZKR�PHHW
WKH�LQFOXVLRQ�FULWHULD�WR�SDUWLFLSDWH�LQ�WKH�UHVHDUFK�VWXG\��:KHQ�HQRXJK�SDUWLFLSDQWV
DUH� REWDLQHG�� WKH� UHVHDUFKHU� GRHV� QRW� DVN� DQ\RQH� HOVH� WR� SDUWLFLSDWH�� ,Q� VKRUW�
SXUSRVLYH� VDPSOLQJ� LV� D� QRQUDQGRP� VDPSOLQJ� WHFKQLTXH� LQ� ZKLFK� WKH� UHVHDUFKHU
VROLFLWV� SHUVRQV� ZLWK� VSHFLILF� FKDUDFWHULVWLFV� WR� SDUWLFLSDWH� LQ� D� UHVHDUFK� VWXG\�
+HUH�LV�DQ�H[DPSOH�RI�SXUSRVLYH�VDPSOLQJ�IURP�D�SXEOLVKHG�UHVHDUFK�DUWLFOH�

��3XUSRVLYH�VDPSOLQJ�7KH�UHVHDUFKHU�VSHFLILHV�WKH�FKDUDFWHULVWLFV�RI�WKH
SRSXODWLRQ�RI�LQWHUHVW�DQG�ORFDWHV�LQGLYLGXDOV�ZLWK�WKRVH�FKDUDFWHULVWLFV

'DWD� ZHUH� FROOHFWHG� IURP� ��� HYDOXDWLRQ� XVHUV� DQG� SURGXFHUV� LQYROYHG� LQ� D
VWDWHZLGH�(GXFDWLRQ� ,QQRYDWLRQ�3URJUDP� LQ� D� VRXWKHDVWHUQ� VWDWH� RI� WKH�8QLWHG
6WDWHV��7KH�VDPSOH�ZDV�SXUSRVLYH��3DWWRQ��������S������LQ�WKDW�WKH�JRDO�ZDV�WR
ILQG�D�JURXS�RI�H[SHUWV�ZKR�FRXOG�PDNH�LQIRUPHG�SUHGLFWLRQV�DERXW�HYDOXDWLRQ
SDUWLFLSDWLRQ� DQG� XWLOL]DWLRQ� XQGHU� GLIIHUHQW� VFHQDULRV�� 7KH� VDPSOH� LQFOXGHG
LQWHUQDO� DQG�RU� H[WHUQDO� SURMHFW� HYDOXDWRUV�� SURMHFW� GLUHFWRUV�� ORFDO� EXLOGLQJ
DGPLQLVWUDWRUV�� WHDFKHUV�LQYROYHG�ZLWK�WKH�SURMHFWV��DQG�SHUVRQV�IURP�H[WHUQDO
HYDOXDWLRQ� WHDPV�� 2I� WKH� VDPSOH�� ���� KDG� GRFWRUDWHV�� ���� KDG� VSHFLDOLVW
GHJUHHV��DQG�����KDG�PDVWHU¶V�GHJUHHV���5��%��-RKQVRQ��������S������

3XUSRVLYH� VDPSOLQJ� KDV� WKH� VDPH� OLPLWDWLRQV� DV� DQ\� QRQUDQGRP� VDPSOLQJ
PHWKRG��6SHFLILFDOO\��WKH�DELOLW\�WR�JHQHUDOL]H�IURP�D�VDPSOH�WR�D�SRSXODWLRQ�RQ�WKH
EDVLV�RI�D�VLQJOH�UHVHDUFK�VWXG\�LV�VHYHUHO\�OLPLWHG��7KH�RSWLPDO�VLWXDWLRQ�ZRXOG�EH
IRU�WKH�UHVHDUFKHU�WR�VSHFLI\�WKH�FULWHULD�WKDW�SRWHQWLDO�SDUWLFLSDQWV�PXVW�PHHW�WR�EH
LQFOXGHG� LQ� D� UHVHDUFK� VWXG\�EXW� WKHQ�DWWHPSW� WR�REWDLQ� D� UDQGRP�VDPSOH�RI� WKHVH
SHRSOH��+RZHYHU��WKLV�LV�QRW�DOZD\V�SRVVLEOH�RU�SUDFWLFDO�

6QRZEDOO�6DPSOLQJ
,Q� VQRZEDOO� VDPSOLQJ�� HDFK� UHVHDUFK� SDUWLFLSDQW� ZKR� YROXQWHHUV� WR� EH� LQ� D

UHVHDUFK�VWXG\�LV�DVNHG�WR�LGHQWLI\�RQH�RU�PRUH�DGGLWLRQDO�SHRSOH�ZKR�PHHW�FHUWDLQ



FKDUDFWHULVWLFV� DQG�PD\�EH�ZLOOLQJ� WR�SDUWLFLSDWH� LQ� WKH� UHVHDUFK� VWXG\��7DOOHULFR�
%XUVW\Q�� DQG� 3RROH� ������� XVHG� VQRZEDOO� VDPSOLQJ� WR� ILQG� ��� IHPDOHV� ZKR� KDG
RQFH� EHHQ� VFKRRO� VXSHULQWHQGHQWV� DQG� �� ³LQIRUPDQWV´� ZKR� KDG� NQRZQ� D� IHPDOH
VXSHULQWHQGHQW�VR� WKDW� WKH\�FRXOG�VWXG\�ZK\�IHPDOHV� OHIW� WKLV�SRVLWLRQ��2QO\�D�IHZ
LQGLYLGXDOV� PLJKW� EH� LGHQWLILHG� LQ� WKH� EHJLQQLQJ� RI� D� UHVHDUFK� VWXG\� DV� EHLQJ
DSSURSULDWH�� ZLOOLQJ�� DQG� DEOH� WR� SDUWLFLSDWH�� 2YHU� WLPH�� KRZHYHU�� DV� HDFK� QHZ
SDUWLFLSDQW� VXJJHVWV� VRPHRQH� HOVH� ZKR� PLJKW� SDUWLFLSDWH�� WKH� VDPSOH� EHFRPHV
ODUJHU�DQG�ODUJHU��7KH�VDPSOH�FDQ�EH�YLHZHG�PHWDSKRULFDOO\�DV�D�VQRZEDOO�WKDW�LV
UROOLQJ� GRZQ� D� KLOO�� JHWWLQJ� ELJJHU� DQG� ELJJHU�� 7KLV� VDPSOLQJ� PHWKRG� FDQ� EH
HVSHFLDOO\�XVHIXO�ZKHQ�\RX�QHHG�WR�ORFDWH�PHPEHUV�RI�KDUG�WR�ILQG�SRSXODWLRQV�RU
ZKHQ�QR�VDPSOLQJ�IUDPH�LV�DYDLODEOH�

��6QRZEDOO�VDPSOLQJ�(DFK�UHVHDUFK�SDUWLFLSDQW�LV�DVNHG�WR�LGHQWLI\�RWKHU
SRWHQWLDO�UHVHDUFK�SDUWLFLSDQWV
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������ $UH� FRQYHQLHQFH� VDPSOHV� XVHG� YHU\� RIWHQ� E\
H[SHULPHQWDO�UHVHDUFKHUV"

5$1'20�6(/(&7,21�$1'�5$1'20�$66,*10(17
,W� LV� YHU\� LPSRUWDQW� WR� XQGHUVWDQG� WKH� GLIIHUHQFH� EHWZHHQ� UDQGRP� VHOHFWLRQ� DQG
UDQGRP�DVVLJQPHQW��5DQGRP�VHOHFWLRQ�KDV�EHHQ�WKH�IRFXV�RI�WKLV�FKDSWHU��5DQGRP
VHOHFWLRQ� LV� MXVW� DQRWKHU� WHUP� WKDW� PHDQV� UDQGRP� VDPSOLQJ�� $V� \RX� QRZ� NQRZ�
VLPSOH�UDQGRP�VDPSOLQJ�LV�OLNH�SXOOLQJ�QDPHV�IURP�D�KDW��7KH�QDPHV�\RX�SXOO�RXW�RI
WKH�KDW�PDNH�XS� WKH� UDQGRP�VDPSOH��:H�DOVR�GLVFXVVHG� WKUHH�VSHFLILF�PHWKRGV�RI
UDQGRP� VDPSOLQJ� WKDW� DUH� YDULDWLRQV� RI� VLPSOH� UDQGRP� VDPSOLQJ�� V\VWHPDWLF
VDPSOLQJ�� VWUDWLILHG� VDPSOLQJ�� DQG� FOXVWHU� VDPSOLQJ�� 7KH� SXUSRVH� RI� UDQGRP
VHOHFWLRQ�LV�WR�DOORZ�\RX�WR�PDNH�JHQHUDOL]DWLRQV�IURP�D�VDPSOH�WR�D�SRSXODWLRQ�
%HFDXVH�UDQGRP�VHOHFWLRQ�PHWKRGV�SURGXFH�UHSUHVHQWDWLYH�VDPSOHV��\RX�DUH�DEOH�WR
JHQHUDOL]H� IURP� WKH� VDPSOH� WR� WKH� SRSXODWLRQ�� 7KLV� IRUP� RI� JHQHUDOL]DWLRQ� LV
VRPHWLPHV�FDOOHG�VWDWLVWLFDO�JHQHUDOL]DWLRQ�

��5DQGRP�VHOHFWLRQ�5DQGRPO\�VHOHFWLQJ�D�JURXS�RI�SHRSOH�IURP�D�SRSXODWLRQ

:H� EULHIO\� GLVFXVVHG� UDQGRP� DVVLJQPHQW� LQ� &KDSWHU� �� ZKHQ� ZH� GHVFULEHG
H[SHULPHQWDO� UHVHDUFK�� 5DQGRP� DVVLJQPHQW� LQYROYHV� WDNLQJ� D� SDUWLFXODU� VHW� RI
SHRSOH��XVXDOO\�D�FRQYHQLHQFH�RU�SXUSRVLYH�VDPSOH��DQG�UDQGRPO\�DVVLJQLQJ�WKHP
WR� WKH�JURXSV� WR�EH� VWXGLHG� LQ� DQ�H[SHULPHQW��5DQGRP�DVVLJQPHQW� LV�RQO\�XVHG� LQ
H[SHULPHQWDO� UHVHDUFK�� DQG� LW� LV� WKH� NH\� IDFWRU� WKDW� DOORZV� RQH� WR�PDNH� D� VWURQJ
FODLP�RI�FDXVH�DQG�HIIHFW�IURP�WKH�H[SHULPHQW��7KH�SXUSRVH�RI�UDQGRP�DVVLJQPHQW
LV�WR�SURGXFH�FRPSDULVRQ�JURXSV�WKDW�DUH�VLPLODU�RQ�³DOO�SRVVLEOH�IDFWRUV´�DW�WKH
EHJLQQLQJ�RI�WKH�H[SHULPHQW��7KHQ��LI�WKHVH�VLPLODU�JURXSV�GLIIHU�DIWHU�WKH\�UHFHLYH



WKH� GLIIHUHQW� WUHDWPHQWV�� WKH� UHVHDUFKHU� FDQ� DWWULEXWH� WKH� GLIIHUHQFH� WR� WKH
LQGHSHQGHQW� YDULDEOH� EHFDXVH� WKLV� ZDV� WKH� RQO\� IDFWRU� RQ� ZKLFK� WKH� JURXSV
V\VWHPDWLFDOO\�GLIIHUHG��H�J���RQH�JURXS�PD\�UHFHLYH�D�SLOO�DQG�DQRWKHU�JURXS�PD\
UHFHLYH� D� SODFHER��� ([SHULPHQWV� DUH� UDUHO\�� LI� HYHU�� EDVHG� RQ� UDQGRP� VDPSOHV�
$OWKRXJK�\RX�FDQ�PDNH�D�VWURQJ�VWDWHPHQW�DERXW�WKH�FDXVDO�HIIHFW�RI�WKH�LQGHSHQGHQW
YDULDEOH� RQ� WKH� GHSHQGHQW� YDULDEOH� �H�J��� WKH� HIIHFW� RI� WKH� H[SHULPHQWDO� SLOO� RQ
EHKDYLRUDO� RXWEXUVWV�� LQ� DQ� H[SHULPHQW� WKDW� KDV� UDQGRP� DVVLJQPHQW� EXW� GRHV� QRW
KDYH� UDQGRP� VHOHFWLRQ�� \RX�ZLOO�QRW� EH� DEOH� WR� JHQHUDOL]H� GLUHFWO\� IURP� VXFK� DQ
H[SHULPHQW�� )RUWXQDWHO\�� WKHUH� LV� D� ZD\� RXW� RI� WKLV� SUREOHP� LQ� H[SHULPHQWDO
UHVHDUFK��DQG�WKDW�LV�WKURXJK�WKH�XVH�RI�UHSOLFDWLRQ�ORJLF�

��5DQGRP�DVVLJQPHQW�5DQGRPO\�DVVLJQLQJ�D�VHW�RI�SHRSOH�WR�GLIIHUHQW�JURXSV

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

:KHQ�H[SHULPHQWDO�ILQGLQJV�DUH�UHSOLFDWHG�LQ�GLIIHUHQW�SODFHV�DW�GLIIHUHQW�WLPHV
ZLWK� GLIIHUHQW� SHRSOH�� WKH� ILQGLQJV� DERXW� WKH� FDXVDO� HIIHFW� RI� WKH� LQGHSHQGHQW
YDULDEOH�RQ�WKH�GHSHQGHQW�YDULDEOH�FDQ�EH�JHQHUDOL]HG�WR�VRPH�GHJUHH��HYHQ�ZKHQ
UDQGRP� VHOHFWLRQ� LV� QRW� XVHG�� 7KDW� LV� EHFDXVH�ZKHQ�ZH� UHSHDWHGO\� VHH� WKH� VDPH
FDXVDO�UHVXOW��H�J���WKH�H[SHULPHQWDO�SLOO�FRQVLVWHQWO\�UHGXFHV�EHKDYLRUDO�GLVRUGHUV��
HYLGHQFH� WKDW� WKH�FDXVDO� UHODWLRQVKLS� LV� UHDO�DQG� WKDW� LW� DSSOLHV� WR�PDQ\�SHRSOH� LV
REWDLQHG��7KHRUHWLFDOO\�VSHDNLQJ��WKH�VWURQJHVW�SRVVLEOH�H[SHULPHQWDO�GHVLJQ�ZRXOG
EH�RQH�LQ�ZKLFK�WKH�SDUWLFLSDQWV�DUH�UDQGRPO\�VHOHFWHG�IURP�D�SRSXODWLRQ�DQG�DUH
UDQGRPO\�DVVLJQHG�WR�JURXSV��7KLV�ZRXOG�DOORZ�RQH�WR�PDNH�D�VWURQJ�FODLP�DERXW
FDXVH�DQG�HIIHFW��EHFDXVH�RI�UDQGRP�DVVLJQPHQW��DQG�WR�JHQHUDOL]H�WKH�ILQGLQJV�WR�D
NQRZQ�SRSXODWLRQ��EHFDXVH�RI�UDQGRP�VHOHFWLRQ��

(DUOLHU�LQ�WKLV�FKDSWHU��ZH�VKRZHG�KRZ�WR�XVH�D�UDQGRP�QXPEHU�JHQHUDWRU�IRU
UDQGRP� VHOHFWLRQ�� ,Q� WKH� ERQXV� PDWHULDOV� DW� WKH� VWXGHQW� FRPSDQLRQ� ZHEVLWH�� ZH
VKRZ�KRZ�WR�XVH�D�UDQGRP�QXPEHU�JHQHUDWRU�IRU�UDQGRP�DVVLJQPHQW�

5(9,(:
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������ ,I�\RXU�JRDO� LV� WR�JHQHUDOL]H� IURP�D�VDPSOH� WR�D
SRSXODWLRQ�� ZKLFK� LV� PRUH� LPSRUWDQW�� UDQGRP
VHOHFWLRQ�RU�UDQGRP�DVVLJQPHQW"

'(7(50,1,1*�7+(�6$03/(�6,=(�:+(1�5$1'20�6$03/,1*
,6�86('
:KHQ�\RX� GHVLJQ� D� UHVHDUFK� VWXG\�� \RX�ZLOO� LQHYLWDEO\� DVN� KRZ�ELJ� \RXU� VDPSOH
VKRXOG� EH��� 7KH� VLPSOHVW� DQVZHU� LV� WKDW� WKH� ODUJHU� WKH� VDPSOH� VL]H�� WKH� EHWWHU�
EHFDXVH� ODUJHU� VDPSOHV� UHVXOW� LQ� VPDOOHU� VDPSOLQJ� HUURUV��ZKLFK�PHDQV� WKDW� \RXU
VDPSOH� YDOXHV� �WKH� VWDWLVWLFV�� ZLOO� EH� FORVHU� WR� WKH� WUXH� SRSXODWLRQ� YDOXHV� �WKH
SDUDPHWHUV���,Q�WKH�H[WUHPH�FDVH��VDPSOLQJ�HUURU�ZRXOG�EH�]HUR�LI�\RX�LQFOXGHG�WKH



FRPSOHWH�SRSXODWLRQ�LQ�\RXU�VWXG\�UDWKHU�WKDQ�GUDZLQJ�D�VDPSOH��$V�D�UXOH�RI�WKXPE�
ZH� UHFRPPHQG� XVLQJ� WKH�ZKROH� SRSXODWLRQ�ZKHQ� WKH� SRSXODWLRQ� QXPEHUV� ���� RU
OHVV��7KDW�ZD\��ZLWKRXW�WRR�PXFK�H[SHQVH��\RX�FDQ�EH�FRPSOHWHO\�FRQILGHQW�WKDW�\RX
NQRZ�DERXW�WKH�WRWDO�SRSXODWLRQ��2XU�VHFRQG�DQVZHU�WR�WKH�TXHVWLRQ�RI�VDPSOH�VL]H
LV� WKDW�\RX�PD\�ZDQW� WR�H[DPLQH� WKH�UHVHDUFK� OLWHUDWXUH� WKDW� LV�PRVW�VLPLODU� WR� WKH
UHVHDUFK�\RX�KRSH�WR�FRQGXFW�DQG�VHH�KRZ�PDQ\�UHVHDUFK�SDUWLFLSDQWV�ZHUH�XVHG�LQ
WKRVH�VWXGLHV�

,Q�7DEOH�������ZH�KDYH�SURYLGHG�D�OLVW�RI�UHFRPPHQGHG�VDPSOH�VL]HV�IRU�\RXU
FRQYHQLHQFH�� 7KH� VDPSOH� VL]HV� SURYLGHG� KHUH� DUH� XVXDOO\� DGHTXDWH�� 7KH
UHFRPPHQGHG� VDPSOH� VL]HV� DUH� JLYHQ� IRU� SRSXODWLRQV� UDQJLQJ� LQ� VL]H� IURP� YHU\
VPDOO��H�J�������WR�H[WUHPHO\�ODUJH��H�J�������PLOOLRQ���$OO�\RX�QHHG�WR�NQRZ�WR�XVH
WKH�WDEOH�LV�WKH�DSSUR[LPDWH�VL]H�RI�WKH�SRSXODWLRQ�IURP�ZKLFK�\RX�SODQ�RQ�GUDZLQJ
\RXU�VDPSOH��<RX�FDQ�VHH�LQ�7DEOH������WKDW� LI� WKH�SRSXODWLRQ�LV�FRPSRVHG�RI����
SHRSOH�� \RX� QHHG� WR� UDQGRPO\� VHOHFW� ���� SHRSOH�� /LNHZLVH�� LI� WKH� SRSXODWLRQ� LV
FRPSRVHG�RI�������SHRSOH��\RX�QHHG�WR�UDQGRPO\�VHOHFW�����SHRSOH�

�7$%/(�������6DPSOH�6L]HV�IRU�9DULRXV�3RSXODWLRQV�RI�6L]H����WR�����0LOOLRQ

1�VWDQGV�IRU�WKH�VL]H�RI�WKH�SRSXODWLRQ��Q�VWDQGV�IRU�WKH�VL]H�RI�WKH�UHFRPPHQGHG�VDPSOH��7KH�VDPSOH�VL]HV�DUH
EDVHG�RQ�WKH�����FRQILGHQFH�OHYHO�

6RXUFH��$GDSWHG�IURP�5��9��.UHMHFLH�DQG�'��:��0RUJDQ��³'HWHUPLQLQJ�6DPSOH�6L]H�IRU�5HVHDUFK�$FWLYLWLHV�́
(GXFDWLRQDO� DQG�3V\FKRORJLFDO�0HDVXUHPHQW��������� S�� ����� FRS\ULJKW��� ����� E\�6$*(�3XEOLFDWLRQV�� ,QF�
5HSULQWHG�E\�SHUPLVVLRQ�RI�6$*(�3XEOLFDWLRQV��,QF�

:H� QRZ� PDNH� VHYHUDO� DGGLWLRQDO� SRLQWV� DERXW� UDQGRP� VDPSOLQJ� IURP
SRSXODWLRQV�



���,I�\RX�H[DPLQH�WKH�QXPEHUV�LQ�7DEOH�������\RX�ZLOO�QRWLFH�WKDW�D�UHVHDUFKHU
PXVW� UDQGRPO\� VHOHFW� D� ODUJH� SHUFHQWDJH� RI� WKH� SRSXODWLRQ� ZKHQ� WKH
SRSXODWLRQ� LV� VPDOO�� +RZHYHU�� DV� WKH� SRSXODWLRQ� EHFRPHV� ODUJHU� DQG
ODUJHU�� WKH� SHUFHQWDJH� RI� WKH� SRSXODWLRQ� QHHGHG� EHFRPHV� VPDOOHU� DQG
VPDOOHU�

���7KH�PRUH�KRPRJHQHRXV�D�SRSXODWLRQ��WKH�VPDOOHU�WKH�VDPSOH�VL]H�FDQ�EH�
$� KRPRJHQHRXV� SRSXODWLRQ� LV� RQH� WKDW� LV� FRPSRVHG� RI� VLPLODU� SHRSOH�� ,Q
IDFW�� LI� HYHU\RQH�ZHUH� H[DFWO\� DOLNH�� \RX�ZRXOG� QHHG� RQO\� RQH� SHUVRQ� LQ
\RXU� VDPSOH�� &RQYHUVHO\�� WKH�PRUH� KHWHURJHQHRXV� D� SRSXODWLRQ� �WKH�PRUH
GLVVLPLODU�WKH�SHRSOH�DUH���WKH�ODUJHU�WKH�VDPSOH�VL]H�QHHGV�WR�EH�

�� �7KH�PRUH� FDWHJRULHV� RU� EUHDNGRZQV� \RX�ZDQW� WR� H[DPLQH� LQ� \RXU� GDWD
DQDO\VLV�� WKH� ODUJHU� WKH� VDPSOH� VL]H� QHHGHG�� )RU� H[DPSOH�� D� UHVHDUFKHU
PLJKW�EH� LQWHUHVWHG� LQ�GHWHUPLQLQJ� WKH�SHUFHQWDJH�RI�SHRSOH� LQ� D� FLW\�ZKR
SODQ�RQ�YRWLQJ�IRU�D�FHUWDLQ�VFKRRO�VXSHULQWHQGHQW�FDQGLGDWH��%XW�ZKDW�LI�WKH
UHVHDUFKHU� DOVR� ZDQWHG� WR� NQRZ� WKH� SHUFHQWDJHV� RI� IHPDOHV� DQG� PDOHV
SODQQLQJ�RQ�YRWLQJ�IRU�WKH�FDQGLGDWH"�7KH�RULJLQDO�SRSXODWLRQ�KDV�QRZ�EHHQ
GLYLGHG�LQWR�WZR�VXESRSXODWLRQV�RI�LQWHUHVW��DQG�WKH�UHVHDUFKHU�ZRXOG�QHHG
DQ�DGHTXDWH�VDPSOH�VL]H�IRU�HDFK�JURXS�

�� � ,Q� RXU� ODWHU� FKDSWHU� RQ� LQIHUHQWLDO� VWDWLVWLFV� �&KDSWHU� �����ZH� H[SODLQ� WKH
LGHD�RI�FRQILGHQFH�LQWHUYDOV��)RU�QRZ��ZH�QRWH�WKDW�VRPHWLPHV�UHVHDUFKHUV
XVH� D� VWDWLVWLFDO� SURFHGXUH� WR� HVWLPDWH� D� SRSXODWLRQ� YDOXH� DQG� SURYLGH� DQ
LQWHUYDO� RI� YDOXHV� WKDW� LV� OLNHO\� WR� LQFOXGH� WKH� SRSXODWLRQ� YDOXH�� )RU
H[DPSOH��\RX�PLJKW�KHDU� D�QHZV� UHSRUWHU� VD\� WKDW�����RI� WKH�SHRSOH� LQ�D
FLW\�VXSSRUW�WKH�VFKRRO�VXSHULQWHQGHQW¶V�GHFLVLRQ�WR�DGRSW�VFKRRO�XQLIRUPV�
SOXV�RU�PLQXV�����DQG�WKDW�WKH�³OHYHO�RI�FRQILGHQFH´�LV������7KH�VWDWHPHQW
LV�WKDW�WKH�SRSXODWLRQ�YDOXH�LV�SUREDEO\������FKDQFH��VRPHZKHUH�EHWZHHQ
����DQG������,W� WXUQV�RXW� WKDW� WKH�PRUH�SHRSOH�DUH� LQFOXGHG� LQ�D�VDPSOH�
WKH� VPDOOHU� �QDUURZHU�� WKH� FRQILGHQFH� LQWHUYDO� ZLOO� EH�� )RU� H[DPSOH�� LI
PRUH� SHRSOH� ZHUH� LQFOXGHG� LQ� WKH� VDPSOH�� RQH�PLJKW� EH� DEOH� WR� VD\� WKDW
���� RI� WKH� SHRSOH� VXSSRUW� WKH� GHFLVLRQ�� SOXV� RU� PLQXV� ���� 7KDW� LV�� WKH
SRSXODWLRQ�YDOXH�LV�SUREDEO\�VRPHZKHUH�EHWZHHQ�����DQG������7KH�UXOH
LV�� WKH� ODUJHU� WKH� VDPSOH� VL]H�� WKH� JUHDWHU� WKH� SUHFLVLRQ� RI� VWDWHPHQWV
DERXW� WKH� SRSXODWLRQ� EDVHG� RQ� WKH� VDPSOH�� 7KHUHIRUH�� WKH� ELJJHU� WKH
VDPSOH��WKH�EHWWHU�

�� �$VVXPH�WKDW�\RX�DUH�SODQQLQJ�WR�PHDVXUH�D�UHODWLRQVKLS�RU�WKH�HIIHFW�RI�DQ
LQGHSHQGHQW� YDULDEOH� RQ� D� GHSHQGHQW� YDULDEOH�� ,I� \RX� H[SHFW� WKH
UHODWLRQVKLS�RU� HIIHFW� WR�EH� UHODWLYHO\�ZHDN�� WKHQ� \RX�ZLOO� QHHG�D� ODUJHU
VDPSOH� VL]H�� 7KDW¶V� EHFDXVH� WKHUH� LV� OHVV� ³QRLVH´� RU� ³UDQGRP� HUURU´� LQ
ODUJHU�VDPSOHV�

�� �7KH�PRUH�HIILFLHQW� WKH�UDQGRP�VDPSOLQJ�PHWKRG�� WKH�VPDOOHU� WKH�VDPSOH
VL]H�QHHGV� WR�EH�� 6WUDWLILHG� UDQGRP� VDPSOLQJ� WHQGV� WR� QHHG� VOLJKWO\� IHZHU
SHRSOH� WKDQ� VLPSOH� UDQGRP� VDPSOLQJ�� 2Q� WKH� RWKHU� KDQG�� FOXVWHU� UDQGRP
VDPSOLQJ� WHQGV� WR� UHTXLUH� VOLJKWO\� PRUH� SHRSOH� WKDQ� VLPSOH� UDQGRP



VDPSOLQJ�
�� �7KH� ODVW� FRQVLGHUDWLRQ�PHQWLRQHG�KHUH� LV� WKDW� VRPH�RI� WKH�SHRSOH� LQ� \RXU
RULJLQDO� VDPSOH�ZLOO� UHIXVH� WR� SDUWLFLSDWH� LQ� \RXU� UHVHDUFK� VWXG\�� ,Q� RWKHU
ZRUGV��\RXU�ILQDO�VDPSOH�PD\�HQG�XS�EHLQJ�VPDOOHU�WKDQ�\RX�KDG�LQWHQGHG�
,I� \RX� FDQ� JXHVV� DSSUR[LPDWHO\� ZKDW� SHUFHQWDJH� RI� WKH� SHRSOH� ZLOO
DFWXDOO\� SDUWLFLSDWH� �WKH� UHVSRQVH� UDWH��� \RX� FDQ� XVH� WKH� IROORZLQJ
IRUPXOD�WR�DGMXVW�\RXU�RULJLQDO�VDPSOH�VL]H��7KH�QXPHUDWRU�LV�WKH�QXPEHU
RI�SHRSOH�\RX�ZDQW�WR�KDYH�LQ�\RXU�UHVHDUFK�VWXG\��7KH�GHQRPLQDWRU�LV�WKH
SURSRUWLRQ�RI�SHRSOH�\RX�EHOLHYH�ZLOO�DJUHH�WR�SDUWLFLSDWH�

)RU� H[DPSOH�� VD\� WKDW�\RX�ZDQW� D� VDPSOH� VL]H�RI����DQG�\RX�H[SHFW� WKDW�RQO\
����RI�WKH�SHRSOH�LQ�\RXU�RULJLQDO�VDPSOH�ZLOO�DFWXDOO\�SDUWLFLSDWH�LQ�\RXU�UHVHDUFK
VWXG\��$OO�\RX�QHHG�WR�GR�LV�WR�GLYLGH����E\�������DQG�\RX�ZLOO�KDYH�WKH�QXPEHU�RI
SHRSOH�\RX�QHHG�WR�LQFOXGH�LQ�\RXU�VDPSOH��<RX�ZLOO�QHHG����SHRSOH��/HW¶V�FKHFN
\RXU� XQGHUVWDQGLQJ�� $VVXPH� WKDW� \RX� ZDQW� D� VDPSOH� VL]H� RI� ��� SHRSOH� DQG� \RX
H[SHFW�WKDW�����RI�WKHP�ZLOO�SDUWLFLSDWH��:KDW�LV�WKH�QXPEHU�RI�SHRSOH�\RX�QHHG�WR
LQFOXGH�LQ�\RXU�RULJLQDO�VDPSOH"�7KH�QXPHUDWRU�LV�����\RXU�GHVLUHG�VDPSOH�VL]H��WKH
GHQRPLQDWRU� LV� ������ $QG� ��� GLYLGHG� E\� ����� LV� HTXDO� WR� ���� <RX�ZLOO� QHHG� ��
SHRSOH��8VLQJ�\RXU�FDOFXODWRU��WKLV�LV�D�VLPSOH�FDOFXODWLRQ��ULJKW"

5(9,(:
48(67 ,21

������ ,I� \RXU� SRSXODWLRQ� VL]H� LV� ��������� KRZ� PDQ\
SDUWLFLSDQWV� ZLOO� \RX� QHHG�� DW� D� PLQLPXP�� IRU
\RXU�UHVHDUFK�VWXG\"��+LQW��/RRN�DW�7DEOH�������

6$03/,1*�,1�48$/,7$7,9(�5(6($5&+
4XDOLWDWLYH� UHVHDUFKHUV�PXVW� ILUVW� GHFLGH�ZKRP�RU�ZKDW� WKH\�ZDQW� WR� VWXG\��7KLV
LQLWLDO� WDVN� LV� EDVHG� RQ� FRQVLGHUDWLRQ� RI� ZKLFK� SRSXODWLRQV� RU� SKHQRPHQD� DUH
UHOHYDQW� WR� WKH� UHVHDUFK� IRFXV� EHLQJ� SURSRVHG� RU� GHYHORSHG�� 7KH� UHVHDUFKHU
W\SLFDOO\� GHILQHV� D� VHW� RI� FULWHULD� RU� DWWULEXWHV� WKDW� WKH� SHRSOH� WR� EH� VWXGLHG�PXVW
SRVVHVV�DQG�XVHV� WKHVH�FULWHULD� WR�GLVWLQJXLVK�WKH�SHRSOH�RI�SRWHQWLDO� LQWHUHVW�IURP
WKRVH� SHRSOH� ZKR� VKRXOG� EH� H[FOXGHG� IURP� FRQVLGHUDWLRQ�� 2QFH� WKHVH� LQFOXVLRQ
ERXQGDULHV�DUH�VHW��WKH�UHVHDUFKHU�NQRZV�ZKRP�KH�RU�VKH�ZLVKHV�WR�VWXG\�DQG�FDQ
WKHQ�DWWHPSW�WR�ORFDWH�DQG�REWDLQ�WKH�VDPSOH�

0DUJDUHW� /H&RPSWH� DQG� -XGLWK� 3UHLVVOH� ������� FDOOHG� WKH� RYHUDOO� VDPSOLQJ
VWUDWHJ\� XVHG� LQ� TXDOLWDWLYH� UHVHDUFK� FULWHULRQ�EDVHG� VHOHFWLRQ�� EHFDXVH� WKH
UHVHDUFKHU�GHYHORSV�LQFOXVLRQ�FULWHULD�WR�EH�XVHG�LQ�VHOHFWLQJ�SHRSOH�RU�RWKHU�XQLWV
�H�J���VFKRROV���$QRWKHU�ZHOO�NQRZQ�TXDOLWDWLYH�UHVHDUFKHU��0LFKDHO�3DWWRQ�������
�������XVHG� WKH� WHUP�SXUSRVHIXO�VDPSOLQJ� WR�GHVFULEH� WKH�VDPH�SURFHVV��EHFDXVH
LQGLYLGXDOV�RU�FDVHV�DUH�VHOHFWHG�WKDW�SURYLGH�WKH�LQIRUPDWLRQ�QHHGHG�WR�DGGUHVV�WKH



SXUSRVH� RI� WKH� UHVHDUFK�� 7KH� WHUPV� FULWHULRQ�EDVHG� VHOHFWLRQ� DQG� SXUSRVHIXO
VDPSOLQJ� DUH� V\QRQ\PV�� DQG� ERWK� GHVFULEH� ZKDW� ZH� HDUOLHU� FDOOHG� SXUSRVLYH
VDPSOLQJ��3XUSRVLYH�VDPSOLQJ�LV�XVHG�LQ�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�
7KH� RWKHU� IRUPV� RI� QRQSUREDELOLW\� VDPSOLQJ� SUHYLRXVO\� GLVFXVVHG� �VQRZEDOO
VDPSOLQJ��TXRWD�VDPSOLQJ��DQG�FRQYHQLHQFH�VDPSOLQJ��DUH�DOVR�XVHG�LQ�TXDOLWDWLYH
UHVHDUFK�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

$OWKRXJK� WKH� JRDO� LV� DOZD\V� WR� ORFDWH� LQIRUPDWLRQ�ULFK� LQGLYLGXDOV� RU� FDVHV�
GHFLVLRQV�DERXW�ZKRP�WR�VWXG\�DUH�DOVR�DIIHFWHG�E\�ORJLVWLFDO�FRQVWUDLQWV��VXFK�DV
WKH� DFFHVVLELOLW\�RI� WKH�SRWHQWLDO� SDUWLFLSDQWV� DQG� WKH� FRVWV�RI� ORFDWLQJ� WKH�SHRSOH
DQG� HQOLVWLQJ� WKHLU� SDUWLFLSDWLRQ�� 5HVHDUFKHUV� YLUWXDOO\� DOZD\V� IDFH� SUDFWLFDO
FRQVWUDLQWV� VXFK� DV� WKHVH� ZKHQ� WKH\� GHFLGH� ZKRP� WR� LQFOXGH� LQ� WKHLU� UHVHDUFK
VWXGLHV��7KH�NH\�SRLQW�LV�WKDW�D�UHVHDUFKHU�VKRXOG�SLFN�D�VDPSOH�WKDW�FDQ�EH�XVHG�WR
PHHW� WKH� SXUSRVH� RI� WKH� UHVHDUFK� VWXG\� DQG� DQVZHU� UHVHDUFK� TXHVWLRQV� ZKLOH
PHHWLQJ�FRVW�DQG�RWKHU�FRQVWUDLQWV��7UDGH�RIIV�ZLOO�DOZD\V�EH�SUHVHQW�

0DQ\�GLIIHUHQW�W\SHV�RI�VDPSOLQJ�DUH�XVHG�LQ�TXDOLWDWLYH�UHVHDUFK��:H�UHO\�KHUH
PDLQO\� RQ� WKH� GLVFXVVLRQV� E\� /H&RPSWH� DQG� 3UHLVVOH� ������� DQG� 3DWWRQ� ������
������� 7KH� ILUVW� W\SH� LV� FDOOHG� FRPSUHKHQVLYH� VDPSOLQJ�� ZKLFK� PHDQV� WKDW� DOO
UHOHYDQW�FDVHV��LQGLYLGXDOV��JURXSV��VHWWLQJV��RU�RWKHU�SKHQRPHQD��DUH�H[DPLQHG�LQ
WKH�UHVHDUFK�VWXG\��7KLV�LQFOXVLRQ�JXDUDQWHHV�UHSUHVHQWDWLYHQHVV�EHFDXVH�HYHU\RQH
LV�LQFOXGHG�LQ�WKH�VWXG\��,W�FDQ�DOVR�EH�YHU\�H[SHQVLYH�DQG�TXLWH�LPSUDFWLFDO�H[FHSW
IRU�YHU\�VPDOO�SRSXODWLRQV�WKDW�DUH�UHODWLYHO\�HDV\�WR�ORFDWH�

��&RPSUHKHQVLYH�VDPSOLQJ�,QFOXGLQJ�DOO�FDVHV�LQ�WKH�UHVHDUFK�VWXG\

$QRWKHU�IRUP�RI�VDPSOLQJ�WKDW�TXDOLWDWLYH�UHVHDUFKHUV�VRPHWLPHV�XVH�LV�FDOOHG
PD[LPXP� YDULDWLRQ� VDPSOLQJ�� ,Q� WKLV� IRUP� RI� VDPSOLQJ�� D� ZLGH� UDQJH� RI� FDVHV
�LQGLYLGXDOV��JURXSV��VHWWLQJV��RU�RWKHU�SKHQRPHQD��DUH�SXUSRVLYHO\�VHOHFWHG�VR�WKDW
DOO�W\SHV�RI�FDVHV�DORQJ�RQH�RU�PRUH�GLPHQVLRQV�DUH�LQFOXGHG�LQ�WKH�UHVHDUFK��2QH
UHDVRQ� IRU� XVLQJ� WKLV� DSSURDFK� LV� WR� KHOS� HQVXUH� WKDW� QR� RQH� FDQ� FODLP� WKDW� \RX
H[FOXGHG�FHUWDLQ�W\SHV�RI�FDVHV��'XULQJ�GDWD�DQDO\VLV��WKH�TXDOLWDWLYH�UHVHDUFKHU�FDQ
VHDUFK�IRU�D�FHQWUDO�WKHPH�RU�SDWWHUQ�WKDW�RFFXUV�DFURVV�WKH�FDVHV��6RPHWKLQJ�DOO�WKH
FDVHV� KDYH� LQ� FRPPRQ� PLJKW� EH� LGHQWLILHG�� )RU� H[DPSOH�� ZKLOH� VWXG\LQJ� WKH
RUJDQL]DWLRQDO�FXOWXUH�RI�D�ORFDO�VFKRRO��DQ�HWKQRJUDSKLF�UHVHDUFKHU�PLJKW�LGHQWLI\
FHUWDLQ� FRUH�YDOXHV� DQG�EHOLHIV� FRPPRQ� WR�PRVW�� LI� QRW� DOO�� RI� WKH� WHDFKHUV� LQ� WKH
VFKRRO�� +HUH¶V� DQ� H[DPSOH� IURP� D� MRXUQDO� DUWLFOH� E\� )LVKHU� �������� )LVKHU� ZDV
LQWHUHVWHG�LQ�GHVFULELQJ�WKH�GHYHORSPHQWDO�FKDQJHV�H[SHULHQFHG�E\�ROGHU�DGXOWV�

��0D[LPXP�YDULDWLRQ�VDPSOLQJ�3XUSRVLYHO\�VHOHFWLQJ�D�ZLGH�UDQJH�RI�FDVHV

,QLWLDOO\� ILYH� VLWHV�ZHUH� VHOHFWHG� DW� ZKLFK� WR� FRQGXFW� LQWHUYLHZV�� WZR� VHQLRU
FHQWHUV�LQ�DQ�XUEDQ�FRXQW\�DQG�WZR�VHQLRU�FHQWHUV�DQG�D�QXUVLQJ�KRPH�ORFDWHG�LQ



DGMDFHQW� FRXQWLHV� ZKLFK� FRPELQHG� VXEXUEDQ� DQG� UXUDO� FKDUDFWHULVWLFV�� 7KHVH
VLWHV�ZHUH�VHOHFWHG� LQ�RUGHU� WR� LQFUHDVH� WKH�SUREDELOLW\� WKDW�SHUVRQV�DYDLODEOH
IRU� LQWHUYLHZLQJ� ZRXOG� UHSUHVHQW� D� EURDG� DJH� VSHFWUXP� ZLWK� GLYHUVH
EDFNJURXQGV�DQG�H[SHULHQFHV���S�����

,Q�KRPRJHQHRXV�VDPSOH�VHOHFWLRQ��D�UHODWLYHO\�VPDOO�DQG�KRPRJHQHRXV�FDVH�RU
VHW�RI�FDVHV�LV�VHOHFWHG�IRU�LQWHQVLYH�VWXG\��)RFXV�JURXS�UHVHDUFKHUV�FRPPRQO\�XVH
WKLV�SURFHGXUH�ZLWK�VPDOO�KRPRJHQHRXV�JURXSV�RI�DURXQG�VL[�RU�VHYHQ�SDUWLFLSDQWV�
7KH� IRFXV�JURXS� IDFLOLWDWRU�DWWHPSWV� WR�JDLQ�DQ� LQ�GHSWK�XQGHUVWDQGLQJ�RI�KRZ� WKH
SHRSOH�LQ�WKH�JURXS�WKLQN�DERXW�D�WRSLF��7KH�JURXS�GLVFXVVLRQ�W\SLFDOO\�ODVWV�DERXW��
KRXUV�� 0RUH� JHQHUDOO\�� ZKHQ� VSHFLILF� VXEJURXSV� DUH� WDUJHWHG� IRU� LQFOXVLRQ� LQ� D
UHVHDUFK�VWXG\�RU�DV�D�FRPSRQHQW�RI�D�ODUJHU�VWXG\��WKH�UHVHDUFKHU�PLJKW�KDYH�UHOLHG
RQ�KRPRJHQHRXV�VDPSOH�VHOHFWLRQ�

��+RPRJHQHRXV�VDPSOH�VHOHFWLRQ�6HOHFWLQJ�D�VPDOO�DQG�KRPRJHQHRXV�FDVH�RU
VHW�RI�FDVHV�IRU�LQWHQVLYH�VWXG\

,Q�H[WUHPH�FDVH�VDPSOLQJ�� WKH�H[WUHPHV��RU�SROHV��RI� VRPH�FKDUDFWHULVWLF�DUH
LGHQWLILHG�� DQG� WKHQ� FDVHV� UHSUHVHQWLQJ� RQO\� WKH� H[WUHPHV� DUH� VHOHFWHG� IRU
H[DPLQDWLRQ�� 7KH� VWUDWHJ\� LV� WR� VHOHFW� FDVHV� IURP� WKH� H[WUHPHV� EHFDXVH� WKH\� DUH
SRWHQWLDOO\�ULFK�VRXUFHV�RI�LQIRUPDWLRQ�DQG�WKHQ�WR�FRPSDUH�WKHP��<RX�PLJKW�ORFDWH
DQG�FRPSDUH�³RXWVWDQGLQJ�FDVHV´�ZLWK�³QRWDEOH�IDLOXUHV´�DQG�DWWHPSW�WR�GHWHUPLQH
ZKDW�FLUFXPVWDQFHV�OHG�WR�WKHVH�RXWFRPHV��3DWWRQ���������)RU�H[DPSOH��\RX�PLJKW
FRPSDUH� WKH� WHDFKLQJ� HQYLURQPHQW� FUHDWHG� E\� DQ� RXWVWDQGLQJ� WHDFKHU� ZLWK� WKDW
FUHDWHG�E\�D�QRWDEO\�LQHIIHFWLYH�WHDFKHU�

��([WUHPH�FDVH�VDPSOLQJ�,GHQWLI\LQJ�WKH�H[WUHPHV�RU�SROHV�RI�VRPH
FKDUDFWHULVWLF�DQG�WKHQ�VHOHFWLQJ�FDVHV�UHSUHVHQWLQJ�WKHVH�H[WUHPHV�IRU
H[DPLQDWLRQ

,Q�W\SLFDO�FDVH�VDPSOLQJ��WKH�UHVHDUFKHU�OLVWV�WKH�FULWHULD�WKDW�GHVFULEH�D�W\SLFDO
RU� DYHUDJH� FDVH� DQG� WKHQ� ILQGV� RQH� RU� VHYHUDO� WR� VWXG\�� $V� WKH� UHVHDUFKHU�� \RX
VKRXOG�VSHDN�WR�VHYHUDO�H[SHUWV�WR�WU\�WR�JDLQ�FRQVHQVXV�RQ�ZKDW�FDVH�V��LV�W\SLFDO
RI� WKH�SKHQRPHQRQ�WR�EH�VWXGLHG�� ,I�VSHFLILF�FDVHV�DUH�QRW�UHFRPPHQGHG�� WKHQ� WKH
FKDUDFWHULVWLFV�RI�D�W\SLFDO�FDVH�VKRXOG�EH�LGHQWLILHG��DQG�WKHQ�\RX�ZRXOG�DWWHPSW�WR
ORFDWH� VXFK� D� SHUVRQ�� )RU� H[DPSOH�� D� K\SRWKHWLFDO� WHDFKHU� RI� LQWHUHVW� PLJKW� EH
GHVFULEHG� RQ� FKDUDFWHULVWLFV� VXFK� DV� DJH�� JHQGHU�� WHDFKLQJ� VW\OH�� DQG� QXPEHU� RI
\HDUV� RI� H[SHULHQFH�� (YHQ� LQ� TXDQWLWDWLYH� UHVHDUFK�� LW� LV� VRPHWLPHV� KHOSIXO� WR
LOOXVWUDWH�D�W\SLFDO�FDVH�LQ�WKH�ILQDO�UHSRUW�WR�KHOS�WKH�UHDGHU�PDNH�PRUH�VHQVH�RI�WKH
ILQGLQJV�

��7\SLFDO�FDVH�VDPSOLQJ�6HOHFWLQJ�ZKDW�DUH�EHOLHYHG�WR�EH�DYHUDJH�FDVHV

,Q�FULWLFDO�FDVH�VDPSOLQJ��FDVHV�WKDW�FDQ�EH�XVHG�WR�PDNH�D�SUHYLRXVO\�MXVWLILHG



SRLQW�SDUWLFXODUO\�ZHOO�RU�DUH�NQRZQ�WR�EH�SDUWLFXODUO\� LPSRUWDQW�DUH�VHOHFWHG�IRU
LQ�GHSWK� VWXG\��$FFRUGLQJ� WR� 3DWWRQ� �������� ³D� FOXH� WR� WKH� H[LVWHQFH� RI� D� FULWLFDO
FDVH�LV�D�VWDWHPHQW�WR�WKH�HIIHFW�WKDW�´LI�LW�KDSSHQV�WKHUH��LW�ZLOO�KDSSHQ�DQ\ZKHUH�¶
RU�� YLFH� YHUVD�� µLI� LW� GRHVQ¶W� KDSSHQ� WKHUH�� LW� ZRQ¶W� KDSSHQ� DQ\ZKHUH�¶µ� )RU
H[DPSOH��SHUKDSV�D�VFKRRO�VXSHULQWHQGHQW�ZDQWV�WR�FKDQJH�D�SROLF\�DQG�H[SHFWV�WKDW
FKDQJH�WR�IDFH�UHVLVWDQFH�LQ�WKH�ORFDO�VFKRROV��7KH�VXSHULQWHQGHQW�PLJKW�GHFLGH�WR
VHOHFW�D�VFKRRO�ZKHUH�KH�RU�VKH�H[SHFWV�WKH�JUHDWHVW�UHVLVWDQFH�WR�GHWHUPLQH�ZKHWKHU
HQDFWLQJ�WKH�SROLF\�LV�IHDVLEOH�LQ�SUDFWLFH�

��&ULWLFDO�FDVH�VDPSOLQJ�6HOHFWLQJ�ZKDW�DUH�EHOLHYHG�WR�EH�SDUWLFXODUO\
LPSRUWDQW�FDVHV

,Q� QHJDWLYH�FDVH� VDPSOLQJ�� FDVHV� WKDW� DUH� H[SHFWHG� WR� GLVFRQILUP� WKH
UHVHDUFKHU¶V� H[SHFWDWLRQV� DUH� SXUSRVLYHO\� VHOHFWHG�� )RU� H[DPSOH�� LQ� WKH� IRUP� RI
TXDOLWDWLYH� UHVHDUFK� FDOOHG� JURXQGHG� WKHRU\�� WKH� TXDOLWDWLYH� UHVHDUFKHU� W\SLFDOO\
H[SORUHV�D�SKHQRPHQRQ�DQG�DWWHPSWV�WR�EXLOG�D�WKHRU\�LQGXFWLYHO\�DERXW�LW��$V�WKH
UHVHDUFKHU� GHYHORSV� D� WHQWDWLYH� FRQFOXVLRQ� RU� JHQHUDOL]DWLRQ� EDVHG� RQ� WKH� GDWD�
KRZHYHU�� LW� LV� LPSRUWDQW� WR� VHDUFK� IRU� LQVWDQFHV� LQ�ZKLFK� WKH�JHQHUDOL]DWLRQ�PLJKW
QRW�KROG�LQ�RUGHU�WR�OHDUQ�PRUH�DERXW�WKH�ERXQGDULHV�RI�WKH�JHQHUDOL]DWLRQ�DQG�DERXW
DQ\�SRWHQWLDO�SUREOHPV�WKDW�QHHG�WR�EH�DGGUHVVHG�RU�TXDOLILFDWLRQV�WKDW�QHHG�WR�EH
PDGH�� ,I� \RX� DUH� D� FDUHIXO� DQG� FRQVFLHQWLRXV�TXDOLWDWLYH� UHVHDUFKHU�� \RX�PXVW� QRW
RYHUORRN�QHJDWLYH�FDVHV�

��1HJDWLYH�FDVH�VDPSOLQJ�6HOHFWLQJ�FDVHV�WKDW�DUH�H[SHFWHG�WR�GLVFRQILUP�WKH
UHVHDUFKHU¶V�H[SHFWDWLRQV�DQG�JHQHUDOL]DWLRQV

,Q� RSSRUWXQLVWLF� VDPSOLQJ�� WKH� UHVHDUFKHU� WDNHV� DGYDQWDJH� RI� RSSRUWXQLWLHV
GXULQJ� GDWD� FROOHFWLRQ� WR� VHOHFW� LPSRUWDQW� FDVHV�� 7KHVH� FDVHV� PLJKW� EH� FULWLFDO�
QHJDWLYH��H[WUHPH��RU�HYHQ�W\SLFDO��7KH�LPSRUWDQW�SRLQW�LV�WKDW�TXDOLWDWLYH�UHVHDUFK
LV�DQ�RQJRLQJ�DQG�HPHUJHQW�SURFHVV��DQG�WKH�UHVHDUFKHU�PLJKW�QRW�EH�DEOH�WR�VWDWH�LQ
DGYDQFH�RI�WKH�UHVHDUFK�HYHU\RQH�DQG�HYHU\WKLQJ�WKDW�ZLOO�EH�LQFOXGHG�LQ�WKH�VWXG\�
7KH� IRFXV�PLJKW�FKDQJH��DQG�RSSRUWXQLWLHV� WKDW�FRXOG�QRW�EH� IRUHVHHQ�PLJKW�DULVH�
7KH�HIIHFWLYH�UHVHDUFKHU�LV�RQH�ZKR�LV�TXLFN�WR�GLVFHUQ�ZKRP�WR�WDON�WR�DQG�ZKDW�WR
IRFXV� RQ�ZKLOH� FROOHFWLQJ� WKH� GDWD� LQ� WKH� ILHOG��7KH� WHUP�RSSRUWXQLVWLF� VDPSOLQJ
ZDV�FRLQHG�WR�UHIHU�WR�WKLV�SURFHVV�

��2SSRUWXQLVWLF�VDPSOLQJ�6HOHFWLQJ�FDVHV�ZKHQ�WKH�RSSRUWXQLW\�RFFXUV

7KH� ODVW� IRUP� RI� VDPSOLQJ� OLVWHG� KHUH� LV�PL[HG� SXUSRVHIXO� VDPSOLQJ�� 3DWWRQ
�������FRLQHG�WKLV�WHUP�WR�UHIHU�WR�WKH�PL[LQJ�RI�PRUH�WKDQ�RQH�VDPSOLQJ�VWUDWHJ\��$
UHVHDUFKHU�PLJKW�� IRU�H[DPSOH��FRQGXFW�D�TXDOLWDWLYH�UHVHDUFK�VWXG\�DQG�VWDUW�ZLWK
PD[LPXP�YDULDWLRQ�VDPSOLQJ��GLVFRYHU�D�JHQHUDO�SDWWHUQ�RU�ILQGLQJ�LQ�WKH�GDWD��DQG
WKHQ�XVH�QHJDWLYH�FDVH�VHOHFWLRQ�WR�GHWHUPLQH�WKH�ERXQGDULHV�DQG�JHQHUDOLW\�RI� WKH
SDWWHUQ��0L[HG�SXUSRVHIXO�VDPSOLQJ�LV�DOVR�OLNHO\�WR�EH�XVHG�ZKHQ�D�UHVHDUFKHU�XVHV



GDWD� WULDQJXODWLRQ²H[DPLQLQJ� PXOWLSOH� GDWD� VRXUFHV�� ZKLFK� PLJKW� EH� VHOHFWHG
DFFRUGLQJ�WR�GLIIHUHQW�VDPSOLQJ�PHWKRGV�

��0L[HG�SXUSRVHIXO�VDPSOLQJ�7KH�PL[LQJ�RI�PRUH�WKDQ�RQH�VDPSOLQJ�VWUDWHJ\
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������ 6DPSOLQJ� LQ� TXDOLWDWLYH� UHVHDUFK� LV� VLPLODU� WR
ZKLFK�W\SH�RI�VDPSOLQJ�LQ�TXDQWLWDWLYH�UHVHDUFK"

6$03/,1*�,1�0,;('�5(6($5&+�

&KRRVLQJ� D�PL[HG� VDPSOLQJ� GHVLJQ� LQYROYHV� FKRRVLQJ� WKH� VDPSOLQJ� VFKHPH� DQG
VDPSOH� VL]H� IRU� ERWK� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� FRPSRQHQWV� RI� D� UHVHDUFK
VWXG\�� :H� XVH� WKH� PL[HG� VDPSOLQJ� IUDPHZRUN� SURYLGHG� E\� 2QZXHJEX]LH� DQG
&ROOLQV� �������� $FFRUGLQJ� WR� WKLV� IUDPHZRUN�� PL[HG� VDPSOLQJ� GHVLJQV� DUH
FODVVLILHG� DFFRUGLQJ� WR� WZR� PDMRU� FULWHULD�� �D�� WKH� WLPH� RULHQWDWLRQ� RI� WKH
FRPSRQHQWV� DQG� �E�� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH
VDPSOHV� �L�H��� VDPSOH� UHODWLRQVKLS���7LPH�RULHQWDWLRQ�FULWHULRQ� UHIHUV� WR�ZKHWKHU
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�SKDVHV�RFFXU�FRQFXUUHQWO\�RU�VHTXHQWLDOO\��:KHQ�XVLQJ�D
FRQFXUUHQW� WLPH� RULHQWDWLRQ�� GDWD� DUH� FROOHFWHG� IRU� WKH� TXDQWLWDWLYH� SKDVH� DQG
TXDOLWDWLYH�SKDVH�RI� WKH� VWXG\� DW� WKH� VDPH�RU�GXULQJ� DSSUR[LPDWHO\� WKH� VDPH� WLPH
SHULRG��'DWD� IURP� ERWK� VDPSOHV� �L�H��� WKH� TXDQWLWDWLYH� VDPSOH� DQG� WKH� TXDOLWDWLYH
VDPSOH��DUH�FRPELQHG�DQG�LQWHUSUHWHG�DW�WKH�VWXG\¶V�GDWD�LQWHUSUHWDWLRQ�VWDJH��:KHQ
WKH� UHVHDUFKHU� XVHV� D� VHTXHQWLDO� WLPH� RULHQWDWLRQ�� GDWD� REWDLQHG� IURP� WKH� VDPSOH
GXULQJ� WKH� ILUVW� SKDVH� RI� WKH� VWXG\� DUH� XVHG� WR� VKDSH� RU� VWUXFWXUH� WKH� VDPSOH
VHOHFWLRQ� RI� WKH� QH[W� SKDVH� RI� WKH� VWXG\� �L�H��� TXDQWLWDWLYH� SKDVH� IROORZHG� E\
TXDOLWDWLYH�SKDVH��RU�YLFH�YHUVD��

��7LPH�RULHQWDWLRQ�FULWHULRQ�5HIHUV�WR�ZKHWKHU�WKH�VDPSOHV�DUH�WDNHQ
FRQFXUUHQWO\�RU�VHTXHQWLDOO\

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH�VDPSOH�UHODWLRQVKLS�FULWHULRQ� RI� WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH� VDPSOHV
UHVXOWV�LQ�IRXU�PDMRU�W\SHV��LGHQWLFDO��SDUDOOHO��QHVWHG��DQG�PXOWLOHYHO��$Q�LGHQWLFDO
VDPSOH�UHODWLRQ�PHDQV�WKDW�WKH�VDPH�SHRSOH�SDUWLFLSDWH�LQ�ERWK�WKH�TXDQWLWDWLYH�DQG
TXDOLWDWLYH� SKDVHV� RI� WKH� LQYHVWLJDWLRQ�� )RU� H[DPSOH�� WKH� VDPH� SDUWLFLSDQWV� FRXOG
FRPSOHWH�D�TXHVWLRQQDLUH� WKDW�FRQWDLQV�ERWK�FORVHG�HQGHG�LWHPV�ZLWK�UDWLQJ�VFDOHV
�L�H��� TXDQWLWDWLYH� FRPSRQHQW�� DQG� RSHQ�HQGHG� LWHPV�TXHVWLRQV� �L�H��� TXDOLWDWLYH
FRPSRQHQW���$�SDUDOOHO�UHODWLRQ�LQGLFDWHV�WKDW�WKH�VDPSOHV�IRU�WKH�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�FRPSRQHQWV�RI� WKH� UHVHDUFK�DUH�GLIIHUHQW�EXW�DUH�GUDZQ�IURP� WKH�VDPH
SRSXODWLRQ��)RU�H[DPSOH��\RX�FRXOG�VHOHFW�VWXGHQWV�IURP�D�IRXUWK�JUDGH�FODVV�IRU�WKH
TXDQWLWDWLYH� SKDVH� DQG� VHOHFW� VWXGHQWV� IURP� DQRWKHU� IRXUWK�JUDGH� FODVV�ZLWKLQ� WKH



VDPH� VFKRRO� RU� HYHQ� IURP� DQRWKHU� VFKRRO� IRU� WKH� TXDOLWDWLYH� SKDVH�� $� QHVWHG
UHODWLRQ�PHDQV�WKDW�WKH�SDUWLFLSDQWV�VHOHFWHG�IRU�RQH�SKDVH�RI�WKH�VWXG\�UHSUHVHQW�D
VXEVHW�RI�WKRVH�SDUWLFLSDQWV�ZKR�ZHUH�VHOHFWHG�IRU�WKH�RWKHU�SKDVH�RI�WKH�VWXG\��$V
DQ� H[DPSOH�� LI� \RX� DUH� LQWHUHVWHG� LQ� VWXG\LQJ� WKH� UHODWLRQVKLS� EHWZHHQ� UHDGLQJ
SHUIRUPDQFH�DQG�UHDGLQJ�DWWLWXGHV��\RX�FRXOG�VHOHFW�D�ODUJH�QXPEHU�RI�VWXGHQWV�IRU
WKH� TXDQWLWDWLYH� SKDVH�� WKHQ� LQWHUYLHZ� WKH� WKUHH� VWXGHQWV� ZLWK� WKH� PRVW� SRVLWLYH
UHDGLQJ�DWWLWXGHV�DQG�WKH�WKUHH�VWXGHQWV�ZLWK�WKH�OHDVW�SRVLWLYH�UHDGLQJ�DWWLWXGHV�IRU
WKH�TXDOLWDWLYH�SKDVH��)LQDOO\��D�PXOWLOHYHO�UHODWLRQ�LQYROYHV�WKH�XVH�RI�TXDQWLWDWLYH
DQG� TXDOLWDWLYH� VDPSOHV� WKDW� DUH� REWDLQHG� IURP� GLIIHUHQW� OHYHOV� RI� WKH� SRSXODWLRQ
XQGHU�VWXG\��)RU�H[DPSOH��IRU�WKH�VDPH�UHVHDUFK�RQ�UHDGLQJ�DQG�DWWLWXGHV��\RX�FRXOG
XVH� VWXGHQWV� IRU� WKH� TXDQWLWDWLYH� SKDVH� DQG� WKHLU� WHDFKHUV� RU� SDUHQWV� IRU� WKH
TXDOLWDWLYH�SKDVH�

��6DPSOH�UHODWLRQVKLS�FULWHULRQ�5HIHUV�WR�ZKHWKHU�WKH�VDPSOHV��WDNHQ�LQ
FRPELQDWLRQ��DUH�LGHQWLFDO��SDUDOOHO��QHVWHG��RU�PXOWLOHYHO�

7KH� WZR� FULWHULD� MXVW� GLVFXVVHG²WLPH� RULHQWDWLRQ� �ZKLFK� KDV� WZR� W\SHV�� DQG
VDPSOH� UHODWLRQVKLS� �ZKLFK� KDV� IRXU� W\SHV�²UHVXOW� LQ� HLJKW� PL[HG� VDPSOLQJ
GHVLJQV������LGHQWLFDO�FRQFXUUHQW������LGHQWLFDO�VHTXHQWLDO������SDUDOOHO�FRQFXUUHQW�
����SDUDOOHO�VHTXHQWLDO������QHVWHG�FRQFXUUHQW������QHVWHG�VHTXHQWLDO������PXOWLOHYHO
FRQFXUUHQW��DQG�����PXOWLOHYHO�VHTXHQWLDO��)RU�H[DPSOH��LQ�DQ�LGHQWLFDO�FRQFXUUHQW
PL[HG� VDPSOLQJ� GHVLJQ�� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� GDWD� DUH� FROOHFWHG� DW
DSSUR[LPDWHO\� WKH�VDPH� WLPH��L�H���FRQFXUUHQWO\��RQ� WKH�VDPH� LQGLYLGXDOV�ZKR�DUH
SDUWLFLSDWLQJ� LQ� ERWK� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� SKDVHV� RI� WKH� VWXG\� �L�H��
LGHQWLFDO�UHODWLRQ���,Q�D�SDUDOOHO�VHTXHQWLDO�PL[HG�VDPSOLQJ�GHVLJQ��TXDQWLWDWLYH�DQG
TXDOLWDWLYH� GDWD� DUH� FROOHFWHG� RQH� DIWHU� WKH� RWKHU� �L�H��� VHTXHQWLDOO\�� RQ� GLIIHUHQW
SDUWLFLSDQWV�ZKR�DUH�VHOHFWHG�WR�UHSUHVHQW�WKH�VDPH�SRSXODWLRQ�XQGHU�LQYHVWLJDWLRQ
�L�H��� SDUDOOHO� UHODWLRQ��� 1RZ� VHH� LI� \RX� FDQ� GHVFULEH� D� PL[HG� VDPSOLQJ� GHVLJQ
EDVHG� RQ� DQRWKHU� WLPH� RUGHU� DQG� FRQQHFWLYH� UHODWLRQVKLS�� :KDW� GRHV� D� QHVWHG
FRQFXUUHQW� GHVLJQ� UHSUHVHQW"� 7KH� DQVZHU� LV� WKDW� LW� LQYROYHV� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�GDWD�EHLQJ�FROOHFWHG�DW�DSSUR[LPDWHO\�WKH�VDPH�WLPH��L�H���FRQFXUUHQWO\�
EXW�ZLWK� WKH� TXDOLWDWLYH� VDPSOH� EHLQJ� D� VXEVHW� RI� WKH� TXDQWLWDWLYH� VDPSOH� RU� YLFH
YHUVD��L�H���QHVWHG�UHODWLRQ���:HOO�GRQH�

��0L[HG�VDPSOLQJ�GHVLJQV�7KH�HLJKW�VDPSOLQJ�GHVLJQV�WKDW�UHVXOW�IURP�FURVVLQJ
WKH�WLPH�RULHQWDWLRQ�FULWHULRQ�DQG�WKH�VDPSOH�UHODWLRQVKLS�FULWHULRQ

2QFH� \RX� KDYH� VHOHFWHG� RQH� RI� WKH� HLJKW� PL[HG� VDPSOLQJ� GHVLJQV�� \RX� PXVW
VHOHFW�WKH�VDPSOLQJ�PHWKRG�DQG�VDPSOH�VL]H�IRU�ERWK�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
SKDVHV�� )RU� WKH� TXDQWLWDWLYH� VDPSOH�� \RX� ZRXOG� XVH� RQH� RI� WKH� UDQGRP� RU
QRQUDQGRP� VDPSOLQJ� PHWKRGV� GLVFXVVHG� HDUOLHU� LQ� WKLV� FKDSWHU�� ,GHDOO\�� IRU� \RXU
TXDQWLWDWLYH� VDPSOH�� \RX� ZRXOG� VHOHFW� D� UDQGRP� VDPSOH� WKDW� LV� ODUJH� HQRXJK� WR
UHSUHVHQW� \RXU� SRSXODWLRQ� RI� LQWHUHVW�� DQG� LI� K\SRWKHVHV� DUH� EHLQJ� WHVWHG�� \RXU
VDPSOH� VL]H� VKRXOG� EH� ODUJH� HQRXJK� WR� EH� DEOH� WR� GHWHFW� JURXS� GLIIHUHQFHV� RU



UHODWLRQVKLSV� �ZKDW� UHVHDUFKHUV� FDOO� KDYLQJ� DGHTXDWH� VWDWLVWLFDO� SRZHU��� )RU� WKH
TXDOLWDWLYH� VDPSOH�� \RX� ZRXOG� XVH� RQH� RI� WKH� TXDOLWDWLYH� VDPSOLQJ� PHWKRGV
GLVFXVVHG�HDUOLHU��$�JHQHUDO� UXOH� LQ� TXDOLWDWLYH� VDPSOLQJ� LV� WKDW� \RX� VKRXOG�XVH� D
VDPSOH� VL]H� WKDW� LV� ODUJH� HQRXJK� WR� REWDLQ� VDWXUDWLRQ� �L�H��� ZKHUH� QR� QHZ� RU
UHOHYDQW�LQIRUPDWLRQ�VHHPV�WR�HPHUJH�DV�PRUH�GDWD�DUH�FROOHFWHG��EXW�VPDOO�HQRXJK
WR� FRQGXFW� D� GHHS�� FDVH�RULHQWHG� DQDO\VLV� �6DQGHORZVNL�� ������� )RU� DGGLWLRQDO
GLVFXVVLRQV�RI�VDPSOLQJ�LQ�PL[HG�UHVHDUFK��ZH�UHFRPPHQG�&ROOLQV��2QZXHJEX]LH�
DQG�-LDR��������DQG�7HGGOLH�DQG�<X��������
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������+RZ�PDQ\�PL[HG�VDPSOLQJ�GHVLJQV�UHVXOW�LI�\RX
PDNH�D�PDWUL[�RU�WDEOH�ZKHUH�\RX�FURVV�WKH�WLPH
RULHQWDWLRQ�FULWHULRQ� �WZR� W\SHV��DQG� WKH�VDPSOH
UHODWLRQVKLS� FULWHULRQ� �IRXU� W\SHV�"� �+LQW��'UDZ
WKDW�PDWUL[��OHWWLQJ�WKH�WZR�WLPH�RULHQWDWLRQ�W\SHV
EH� WKH� URZV� DQG� WKH� IRXU� VDPSOH� UHODWLRQVKLS
W\SHV� EH� WKH� FROXPQV�� KRZ�PDQ\� FHOOV� GLG� \RX
JHW"�

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ�UHVHDUFKHUV�GHFLGH�ZKRP�WKH\�ZDQW�WR�KHOS�DQG�WKHQ�FUHDWLYHO\�XVH
TXDQWLWDWLYH�� TXDOLWDWLYH�� DQG� PL[HG� VDPSOLQJ� PHWKRGV� WR� REWDLQ� WKHLU� UHVHDUFK
SDUWLFLSDQWV�

����:KDW�DUH�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�HDFK�RI�WKH�VDPSOLQJ�SDUDGLJP�V�
IRU�UHVHDUFK�WKDW�\RX�DUH�LQWHUHVWHG�LQ�FRQGXFWLQJ²WKH�TXDQWLWDWLYH�
TXDOLWDWLYH��DQG�RU�PL[HG�DSSURDFK"

����(YHQ�WKRXJK�\RX�PLJKW�EH�PRVW�LQWHUHVWHG�LQ�VWXG\LQJ�D�ORFDO�SUREOHP�RU
LVVXH��UDWKHU�WKDQ�VDPSOLQJ�IURP�D�ODUJH�SRSXODWLRQ���ZKDW�DUH�VRPH�LGHDV�LQ
WKLV�FKDSWHU�WKDW�PLJKW�EH�RI�XVH�WR�\RX"

6800$5<

6DPSOLQJ�LV�WKH�SURFHVV�RI�GUDZLQJ�D�VDPSOH�IURP�D�SRSXODWLRQ��:KHQ�ZH�VDPSOH�
ZH�VWXG\�WKH�FKDUDFWHULVWLFV�RI�D�VXEVHW��FDOOHG�WKH�VDPSOH��VHOHFWHG�IURP�D�ODUJHU
JURXS��FDOOHG�WKH�SRSXODWLRQ��LQ�RUGHU�WR�XQGHUVWDQG�WKH�FKDUDFWHULVWLFV�RI�WKH�ODUJHU
JURXS� �WKH� SRSXODWLRQ��� ,I� WKH� UHVHDUFKHU� VHOHFWV� D� VDPSOH� IURP� D� SRSXODWLRQ� E\
XVLQJ�D�UDQGRP�VDPSOLQJ�PHWKRG��WKHQ�WKH�VDPSOH�ZLOO�EH�UHSUHVHQWDWLYH�RI�WKH�WRWDO
SRSXODWLRQ²LW� ZLOO� EH� VLPLODU� WR� WKH� SRSXODWLRQ�� 7KHUHIRUH�� DIWHU� WKH� UHVHDUFKHU
GHWHUPLQHV� WKH� FKDUDFWHULVWLFV� RI� D� UDQGRPO\� VHOHFWHG� VDPSOH�� KH� RU� VKH� FDQ
JHQHUDOL]H�IURP�WKH�VDPSOH�WR�WKH�SRSXODWLRQ��$�VDPSOH�LV�XVXDOO\�PXFK�VPDOOHU�LQ



VL]H�WKDQ�D�SRSXODWLRQ��KHQFH��VDPSOLQJ�VDYHV�WLPH�DQG�PRQH\�
7KH�PDMRU� UDQGRP�VDPSOLQJ�PHWKRGV�DUH�VLPSOH� UDQGRP�VDPSOLQJ�� V\VWHPDWLF

VDPSOLQJ��VWUDWLILHG�UDQGRP�VDPSOLQJ��DQG�FOXVWHU�UDQGRP�VDPSOLQJ��(DFK�RI�WKHVH
UDQGRP� VDPSOLQJ�PHWKRGV� LV� DQ� HTXDO� SUREDELOLW\� RI� VHOHFWLRQ�PHWKRG� �(36(0��
ZKLFK�PHDQV� WKDW� HDFK� LQGLYLGXDO� LQ� WKH�SRSXODWLRQ�KDV� DQ� HTXDO� FKDQFH�RI�EHLQJ
LQFOXGHG� LQ� WKH� VDPSOH�� 6DPSOLQJ� PHWKRGV� WKDW� DUH� ³(36(0´� SURGXFH
UHSUHVHQWDWLYH�VDPSOHV�

5HVHDUFKHUV�GR�QRW�DOZD\V��KRZHYHU��XVH�WKH�PRVW�SRZHUIXO�VDPSOLQJ�PHWKRGV�
)UHTXHQWO\��QRQUDQGRP�VDPSOHV�DUH�GUDZQ��7KH�IRXU�W\SHV�RI�QRQUDQGRP�VDPSOLQJ
GLVFXVVHG� DUH� FRQYHQLHQFH� VDPSOLQJ�� TXRWD� VDPSOLQJ�� SXUSRVLYH� VDPSOLQJ�� DQG
VQRZEDOO�VDPSOLQJ�

4XDOLWDWLYH� UHVHDUFK� UHOLHV� RQ� D� GLIIHUHQW� VHW� RI� DSSURDFKHV� WR� VDPSOLQJ�
4XDOLWDWLYH�UHVHDUFK�VDPSOLQJ�LV�SXUSRVLYH�DQG�UHOLHV�RQ�FRPSUHKHQVLYH�VDPSOLQJ�
PD[LPXP� YDULDWLRQ� VDPSOLQJ�� KRPRJHQHRXV� VDPSOLQJ�� H[WUHPH�FDVH� VDPSOLQJ�
W\SLFDO�FDVH� VDPSOLQJ�� FULWLFDO�FDVH� VDPSOLQJ�� QHJDWLYH�FDVH� VDPSOLQJ�
RSSRUWXQLVWLF� VDPSOLQJ�� RU�PL[HG� SXUSRVHIXO� VDPSOLQJ��0L[HG� UHVHDUFK� UHOLHV� RQ
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�VDPSOLQJ�PHWKRGV�DQG�LQWHJUDWHV�WKHVH�LQWR�HLJKW�PL[HG
VDPSOLQJ�GHVLJQV�

.(<�7(506

ELDVHG�VDPSOH��S������
FHQVXV��S������
FOXVWHU��S������
FOXVWHU�VDPSOLQJ��S������
FRPSUHKHQVLYH�VDPSOLQJ��S������
FRQYHQLHQFH�VDPSOLQJ��S������
FULWLFDO�FDVH�VDPSOLQJ��S������
GLVSURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ��S������
HOHPHQW��S������
HTXDO�SUREDELOLW\�RI�VHOHFWLRQ�PHWKRG��S������
H[WUHPH�FDVH�VDPSOLQJ��S������
JHQHUDOL]H��S������
KRPRJHQHRXV�VDPSOH�VHOHFWLRQ��S������
N��S������
PD[LPXP�YDULDWLRQ�VDPSOLQJ��S������
PL[HG�SXUSRVHIXO�VDPSOLQJ��S������
PL[HG�VDPSOLQJ�GHVLJQV��S������
1��S������
Q��S������



QHJDWLYH�FDVH�VDPSOLQJ��S������
RQH�VWDJH�FOXVWHU�VDPSOLQJ��S������
RSSRUWXQLVWLF�VDPSOLQJ��S������
SDUDPHWHU��S������
SHULRGLFLW\��S������
SRSXODWLRQ��S������
SUREDELOLW\�SURSRUWLRQDO�WR�VL]H��S������
SURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ��S������
SXUSRVLYH�VDPSOLQJ��S������
TXRWD�VDPSOLQJ��S������
UDQGRP�DVVLJQPHQW��S������
UDQGRP�QXPEHU�JHQHUDWRU��S������
UDQGRP�VHOHFWLRQ��S������
UHSUHVHQWDWLYH�VDPSOH��S������
UHVSRQVH�UDWH��S������
VDPSOH��S������
VDPSOH�UHODWLRQVKLS�FULWHULRQ��S������
VDPSOLQJ��S������
VDPSOLQJ�HUURU��S������
VDPSOLQJ�IUDPH��S������
VDPSOLQJ�LQWHUYDO��S������
VLPSOH�UDQGRP�VDPSOH��S������
VQRZEDOO�VDPSOLQJ��S������
VWDUWLQJ�SRLQW��S������
VWDWLVWLF��S������
VWUDWLILFDWLRQ�YDULDEOH��S������
VWUDWLILHG�VDPSOLQJ��S������
VXUYH\�UHVHDUFK��S������
V\VWHPDWLF�VDPSOH��S������
WDEOH�RI�UDQGRP�QXPEHUV��S������
WLPH�RULHQWDWLRQ�FULWHULRQ��S������
WZR�VWDJH�FOXVWHU�VDPSOLQJ��S������
W\SLFDO�FDVH�VDPSOLQJ��S������

',6&866,21�48(67,216

����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�UDQGRP�VHOHFWLRQ�DQG�UDQGRP�DVVLJQPHQW"�*LYH



DQ�H[DPSOH�RI�HDFK�

����:KR�GR�\RX�WKLQN�LV�PRUH�LQWHUHVWHG�LQ�XVLQJ�D�UDQGRP�VDPSOLQJ�PHWKRG��D
SROOVWHU�UXQQLQJ�D�SROLWLFDO�FDPSDLJQ�RU�DQ�H[SHULPHQWDO�UHVHDUFKHU�ZKR�LV
VWXG\LQJ�D�FDXVH�DQG�HIIHFW�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV"�([SODLQ�

����$�ORFDO�QHZV�UDGLR�VWDWLRQ�KDV�SHRSOH�FDOO�LQ�DQG�YRLFH�WKHLU�RSLQLRQV�RQ�D�ORFDO
LVVXH��'R�\RX�VHH�DQ\�SRWHQWLDO�VRXUFHV�RI�ELDV�UHVXOWLQJ�IURP�WKLV�VDPSOLQJ
DSSURDFK"

����)ROORZLQJ�DUH�VRPH�H[DPSOHV�RI�VDPSOLQJ��,GHQWLI\�WKH�W\SH�RI�VDPSOH�WKDW�LV
XVHG�LQ�HDFK�

D���$Q�HGXFDWLRQDO�SV\FKRORJ\�WHDFKHU�DVNV�DOO�RI�KHU�VWXGHQWV�WR�ILOO�RXW�KHU
UHVHDUFK�TXHVWLRQQDLUH�

E���$Q�HGXFDWLRQDO�SV\FKRORJ\�WHDFKHU�REWDLQV�D�VWXGHQW�GLUHFWRU\�WKDW�LV
VXSSRVHG�WR�LQFOXGH�WKH�VWXGHQWV�DW�\RXU�XQLYHUVLW\��6KH�GHWHUPLQHV�WKH
VDPSOLQJ�LQWHUYDO��UDQGRPO\�VHOHFWV�D�QXPEHU�IURP���WR�N��DQG�LQFOXGHV�HYHU\
NWK�SHUVRQ�LQ�KHU�VDPSOH�

F���$Q�HGXFDWLRQDO�UHVHDUFKHU�REWDLQV�D�OLVW�RI�DOO�WKH�PLGGOH�VFKRROV�LQ�\RXU
VWDWH��+H�WKHQ�UDQGRPO\�VHOHFWV�D�VDPSOH�RI����VFKRROV��)LQDOO\��KH�UDQGRPO\
VHOHFWV����VWXGHQWV�IURP�HDFK�RI�WKH�VHOHFWHG�VFKRROV���7KDW¶V�D�VDPSOH�VL]H
RI����î���� �������%\�WKH�ZD\��ZKDW�DUH�VRPH�SRWHQWLDO�SUREOHPV�ZLWK�WKLV
SURFHGXUH"

G���$�UHVHDUFKHU�WDNHV�D�UDQGRP�VDPSOH�RI�����PDOHV�IURP�D�ORFDO�KLJK�VFKRRO
DQG�D�UDQGRP�VDPSOH�RI�����IHPDOHV�IURP�WKH�VDPH�ORFDO�KLJK�VFKRRO��%\�WKH
ZD\��ZKDW�DUH�VRPH�SRWHQWLDO�SUREOHPV�ZLWK�WKLV�SURFHGXUH�LI�WKH�UHVHDUFKHU
ZDQWV�WR�JHQHUDOL]H�IURP�WKH�����SHRSOH�WR�WKH�KLJK�VFKRRO�SRSXODWLRQ"

H���,V�VLPSOH�UDQGRP�VDPSOLQJ�WKH�RQO\�HTXDO�SUREDELOLW\�RI�VDPSOLQJ�PHWKRG"�,I
QRW��ZKDW�DUH�VRPH�RWKHU�HTXDO�SUREDELOLW\�RI�VDPSOLQJ�PHWKRGV"

5(6($5&+�(;(5&,6(6

����8VLQJ�RQH�RI�WKH�UDQGRP�QXPEHU�JHQHUDWRUV�RU�XVLQJ�WKH�WDEOH�RI�UDQGRP
QXPEHUV�LQ�7DEOH�������GUDZ�D�VLPSOH�UDQGRP�VDPSOH�RI�VL]H����IURP�WKH
VDPSOLQJ�IUDPH�LQ�7DEOH������

D���:KDW�LV�WKH�DYHUDJH�DJH�RI�WKH����SHRSOH�LQ�\RXU�VDPSOH"

E���1RZ�GUDZ�D�V\VWHPDWLF�VDPSOH�RI�VL]H����IURP�WKH�VDPSOLQJ�IUDPH�LQ�7DEOH
�����DQG�FDOFXODWH�WKH�DYHUDJH�DJH��:KDW�LV�WKH�DYHUDJH�DJH�LQ�\RXU
V\VWHPDWLF�VDPSOH"

F���&RPSDUH�WKH�WZR�VDPSOH�DYHUDJHV�\RX�MXVW�REWDLQHG��:KLFK�RQH�LV�FORVHU�WR



WKH�SRSXODWLRQ�PHDQ"

G���&RPSDUH�WKH�VDPSOH�DYHUDJHV�\RX�JRW�DERYH�ZLWK�WKH�SRSXODWLRQ�SDUDPHWHU
�L�H���WKH�DYHUDJH�DJH�IRU�DOO����SHRSOH�OLVWHG�LQ�7DEOH��������:KDW�ZDV�WKH
VDPSOLQJ�HUURU�IRU�\RXU�VLPSOH�UDQGRP�VDPSOH"��+LQW��,I�\RX�VXEWUDFW�WKH
VDPSOH�DYHUDJH�IURP�WKH�SRSXODWLRQ�DYHUDJH��\RX�REWDLQ�WKH�VDPSOLQJ�HUURU��
)LQDOO\��ZKDW�ZDV�WKH�VDPSOLQJ�HUURU�IRU�\RXU�V\VWHPDWLF�VDPSOH"

����*R�WR�\RXU�OLEUDU\�ZHEVLWH�DQG�VHDUFK�WKH�1HZ�<RUN�7LPHV�RU�DQRWKHU�PDMRU
QHZVSDSHU��)LQG�VRPH�DUWLFOHV�RQ�DQ�LVVXH�LQYROYLQJ�VDPSOLQJ�DQG�ZULWH�D�VKRUW
SDSHU�VXPPDUL]LQJ�ZKDW�\RX�KDYH�IRXQG��%H�VXUH�WR�LQFOXGH�\RXU�RZQ�SRVLWLRQ
UHJDUGLQJ�WKH�LVVXH�GLVFXVVHG�LQ�WKH�QHZVSDSHU�DUWLFOH�

����&RQJUHVV�DQG�HGLWRULDO�ZULWHUV�KDYH�RIWHQ�GLVFXVVHG�WKH�SURV�DQG�FRQV�RI
HOLPLQDWLQJ�WKH�SURFHVV�RI�HQXPHUDWLQJ�HYHU\�VLQJOH�LQGLYLGXDO�LQ�WKH�8QLWHG
6WDWHV�DQG�LQVWHDG�XVLQJ�UDQGRP�VDPSOLQJ�WHFKQLTXHV��:KDW�VLGH�DUH�\RX�RQ��WKH
VLGH�WKDW�VD\V��³'R�D�FHQVXV�´�RU�WKH�VLGH�WKDW�VD\V��³'R�D�VXUYH\´�"�)RU�VRPH
XVHIXO�LQIRUPDWLRQ�RQ�WKLV�LVVXH��JR�WR�WKLV�OLQN�DW�WKH�$PHULFDQ�6WDWLVWLFDO
$VVRFLDWLRQ²ZZZ�DPVWDW�RUJ²DQG�RQFH�WKHUH�SXW�LQ�WKH�VHDUFK�WHUPV
³VDPSOLQJ´�DQG�³FHQVXV�´

5(/(9$17�,17(51(7�6,7(6

$�VDPSOH�VL]H�FDOFXODWRU
KWWS���ZZZ�VXUYH\V\VWHP�FRP�VVFDOF�KWP

3URJUDPV�WKDW�FDQ�EH�XVHG�IRU�UDQGRP�VHOHFWLRQ�DQG�UDQGRP�DVVLJQPHQW
KWWS���ZZZ�UDQGRPL]HU�RUJ
KWWS���ZZZ�UDQGRP�RUJ

*ORVVDU\�RI�VDPSOLQJ�WHUPV�IURP�D�VDPSOLQJ�FRUSRUDWLRQ
KWWS���ZZZ�VXUYH\VDPSOLQJ�FRP�VVL�PHGLD�&RUSRUDWH�4XLFN���7RROV�66,�
*ORVVDU\�RI�7HUPV�LPDJH

3URJUDP�IRU�FRQGXFWLQJ�UDQGRP�DVVLJQPHQW
KWWS���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�UDQGRPL]H��FIP

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
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H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

+HQU\��*��7����������3UDFWLFDO�VDPSOLQJ��1HZEXU\�3DUN��&$��6DJH�
.DOWRQ��*����������,QWURGXFWLRQ�WR�VXUYH\�VDPSOLQJ��%HYHUO\�+LOOV��&$��6DJH�
6FKRQODX��0���)ULFNHU��5��'���	�(OOLRWW��0��1����������&RQGXFWLQJ�UHVHDUFK
VXUYH\V�YLD�H�PDLO�DQG�WKH�ZHE��6DQWD�0RQLFD��&$��5$1'�

127(6

��� � 6DPSOLQJ� ZLWK� UHSODFHPHQW� DQG� VDPSOLQJ� ZLWKRXW� UHSODFHPHQW� DUH� ERWK
HTXDO� SUREDELOLW\� RI� VHOHFWLRQ� PHWKRGV� �(36(0�� &RFKUDQ�� ������ .LVK�� ������
6DPSOLQJ�ZLWKRXW�UHSODFHPHQW��KRZHYHU��LV�VOLJKWO\�PRUH�HIILFLHQW�LQ�SUDFWLFH�

��� � 6\VWHPDWLF� VDPSOLQJ� LV� LQFOXGHG� DV� D� W\SH� RI� UDQGRP� VDPSOLQJ� IRU� WKUHH
UHDVRQV�� )LUVW�� WKH� VWDUWLQJ� SRLQW� LV� UDQGRPO\� VHOHFWHG�� 6HFRQG�� LW� LV� DQ� (36(0
�.DOWRQ�� ������� 7KLUG�� LW� LV� W\SLFDOO\� DV� JRRG� DV� RU� EHWWHU� WKDQ� D� VLPSOH� UDQGRP
VDPSOH�RI�HTXDO�VL]H��6FKHDIIHU��0HQGHQKDOO��	�2WW��������

��� �7KH�VDPSOLQJ� LQWHUYDO�PD\�QRW�EH�D�ZKROH�QXPEHU� LQ�SUDFWLFH��$�FRPPRQ
VROXWLRQ�LV� WR�URXQG�LW�RII�� ,I� WKLV�GRHV�QRW�ZRUN�YHU\�ZHOO��VHH�SDJH����LQ�.DOWRQ
�������

��� �:KHQ�OLVWV�DUH�RUGHUHG�LQ�WKLV�ZD\��WKH\�DUH�VDLG�WR�EH�VWUDWLILHG��2IWHQ�WKH
UHVHDUFKHU�ZLOO�VWUDWLI\�WKH�OLVW�WR�LPSURYH�WKH�VDPSOLQJ�UHVXOWV��6RPHWLPHV�WKH�OLVW
LV� DOUHDG\� VWUDWLILHG� ZLWKRXW� WKH� UHVHDUFKHU� GRLQJ� DQ\WKLQJ� DW� DOO�� 7KLV� XVXDOO\
LPSURYHV� WKH� VDPSOH� EHFDXVH� RI� D� SURFHVV� FDOOHG� LPSOLFLW� VWUDWLILFDWLRQ� �-DHJHU�
������6XGPDQ��������

����7KH�VWUDWLILFDWLRQ�YDULDEOH�KDV�EHHQ�FDWHJRULFDO�LQ�RXU�H[DPSOHV��H�J���JUDGH
OHYHO��JHQGHU���+RZHYHU��\RX�FDQ�DOVR�VHOHFW�D�SURSRUWLRQDO�VWUDWLILHG�VDPSOH�ZLWK
TXDQWLWDWLYH� VWUDWLILFDWLRQ� YDULDEOHV� �H�J��� DJH�� ,4��� -XVW� UHRUGHU� WKH� OLVW� E\� WKH
TXDQWLWDWLYH�VWUDWLILFDWLRQ�YDULDEOH�DQG�WDNH�D�V\VWHPDWLF�VDPSOH��,Q�WKH�FDVH�RI�DJH�
IRU�H[DPSOH��UHRUGHU�WKH�QDPHV�LQ�\RXU�RULJLQDO�OLVW�IURP�WKH�\RXQJHVW�WR�WKH�ROGHVW
SHUVRQ�DQG�WDNH�D�V\VWHPDWLF�VDPSOH�IURP�\RXU�QHZ�OLVW�

��� �,W�KDV�EHHQ�HUURQHRXVO\�VXJJHVWHG�E\�VRPH�PHWKRGRORJLVWV�WKDW�UHVHDUFKHUV
VKRXOG� VDPSOH� ���� RI� D� SRSXODWLRQ� RU� ���� RI� WKH� SHRSOH� LQ� HDFK� JURXS� LQ� D
SRSXODWLRQ��<RX� VKRXOG� DYRLG� XVLQJ� WKLV� UXOH� RI� WKXPE�� 6DPSOLQJ� H[SHUWV�PDNH� LW
FOHDU�WKDW�VDPSOH�VL]H�VKRXOG�QRW�EH�EDVHG�RQ�D�SHUFHQWDJH�RI�D�SRSXODWLRQ��<RX�FDQ
HDVLO\�VHH�WKH�SUREOHP�ZLWK�WKH�³����UXOH´�E\�DSSO\LQJ�LW�WR�D�VPDOO�SRSXODWLRQ�RI
���SHRSOH�DQG�WR�D�ODUJH�SRSXODWLRQ�RI�����PLOOLRQ�SHRSOH��,Q�WKH�IRUPHU��WKH�UXOH
ZRXOG�VD\�WDNH�D�VDPSOH�RI�VL]H����,Q�WKH�ODWWHU��WKH�UXOH�ZRXOG�VD\�WDNH�D�VDPSOH�RI



���PLOOLRQ�SHRSOH�
����7KLV�VHFWLRQ�ZDV�ZULWWHQ�E\�$QWKRQ\�-��2QZXHJEX]LH�DQG�%XUNH�-RKQVRQ�



&KDSWHU���

9DOLGLW\�RI�5HVHDUFK�5HVXOWV�LQ�4XDQWLWDWLYH�
4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�WKH�PHDQLQJ�RI�FRQIRXQGLQJ�YDULDEOHV�
��([SODLQ�WKH�PHDQLQJ�RI�VWDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\��FRQVWUXFW�YDOLGLW\�
LQWHUQDO�YDOLGLW\��DQG�H[WHUQDO�YDOLGLW\�DQG�WKHLU�LPSRUWDQFH�LQ�WKH�UHVHDUFK
SURFHVV�

��,GHQWLI\�DQG�H[SODLQ�WKH�W\SHV�RI�HYLGHQFH�WKDW�DUH�QHHGHG�WR�UHDFK�D�FDXVDO
FRQFOXVLRQ�

��([SODLQ�WKH�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�DQG�EH�DEOH�WR�LGHQWLI\�ZKHQ�WKH\�PLJKW
H[LVW�LQ�D�UHVHDUFK�VWXG\�

��([SODLQ�WKH�WKUHDWV�WR�H[WHUQDO�YDOLGLW\�DQG�ZKHQ�WKH\�PLJKW�H[LVW�LQ�D
UHVHDUFK�VWXG\�

��([SODLQ�WKH�UROH�RI�RSHUDWLRQDOL]DWLRQ�RI�FRQVWUXFWV�LQ�UHVHDUFK�
��,GHQWLI\�DQG�H[SODLQ�WKH�W\SHV�RI�YDOLGLW\�XVHG�LQ�TXDOLWDWLYH�UHVHDUFK�
��,GHQWLI\�DQG�H[SODLQ�WKH�W\SHV�RI�YDOLGLW\�XVHG�LQ�PL[HG�UHVHDUFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�,GHQWLI\LQJ�DQG�&RQWUROOLQJ
([WUDQHRXV�9DULDEOHV

)RU�JHQHUDWLRQV��WKH�URDG�WR�EHFRPLQJ�D�WHDFKHU�KDV�UHTXLUHG�D
FROOHJH� GHJUHH� ZLWK� D� PDMRU� LQ� HGXFDWLRQ�� 7UDGLWLRQDOO\�� WKLV
DFDGHPLF�WUDLQLQJ�KDV�UHTXLUHG�D����WR���PRQWK�LQWHUQVKLS�LQ�D
FODVVURRP�� $IWHU� WKH� FRPSOHWLRQ� RI� WKH� LQWHUQVKLS� DQG� WKH
GHJUHH�UHTXLUHPHQWV��WKH�DVSLULQJ�WHDFKHU�DSSOLHV�IRU�D�SRVLWLRQ
LQ�D�SXEOLF�VFKRRO�GLVWULFW�RU�SULYDWH�VFKRRO�DQG�UHSRUWV�IRU�GXW\
IROORZLQJ� WKH� VLJQLQJ� RI� D� FRQWUDFW�� ,Q� 1RYHPEHU� ������ WKH
&KULVWLDQ� 6FLHQFH�0RQLWRU� �6DYR\H�� ������ UHSRUWHG� WKDW� WKH
&KLFDJR� SXEOLF� VFKRRO� GLVWULFW� ZDV� JRLQJ� WR� WU\� D� GLIIHUHQW



7

DSSURDFK� WR� WKH� LQWHUQVKLS� SRUWLRQ� RI� WKH� WUDGLWLRQDO� WUDLQLQJ� PRGHO�� 7KLV� FKDQJH� ZDV� VSXUUHG� E\� D
JHQHUDO� EHOLHI� WKDW� WKH� WUDGLWLRQDO� LQWHUQVKLS� ZDV� QRW� ORQJ� HQRXJK�� LQWHQVH� HQRXJK�� RU� FRPSUHKHQVLYH
HQRXJK�

,Q� 6HSWHPEHU� ������ WKH� &KLFDJR� SXEOLF� VFKRRO� GLVWULFW� RSHQHG� WKH� &KLFDJR� $FDGHP\� ZLWK� WKH
REMHFWLYH�RI� WUDLQLQJ�SURVSHFWLYH� WHDFKHUV�RYHU� WKH� FRXUVH�RI� D� IXOO� VFKRRO�\HDU��7KLV� WUDLQLQJ�SURJUDP
HQFRXUDJHG� VWXGHQW� WHDFKHUV� WR� OHDUQ� IURP� PDQ\� WHDFKHUV� DW� WKH� VFKRRO� LQ� DGGLWLRQ� WR� WKHLU� PDVWHU
WHDFKHU�� 7R� LPSOHPHQW� WKH� WUDLQLQJ�� WKH� DFDGHP\� ZDV� PRGLILHG� VR� WKDW� DOO� FODVVURRPV� KDYH� D� VPDOO
DGMRLQLQJ� DQWHURRP� ZLWK� PLUURUHG�� RQH�ZD\� JODVV� WKDW� DOORZV� WKH� PDVWHU� WHDFKHU� WR� VWHS� RXW� RI� WKH
FODVVURRP�DQG�REVHUYH�WKH�VWXGHQW�WHDFKHU�ZRUNLQJ�DORQH�ZLWK�WKH�VWXGHQWV��7KLV�REVHUYDWLRQ�SKDVH�ZDV
LQFOXGHG�WR�IDFLOLWDWH�VNLOO�EXLOGLQJ�WKDW�VWXGHQW�WHDFKHUV�QHHG�EXW�RIWHQ�GR�QRW�UHFHLYH��VXFK�DV�OHDUQLQJ�WR
SDXVH� VR� WKDW� VWXGHQWV�FDQ�DEVRUE�D�FRQFHSW�� UHIUDLQLQJ� IURP�FDOOLQJ�RQ� WKH� VDPH�FKLOG� WRR� IUHTXHQWO\�
DQG�OHDUQLQJ�KRZ�WR�PRYH�DURXQG�WKH�FODVV�UDWKHU�WKDQ�UHPDLQLQJ�VWDWLRQDU\�

7KH�JRDOV�RI�WKH�&KLFDJR�SURJUDP�DUH�WR�EH�FRPPHQGHG��+RZHYHU��MXVW�EHFDXVH�VXFK�DQ�LQLWLDWLYH�LV
LPSOHPHQWHG� DQG� VHHPV� WR� EH� D� ZRUWK\� HQGHDYRU� GRHV� QRW� PHDQ� WKDW� WKH� VWDWHG� JRDOV� ZLOO� EH
DFFRPSOLVKHG��7KH�RQO\�ZD\�RQH�FDQ�GHWHUPLQH�ZKHWKHU�WKH�VWDWHG�JRDOV�DUH�EHLQJ�PHW�LV�WR�FRQGXFW�DQ
HPSLULFDO�UHVHDUFK�VWXG\�ZLWK�WKH�SXUSRVH�RI�GHWHUPLQLQJ�ZKHWKHU�WKH�TXDOLW\�RI�LQVWUXFWLRQ�LV�HQKDQFHG
E\�SURYLGLQJ�WKH�PRUH�LQWHQVH�����PRQWK�WUDLQLQJ�SURJUDP�DQG�ZKHWKHU�VWXGHQWV�ZKR�SDUWLFLSDWH�LQ�WKLV
SURJUDP�UHPDLQ�LQ�WKH�SURIHVVLRQ�ORQJHU�

/HW¶V�DVVXPH�WKDW�D�VWXG\�ZDV�FRQGXFWHG�WR�WHVW�WKH�EHQHILW�RI�SURYLGLQJ�SURVSHFWLYH�WHDFKHUV�ZLWK
WKH�PRUH�LQWHQVLYH����PRQWK�LQWHUQVKLS�SURJUDP�DQG�WKH�UHVXOWV�RI�WKLV�VWXG\�UHYHDOHG�WKDW�WKHVH�VWXGHQWV
QRW�RQO\�ZHUH�EHWWHU�WHDFKHUV�EXW�DOVR�VWD\HG�LQ�WKH�SURIHVVLRQ�ORQJHU��6XFK�UHVXOWV�ZRXOG�VXJJHVW�WKDW
RWKHU� WHDFKHU� HGXFDWLRQ� SURJUDPV� VKRXOG� LQFRUSRUDWH� D� VLPLODU� SURJUDP�� %HIRUH� GUDZLQJ� VXFK� D
FRQFOXVLRQ��KRZHYHU��\RX�PXVW�FDUHIXOO\�H[DPLQH�DOO�IDFHWV�RI�WKH�VWXG\��PDNLQJ�VXUH�LW�KDV�QR�IODZV�DQG
WKDW�QR�DOWHUQDWLYH�H[SODQDWLRQV�IRU�WKH�ILQGLQJV�H[LVW��)RU�H[DPSOH��DVVXPH�WKDW�WKH�VWXGHQWV�ZKR�ZHUH
VHOHFWHG� WR� SDUWLFLSDWH� LQ� WKH� SURJUDP�ZHUH� WKH� EULJKWHU� DQG�PRUH�PRWLYDWHG� VWXGHQWV�� 7KLV� VHOHFWLYH
SDUWLFLSDWLRQ�DQG�QRW�WKH�LQWHQVLYH�LQWHUQVKLS�PLJKW�KDYH�SURGXFHG�WKH�PRUH�HIIHFWLYH�WHDFKHUV��6LPLODUO\�
LI�WKH�VWXGHQWV�SDUWLFLSDWLQJ�LQ�WKH�H[SHULPHQWDO�SURJUDP�ZHUH�VWXGHQWV�ZKR�ZHUH�PRUH�GHGLFDWHG�WR�WKH
SURIHVVLRQ�RI�WHDFKLQJ��WKLV�IDFWRU�FRXOG�DFFRXQW�IRU�WKHLU�JUHDWHU�ORQJHYLW\�LQ�WKH�WHDFKLQJ�SURIHVVLRQ��,Q
UHVHDUFK��WKHVH�NLQGV�RI�IDFWRUV�DUH�FDOOHG�³H[WUDQHRXV�YDULDEOHV�́ �DQG�WKHVH�H[WUDQHRXV�YDULDEOHV�PXVW
EH�FRQWUROOHG� LI�\RX�KRSH� WR� LGHQWLI\� WKH�HIIHFW�RI�DQ� LQGHSHQGHQW�YDULDEOH�� ,Q� WKLV�FKDSWHU��ZH�GLVFXVV
VRPH� RI� WKH� H[WUDQHRXV� YDULDEOHV� WKDW� FDQ� FUHHS� LQWR� D� VWXG\� DQG� FRPSURPLVH� WKH� YDOLGLW\� RI� WKH
LQIHUHQFHV�WKDW�ZH�FDQ�PDNH�IURP�WKH�GDWD�ZH�FROOHFWHG�

R� FRQGXFW� D� UHVHDUFK� VWXG\� WKDW�ZLOO�SURYLGH�DQ�DQVZHU� WR�\RXU� UHVHDUFK
TXHVWLRQ�� \RX� PXVW� GHYHORS� D� SODQ�� RXWOLQH�� RU� VWUDWHJ\� WR� XVH� LQ� GDWD
FROOHFWLRQ��<RX�QDWXUDOO\�ZDQW�WR�GHYHORS�D�SODQ�RU�VWUDWHJ\�WKDW�ZLOO�DOORZ

\RX�WR�FROOHFW�GDWD�WKDW�ZLOO�OHDG�WR�D�YDOLG�FRQFOXVLRQ��7R�DFFRPSOLVK�WKLV�JRDO��\RX
PXVW� KDYH� NQRZOHGJH� RI� WKH� IDFWRUV� WKDW� ZLOO� OHDG� WR� ERWK� YDOLG� DQG� LQYDOLG
FRQFOXVLRQV��7KHVH�IDFWRUV�DUH�GLIIHUHQW�GHSHQGLQJ�RQ�ZKHWKHU�\RX�DUH�FRQGXFWLQJ�D
TXDQWLWDWLYH�VWXG\��D�TXDOLWDWLYH�VWXG\��RU�D�PL[HG�VWXG\�

9$/,',7<�,668(6�,1�7+(�'(6,*1�2)�48$17,7$7,9(�5(6($5&+
,Q�TXDQWLWDWLYH�UHVHDUFK�� UHVHDUFKHUV�XVXDOO\�ZDQW� WR� LGHQWLI\� WKH�HIIHFW�FUHDWHG�E\
VRPH� LQGHSHQGHQW� YDULDEOH� DQG� WR� EH� DEOH� WR� JHQHUDOL]H� WKH� UHVXOWV� EH\RQG� WKH
FRQILQHV�RI� WKH�VWXG\��:H�ZDQW� WKH� UHVXOWV�RI�DQ\�VWXG\�ZH�FRQGXFW�� UHJDUGOHVV�RI
ZKHWKHU� LW� LV� H[SHULPHQWDO� RU� QRQH[SHULPHQWDO�� WR� EH� UHOLDEOH�� DQG� ZH� ZDQW� WKH
LQIHUHQFHV�ZH�PDNH�IURP�WKH�UHVXOW�RI�DQ\�VWXG\�WR�EH�YDOLG��0RUH�IRUPDOO\�VWDWHG�
UHVHDUFK�UHOLDELOLW\�LV�SUHVHQW�ZKHQ�WKH�VDPH�UHVXOWV�ZRXOG�EH�REWDLQHG�LI�WKH�VWXG\
ZHUH� FRQGXFWHG� DJDLQ� �L�H��� UHSOLFDWHG��� DQG� UHVHDUFK� YDOLGLW\� UHIHUV� WR� WKH



FRUUHFWQHVV�RU� WUXWKIXOQHVV�RI� WKH� LQIHUHQFHV� WKDW� DUH�PDGH� IURP� WKH� UHVXOWV� RI� WKH
VWXG\��+RZHYHU��LQ�HYHU\�VWXG\��WKHUH�LV�WKH�SRVVLELOLW\�WKDW�VRPH�YDULDEOH�RWKHU�WKDQ
WKH�LQGHSHQGHQW�YDULDEOH�LQIOXHQFHG�WKH�GHSHQGHQW�YDULDEOH�RU�OLPLWHG�WKH�DELOLW\�WR
JHQHUDOL]H� WKH� UHVXOWV��)RU� H[DPSOH�� LI� \RX�DUH� LQYHVWLJDWLQJ� WKH�HIIHFW�RI�SDUHQWV¶
LQYROYHPHQW� LQ� WKHLU� FKLOG¶V� HGXFDWLRQ� �LQGHSHQGHQW� YDULDEOH�� RQ� WKH� FKLOG¶V
DFKLHYHPHQW�WHVW�VFRUHV��GHSHQGHQW�YDULDEOH���\RX�SUREDEO\�ZDQW� WR�FRQFOXGH�WKDW
JUHDWHU�SDUHQW�LQYROYHPHQW�UHVXOWV�LQ�KLJK�DFKLHYHPHQW�WHVW�VFRUHV��+RZHYHU��LI�WKH
SDUHQWV� ZLWK� WKH� JUHDWHU� LQYROYHPHQW� DOVR� KDYH� WKH� EULJKWHVW� FKLOGUHQ�� WKH� KLJKHU
DFKLHYHPHQW� WHVW� VFRUHV� FRXOG� EH� GXH� WR� WKH� FKLOG¶V� JUHDWHU� LQWHOOHFW�� ,Q� VXFK� DQ
LQVWDQFH��LQWHOOHFW�ZRXOG�EH�DQ�H[WUDQHRXV�YDULDEOH��D�YDULDEOH�RWKHU�WKDQ�WKH�RQHV
\RX�DUH�VSHFLILFDOO\�VWXG\LQJ�WKDW�PLJKW�KDYH�FRQIRXQGHG�WKH�UHVXOWV�RI�WKH�VWXG\�

��5HVHDUFK�UHOLDELOLW\�7KH�FRQVLVWHQF\��VWDELOLW\��RU�UHSHDWDELOLW\�RI�WKH�UHVXOWV
RI�D�VWXG\

��5HVHDUFK�YDOLGLW\�7KH�FRUUHFWQHVV�RU�WUXWKIXOQHVV�RI�DQ�LQIHUHQFH�WKDW�LV
PDGH�IURP�WKH�UHVXOWV�RI�D�VWXG\

��([WUDQHRXV�YDULDEOH�$Q\�YDULDEOH�RWKHU�WKDQ�WKH�LQGHSHQGHQW�YDULDEOH�WKDW
PLJKW�LQIOXHQFH�WKH�GHSHQGHQW�YDULDEOH

([WUDQHRXV�YDULDEOHV�PLJKW�RU�PLJKW�QRW�LQWURGXFH�D�FRQIRXQGLQJ�LQIOXHQFH�LQWR
\RXU� VWXG\�� ([WUDQHRXV� YDULDEOHV� DUH� SUREOHPDWLF� ZKHQ� WKH\� V\VWHPDWLFDOO\� YDU\
ZLWK� WKH� LQGHSHQGHQW� YDULDEOH� DQG� DOVR� LQIOXHQFH� WKH� GHSHQGHQW� YDULDEOH�� 7KHVH
SUREOHPDWLF� H[WUDQHRXV� YDULDEOHV� DUH� VRPHWLPHV� FDOOHG� FRQIRXQGLQJ� YDULDEOHV�
'UDZLQJ�FOHDU�DQG�YDOLG�FRQFOXVLRQV�IURP�WKH�GDWD�\RX�FROOHFW�LV�LPSRVVLEOH�LI�DQ
XQFRQWUROOHG� FRQIRXQGLQJ� YDULDEOH� LV� SUHVHQW�� ,W� LV� HVVHQWLDO� WKDW� \RX� LGHQWLI\� DQG
FRQWURO�IRU�DOO�FRQIRXQGLQJ�YDULDEOHV�WKDW�PLJKW�WKUHDWHQ�\RXU�VWXG\�FRQFOXVLRQV�

��&RQIRXQGLQJ�YDULDEOH�$Q�H[WUDQHRXV�YDULDEOH�WKDW�V\VWHPDWLFDOO\�YDULHV
ZLWK�WKH�LQGHSHQGHQW�YDULDEOH�DQG�DOVR�LQIOXHQFHV�WKH�GHSHQGHQW�YDULDEOH

7R�LOOXVWUDWH�KRZ�H[WUDQHRXV�YDULDEOHV�FDQ�FRQIRXQG�WKH�RXWFRPH�RI�D�VWXG\�DQG
SURGXFH� DPELJXRXV� UHVXOWV�� FRQVLGHU� D� K\SRWKHWLFDO� ³3HSVL� &KDOOHQJH´� VWXG\�
$VVXPH�WKDW�3HSVL�ZDQWV�WR�FRQGXFW�D�VWXG\�GHPRQVWUDWLQJ�WKDW�FRQVXPHUV�SUHIHU�LWV
SURGXFW�RYHU�&RNH��,Q�WKLV�VWXG\��UHVHDUFK�SDUWLFLSDQWV�DUH�JLYHQ��LQ�UDQGRP�RUGHU�
3HSVL�LQ�D�FXS�PDUNHG�ZLWK�DQ�0�DQG�&RNH�LQ�D�FXS�PDUNHG�ZLWK�D�4��7KH�UHVHDUFK
SDUWLFLSDQWV�DUH�WR�GULQN�WKH�EHYHUDJH�LQ�HDFK�FXS�DQG�WKHQ�LGHQWLI\�WKH�RQH�WKH\�OLNH
PRUH�� 1RZ� DVVXPH� WKDW� ���� RI� WKH� SDUWLFLSDQWV� LQGLFDWH� WKDW� WKH\� SUHIHU� WKH
EHYHUDJH�LQ�WKH�FXS�PDUNHG�ZLWK�DQ�0��3HSVL�ZRXOG�WDNH�WKLV�DV�DQ�LQGLFDWLRQ�WKDW
LWV�SURGXFW�LV�SUHIHUUHG�RYHU�&RNH��+RZHYHU�� LI�SHRSOH�DUH�PRUH�OLNHO\�WR�FKRRVH
VRPHWKLQJ�ZLWK�WKH�OHWWHU�0�RYHU�WKH�OHWWHU�4��WKLV�FRXOG�LQIOXHQFH�WKHLU�VHOHFWLRQ�RI
WKH�EHYHUDJH�RI�FKRLFH��,I�WKH�OHWWHU�RQ�WKH�FXS�GRHV�LQIOXHQFH�FKRLFH��WKH�UHVXOWV�DUH



DPELJXRXV� EHFDXVH� LW� LV� LPSRVVLEOH� WR� WHOO� ZKHWKHU� WKH� FKRLFH� ZDV� GXH� WR� WKH
EHYHUDJH� RU� WR� WKH� OHWWHU� WKDW� DSSHDUHG� RQ� WKH� FXS�� 7KLV� LV� WKH� W\SH� RI� VXEWOH
H[WUDQHRXV� YDULDEOH� WKDW� FDQ� V\VWHPDWLFDOO\� FRQIRXQG� WKH� RXWFRPH� RI� D� VWXG\� DQG
OHDG�WR�DPELJXRXV�UHVXOWV�

$�NH\�LGHD�KHUH�LV�WKDW�WKH�H[WUDQHRXV�YDULDEOH�KDV�WR�YDU\�V\VWHPDWLFDOO\�ZLWK
WKH� LQGHSHQGHQW� YDULDEOH� DQG� LQIOXHQFH� WKH� GHSHQGHQW� YDULDEOH� WR� SURGXFH� D
FRQIRXQGLQJ�LQIOXHQFH��0DQ\�H[WUDQHRXV�YDULDEOHV�PD\�VXUURXQG�D�VWXG\�WKDW�GR�QRW
FRQIRXQG�WKH�UHVXOWV��)RU�H[DPSOH��WKH�WZR�EHYHUDJHV�LQ�WKH�3HSVL�&KDOOHQJH�VWXG\
FRXOG�EH�DGPLQLVWHUHG�LQ�JODVVHV��SDSHU�FXSV��RU�6W\URIRDP�FRQWDLQHUV��7KH�W\SH�RI
FRQWDLQHU� FRXOG� LQIOXHQFH� D� SHUVRQ¶V� HYDOXDWLRQ� RI� WKH� EHYHUDJH�� IRU� H[DPSOH�
KDYLQJ� WKH� EHYHUDJH� LQ� JODVVHV� PLJKW� UHVXOW� LQ� D� PRUH� SRVLWLYH� HYDOXDWLRQ� WKDQ
KDYLQJ�LW� LQ�6W\URIRDP�FRQWDLQHUV��7KH�W\SH�RI�FRQWDLQHU�FRXOG�WKHUHIRUH�UHSUHVHQW
DQ� H[WUDQHRXV� YDULDEOH� WKDW� FRXOG� LQIOXHQFH� WKH� EHYHUDJH� RI� FKRLFH�� +RZHYHU�� LW
ZRXOG� QRW� SURGXFH� D� FRQIRXQGLQJ� LQIOXHQFH� LI� ERWK� EHYHUDJHV�ZHUH� SUHVHQWHG� LQ
LGHQWLFDO� FRQWDLQHUV�� EHFDXVH� WKH� LQIOXHQFH� RI� WKH� H[WUDQHRXV� YDULDEOH� RI� W\SH� RI
FRQWDLQHU�ZRXOG�EH�FRQVWDQW�DFURVV�DOO�SDUWLFLSDQWV�

([WUDQHRXV� YDULDEOHV� DUH� QRW� FRQIRXQGLQJ� YDULDEOHV�ZKHQ� WKH\� KDYH� WKH� VDPH
LQIOXHQFH�RQ�HYHU\RQH�LQ�WKH�VWXG\�RU�DUH�KHOG�FRQVWDQW�DFURVV�HYHU\RQH�LQ�WKH�VWXG\�
2QO\�ZKHQ� WKH\�V\VWHPDWLFDOO\� LQIOXHQFH�RQH�JURXS�DQG�QRW� WKH�RWKHU�RU�KDYH�RQH
LQIOXHQFH�RQ�RQH�UHVHDUFK�FRQGLWLRQ�DQG�DQRWKHU�RQ�DQRWKHU�UHVHDUFK�FRQGLWLRQ�DUH
WKH\�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV��7KLV� W\SH�RI�FRQIRXQGLQJ�LQIOXHQFH�LV�VHHQ
LQ�RXU�K\SRWKHWLFDO�3HSVL�&KDOOHQJH�VWXG\��LQ�ZKLFK�VHUYLQJ�WKH�3HSVL�EHYHUDJH�LQ
WKH�FXS� ODEHOHG�0� UHVXOWHG� LQ�PRUH�SHRSOH� VHOHFWLQJ� WKLV�EHYHUDJH� WKDQ� WKH�&RNH
EHYHUDJH�LQ�FXS�4��7KH�SUREOHP�LV�WKDW�WKH�OHWWHU�RQ�WKH�FXS�ZDV�QRW�KHOG�FRQVWDQW
DFURVV� SDUWLFLSDQWV� DQG� LW� V\VWHPDWLFDOO\� LQIOXHQFHG� WKH� LQGLYLGXDOV¶� FKRLFH� RI
EHYHUDJH�

,W� LV� WKLV� W\SH� RI� FRQIRXQG� WKDW� PXVW� EH� HOLPLQDWHG� IURP� UHVHDUFK� VWXGLHV�
8QIRUWXQDWHO\�� ZKHQ� ZH� FRQGXFW� UHVHDUFK�� ZH� GR� QRW� NQRZ� ZKLFK� H[WUDQHRXV
YDULDEOHV�PLJKW�EH�FRQIRXQGLQJ�YDULDEOHV��7KHUHIRUH��ZH�KDYH�WR�XVH�RXU�KXQFKHV�
SDVW� UHVHDUFK�� DQG� JHQHUDO� LQWXLWLRQ� WR� LGHQWLI\� SRWHQWLDOO\� FRQIRXQGLQJ� YDULDEOHV
DQG�WKHQ�GHVLJQ�D�VWXG\�WKDW�FRQWUROV�RU�HOLPLQDWHV�WKHLU�LQIOXHQFH��7R�HOLPLQDWH�VXFK
YDULDEOHV�DQG�SURGXFH�YDOLG�UHVXOWV��\RX�PXVW�EH�DZDUH�RI�WKH�FULWHULD�WKDW�PXVW�EH
PHW� WR� FRQGXFW� DQ�XQFRQWDPLQDWHG� VWXG\�DQG�KDYH� VRPH�NQRZOHGJH�RI� WKH� W\SH�RI
YDULDEOHV�WKDW�FDQ�IUHTXHQWO\�EH�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�

,Q� TXDQWLWDWLYH� UHVHDUFK�� IRXU� PDMRU� W\SHV� RI� YDOLGLW\²LQWHUQDO�� H[WHUQDO�
FRQVWUXFW�� DQG� VWDWLVWLFDO� FRQFOXVLRQ²DUH� XVHG� WR� HYDOXDWH� WKH� YDOLGLW\� RI� WKH
LQIHUHQFHV�WKDW�FDQ�EH�PDGH�IURP�WKH�UHVXOWV�RI�D�VWXG\��3OHDVH�VHH�([KLELW������WR
OHDUQ� DERXW� WKH� IRXQGHU� RI� WKLV� VHW� RI� IRXU�PDMRU� YDOLGLW\� W\SHV� DQG�PDQ\� RI� WKH
WKUHDWV� WR� YDOLGLW\� GLVFXVVHG� LQ� WKLV� FKDSWHU��:H� QRZ� GLVFXVV� WKHVH� IRXU� W\SHV� RI
YDOLGLW\� DQG� SUHVHQW� VRPH� RI� WKH� WKUHDWV� WR� WKHVH� YDOLGLW\� W\SHV�� ,Q� UHDGLQJ� DERXW
WKHVH�WKUHDWV��\RX�VKRXOG�UHDOL]H�WKDW�QRW�DOO�RI�WKHP�ZLOO�RFFXU�LQ�HYHU\�VWXG\��7KH
OLNHOLKRRG�WKDW�DQ\�RQH�ZLOO�RFFXU�ZLOO�YDU\�ZLWK�WKH�FRQWH[W�RI�WKH�VWXG\��+RZHYHU�
FRQVLGHUDWLRQ� RI� WKHVH� WKUHDWV� VHUYHV� WKH� YDOXDEOH� IXQFWLRQ� RI� LQFUHDVLQJ� WKH
SUREDELOLW\�WKDW�\RX�ZLOO�DQWLFLSDWH�WKHLU�H[LVWHQFH�DQG�GR�VRPHWKLQJ�DERXW�LW��,I�\RX



FDQ�DQWLFLSDWH�D�WKUHDW�EHIRUH�FRQGXFWLQJ�D�VWXG\��\RX�FDQ�GHVLJQ�WKH�VWXG\�LQ�VXFK�D
ZD\�DV�WR�UXOH�LW�RXW��,I�\RX�FDQQRW�LQVWLWXWH�GHVLJQ�FRQWUROV��PD\EH�\RX�FDQ�PHDVXUH
WKH�WKUHDW�GLUHFWO\�WR�GHWHUPLQH�ZKHWKHU�LW�DFWXDOO\�RSHUDWHG�LQ�\RXU�VWXG\�DQG�WKHQ
FRQGXFW� VWDWLVWLFDO� DQDO\VLV� WR� ILQG� RXW� ZKHWKHU� LW� FDQ� SODXVLEO\� DFFRXQW� IRU� WKH
REVHUYHG�UHODWLRQVKLS�
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�����:KDW�LV�D�FRQIRXQGLQJ�YDULDEOH��DQG�ZK\�GR
FRQIRXQGLQJ�YDULDEOHV�FUHDWH�SUREOHPV�LQ
UHVHDUFK�VWXGLHV"

�����:KDW�DUH�WKH�IRXU�GLIIHUHQW�W\SHV�RI�YDOLGLW\�WKDW
DUH�XVHG�WR�HYDOXDWH�WKH�LQIHUHQFHV�PDGH�IURP
WKH�UHVXOWV�RI�TXDQWLWDWLYH�VWXGLHV"

�(;+,%,7��������'RQDOG�7��&DPSEHOO������±�����

'XULQJ� WKH� ODWH� ����V� XQWLO� WKH� HDUO\� ����V�� 'RQDOG� &DPSEHOO� ZDV� SHUKDSV� WKH� PRVW� SURPLQHQW
TXDQWLWDWLYH� UHVHDUFK� PHWKRGRORJLVW� LQ� WKH� EHKDYLRUDO� DQG� VRFLDO� VFLHQFHV�� :H� DUH� VKRZLQJ� \RX
&DPSEHOO¶V�SLFWXUH�LQ�WKLV�FKDSWHU�EHFDXVH�KH�FRLQHG�WKH�WHUPV�LQWHUQDO�YDOLGLW\�DQG�H[WHUQDO�YDOLGLW\
DQG�SURYLGHG�PRVW�RI�WKH�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�GLVFXVVHG�LQ�WKLV�FKDSWHU��&DPSEHOO��������&DPSEHOO
	�6WDQOH\���������&DPSEHOO�DOZD\V�HPSKDVL]HG�WKH�LPSRUWDQFH�RI�UXOLQJ�RXW�DOWHUQDWLYH�H[SODQDWLRQV
RI� UHVHDUFK� ILQGLQJV�� &DPSEHOO¶V� OHJDF\� KDV� EHHQ� SUHVHQW� LQ� HDUOLHU� FKDSWHUV� RI� WKLV� ERRN�� LQFOXGLQJ
&KDSWHU� �� �&DPSEHOO� 	� )LVNH�� ������� SURYLGHG� WKH� LGHDV� RI� FRQYHUJHQW� DQG� GLVFULPLQDQW� HYLGHQFH�
&DPSEHOO��������SURYLGHG�WKH�FRQFHSW�RI�PXOWLSOH�RSHUDWLRQDOLVP�GLVFXVVHG�LQ�WKLV�FKDSWHU��&KDSWHUV����
���DOVR�GUDZ�KHDYLO\�IURP�&DPSEHOO¶V�ZRUN��EHFDXVH�&DPSEHOO�FRLQHG�WKH�WHUP�TXDVL�H[SHULPHQWDWLRQ
DQG� &DPSEHOO� DQG� 6WDQOH\� SURYLGHG� WKH� ILUVW� V\VWHPDWLF� FRPSDULVRQ� RI� ZHDN�� TXDVL��� DQG� VWURQJ� RU
UDQGRPL]HG�H[SHULPHQWDO�GHVLJQV� �&DPSEHOO�	�6WDQOH\��&RRN�	�&DPSEHOO���������7KH� WKLUG�HGLWLRQ�RI
&DPSEHOO¶V�TXDVL�H[SHULPHQWDWLRQ�ERRN�FDPH�RXW�DIWHU�KLV�GHDWK��6KDGLVK�HW�DO����������DQG�LW¶V�FXUUHQWO\
WKH� VWDQGDUG� UHIHUHQFH� RQ� WKH� VXEMHFW�� &DPSEHOO� DOVR� FRQWULEXWHG� WR� WKH� SKLORVRSK\� RI� VRFLDO� VFLHQFH
WKURXJK�KLV�FRQFHSW�RI�HYROXWLRQDU\�HSLVWHPRORJ\�

,17(51$/�9$/,',7<��25�&$86$/�9$/,',7<�
,QWHUQDO� YDOLGLW\� LV� D� WHUP� FRLQHG� E\� &DPSEHOO� DQG� 6WDQOH\� �������� &RRN� DQG
&DPSEHOO� ������� ODWHU� UHILQHG� WKH� FRQFHSW� WR� UHIHU� WR� WKH� ³DSSUR[LPDWH� YDOLGLW\



ZLWK�ZKLFK�ZH�LQIHU�WKDW�D�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�LV�FDXVDO´��S�������,W
PLJKW� KHOS� \RX� WR� WKLQN� RI� LQWHUQDO� YDOLGLW\� DV� DOVR� EHLQJ� FDOOHG� FDXVDO� YDOLGLW\
EHFDXVH� WKDW� LV� H[DFWO\� ZKDW� LW� LV� DERXW�� LW¶V� DERXW� HVWDEOLVKLQJ� WUXVWZRUWK\
HYLGHQFH�RI�FDXVH�DQG�HIIHFW�

��,QWHUQDO��RU�FDXVDO��YDOLGLW\�7KH�DELOLW\�WR�LQIHU�WKDW�D�FDXVDO�UHODWLRQVKLS
H[LVWV�EHWZHHQ�WZR�YDULDEOHV

$OWKRXJK� UHVHDUFK� LV� FRQGXFWHG� IRU� WKH� PXOWLSOH� SXUSRVHV� RI� GHVFULSWLRQ�
H[SORUDWLRQ�� H[SODQDWLRQ�� SUHGLFWLRQ�� DQG� LQIOXHQFH�� D� ODUJH� DPRXQW� RI� UHVHDUFK
IRFXVHV�RQ�WKH�JRDO�RI�DWWHPSWLQJ�WR�GHWHUPLQH�ZKHWKHU�D�FDXVDO�UHODWLRQVKLS�H[LVWV
EHWZHHQ�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�EHLQJ�LQYHVWLJDWHG�

7ZR�0DMRU�7\SHV�RI�&DXVDO�5HODWLRQVKLSV
6KDGLVK� HW� DO�� ������� KDYH� SRLQWHG� RXW� WKDW� WKHUH� DUH� WZR� W\SHV� RI� FDXVDO

UHODWLRQVKLSV��FDXVDO�GHVFULSWLRQ�DQG�FDXVDO�H[SODQDWLRQ��&DXVDO�GHVFULSWLRQ�UHIHUV
WR� GHVFULELQJ� WKH� FRQVHTXHQFHV� RI�PDQLSXODWLQJ� DQ� LQGHSHQGHQW� YDULDEOH��&DXVDO
H[SODQDWLRQ�UHIHUV�WR�H[SODLQLQJ�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�DQG�WKH�FRQGLWLRQV
XQGHU� ZKLFK� D� FDXVDO� UHODWLRQVKLS� KROGV�� )RU� H[DPSOH�� DVVXPH� WKDW� D� VWXG\� ZDV
FRQGXFWHG� WR� LQYHVWLJDWH� WKH� EHQHILW� GHULYHG� IURP� LQFRUSRUDWLQJ� D� ���PRQWK
LQWHQVLYH� LQWHUQVKLS�SURJUDP�LQWR� WKH�HGXFDWLRQ�RI� IXWXUH� WHDFKHUV��$VVXPH�IXUWKHU
WKDW� WKLV� VWXG\� GHPRQVWUDWHG� WKDW� WHDFKHUV� ZKR� SDUWLFLSDWHG� LQ� WKH� SURJUDP�ZHUH
HYDOXDWHG� E\� WKHLU� SULQFLSDOV� DV� EHLQJ� PRUH� HIIHFWLYH� WKDQ� WHDFKHUV� ZKR
SDUWLFLSDWHG� LQ� WKH� WUDGLWLRQDO���� WR���PRQWK� LQWHUQVKLS��7KLV�VWXG\�ZRXOG�SURYLGH
HYLGHQFH�RI�FDXVDO�GHVFULSWLRQ�EHFDXVH�LW�ZRXOG�KDYH�GHVFULEHG�WKH�RYHUDOO�FDXVDO
UHODWLRQVKLS�WKDW�H[LVWV�EHWZHHQ�WKH�LQWHQVLYH�LQWHUQVKLS�SURJUDP��FRPSDUHG�WR�WKH
WUDGLWLRQDO�SURJUDP��DQG�ODWHU�WHDFKLQJ�HIIHFWLYHQHVV�

��&DXVDO�GHVFULSWLRQ�'HVFULELQJ�WKH�FRQVHTXHQFHV�RI�PDQLSXODWLQJ�DQ
LQGHSHQGHQW�YDULDEOH

��&DXVDO�H[SODQDWLRQ�([SODLQLQJ�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�DQG�WKH
FRQGLWLRQV�XQGHU�ZKLFK�D�FDXVDO�UHODWLRQVKLS�KROGV

7KLV� VWXG\� ZRXOG� QRW�� KRZHYHU�� H[SODLQ� H[DFWO\� KRZ� RU� ZK\� WKLV� FDXVDO
UHODWLRQVKLS�H[LVWV��7KH�WHDFKHUV�SDUWLFLSDWLQJ�LQ�WKH�H[SHULPHQWDO�SURJUDP�PLJKW�EH
PRUH� HIIHFWLYH� IRU� DQ\� RI� D� QXPEHU� RI� UHDVRQV�� VXFK� DV� WKH� SURJUDP� JLYLQJ� WKHP
EHWWHU�VNLOOV�WR�FRSH�ZLWK�GLIILFXOW�FKLOGUHQ��EHWWHU�RUJDQL]DWLRQDO�VNLOOV��EHWWHU�VNLOOV
DW� SUHVHQWDWLRQ� RI� PDWHULDO�� PRUH� UHDOLVWLF� H[SHFWDWLRQV� RI� WKH� GHPDQGV� RI� WKH
WHDFKLQJ� SURIHVVLRQ�� DQG� VR� RQ�� $� IXOO� FDXVDO� H[SODQDWLRQ� RI� ZK\� WKH� FDXVDO
UHODWLRQVKLS� H[LVWV� ³VKRZ>V@� KRZ� WKH� FDXVDOO\� HIILFDFLRXV� SDUWV� RI� WKH� WUHDWPHQW
LQIOXHQFH� WKH� FDXVDOO\� DIIHFWHG� SDUWV� RI� WKH� RXWFRPH� WKURXJK� LGHQWLILHG�PHGLDWLQJ
SURFHVVHV´��6KDGLVK�HW�DO���������S������,Q�RWKHU�ZRUGV��FDXVDO�H[SODQDWLRQ�ZRXOG



UHTXLUH� WKDW� \RX� LGHQWLI\� DQG� VKRZ� KRZ� WKH� SURFHVVHV� LQYROYHG� LQ� WKH� LQWHQVLYH
LQWHUQVKLS� SURJUDP� FDXVH� FKDQJHV� LQ� WKH� SDUWLFLSDQWV¶� ODWHU� HIIHFWLYHQHVV� DV
WHDFKHUV��*HQHUDOO\� VSHDNLQJ��RQFH�FDXVDO�GHVFULSWLRQ� LV� VKRZQ��PXFK�VXEVHTXHQW
UHVHDUFK�LV�GLUHFWHG�DW�H[SODLQLQJ�ZK\�DQG�KRZ�WKH�GHVFULSWLYH�UHODWLRQVKLS�H[LVWV
�L�H���FDXVDO�H[SODQDWLRQ�UHVHDUFK�RIWHQ�IROORZV�FDXVDO�GHVFULSWLRQ�UHVHDUFK��

7KH� SUDFWLFDO� LPSRUWDQFH� RI� FDXVDO� H[SODQDWLRQ� FDQ� EH� VHHQ� LI� D� VXEVHTXHQW
VWXG\�GRHV�QRW�UHSOLFDWH�WKH�EHQHILFLDO�HIIHFW�SUHYLRXVO\�GHPRQVWUDWHG�IURP�WKH����
PRQWK� LQWHUQVKLS� SURJUDP�� ,I� H[SODQDWRU\� VWXGLHV� KDG� EHHQ� FRQGXFWHG�� WKLV
LQIRUPDWLRQ�FRXOG�EH�XVHG�WR�VKRZ�KRZ�WR�IL[�WKH�SURJUDP�WKDW�GLG�QRW�SURGXFH�WKH
EHQHILFLDO�UHVXOWV��+RZHYHU��LGHQWLI\LQJ�KRZ�DQG�ZK\�D�FDXVDO�UHODWLRQVKLS�H[LVWV�LV
PXFK�PRUH�GLIILFXOW�WKDQ�GHVFULELQJ�WKDW�RYHUDOO�UHODWLRQVKLS�

&ULWHULD�IRU�,QIHUULQJ�&DXVDWLRQ
7KUHH�W\SHV�RI�HYLGHQFH�DUH�QHHGHG�WR�UHDFK�D�FRQFOXVLRQ�RI�FDXVDWLRQ��L�H���WKDW

FKDQJHV�LQ�\RXU�LQGHSHQGHQW�YDULDEOH�SURGXFH�FKDQJHV�LQ�\RXU�GHSHQGHQW�YDULDEOH��
&RQGLWLRQ����DOVR�FDOOHG�WKH�UHODWLRQVKLS�FRQGLWLRQ���)LUVW��\RX�QHHG�HYLGHQFH

WKDW� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW� YDULDEOHV� DUH� DVVRFLDWHG� RU� FRUUHODWHG� RU
UHODWHG�� 'R� FKDQJHV� LQ� WKH� LQGHSHQGHQW� YDULDEOH� FRUUHVSRQG� WR� FKDQJHV� LQ� WKH
GHSHQGHQW� YDULDEOH"� )RU� H[DPSOH�� DVVXPH� WKDW� \RX� ZDQW� WR� NQRZ�ZKHWKHU� EHLQJ
DEVHQW�IURP�VFKRRO��WKH�LQGHSHQGHQW�YDULDEOH��KDV�DQ\�HIIHFW�RQ�WKH�JUDGHV�VWXGHQWV
PDNH�� WKH� GHSHQGHQW� YDULDEOH�� ,I� WKHUH� LV� QR� UHODWLRQVKLS� EHWZHHQ� WKHVH� WZR
YDULDEOHV�� WKHQ� RQH� FDQQRW� DIIHFW� WKH� RWKHU�� KRZHYHU�� LI� WKHUH� LV� D� UHODWLRQVKLS
EHWZHHQ� WKH� YDULDEOHV�� LW� LV� SRVVLEOH� WKDW� WKH\� DUH� FDXVDOO\� UHODWHG��1RWH� WKDW�ZH
XVHG� WKH� ZRUG� SRVVLEOH� EHFDXVH� HYLGHQFH� RI� DVVRFLDWLRQ� RU� FRYDULDWLRQ� RU
FRUUHODWLRQ� GRHV� QRW� SURYLGH� VXIILFLHQW� HYLGHQFH� RI� FDXVDWLRQ�� (YLGHQFH� RI
DVVRFLDWLRQ�LV�QHFHVVDU\�EXW�QRW�VXIILFLHQW�WR�LQIHU�FDXVDWLRQ�

&RQGLWLRQ� �� �DOVR� FDOOHG� WKH� WHPSRUDO� DQWHFHGHQFH� FRQGLWLRQ��� 7KH� VHFRQG
W\SH�RI�HYLGHQFH�QHHGHG�WR� LQIHU�FDXVDWLRQ�LV� WKH�FRUUHFW� WHPSRUDO�RUGHULQJ�RI� WKH
YDULDEOHV�EHLQJ�LQYHVWLJDWHG��EHFDXVH�D�FDXVH�PXVW�SUHFHGH�DQ�HIIHFW��7KLV�PHDQV
WKDW� \RX� QHHG� VRPH� NQRZOHGJH� RI� WKH� WLPH� VHTXHQFH� RI� WKH� HYHQWV�� ,I� \RX� FDQQRW
HVWDEOLVK�WKH�FRUUHFW�WHPSRUDO�RUGHU��WKH�SUREOHP�LV�NQRZQ�DV�DPELJXRXV�WHPSRUDO
SUHFHGHQFH��L�H���\RX�GRQ¶W�NQRZ�LI�;�FDXVHV�<�RU�LI�<�FDXVHV�;���7KLV�WKUHDW�LV�QRW
D� SUREOHP� LQ� H[SHULPHQWDO� UHVHDUFK� EHFDXVH� WKH� UHVHDUFKHU� PDQLSXODWHV� WKH
LQGHSHQGHQW�YDULDEOH��;��DQG�WKHQ�VWXGLHV� WKH�HIIHFW��RQ�GHSHQGHQW�YDULDEOH�<��� ,Q
VKRUW��\RX�QHHG�WR�NQRZ�LI�FKDQJHV�LQ�YDULDEOH�;�FRPH�EHIRUH�FKDQJHV�LQ�YDULDEOH�<�
LI�QRW��\RX�KDYH�QRW�PHW�FRQGLWLRQ����DQG�DPELJXRXV�WHPSRUDO�SUHFHGHQFH�LV�D�WKUHDW
WR�\RXU�GHVLJQ�DQG�DELOLW\�WR�GUDZ�D�FDXVDO�FRQFOXVLRQ�WKDW�;�DIIHFWV�<�

��$PELJXRXV�WHPSRUDO�SUHFHGHQFH�7KH�LQDELOLW\�WR�VSHFLI\�ZKLFK�YDULDEOH�LV
WKH�FDXVH�DQG�ZKLFK�LV�WKH�HIIHFW

,Q� VRPH� QRQH[SHULPHQWDO� VWXGLHV�� HVSHFLDOO\� WKRVH� WKDW� RQO\� LQYHVWLJDWH� WKH
GHJUHH� RI� UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV�� LW� LV� IUHTXHQWO\� XQFOHDU� ZKHWKHU



YDULDEOH� $� SUHFHGHV� YDULDEOH� %� RU� YLFH� YHUVD�� )RU� H[DPSOH�� DVVXPH� WKDW� \RX
FROOHFWHG� VHOI�UHSRUW�GDWD� IURP�D� VDPSOH�RI�������SHRSOH� DW�RQH�SRLQW� LQ� WLPH�RQ
WZR�YDULDEOHV��FULPLQDO�EHKDYLRU�DQG�LQFDUFHUDWLRQ��$OVR�DVVXPH�WKDW�\RXU�DQDO\VLV
VKRZHG�D�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�IUHTXHQF\�RI�FULPLQDO�EHKDYLRU�DQG�WKH
IUHTXHQF\�RI�LQFDUFHUDWLRQ��2Q�WKH�VXUIDFH��\RX�PLJKW�WKLQN�WKH�FDXVDO�GLUHFWLRQ�ZDV
IURP� FULPLQDO� EHKDYLRU� WR� LQFDUFHUDWLRQ�� +RZHYHU�� PDQ\� LQGLYLGXDOV� OHDUQ
WHFKQLTXHV� IRU� HQJDJLQJ� LQ� FULPLQDO� EHKDYLRU� IURP� DVVRFLDWLRQ� ZLWK� RWKHU
LQGLYLGXDOV�ZKLOH�LQFDUFHUDWHG��VR�EHLQJ�LQFDUFHUDWHG�PLJKW�OHDG�WR�PRUH�FULPLQDO
EHKDYLRU�� ,Q� WKLV� QRQH[SHULPHQWDO� VWXG\�� LW� ZRXOG� EH� GLIILFXOW� WR� LGHQWLI\� ZKLFK
YDULDEOH�ZDV�WKH�FDXVH�DQG�ZKLFK�ZDV�WKH�HIIHFW�EHFDXVH�LW� LV�GLIILFXOW� WR�LGHQWLI\
ZKLFK�YDULDEOH�FDPH�ILUVW��,Q�IDFW��LW�LV�OLNHO\�WKDW�WKH�UHODWLRQVKLS�JRHV�ERWK�ZD\V�
EXW�WKLV�PRUH�FRPSOH[�UHODWLRQVKLS�FRXOG�QRW�EH�XQWDQJOHG�EHFDXVH�\RXU�GDWD�ZHUH
FROOHFWHG�DW�D�VLQJOH�SRLQW�LQ�WLPH��5HPHPEHU�WKLV�NH\�SRLQW��,I�\RX�ZDQW�WR�PDNH�D
FODLP� RI� FDXVDWLRQ�� \RX� PXVW� KDYH� HYLGHQFH� RI� WKH� WHPSRUDO� RUGHU� RI� WKH
UHODWLRQVKLS�EHFDXVH�D�FDXVH�PXVW�SUHFHGH�DQ�HIIHFW�

&RQGLWLRQ��� �DOVR�FDOOHG� WKH� ODFN�RI�DOWHUQDWLYH�H[SODQDWLRQ�FRQGLWLRQ��� 7KH
WKLUG�W\SH�RI�HYLGHQFH�QHHGHG�LV�WKDW�WKH�YDULDEOHV�EHLQJ�LQYHVWLJDWHG�DUH�WKH�RQHV
WKDW�DUH�FDXVDOO\�UHODWHG�UDWKHU�WKDQ�EHLQJ�FDXVHG�E\�VRPH�FRQIRXQGLQJ�H[WUDQHRXV
YDULDEOH�� ,Q�RWKHU�ZRUGV��ZH�PXVW� ORRN� IRU�YDULDEOHV�RWKHU� WKDQ� WKH� LQGHSHQGHQW
YDULDEOH� WKDW� PLJKW� H[SODLQ� WKH� FKDQJH� REVHUYHG� LQ� WKH� GHSHQGHQW� YDULDEOH�� DQG
WKHVH� FRPSHWLQJ� H[SODQDWLRQV� PXVW� EH� UXOHG� RXW�� ,Q� WKH� ³3HSVL� &KDOOHQJH´
H[SHULPHQW�� WKH�OHWWHU�RQ�WKH�FXS�LV�DQ�DOWHUQDWLYH�H[SODQDWLRQ�IRU�WKH�SDUWLFLSDQWV¶
SUHIHUHQFH� VHOHFWLRQV�� ,Q� WKH� H[DPSOH� RI� VWXGHQW� JUDGHV� DQG� DWWHQGDQFH�� LW� LV
SRVVLEOH�WKDW�ERWK�WKH�JUDGHV�VWXGHQWV�JHW�DQG�WKHLU�DWWHQGDQFH�DW�VFKRRO�DUH�FDXVHG
E\�SDUHQWV�PRQLWRULQJ�WKHLU�FKLOGUHQ��&KLOGUHQ�ZKRVH�SDUHQWV�GR�QRW�PRQLWRU� WKHLU
FKLOGUHQ¶V� EHKDYLRU� PLJKW� KDYH� SRRUHU� JUDGHV� DQG� ORZHU� VFKRRO� DWWHQGDQFH�
ZKHUHDV�FKLOGUHQ�ZKR�DUH�PRQLWRUHG�E\� WKHLU�SDUHQWV�PLJKW�JHW�EHWWHU�JUDGHV�DQG
KDYH�IHZHU�DEVHQFHV�� ,Q� WKLV� LQVWDQFH�� WKHUH� LV�VWLOO�D� UHODWLRQVKLS�EHWZHHQ�JUDGHV
DQG�VFKRRO�DWWHQGDQFH��EXW�WKH�FDXVH�RI�WKLV�UHODWLRQVKLS�LV�WKH�WKLUG�YDULDEOH��SDUHQW
PRQLWRULQJ��7KLUG�YDULDEOH� LV�VLPSO\�DQRWKHU�WHUP�RU�QDPH�WKDW�UHVHDUFKHUV�XVH�WR
UHIHU�WR�D�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOH��7KH�NH\�SRLQW�LV�WKDW�WKH�WKLUG�YDULDEOH
SUREOHP�PHDQV� WKDW� WZR� YDULDEOHV� RI� LQWHUHVW� PLJKW� EH� FRUUHODWHG� QRW� EHFDXVH
WKH\�DUH�FDXVDOO\�UHODWHG�EXW�EHFDXVH�WKH\�DUH�ERWK�FDXVHG�E\�RU�UHODWHG�WR�VRPH
WKLUG�YDULDEOH�

��7KLUG�YDULDEOH�$�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOH

,W� LV�YHU\�LPSRUWDQW� WR�UHPHPEHU�WKDW�UHVHDUFKHUV�FDQQRW�DXWRPDWLFDOO\�DVVXPH
FDXVDOLW\�MXVW�EHFDXVH�WZR�RU�PRUH�YDULDEOHV�DUH�UHODWHG��FRQGLWLRQ�����%HIRUH�\RX
FDQ�UHDFK�WKH�FRQFOXVLRQ�RI�FDXVDWLRQ��\RX�PXVW�DOVR�PHHW�WKH�RWKHU�WZR�FRQGLWLRQV�
HVWDEOLVKLQJ� FRUUHFW� WHPSRUDO� RUGHULQJ� �FRQGLWLRQ� ��� DQG� UXOLQJ� RXW� DOWHUQDWLYH
H[SODQDWLRQV�GXH�WR�WKLUG�YDULDEOHV��FRQGLWLRQ�WKUHH���(VWDEOLVKLQJ�WKHVH�FRQGLWLRQV
LV�HDVLO\�DFFRPSOLVKHG�LQ�VWURQJ�H[SHULPHQWDO�GHVLJQV�EHFDXVH��D��WKH�H[SHULPHQWHU
DFWLYHO\� PDQLSXODWHV� WKH� SUHVHQWDWLRQ� RI� WKH� LQGHSHQGHQW� YDULDEOH� �WKH� FDXVDO



YDULDEOH�� DQG� REVHUYHV� WKH� HIIHFW� RQ� WKH� GHSHQGHQW� YDULDEOH� DQG� �E�� WKH
H[SHULPHQWHU�UDQGRPO\�DVVLJQV�SDUWLFLSDQWV� WR� WKH�WUHDWPHQW�DQG�FRQWURO�JURXSV�VR
WKDW�WKH�JURXSV�DUH�HTXDWHG�RQ�DOO�H[WUDQHRXV�YDULDEOHV��1RQH[SHULPHQWDO�UHVHDUFK
VWXGLHV� DOVR� IUHTXHQWO\� DWWHPSW� WR� LQIHU� FDXVDOLW\�� ,Q� QRQH[SHULPHQWDO� UHVHDUFK�
FRQGLWLRQ����VKRZLQJ�GLUHFWLRQ�RI�FDXVDWLRQ��LV�PRUH�GLIILFXOW�WR�HVWDEOLVK�EHFDXVH
RI� WKH� GLIILFXOW\� LQ� VKRZLQJ� WKH� WHPSRUDO� VHTXHQFLQJ� RI� HYHQWV�� 5XOLQJ� RXW� WKH
SRVVLEOH�LQIOXHQFH�RI�FRQIRXQGLQJ�YDULDEOHV��L�H���³WKH�WKLUG�YDULDEOH�SUREOHP´��LV
HVSHFLDOO\�SUREOHPDWLF�LQ�QRQH[SHULPHQWDO�UHVHDUFK�WKDW�LV�EDVHG�RQ�GDWD�FROOHFWHG
DW� D� VLQJOH� SRLQW� LQ� WLPH� DQG� WKDW� RQO\� H[DPLQHV� WKH� UHODWLRQVKLS� EHWZHHQ� WZR
YDULDEOHV�
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�����:KDW�LV�LQWHUQDO�YDOLGLW\"
�����:KDW�DUH�WKH�WZR�W\SHV�RI�FDXVDO�UHODWLRQVKLSV�

DQG�KRZ�GR�WKHVH�WZR�W\SHV�RI�FDXVDO
UHODWLRQVKLSV�GLIIHU"

�����:KDW�W\SH�RI�HYLGHQFH�LV�QHHGHG�WR�LQIHU
FDXVDOLW\��DQG�KRZ�GRHV�HDFK�W\SH�RI�HYLGHQFH
FRQWULEXWH�WR�PDNLQJ�D�FDXVDO�LQIHUHQFH"

7KUHDWV�WR�,QWHUQDO�9DOLGLW\�LQ�6LQJOH�*URXS�'HVLJQV
7R� LQIHU� WKDW� RQH� YDULDEOH� FDXVHG� DQ� HIIHFW� REVHUYHG� LQ� DQRWKHU� YDULDEOH��ZH

PXVW�FRQWURO�IRU�DOO�RWKHU�SRVVLEOH�FDXVHV��7KHVH�RWKHU�SRVVLEOH�FDXVHV�DUH�WKUHDWV
WR� LQWHUQDO� YDOLGLW\� EHFDXVH� WKH\� UHSUHVHQW� ULYDO� RU� FRPSHWLQJ� RU� DOWHUQDWLYH
H[SODQDWLRQV�IRU�WKH�UHVXOWV�REWDLQHG��:KHQ�VXFK�DOWHUQDWLYH�H[SODQDWLRQV�H[LVW��LW�LV
LPSRVVLEOH� WR� UHDFK� D� FDXVDO� H[SODQDWLRQ�ZLWK� DQ\�GHJUHH�RI� FHUWDLQW\�� OHDGLQJ� WR
KLJKO\�VXVSHFW�UHVXOWV�WKDW�FDQQRW�DQG�VKRXOG�QRW�EH�WDNHQ�VHULRXVO\��7KLV�LV�ZK\�LW�LV
QHFHVVDU\�WR�FRQWURO�IRU�DQG�HOLPLQDWH�WKH�V\VWHPDWLF�LQIOXHQFH�RI�WKHVH�WKUHDWV�

1RZ�ZH�GLVFXVV�WKH�WKUHDWV�WKDW�DUH�SURPLQHQW�LQ�VLQJOH�JURXS�UHVHDUFK�GHVLJQV�
VXFK�DV� WKH�RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ� VKRZQ� LQ� )LJXUH� ������$V� )LJXUH
����� LOOXVWUDWHV�� WKLV� LV� D� UHVHDUFK� GHVLJQ� LQ� ZKLFK� RQH� JURXS� RI� SDUWLFLSDQWV� LV
SUHWHVWHG� RQ� VRPH� GHSHQGHQW� YDULDEOH�� WKH\� DUH� WKHQ� DGPLQLVWHUHG� D� WUHDWPHQW
FRQGLWLRQ�� DQG�� DIWHU� WKLV� WUHDWPHQW� LV� DGPLQLVWHUHG�� WKH\� DUH� SRVWWHVWHG� RQ� WKH
GHSHQGHQW�YDULDEOH�

��2QH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�$GPLQLVWHULQJ�D�SRVWWHVW�WR�D�VLQJOH
JURXS�RI�SDUWLFLSDQWV�DIWHU�WKH\�KDYH�EHHQ�SUHWHVWHG�DQG�JLYHQ�DQ
H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

�),*85(����������2QH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ



+LVWRU\

+LVWRU\�UHIHUV�WR�DQ\�HYHQWV��RWKHU�WKDQ�DQ\�SODQQHG�WUHDWPHQW�HYHQW��WKDW�RFFXU
EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�PHDVXUHPHQWV�RI�WKH�GHSHQGHQW�YDULDEOH��,Q�LWV�EDVLF
IRUP��LW�LV�D�WKUHDW�WR�VLQJOH�JURXS�GHVLJQV�VXFK�DV�WKH�RQH�LOOXVWUDWHG�LQ�)LJXUH������
7KHVH�HYHQWV��LQ�DGGLWLRQ�WR�DQ\�WUHDWPHQW�HIIHFW��FDQ�LQIOXHQFH�WKH�SRVWPHDVXUHPHQW
RI�WKH�GHSHQGHQW�YDULDEOH��WKHUHIRUH��WKHVH�HYHQWV�DUH�FRQIRXQGHG�ZLWK�WKH�WUHDWPHQW
HIIHFW�DQG�EHFRPH�ULYDO�H[SODQDWLRQV�IRU�WKH�FKDQJH�WKDW�RFFXUUHG�EHWZHHQ�SUHWHVW
DQG�SRVWWHVW�PHDVXUHPHQWV�

��+LVWRU\�$Q\�HYHQW��RWKHU�WKDQ�D�SODQQHG�WUHDWPHQW�HYHQW��WKDW�RFFXUV�EHWZHHQ
WKH�SUHWHVW�DQG�SRVWWHVW�PHDVXUHPHQWV�RI�WKH�GHSHQGHQW�YDULDEOH�DQG
LQIOXHQFHV�WKH�SRVWPHDVXUHPHQW�RI�WKH�GHSHQGHQW�YDULDEOH

&RQVLGHU� D� VWXG\� LQYHVWLJDWLQJ� WKH� HIIHFW� RI� D� SHHU�WXWRULQJ� SURFHGXUH� RQ
VSHOOLQJ�SHUIRUPDQFH��,Q�WKLV�SURFHGXUH��RQH�VWXGHQW�VHUYHV�DV�D�WXWRU�DQG�WKH�RWKHU
DV�D�WXWHH��7XWRUV�GLFWDWH�ZRUGV�WR�D�WXWHH��SURYLGH�IHHGEDFN�DV�WR�ZKHWKHU�WKH�WXWHH
VSHOOV� WKH� ZRUG� FRUUHFWO\�� DQG� WKHQ� SURYLGH� WKH� FRUUHFW� VSHOOLQJ� LI� WKH� ZRUG� LV
VSHOOHG� ZURQJ�� $IWHU� D� JLYHQ� QXPEHU� RI� ZRUGV�� WKH� VWXGHQWV� UHYHUVH� UROHV� DQG
FRQWLQXH�WKH�WXWRULQJ�SURFHGXUH��2QH�DSSURDFK�WR�LQYHVWLJDWLQJ�WKH�HIILFDF\�RI�VXFK�D
WXWRULQJ�SURFHGXUH�LV�WR�WHVW�WKH�VWXGHQWV�RQ�WKH�VSHHG�ZLWK�ZKLFK�WKH\�FDQ�OHDUQ�WR
FRUUHFWO\�VSHOO�D�OLVW�RI�ZRUGV�EHIRUH�WKH�WXWRULQJ�SURFHGXUH�LV�LPSOHPHQWHG��7KHQ
LPSOHPHQW� WKH� WXWRULQJ� SURFHGXUH�� $IWHU� WKH� VWXGHQWV� KDYH� KDG� DQ� RSSRUWXQLW\� WR
SUDFWLFH�DQG�EHFRPH�IDPLOLDU�ZLWK�WKLV�SURFHGXUH��WHVW�WKHP�DJDLQ�RQ�WKH�VSHHG�ZLWK
ZKLFK�WKH\�OHDUQ�WR�VSHOO�FRUUHFWO\�D�OLVW�RI�ZRUGV�HTXLYDOHQW�WR�WKH�OLVW�WKDW�WKH\�KDG
SUHYLRXVO\�EHHQ�DVNHG�WR�OHDUQ��,I�WKH\�UHTXLUH�OHVV�WLPH�WR�OHDUQ�WR�VSHOO�WKH�OLVW�RI
ZRUGV� FRUUHFWO\� DIWHU� WKH� WXWRULQJ� SURFHGXUH� LV� LPSOHPHQWHG� WKDQ� EHIRUH� LW� LV
LPSOHPHQWHG�� WKLV� VKRXOG� LQGLFDWH� WKDW� WKH� SHHU�WXWRULQJ� SURFHGXUH� LV� D� PRUH
HIILFLHQW�PHWKRG�RI�VSHOOLQJ�LQVWUXFWLRQ�

�),*85(����������,OOXVWUDWLRQ�RI�H[WUDQHRXV�KLVWRU\�HYHQWV

7KH�GLIILFXOW\�ZLWK�WKLV�DVVXPSWLRQ�LV� WKDW�D�WLPH�LQWHUYDO�HODSVHG�EHWZHHQ�WKH
SUHWHVW�DQG�SRVWWHVW�PHDVXUHPHQWV��,W�LV�SRVVLEOH�WKDW�VRPH�HYHQW�RWKHU�WKDQ�MXVW�WKH
WXWRULQJ�V\VWHP�KDG�DQ�HIIHFW�RQ�WKH�SDUWLFLSDQWV�GXULQJ�WKLV�WLPH�DQG�WKDW�WKLV�HYHQW
LQIOXHQFHG� WKHLU� SHUIRUPDQFH� RQ� WKH� VSHOOLQJ� SRVWWHVW�� )RU� H[DPSOH�� WR� LPSOHPHQW
WKH�SHHU�WXWRULQJ�V\VWHP�� WKH�WHDFKHU�KDV� WR�SURYLGH�LQVWUXFWLRQ�WR� WKH�VWXGHQWV�DQG
FRQVWDQWO\�PRQLWRU� WKHLU� SHUIRUPDQFH� WR� HQVXUH� WKDW� WKH\� DUH� FRQGXFWLQJ� WKH� SHHU



WXWRULQJ� FRUUHFWO\�� 7KLV� PRQLWRULQJ� E\� WKH� WHDFKHU� PLJKW� LQFUHDVH� WKH� VWXGHQWV¶
PRWLYDWLRQ�WR�OHDUQ�WR�VSHOO�WKH�OLVW�RI�ZRUGV�DQG�DIIHFW�WKHLU�VSHOOLQJ�SHUIRUPDQFH�
,I�WKH�PRQLWRULQJ�GRHV�LQIOXHQFH�WKH�VWXGHQWV¶�PRWLYDWLRQ�DQG�WKHUHIRUH�WKHLU�VSHOOLQJ
SHUIRUPDQFH�� LW� UHSUHVHQWV� D�KLVWRU\�YDULDEOH� DQG� IXQFWLRQV� DV� D� ULYDO� H[SODQDWLRQ
IRU� WKH� VWXGHQWV¶� HQKDQFHG� VSHOOLQJ� SHUIRUPDQFH�� 6XFK� KLVWRU\� HYHQWV� UHSUHVHQW
WKUHDWV�WR�WKH�LQWHUQDO�YDOLGLW\�RI�VWXGLHV�ZKHQ�WKH\�DUH�SODXVLEOH�ULYDO�H[SODQDWLRQV
IRU� WKH�RXWFRPH�RI� WKH�VWXG\��7KH�KLVWRU\� WKUHDW� LV�HVSHFLDOO\�ZRUULVRPH��D��ZKHQ
VRPHWKLQJ� LQ� DGGLWLRQ� WR� WKH� WUHDWPHQW� RFFXUV� EHWZHHQ� WKH� SUHWHVW� DQG� SRVWWHVW
PHDVXUHPHQWV� RI� WKH� GHSHQGHQW� YDULDEOH� DQG� �E��ZKHQ� WKH� WLPH� LQWHUYDO� EHWZHHQ
SUHWHVW�DQG�SRVWWHVW�PHDVXUHPHQW�LV�OHQJWK\�

0DWXUDWLRQ

0DWXUDWLRQ� UHIHUV� WR� SK\VLFDO� RU� PHQWDO� FKDQJHV� WKDW� PD\� RFFXU� ZLWKLQ
LQGLYLGXDOV�RYHU�WLPH��VXFK�DV�DJLQJ��OHDUQLQJ��ERUHGRP��KXQJHU��DQG�IDWLJXH��6XFK
FKDQJHV�FDQ�DIIHFW�DQ�LQGLYLGXDO¶V�SHUIRUPDQFH�RQ�WKH�GHSHQGHQW�YDULDEOH��%HFDXVH
VXFK� FKDQJHV� PLJKW� DOWHU� SHUIRUPDQFH� RQ� WKH� GHSHQGHQW� YDULDEOH�� WKH\� UHSUHVHQW
WKUHDWV� WR� WKH� LQWHUQDO�YDOLGLW\�RI�D�VWXG\�� ,I�\RX�XVH� WKH�RQH�JURXS�SUHWHVW�SRVWWHVW
GHVLJQ�DQG�\RX�DGPLQLVWHU�D� WUHDWPHQW�EHWZHHQ�WKH�SUHWHVW�DQG�SRVWWHVW��\RX�PLJKW
ZDQW�WR�FRQFOXGH�WKDW�WKH�FKDQJH�LV�GXH�WR�\RXU�WUHDWPHQW��8QIRUWXQDWHO\��DQ\�RU�DOO
RI� WKH�PHDVXUHG�FKDQJH� IURP�SUHWHVW� WR�SRVWWHVW�FRXOG�EH�GXH� WR�PDWXUDWLRQ� UDWKHU
WKDQ�WR�WKH�HIIHFW�RI�\RXU�WUHDWPHQW�FRQGLWLRQ�

��0DWXUDWLRQ�$Q\�SK\VLFDO�RU�PHQWDO�FKDQJH�WKDW�RFFXUV�RYHU�WLPH�WKDW�DIIHFWV
SHUIRUPDQFH�RQ�WKH�GHSHQGHQW�YDULDEOH

)RU�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW�WR�DVVHVV�WKH�HIIHFW�RI�D�QHZ�SURJUDP�RQ�WKH
GHYHORSPHQW�RI�VHOI�HIILFDF\�RI�FKLOGUHQ�LQ�WKH�ILUVW�JUDGH��7R�WHVW�WKH�HIIHFW�RI�WKLV
SURJUDP��\RX�GHFLGH�WR�SUHWHVW�D�JURXS�RI�ILUVW�JUDGHUV�RQ�VHOI�HIILFDF\�EHIRUH�WKH\
HQWHU�\RXU�SURJUDP�DQG� WKHQ� WHVW� WKHP�D�VHFRQG� WLPH�DIWHU� WKH\�KDYH�EHHQ� LQ�\RXU
SURJUDP�IRU�D�\HDU��$W�WKH�HQG��SHUKDSV�\RX�ILQG�WKDW�WKH�FKLOGUHQ�PDGH�VLJQLILFDQW
DGYDQFHV� LQ� WKHLU� VHOI�HIILFDF\�� $OWKRXJK� LW� PLJKW� EH� WHPSWLQJ� WR� DWWULEXWH� WKH
LPSURYHPHQW�WR�\RXU�QHZ�SURJUDP��DOO�RU�SDUW�RI�WKH�LPSURYHPHQW�PLJKW�KDYH�EHHQ
GXH� WR� D� PDWXUDWLRQ� HIIHFW�� RU� WKH� LPSURYHPHQW� LQ� VHOI�HIILFDF\� WKDW� ZRXOG� KDYH
WDNHQ� SODFH�ZLWKRXW� WKH� SURJUDP�� 7KH�PDWXUDWLRQDO� HIIHFW�ZRXOG� WKXV� UHSUHVHQW� D
ULYDO�H[SODQDWLRQ�IRU�WKH�DGYDQFHPHQW�LQ�VHOI�HIILFDF\�RI�WKH�FKLOGUHQ��DQG�LW�ZRXOG
UHSUHVHQW�D�WKUHDW�WR�WKH�LQWHUQDO�YDOLGLW\�RI�\RXU�VWXG\�

7HVWLQJ

7HVWLQJ�UHIHUV�WR�FKDQJHV�WKDW�PD\�RFFXU�LQ�SDUWLFLSDQWV¶�VFRUHV�REWDLQHG�RQ�WKH
VHFRQG� DGPLQLVWUDWLRQ� RI� D� WHVW� DV� D� UHVXOW� RI� SUHYLRXVO\� KDYLQJ� WDNHQ� WKH� WHVW�� ,Q
RWKHU�ZRUGV��WKH�H[SHULHQFH�RI�KDYLQJ�WDNHQ�D�SUHWHVW�PD\�DOWHU�WKH�UHVXOWV�REWDLQHG
RQ� WKH� SRVWWHVW�� LQGHSHQGHQW� RI� DQ\� WUHDWPHQW� HIIHFW� RU� H[SHULPHQWDO�PDQLSXODWLRQ
LQWHUYHQLQJ�EHWZHHQ�WKH�SUHWHVW�DQG�WKH�SRVWWHVW��7DNLQJ�WKH�SUHWHVW�GRHV�D�QXPEHU�RI



WKLQJV�WKDW�FDQ�DOWHU�D�SHUVRQ¶V�SHUIRUPDQFH�RQ�D�VXEVHTXHQW�DGPLQLVWUDWLRQ�RI� WKH
VDPH�WHVW��7DNLQJ�D�WHVW�IDPLOLDUL]HV�\RX�ZLWK�WKH�FRQWHQW�RI�WKH�WHVW��$IWHU�WDNLQJ�D
WHVW��\RX�PLJKW� WKLQN�DERXW�HUURUV�\RX�PDGH� WKDW�\RX�FRXOG�FRUUHFW� LI�\RX� WRRN� WKH
WHVW� DJDLQ��:KHQ� WKH� WHVW� LV� DGPLQLVWHUHG� D� VHFRQG� WLPH�� \RX� DUH� DOUHDG\� IDPLOLDU
ZLWK� LW� DQG� PLJKW� UHPHPEHU� VRPH� RI� \RXU� SULRU� UHVSRQVHV�� 7KLV� FDQ� OHDG� WR
HQKDQFHG�SHUIRUPDQFH� WKDW� LV� HQWLUHO\� WLHG� WR� WKH� LQLWLDO� RU� SUHWHVW� DGPLQLVWUDWLRQ�
$Q\�DOWHUDWLRQ� LQ�SHUIRUPDQFH�DV� D� UHVXOW� RI� D� WHVWLQJ� HIIHFW� WKUHDWHQV� WKH� LQWHUQDO
YDOLGLW\�RI�D�RQH�JURXS�VWXG\�EHFDXVH�LW�VHUYHV�DV�D�ULYDO�K\SRWKHVLV�WR�WKH�WUHDWPHQW
HIIHFW��:KHQHYHU�WKH�VDPH�WHVW�LV�DGPLQLVWHUHG�RQ�PXOWLSOH�RFFDVLRQV��VRPH�FRQWURO
QHHGV�WR�EH�LPSOHPHQWHG�WR�UXOH�RXW� WKH�HIIHFW�RI� WHVWLQJ�DV�DQ�DOWHUQDWLYH�RU�ULYDO
K\SRWKHVLV�

��7HVWLQJ�$Q\�FKDQJH�LQ�VFRUHV�REWDLQHG�RQ�WKH�VHFRQG�DGPLQLVWUDWLRQ�RI�D�WHVW
DV�D�UHVXOW�RI�KDYLQJ�SUHYLRXVO\�WDNHQ�WKH�WHVW

6QRZOLQJ�� *RXODQGULV�� DQG� 'HIW\� �������� IRU� H[DPSOH�� FRQGXFWHG� D� VWXG\
GHVLJQHG�WR�LQFUHDVH�WKH�OLWHUDF\�VNLOOV�RI�FKLOGUHQ�ZLWK�G\VOH[LD��7KH\�DGPLQLVWHUHG
D�QXPEHU�RI�UHDGLQJ��VSHOOLQJ��DQG�YRFDEXODU\�WHVWV�WR�FKLOGUHQ�ZLWK�G\VOH[LD�DW�WKH
EHJLQQLQJ�RI� WKHLU� VWXG\�DQG�DJDLQ���\HDUV� ODWHU��6RPH�RI� WKHVH� WHVWV�ZHUH�D� OLWWOH
XQXVXDO��VXFK�DV�WKH�5K\PH�6HQVLWLYLW\�7HVW��ZKLFK�SUHVHQWHG�FKLOGUHQ�ZLWK�D�VWULQJ
RI�IRXU�ZRUGV��H�J���FRW��KRW��IR[��SRW��IRU�ZKLFK�WKH\�ZHUH�WR�LGHQWLI\�WKH�RGG�ZRUG
LQ�WKH�UK\PH�VHJPHQW��IR[�LQ�WKLV�H[DPSOH���7KH�XQXVXDO�QDWXUH�RI�WKLV�WHVW�VXJJHVWV
WKDW� LW�PLJKW�EH� VXEMHFW� WR� D� WHVWLQJ� HIIHFW� EHFDXVH� LW�ZRXOG� VHHP�DV� WKRXJK�� DIWHU
SDUWLFLSDWLQJ�LQ�WKLV�WHVW�RQFH��FKLOGUHQ�ZRXOG�EH�PRUH�IDPLOLDU�ZLWK�LW�DQG�ZRXOG
EH� DEOH� WR� SHUIRUP� EHWWHU� RQ� D� VXEVHTXHQW� DGPLQLVWUDWLRQ� RI� WKH� WHVW�� ,I� WKLV
IDPLOLDUL]DWLRQ� HIIHFW� GLG� H[LVW�� LW�ZRXOG� DFFRXQW� IRU� VRPH�RI� WKH� LPSURYHPHQW� LQ
SHUIRUPDQFH�GHPRQVWUDWHG�E\� WKH�G\VOH[LF�FKLOGUHQ�� ,W�ZRXOG� WKHUHIRUH�VHUYH�DV�D
ULYDO�H[SODQDWLRQ�IRU�WKH�LPSURYHPHQW�REVHUYHG�RYHU�WKH���\HDUV�DQG�SUHFOXGH�WKH
FRQFOXVLRQ�WKDW�WKH�SURJUDP�FDXVHG�WKH�LPSURYHPHQW��6QRZOLQJ�HW�DO��GLG�DWWHPSW�WR
FRQWURO�IRU�VXFK�D�SUHWHVWLQJ�HIIHFW�E\�LQFOXGLQJ�WZR�SUDFWLFH�VHVVLRQV�LQ�ZKLFK�WKH
FKLOGUHQ�FRXOG�EHFRPH�IDPLOLDU�ZLWK�WKH�WHVW�EHIRUH�WKH�SUHWHVW�

,QVWUXPHQWDWLRQ

,QVWUXPHQWDWLRQ� UHIHUV� WR�DQ\�FKDQJH� WKDW�RFFXUV� LQ� WKH�PHDVXULQJ� LQVWUXPHQW�
$Q� LQVWUXPHQWDWLRQ� WKUHDW� RFFXUV� LQ� WZR� SULPDU\� ZD\V�� ,W� FDQ� RFFXU� ZKHQ� WKH
PHDVXUHPHQW� LQVWUXPHQW� WKDW� LV� XVHG� GXULQJ� SUHWHVWLQJ� LV� GLIIHUHQW� IURP� WKDW� XVHG
GXULQJ� SRVWWHVWLQJ�� ,I� WKH� WHVWV� XVHG� GXULQJ� SUHWHVWLQJ� DQG� SRVWWHVWLQJ� DUH� QRW
HTXLYDOHQW�� D� GLIIHUHQFH� EHWZHHQ� WKH� WZR�SHUIRUPDQFH�PHDVXUHV�PLJKW� EH� VWULFWO\
GXH� WR� WKH� GLIIHUHQFH� LQ� WKH� ZD\� WKH� WZR� WHVWV� DUH� DVVHVVLQJ� SHUIRUPDQFH�� )RU
H[DPSOH�� DVVXPH� WKDW� FKLOGUHQ�ZLWK�G\VOH[LD� DUH� WHVWHG�DW� WLPH���ZLWK�RQH� WHVW�RI
UK\PH� VHQVLWLYLW\� DQG� DUH� WHVWHG� �� \HDUV� ODWHU� ZLWK� D� GLIIHUHQW� WHVW� RI� UK\PH
VHQVLWLYLW\�� ,I�D�FRPSDULVRQ� LV�PDGH�RI� UK\PH�VHQVLWLYLW\� IURP� WLPH���DQG���\HDUV
ODWHU� DW� WLPH� ��� DQ\� GLIIHUHQFH� WKDW� LV� REVHUYHG� FRXOG� EH� GXH� WR� WKH� FKLOGUHQ¶V
HQKDQFHG�GHYHORSPHQW�RI�UK\PH�VHQVLWLYLW\��+RZHYHU��WKH�FKDQJH�FRXOG�DOVR�EH�GXH



WR�WKH�GLIIHUHQFHV�LQ�WKH�ZD\�WKH�WZR�WHVWV�PHDVXUH�UK\PH�VHQVLWLYLW\��ZKLFK�ZRXOG
EH�DQ�LQVWUXPHQWDWLRQ�HIIHFW�WKDW�ZRXOG�UHSUHVHQW�D�ULYDO�H[SODQDWLRQ�IRU�WKH�FKDQJH
REVHUYHG�

��,QVWUXPHQWDWLRQ�$Q\�FKDQJH�WKDW�RFFXUV�LQ�WKH�ZD\�WKH�GHSHQGHQW�YDULDEOH�LV
PHDVXUHG

$Q� LQVWUXPHQWDWLRQ� HIIHFW� FDQ� DOVR� RFFXU� ZKHQ� GDWD� DUH� FROOHFWHG� WKURXJK
REVHUYDWLRQ��0DQ\� HGXFDWLRQDO� UHVHDUFKHUV� XVH� KXPDQ� REVHUYHUV� WR� FROOHFW� GDWD�
+XPDQ�REVHUYHUV�VXFK�DV�WHDFKHUV�DUH��XQIRUWXQDWHO\��VXEMHFW�WR�VXFK�LQIOXHQFHV�DV
IDWLJXH�� ERUHGRP�� DQG� OHDUQLQJ� SURFHVVHV�� ,Q� DGPLQLVWHULQJ� LQWHOOLJHQFH� WHVWV�� IRU
H[DPSOH�� WKH� WHVWHU� W\SLFDOO\� JDLQV� IDFLOLW\� DQG� VNLOO� RYHU� WLPH� DQG� FROOHFWV�PRUH
UHOLDEOH� DQG�YDOLG�GDWD� DV� DGGLWLRQDO� WHVWV� DUH�JLYHQ��2EVHUYHUV� DQG� LQWHUYLHZHUV
DUH�DOVR�XVHG�WR�DVVHVV�WKH�HIIHFWV�RI�YDULRXV�H[SHULPHQWDO�WUHDWPHQWV��)RU�H[DPSOH�
6FKDIHU�DQG�6PLWK� �������KDG� WHDFKHUV�DQG�FKLOGUHQ�YLHZ�YLGHRWDSHV�RI� FKLOGUHQ
HQJDJHG�LQ�SOD\IXO�DQG�UHDO�ILJKWV�WR�PDNH�MXGJPHQWV�DV�WR�ZKHWKHU�WKH�ILJKWV�ZHUH
UHDO�RU�SOD\��$V�WKH�REVHUYHUV�DQG�LQWHUYLHZHUV�DVVHVV�PRUH�DQG�PRUH�LQGLYLGXDOV�
WKH\� JDLQ� VNLOO�� ,QWHUYLHZHUV� PLJKW�� IRU� H[DPSOH�� JDLQ� DGGLWLRQDO� VNLOO� ZLWK
FRQGXFWLQJ�WKH�LQWHUYLHZ�RU�ZLWK�REVHUYLQJ�D�SDUWLFXODU�W\SH�RI�EHKDYLRU��SURGXFLQJ
FKDQJHV� LQ� WKH�GDWD� FROOHFWHG� WKDW� FDQQRW�EH� DWWULEXWHG� WR� HLWKHU� WKH�SDUWLFLSDQW�RU
DQ\�H[SHULPHQWDO�FRQGLWLRQV�EHLQJ�WHVWHG�LQ�WKH�VWXG\��7KLV�LV�ZK\�VWXGLHV�WKDW�XVH
KXPDQ� REVHUYHUV� WR� FROOHFW� GDWD� W\SLFDOO\� XVH�PRUH� WKDQ� RQH� REVHUYHU� DQG� KDYH
HDFK�REVHUYHU�JR� WKURXJK�D� WUDLQLQJ�SURJUDP�� ,Q� WKLV�ZD\��VRPH�RI� WKH�ELDVHV� WKDW
DUH� LQKHUHQW� LQ�PDNLQJ�REVHUYDWLRQV�FDQ�EH�PLQLPL]HG��DQG� WKH�YDULRXV�REVHUYHUV
FDQ�VHUYH�DV�FKHFNV�RQ�RQH�DQRWKHU�WR�HQVXUH�WKDW�DFFXUDWH�GDWD�DUH�EHLQJ�FROOHFWHG�

5HJUHVVLRQ�$UWLIDFWV

7KH�FRQFHSW�RI�UHJUHVVLRQ�DUWLIDFW� �DOVR�FDOOHG�UHJUHVVLRQ� WRZDUG� WKH�PHDQ�
UHIHUV� WR� WKH� IDFW� WKDW�H[WUHPH� �KLJK�RU� ORZ�� VFRUHV�ZLOO� WHQG� WR� UHJUHVV�RU�PRYH
WRZDUG� WKH� PHDQ� RI� D� GLVWULEXWLRQ� RQ� D� VHFRQG� WHVWLQJ� RU� DVVHVVPHQW�� 0DQ\
HGXFDWLRQDO� UHVHDUFK� VWXGLHV� DUH� GHVLJQHG� LQ� VXFK� D� ZD\� WKDW� WKH� UHVHDUFK
SDUWLFLSDQWV� DUH� WHVWHG� EHIRUH� DQG� DIWHU� VRPH� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ� LV
DGPLQLVWHUHG� IRU� WKH� SXUSRVH� RI� DVVHVVLQJ� FKDQJH�� $GGLWLRQDOO\�� PDQ\� RI� WKHVH
VWXGLHV� LQYHVWLJDWH� VSHFLDO� JURXSV� RI� LQGLYLGXDOV� VXFK� DV� FKLOGUHQ� ZLWK� OHDUQLQJ
GLVDELOLWLHV� RU� SHRSOH� ZLWK� D� VSHFLILF� GHILFLHQF\� VXFK� DV� SRRU� UHDGLQJ� RU
PDWKHPDWLFDO� DELOLW\�� 7KHVH� VSHFLDO� JURXSV� RI� UHVHDUFK� SDUWLFLSDQWV� DUH� W\SLFDOO\
LGHQWLILHG� E\� KDYLQJ� H[WUHPH� VFRUHV� VXFK� DV� ORZ� UHDGLQJ� FRPSUHKHQVLRQ� VFRUHV�
$IWHU� WKH� UHVHDUFK� SDUWLFLSDQWV� DUH� VHOHFWHG�� WKH\� DUH� JLYHQ� VRPH� H[SHULPHQWDO
WUHDWPHQW�FRQGLWLRQ�WR�LPSURYH�WKLV�GHILFLHQF\�RU�DPHOLRUDWH�WKH�VSHFLDO�FRQGLWLRQ�
$Q\�SRVLWLYH�FKDQJH�IURP�SUHWHVWLQJ�WR�SRVWWHVWLQJ�LV�IUHTXHQWO\�WDNHQ�DV�HYLGHQFH
RI� WKH�HIILFDF\�RI� WKH� WUHDWPHQW�SURJUDP��+RZHYHU�� WKH� LQWHUQDO�YDOLGLW\�RI� VXFK�D
VWXG\� FRXOG� EH� WKUHDWHQHG� EHFDXVH� ORZ�VFRULQJ� UHVHDUFK� SDUWLFLSDQWV�PLJKW� VFRUH
KLJKHU�RQ�SRVWWHVWLQJ�QRW�EHFDXVH�RI�DQ\�H[SHULPHQWDO�WUHDWPHQW�HIIHFW�EXW�EHFDXVH
RI�D�UHJUHVVLRQ�DUWLIDFW�



��5HJUHVVLRQ�DUWLIDFW�7KH�WHQGHQF\�RI�YHU\�KLJK�SUHWHVW�VFRUHV�WR�EHFRPH
ORZHU�DQG�YHU\�ORZ�SUHWHVW�VFRUHV�WR�EHFRPH�KLJKHU�RQ�SRVWWHVWLQJ

7R� LOOXVWUDWH� WKH� UHJUHVVLRQ�HIIHFW�� DVVXPH�\RX�ZDQW� WR� WHVW� D� WHFKQLTXH� WKDW� LV
VXSSRVHG� WR� LQFUHDVH� WKH� UHDGLQJ� FRPSUHKHQVLRQ� RI� \RXQJ� FKLOGUHQ�� 7R� WHVW� WKLV
WHFKQLTXH��\RX�JLYH�D� UHDGLQJ�FRPSUHKHQVLRQ� WHVW� WR�D�JURXS�RI���� WR����\HDU�ROG
FKLOGUHQ�DQG�VHOHFW�IRU�\RXU�VWXG\�DOO�WKRVH�FKLOGUHQ�ZKR�UHFHLYHG�WKH�ORZHVW����
RI�WKH�VFRUHV�RQ�WKLV�WHVW��1DWXUDOO\��VRPH�RI�WKHVH�LQGLYLGXDOV�UHFHLYHG�ORZ�VFRUHV
EHFDXVH� WKH\� KDG� YHU\� SRRU� UHDGLQJ� FRPSUHKHQVLRQ� DELOLW\�� +RZHYHU�� RWKHUV
SUREDEO\�UHFHLYHG�ORZ�UHDGLQJ�FRPSUHKHQVLRQ�VFRUHV�EHFDXVH�WKH\�GLG�QRW�WU\�YHU\
KDUG��ZHUH� WLUHG�EHFDXVH� WKH\� VWD\HG�XS� ODWH� WKH�QLJKW�EHIRUH��RU�ZHUH�HVSHFLDOO\
VWUHVVHG� EHFDXVH� RI� VRPHWKLQJ� OLNH� PRYLQJ� WR� DQRWKHU� VFKRRO� RU� WKHLU� SDUHQWV¶
JHWWLQJ�D�GLYRUFH��7KHVH�LQGLYLGXDOV�ZRXOG�KDYH�DUWLILFLDOO\�ORZ�VFRUHV�EHFDXVH�RI
WKHVH� H[WUDQHRXV� IDFWRUV�� 2Q� UHWHVWLQJ�� WKHVH� FKLOGUHQ� ZRXOG� EH� H[SHFWHG� WR� GR
EHWWHU�EHFDXVH�LW�LV�XQOLNHO\�WKDW�WKHVH�H[WUDQHRXV�IDFWRUV�ZRXOG�DJDLQ�RSHUDWH�WR�WKH
VDPH� H[WHQW� WR� GHSUHVV� WKHLU� UHDGLQJ� FRPSUHKHQVLRQ� VFRUHV�� &RQVHTXHQWO\�� WKH
SRVWWHVW�VFRUHV�ZRXOG�EH�KLJKHU��+RZHYHU��WKHVH�KLJKHU�VFRUHV�ZRXOG�EH�WKH�UHVXOW
RI�D�UHJUHVVLRQ�DUWLIDFW�DQG�QRW�WKH�H[SHULPHQWDO�WUHDWPHQW�PHDQW�WR�LPSURYH�UHDGLQJ
FRPSUHKHQVLRQ��,Q�WKLV�FDVH��UHJUHVVLRQ�WRZDUG�WKH�PHDQ�ZRXOG�WKUHDWHQ�WKH�LQWHUQDO
YDOLGLW\�RI�WKH�VWXG\�

7KUHDWV�WR�,QWHUQDO�9DOLGLW\�LQ�0XOWLJURXS�'HVLJQV
%HIRUH�GLVFXVVLQJ�WKH�WKUHDWV�WR�YDOLGLW\�LQ�PXOWLJURXS�GHVLJQV��ZH�ZLOO�PDNH�D

NH\�SRLQW��$OO� RI� WKH� EDVLF� �L�H��� QRQGLIIHUHQWLDO�� WKUHDWV� WR� LQWHUQDO� YDOLGLW\� IRU
VLQJOH�JURXS� GHVLJQV� MXVW� GLVFXVVHG� ZRXOG� KDYH� EHHQ� HOLPLQDWHG� LI� D� FRQWURO
JURXS� KDG� EHHQ� LQFOXGHG�� $GGLQJ� D� FRQWURO� JURXS� WR� D� VLQJOH�JURXS� GHVLJQ
SURGXFHV�D�PXOWLJURXS�UHVHDUFK�GHVLJQ��VXFK�DV�WKH�RQH�VKRZQ�LQ�)LJXUH�������<RX
DUH�SUREDEO\�ZRQGHULQJ��:K\�GRHV�LQFOXVLRQ�RI�D�FRQWURO�JURXS�HOLPLQDWH�VR�PDQ\
WKUHDWV"�:H�ZLOO�DQVZHU�WKLV�LQ�WKH�QH[W�SDUDJUDSK�

��0XOWLJURXS�UHVHDUFK�GHVLJQ�$�UHVHDUFK�GHVLJQ�WKDW�LQFOXGHV�PRUH�WKDQ�RQH
JURXS�RI�SDUWLFLSDQWV

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH� DGGLWLRQ� RI� D� FRQWURO� JURXS� �L�H��� PRYLQJ� IURP� D� RQH�JURXS� GHVLJQ� WR� D
PXOWLJURXS� GHVLJQ�� HQDEOHV� \RX� WR� XQWDQJOH� WKH� FRQIRXQGLQJ� HIIHFW� RI� WKH� EDVLF
WKUHDWV� IURP� WKH� LQIOXHQFH� RI� WKH� LQGHSHQGHQW� YDULDEOH��$V� ORQJ� DV� WKH� HIIHFW� RI� D
EDVLF�WKUHDW��H�J���KLVWRU\��PDWXUDWLRQ��WHVWLQJ��LQVWUXPHQWDWLRQ��RU�UHJUHVVLRQ�DUWLIDFW�
RFFXUV� IRU� ERWK� JURXSV�� LW� ZLOO� QRW� FDXVH� D� SUREOHP� LQ� WKH� PXOWLJURXS� GHVLJQ
EHFDXVH�\RX�DUH�GHWHUPLQLQJ�WKH�WUHDWPHQW�HIIHFW�E\�FRPSDULQJ�WKH�WUHDWPHQW�JURXS
ZLWK�D�FRQWURO�JURXS��1RQH�RI�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�FDQ�EH�GXH�WR



WKH� EDVLF� WKUHDW� DV� ORQJ� DV� WKH� EDVLF� WKUHDW� DIIHFWV� ERWK� JURXSV� HTXDOO\�
&RQYHUVHO\�� LQ� WKH� RQH�JURXS� GHVLJQ�� \RX� GHWHUPLQH� WKH� WUHDWPHQW� HIIHFW� E\
FRPSDULQJ� WKH� SUHWHVW� VFRUHV� RI� WKH� LQGLYLGXDOV� LQ� WKH� VLQJOH� JURXS� ZLWK� WKHLU
SRVWWHVW� VFRUHV�� VR� \RX� KDYH� QR�ZD\� RI� VHSDUDWLQJ� WKH� HIIHFW� RI� RQH� RI� WKH� EDVLF
WKUHDWV�IURP�WKH�HIIHFW�RI�WKH�WUHDWPHQW�

<RX� ZLOO� VHH� LQ� D� PRPHQW� WKDW� WKH� EDVLF� WKUHDWV� FDQ� DSSHDU� LQ� D� PRUH
FRPSOLFDWHG�IRUP�LQ�PXOWLJURXS�GHVLJQV�LI�WKH�EDVLF�HIIHFW�RFFXUV�IRU�RQH�JURXS�EXW
QRW� IRU� WKH�RWKHU�JURXS��+RZHYHU�� WKHVH� WKUHDWV�KDYH�GLIIHUHQW�QDPHV� WR�PDNH� WKLV
GLVWLQFWLRQ�� )LUVW�� KRZHYHU�� ZH� GLVFXVV� D� YHU\� VHULRXV� WKUHDW� WKDW� DIIHFWV� RQO\
PXOWLJURXS�GHVLJQV�

�),*85(����������7ZR�JURXS�GHVLJQ�FRPSDULQJ�DQ�H[SHULPHQWDO�JURXS�WKDW
UHFHLYHV�D�WUHDWPHQW�FRQGLWLRQ�ZLWK�D�FRQWURO�JURXS�WKDW�GRHV
QRW�UHFHLYH�WKH�WUHDWPHQW�FRQGLWLRQ

'LIIHUHQWLDO�6HOHFWLRQ

'LIIHUHQWLDO�VHOHFWLRQ� �VRPHWLPHV�FDOOHG� VHOHFWLRQ�� LV� D� WKUHDW� WR� WKH� LQWHUQDO
YDOLGLW\�RI�D�PXOWLJURXS�VWXG\�ZKHQ�D�GLIIHUHQFH�H[LVWV��DW�WKH�RXWVHW�RI�WKH�UHVHDUFK
VWXG\�� EHWZHHQ� WKH� FKDUDFWHULVWLFV� RI� WKH� SDUWLFLSDQWV� IRUPLQJ� WKH� YDULRXV
FRPSDULVRQ� JURXSV� �H�J��� WUHDWPHQW� DQG� FRQWURO� JURXSV��� 3DUWLFLSDQWV� LQ� GLIIHUHQW
JURXSV�FDQ�GLIIHU�LQ�PDQ\�ZD\V��DV�LOOXVWUDWHG�LQ�7DEOH�������2QH�ZD\�LQ�ZKLFK�WKLV
GLIIHUHQFH�FDQ�RFFXU�LV�LI�\RX��DV�WKH�UHVHDUFKHU��KDYH�WR�XVH�JURXSV�RI�SDUWLFLSDQWV
WKDW�DUH�DOUHDG\�IRUPHG�

��'LIIHUHQWLDO�VHOHFWLRQ�6HOHFWLQJ�SDUWLFLSDQWV�ZKR�KDYH�GLIIHUHQW
FKDUDFWHULVWLFV�IRU�WKH�YDULRXV�WUHDWPHQW�JURXSV

)RU�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW�WR�XVH�WKH�WZR�JURXS�GHVLJQ�LQ�)LJXUH�����
WR�WHVW�D�SURFHGXUH�IRU�HQKDQFLQJ�\RXQJ�FKLOGUHQ¶V�PRWLYDWLRQ�WR�OHDUQ��<RX�ZDQW�WR
DGPLQLVWHU� WKH�SURFHGXUH� WR�RQH�JURXS�RI�IRXUWK�JUDGH�FKLOGUHQ�DQG�FRPSDUH� WKHLU
PRWLYDWLRQ�WR�OHDUQ��DIWHU�WKLV�SURFHGXUH�KDV�EHHQ�LPSOHPHQWHG��ZLWK�WKDW�RI�D�JURXS
RI� IRXUWK�JUDGH� FKLOGUHQ�ZKR� KDYH� QRW� H[SHULHQFHG� WKLV� SURFHGXUH�� ,Q� FRQGXFWLQJ
WKLV�VWXG\��\RX�REWDLQ�SHUPLVVLRQ�IURP�WKH�ORFDO�VFKRRO�GLVWULFW��+RZHYHU��\RX�ILQG
WKDW� \RX� KDYH� WR� DGPLQLVWHU� WKH� H[SHULPHQWDO� SURFHGXUH� WR� RQH� IRXUWK�JUDGH� FODVV
DQG�FRPSDUH�LWV�SHUIRUPDQFH�ZLWK�WKDW�RI�DQRWKHU�IRXUWK�JUDGH�FODVV��\RXU�FRQWURO
JURXS���7KLV�PLJKW�QRW�VHHP�WR�EH�D�SUREOHP�EHFDXVH�ERWK�JURXSV�DUH�IRXUWK�JUDGH
VWXGHQWV��+RZHYHU��WKHUH�LV�QR�JXDUDQWHH�WKDW�WKH�VWXGHQWV�LQ�WKHVH�WZR�FODVVHV�KDYH
WKH�VDPH�PRWLYDWLRQ�WR�OHDUQ�EHIRUH�WKH�VWXG\�LV�FRQGXFWHG��,I�WKH�FODVV�WKDW�UHFHLYHV
WKH�H[SHULPHQWDO�SURFHGXUH�KDG�D�JUHDWHU�PRWLYDWLRQ�WR�OHDUQ�EHIRUH�FRQGXFWLQJ�WKH



VWXG\��WKH\�ZLOO�QDWXUDOO\�VKRZ�XS�DV�KDYLQJ�D�JUHDWHU�PRWLYDWLRQ�WR�OHDUQ�DIWHU�WKH
H[SHULPHQWDO� SURFHGXUH� LV� LPSOHPHQWHG�� $Q\� GLIIHUHQFH� LQ� PRWLYDWLRQ� WR� OHDUQ
EHWZHHQ�WKH�WZR�IRXUWK�JUDGH�FODVVHV�FRXOG�WKHUHIRUH�EH�GXH�HQWLUHO\�WR�D�VHOHFWLRQ
ELDV��7KLV�LV�ZK\�UDQGRP�DVVLJQPHQW�LV�VR�LPSRUWDQW�

$GGLWLYH�DQG�,QWHUDFWLYH�(IIHFWV

7KH�WHUP�DGGLWLYH�DQG�LQWHUDFWLYH�HIIHFWV� UHIHUV� WR� WKH�IDFW� WKDW� WKH� WKUHDWV� WR
LQWHUQDO� YDOLGLW\� FDQ� FRPELQH� WR� SURGXFH� FRPSOH[� ELDVHV� LQ�PXOWLJURXS� GHVLJQV�
:H� ZLOO� EULHIO\� GLVFXVV� VRPH� RI� WKHVH� WKUHDWV� WKDW� KDYH� EHHQ� LGHQWLILHG�� $V� ZH
GLVFXVV�WKHVH�WKUHDWV��NHHS�LQ�PLQG�WKH�NH\�LGHD�WKDW�LQ�D�PXOWLJURXS�GHVLJQ��\RXU
JRDO�LV�IRU�WKH�FRPSDULVRQ�JURXSV��H�J���WUHDWPHQW�JURXS�DQG�FRQWURO�JURXS��WR�EH
VLPLODU�RQ�DOO�YDULDEOHV�H[FHSW� IRU� WKH� LQGHSHQGHQW�YDULDEOH� WKDW�GHOLQHDWHV� WKH
GLIIHUHQW�FRQGLWLRQV�IRU�FRPSDULVRQ��:H�KDYH�PHQWLRQHG�LQ�&KDSWHUV�������WKDW�WKH
EHVW� ZD\� WR� ³HTXDWH� WKH� JURXSV´� RQ� DOO� H[WUDQHRXV� YDULDEOHV� DW� WKH� VWDUW� RI� DQ
H[SHULPHQW�LV� WR�XVH�UDQGRP�DVVLJQPHQW��2QFH�\RXU�H[SHULPHQW�EHJLQV��KRZHYHU�
\RX�PXVW�FRQWLQXH�WR�WUHDW�WKH�WUHDWPHQW�DQG�FRQWURO�JURXSV�LQ�WKH�VDPH�ZD\��ZLWK�WKH
VLQJOH�H[FHSWLRQ�EHLQJ�WKDW�WKH�SDUWLFLSDQWV�UHFHLYH�WKH�GLIIHUHQW�FRQGLWLRQV�GHILQHG
E\�\RXU�LQGHSHQGHQW�YDULDEOH�

��$GGLWLYH�DQG�LQWHUDFWLYH�HIIHFWV�2FFXU�ZKHQ�WZR�RU�PRUH�EDVLF�WKUHDWV�WR
LQWHUQDO�YDOLGLW\�FRPELQH�WR�SURGXFH�D�PRUH�FRPSOH[�ELDV

�7$%/(�������&KDUDFWHULVWLFV�RQ�:KLFK�5HVHDUFK�3DUWLFLSDQWV�&DQ�'LIIHU

'LIIHUHQWLDO�VHOHFWLRQ��RU� WKH�IDFW� WKDW� WKH�FRPSDULVRQ�JURXSV�DUH�FRPSRVHG�RI
GLIIHUHQW�NLQGV�RI�SHRSOH��FDQ�FRPELQH�ZLWK�DQ\�RI�WKH�EDVLF�WKUHDWV��)RU�H[DPSOH��D
VHOHFWLRQ�KLVWRU\�HIIHFW�RFFXUV�ZKHQ� WKH�JURXSV�DUH�H[SRVHG� WR� WKH� VDPH�KLVWRU\
HYHQW�EXW�UHDFW�GLIIHUHQWO\�WR�LW��7KLV�FDQ�KDSSHQ�ZKHQ�WKH�JURXSV�DUH�FRPSRVHG�RI
GLIIHUHQW� NLQGV� RI� SHRSOH�� $� FORVHO\� UHODWHG� HIIHFW� LV� GLIIHUHQWLDO� KLVWRU\� HIIHFW�
ZKHUH� WKH� JURXSV� DUH� H[SRVHG� WR� GLIIHUHQW� KLVWRU\� HYHQWV� DQG� WKHVH� SURGXFH
GLIIHUHQFHV�RQ�WKH�GHSHQGHQW�YDULDEOH�PHDVXUH��)RU�VLPSOLFLW\��ZH�WUHDW�VHOHFWLRQ�
KLVWRU\�DQG�GLIIHUHQWLDO�KLVWRU\�DV�V\QRQ\PV�EHFDXVH�WKH�NH\�SUREOHP�LV�WKH�VDPH
²WKH�JURXSV�EHFRPH�GLIIHUHQW�EHFDXVH�RI�D�KLVWRU\�IDFWRU�



��6HOHFWLRQ�KLVWRU\�HIIHFW�2FFXUV�ZKHQ�DQ�HYHQW�WDNLQJ�SODFH�EHWZHHQ�WKH
SUHWHVW�DQG�SRVWWHVW�GLIIHUHQWLDOO\�DIIHFWV�FRPSDULVRQ�JURXSV�DQG�REVFXUHV�WKH
WUHDWPHQW�HIIHFW

$�VHOHFWLRQ�PDWXUDWLRQ�HIIHFW� RFFXUV� LI� WKH� JURXSV�PDWXUH� DW� GLIIHUHQW� UDWHV�
7KLV� FDQ� KDSSHQ�ZKHQ� WKH� JURXSV� DUH� FRPSRVHG� RI� GLIIHUHQW� SHRSOH�� VSHFLILFDOO\
ZKHQ�WKH�SDUWLFLSDQWV�LQ�RQH�JURXS��H�J���WUHDWPHQW��PDWXUH�DW�D�GLIIHUHQW�UDWH�WKDQ�GR
WKH� SDUWLFLSDQWV� LQ� WKH� RWKHU� JURXS� �H�J��� FRQWURO��� )RU� H[DPSOH�� LI� \RX� ZHUH
FRPSDULQJ� ��\HDU�ROGV� DQG� ���\HDU�ROGV�� SDUW� RI� WKH� GLIIHUHQFH� RQ� WKH� GHSHQGHQW
YDULDEOH� DW� WKH� HQG� RI� WKH� VWXG\�PLJKW� EH� GXH� WR� WKH� JURXSV�PDWXULQJ� DW� GLIIHUHQW
UDWHV�

��6HOHFWLRQ�PDWXUDWLRQ�HIIHFW�2FFXUV�ZKHQ�FRPSDULVRQ�JURXSV�PDWXUH�DW
GLIIHUHQW�UDWHV��REVFXULQJ�WKH�WUHDWPHQW�HIIHFW

$WWULWLRQ� UHIHUV�WR�WKH�IDFW� WKDW�VRPH�LQGLYLGXDOV�GR�QRW�FRPSOHWH�WKH�RXWFRPH
PHDVXUHV��7KLV�FDQ�RFFXU�IRU�DQ\�RI�D�YDULHW\�RI�UHDVRQV��VXFK�DV�IDLOXUH�WR�VKRZ�XS
DW� WKH� VFKHGXOHG� WLPH� DQG� SODFH� RU� QRW� SDUWLFLSDWLQJ� LQ� DOO� SKDVHV� RI� WKH� VWXG\�
'LIIHUHQWLDO�DWWULWLRQ��DOVR�FDOOHG�VHOHFWLRQ�DWWULWLRQ��UHIHUV�WR�D�ELDV�WKDW�RFFXUV
LQ�D�PXOWLJURXS�VWXG\�ZKHQ�WKH�SHRSOH�ZKR�GR�QRW�FRPSOHWH�WKH�RXWFRPH�PHDVXUHV
DUH�GLIIHUHQW� LQ� WKH�YDULRXV�FRPSDULVRQ�JURXSV��7KLV� LV�D�SUREOHP�ZKHQ� LW�FDXVHV
WKH�JURXSV�WR�EHFRPH�GLIIHUHQW�LQ�D�ZD\�WKDW�SURGXFHV�GLIIHUHQFHV�RQ�WKH�GHSHQGHQW
YDULDEOH�

��$WWULWLRQ�/RVV�RI�SHRSOH�ZKR�GR�QRW�FRPSOHWH�WKH�H[SHULPHQW

��'LIIHUHQWLDO�DWWULWLRQ�$�GLIIHUHQWLDO�ORVV�RI�SDUWLFLSDQWV�IURP�WKH�YDULRXV
FRPSDULVRQ�JURXSV�WKDW�REVFXUHV�WKH�WUHDWPHQW�HIIHFW

6LPLODUO\�� WKH� RWKHU� WKUHH� EDVLF� WKUHDWV� FDQ� DOVR� LQWHUDFW� ZLWK� VHOHFWLRQ�� $
VHOHFWLRQ�WHVWLQJ�HIIHFW�RFFXUV�LI�WKH�JURXSV�UHDFW�GLIIHUHQWO\�WR�WDNLQJ�WKH�SUHWHVW�
UHVXOWLQJ� LQ� GLIIHUHQFHV� RQ� WKH� GHSHQGHQW� YDULDEOH�� $� VHOHFWLRQ�LQVWUXPHQWDWLRQ
HIIHFW� RFFXUV� LI� WKH� JURXSV� UHDFW� GLIIHUHQWO\� WR� DQ� LQVWUXPHQWDWLRQ� HIIHFW�� /DVW�� D
VHOHFWLRQ�UHJUHVVLRQ�HIIHFW�RFFXUV�LI�RQH�JURXS¶V�VFRUHV�UHJUHVV�WR�WKH�PHDQ�PRUH
WKDQ�DQRWKHU�JURXS¶V�VFRUHV�

��6HOHFWLRQ�WHVWLQJ�HIIHFW�2FFXUV�ZKHQ�JURXSV�UHDFW�WR�WKH�SUHWHVW�GLIIHUHQWO\�
REVFXULQJ�WKH�WUHDWPHQW�HIIHFW

��6HOHFWLRQ�LQVWUXPHQWDWLRQ�HIIHFW�2FFXUV�ZKHQ�JURXSV�UHDFW�GLIIHUHQWO\�WR
FKDQJHV�LQ�LQVWUXPHQWDWLRQ��REVFXULQJ�WKH�WUHDWPHQW�HIIHFW

��6HOHFWLRQ�UHJUHVVLRQ�HIIHFW�2FFXUV�ZKHQ�JURXSV�UHJUHVV�WR�WKH�PHDQ�



REVFXULQJ�WKH�WUHDWPHQW�HIIHFW

$V� D� WHVW� RI� \RXU� XQGHUVWDQGLQJ�� WKLQN� DERXW� WKH� IROORZLQJ� LQWHUQDO� YDOLGLW\
SUREOHP�� $� UHVHDUFKHU� VHOHFWHG� D� WUHDWPHQW� JURXS� ZLWK� YHU\� KLJK� VFRUHV� RQ� WKH
RXWFRPH�YDULDEOH��L�H���WKH�'9��DQG�D�FRQWURO�JURXS�ZLWK�YHU\�ORZ�VFRUHV��3HUKDSV
WKH�'9�ZDV�DFKLHYHPHQW�RQ�D�UHDGLQJ�WHVW��$IWHU�DGPLQLVWHULQJ�WKH�WUHDWPHQW�WR�WKH
WUHDWPHQW�JURXS��LW�DSSHDUHG�WKDW�WKH�FRQWURO�JURXS�DFWXDOO\�LPSURYHG�PRUH�WKDQ�WKH
WUHDWPHQW� JURXS�� +RZ� FRXOG� WKLV� KDSSHQ"� $QVZHU�� 3DUWLFLSDQWV� ZLWK� YHU\� ORZ
VFRUHV�DUH�H[SHFWHG�WR�LPSURYH�VRPHZKDW�VLPSO\�EHFDXVH�RI�WKH�UHJUHVVLRQ�DUWLIDFW
SKHQRPHQRQ��E\�UHJUHVVLQJ�XS� WRZDUG� WKH�PHDQ���DQG�SDUWLFLSDQWV�ZLWK�YHU\�KLJK
VFRUHV� DUH� H[SHFWHG� WR� KDYH� ORZHU� VFRUHV� RQ� VHFRQG� DGPLQLVWUDWLRQ� RI� WKH� WHVW
VLPSO\�EHFDXVH�RI�WKH�UHJUHVVLRQ�DUWLIDFW�SKHQRPHQRQ��E\�UHJUHVVLQJ�GRZQ�WRZDUG
WKH� PHDQ��� 7KH� IRUPHU� LV� VRPHWLPHV� FDOOHG� WKH� IORRU� HIIHFW� �EHFDXVH� YHU\� ORZ
VFRUHUV� FDQ� RQO\�PRYH� XS��� DQG� WKH� ODWWHU� LV� VRPHWLPHV� FDOOHG� WKH� FHLOLQJ� HIIHFW
�EHFDXVH�YHU\�KLJK�VFRUHUV�FDQ�RQO\�PRYH�GRZQ���,Q�WKLV�VWXG\��D�VHOHFWLRQ�SUREOHP
ZDV�SUHVHQW�EHFDXVH�RI�WKH�GLIIHUHQW�JURXSV¶�FRPSRVLWLRQ��DQG�WKLV�FRPELQHG�ZLWK
WKH� UHJUHVVLRQ�DUWLIDFW�SUREOHP�� ,W�ZRXOG� UHTXLUH�D�YHU\� VWURQJ� WUHDWPHQW�HIIHFW� WR
RYHUFRPH�WKH�VHOHFWLRQ�UHJUHVVLRQ�DUWLIDFW�GLIILFXOW\�LQ�WKLV�VLWXDWLRQ�
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�����:KDW�LV�DQ�DPELJXRXV�WHPSRUDO�SUHFHGHQFH
WKUHDW��DQG�ZK\�GRHV�LW�WKUHDWHQ�LQWHUQDO
YDOLGLW\"

�����:KDW�LV�D�KLVWRU\�WKUHDW��DQG�KRZ�GRHV�LW
RSHUDWH"

�����:KDW�LV�D�PDWXUDWLRQ�WKUHDW��DQG�KRZ�GRHV�LW
RSHUDWH"

�����:KDW�LV�D�WHVWLQJ�WKUHDW��DQG�ZK\�GRHV�WKLV�WKUHDW
H[LVW"

������ :KDW� LV� DQ� LQVWUXPHQWDWLRQ� WKUHDW�� DQG� ZKHQ
ZRXOG�WKLV�WKUHDW�H[LVW"

������:KDW�LV�D�UHJUHVVLRQ�DUWLIDFW�WKUHDW��DQG�ZK\�GRHV
WKLV�WKUHDW�H[LVW"

������:KDW�LV�D�GLIIHUHQWLDO�VHOHFWLRQ�WKUHDW��DQG�ZKHQ
ZRXOG�WKLV�WKUHDW�H[LVW"

������ :KDW� LV� PHDQW� E\� DQ� DGGLWLYH� DQG� LQWHUDFWLYH
HIIHFW�DV�D�WKUHDW�WR�LQWHUQDO�YDOLGLW\"

������:KDW� LV� WKH� NH\� SUREOHP� SURGXFHG� E\� DGGLWLYH
DQG�LQWHUDFWLYH�HIIHFWV"



(;7(51$/�9$/,',7<��25�*(1(5$/,=,1*�9$/,',7<�
([WHUQDO�YDOLGLW\� LV�D�WHUP�FRLQHG�E\�&DPSEHOO�DQG�6WDQOH\��������DQG�H[WHQGHG
E\�6KDGLVK�HW�DO���������WR�UHIHU�WR�WKH�H[WHQW�WR�ZKLFK�WKH�UHVXOWV�RI�D�VWXG\�FDQ�EH
JHQHUDOL]HG� WR� DQG� DFURVV� SRSXODWLRQV� RI� SHUVRQV�� VHWWLQJV�� WLPHV�� RXWFRPHV�� DQG
WUHDWPHQW�YDULDWLRQV��,W�PLJKW�KHOS�\RX�WR� WKLQN�RI�H[WHUQDO�YDOLGLW\�DV�DOVR�EHLQJ
FDOOHG�JHQHUDOL]LQJ�YDOLGLW\� EHFDXVH� WKDW� LV� ZKDW� LW� LV� DERXW�� ,Q� &KDSWHU� ���ZH
VWDWH� WKDW� RQH�RI� WKH�EDVLF� DVVXPSWLRQV�RI� VFLHQFH� LV� WKDW� WKHUH� DUH� UHJXODULWLHV� LQ
KXPDQ� EHKDYLRU� DQG� WKHVH� UHJXODULWLHV� FDQ� EH� GLVFRYHUHG� WKURXJK� V\VWHPDWLF
UHVHDUFK��:KHQHYHU�ZH� FRQGXFW� D� UHVHDUFK� VWXG\��ZH� DUH� DWWHPSWLQJ� WR� GLVFRYHU
WKHVH�UHJXODULWLHV��+RZHYHU��HDFK�UHVHDUFK�VWXG\�LV�FRQGXFWHG�RQ�D�VSHFLILF�VDPSOH
RI� LQGLYLGXDOV�� LQ� D� VSHFLILF� VHWWLQJ�� ZLWK� D� VSHFLILF� LQGHSHQGHQW� YDULDEOH�� ZLWK
VSHFLILF�RXWFRPHV��DQG�DW�D�VSHFLILF�SRLQW�LQ�WLPH�

��([WHUQDO��RU�JHQHUDOL]LQJ��YDOLGLW\�7KH�H[WHQW�WR�ZKLFK�WKH�VWXG\�UHVXOWV�FDQ
EH�JHQHUDOL]HG�WR�DQG�DFURVV�SRSXODWLRQV�RI�SHUVRQV��VHWWLQJV��WLPHV�
RXWFRPHV��DQG�WUHDWPHQW�YDULDWLRQV

7R� JHQHUDOL]H� WKH� UHVXOWV� IURP� D� VLQJOH� UHVHDUFK� VWXG\�� \RX� ZRXOG� KDYH� WR
LGHQWLI\� D� WDUJHW� JURXS� RI� LQGLYLGXDOV�� VHWWLQJV�� WLPHV�� RXWFRPHV�� DQG� WUHDWPHQW
YDULDWLRQV� DQG� WKHQ� UDQGRPO\� VHOHFW� IURP� WKHVH� SRSXODWLRQV� VR� WKDW� \RX� KDYH� D
VDPSOH�UHSUHVHQWDWLYH�RI� WKHVH�SRSXODWLRQV��0RVW�VWXGLHV�FDQQRW� UDQGRPO\�VDPSOH
IURP� WKH� SRSXODWLRQV� RI� LQGLYLGXDOV�� VHWWLQJV�� WLPHV�� RXWFRPHV�� DQG� WUHDWPHQW
YDULDWLRQV�EHFDXVH�RI�WKH�H[SHQVH��WLPH��DQG�HIIRUW�LQYROYHG�DV�ZHOO�DV�WKH�IDFW�WKDW
WKH�SRSXODWLRQV�RI�RXWFRPHV�DQG�WUHDWPHQW�YDULDWLRQV�DUH�SUREDEO\�QRW�NQRZQ�DQG
FDQQRW�� WKHUHIRUH�� EH� DGHTXDWHO\� VDPSOHG�� 7KHUHIRUH�� DOO� VWXGLHV� FRQWDLQ
FKDUDFWHULVWLFV�WKDW�WKUHDWHQ�WKHLU�H[WHUQDO�YDOLGLW\��:H�GLVFXVV�HDFK�RI�WKHVH�WKUHDWV
VR�WKDW�\RX�FDQ�EH�DZDUH�RI�VRPH�RI�WKH�IDFWRUV�WKDW�OLPLW�WKH�JHQHUDOL]DELOLW\�RI�D
VWXG\�

3RSXODWLRQ�9DOLGLW\
3RSXODWLRQ� YDOLGLW\� UHIHUV� WR� WKH� DELOLW\� WR� JHQHUDOL]H� IURP� WKH� VDPSOH� RI

LQGLYLGXDOV� RQ� ZKLFK� D� VWXG\� ZDV� FRQGXFWHG� WR� WKH� ODUJHU� WDUJHW� SRSXODWLRQ� RI
LQGLYLGXDOV�DQG�DFURVV�GLIIHUHQW�VXESRSXODWLRQV�ZLWKLQ�WKH�ODUJHU�WDUJHW�SRSXODWLRQ�
7KH�WDUJHW�SRSXODWLRQ�LV�WKH�ODUJHU�SRSXODWLRQ��VXFK�DV�DOO�FKLOGUHQ�ZLWK�D�OHDUQLQJ
GLVDELOLW\�� WR� ZKRP� WKH� UHVHDUFK� VWXG\� UHVXOWV� DUH� WR� EH� JHQHUDOL]HG��:LWKLQ� WKLV
ODUJHU� WDUJHW�SRSXODWLRQ�� WKHUH�DUH�PDQ\�VXESRSXODWLRQV�� VXFK�DV�PDOH�DQG� IHPDOH
FKLOGUHQ� ZLWK� D� OHDUQLQJ� GLVDELOLW\�� 3RSXODWLRQ� YDOLGLW\�� WKHUHIRUH�� KDV� WKH� WZR
FRPSRQHQWV�RI�JHQHUDOL]LQJ�IURP�D�VDPSOH� WR�D� WDUJHW�SRSXODWLRQ�DQG�JHQHUDOL]LQJ
IURP�D�VDPSOH�DFURVV�WKH�W\SHV�RI�SHUVRQV�LQ�WKH�WDUJHW�SRSXODWLRQ�

��3RSXODWLRQ�YDOLGLW\�7KH�DELOLW\�WR�JHQHUDOL]H�WKH�VWXG\�UHVXOWV�WR�LQGLYLGXDOV
ZKR�ZHUH�QRW�LQFOXGHG�LQ�WKH�VWXG\



��7DUJHW�SRSXODWLRQ�7KH�ODUJHU�SRSXODWLRQ�WR�ZKRP�WKH�VWXG\�UHVXOWV�DUH�WR�EH
JHQHUDOL]HG

*HQHUDOL]LQJ� IURP�D�VDPSOH�RI� LQGLYLGXDOV� WR� WKH� ODUJHU� WDUJHW�SRSXODWLRQ� LV�D
WZR�VWHS�SURFHVV�RI�GHILQLQJ�WKH�ODUJHU�WDUJHW�SRSXODWLRQ�RI�LQGLYLGXDOV�RI�LQWHUHVW
DQG�WKHQ�UDQGRPO\�VHOHFWLQJ�D�VDPSOH�RI�LQGLYLGXDOV�IURP�WKLV�WDUJHW�SRSXODWLRQ��DV
LOOXVWUDWHG� LQ� )LJXUH� ������ 5HPHPEHU� WKDW� UDQGRP� VHOHFWLRQ� PD[LPL]HV� WKH
SUREDELOLW\� WKDW� WKH� VDPSOH� ZLOO� EH� UHSUHVHQWDWLYH� RI� WKH� WDUJHW� SRSXODWLRQ�� 7KH
FKDUDFWHULVWLFV� RI� WKH� SRSXODWLRQ� DUH� WKHQ� LQIHUUHG� IURP� WKH� FKDUDFWHULVWLFV� RI� WKH
VDPSOH��7KLV� LV� WKH� W\SH�RI�VDPSOH� WKDW� LV�QHHGHG�ZKHQ� WKH�JRDO�RI� UHVHDUFK� LV� WR
LGHQWLI\� SRSXODWLRQ� FKDUDFWHULVWLFV� EDVHG� RQ� VDPSOH� FKDUDFWHULVWLFV�� 7KLV� LGHDO
DUUDQJHPHQW� LV� VRPHWLPHV� DFKLHYHG�� SULPDULO\� LQ� VXUYH\� UHVHDUFK�� 8QIRUWXQDWHO\�
GUDZLQJ�D�UDQGRP�VDPSOH�IURP�D�WDUJHW�SRSXODWLRQ�LV�VHOGRP�SRVVLEOH�EHFDXVH�RI
SUDFWLFDO�OLPLWDWLRQV�VXFK�DV�ILQDQFHV�RU�WKH�IDFW�WKDW�D�OLVW�RI�DOO�PHPEHUV�RI�PDQ\
WDUJHW� SRSXODWLRQV� GRHV� QRW� H[LVW� IURP�ZKLFK�ZH� FDQ� GUDZ� D� VDPSOH� �H�J��� D� OLVW
GRHV�QRW�H[LVW�RI�DOO�FKLOGUHQ�ZLWK�D� OHDUQLQJ�GLVDELOLW\���7KHUHIRUH��ZH�GUDZ�RXU
VDPSOH�IURP�DQ�DFFHVVLEOH�SRSXODWLRQ�

7KH� DFFHVVLEOH� SRSXODWLRQ� LV� WKH� JURXS� RI� UHVHDUFK� SDUWLFLSDQWV� ZKR� DUH
DYDLODEOH�WR�WKH�UHVHDUFKHU�IRU�SDUWLFLSDWLRQ�LQ�UHVHDUFK��7KLV�PLJKW�EH�WKH�FROOHJH
VWXGHQWV� WDNLQJ�D� FODVV� LQ� WKH� UHVHDUFKHU¶V�GHSDUWPHQW�RU� FKLOGUHQ�ZLWK�D� OHDUQLQJ
GLVDELOLW\� DWWHQGLQJ� VFKRRO� LQ� D� VSHFLILF� VFKRRO� GLVWULFW� WKDW� KDV� JUDQWHG� WKH
UHVHDUFKHU�SHUPLVVLRQ�WR�FRQGXFW�KLV�RU�KHU�UHVHDUFK�

��$FFHVVLEOH�SRSXODWLRQ�7KH�UHVHDUFK�SDUWLFLSDQWV�ZKR�DUH�DYDLODEOH�IRU
SDUWLFLSDWLRQ�LQ�WKH�UHVHDUFK

7ZR� LQIHUHQWLDO� VWHSV� PXVW� EH� PDGH� LQ� JHQHUDOL]LQJ� IURP� WKH� VWXG\� VDPSOH
UHVXOWV�WR�WKH�ODUJHU�WDUJHW�SRSXODWLRQ��DV�LOOXVWUDWHG�LQ�)LJXUH�������)LUVW�ZH�KDYH�WR
JHQHUDOL]H� IURP� WKH� VDPSOH� RI� LQGLYLGXDOV� SDUWLFLSDWLQJ� LQ� WKH� VWXG\� WR� WKH
DFFHVVLEOH� SRSXODWLRQ�� 7KLV� VWHS� LV� HDVLO\� DFFRPSOLVKHG� LI� WKH� LQGLYLGXDOV
SDUWLFLSDWLQJ�LQ�WKH�UHVHDUFK�VWXG\�KDYH�EHHQ�UDQGRPO\�VHOHFWHG�IURP�WKH�DFFHVVLEOH
SRSXODWLRQ��$V�H[SODLQHG�LQ�&KDSWHU����� LI� WKH�VDPSOH�RI�SDUWLFLSDQWV� LV� UDQGRPO\
VHOHFWHG�� LW� VKRXOG� EH� UHSUHVHQWDWLYH�� ZKLFK�PHDQV� WKDW� WKH� FKDUDFWHULVWLFV� RI� WKH
DFFHVVLEOH�SRSXODWLRQ�FDQ�EH�LQIHUUHG�IURP�WKH�VDPSOH��,I�D�VWXG\�LV�FRQGXFWHG�RQ
���FKLOGUHQ�ZLWK�OHDUQLQJ�GLVDELOLWLHV�UDQGRPO\�VHOHFWHG�IURP�WKH�����DWWHQGLQJ�WKH
&RWWDJH� +LOOV� 6FKRRO� 'LVWULFW�� WKHQ� WKH� UHVXOWV� REWDLQHG� IURP� WKH� VWXG\� FDQ� EH
JHQHUDOL]HG� WR� DOO� FKLOGUHQ� ZLWK� OHDUQLQJ� GLVDELOLWLHV� LQ� WKDW� VFKRRO� GLVWULFW�
+RZHYHU�� PRUH� W\SLFDO� LV� D� VWXG\� FRQGXFWHG� RQ� SDUWLFLSDQWV� ZKR� QRW� RQO\� DUH
DFFHVVLEOH�EXW�DOVR�YROXQWHHU�

�),*85(����������7ZR�VWHS�SURFHVV�LQYROYHG�LQ�DFKLHYLQJ�H[WHUQDO�YDOLGLW\



�),*85(����������,QIHUHQWLDO�VWHSV�LQYROYHG�LQ�JHQHUDOL]LQJ�IURP�WKH�VWXG\�VDPSOH
WR�WKH�WDUJHW�SRSXODWLRQ

7KH� VHFRQG� VWHS� LQ� WKH� JHQHUDOL]DWLRQ� SURFHVV� LQYROYHV� LQIHUULQJ� IURP� WKH
DFFHVVLEOH�SRSXODWLRQ�WR�WKH�WDUJHW�SRSXODWLRQ��7KLV�LV�WKH�JHQHUDOL]DWLRQ�\RX�ZDQW
WR�PDNH��EXW�XQIRUWXQDWHO\�LW�LV�WKH�RQH�WKDW�\RX�FDQ�VHOGRP�PDNH�ZLWK�DQ\�GHJUHH�RI
FRQILGHQFH�EHFDXVH�WKH�DFFHVVLEOH�SRSXODWLRQ�LV�VHOGRP�UHSUHVHQWDWLYH�RI�WKH�WDUJHW
SRSXODWLRQ��)RU�H[DPSOH��LI�WKH�VWXG\�WKDW�\RX�FRQGXFWHG�GHPRQVWUDWHG�WKDW�\RX�KDG
GHYHORSHG� D�PHWKRG� IRU� LPSURYLQJ� WKH� UHDGLQJ� VNLOOV� RI� FKLOGUHQ�ZLWK� D� UHDGLQJ
GLVDELOLW\�� \RX� ZRXOG� LGHDOO\� ZDQW� WKH� UHVXOWV� RI� \RXU� VWXG\� WR� JHQHUDOL]H� WR� DOO
FKLOGUHQ�ZLWK�D�UHDGLQJ�GLVDELOLW\��7R�EH�DEOH�WR�PDNH�VXFK�D�VWDWHPHQW��WKH�VDPSOH
RI� FKLOGUHQ� SDUWLFLSDWLQJ� LQ� \RXU� VWXG\� ZRXOG� KDYH� KDG� WR� KDYH� EHHQ� UDQGRPO\
VHOHFWHG� IURP� WKH� WDUJHW� SRSXODWLRQ�� ZKLFK� LV� UDUHO\� SRVVLEOH�� 7KHUHIRUH�� \RX
SUREDEO\�KDYH�WR�VHWWOH�IRU�UDQGRPO\�VHOHFWLQJ�IURP�DQ�DFFHVVLEOH�SRSXODWLRQ�VXFK
DV� D� VSHFLILF� VFKRRO� RU� D� VSHFLILF� VFKRRO� GLVWULFW�� 2QH� VFKRRO� RU� HYHQ� DQ� HQWLUH
VFKRRO� GLVWULFW� LV� VHOGRP� UHSUHVHQWDWLYH� RI� WKH� WDUJHW� SRSXODWLRQ�� KRZHYHU�� )RU
H[DPSOH�� WKH� VFKRRO� DW� ZKLFK� \RX� FRQGXFW� \RXU� VWXG\� PD\� FRQVLVW� SULPDULO\� RI
FKLOGUHQ� IURP�DQ� LPSRYHULVKHG�DUHD�RI� WKH�FLW\� LQ�ZKLFK�\RX�ZRUN��$OWKRXJK� WKLV
VFKRRO� PLJKW� KDYH� FKLOGUHQ� ZLWK� OHDUQLQJ� GLVDELOLWLHV�� WKH� FKLOGUHQ� DUH� QRW
QHFHVVDULO\�UHSUHVHQWDWLYH�RI�WKH�WDUJHW�SRSXODWLRQ�FRQVLVWLQJ�RI�DOO�FKLOGUHQ�LQ�WKH
8QLWHG�6WDWHV�ZLWK�OHDUQLQJ�GLVDELOLWLHV��<HW�LW�LV�WR�WKH�ODUJHU�WDUJHW�SRSXODWLRQ�WKDW
\RX�ZDQW� WR�JHQHUDOL]H��$V�\RX�FDQ� VHH��JHQHUDOL]LQJ� WKH� UHVXOWV�RI� D� VWXG\� WR� WKH
WDUJHW�SRSXODWLRQ�LV�IUHTXHQWO\�D�WHQXRXV�SURFHVV�EHFDXVH�WKH�VDPSOH�RI�SDUWLFLSDQWV



XVHG�LQ�PRVW�VWXGLHV�LV�QRW�UDQGRPO\�VHOHFWHG�IURP�WKH�WDUJHW�SRSXODWLRQ�
0RVW� RI� WKLV� GLVFXVVLRQ� RI� H[WHUQDO� YDOLGLW\� IRFXVHV� RQ� JHQHUDOL]LQJ� WR� D

VSHFLILF� WDUJHW�SRSXODWLRQ��+RZHYHU��ZH� VKRXOG� QRW� IRUJHW� WKDW� H[WHUQDO� YDOLGLW\
DOVR� IRFXVHV� RQ� WKH� JRDO� RI� JHQHUDOL]LQJ� DFURVV� VXESRSXODWLRQV�� ,Q� DQ\� WDUJHW
SRSXODWLRQ��WKHUH�DUH�PDQ\�VXESRSXODWLRQV��:KHQ�ZH�WDON�DERXW�JHQHUDOL]LQJ�DFURVV
SRSXODWLRQV�� ZH� DUH� UHDOO\� DVNLQJ� ZKHWKHU� WKH� UHVXOWV� KROG� IRU� HDFK� RI� WKH
VXESRSXODWLRQV� ZLWKLQ� WKH� WDUJHW� SRSXODWLRQ�� $VVXPH� WKDW� ZH� FRQGXFWHG� D� VWXG\
LQYHVWLJDWLQJ� D� VSHFLILF� WUHDWPHQW� HQKDQFLQJ� WKH� UHDGLQJ� DELOLW\� RI� FKLOGUHQ� ZLWK
G\VOH[LD��$VVXPH� IXUWKHU� WKDW�ZH� UDQGRPO\� VHOHFWHG� ���� FKLOGUHQ� IURP� WKH� WDUJHW
SRSXODWLRQ� RI� FKLOGUHQ� ZLWK� G\VOH[LD� LQ� WKH� 8QLWHG� 6WDWHV� DQG� IRXQG� WKDW� WKH
WUHDWPHQW�ZDV�HIIHFWLYH��%HFDXVH�ZH�KDG�UDQGRPO\�VHOHFWHG�RXU�VDPSOH��VRPHWKLQJ
WKDW� VHOGRP�RFFXUV� LQ� WKLV� W\SH� RI� VWXG\���ZH� FRXOG� JHQHUDOL]H� EDFN� WR� WKH� WDUJHW
SRSXODWLRQ�DQG�FRQFOXGH�WKDW�FKLOGUHQ�ZLWK�G\VOH[LD�ZRXOG��RQ�WKH�DYHUDJH��EHQHILW
IURP�WKH�WUHDWPHQW�SURJUDP�

��*HQHUDOL]LQJ�WR�D�SRSXODWLRQ�$SSO\LQJ�D�ILQGLQJ�EDVHG�RQ�D�UHVHDUFK�VWXG\
VDPSOH��H�J���D�VDPSOH�DYHUDJH�RU�FRUUHODWLRQ��WR�WKH�WDUJHW�SRSXODWLRQ��H�J��
WKH�SRSXODWLRQ�DYHUDJH�RU�FRUUHODWLRQ�

��*HQHUDOL]LQJ�DFURVV�VXESRSXODWLRQV�$SSO\LQJ�D�ILQGLQJ�EDVHG�RQ�D�UHVHDUFK
VWXG\�VDPSOH��H�J���D�VDPSOH�DYHUDJH�RU�FRUUHODWLRQ��WR�DOO�VXEJURXSV�LQ�WKH
WDUJHW�SRSXODWLRQ

7KH� UHVXOWV� ZRXOG� QRW�� KRZHYHU�� VD\� DQ\WKLQJ� DERXW� WKH� HIIHFWLYHQHVV� RI� WKH
WUHDWPHQW�IRU� WKH�PDQ\�VXESRSXODWLRQV�ZLWKLQ�WKH�ODUJHU� WDUJHW�SRSXODWLRQ��&DQ�WKH
UHVXOWV�EH�JHQHUDOL]HG�WR�ERWK�PDOH�DQG�IHPDOH�FKLOGUHQ�ZLWK�G\VOH[LD�RU�WR�FKLOGUHQ
ZLWK�G\VOH[LD�RI�YDULRXV�VRFLRHFRQRPLF�JURXSV��DJH�JURXSV��LQWHOOHFWXDO�OHYHOV��DQG
VR�IRUWK"�7KLV�LV�WKH�LVVXH�RI�JHQHUDOL]LQJ�DFURVV�SRSXODWLRQV��,Q�IDFW��PDQ\�VWXGLHV
WKDW� DUH� FRQGXFWHG� WR� WHVW� WKH� JHQHUDOL]DWLRQ� RI� D� VSHFLILF� WUHDWPHQW� DFURVV
VXESRSXODWLRQV� DUH� DWWHPSWLQJ� WR� LGHQWLI\� WKH� VSHFLILF� VXESRSXODWLRQV� WR� ZKLFK� D
WUHDWPHQW� FDQ� DQG� FDQQRW� EH� JHQHUDOL]HG�� ,Q� WKLV� W\SH� RI� UHVHDUFK�� WKH� UHVHDUFKHU
GHWHUPLQHV�ZKHWKHU� D�PRGHUDWRU� YDULDEOH� LV� VLJQLILFDQW�� �3OHDVH� VHH�7DEOH� ���� LQ
&KDSWHU� �� RQ� SDJH� ��� IRU� GHILQLWLRQ� RI�PRGHUDWRU� YDULDEOH� EHFDXVH� WKLV� LV� DQ
LPSRUWDQW�FRQFHSW�LQ�TXDQWLWDWLYH�UHVHDUFK��

(FRORJLFDO�9DOLGLW\
(FRORJLFDO� YDOLGLW\� UHIHUV� WR� WKH� DELOLW\� WR� JHQHUDOL]H� WKH� UHVXOWV� RI� D� VWXG\

DFURVV� VHWWLQJV�� )RU� H[DPSOH�� RQH� VWXG\� PLJKW� EH� FRQGXFWHG� LQ� D� VFKRRO� ZKRVH
FRPSXWHUV�DUH� VORZ�DQG�DQWLTXDWHG�� ,I� WKH� UHVXOWV�REWDLQHG� IURP� WKLV� VWXG\�FDQ�EH
JHQHUDOL]HG� WR�RWKHU�VHWWLQJV��VXFK�DV�D�VFKRRO�ZHOO�HTXLSSHG�ZLWK�VWDWH�RI�WKH�DUW
WHFKQRORJ\�� WKHQ� WKH� VWXG\� SRVVHVVHV� HFRORJLFDO� YDOLGLW\�� (FRORJLFDO� YDOLGLW\
WKHUHIRUH�H[LVWV�WR�WKH�H[WHQW�WKDW�WKH�VWXG\�UHVXOWV�DUH�LQGHSHQGHQW�RI�WKH�VHWWLQJ�LQ
ZKLFK�WKH�VWXG\�ZDV�FRQGXFWHG�



��(FRORJLFDO�YDOLGLW\�7KH�DELOLW\�WR�JHQHUDOL]H�WKH�VWXG\�UHVXOWV�DFURVV�VHWWLQJV

2QH� RI� WKH� VXEWOH� VHWWLQJ� IDFWRUV� WKDW� FDQ� DIIHFW� WKH� DELOLW\� WR� JHQHUDOL]H� WKH
UHVXOWV� RI� D� VWXG\� LV� WKH� SDUWLFLSDQW¶V� NQRZOHGJH� RI� WKH� IDFW� WKDW� KH� RU� VKH� LV
SDUWLFLSDWLQJ� LQ�D�VWXG\��7KLV� LV�NQRZQ�DV�D� UHDFWLYLW\�HIIHFW��5HDFWLYLW\� UHIHUV� WR
WKH�DOWHUDWLRQ�LQ�SHUIRUPDQFH�WKDW�FDQ�RFFXU�DV�D�UHVXOW�RI�EHLQJ�DZDUH�WKDW�RQH�LV
SDUWLFLSDWLQJ�LQ�D�UHVHDUFK�VWXG\��,W� LV�VLPLODU�WR�WKH�HIIHFW�PDQ\�SHRSOH�IHHO�ZKHQ
EHLQJ� RQ� WHOHYLVLRQ� IRU� WKH� ILUVW� WLPH��2QFH� \RX� NQRZ� WKH� FDPHUD� LV� RQ� \RX�� \RX
PLJKW� VKLIW� WR� \RXU� ³WHOHYLVLRQ´� EHKDYLRU�� $� VLPLODU� SKHQRPHQRQ� FDQ� RFFXU� LQ
UHVHDUFK�VWXGLHV��2QFH�\RX�NQRZ�\RX�DUH�LQ�D�UHVHDUFK�VWXG\��\RX�PLJKW�FKDQJH�\RXU
EHKDYLRU��$� UHDFWLYLW\� HIIHFW� FDQ� WKHUHIRUH� WKUHDWHQ� ERWK� WKH� LQWHUQDO� DQG� H[WHUQDO
YDOLGLW\�RI�D�VWXG\�

��5HDFWLYLW\�$Q�DOWHUDWLRQ�LQ�SHUIRUPDQFH�WKDW�RFFXUV�DV�D�UHVXOW�RI�EHLQJ
DZDUH�RI�SDUWLFLSDWLQJ�LQ�D�VWXG\

7HPSRUDO�9DOLGLW\
7HPSRUDO�YDOLGLW\� UHIHUV� WR� WKH� H[WHQW� WR�ZKLFK� WKH� UHVXOWV� RI� D� VWXG\� FDQ� EH

JHQHUDOL]HG� DFURVV� WLPH�� 7HPSRUDO� YDOLGLW\� LV� DQ� LVVXH� EHFDXVH�PRVW� HGXFDWLRQDO
UHVHDUFK�VWXGLHV�DUH�FRQGXFWHG�GXULQJ�RQH�WLPH�SHULRG��)RU�H[DPSOH��7KRUNLOGVHQ�
1ROHQ�� DQG� )RXUQLHU� ������� DVVHVVHG� FKLOGUHQ¶V� YLHZV� RI� VHYHUDO� SUDFWLFHV� WKDW
WHDFKHUV�XVH�WR�LQIOXHQFH�PRWLYDWLRQ�WR�OHDUQ��7KH�GDWD�IRU�WKLV�VWXG\�ZHUH�FROOHFWHG
E\�LQWHUYLHZLQJ����WR����\HDU�ROG�FKLOGUHQ�DW�RQH�SRLQW�LQ�WLPH��$OWKRXJK�WKH�GDWD
DUH�YDOLG� IRU� WKH� WLPH�SHULRG� LQ�ZKLFK� WKH\�ZHUH�FROOHFWHG�� WKHUH� LV�QR�DVVXUDQFH
WKDW�WKH�VDPH�UHVXOWV�ZRXOG�KROG�WUXH����\HDUV�ODWHU��)UHTXHQWO\��LW�LV�DVVXPHG�WKDW
WKH� UHVXOWV� RI� VWXGLHV� DUH� LQYDULDQW� DFURVV� WLPH��$OWKRXJK� WKLV�PLJKW� H[LVW� IRU� WKH
UHVXOWV�RI�VRPH�VWXGLHV�� LW�DOPRVW�FHUWDLQO\�GRHV�QRW�H[LVW�IRU�WKH�UHVXOWV�RI�RWKHUV�
)DLOXUH� WR�FRQVLGHU� WKH� WLPH�YDULDEOH�FDQ� OHDG�RQH� WR� IRUP�HUURQHRXV�FRQFOXVLRQV
DERXW�WKH�FXUUHQW�H[WHUQDO�YDOLGLW\�RI�WKH�VWXG\�

��7HPSRUDO�YDOLGLW\�7KH�H[WHQW�WR�ZKLFK�WKH�VWXG\�UHVXOWV�FDQ�EH�JHQHUDOL]HG
DFURVV�WLPH

7UHDWPHQW�9DULDWLRQ�9DOLGLW\
7UHDWPHQW� YDULDWLRQ� YDOLGLW\� UHIHUV� WR� WKH� DELOLW\� WR� JHQHUDOL]H� WKH� UHVXOWV

DFURVV�YDULDWLRQV�RI�WKH�WUHDWPHQW��7UHDWPHQW�YDULDWLRQ�YDOLGLW\�LV�DQ�LVVXH�EHFDXVH
WKH�DGPLQLVWUDWLRQ�RI�D�WUHDWPHQW�FDQ�YDU\�IURP�RQH�WLPH�WR�WKH�QH[W��)RU�H[DPSOH�
PDQ\�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�GHPRQVWUDWLQJ�WKDW�FRJQLWLYH�EHKDYLRU�WKHUDS\�LV
HIIHFWLYH� LQ� WUHDWLQJ� GHSUHVVLRQ�� +RZHYHU�� WKHVH� VWXGLHV� KDYH� W\SLFDOO\� EHHQ
FRQGXFWHG�LQ�WKH�FRQWH[W�RI�D�UHVHDUFK�VWXG\�WKDW�KDV�SURYLGHG�PD[LPXP�DVVXUDQFH
WKDW� WKH� WKHUDSLVWV� ZHUH� FRPSHWHQW� DQG� GHOLYHUHG� WKH� WKHUDS\� LQ� WKH� SUHVFULEHG



PDQQHU�� 7KHUDSLVWV� ZKR� DGPLQLVWHU� EHKDYLRU� WKHUDS\� WR� WKH� JHQHUDO� SXEOLF�� LQ
FRQWUDVW��YDU\�FRQVLGHUDEO\�LQ�WKHLU�FRPSHWHQF\�DQG�WKH�H[WHQW�WR�ZKLFK�WKH\�GHOLYHU
WKH� WKHUDS\� LQ� WKH� SUHVFULEHG� PDQQHU�� 7KLV� PHDQV� WKDW� WKHUH� LV� FRQVLGHUDEOH
YDULDWLRQ� LQ� WKH� ZD\� LQ� ZKLFK� FRJQLWLYH� EHKDYLRU� WKHUDS\� LV� DGPLQLVWHUHG�� ,I
FRJQLWLYH� EHKDYLRU� WKHUDS\� SURGXFHV� D� EHQHILFLDO� HIIHFW� IRU� WKH� WUHDWPHQW� RI
GHSUHVVLRQ� DFURVV� WKHVH� GLIIHUHQW� YDULDWLRQV� LQ� WKH�ZD\� LW� LV� GHOLYHUHG�� WUHDWPHQW
JHQHUDOL]DWLRQ�H[LVWV��,I�WKH�WKHUDS\�LV�EHQHILFLDO�RQO\�ZKHQ�DGPLQLVWHUHG�H[DFWO\�DV
SUHVFULEHG� E\� D� FRPSHWHQWO\� WUDLQHG� WKHUDSLVW�� WKHQ� WKHUH� LV� OHVV� WUHDWPHQW
JHQHUDOL]DWLRQ�

��7UHDWPHQW�YDULDWLRQ�YDOLGLW\�7KH�DELOLW\�WR�JHQHUDOL]H�DFURVV�YDULDWLRQV�RI
WKH�WUHDWPHQW

2XWFRPH�9DOLGLW\
2XWFRPH�YDOLGLW\�UHIHUV�WR�WKH�DELOLW\�WR�JHQHUDOL]H�WKH�UHVXOWV�DFURVV�GLIIHUHQW

EXW� UHODWHG� GHSHQGHQW� YDULDEOHV�� 0DQ\� VWXGLHV� LQYHVWLJDWH� WKH� HIIHFW� RI� VRPH
LQGHSHQGHQW�YDULDEOH�RQ�RQH�RU�PRUH�GHSHQGHQW�YDULDEOHV��2XWFRPH�YDOLGLW\�UHIHUV
WR� WKH� H[WHQW� WR� ZKLFK� WKH� LQGHSHQGHQW� YDULDEOH� LQIOXHQFHV� D� QXPEHU� RI� UHODWHG
RXWFRPH�PHDVXUHV��)RU�H[DPSOH��D�MRE�WUDLQLQJ�SURJUDP�LV�H[SHFWHG�WR�LQFUHDVH�WKH
OLNHOLKRRG�RI�JHWWLQJ�D�MRE�DIWHU�JUDGXDWLRQ��7KLV�LV�SUREDEO\�WKH�SULPDU\�RXWFRPH
PHDVXUH� RI� LQWHUHVW�� +RZHYHU�� DQ� HTXDOO\� LPSRUWDQW� LVVXH� LV�PDLQWDLQLQJ� WKH� MRE�
7KLV�PHDQV�WKDW�WKH�SHUVRQ�PXVW�DUULYH�RQ�WLPH��QRW�PLVV�ZRUN��DQG�IROORZ�RUGHUV�DV
ZHOO�DV�GHPRQVWUDWH�DQ�DFFHSWDEOH� OHYHO�RI�SHUIRUPDQFH��7KH�HIIHFWLYHQHVV�RI� WKH
MRE�WUDLQLQJ�SURJUDP�PLJKW�LQFUHDVH�WKH�SUREDELOLW\�RI�JHWWLQJ�D�MRE�EXW�PLJKW�KDYH
QR� HIIHFW� RQ� MRE� UHWHQWLRQ� EHFDXVH� LW� KDV� OLWWOH� LPSDFW� RQ� WKHVH� RWKHU� HVVHQWLDO
DGDSWLYH� MRE� VNLOOV�� 6RPHWLPHV� RQH� RXWFRPH� PHDVXUH� GHPRQVWUDWHV� WKDW� WKH
WUHDWPHQW� ZDV� HIIHFWLYH�� +RZHYHU�� RWKHU� RXWFRPH� PHDVXUHV� VKRZ� QR� HIIHFW� DQG
PD\EH�HYHQ�D�QHJDWLYH�HIIHFW��8VLQJ�VHYHUDO�RXWFRPH�PHDVXUHV�LV�DOZD\V�GHVLUDEOH
EHFDXVH� WKLV�JLYHV�D�PRUH�FRPSOHWH�SLFWXUH�RI� WKH�RYHUDOO� HIIHFW�RI� WKH� WUHDWPHQW�
)RUWXQDWHO\��WKLV�LV�RQH�RI�WKH�HDVLHU�GHVLJQ�IHDWXUHV�WR�LPSOHPHQW��<RX�MXVW�QHHG�WR
LQFOXGH�VHYHUDO�UHODWHG�GHSHQGHQW�YDULDEOHV�LQ�\RXU�VWXG\�WR�DQVZHU�TXHVWLRQV�DERXW
JHQHUDOL]DELOLW\�DFURVV�RXWFRPHV�

��2XWFRPH�YDOLGLW\�7KH�DELOLW\�WR�JHQHUDOL]H�DFURVV�GLIIHUHQW�EXW�UHODWHG
GHSHQGHQW�YDULDEOHV
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������ :KDW� LV� H[WHUQDO� YDOLGLW\�� DQG� ZK\� LV� LW
LPSRUWDQW"

������ :KDW� LV� SRSXODWLRQ� YDOLGLW\�� DQG� ZK\� LV� LW
GLIILFXOW�WR�DFKLHYH"

������:KDW�LV�HFRORJLFDO�YDOLGLW\"



������:KDW�LV�WHPSRUDO�YDOLGLW\"
������:KDW�LV�WUHDWPHQW�YDULDWLRQ�YDOLGLW\��DQG�ZK\�FDQ

WKLV�EH�D�WKUHDW�WR�H[WHUQDO�YDOLGLW\"
������:KDW�LV�RXWFRPH�YDOLGLW\"

&216758&7�9$/,',7<
8S�WR�WKLV�SRLQW�LQ�WKH�FKDSWHU��ZH�KDYH�GLVFXVVHG�LVVXHV��VXFK�DV�LQWHUQDO�YDOLGLW\�
WKDW�DUH�UHODWHG�WR�WKH�YDOLGLW\�RI�WKH�GHVLJQ�RI�DQ�HGXFDWLRQDO�UHVHDUFK�VWXG\��$Q\
HGXFDWLRQDO�UHVHDUFK�VWXG\�LQYROYHV�WKH�LQYHVWLJDWLRQ�RI�D�VHW�RI�YDULDEOHV��VXFK�DV
RQOLQH�LQVWUXFWLRQ��HGXFDWLRQ�RI�FXOWXUDOO\�GLYHUVH�VWXGHQWV��RU�WKH�HIIHFW�RI�VWUHVV�RQ
DFDGHPLF� DFKLHYHPHQW��$GGLWLRQDOO\��ZH� IUHTXHQWO\�ZDQW� WR� FRQGXFW� D� VWXG\�RQ� D
VSHFLILF� SRSXODWLRQ� RI� LQGLYLGXDOV�� VXFK� DV� FKLOGUHQ� ZLWK� DWWHQWLRQ�
GHILFLW�K\SHUDFWLYLW\�GLVRUGHU�RU�G\VOH[LD��&RQGXFWLQJ�D�UHVHDUFK�VWXG\�RQ�YDULDEOHV
RU� VSHFLDO� SRSXODWLRQV� VXFK� DV� WKHVH� UHTXLUHV� WKDW� WKH\� EH� DVVHVVHG� RU�PHDVXUHG�
7KLV�FUHDWHV�VRPH�GLIILFXOW\�EHFDXVH�PDQ\�RI�WKH�YDULDEOHV�RU�FKDUDFWHULVWLFV�RI�WKH
VSHFLDO� SRSXODWLRQV� RI� LQWHUHVW� UHSUHVHQW� DEVWUDFW� FRQVWUXFWV�� 7KH� HGXFDWLRQDO
UHVHDUFKHU� LV� IDFHG� ZLWK� WKH� WDVN� RI� LGHQWLI\LQJ� RU� GHYLVLQJ� VRPH� ZD\� RI
UHSUHVHQWLQJ� WKH� FRQVWUXFWV� EHLQJ� LQYHVWLJDWHG�� 7KLV� LV� D� SUREOHP� RI� FRQVWUXFW
YDOLGLW\��&RQVWUXFW�YDOLGLW\� UHIHUV� WR�WKH�H[WHQW� WR�ZKLFK�D�KLJKHU�RUGHU�FRQVWUXFW�
VXFK� DV� KHOS� VHHNLQJ�� WHDFKHU� VWUHVV�� RU� G\VOH[LD�� LV� DFFXUDWHO\� UHSUHVHQWHG� LQ� WKH
SDUWLFXODU�VWXG\�

��&RQVWUXFW�YDOLGLW\�7KH�H[WHQW�WR�ZKLFK�D�KLJKHU�RUGHU�FRQVWUXFW�LV�DFFXUDWHO\
UHSUHVHQWHG�LQ�D�SDUWLFXODU�VWXG\

6R� KRZ� GR� ZH� DFKLHYH� FRQVWUXFW� YDOLGLW\"� &RQVWUXFW� YDOLGLW\� LV� IRVWHUHG� E\
KDYLQJ�D�JRRG�GHILQLWLRQ�DQG�H[SODQDWLRQ�RI�WKH�PHDQLQJ�RI�WKH�FRQVWUXFW�RI�LQWHUHVW�
+RZHYHU��HYHU\�FRQVWUXFW��VXFK�DV�YLROHQFH��KDV�PXOWLSOH�IHDWXUHV��DQG�WKLV�FUHDWHV
GLIILFXOW\� LQ� LGHQWLI\LQJ� WKH�SURWRW\SLFDO� IHDWXUHV�RI� D�FRQVWUXFW��)RU�H[DPSOH�� MXVW
KXUWLQJ�VRPHRQH�GRHV�QRW�TXDOLI\�DV�DJJUHVVLRQ�RU�YLROHQFH��7KHUH�PXVW�EH�LQWHQW�WR
KDUP��7KLV�SUREOHP�LV�H[DFHUEDWHG�LQ�HGXFDWLRQDO�UHVHDUFK�EHFDXVH�RI�WKH�DEVWUDFW
QDWXUH�RI�WKH�FRQVWUXFWV�ZLWK�ZKLFK�ZH�ZRUN��(GXFDWLRQDO�UHVHDUFK�IRFXVHV�RQ�VXFK
LVVXHV�DV�LQWHOOLJHQFH��WHDFKHU�EXUQRXW��DW�ULVN�VWXGHQWV��VFKRRO�YLROHQFH��PLVXVH�RI
WHVWLQJ�LQ�VFKRROV��ODFN�RI�$,'6�HGXFDWLRQ��DQG�VWUHVV��7KHVH�DUH�FRQVWUXFWV�WKDW�DUH
KDUG�WR�GHILQH�SUHFLVHO\��%HFDXVH�RI�WKH�DEVWUDFW�QDWXUH�RI�PDQ\�RI�WKH�FRQVWUXFWV�ZH
ZRUN�ZLWK�DQG�WKH�ODFN�RI�D�FOHDU�H[SODQDWLRQ�RI�WKHLU�PHDQLQJ��WKHUH�LV�W\SLFDOO\�DQ
LPSHUIHFW�UHODWLRQVKLS�EHWZHHQ�WKH�ZD\�D�FRQVWUXFW�LV�UHSUHVHQWHG�RU�PHDVXUHG�LQ�D
UHVHDUFK�VWXG\�DQG�WKH�KLJKHU�RUGHU�FRQVWUXFW�ZH�ZDQW�WR�UHSUHVHQW�

2SHUDWLRQDOLVP
7KH�PXOWLSOH�IHDWXUHV�RI�DQ\�FRQVWUXFW�DQG�WKH�ODFN�RI�FOHDU�SURWRW\SLFDO�IHDWXUHV



RI� PDQ\� FRQVWUXFWV� FUHDWH� GLIILFXOW\� IRU� UHVHDUFKHUV� ZKHQ� WKH\� WU\� WR� UHSUHVHQW
FRQVWUXFWV�RI� LQWHUHVW� LQ� WKHLU� UHVHDUFK� VWXGLHV��:KDW� LV� WKH� UHVHDUFKHU� WR�GR"�7KH
UHVHDUFKHU�PXVW�PDNH�XVH�RI�WKH�DYDLODEOH�NQRZOHGJH�DQG�PHDVXUHV�RI�WKH�FRQVWUXFW
KH�RU�VKH�LV�LQYHVWLJDWLQJ�DQG�LGHQWLI\�WKH�VSHFLILF�ZD\�LQ�ZKLFK�D�FRQVWUXFW�ZLOO�EH
UHSUHVHQWHG�LQ�WKH�VWXG\��7KLV�LV�ZKHUH�WKH�FRQFHSW�RI�RSHUDWLRQDOLVP�HQWHUV��DQG�LW
LV� DQ� LPSRUWDQW� FRPPXQLFDWLRQ� WRRO� IRU� UHVHDUFKHUV��2SHUDWLRQDOLVP� PHDQV� WKDW
WHUPV� RU� FRQVWUXFWV� DUH� UHSUHVHQWHG� E\� D� VSHFLILF� VHW� RI� VWHSV� RU� RSHUDWLRQV�
LQGLFDWRUV�� RU� PHDVXUHV�� )RU� H[DPSOH�� LI� VWUHVV� LV� PHDVXUHG� E\� WKH� 6WUHVV� LQ
7HDFKLQJ�4XHVWLRQQDLUH��WKHQ�WKH�FRQVWUXFW�RI�VWUHVV�LV�UHSUHVHQWHG�E\�VFRUHV�RQ�WKLV
SDUWLFXODU�TXHVWLRQQDLUH��0DQWKHL�	�*LOPRUH��������

��2SHUDWLRQDOLVP�5HSUHVHQWLQJ�FRQVWUXFWV�E\�D�VSHFLILF�VHW�RI�VWHSV�RU
RSHUDWLRQV��LQGLFDWRUV��RU�PHDVXUHV

7KH� UHVHDUFKHU� VKRXOG� VHOHFW� WKH� EHVW� PHDVXUH� DYDLODEOH� IRU� WKH� FRQVWUXFW� RI
LQWHUHVW��8VH�RI�D�SDUWLFXODU�PHDVXUH�VKRXOG�EH�MXVWLILHG��L�H���UHDVRQV�JLYHQ��LQ�WKH
ZULWLQJ� RI� WKH� UHVHDUFK� UHSRUW�� )RU� H[DPSOH�� %XWOHU� DQG� 1HXPDQ¶V� ������
UHSUHVHQWDWLRQ�RI�KHOS�VHHNLQJ�EHKDYLRUV� LQ�VHFRQG��DQG�VL[WK�JUDGH�FKLOGUHQ�ZDV
ZKHWKHU�WKH�FKLOGUHQ�DVNHG�WKH�H[SHULPHQWHU�IRU�DVVLVWDQFH�LQ�VROYLQJ�SX]]OHV��7KH
UHVHDUFKHUV¶�RSHUDWLRQDOL]DWLRQ��L�H���WKHLU�FRQVWUXFW�UHSUHVHQWDWLRQ��RI�KHOS�VHHNLQJ
OHIW� OLWWOH� URRP� IRU� LQWHUSUHWDWLRQ� RU� TXHVWLRQ� DV� WR� WKH� ZD\� LQ� ZKLFK� WKH\� KDG
FRQFHSWXDOL]HG�DQG�LQWHUSUHWHG�KHOS�VHHNLQJ��1RWH��KRZHYHU��WKDW�WKLV�LV�QRW�WKH�RQO\
ZD\�LQ�ZKLFK�D�SHUVRQ�FDQ�VHHN�KHOS��2QH�FDQ�DOVR�DVN�SHHUV�IRU�KHOS�RU�JR�WR�WKH
OLEUDU\� DQG� ORRN� IRU� UHIHUHQFH� PDWHULDOV� WKDW� ZRXOG� SURYLGH� DVVLVWDQFH�� 7KH
LPSRUWDQW�SRLQW�WR�UHPHPEHU�LV�WKDW�VSHFLILFDWLRQ�RI�D�VHW�RI�RSHUDWLRQV�LV�UHTXLUHG
IRU� DFFXUDF\� LQ� FRPPXQLFDWLRQ�� 2SHUDWLRQDOL]DWLRQV� WHOO� \RX� LQ� D� FRQFUHWH� DQG
VSHFLILF�ZD\�KRZ�D�FRQVWUXFW�ZDV�UHSUHVHQWHG�RU�PHDVXUHG�LQ�D�SDUWLFXODU�VWXG\��$
FOHDU� VWDWHPHQW� RI� RSHUDWLRQDOL]DWLRQ� SURYLGHV� DQ� H[DFW� FRPPXQLFDWLRQ� RI� WKH
FRQVWUXFW��RU�SDUW�RI�D�FRQVWUXFW�� WKDW�ZDV�PHDVXUHG��DQG� LW�DOORZV�DQ\RQH�HOVH� WR
UHSHDW�WKH�VWHSV�DQG�UHSUHVHQW�WKH�FRQVWUXFW�LQ�WKH�VDPH�ZD\�LI�WKH\�WKLQN�\RX�KDYH�D
JRRG�RSHUDWLRQDOL]DWLRQ�

$OWKRXJK�D�FOHDU�VWDWHPHQW�RI�WKH�RSHUDWLRQDOL]DWLRQ�RI�D�FRQVWUXFW�LV�QHFHVVDU\
IRU� FRPPXQLFDWLRQ� RI� WKH� ZD\� LQ� ZKLFK� D� FRQVWUXFW� LV� UHSUHVHQWHG� LQ� D� JLYHQ
UHVHDUFK� VWXG\�� VHOGRP�� LI� HYHU�� GRHV� D� JLYHQ� RSHUDWLRQDOL]DWLRQ� FRPSOHWHO\
UHSUHVHQW�WKH�FRQVWUXFW�RI�LQWHUHVW��&RQVLGHU��IRU�H[DPSOH��WKH�VWXG\�E\�0DQWKHL�DQG
*LOPRUH� ������� LQ� ZKLFK� WKH\� RSHUDWLRQDOO\� UHSUHVHQWHG� WHDFKHU� VWUHVV� DV� WKH
UHVSRQVH�WHDFKHUV�SURYLGHG�RQ�WKH�6WUHVV�LQ�7HDFKLQJ�4XHVWLRQQDLUH��$OWKRXJK�WKLV
TXHVWLRQQDLUH�SUREDEO\�GRHV�PHDVXUH�VRPH�FRPSRQHQW�RI� WHDFKHU�VWUHVV�� LW�ZRXOG
EH� IRROLVK� WR� DVVXPH� WKDW� WKLV� VLQJOH� PHDVXUH� SURYLGHV� D� FRPSOHWHO\� DFFXUDWH
UHSUHVHQWDWLRQ� RI� WKH� IXOO� FRQVWUXFW� RI� WHDFKHU� VWUHVV�� 5DWKHU�� VWUHVV� RI� DQ\� W\SH
SUREDEO\�LQFOXGHV�SK\VLRORJLFDO�UHDFWLRQV�VXFK�DV�FKDQJHV�LQ�KHDUW�UDWH�DQG�EORRG
SUHVVXUH�DV�ZHOO�DV�EHKDYLRUDO�FKDQJHV�VXFK�DV�EHLQJ�OHVV�WROHUDQW�RI�VWXGHQWV��ERWK
RI�ZKLFK�DUH�SUREDEO\�QRW�DGHTXDWHO\�DVVHVVHG�E\�D�TXHVWLRQQDLUH�

$GGLWLRQDOO\��'RQDOG�&DPSEHOO� �������KDV�SRLQWHG�RXW� WKDW�HYHU\�REVHUYDWLRQ



LV�DIIHFWHG�E\�IDFWRUV�WKDW�EHDU�QR�UHODWLRQ�WR�WKH�FRQVWUXFW�WKDW�LV�EHLQJ�PHDVXUHG�
)RU�H[DPSOH�� WKH�6WUHVV� LQ�7HDFKLQJ�4XHVWLRQQDLUH�GRHV�� LQ�SDUW��PHDVXUH� WHDFKHU
VWUHVV��+RZHYHU��UHVSRQVHV�WR�WKLV�TXHVWLRQQDLUH�DUH�DOVR�D�IXQFWLRQ�RI�HYHQWV�WKDW
DUH� LUUHOHYDQW� WR� WKH� VWUHVV� WKDW�RFFXUV�DV�D� UHVXOW�RI� WHDFKLQJ�� VXFK�DV� WKH� W\SH�RI
TXHVWLRQV� DVNHG�� WKH� LQWHUSUHWDWLRQ� RI� WKH� TXHVWLRQV� E\� WKH� WHDFKHU� FRPSOHWLQJ� WKH
TXHVWLRQQDLUH�� WKH�WROHUDQFH�D�WHDFKHU�KDV�IRU�VWUHVV��DQG�VWUHVV�IDFWRUV�LQIOXHQFLQJ
WKH� WHDFKHU� WKDW� DUH� QRW� UHODWHG� WR� WKH� SURIHVVLRQ� RI� WHDFKLQJ�� 7KHUHIRUH�
PHDVXUHPHQW�DOZD\V�LQYROYHV�WKH�SUHVHQFH�RI�VRPH�PHDVXUHPHQW�HUURU�

7KH� LPSRUWDQW� SRLQW� WR� UHPHPEHU� LV� WKDW� WKHUH� DUH� PDQ\� GLIIHUHQW� ZD\V� WR
UHSUHVHQW� D� FRQVWUXFW� DQG� HDFK� RSHUDWLRQDOL]DWLRQ� UHSUHVHQWV� RQO\� D� SRUWLRQ� RI
WKH�FRQVWUXFW��)XUWKHUPRUH��VRPH�PHDVXUHPHQW�HUURU�LV�DOZD\V�SUHVHQW��%HFDXVH
RI� WKHVH� SUREOHPV�� WKH� PRVW� DFFXUDWH� UHSUHVHQWDWLRQ� RI� D� FRQVWUXFW� LQYROYHV
PHDVXULQJ� LW� LQ� VHYHUDO� GLIIHUHQW� ZD\V�� )RU� H[DPSOH�� WHDFKHU� VWUHVV� FRXOG� EH
PHDVXUHG�E\�D�TXHVWLRQQDLUH��E\� WKH� WHDFKHU¶V� UHDFWLRQ� WR�VWXGHQWV��DQG�E\�KDYLQJ
RWKHUV� UDWH� RU� LGHQWLI\� IDFWRUV� LQIOXHQFLQJ� WHDFKHU� VWUHVV�� 7KH� XVH� RI� PXOWLSOH
PHDVXUHV� RI� D� FRQVWUXFW� LV� FDOOHG� PXOWLSOH� RSHUDWLRQDOLVP�� DQG� WKLV� LV� WKH
UHFRPPHQGHG�DSSURDFK�WR�XVH�LQ�UHVHDUFK�VWXGLHV��&DPSEHOO��������

��0XOWLSOH�RSHUDWLRQDOLVP�7KH�XVH�RI�VHYHUDO�PHDVXUHV�RI�D�FRQVWUXFW

:H�DOVR�PXVW�SRLQW�RXW�WKDW�LW�LV�QRW�VXIILFLHQW�WR�VSHFLI\�D�VHW�RI�RSHUDWLRQV�WR
UHSUHVHQW�D�FRQVWUXFW�DQG�WKHQ�DVVXPH� WKDW� WKLV� LV�D�YDOLG�PHDVXUH�RI� WKH� LQWHQGHG
FRQVWUXFW�RU�HYHQ�VRPH�FRPSRQHQW�RI� WKH�FRQVWUXFW�RI� LQWHUHVW��7R�GULYH� WKLV�SRLQW
KRPH�ZLWK�D�ULGLFXORXV�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW� WR� LQYHVWLJDWH� WKH�HIIHFW�RI
LQWHOOLJHQFH�RQ�OHDUQLQJ��,Q�WKLV�VWXG\��\RX�RSHUDWLRQDOL]H�LQWHOOLJHQFH�DV�D�SHUVRQ¶V
LQFRPH�RQ� WKH�DVVXPSWLRQ� WKDW�PRUH� LQWHOOLJHQW�SHRSOH�PDNH�PRUH�PRQH\��7KLV� LV
REYLRXVO\� D� SRRU� UHSUHVHQWDWLRQ� RI� WKH� FRQVWUXFW� RI� LQWHOOLJHQFH�� $V� D� ³FULWLFDO´
FRQVXPHU�RI�UHVHDUFK��LW�ZLOO�EH�\RXU�MRE�WR�FKHFN�IRU�DGHTXDWH�RSHUDWLRQDOL]DWLRQV
RI� FRQVWUXFWV� LQ� WKH� UHVHDUFK� UHSRUWV� WKDW� \RX� UHDG� DQG� XVH�� <RX� ZLOO� ILQG� WKLV
LQIRUPDWLRQ�LQ�WKH�0HWKRG�VHFWLRQ�RI�D�UHSRUW�

7UHDWPHQW�'LIIXVLRQ
(YHQ� LI� \RX� KDYH� RSHUDWLRQDOL]HG� D� FRQVWUXFW� ZHOO�� ZH� QHHG� WR� PHQWLRQ� D

FRQVWUXFW� SUREOHP� WKDW� VRPHWLPHV� RFFXUV� LQ� H[SHULPHQWDO� UHVHDUFK� FRQGXFWHG� LQ
ILHOG�VHWWLQJV��%HFDXVH�WKH�UHVHDUFKHU�FDQQRW�FRQWURO�ZKR�LQWHUDFWV�ZLWK�ZKRP�LQ�D
ILHOG� VWXG\�� WUHDWPHQW� GLIIXVLRQ� FDQ� RFFXU� LI� SDUWLFLSDQWV� LQ� WKH� WUHDWPHQW� JURXS
LQWHUDFW�RU�VKDUH� UHVRXUFHV�ZLWK�SDUWLFLSDQWV� LQ� WKH�FRQWURO�JURXS�� ,I� WKLV�KDSSHQV�
ZKDW�LV�WKRXJKW�WR�UHSUHVHQW�WKH�FRQWURO�FRQGLWLRQ�LV�QR�ORQJHU�FRUUHFW�EHFDXVH�LW�KDV
EHFRPH�FRQWDPLQDWHG�ZLWK�VRPHWKLQJ�IURP�WKH�WUHDWPHQW�FRQGLWLRQ��7KH�SRLQW�LV�WKDW
LW�FDQ�EH�GLIILFXOW� WR�NHHS� WKH� OHYHOV�RI�\RXU� LQGHSHQGHQW�YDULDEOH� �H�J��� WUHDWPHQW
DQG�FRQWURO��WUXO\�VHSDUDWH�LQ�D�ILHOG�H[SHULPHQW��DQG�WKLV�FDQ�EH�GLIILFXOW�WR�GHWHFW�

��7UHDWPHQW�GLIIXVLRQ�7KH�SDUWLFLSDQWV�LQ�RQH�WUHDWPHQW�FRQGLWLRQ�DUH�H[SRVHG



WR�DOO�RU�VRPH�RI�WKH�RWKHU�WUHDWPHQW�FRQGLWLRQ

5(9,(:
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������ :KDW� LV� FRQVWUXFW� YDOLGLW\�� DQG� KRZ� LV� LW
DFKLHYHG"

������:KDW�LV�RSHUDWLRQDOLVP��DQG�ZKDW�LV�LWV�SXUSRVH"
������:KDW� LV� PXOWLSOH� RSHUDWLRQDOLVP�� DQG� ZK\� LV� LW

XVHG"

67$7,67,&$/�&21&/86,21�9$/,',7<

6WDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\�UHIHUV�WR�WKH�YDOLGLW\�ZLWK�ZKLFK�\RX�FDQ�LQIHU�WKDW
WZR�YDULDEOHV�DUH�UHODWHG�DQG�WKH�HVWLPDWHG�VWUHQJWK�RI�WKDW�UHODWLRQVKLS�LV�DFFXUDWH�
6WDWLVWLFDO� FRQFOXVLRQ� YDOLGLW\� UHIHUV� WR� VWDWLVWLFDO� LQIHUHQFHV�� 7KH� ILUVW� VWDWLVWLFDO
LQIHUHQFH� LV�ZKHWKHU�D� UHODWLRQVKLS�H[LVWV�EHWZHHQ� WKH� LQGHSHQGHQW�DQG�GHSHQGHQW
YDULDEOHV��7KH� VHFRQG� VWDWLVWLFDO� LQIHUHQFH� LV� DQ� HVWLPDWH� RI� WKH�PDJQLWXGH� RI� WKH
UHODWLRQVKLS� EHWZHHQ� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW� YDULDEOHV�� %RWK� RI� WKHVH
LQIHUHQFHV� UHO\� RQ� VWDWLVWLFDO� WHVWV� ZLWK� VDPSOH� GDWD�� 0DNLQJ� DQ� LQIHUHQFH� DERXW
ZKHWKHU�WKH�YDULDEOHV�WKDW�DUH�LQYHVWLJDWHG�LQ�WKH�VWXG\�DUH�UHODWHG�W\SLFDOO\�LQ�WKH
SRSXODWLRQ� LQYROYHV� QXOO� K\SRWKHVLV� VLJQLILFDQFH� WHVWLQJ��:H� ZLOO� GLVFXVV� WKLV� LQ
&KDSWHU� ���� 5LJKW� QRZ�� DOO� \RX� QHHG� WR� NQRZ� LV� WKDW� QXOO� K\SRWKHVLV� VWDWLVWLFDO
WHVWLQJ� LQYROYHV� XVLQJ� VWDWLVWLFDO� WHVWV� WR� GHFLGH� ZKHWKHU� WKH� LQGHSHQGHQW� DQG
GHSHQGHQW� YDULDEOHV� DUH� UHODWHG� LQ� WKH� SRSXODWLRQ� RI� LQWHUHVW� EH\RQG� \RXU� VWXG\
VDPSOH�� 0DNLQJ� DQ� LQIHUHQFH� DERXW� WKH� PDJQLWXGH� RI� WKH� UHODWLRQVKLS� EHWZHHQ
YDULDEOHV� LQYROYHV� FRPSXWLQJ� HIIHFW� VL]H� HVWLPDWHV�� (IIHFW� VL]H� HVWLPDWHV� DUH
REWDLQHG�E\�FRPSXWLQJ�D�VWDWLVWLFDO�LQGH[��FDOOHG�DQ�HIIHFW�VL]H�LQGLFDWRU�� WR�JLYH
\RX�DQ�HVWLPDWH�RI� WKH�VWUHQJWK�RI� WKH�UHODWLRQVKLS� EHWZHHQ� WKH� LQGHSHQGHQW�DQG
GHSHQGHQW�YDULDEOHV�

��6WDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\�7KH�DELOLW\�WR�LQIHU�WKDW�WKH�LQGHSHQGHQW�DQG
GHSHQGHQW�YDULDEOHV�DUH�UHODWHG�LQ�WKH�ODUJHU�SRSXODWLRQ�RI�LQWHUHVW�DQG�WKH
VWUHQJWK�RI�WKDW�UHODWLRQVKLS

��(IIHFW�VL]H�LQGLFDWRU�$�PHDVXUH�RI�WKH�VWUHQJWK�RU�PDJQLWXGH�RI�D
UHODWLRQVKLS�EHWZHHQ�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV

2Q� WKH�VXUIDFH�� LW� VHHPV�DV� WKRXJK�YDOLG� LQIHUHQFHV�VKRXOG� ORJLFDOO\� IROORZ� LI
WKH�VWDWLVWLFDO�WHVWV�DUH�FRQGXFWHG�FRUUHFWO\��+RZHYHU��D�UHVHDUFKHU�PLJKW�EH�ZURQJ
IRU� D� YDULHW\� RI� UHDVRQV� ZKHQ� PDNLQJ� DQ� LQIHUHQFH� DERXW� WKH� H[LVWHQFH� RI� D
UHODWLRQVKLS� EHWZHHQ� WZR� RU� PRUH� YDULDEOHV� DQG� WKH� VL]H� RI� WKH� UHODWLRQVKLS
EHWZHHQ�WKHVH�YDULDEOHV��:H�DUH�QRW�JRLQJ�WR�GLVFXVV�PRVW�RI�WKHVH�WKUHDWV�EHFDXVH
WKH\�IRFXV�SULPDULO\�RQ�VWDWLVWLFDO�LVVXHV�WKDW�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�WH[WERRN�



:H�ZDQW�\RX�WR�UHDOL]H��KRZHYHU��WKDW�WKH�LQIHUHQFHV�\RX�PDNH�IURP�WKH�UHVXOWV�RI
VWDWLVWLFDO�WHVWV�PLJKW�RU�PLJKW�QRW�EH�YDOLG�DQG�ZKHWKHU�WKH\�DUH�YDOLG�GHSHQGV�RQ
WKH�H[LVWHQFH�RU�QRQH[LVWHQFH�RI�D�YDULHW\�RI�WKUHDWV��7KH�LQWHUHVWHG�UHDGHU�FDQ�ILQG
WKH� WKUHDWV� WR� VWDWLVWLFDO� FRQFOXVLRQ� YDOLGLW\� RQ� WKH� FRPSDQLRQ� ZHEVLWH� IRU� WKLV
ERRN�IRU�WKLV�FKDSWHU�

5(9,(:
48(67 ,21

������:KDW� LV� WKH� EDVLF� LGHD� RI� VWDWLVWLFDO� FRQFOXVLRQ
YDOLGLW\"

5(6($5&+�9$/,',7<��25�³75867:257+,1(66´��,1
48$/,7$7,9(�5(6($5&+
'LVFXVVLRQV�RI�WKH�WHUP�YDOLGLW\�KDYH�WUDGLWLRQDOO\�EHHQ�DWWDFKHG�WR�WKH�TXDQWLWDWLYH
UHVHDUFK�WUDGLWLRQ��1RW�VXUSULVLQJO\��UHDFWLRQV�E\�TXDOLWDWLYH�UHVHDUFKHUV�KDYH�EHHQ
PL[HG� UHJDUGLQJ� ZKHWKHU� RU� QRW� WKLV� FRQFHSW� VKRXOG� EH� DSSOLHG� WR� TXDOLWDWLYH
UHVHDUFK�� $W� WKH� H[WUHPH�� VRPH� TXDOLWDWLYH� UHVHDUFKHUV� KDYH� VXJJHVWHG� WKDW� WKH
WUDGLWLRQDO� TXDQWLWDWLYH� FULWHULD� RI� UHOLDELOLW\� DQG� YDOLGLW\� DUH� QRW� UHOHYDQW� WR
TXDOLWDWLYH� UHVHDUFK� �H�J��� -�� .�� 6PLWK�� ������� 6PLWK� FRQWHQGHG� WKDW� WKH� EDVLF
DVVXPSWLRQV�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�DUH� LQFRPSDWLEOH�DQG� WKDW� WKH
FRQFHSWV�RI�UHOLDELOLW\�DQG�YDOLGLW\�VKRXOG�WKHUHIRUH�EH�DEDQGRQHG��0RVW�TXDOLWDWLYH
UHVHDUFKHUV��KRZHYHU��GR�QRW�KROG�WKLV�YLHZSRLQW��DQG�QHLWKHU�GR�ZH�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

0RVW� TXDOLWDWLYH� UHVHDUFKHUV� DUJXH� WKDW� VRPH� TXDOLWDWLYH� UHVHDUFK� VWXGLHV� DUH
EHWWHU�WKDQ�RWKHUV��DQG�WKH\�XVH�WKH�WHUP�YDOLGLW\�RU�WUXVWZRUWKLQHVV�WR�UHIHU�WR�WKLV
TXDOLW\�GLIIHUHQFH��:KHQ�TXDOLWDWLYH�UHVHDUFKHUV�VSHDN�RI�UHVHDUFK�YDOLGLW\��WKH\�DUH
XVXDOO\�UHIHUULQJ�WR�TXDOLWDWLYH�UHVHDUFK�WKDW�LV�SODXVLEOH��FUHGLEOH��WUXVWZRUWK\��DQG
WKHUHIRUH�GHIHQVLEOH��:H�EHOLHYH�LW�LV�LPSRUWDQW�WR�WKLQN�DERXW�WKH�LVVXH�RI�YDOLGLW\
LQ�TXDOLWDWLYH�UHVHDUFK�DQG�WR�H[DPLQH�VRPH�VWUDWHJLHV�WKDW�KDYH�EHHQ�GHYHORSHG�WR
PD[LPL]H�YDOLGLW\��$�OLVW�RI�WKHVH�VWUDWHJLHV�LV�SURYLGHG�LQ�7DEOH�������.HHS�LQ�PLQG
WKDW�PRVW�RI�WKHVH�VWUDWHJLHV�FDQ�DOVR�EH�XVHG�LQ�TXDQWLWDWLYH�UHVHDUFK�

2QH�JHQHUDO�VWUDWHJ\�WKDW�ZDV�SRSXODUL]HG�LQ�TXDOLWDWLYH�UHVHDUFK�PHWKRGRORJ\
VHYHUDO�GHFDGHV�DJR�� FDOOHG� WULDQJXODWLRQ�� LV� D�YDOLGDWLRQ�DSSURDFK�EDVHG�RQ� WKH
VHDUFK�IRU�FRQYHUJHQFH�RI�UHVXOWV�REWDLQHG�E\�XVLQJ�PXOWLSOH�LQYHVWLJDWRUV��PHWKRGV�
GDWD�VRXUFHV��DQG�RU�WKHRUHWLFDO�SHUVSHFWLYHV��7KLV�DSSURDFK�EXLOGV�LQWR�\RXU�VWXG\
DQG� UHVHDUFK� SURFHVV� V\VWHPDWLF� FURVV�FKHFNLQJ� RI� LQIRUPDWLRQ� DQG� FRQFOXVLRQV
WKURXJK�WKH�XVH�RI�PXOWLSOH�SURFHGXUHV�RU�VRXUFHV��$V�DQ�RXWFRPH��³WULDQJXODWLRQ´
LV�VDLG�WR�RFFXU�ZKHQ�\RXU�UHVXOWV�FRQYHUJH�RQ�WKH�VDPH�FRQFOXVLRQ��7UDGLWLRQDOO\�
IRXU�NLQGV�RI�WULDQJXODWLRQ�ZHUH�LGHQWLILHG��GDWD��PHWKRGV��LQYHVWLJDWRU��DQG�WKHRU\�
+RZHYHU�� ILQGLQJV� VRPHWLPHV� GR� QRW� FRQYHUJH� EXW� DUH� GLYHUJHQW�� 7KLV� LV� QRW
QHFHVVDULO\�D�SUREOHP��EHFDXVH�LW�FDQ�EH�TXLWH�XVHIXO�DQG�LPSRUWDQW�WR�ORRN�DW�RXU



REMHFWV� RI� VWXG\� LQ� GLIIHUHQW� ZD\V� DQG� OHDUQ� IURP� WKH� GLIIHUHQW� PHWKRGV� DQG
SHUVSHFWLYHV�� ,W� LV�DQ�³HPSLULFDO�TXHVWLRQ´�ZKHWKHU� ILQGLQJV�FRQYHUJH�RU�GLYHUJH�
DQG�ERWK�FRQYHUJHQW� DQG�GLYHUJHQW� ILQGLQJV�DUH� LPSRUWDQW��<RX�ZLOO� ILQG� LQ�7DEOH
�����IRXU�VWUDWHJLHV²IRXU�VWUDWHJLHV�DUH�WKH�XVH�RI�PXOWLSOH�GDWD�VRXUFHV��PXOWLSOH
UHVHDUFK�PHWKRGV��PXOWLSOH� LQYHVWLJDWRUV�� DQG�PXOWLSOH� WKHRUHWLFDO� SHUVSHFWLYHV²
WKDW� DUH� LPSRUWDQW� IRU� JRRG�PL[HG� UHVHDUFK�� DQG� WKH� ILQGLQJV� PLJKW� RU� PLJKW� QRW
FRQYHUJH�

��7ULDQJXODWLRQ�$�YDOLGDWLRQ�DSSURDFK�XVLQJ�PXOWLSOH�LQYHVWLJDWRUV��PHWKRGV�
GDWD�VRXUFHV��DQG�RU�WKHRUHWLFDO�SHUVSHFWLYHV�LQ�WKH�VHDUFK�IRU�FRQYHUJHQFH
RI�UHVXOWV

2QH�SRWHQWLDO�WKUHDW�WR�YDOLGLW\�WKDW�UHVHDUFKHUV�PXVW�EH�FDUHIXO�WR�ZDWFK�RXW�IRU
LV�FDOOHG�UHVHDUFKHU�ELDV��7KLV�SUREOHP�LV�VXPPHG�XS�LQ�D�VWDWHPHQW�D�FROOHDJXH�RI
RXUV� RQFH� PDGH�� 6KH� VDLG�� ³7KH� SUREOHP� ZLWK� TXDOLWDWLYH� UHVHDUFK� LV� WKDW� WKH
UHVHDUFKHUV�´ILQG¶�ZKDW�WKH\�ZDQW�WR�ILQG��DQG�WKHQ�WKH\�ZULWH�XS�WKHLU�UHVXOWV�µ�,W�LV
WUXH� WKDW� WKH� SUREOHP� RI� UHVHDUFKHU� ELDV� LV� IUHTXHQWO\� DQ� LVVXH� LQ� TXDOLWDWLYH
UHVHDUFK� EHFDXVH� TXDOLWDWLYH� UHVHDUFK� WHQGV� WR� EH� H[SORUDWRU\� DQG� LV� RSHQ�HQGHG
DQG�OHVV�VWUXFWXUHG�WKDQ�TXDQWLWDWLYH�UHVHDUFK���2QH�ZRXOG�EH�UHPLVV��KRZHYHU�� WR
WKLQN�WKDW�UHVHDUFKHU�ELDV�LV�QHYHU�D�SUREOHP�LQ�TXDQWLWDWLYH�UHVHDUFK���5HVHDUFKHU
ELDV� WHQGV� WR� UHVXOW� IURP� VHOHFWLYH� REVHUYDWLRQ� DQG� VHOHFWLYH� UHFRUGLQJ� RI
LQIRUPDWLRQ�DQG�DOVR�IURP�DOORZLQJ�RQH¶V�SHUVRQDO�YLHZV�DQG�SHUVSHFWLYHV�WR�DIIHFW
KRZ�GDWD�DUH�LQWHUSUHWHG�DQG�KRZ�WKH�UHVHDUFK�LV�FRQGXFWHG�

��5HVHDUFKHU�ELDV�2EWDLQLQJ�UHVXOWV�FRQVLVWHQW�ZLWK�ZKDW�WKH�UHVHDUFKHU�ZDQWV
WR�ILQG

7KH�NH\�VWUDWHJ\�WKDW�LV�XVHG�WR�XQGHUVWDQG�UHVHDUFKHU�ELDV�LV�FDOOHG�UHIOH[LYLW\�
ZKLFK�PHDQV� WKDW� WKH� UHVHDUFKHU� DFWLYHO\� HQJDJHV� LQ� FULWLFDO� VHOI�UHIOHFWLRQ� DERXW
KLV� RU� KHU� SRWHQWLDO� ELDVHV� DQG� SUHGLVSRVLWLRQV� �7DEOH� ������� 7KURXJK� UHIOH[LYLW\�
UHVHDUFKHUV�EHFRPH�PRUH�VHOI�DZDUH��DQG�WKH\�PRQLWRU�DQG�DWWHPSW�WR�FRQWURO�WKHLU
ELDVHV�� 0DQ\� TXDOLWDWLYH� UHVHDUFKHUV� LQFOXGH� D� GLVWLQFW� VHFWLRQ� LQ� WKHLU� UHVHDUFK
SURSRVDOV� HQWLWOHG� ³5HVHDUFKHU� %LDV�´� LQ� ZKLFK� WKH\� GLVFXVV� WKHLU� SHUVRQDO
EDFNJURXQG��KRZ�LW�PLJKW�DIIHFW�WKHLU�UHVHDUFK��DQG�ZKDW�VWUDWHJLHV�WKH\�ZLOO�XVH�WR
DGGUHVV� WKH�SRWHQWLDO�SUREOHP��$QRWKHU�VWUDWHJ\� WKDW� UHVHDUFKHUV�XVH� WR�UHGXFH� WKH
HIIHFW� RI� UHVHDUFKHU� ELDV� LV� FDOOHG� QHJDWLYH�FDVH� VDPSOLQJ� �7DEOH� ������� 7KLV
PHDQV� WKDW� UHVHDUFKHUV� DWWHPSW� FDUHIXOO\� DQG� SXUSRVLYHO\� WR� VHDUFK� IRU� H[DPSOHV
WKDW�GLVFRQILUP�WKHLU�H[SHFWDWLRQV�DQG�H[SODQDWLRQV�DERXW�ZKDW�WKH\�DUH�VWXG\LQJ��,I
\RX� XVH� WKLV� DSSURDFK�� \RX� ZLOO� ILQG� LW� PRUH� GLIILFXOW� WR� LJQRUH� LPSRUWDQW
LQIRUPDWLRQ��DQG�\RX�ZLOO�FRPH�XS�ZLWK�PRUH�FUHGLEOH�DQG�GHIHQVLEOH�UHVXOWV�

��5HIOH[LYLW\�6HOI�UHIOHFWLRQ�E\�WKH�UHVHDUFKHU�RQ�KLV�RU�KHU�ELDVHV�DQG
SUHGLVSRVLWLRQV



��1HJDWLYH�FDVH�VDPSOLQJ�$WWHPSWLQJ�WR�LGHQWLI\�FDVHV�WKDW�DUH�H[SHFWHG�WR
GLVFRQILUP�WKH�UHVHDUFKHU¶V�H[SHFWDWLRQV�DQG�JHQHUDOL]DWLRQV

1RZ� OHW¶V� ORRN� DW� VRPH� W\SHV� RI� YDOLGLW\� WKDW� DUH� LPSRUWDQW� LQ� TXDOLWDWLYH
UHVHDUFK�� :H� VWDUW� ZLWK� WKUHH� W\SHV� RI� YDOLGLW\� WKDW� DUH� HVSHFLDOO\� UHOHYDQW� WR
TXDOLWDWLYH� UHVHDUFK� �0D[ZHOO�� ������ ������� GHVFULSWLYH� YDOLGLW\�� LQWHUSUHWLYH
YDOLGLW\��DQG�WKHRUHWLFDO�YDOLGLW\��$IWHU�GLVFXVVLQJ�WKHVH�WKUHH�IRUPV�RI�YDOLGLW\��WKH
WUDGLWLRQDO� W\SHV� RI� YDOLGLW\� XVHG� LQ� TXDQWLWDWLYH� UHVHDUFK�� LQWHUQDO� DQG� H[WHUQDO
YDOLGLW\��DUH�GLVFXVVHG�

'HVFULSWLYH�9DOLGLW\
'HVFULSWLYH�YDOLGLW\�UHIHUV�WR�WKH�IDFWXDO�DFFXUDF\�RI�WKH�DFFRXQW�DV�UHSRUWHG�E\

WKH� UHVHDUFKHUV�� 7KH� NH\� TXHVWLRQV� WKDW� DUH� DGGUHVVHG� LQ� GHVFULSWLYH� YDOLGLW\� DUH
WKHVH�

��'HVFULSWLYH�YDOLGLW\�7KH�IDFWXDO�DFFXUDF\�RI�DQ�DFFRXQW�DV�UHSRUWHG�E\�WKH
UHVHDUFKHU

�� �'LG�ZKDW�ZDV�UHSRUWHG�DV�WDNLQJ�SODFH�LQ�WKH�JURXS�EHLQJ�VWXGLHG�DFWXDOO\
KDSSHQ"

���'LG�WKH�UHVHDUFKHUV�DFFXUDWHO\�UHSRUW�ZKDW�WKH\�VDZ�DQG�KHDUG"

,Q�RWKHU�ZRUGV��GHVFULSWLYH�YDOLGLW\�UHIHUV�WR�DFFXUDF\�LQ�UHSRUWLQJ�GHVFULSWLYH
LQIRUPDWLRQ� �GHVFULSWLRQ� RI� HYHQWV�� REMHFWV�� EHKDYLRUV�� SHRSOH�� VHWWLQJV�� DQG� VR
IRUWK���7KLV�IRUP�RI�YDOLGLW\�LV�LPSRUWDQW�EHFDXVH�GHVFULSWLRQ�LV�D�PDMRU�REMHFWLYH
LQ�QHDUO\�DOO�TXDOLWDWLYH�UHVHDUFK�

2QH�HIIHFWLYH�VWUDWHJ\�XVHG�WR�REWDLQ�GHVFULSWLYH�YDOLGLW\�LV�WKH�XVH�RI�PXOWLSOH
LQYHVWLJDWRUV� �7DEOH�������� ,Q� WKH�FDVH�RI�GHVFULSWLYH�YDOLGLW\�� LW� LV�KHOSIXO� WR�XVH
PXOWLSOH�REVHUYHUV�WR�UHFRUG�DQG�GHVFULEH�WKH�UHVHDUFK�SDUWLFLSDQWV¶�EHKDYLRU�DQG
WKH�FRQWH[W�LQ�ZKLFK�WKH\�ZHUH�ORFDWHG��7KH�XVH�RI�PXOWLSOH�REVHUYHUV�DOORZV�FURVV�
FKHFNLQJ� RI� REVHUYDWLRQV� WR� PDNH� VXUH� WKH� LQYHVWLJDWRUV� DJUHH� DERXW� ZKDW� WRRN
SODFH�� :KHQ� FRUURERUDWLRQ� �DJUHHPHQW�� RI� REVHUYDWLRQV� DFURVV� PXOWLSOH
LQYHVWLJDWRUV�LV�REWDLQHG��LW�LV�OHVV�OLNHO\�WKDW�RXWVLGH�UHYLHZHUV�RI�WKH�UHVHDUFK�ZLOO
TXHVWLRQ� ZKHWKHU� VRPHWKLQJ� RFFXUUHG�� $V� D� UHVXOW�� WKH� UHVHDUFK� ZLOO� EH� PRUH
FUHGLEOH�DQG�GHIHQVLEOH�

��0XOWLSOH�LQYHVWLJDWRUV�7KH�XVH�RI�PXOWLSOH�UHVHDUFKHUV�DQG�REVHUYHUV�LQ
FROOHFWLQJ�DQG�LQWHUSUHWLQJ�WKH�GDWD

,QWHUSUHWLYH�9DOLGLW\
,QWHUSUHWLYH�YDOLGLW\�UHIHUV�WR�SRUWUD\LQJ�DFFXUDWHO\�WKH�PHDQLQJV�DWWDFKHG�E\



SDUWLFLSDQWV�WR�ZKDW�LV�EHLQJ�VWXGLHG�E\�WKH�UHVHDUFKHU��0RUH�VSHFLILFDOO\��LW�UHIHUV
WR� WKH�GHJUHH� WR�ZKLFK� WKH�TXDOLWDWLYH� UHVHDUFKHU� DFFXUDWHO\�XQGHUVWDQGV� UHVHDUFK
SDUWLFLSDQWV¶� YLHZSRLQWV�� WKRXJKWV�� IHHOLQJV�� LQWHQWLRQV�� DQG� H[SHULHQFHV� DQG
SRUWUD\V�WKHP�LQ�WKH�UHVHDUFK�UHSRUW��3HUKDSV�WKH�PRVW�LPSRUWDQW�VNLOO�UHTXLUHG�IRU
FRQGXFWLQJ� TXDOLWDWLYH� UHVHDUFK� LV� XQGHUVWDQGLQJ� WKH� UHVHDUFK� SDUWLFLSDQWV¶� ³LQQHU
ZRUOGV´��L�H���WKHLU�VXEMHFWLYH�ZRUOGV���DQG�LQWHUSUHWLYH�YDOLGLW\�UHIHUV�WR�WKH�GHJUHH
RI� DFFXUDF\� LQ� SUHVHQWLQJ� WKHVH� LQQHU� ZRUOGV�� $FFXUDWH� LQWHUSUHWLYH� YDOLGLW\
UHTXLUHV�WKDW�WKH�UHVHDUFKHU�JHW�LQVLGH�WKH�KHDGV�RI�WKH�SDUWLFLSDQWV��ORRN�WKURXJK�WKH
SDUWLFLSDQWV¶� H\HV�� DQG� VHH� DQG� IHHO� ZKDW� WKH\� VHH� DQG� IHHO�� ,Q� WKLV� ZD\�� WKH
TXDOLWDWLYH�UHVHDUFKHU�FDQ�XQGHUVWDQG�WKLQJV�IURP�WKH�SDUWLFLSDQWV¶�SHUVSHFWLYHV�DQG
WKXV�SURYLGH�D�YDOLG�DFFRXQW�RI�WKHVH�SHUVSHFWLYHV�

��,QWHUSUHWLYH�YDOLGLW\�$FFXUDWHO\�SRUWUD\LQJ�WKH�VWXG\�SDUWLFLSDQWV¶
SHUVSHFWLYHV�DQG�PHDQLQJV��SURYLGLQJ�WKH�LQVLGHU¶V�YLHZSRLQW

�7$%/(�������6WUDWHJLHV�8VHG�WR�3URPRWH�4XDOLWDWLYH�5HVHDUFK�9DOLGLW\



3DUWLFLSDQW� IHHGEDFN� �RU�PHPEHU� FKHFNLQJ�� LV� SHUKDSV� WKH� PRVW� LPSRUWDQW
VWUDWHJ\� �VHH� 7DEOH� ������� %\� VKDULQJ� \RXU� LQWHUSUHWDWLRQV� RI� SDUWLFLSDQWV¶
YLHZSRLQWV�ZLWK�WKH�SDUWLFLSDQWV�DQG�RWKHU�PHPEHUV�RI�WKH�JURXS��\RX�PD\�FOHDU�XS
DUHDV�RI�PLVFRPPXQLFDWLRQ��'R�WKH�SHRSOH�EHLQJ�VWXGLHG�DJUHH�ZLWK�ZKDW�\RX�KDYH
VDLG� DERXW� WKHP"�$OWKRXJK� WKLV� VWUDWHJ\� LV� QRW� SHUIHFW�� EHFDXVH� VRPH�SDUWLFLSDQWV
PD\�DWWHPSW�WR�SXW�RQ�D�JRRG�IDFH��LW�IUHTXHQWO\�REWDLQV�XVHIXO�LQIRUPDWLRQ�DQG�RIWHQ
LGHQWLILHV�LQDFFXUDFLHV�

��3DUWLFLSDQW�IHHGEDFN��RU�PHPEHU�FKHFNLQJ��'LVFXVVLRQ�RI�WKH�UHVHDUFKHU¶V
FRQFOXVLRQV�ZLWK�WKH�VWXG\�SDUWLFLSDQWV

:KHQ� ZULWLQJ� WKH� UHVHDUFK� UHSRUW�� XVLQJ� PDQ\� ORZ�LQIHUHQFH� GHVFULSWRUV� LV



DOVR� KHOSIXO� VR� WKDW� WKH� UHDGHU� FDQ� H[SHULHQFH� WKH� SDUWLFLSDQWV¶� DFWXDO� ODQJXDJH�
GLDOHFW��DQG�SHUVRQDO�PHDQLQJV��7DEOH��������,Q�WKLV�ZD\��WKH�UHDGHU�FDQ�KHDU�KRZ
WKH� SDUWLFLSDQWV� WKLQN� DQG� IHHO� DERXW� LVVXHV� DQG� H[SHULHQFHV�� $� YHUEDWLP� LV� WKH
ORZHVW�LQIHUHQFH� GHVFULSWRU� RI� DOO� EHFDXVH� WKH� SDUWLFLSDQWV¶� H[DFW� ZRUGV� DUH
SURYLGHG�LQ�GLUHFW�TXRWDWLRQV��+HUH�LV�DQ�H[DPSOH�RI�D�YHUEDWLP�IURP�D�KLJK�VFKRRO
GURSRXW�ZKR�ZDV�SDUW�RI�DQ�HWKQRJUDSKLF�VWXG\�RI�KLJK�VFKRRO�GURSRXWV�

��/RZ�LQIHUHQFH�GHVFULSWRUV�'HVFULSWLRQ�WKDW�LV�SKUDVHG�YHU\�VLPLODUO\�WR�WKH
SDUWLFLSDQWV¶�DFFRXQWV�DQG�WKH�UHVHDUFKHUV¶�ILHOG�QRWHV

,�ZRXOGQ¶W�GR�WKH�ZRUN��,�GLGQ¶W�OLNH�WKH�WHDFKHU�DQG�,�GLGQ¶W�OLNH�P\�0RP�DQG
'DG��6R��HYHQ�LI�,�GLG�P\�ZRUN��,�ZRXOGQ¶W�WXUQ�LW�LQ��,�FRPSOHWHG�LW��,�MXVW�GLGQ¶W
ZDQW�WR�WXUQ�LW�LQ��,�ZDV�DQJU\�ZLWK�P\�0RP�DQG�'DG�EHFDXVH�WKH\�ZHUH�WDONLQJ
DERXW�PRYLQJ�RXW�RI�VWDWH�DW�WKH�WLPH���2NH\�	�&XVLFN��������S������

7KLV�YHUEDWLP�SURYLGHV�VRPH�GHVFULSWLRQ��L�H���ZKDW�WKH�SDUWLFLSDQW�GLG���EXW�LW
DOVR�SURYLGHV�VRPH�LQIRUPDWLRQ�DERXW�WKH�SDUWLFLSDQW¶V�LQWHUSUHWDWLRQV�DQG�SHUVRQDO
PHDQLQJV��ZKLFK�LV�WKH�WRSLF�RI�LQWHUSUHWLYH�YDOLGLW\���7KH�SDUWLFLSDQW�H[SUHVVHV�KLV
IUXVWUDWLRQ� DQG� DQJHU� WRZDUG� KLV� SDUHQWV� DQG� WHDFKHU� DQG� VKDUHV� ZLWK� XV� ZKDW
KRPHZRUN� PHDQW� WR� KLP� DW� WKH� WLPH� DQG� ZK\� KH� DFWHG� DV� KH� GLG�� %\� UHDGLQJ
YHUEDWLPV� OLNH� WKLV� RQH�� UHDGHUV� RI� D� UHSRUW� FDQ� H[SHULHQFH� IRU� WKHPVHOYHV� WKH
SDUWLFLSDQWV¶�SHUVSHFWLYHV��$JDLQ��JHWWLQJ�LQWR�WKH�PLQGV�RI�UHVHDUFK�SDUWLFLSDQWV�LV
D� FRPPRQ� JRDO� LQ� TXDOLWDWLYH� UHVHDUFK�� DQG� 0D[ZHOO� ������� ������ FDOOHG� RXU
DFFXUDF\�LQ�SRUWUD\LQJ�WKLV�³LQQHU�FRQWHQW´�LQWHUSUHWLYH�YDOLGLW\�

7KHRUHWLFDO�9DOLGLW\
7KHRUHWLFDO� YDOLGLW\� UHIHUV� WR� WKH� GHJUHH� WR� ZKLFK� D� WKHRUHWLFDO� H[SODQDWLRQ

GHYHORSHG� IURP� D� UHVHDUFK� VWXG\� ILWV� WKH� GDWD� DQG� LV� WKHUHIRUH� FUHGLEOH� DQG
GHIHQVLEOH��$V�ZH�GLVFXVV�LQ�&KDSWHU����WKHRU\�XVXDOO\�UHIHUV�WR�GLVFXVVLRQV�RI�KRZ
D� SKHQRPHQRQ� RSHUDWHV� DQG�ZK\� LW� RSHUDWHV� DV� LW� GRHV�� 7KHRU\� LV� XVXDOO\� PRUH
DEVWUDFW�DQG�OHVV�FRQFUHWH�WKDQ�GHVFULSWLRQ�DQG�LQWHUSUHWDWLRQ��7KHRU\�GHYHORSPHQW
PRYHV�EH\RQG�³MXVW� WKH�IDFWV´�DQG�SURYLGHV�DQ�H[SODQDWLRQ�RI� WKH�SKHQRPHQRQ��,Q
WKH�ZRUGV�RI�-RVHSK�0D[ZHOO��������

��7KHRUHWLFDO�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�D�WKHRUHWLFDO�H[SODQDWLRQ�ILWV�WKH
GDWD

2QH�FRXOG�ODEHO�WKH�VWXGHQW¶V�WKURZLQJ�RI�WKH�HUDVHU�DV�DQ�DFW�RI�UHVLVWDQFH��DQG
FRQQHFW� WKLV�DFW� WR� WKH�UHSUHVVLYH�EHKDYLRU�RU�YDOXHV�RI� WKH� WHDFKHU�� WKH�VRFLDO
VWUXFWXUH� RI� WKH� VFKRRO�� DQG� FODVV� UHODWLRQVKLSV� LQ� 8�6�� VRFLHW\�� 7KH
LGHQWLILFDWLRQ� RI� WKH� WKURZLQJ� DV� ³UHVLVWDQFH´� FRQVWLWXWHV� WKH� DSSOLFDWLRQ� RI� D
WKHRUHWLFDO� FRQVWUXFW�� �� �� �� 7KH� FRQQHFWLRQ� RI� WKLV� WR� RWKHU� DVSHFWV� RI� WKH
SDUWLFLSDQWV�� WKH� VFKRRO�� RU� WKH� FRPPXQLW\� FRQVWLWXWHV� WKH� SRVWXODWLRQ� RI



WKHRUHWLFDO�UHODWLRQVKLSV�DPRQJ�WKHVH�FRQVWUXFWV���S������

,Q�WKLV�H[DPSOH��WKH�WKHRUHWLFDO�FRQVWUXFW�FDOOHG�UHVLVWDQFH�LV�XVHG�WR�H[SODLQ�WKH
VWXGHQW¶V�EHKDYLRU��0D[ZHOO�SRLQWV�RXW�WKDW�WKH�FRQVWUXFW�RI�UHVLVWDQFH�PD\�DOVR�EH
UHODWHG� WR� RWKHU� WKHRUHWLFDO� FRQVWUXFWV� RU� YDULDEOHV�� ,Q� IDFW�� WKHRULHV� DUH� RIWHQ
GHYHORSHG�E\�UHODWLQJ�WKHRUHWLFDO�FRQVWUXFWV�

$� VWUDWHJ\� IRU� SURPRWLQJ� WKHRUHWLFDO� YDOLGLW\� LV� H[WHQGHG� ILHOGZRUN� �7DEOH
������� 7KLV� PHDQV� VSHQGLQJ� D� VXIILFLHQW� DPRXQW� RI� WLPH� VWXG\LQJ� \RXU� UHVHDUFK
SDUWLFLSDQWV� DQG� WKHLU� VHWWLQJ� VR� WKDW� \RX� FDQ� KDYH� FRQILGHQFH� WKDW� WKH� SDWWHUQV� RI
UHODWLRQVKLSV�\RX�EHOLHYH�DUH�RSHUDWLQJ�DUH� VWDEOH�DQG�VR� WKDW�\RX�FDQ�XQGHUVWDQG
ZK\�WKHVH�UHODWLRQVKLSV�RFFXU��$V�\RX�VSHQG�PRUH�WLPH�LQ�WKH�ILHOG�FROOHFWLQJ�GDWD
DQG�JHQHUDWLQJ�DQG� WHVWLQJ�\RXU� LQWHUSUHWDWLRQV��\RXU� WKHRUHWLFDO�H[SODQDWLRQ�PLJKW
EHFRPH� PRUH� GHWDLOHG� DQG� LQWULFDWH�� <RX� PD\� GHFLGH� WR� XVH� WKH� VWUDWHJ\� FDOOHG
PXOWLSOH� WKHRUHWLFDO� SHUVSHFWLYHV� �7DEOH� ������� 7KLV� PHDQV� WKDW� \RX� ZRXOG
H[DPLQH� KRZ� WKH� SKHQRPHQRQ� EHLQJ� VWXGLHG� ZRXOG� EH� H[SODLQHG� E\� GLIIHUHQW
WKHRULHV�DQG�SHUVSHFWLYHV��7KH�YDULRXV�WKHRULHV�PLJKW�SURYLGH�\RX�ZLWK�LQVLJKWV�DQG
KHOS�\RX�GHYHORS�D�PRUH�FRJHQW�H[SODQDWLRQ��,Q�D�UHODWHG�ZD\��\RX�PLJKW�DOVR�XVH
PXOWLSOH�LQYHVWLJDWRUV�DQG�FRQVLGHU�WKH�LGHDV�DQG�H[SODQDWLRQV�WKDW�WKH\�JHQHUDWH�

��([WHQGHG�ILHOGZRUN�&ROOHFWLQJ�GDWD�LQ�WKH�ILHOG�RYHU�DQ�H[WHQGHG�SHULRG�RI
WLPH

��0XOWLSOH�WKHRUHWLFDO�SHUVSHFWLYHV�7KH�XVH�RI�PXOWLSOH�WKHRULHV��GLVFLSOLQHV�
DQG�SHUVSHFWLYHV�WR�LQWHUSUHW�DQG�H[SODLQ�WKH�GDWD

$V�\RX�GHYHORS�\RXU�WKHRUHWLFDO�H[SODQDWLRQ��\RX�VKRXOG�PDNH�VRPH�SUHGLFWLRQV
EDVHG�RQ�WKH�WKHRU\�DQG�WHVW�WKH�DFFXUDF\�RI�WKRVH�SUHGLFWLRQV��:KHQ�GRLQJ�WKLV��\RX
FDQ� XVH� WKH� SDWWHUQ�PDWFKLQJ� VWUDWHJ\� �7DEOH� ������� ,Q� SDWWHUQ� PDWFKLQJ�� WKH
VWUDWHJ\�LV�WR�PDNH�VHYHUDO�SUHGLFWLRQV�DW�RQFH��WKHQ��LI�DOO�RI�WKH�SUHGLFWLRQV�RFFXU
DV� SUHGLFWHG� �L�H��� LI� WKH� SDWWHUQ� RU� ³ILQJHUSULQW´� LV� IRXQG��� \RX� KDYH� HYLGHQFH
VXSSRUWLQJ� \RXU� H[SODQDWLRQ�� $V� \RX� GHYHORS� \RXU� WKHRUHWLFDO� H[SODQDWLRQ�� \RX
VKRXOG�DOVR�XVH�WKH�QHJDWLYH�FDVH�VDPSOLQJ�VWUDWHJ\�PHQWLRQHG�HDUOLHU��7DEOH�������
7KDW� LV�� \RX� PXVW� DOZD\V� VHDUFK� IRU� FDVHV� RU� H[DPSOHV� WKDW� GR� QRW� ILW� \RXU
H[SODQDWLRQ�VR�WKDW�\RX�GR�QRW�VLPSO\�ILQG�GDWD�WKDW�VXSSRUW�\RXU�GHYHORSLQJ�WKHRU\�
$V�D�JHQHUDO� UXOH��\RXU� ILQDO�H[SODQDWLRQ�VKRXOG�DFFXUDWHO\�UHIOHFW� WKH�PDMRULW\�RI
WKH�SHRSOH�LQ�\RXU�UHVHDUFK�VWXG\��$QRWKHU�XVHIXO�VWUDWHJ\�IRU�SURPRWLQJ�WKHRUHWLFDO
YDOLGLW\� LV� FDOOHG�SHHU� UHYLHZ� �7DEOH� �������ZKLFK�PHDQV� WKDW� \RX� VKRXOG� WU\� WR
VSHQG�VRPH�WLPH�GLVFXVVLQJ�\RXU�H[SODQDWLRQ�ZLWK�\RXU�FROOHDJXHV�VR�WKDW�WKH\�FDQ
LGHQWLI\�DQ\�SUREOHPV�LQ�LW��(DFK�SUREOHP�PXVW�WKHQ�EH�UHVROYHG��,Q�VRPH�FDVHV��\RX
ZLOO� ILQG�WKDW�\RX�ZLOO�QHHG�WR�JR�EDFN�WR� WKH�ILHOG�DQG�FROOHFW�DGGLWLRQDO�GDWD��$
UHODWHG�VWUDWHJ\�LV�FDOOHG�FULWLFDO�IULHQG��8VHG�E\�DFWLRQ�UHVHDUFKHUV��WKLV�LV�D�W\SH
RI� SHHU� UHYLHZ�� $� FULWLFDO� IULHQG� LV� VRPHRQH� \RX� WUXVW� ZKRP� \RX� LQWHUDFW� ZLWK
WKURXJKRXW� \RXU� UHVHDUFK� SURMHFW� �EHJLQQLQJ��PLGGOH�� DQG� HQG�� WR� SURYLGH� KRQHVW
DQG� RSHQ� IHHGEDFN� DERXW� \RXU� DFWLRQV�� )LQDOO\�� ZKHQ� GHYHORSLQJ� D� WKHRUHWLFDO



H[SODQDWLRQ��\RX�PXVW�DOVR� WKLQN�DERXW� WKH� LVVXHV�RI� LQWHUQDO� �FDXVDO��YDOLGLW\�DQG
H[WHUQDO��JHQHUDOL]LQJ��YDOLGLW\��WR�ZKLFK�ZH�QRZ�WXUQ�

��3DWWHUQ�PDWFKLQJ�3UHGLFWLQJ�D�SDWWHUQ�RI�UHVXOWV�DQG�GHWHUPLQLQJ�ZKHWKHU�WKH
DFWXDO�UHVXOWV�ILW�WKH�SUHGLFWHG�ILQJHUSULQW�RU�VLJQDWXUH�SDWWHUQ

��3HHU�UHYLHZ�'LVFXVVLQJ�RQH¶V�LQWHUSUHWDWLRQV�DQG�FRQFOXVLRQV�ZLWK�SHHUV�RU
FROOHDJXHV

��&ULWLFDO�IULHQG�$�W\SH�RI�SHHU�UHYLHZ�LQ�ZKLFK�RQH�WUXVWHG�IULHQG�SURYLGHV
KRQHVW�DQG�RSHQ�IHHGEDFN�DERXW�\RXU�DFWLRQV�WKURXJKRXW�WKH�VWXG\

,QWHUQDO�9DOLGLW\
<RX�DUH�DOUHDG\�IDPLOLDU�ZLWK�LQWHUQDO�YDOLGLW\��RU�FDXVDO�YDOLGLW\���ZKLFK�LV�WKH

IRXUWK�W\SH�RI�YDOLGLW\�LQ�TXDOLWDWLYH�UHVHDUFK�RI�LQWHUHVW�WR�XV��$V�\RX�NQRZ��LQWHUQDO
YDOLGLW\�UHIHUV�WR�WKH�GHJUHH�WR�ZKLFK�D�UHVHDUFKHU�LV�MXVWLILHG�LQ�FRQFOXGLQJ�WKDW�DQ
REVHUYHG�UHODWLRQVKLS�LV�FDXVDO��2IWHQ�TXDOLWDWLYH�UHVHDUFKHUV�DUH�QRW�LQWHUHVWHG�LQ
FDXVH�DQG�HIIHFW� UHODWLRQVKLSV�� 6RPHWLPHV�� KRZHYHU�� TXDOLWDWLYH� UHVHDUFKHUV� DUH
LQWHUHVWHG� LQ� LGHQWLI\LQJ� SRWHQWLDO� FDXVHV� DQG� HIIHFWV�� ,Q� IDFW�� TXDOLWDWLYH� UHVHDUFK
FDQ�EH�YHU\�KHOSIXO� LQ�GHVFULELQJ�KRZ�SKHQRPHQD�RSHUDWH��L�H���VWXG\LQJ�SURFHVV�
DQG� LQ� GHYHORSLQJ� DQG� WHVWLQJ� SUHOLPLQDU\� FDXVDO� K\SRWKHVHV� DQG� WKHRULHV
�&DPSEHOO��������5��%��-RKQVRQ��������/H&RPSWH�	�3UHLVVOH��������6WUDXVV�������
<LQ�� ������� +RZHYHU�� DIWHU� SRWHQWLDO� FDXVDO� UHODWLRQVKLSV� DUH� VWXGLHG� XVLQJ
TXDOLWDWLYH� UHVHDUFK�� WKH\� VKRXOG� EH� WHVWHG� DQG� FRQILUPHG� E\� XVLQJ� H[SHULPHQWDO
PHWKRGV�ZKHQ�WKLV�LV�IHDVLEOH��,Q�WKLV�ZD\��PRUH�FRQFOXVLYH�HYLGHQFH�DERXW�FDXVH
DQG�HIIHFW�FDQ�EH�REWDLQHG�

:KHQ�TXDOLWDWLYH� UHVHDUFKHUV� LGHQWLI\�SRWHQWLDO� FDXVH�DQG�HIIHFW� UHODWLRQVKLSV�
WKH\�PXVW�WKLQN�DERXW�PDQ\�RI�WKH�VDPH�LVVXHV�RI�LQWHUQDO�YDOLGLW\�DQG�WKH�VWUDWHJLHV
XVHG�WR�REWDLQ�WKHRUHWLFDO�YDOLGLW\�GLVFXVVHG�HDUOLHU�LQ�WKLV�FKDSWHU��7KH�TXDOLWDWLYH
UHVHDUFKHU� WDNHV� RQ� WKH� UROH� RI� WKH� ³GHWHFWLYH´� VHDUFKLQJ� IRU� FDXVH�V�� RI� D
SKHQRPHQRQ��H[DPLQLQJ�HDFK�SRVVLEOH�³FOXH´�DQG�DWWHPSWLQJ�WR�UXOH�RXW�HDFK�ULYDO
H[SODQDWLRQ� JHQHUDWHG� �VHH� UHVHDUFKHU�DV�GHWHFWLYH� DQG� UXOLQJ� RXW� DOWHUQDWLYH
H[SODQDWLRQV� LQ� 7DEOH� ������� :KHQ� WU\LQJ� WR� LGHQWLI\� D� FDXVDO� UHODWLRQVKLS�� WKH
UHVHDUFKHU�PDNHV�PHQWDO�FRPSDULVRQV��7KH�FRPSDULVRQ�PLJKW�EH�WR�D�K\SRWKHWLFDO
FRQWURO�JURXS��$OWKRXJK�D�FRQWURO�JURXS�LV�UDUHO\�XVHG�LQ�TXDOLWDWLYH�UHVHDUFK�� WKH
UHVHDUFKHU�FDQ�WKLQN�DERXW�ZKDW�ZRXOG�KDYH�KDSSHQHG�LI�WKH�FDXVDO�IDFWRU�KDG�QRW
RFFXUUHG��7KH�UHVHDUFKHU�FDQ�VRPHWLPHV�UHO\�RQ�KLV�RU�KHU�H[SHUW�RSLQLRQ��DV�ZHOO
DV�SXEOLVKHG�UHVHDUFK�VWXGLHV��LQ�GHFLGLQJ�ZKDW�ZRXOG�KDYH�KDSSHQHG��,I�WKH�HYHQW
LV� VRPHWKLQJ� WKDW� VKRXOG� RFFXU� DJDLQ�� WKH� UHVHDUFKHU� FDQ� GHWHUPLQH� ZKHWKHU� WKH
FDXVDO� IDFWRU�SUHFHGHV� WKH�RXWFRPH��7KDW� LV��ZKHQ� WKH�FDXVDO� IDFWRU�RFFXUV�DJDLQ�
GRHV�WKH�HIIHFW�IROORZ"



��5HVHDUFKHU�DV�GHWHFWLYH�0HWDSKRU�DSSOLHG�WR�WKH�UHVHDUFKHU�ZKR�LV
VHDUFKLQJ�IRU�FDXVH�DQG�HIIHFW

��5XOLQJ�RXW�DOWHUQDWLYH�H[SODQDWLRQV�0DNLQJ�VXUH�WKDW�RWKHU�H[SODQDWLRQV�RI
\RXU�FRQFOXVLRQ�DUH�QRW�EHWWHU�WKDQ�WKH�H[SODQDWLRQ�\RX�DUH�XVLQJ

:KHQ�D�UHVHDUFKHU�EHOLHYHV� WKDW�DQ�REVHUYHG�UHODWLRQVKLS� LV�FDXVDO��KH�RU�VKH
PXVW�DOVR�DWWHPSW�WR�PDNH�VXUH�WKDW�WKH�REVHUYHG�FKDQJH�LQ�WKH�GHSHQGHQW�YDULDEOH
LV�GXH� WR� WKH� LQGHSHQGHQW�YDULDEOH� DQG�QRW� WR� VRPHWKLQJ�HOVH� �H�J��� D� FRQIRXQGLQJ
H[WUDQHRXV� YDULDEOH��� 7KH� VXFFHVVIXO� UHVHDUFKHU�ZLOO� DOZD\V�PDNH� D� OLVW� RI� ULYDO
H[SODQDWLRQV� RU� ULYDO� K\SRWKHVHV� WKDW� DUH� SRVVLEOH� RU� SODXVLEOH� UHDVRQV� IRU� WKH
UHODWLRQVKLS� RWKHU� WKDQ� WKH� RULJLQDOO\� VXVSHFWHG� FDXVH�� 2QH�ZD\� WR� LGHQWLI\� ULYDO
H[SODQDWLRQV�LV�WR�EH�D�VNHSWLF�DQG�WKLQN�RI�UHDVRQV�ZK\�WKH�UHODWLRQVKLS�VKRXOG�QRW
EH� FDXVDO�� $IWHU� WKH� OLVW� KDV� EHHQ� GHYHORSHG�� HDFK� ULYDO� H[SODQDWLRQ� PXVW� EH
H[DPLQHG��6RPHWLPHV�\RX�ZLOO�EH�DEOH�WR�FKHFN�D�ULYDO�H[SODQDWLRQ�DJDLQVW�WKH�GDWD
\RX� KDYH� DOUHDG\� FROOHFWHG� WKURXJK� DGGLWLRQDO� GDWD� DQDO\VLV�� $W� RWKHU� WLPHV�� \RX
ZLOO� QHHG� WR� FROOHFW� DGGLWLRQDO� GDWD�� 2QH� VWUDWHJ\� ZRXOG� EH� WR� REVHUYH� WKH
UHODWLRQVKLS� \RX� EHOLHYH� WR� EH� FDXVDO� XQGHU� FRQGLWLRQV� LQ�ZKLFK� WKH� FRQIRXQGLQJ
YDULDEOH� LV� QRW� SUHVHQW� DQG� FRPSDUH� WKLV� RXWFRPH�ZLWK� WKH�RULJLQDO� RXWFRPH��)RU
H[DPSOH�� LI� \RX� FRQFOXGHG� WKDW� D� WHDFKHU� HIIHFWLYHO\� PDLQWDLQHG� FODVVURRP
GLVFLSOLQH�RQ�D�JLYHQ�GD\�EXW�D�FULWLF�PDLQWDLQHG�WKDW�WKLV�HIIHFW�ZDV�WKH�UHVXOW�RI�D
SDUHQW�YLVLWLQJ�WKH�FODVVURRP�RQ�WKDW�GD\��WKHQ�\RX�VKRXOG�WU\�WR�REVHUYH�WKH�WHDFKHU
DJDLQ�ZKHQ�WKH�SDUHQW�LV�QRW�SUHVHQW��,I�WKH�WHDFKHU�LV�VWLOO�VXFFHVVIXO��\RX�KDYH�VRPH
HYLGHQFH�WKDW�WKH�RULJLQDO�ILQGLQJ�ZDV�QRW�GXH�WR�WKH�SUHVHQFH�RI�WKH�SDUHQW�

$OO�WKH�VWUDWHJLHV�VKRZQ�LQ�7DEOH������DUH�XVHG�WR�LPSURYH�WKH�LQWHUQDO�YDOLGLW\
RI�TXDOLWDWLYH�UHVHDUFK��1RZ�ZH�H[SODLQ�WKH�RQO\�WZR�VWUDWHJLHV�QRW�\HW�GLVFXVVHG�
PXOWLSOH�PHWKRGV�DQG�PXOWLSOH�GDWD�VRXUFHV��:KHQ�XVLQJ�PXOWLSOH�PHWKRGV� �7DEOH
������� WKH� UHVHDUFKHU�XVHV�PRUH� WKDQ�RQH�PHWKRG�RI� UHVHDUFK� LQ� D� VLQJOH� UHVHDUFK
VWXG\�� 7KH� ZRUG�PHWKRGV� LV� XVHG� EURDGO\� KHUH� WR� UHIHU� WR� GLIIHUHQW� PHWKRGV� RI
UHVHDUFK� �HWKQRJUDSK\�� FRUUHODWLRQDO�� H[SHULPHQWDO�� DQG� VR� IRUWK�� DV� ZHOO� DV� WR
GLIIHUHQW�PHWKRGV�RI�GDWD�FROOHFWLRQ��H�J���LQWHUYLHZV��TXHVWLRQQDLUHV��IRFXV�JURXSV�
REVHUYDWLRQV���<RX�FDQ�LQWHUPL[�DQ\�RI�WKHVH�PHWKRGV��H�J���HWKQRJUDSK\�DQG�VXUYH\
UHVHDUFK� PHWKRGV�� LQWHUYLHZV� DQG� REVHUYDWLRQV�� RU� H[SHULPHQWDO� UHVHDUFK� DQG
LQWHUYLHZV��� 7KH� REMHFWLYH� LV� WR� FRPELQH� PHWKRGV� WKDW� KDYH� QRQRYHUODSSLQJ
ZHDNQHVVHV�DQG�VWUHQJWKV��7KH�ZHDNQHVVHV��DQG�VWUHQJWKV��RI�RQH�PHWKRG�ZLOO�WHQG
WR� EH� GLIIHUHQW� IURP� WKRVH� RI� D� GLIIHUHQW� PHWKRG�� ZKLFK� PHDQV� WKDW� ZKHQ� \RX
FRPELQH�WZR�RU�PRUH�PHWKRGV��\RX�ZLOO�KDYH�EHWWHU�HYLGHQFH��,Q�RWKHU�ZRUGV��WKH
ZKROH�LV�EHWWHU�WKDQ�LWV�SDUWV�

��0XOWLSOH�PHWKRGV�7KH�XVH�RI�PXOWLSOH�UHVHDUFK�DQG�GDWD�FROOHFWLRQ�PHWKRGV

+HUH� LV� DQ� H[DPSOH� RI� PXOWLSOH� PHWKRGV�� 3HUKDSV� \RX� DUH� LQWHUHVWHG� LQ� ZK\
VWXGHQWV� LQ� DQ� HOHPHQWDU\� FODVVURRP� VWLJPDWL]H� D� FHUWDLQ� VWXGHQW� QDPHG�%ULDQ��$



VWLJPDWL]HG�VWXGHQW�LV�DQ�LQGLYLGXDO�ZKR�LV�QRW�ZHOO�OLNHG��KDV�D�ORZHU�VWDWXV��DQG�LV
VHHQ�DV�GLIIHUHQW�IURP�WKH�³QRUPDO´�VWXGHQWV��3HUKDSV�%ULDQ�KDV�D�GLIIHUHQW�KDLUFXW
WKDQ�WKH�RWKHU�VWXGHQWV��LV�GUHVVHG�GLIIHUHQWO\��RU�GRHVQ¶W�DFW�OLNH�WKH�RWKHU�VWXGHQWV�
,Q� WKLV� FDVH�� \RX� PLJKW� GHFLGH� WR� REVHUYH� KRZ� VWXGHQWV� WUHDW� %ULDQ� LQ� YDULRXV
VLWXDWLRQV�� ,Q� DGGLWLRQ� WR� REVHUYLQJ� WKH� VWXGHQWV�� \RX� ZLOO� SUREDEO\� GHFLGH� WR
FRQGXFW�LQWHUYLHZV�ZLWK�%ULDQ�DQG�WKH�RWKHU�VWXGHQWV�WR�XQGHUVWDQG�WKHLU�EHOLHIV�DQG
IHHOLQJV� DERXW� %ULDQ�� $� VWUHQJWK� RI� REVHUYDWLRQDO� GDWD� LV� WKDW� \RX� FDQ� VHH� WKH
VWXGHQWV¶� EHKDYLRUV�� $� ZHDNQHVV� RI� LQWHUYLHZV� LV� WKDW� ZKDW� WKH� VWXGHQWV� VD\� DQG
ZKDW�WKH\�DFWXDOO\�GR�PD\�EH�GLIIHUHQW��+RZHYHU��XVLQJ�LQWHUYLHZV��\RX�FDQ�GHOYH
LQWR� WKH� VWXGHQWV¶� WKLQNLQJ� DQG� UHDVRQLQJ�� ZKHUHDV� \RX� FDQQRW� GR� WKLV� XVLQJ
REVHUYDWLRQDO�GDWD��7KHUHIRUH��WKH�ZKROH�REWDLQHG�IURP�WKH�XVH�RI�REVHUYDWLRQV�DQG
LQWHUYLHZV�ZLOO�OLNHO\�EH�EHWWHU�WKDQ�WKH�SDUWV�

:KHQ�XVLQJ�PXOWLSOH�GDWD� VRXUFHV� �7DEOH�������� WKH� UHVHDUFKHU� XVHV�PXOWLSOH
GDWD� VRXUFHV� LQ� D� VLQJOH� UHVHDUFK� VWXG\�� 8VLQJ� PXOWLSOH� ³GDWD� VRXUFHV´� GRHV� QRW
PHDQ�XVLQJ�GLIIHUHQW�UHVHDUFK�RU�GDWD�FROOHFWLRQ�PHWKRGV��5DWKHU�LW�PHDQV�FROOHFWLQJ
GDWD�IURP�PXOWLSOH�VRXUFHV�XVLQJ�D�VLQJOH�PHWKRG��)RU�H[DPSOH��WKH�XVH�RI�PXOWLSOH
LQWHUYLHZV� �HVSHFLDOO\� IURP� SHRSOH� ZLWK� GLIIHUHQW� SHUVSHFWLYHV�� ZRXOG� SURYLGH
PXOWLSOH�GDWD�VRXUFHV�ZKLOH�XVLQJ�RQO\�WKH�LQWHUYLHZ�PHWKRG��/LNHZLVH��WKH�XVH�RI
PXOWLSOH�REVHUYDWLRQV��HVSHFLDOO\�IURP�GLIIHUHQW�YDQWDJH�SRLQWV��LV�DQRWKHU�H[DPSOH
RI�PXOWLSOH� GDWD� VRXUFHV�� EHFDXVH� GDWD�ZRXOG� EH� SURYLGHG� YLD� WKH� REVHUYDWLRQDO
PHWKRG�DORQH��$Q�LPSRUWDQW�SDUW�RI�PXOWLSOH�GDWD�VRXUFHV�LQYROYHV�FROOHFWLQJ�GDWD
DW�GLIIHUHQW�WLPHV��DW�GLIIHUHQW�SODFHV��DQG�IURP�GLIIHUHQW�YDQWDJH�SRLQWV�

��0XOWLSOH�GDWD�VRXUFHV�7KH�XVH�RI�PXOWLSOH�VRXUFHV�RI�GDWD�ZLWKLQ�D�VLQJOH
UHVHDUFK�RU�GDWD�FROOHFWLRQ�PHWKRG

+HUH�LV�DQ�H[DPSOH�RI�PXOWLSOH�GDWD�VRXUFHV��3HUKDSV�D�UHVHDUFKHU�LV�LQWHUHVWHG
LQ� VWXG\LQJ� ZK\� FHUWDLQ� VWXGHQWV� DUH� DSDWKHWLF�� ,W� ZRXOG� PDNH� VHQVH� WR� JHW� WKH
SHUVSHFWLYHV�RI�VHYHUDO�GLIIHUHQW�NLQGV�RI�SHRSOH��7KH�UHVHDUFKHU�PLJKW� LQWHUYLHZ
WHDFKHUV�� VWXGHQWV� LGHQWLILHG� E\� WKH� WHDFKHUV� DV� EHLQJ� DSDWKHWLF�� DQG� SHHUV� RI
DSDWKHWLF�VWXGHQWV��7KHQ�WKH�UHVHDUFKHU�FRXOG�FKHFN�WR�VHH�ZKHWKHU�WKH�LQIRUPDWLRQ
REWDLQHG�IURP�WKHVH�GLIIHUHQW�GDWD�VRXUFHV�ZDV�LQ�DJUHHPHQW��(DFK�GDWD�VRXUFH�PD\
SURYLGH� DGGLWLRQDO� UHDVRQV� DV�ZHOO� DV� D� GLIIHUHQW� SHUVSHFWLYH� RQ� WKH� TXHVWLRQ� RI
VWXGHQW�DSDWK\��UHVXOWLQJ�LQ�D�PRUH�FRPSOHWH�XQGHUVWDQGLQJ�RI�WKH�SKHQRPHQRQ��7KH
UHVHDUFKHU� VKRXOG�DOVR� LQWHUYLHZ�DSDWKHWLF� VWXGHQWV�GXULQJ�GLIIHUHQW�FODVV�SHULRGV
WKURXJKRXW�WKH�GD\�DQG�LQ�GLIIHUHQW�W\SHV�RI�FODVVHV��H�J���PDWK�DQG�VRFLDO�VWXGLHV��
7KURXJK�WKH�ULFK�LQIRUPDWLRQ�JDWKHUHG��IURP�GLIIHUHQW�SHRSOH��DW�GLIIHUHQW�WLPHV��DW
GLIIHUHQW�SODFHV���WKH�UHVHDUFKHU�FDQ�GHYHORS�D�EHWWHU�XQGHUVWDQGLQJ�RI�ZK\�VWXGHQWV
DUH�DSDWKHWLF�WKDQ�LI�WKH�UHVHDUFKHU�XVHG�RQO\�RQH�GDWD�VRXUFH�

([WHUQDO�9DOLGLW\
$V�\RX�NQRZ��H[WHUQDO�YDOLGLW\��RU�JHQHUDOL]LQJ�YDOLGLW\��LV�LPSRUWDQW�ZKHQ�\RX

ZDQW�WR�JHQHUDOL]H�IURP�D�VHW�RI�UHVHDUFK�ILQGLQJV�WR�RWKHU�SHRSOH��VHWWLQJV��WLPHV�



WUHDWPHQWV�� DQG� RXWFRPHV�� 7\SLFDOO\�� JHQHUDOL]DELOLW\� LV� QRW� WKH� SXUSRVH� RI
TXDOLWDWLYH�UHVHDUFK��DQG��QRW�VXUSULVLQJO\��H[WHUQDO�YDOLGLW\�WHQGV�WR�EH�D�ZHDNQHVV
RI� TXDOLWDWLYH� UHVHDUFK�� 7KHUH� DUH� DW� OHDVW� WZR� UHDVRQV� IRU� WKLV� YLHZ�� )LUVW�� WKH
SHRSOH�DQG�VHWWLQJV�H[DPLQHG�LQ�TXDOLWDWLYH�UHVHDUFK�DUH�UDUHO\�UDQGRPO\�VHOHFWHG�
DQG�DV�\RX�NQRZ��UDQGRP�VHOHFWLRQ�LV�WKH�EHVW�ZD\�WR�JHQHUDOL]H�IURP�D�VDPSOH�WR�D
SRSXODWLRQ��$V�D�UHVXOW��TXDOLWDWLYH�UHVHDUFK�LV�YLUWXDOO\�DOZD\V�ZHDN�LQ�WKH�IRUP�RI
SRSXODWLRQ�YDOLGLW\�IRFXVHG�RQ�³JHQHUDOL]LQJ�WR´�SRSXODWLRQV�

6HFRQG�� PRVW� TXDOLWDWLYH� UHVHDUFKHUV� DUH� PRUH� LQWHUHVWHG� LQ� GRFXPHQWLQJ
³SDUWLFXODULVWLF´� ILQGLQJV� WKDQ� ³XQLYHUVDOLVWLF´� ILQGLQJV�� ,Q� RWKHU� ZRUGV�� LQ� PRVW
TXDOLWDWLYH� UHVHDUFK�� WKH�JRDO� LV� WR�GHVFULEH� ULFKO\�D�FHUWDLQ�JURXS�RI�SHRSOH�RU�D
FHUWDLQ�HYHQW�LQ�D�VSHFLILF�FRQWH[W�UDWKHU�WKDQ�WR�JHQHUDWH�ILQGLQJV�WKDW�DUH�EURDGO\
DSSOLFDEOH��$W�D�IXQGDPHQWDO�OHYHO��PDQ\�TXDOLWDWLYH�UHVHDUFKHUV�GR�QRW�EHOLHYH�LQ
WKH�SUHVHQFH�RI�³JHQHUDO� ODZV´�RU�³XQLYHUVDO� ODZV�´�*HQHUDO� ODZV�DSSO\� WR�PDQ\
SHRSOH�� DQG� XQLYHUVDO� ODZV� DSSO\� WR� HYHU\RQH��:KHQ� TXDOLWDWLYH� UHVHDUFKHUV� DUH
LQWHUHVWHG�LQ�FDXVDWLRQ��WKH\�WHQG�WR�EH�PRUH�FRQFHUQHG�DERXW�LGLRJUDSKLF�FDXVDWLRQ
�L�H���LGHQWLI\LQJ�WKH�LPPHGLDWH��LQWHQWLRQDO��SDUWLFXODU��FRPSOH[��DQG�ORFDO�FDXVHV�RI
VSHFLILF� DWWLWXGHV�� DFWLRQV�� DQG� HYHQWV�� DQG� OHVV� FRQFHUQHG� ZLWK� QRPRWKHWLF
FDXVDWLRQ� �L�H��� GHPRQVWUDWLQJ� XQLYHUVDO� RU� JHQHUDO� VFLHQWLILF� ODZV��� ZKLFK� LV
LPSRUWDQW� LQ� TXDQWLWDWLYH� UHVHDUFK�� $V� D� UHVXOW�� TXDOLWDWLYH� UHVHDUFK� LV� IUHTXHQWO\
FRQVLGHUHG� ZHDN� RQ� LQWHUQDO� YDOLGLW\� �ZKHUH� WKH� JRDO� LV� WR� REWDLQ� HYLGHQFH� RI
QRPRWKHWLF�FDXVDWLRQ���DQG�LW�DOVR�WHQGV�WR�EH�ZHDN�RQ�H[WHUQDO��L�H���JHQHUDOL]LQJ�
YDOLGLW\�� LQFOXGLQJ� WKH� ³JHQHUDOL]LQJ� DFURVV� SRSXODWLRQV´� IRUP� RI� SRSXODWLRQ
YDOLGLW\� �L�H��� JHQHUDOL]LQJ� WR� GLIIHUHQW� NLQGV� RI� SHRSOH��� HFRORJLFDO� YDOLGLW\� �L�H��
JHQHUDOL]LQJ�DFURVV�VHWWLQJV���DQG�WHPSRUDO�YDOLGLW\��L�H���JHQHUDOL]LQJ�DFURVV�WLPHV��
�$VLGH�� 0L[HG� UHVHDUFKHUV� DUH� LQWHUHVWHG� LQ� ERWK� LGLRJUDSKLF� DQG� QRPRWKHWLF
FDXVDWLRQ�� DQG� WKH\� DUH� LQWHUHVWHG� LQ� FRQQHFWLQJ� WKH� WZR� LQ� RUGHU� WR� SURGXFH
³SUDFWLFDO�WKHRULHV´�RU�WKHRULHV�WKDW�ZRUN�LQ�ORFDO�VHWWLQJV��

��,GLRJUDSKLF�FDXVDWLRQ�/RFDO��SDUWLFXODULVWLF�FDXVHV��LQFOXGLQJ�LQWHQWLRQV�
VSHFLILF�RU�ORFDO�DWWLWXGHV��FRQGLWLRQV��FRQWH[WV��DQG�HYHQWV

��1RPRWKHWLF�FDXVDWLRQ�7KH�VWDQGDUG�YLHZ�RI�FDXVDWLRQ�LQ�VFLHQFH��UHIHUV�WR
FDXVDWLRQ�DPRQJ�YDULDEOHV�DW�D�JHQHUDO�OHYHO�RI�DQDO\VLV�DQG�XQGHUVWDQGLQJ

6RPH� H[SHUWV� DUJXH� WKDW� URXJK� GHVFULSWLYH� DQG� FDXVDO� JHQHUDOL]DWLRQV� FDQ� EH
PDGH� IURP� TXDOLWDWLYH� UHVHDUFK�� 3HUKDSV� WKH� PRVW� UHDVRQDEOH� VWDQFH� WRZDUG� WKH
LVVXH�RI�JHQHUDOL]LQJ�LV�WKDW�ZH�FDQ�JHQHUDOL]H�WR�RWKHU�SHRSOH��VHWWLQJV��WLPHV��DQG
WUHDWPHQWV�WR�WKH�GHJUHH�WR�ZKLFK�WKH\�DUH�VLPLODU�WR�WKH�SHRSOH��VHWWLQJV��WLPHV��DQG
WUHDWPHQWV� LQ� WKH� RULJLQDO� VWXG\�� 6WDNH� ������� XVHG� WKH� WHUP� QDWXUDOLVWLF
JHQHUDOL]DWLRQ�� WR� UHIHU� WR� WKLV�SURFHVV�RI�JHQHUDOL]LQJ�RQ� WKH�EDVLV�RI�VLPLODULW\�
7KH� ERWWRP� OLQH� LV� WKLV�� 7KH� PRUH� VLPLODU� WKH� SHRSOH� DQG� FLUFXPVWDQFHV� LQ� D
SDUWLFXODU�UHVHDUFK�VWXG\�DUH�WR�WKH�RQHV�WR�ZKLFK�\RX�ZDQW�WR�JHQHUDOL]H��WKH�PRUH
GHIHQVLEOH�\RXU�JHQHUDOL]DWLRQ�ZLOO�EH��DQG�WKH�PRUH�UHDGLO\�\RX�VKRXOG�PDNH�VXFK



D�JHQHUDOL]DWLRQ�

��1DWXUDOLVWLF�JHQHUDOL]DWLRQ�*HQHUDOL]LQJ�RQ�WKH�EDVLV�RI�VLPLODULW\

7R�KHOS�UHDGHUV�RI�D�UHVHDUFK�UHSRUW�NQRZ�ZKHQ�WKH\�FDQ�JHQHUDOL]H��TXDOLWDWLYH
UHVHDUFKHUV� VKRXOG� SURYLGH� WKH� IROORZLQJ� NLQGV� RI� LQIRUPDWLRQ�� WKH� QXPEHU� DQG
NLQGV�RI�SHRSOH�LQ�WKH�VWXG\��KRZ�WKH\�ZHUH�VHOHFWHG�WR�EH�LQ�WKH�VWXG\��FRQWH[WXDO
LQIRUPDWLRQ�� WKH� QDWXUH� RI� WKH� UHVHDUFKHU¶V� UHODWLRQVKLS� ZLWK� WKH� SDUWLFLSDQWV�
LQIRUPDWLRQ�DERXW�DQ\�³LQIRUPDQWV´�ZKR�SURYLGHG�LQIRUPDWLRQ��WKH�PHWKRGV�RI�GDWD
FROOHFWLRQ�XVHG��DQG�WKH�GDWD�DQDO\VLV�WHFKQLTXHV�XVHG��7KLV�LQIRUPDWLRQ�LV�XVXDOO\
UHSRUWHG�LQ�WKH�0HWKRG�RU�0HWKRGRORJ\�VHFWLRQ�RI�WKH�ILQDO�UHVHDUFK�UHSRUW��8VLQJ
WKH� LQIRUPDWLRQ� LQFOXGHG� LQ� D� ZHOO�ZULWWHQ�PHWKRGRORJ\� VHFWLRQ�� UHDGHUV� ZLOO� EH
DEOH� WR�PDNH� LQIRUPHG� GHFLVLRQV� DERXW� WR�ZKRP� WKH� UHVXOWV�PD\� EH� JHQHUDOL]HG�
7KH\�ZLOO�DOVR�KDYH� WKH� LQIRUPDWLRQ� WKH\�ZLOO�QHHG� LI� WKH\�GHFLGH� WR�UHSOLFDWH� WKH
UHVHDUFK�VWXG\�ZLWK�QHZ�SDUWLFLSDQWV�

6RPH�H[SHUWV� VKRZ�DQRWKHU�ZD\� WR�JHQHUDOL]H� IURP�TXDOLWDWLYH� UHVHDUFK� �H�J��
<LQ���������4XDOLWDWLYH�UHVHDUFKHUV�FDQ�VRPHWLPHV�XVH�UHSOLFDWLRQ� ORJLF�� MXVW� OLNH
WKH�UHSOLFDWLRQ�ORJLF�WKDW�LV�FRPPRQO\�XVHG�E\�H[SHULPHQWDO�UHVHDUFKHUV�ZKHQ�WKH\
JHQHUDOL]H�EH\RQG�WKH�SHRSOH�LQ�WKHLU�VWXGLHV��HYHQ�ZKHQ�WKH\�GR�QRW�KDYH�UDQGRP
VDPSOHV��$FFRUGLQJ�WR�UHSOLFDWLRQ�ORJLF��WKH�PRUH�WLPHV�D�UHVHDUFK�ILQGLQJ�LV�VKRZQ
WR�EH� WUXH�ZLWK�GLIIHUHQW� VHWV�RI�SHRSOH�� WKH�PRUH�FRQILGHQFH�ZH�FDQ�SODFH� LQ� WKH
ILQGLQJ�DQG�LQ�WKH�FRQFOXVLRQ�WKDW�WKH�ILQGLQJ�JHQHUDOL]HV�EH\RQG�WKH�SHRSOH�LQ�WKH
RULJLQDO�UHVHDUFK�VWXG\��&RRN�	�&DPSEHOO���������,Q�RWKHU�ZRUGV��LI�WKH�ILQGLQJ�LV
UHSOLFDWHG�ZLWK�GLIIHUHQW�NLQGV�RI�SHRSOH�DQG�LQ�GLIIHUHQW�SODFHV��WKHQ�WKH�HYLGHQFH
VXJJHVWV� WKDW� WKH� ILQGLQJ� DSSOLHV� YHU\� EURDGO\��<LQ¶V� NH\� SRLQW� LV� WKDW� WKHUH� LV� QR
UHDVRQ� ZK\� UHSOLFDWLRQ� ORJLF� FDQQRW� EH� DSSOLHG� WR� FHUWDLQ� NLQGV� RI� TXDOLWDWLYH
UHVHDUFK��

��5HSOLFDWLRQ�ORJLF�7KH�LGHD�WKDW�WKH�PRUH�WLPHV�D�UHVHDUFK�ILQGLQJ�LV�VKRZQ�WR
EH�WUXH�ZLWK�GLIIHUHQW�VHWV�RI�SHRSOH��WKH�PRUH�FRQILGHQFH�ZH�FDQ�SODFH�LQ�WKH
ILQGLQJ�DQG�LQ�JHQHUDOL]LQJ�EH\RQG�WKH�RULJLQDO�SDUWLFLSDQWV

+HUH� LV� DQ� H[DPSOH�� 2YHU� WKH� \HDUV�� \RX� PLJKW� REVHUYH� D� FHUWDLQ� SDWWHUQ� RI
LQWHUDFWLRQV�EHWZHHQ�ER\V�DQG�JLUOV�LQ�D�WKLUG�JUDGH�FODVVURRP��1RZ�\RX�GHFLGH�WR
FRQGXFW� D� TXDOLWDWLYH� UHVHDUFK� VWXG\�� DQG� \RX� ILQG� WKDW� WKH� SDWWHUQ� RI� LQWHUDFWLRQ
RFFXUV� LQ� \RXU� FODVVURRP� DQG� LQ� WZR� RWKHU� WKLUG�JUDGH� FODVVURRPV� \RX� VWXG\�
%HFDXVH� \RXU� UHVHDUFK� LV� LQWHUHVWLQJ�� \RX� GHFLGH� WR� SXEOLVK� LW�� 7KHQ� RWKHU
UHVHDUFKHUV� UHSOLFDWH� \RXU� VWXG\�ZLWK� RWKHU� VWXGHQWV�� DQG� WKH\� ILQG� WKDW� WKH� VDPH
UHODWLRQVKLS� KROGV� LQ� WKH� WKLUG�JUDGH� FODVVURRPV� WKH\� VWXG\�� $FFRUGLQJ� WR
UHSOLFDWLRQ�ORJLF�� WKH�PRUH�WLPHV�D� WKHRU\�RU�D�UHVHDUFK�ILQGLQJ�LV�UHSOLFDWHG�ZLWK
RWKHU� SHRSOH�� WKH� JUHDWHU� WKH� VXSSRUW� IRU� WKH� JHQHUDOL]DELOLW\� RI� WKH� WKHRU\� RU
UHVHDUFK�ILQGLQJ��1RZ�DVVXPH�WKDW�RWKHU�UHVHDUFKHUV�ILQG�WKDW�WKH�UHODWLRQVKLS�KROGV
LQ�FODVVURRPV�DW�VHYHUDO�RWKHU�JUDGH�OHYHOV��,I�WKLV�KDSSHQV��WKH�HYLGHQFH�VXJJHVWV
WKDW�WKH�ILQGLQJ�IXUWKHU�JHQHUDOL]HV�WR�VWXGHQWV�LQ�RWKHU�JUDGH�OHYHOV�



1RZ�ZH�SURYLGH�DQ�DSSOLFDWLRQ�RI� WKH�TXDOLWDWLYH� UHVHDUFK�YDOLGLW\� VWUDWHJLHV
SUHYLRXVO\�VKRZQ�LQ�7DEOH�������6SHFLILFDOO\��7DEOH������LV�DQ�H[DPSOH�RI�ZKDW�\RX
PLJKW�LQFOXGH�LQ�\RXU�VWXGHQW�UHVHDUFK�SURSRVDO� WR�LQIRUP�\RXU�UHYLHZHU�KRZ�\RX
ZLOO� FROOHFW� TXDOLWDWLYH� GDWD� WKDW�ZLOO� EH� WUXVWZRUWK\�� 7KH� H[DPSOH� LQ� 7DEOH� ����
SRVLWV�WKDW�D�ODUJH�VFKRRO�GLVWULFW�LV�FRQVLGHULQJ�WKH�DGRSWLRQ�RI�D�QHZ�PDWKHPDWLFV
WH[WERRN�DQG�LWV�DVVRFLDWHG�PDWHULDOV��:KHQ�\RX�ORRN�DW�WKLV�WDEOH��DVVXPH�WKDW�\RX
DUH� SURSRVLQJ� WR� XVH� TXDOLWDWLYH� PHWKRGV� WR� HYDOXDWH� WKH� WULDO� DGRSWLRQ� RI� WKH
ERRN�FXUULFXOXP��\RXU� IRFXV� LV�RQ�KRZ� WKH�SULPDU\�VWDNHKROGHUV�ZLOO�SHUFHLYH� LW�
DQG�\RX�ZLOO�DSSO\�RXU�YDOLGLW\�VWUDWHJLHV�WR�WKLV�SURJUDP�HYDOXDWLRQ�

�7$%/(�����
���$SSO\LQJ�4XDOLWDWLYH�5HVHDUFK�9DOLGLW\�6WUDWHJLHV��([DPSOH�RI�D
&KHFNOLVW�7KDW�0LJKW�$SSHDU�LQ�D�5HVHDUFK�3URSRVDO�WR
(YDOXDWH�D�1HZ�0DWKHPDWLFV�7H[WERRN�DQG�&XUULFXOXP
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������:KDW�LV�PHDQW�E\�UHVHDUFK�YDOLGLW\�LQ�TXDOLWDWLYH
UHVHDUFK"

������:K\� LV� UHVHDUFKHU� ELDV� D� WKUHDW� WR� YDOLGLW\�� DQG
ZKDW�VWUDWHJLHV�DUH�XVHG�WR�UHGXFH�WKLV�HIIHFW"

������ :KDW� DUH� WKH� GLIIHUHQFHV� DPRQJ� GHVFULSWLYH
YDOLGLW\�� LQWHUSUHWLYH� YDOLGLW\�� DQG� WKHRUHWLFDO
YDOLGLW\"

������:KDW�VWUDWHJLHV�DUH�XVHG�WR�SURPRWH�GHVFULSWLYH�
LQWHUSUHWDWLYH��DQG�WKHRUHWLFDO�YDOLGLW\"

������+RZ� LV� H[WHUQDO�YDOLGLW\�DVVHVVHG� LQ�TXDOLWDWLYH
UHVHDUFK�� DQG� ZK\� LV� TXDOLWDWLYH� UHVHDUFK
W\SLFDOO\�ZHDN�RQ�WKLV�W\SH�RI�YDOLGLW\"

5(6($5&+�9$/,',7<��25�³/(*,7,0$7,21´��,1�0,;('
5(6($5&+
$V�\RX�NQRZ��PL[HG�UHVHDUFK�LQYROYHV�WKH�XVH�RI�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
DSSURDFKHV� LQ� D� VLQJOH� UHVHDUFK� VWXG\� RU� VHW� RI� FORVHO\� UHODWHG� UHVHDUFK� VWXGLHV�
7KLV�PHDQV�WKDW�DOO�RI�WKH�W\SHV�RI�YDOLGLW\�GLVFXVVHG�LQ�WKLV�FKDSWHU�DUH�LPSRUWDQW
ZKHQ�FRQGXFWLQJ�PL[HG�UHVHDUFK��7KHUHIRUH��WKH�ILUVW�NH\�SRLQW�WR�UHPHPEHU�LV�WKDW
\RX�PXVW�GHVLJQ�DQG�FRQGXFW�PL[HG� UHVHDUFK� VWXGLHV� WKDW�KDYH� VWURQJ�TXDQWLWDWLYH
DQG�TXDOLWDWLYH�YDOLGLW\�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

5HFHQWO\�� VHYHUDO� UHVHDUFK� PHWKRGRORJLVWV� KDYH� LGHQWLILHG� VHYHUDO� W\SHV� RU
GLPHQVLRQV� RI� YDOLGLW\� WKDW� DUH� HVSHFLDOO\� LPSRUWDQW� LQ� PL[HG� UHVHDUFK� �FI�
2QZXHJEX]LH�	� -RKQVRQ�� ������ 7DVKDNNRUL�	�7HGGOLH�� �������:H� IRFXV� KHUH� RQ
2QZXHJEX]LH� DQG� -RKQVRQ¶V� QLQH� W\SHV� RI� PL[HG� UHVHDUFK� YDOLGLW\� �DOVR� FDOOHG
W\SHV�RI�OHJLWLPDWLRQ���2QZXHJEX]LH�DQG�-RKQVRQ�SRLQWHG�RXW�WKDW�WKH�W\SHV�FDQ�EH
YLHZHG�DV�W\SHV�RI�YDOLGLW\�RU�DV�W\SHV�RI�OHJLWLPDWLRQ�IRU�PL[HG�UHVHDUFK��:H�XVH
WKH� ZRUGV� YDOLGLW\� DQG� OHJLWLPDWLRQ� LQWHUFKDQJHDEO\� KHUH�� ,Q� PL[HG� UHVHDUFK�
LQIHUHQFHV� RU� FRQFOXVLRQV� DUH� PDGH� EDVHG� RQ� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH
FRPSRQHQWV� RI� WKH� VWXG\�� 7R� EH� WUXO\� PL[HG�� KRZHYHU�� WKHVH� LQIHUHQFHV� PXVW� EH
FRPELQHG�RU�LQWHJUDWHG�LQWR�ODUJHU�PHWD�LQIHUHQFHV�

��0HWD�LQIHUHQFH�$Q�LQIHUHQFH�RU�FRQFOXVLRQ�WKDW�EXLOGV�RQ�RU�LQWHJUDWHV
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�ILQGLQJV

7KH� ILUVW� W\SH�RI� YDOLGLW\� LQ�PL[HG� UHVHDUFK� LV� FDOOHG� LQVLGH�RXWVLGH� YDOLGLW\�
,QVLGH�RXWVLGH�YDOLGLW\�LV�WKH�H[WHQW�WR�ZKLFK�WKH�UHVHDUFKHU�DFFXUDWHO\�XQGHUVWDQGV�



XVHV�� DQG� SUHVHQWV� WKH� SDUWLFLSDQWV¶� VXEMHFWLYH� LQVLGHU� RU� ³QDWLYH´� YLHZV� �DOVR
FDOOHG� WKH� ³HPLF´� YLHZSRLQW�� DQG� WKH� UHVHDUFKHU¶V� REMHFWLYH� RXWVLGHU� YLHZ� �DOVR
FDOOHG�WKH�³HWLF´�YLHZSRLQW���7KH�LGHD�LV�WR�HQWHU�IXOO\�WKH�ZRUOGV�RI�WKH�SDUWLFLSDQWV
DQG�WKH�ZRUOG�RI�WKH�³REMHFWLYH´�UHVHDUFKHU��WR�PRYH�EDFN�DQG�IRUWK�EHWZHHQ�WKHVH
YLHZSRLQWV�� DQG� WR� SURGXFH� D� YLHZSRLQW� WKDW� LV� EDVHG� RQ� ERWK� RI� WKHVH� FDUHIXOO\
GHYHORSHG�HPLF�DQG�HWLF�SHUVSHFWLYHV��8QGHUVWDQGLQJ�WKH�SKHQRPHQRQ�IURP�ERWK�RI
WKHVH� SHUVSHFWLYHV� LV� LPSRUWDQW� LQ� SURGXFLQJ� IXOO\� LQIRUPHG� GHVFULSWLRQV� DQG
H[SODQDWLRQV�

��,QVLGH�RXWVLGH�YDOLGLW\�7KH�H[WHQW�WR�ZKLFK�WKH�UHVHDUFKHU�DFFXUDWHO\
XQGHUVWDQGV��XVHV��DQG�SUHVHQWV�WKH�SDUWLFLSDQWV¶�VXEMHFWLYH�LQVLGHU�RU
³QDWLYH´�YLHZV��DOVR�FDOOHG�WKH�HPLF�YLHZSRLQW��DQG�WKH�UHVHDUFKHU¶V
REMHFWLYH�RXWVLGHU�YLHZ��DOVR�FDOOHG�WKH�HWLF�YLHZSRLQW�

6HFRQG��SDUDGLJPDWLF�SKLORVRSKLFDO�YDOLGLW\� UHIHUV� WR� WKH� H[WHQW� WR�ZKLFK� WKH
UHVHDUFKHU� UHIOHFWV� RQ�� XQGHUVWDQGV�� DQG� GRFXPHQWV� KLV� RU� KHU� ³LQWHJUDWHG´�PL[HG
UHVHDUFK� SKLORVRSKLFDO� DQG� PHWKRGRORJLFDO� SDUDGLJP�� LQFOXGLQJ� KLV� RU� KHU
HSLVWHPRORJLFDO�� RQWRORJLFDO�� D[LRORJLFDO�� PHWKRGRORJLFDO�� DQG� UKHWRULFDO� EHOLHIV
DERXW�PL[HG� UHVHDUFK��7R�REWDLQ�SDUDGLJPDWLF�YDOLGLW\�� WKH� UHVHDUFKHU¶V�SDUDGLJP
PXVW�PDNH�VHQVH�DQG�HQDEOH�WKH�UHVHDUFKHU�WR�FRQGXFW�D�GHIHQVLEOH�PL[HG�UHVHDUFK
VWXG\��7R�FODULI\�VRPH�ZRUGV�MXVW�XVHG��QRWH�WKDW�\RXU�HSLVWHPRORJLFDO�EHOLHIV�DUH
\RXU� EHOLHIV� DERXW� NQRZOHGJH� �H�J��� :KDW� LV� NQRZOHGJH"� +RZ� FDQ� \RX� JDLQ
NQRZOHGJH"�:KHQ�GR�\RX�FRQVLGHU� UHVXOWV� WR�EH�VXIILFLHQW� WR�FODLP� WKDW�\RX�KDYH
MXVWLILHG� RU�ZDUUDQWHG� NQRZOHGJH"���<RXU�RQWRORJLFDO� EHOLHIV� DUH� ZKDW� \RX� DV� D
UHVHDUFKHU�DVVXPH�WR�EH�UHDO�RU�WUXH�LQ�WKH�ZRUOG�DV�LW�H[LVWV��H�J���'R�\RX�EHOLHYH
WKHUH�LV�RQH�WUXWK�DERXW�ZKDW�\RX�DUH�VWXG\LQJ��RU�DUH�WKHUH�PXOWLSOH�WUXWKV�DERXW�LW"��
<RXU�D[LRORJLFDO� EHOLHIV�DUH�DERXW� WKH�SODFH� IRU�YDOXHV� LQ� UHVHDUFK� �H�J���'R�\RX
EHOLHYH�\RX�DUH�YDOXH�QHXWUDO"�'R�\RX�ZDQW�WR�WKLQN�DERXW�\RXU�YDOXHV�DQG�DGGUHVV
KRZ� WKH\�PLJKW� DIIHFW�\RXU� LQWHUSUHWDWLRQ�RI� UHVXOWV"���0HWKRGRORJLFDO� EHOLHIV�� LQ
WKH�QDUURZ�VHQVH�XVHG�KHUH��DUH�DERXW�KRZ�WR�FRQGXFW�RU�SUDFWLFH�UHVHDUFK��H�J���'R
\RX�EHOLHYH�H[SHULPHQWV�DUH�DOZD\V�WKH�EHVW�UHVHDUFK�PHWKRG"�'R�\RX�EHOLHYH�WKDW
LW� LV� EHVW� WR� XVH� PXOWLSOH� PHWKRGV"��� <RXU� UKHWRULFDO� EHOLHIV� DUH� DERXW� WKH
DSSURSULDWH� ZULWLQJ� VW\OH� WR� EH� XVHG� WR� GHVFULEH� \RXU� ILQGLQJV� DQG� WR� SRVH� \RXU
DUJXPHQWV�DQG�WKH�NLQG�RI�ODQJXDJH�\RX�SUHIHU�ZKHQ�ZULWLQJ�UHVHDUFK�UHSRUWV��H�J��
'R� \RX� SUHIHU� DQ� REMHFWLYH�VRXQGLQJ� UHVHDUFK� UHSRUW� DV� LQ� ³7KH� UHVHDUFK� IRXQG
WKDW«´��µ�RU�GR�\RX�OLNH�WR�LQFOXGH�WKH�UHVHDUFKHU�DV�D�SHUVRQ�DV�LQ�³,�IRXQG�WKDW«´
µ� "��� 3DUDGLJPDWLF� PL[LQJ� RFFXUV� ZKHQ� WKH� UHVHDUFKHU� GHPRQVWUDWHV� DQ
XQGHUVWDQGLQJ� RI� WKH� SKLORVRSKLFDO� DVVXPSWLRQV� DVVRFLDWHG� ZLWK� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�UHVHDUFK�DQG�LQWHUUHODWHV�RU�³PHUJHV´�WKHVH�LQ�D�ORJLFDO�DQG�GHIHQVLEOH
DQG�SUDFWLFDO�ZD\�

��3DUDGLJPDWLF�SKLORVRSKLFDO�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�WKH�PL[HG
UHVHDUFKHU�FOHDUO\�H[SODLQV�KLV�RU�KHU�SKLORVRSKLFDO�EHOLHIV�DERXW�UHVHDUFK



&RPPHQVXUDELOLW\�DSSUR[LPDWLRQ�YDOLGLW\�UHIHUV�WR�WKH�H[WHQW�WR�ZKLFK�PHWD�
LQIHUHQFHV� PDGH� LQ� D� PL[HG� UHVHDUFK� VWXG\� UHIOHFW� D� PL[HG� ZRUOGYLHZ�� 7KLV
LQWHJUDWLYH�ZRUOGYLHZ�PXVW�EH�EDVHG�RQ�D�GHHS�XQGHUVWDQGLQJ�DQG�DSSUHFLDWLRQ�RI
ZKDW� D� IXOO\� WUDLQHG� TXDOLWDWLYH� UHVHDUFKHU�ZRXOG� ³VHH´� LQ� WKH�ZRUOG� DQG�ZKDW� D
IXOO\� WUDLQHG� TXDQWLWDWLYH� UHVHDUFKHU�ZRXOG� ³VHH´� LQ� WKH�ZRUOG�� DQG� LW�PXVW�PRYH
EH\RQG�WKHVH�WZR�EDVLF�OHQVHV�WR�VHH�DOVR�ZKDW�D�IXOO\�WUDLQHG�PL[HG�UHVHDUFKHU�LV
DEOH� WR� VHH�� 7KH� LGHD� LV� WR� EHFRPH� D� TXDOLWDWLYH� UHVHDUFKHU� DQG� D� TXDQWLWDWLYH
UHVHDUFKHU�DQG��E\�PRYLQJ�EDFN�DQG�IRUWK��WR�EHFRPH�D�PL[HG�UHVHDUFKHU��5HDFKLQJ
VRPH�GHJUHH�RI�FRPPHQVXUDELOLW\�UHTXLUHV�DQ�DELOLW\�WR�VZLWFK�EHWZHHQ�TXDOLWDWLYH
DQG�TXDQWLWDWLYH�YLHZSRLQWV�DQG�FUHDWH�DQ�³LQWHJUDWHG�´�RU�EURDGHU�RU� WKRXJKWIXOO\
FRPELQHG�RU�PXOWLSOH�OHQV��YLHZSRLQW�WKDW�KHOSV�LQ�XQGHUVWDQGLQJ�DQG�H[SODLQLQJ�WKH
SKHQRPHQRQ�EHLQJ�VWXGLHG��6RPH�VWUDWHJLHV�WR�UHDFK�WKLV�GLIILFXOW�SODFH�LQFOXGH�WKH
FRJQLWLYH�DQG�HPRWLRQDO�SURFHVVHV�RI�*HVWDOW�VZLWFKLQJ��UROH�UHYHUVDO��DQG�HPSDWK\�
,I� D� UHVHDUFKHU� LV� QRW� DEOH� WR� HVFDSH� RQH� GRPLQDQW� DSSURDFK� WR� UHVHDUFK�
FRPPHQVXUDELOLW\� DOVR� FDQ� EH� JDLQHG� WKURXJK� WKH� XVH� RI� D� UHVHDUFK� WHDP� WKDW
LQFOXGHV�D�TXDOLWDWLYH�UHVHDUFKHU��D�TXDQWLWDWLYH�UHVHDUFKHU��DQG�D�PL[HG�UHVHDUFKHU
ZKR� OLVWHQV� DQG� KHOSV�PHGLDWH� DQG� LQWHJUDWH� ZKDW� LV� VHHQ� E\� WKH� TXDOLWDWLYH� DQG
TXDQWLWDWLYH�UHVHDUFKHU��)RU�WKLV�VWUDWHJ\�WR�ZRUN��VXIILFLHQW�WLPH�PXVW�EH�SURYLGHG
IRU�MRLQW�GLVFXVVLRQV�DQG�LQWHJUDWLRQ�RI�UHVHDUFK�LQWHUSUHWDWLRQV�LQWR�PHWD�LQIHUHQFHV
WKDW�UHIOHFW�D�PL[HG�ZRUOGYLHZ�

��&RPPHQVXUDELOLW\�DSSUR[LPDWLRQ�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�D�PL[HG
UHVHDUFKHU�FDQ�PDNH�*HVWDOW�VZLWFKHV�EHWZHHQ�WKH�OHQVHV�RI�D�TXDOLWDWLYH
UHVHDUFKHU�DQG�D�TXDQWLWDWLYH�UHVHDUFKHU�DQG�LQWHJUDWH�WKH�WZR�YLHZV�LQWR�DQ
³LQWHJUDWHG´�RU�EURDGHU�YLHZSRLQW

:HDNQHVV�PLQLPL]DWLRQ� YDOLGLW\� UHIHUV� WR� WKH� H[WHQW� WR� ZKLFK� WKH� ZHDNQHVV
IURP� RQH� UHVHDUFK� DSSURDFK� LV� FRPSHQVDWHG� IRU� E\� WKH� VWUHQJWKV� IURP� WKH� RWKHU
DSSURDFK�� 7KH� PL[HG� PHWKRGV� UHVHDUFKHU� VKRXOG� FRPELQH� TXDOLWDWLYH� DQG
TXDQWLWDWLYH� DSSURDFKHV� WKDW� KDYH� QRQRYHUODSSLQJ� ZHDNQHVVHV�� 7KLV� LV� RQH
FRPSRQHQW�RI�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK�GLVFXVVHG�LQ�&KDSWHUV���
���)RU�H[DPSOH��D�KLJKO\�VWUXFWXUHG�PHDVXUH�RI�VHOI�HIILFDF\�ZRXOG�SURYLGH�SUHFLVH
QXPHULFDO� UHVXOWV�� EXW� LW� PLJKW� PLVV� RXW� RQ� PDQ\� VXEMHFWLYH� QXDQFHV�� ,Q�GHSWK
LQWHUYLHZV�PLJKW� EH� XVHG� WR� GHWHUPLQH�ZKHQ� DQG�ZKHUH� WKH� TXDQWLWDWLYH�PHDVXUH
PLVUHSUHVHQWV� LQGLYLGXDOV¶� WKLQNLQJ�� 7KLV� LQIRUPDWLRQ� ZRXOG� EH� HVSHFLDOO\
LPSRUWDQW�LI�WKH�PHDVXUH�ZHUH�XVHG�LQ�D�FOLQLFDO�VHWWLQJ�ZLWK�D�SDUWLFXODU�VWXGHQW�RU
FOLHQW�

��:HDNQHVV�PLQLPL]DWLRQ�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�D�PL[HG�UHVHDUFKHU
FRPELQHV�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DSSURDFKHV�WKDW�KDYH�QRQRYHUODSSLQJ
ZHDNQHVVHV

,Q� D� VHTXHQWLDO� PL[HG� UHVHDUFK� GHVLJQ� LQ� ZKLFK� RQH� SKDVH� LV� IROORZHG� E\
DQRWKHU�� WKH� UHVHDUFKHU�XVXDOO\�ZDQWV� WKH� ODWWHU� SKDVH� WR�EXLOG�SXUSRVLYHO\�RQ� WKH



SULRU�SKDVH��6HTXHQWLDO�YDOLGLW\�UHIHUV�WR�WKH�H[WHQW�WR�ZKLFK�RQH�KDV�DSSURSULDWHO\
EXLOW�RQ�WKH�SULRU�VWDJH�LQ�D�VHTXHQWLDO�GHVLJQ��)RU�H[DPSOH��LI�\RX�ZHUH�GHYHORSLQJ
D� TXHVWLRQQDLUH�� \RX� PLJKW� GHFLGH� WR� FRQGXFW� D� TXDOLWDWLYH� SKDVH� WR� OHDUQ� WKH
ODQJXDJH� RI� WKH� WRSLF� RI� LQWHUHVW� DQG� LGHQWLI\� NH\� FRQFHSWV� WKDW� PLJKW� EH� XVHIXO�
7KHQ�� \RX� ZRXOG� IROORZ�XS� ZLWK� D� TXDQWLWDWLYH� SKDVH� LQ� ZKLFK� \RX� FRQVWUXFW� D
VWUXFWXUHG� TXHVWLRQQDLUH� DQG� WHVW� LW� WR� VHH� LI� LW� ZRUNV� ZHOO� �H�J��� WR� VHH� LI� LW� LV
UHOLDEOH� DQG� DOORZV� YDOLG� FODLPV� DERXW� SDUWLFLSDQWV��� 7KH� LGHD� LV� IRU� WKH� VHFRQG
SKDVH� WR� DSSURSULDWHO\� EXLOG� RQ� WKH� ILUVW� SKDVH�� WKHUHE\� DFKLHYLQJ� VHTXHQWLDO
YDOLGLW\��,Q�D�GLIIHUHQW�VLWXDWLRQ��\RX�PLJKW�QRW�ZDQW�D�ODWHU�VWDJH�WR�EH�DIIHFWHG�E\�D
SULRU� VWDJH� EHFDXVH� WKH� RUGHULQJ�ZDV� DUELWUDU\�� ,Q� WKLV� FDVH�� WKH� LGHD� LV� WR� WU\� WR
XQGHUVWDQG� ZKHWKHU� WKH� UHVXOWV� ZRXOG� KDYH� EHHQ� GLIIHUHQW� KDG� WKH� SKDVHV� EHHQ
FRQGXFWHG�LQ�D�GLIIHUHQW�RUGHU��)RU�H[DPSOH��LI�WKH�TXDOLWDWLYH�SDUW�LV�GRQH�ILUVW�DQG
WKH�TXDQWLWDWLYH�SDUW�LV�GRQH�VHFRQG��WKHQ�RQH�VKRXOG�DVN�ZKDW�WKH�UHVXOWV�PLJKW�KDYH
EHHQ� LI� WKH� TXDQWLWDWLYH� SDUW� KDG� EHHQ� GRQH� ILUVW� DQG� WKH� TXDOLWDWLYH� SDUW� VHFRQG�
:HUH�SDUWLFLSDQWV�FKDQJHG�LQ�VRPH�ZD\�EHFDXVH�RI�DQ�HDUOLHU�VWDJH"�,I�WKLV�LVVXH�LV
H[SHFWHG�WR�EH�SUREOHPDWLF��\RX�PLJKW�FKRRVH�WR�XVH�D�PXOWLSOH�ZDYH�GHVLJQ��ZKHUH
\RX�PRYH�EDFN�DQG�IRUWK�EHWZHHQ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SKDVHV��

��6HTXHQWLDO�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�D�PL[HG�UHVHDUFKHU�DSSURSULDWHO\
DGGUHVVHV�DQG�RU�EXLOGV�RQ�HIIHFWV�RU�ILQGLQJV�IURP�HDUOLHU�TXDOLWDWLYH�DQG
TXDQWLWDWLYH�SKDVHV

&RQYHUVLRQ� YDOLGLW\� UHIHUV� WR� WKH� H[WHQW� WR� ZKLFK� D�PL[HG� UHVHDUFKHU� PDNHV
KLJK�TXDOLW\� GDWD� WUDQVIRUPDWLRQV� �TXDQWLWL]LQJ� RU� TXDOLWL]LQJ�� DQG� DSSURSULDWH
LQWHUSUHWDWLRQV�DQG�PHWD�LQIHUHQFHV�EDVHG�RQ�WKH�WUDQVIRUPHG�GDWD��7KHVH�WHUPV�DUH
GLVFXVVHG� LQ�&KDSWHU�����EXW�EULHIO\��TXDQWLWL]LQJ� UHIHUV� WR�TXDQWLI\LQJ�TXDOLWDWLYH
GDWD��H�J���FRXQWLQJ�ZRUGV���DQG�TXDOLWL]LQJ� UHIHUV� WR�SXWWLQJ�TXDQWLWDWLYH�GDWD� LQWR
ZRUGV��WKHPHV��RU�FDWHJRULHV��7KLV�NLQG�RI�YDOLGLW\�LV�RQO\�UHOHYDQW�LI�\RX�TXDQWLWL]H
RU�TXDOLWL]H�VRPH�RI�\RXU�GDWD��,I�\RX�GR��WKHQ�\RX�KDYH�FRQYHUVLRQ�YDOLGLW\�WR�WKH
GHJUHH�WKDW�\RX�PDNH�DFFXUDWH�FRQYHUVLRQV�DQG�WR�WKH�GHJUHH�WKDW�\RX�LQWHJUDWH�WKH
UHVXOWV�RI�WKHVH�FRQYHUVLRQV�LQWR�PHDQLQJIXO�PHWD�LQIHUHQFHV�

��&RQYHUVLRQ�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�TXDQWLWL]LQJ�RU�TXDOLWL]LQJ�\LHOGV
KLJK�TXDOLW\�PHWD�LQIHUHQFHV

6DPSOH� LQWHJUDWLRQ� YDOLGLW\� UHIHUV� WR� WKH� H[WHQW� WR� ZKLFK� WKH� UHODWLRQVKLS
EHWZHHQ� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� VDPSOLQJ� GHVLJQV� \LHOGV� TXDOLW\� PHWD�
LQIHUHQFHV�� )RU� H[DPSOH�� \RX� PLJKW� KDYH� D� UHODWLYHO\� ODUJH�� UDQGRPO\� VHOHFWHG
VDPSOH� IRU� D� TXDQWLWDWLYH� SDUW� RI� D� VXUYH\� UHVHDUFK� VWXG\�� <RX� PLJKW� DOVR� KDYH
FRQGXFWHG�D�IRFXV�JURXS��ZLWK�D�VPDOO�FRQYHQLHQFH�VDPSOH��WR�GLJ�GHHSHU�LQWR�WKH
LVVXHV�H[DPLQHG�LQ� WKH�VXUYH\�VWXG\��7KH�SRLQW� LV� WKDW�\RX�PXVW�EH�FDUHIXO� LQ�KRZ
\RX�FRPELQH�WKHVH�VHWV�RI�SHRSOH�DQG�KRZ�\RX�PDNH�JHQHUDOL]DWLRQV��<RX�PXVW�EH
FDUHIXO�QRW�WR�DVVXPH�WKDW�WKH�WZR�JURXSV�ZRXOG�KDYH�WKH�VDPH�EHOLHIV�



��6DPSOH�LQWHJUDWLRQ�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�D�PL[HG�UHVHDUFKHU�PDNHV
DSSURSULDWH�FRQFOXVLRQV��JHQHUDOL]DWLRQV��DQG�PHWD�LQIHUHQFHV�IURP�PL[HG
VDPSOHV

6RFLRSROLWLFDO� YDOLGLW\� RU� OHJLWLPDWLRQ� UHIHUV� WR� WKH� H[WHQW� WR� ZKLFK� D� PL[HG
UHVHDUFKHU� DSSURSULDWHO\� DGGUHVVHV� WKH� LQWHUHVWV�� YDOXHV�� DQG� VWDQGSRLQWV� RI
PXOWLSOH�VWDNHKROGHUV��7KH�ZD\� WR� UHDFK� WKLV�NLQG�RI� OHJLWLPDWLRQ� LV� WR�XQGHUVWDQG
IXOO\� WKH� SROLWLFV� DQG� LQWHUHVWV� DQG� YLHZSRLQWV� LQYROYHG�ZLWK� \RXU� UHVHDUFK� WRSLF
DQG�WR�UHVSHFW�DQG�UHSUHVHQW�WKHVH�YLHZSRLQWV��)RU�H[DPSOH��LQ�DQ�HYDOXDWLRQ�VWXG\�
\RX�ZRXOG�QHHG�WR�XQGHUVWDQG�WKH�NH\�VWDNHKROGHU�JURXSV��WR�H[DPLQH�WKH�LVVXHV�RI
FRQFHUQ� WR� HDFK� JURXS�� DQG� WR� SURYLGH� GDWD� ZLWK� VXIILFLHQW� H[SODQDWLRQ� WR� EH
GHIHQVLEOH�DQG�UHVSRQVLYH�WR�WKHLU�QHHGV��<RX�VKRXOG�EH�H[WUD�VHQVLWLYH�WR�WKH�QHHGV
RI�VWDNHKROGHUV�ZLWK�PLQLPDO�SRZHU�DQG�YRLFH�DQG�DWWHPSW�WR�³JLYH�WKHP�YRLFH�´

��6RFLRSROLWLFDO�YDOLGLW\�7KH�GHJUHH�WR�ZKLFK�D�PL[HG�UHVHDUFKHU�DGGUHVVHV�WKH
LQWHUHVWV��YDOXHV��DQG�YLHZSRLQWV�RI�PXOWLSOH�VWDNHKROGHUV�LQ�WKH�UHVHDUFK
SURFHVV

7KH�ODVW�W\SH�RI�YDOLGLW\�RU�OHJLWLPDWLRQ�LQ�PL[HG�UHVHDUFK�LV�PXOWLSOH�YDOLGLWLHV�
7KLV� WHUP�UHIHUV� WR� WKH�H[WHQW� WR�ZKLFK�WKH�PL[HG�PHWKRGV�UHVHDUFKHU�VXFFHVVIXOO\
DGGUHVVHV� DQG� UHVROYHV� DOO� UHOHYDQW� YDOLGLW\� W\SHV�� LQFOXGLQJ� WKH� TXDQWLWDWLYH� DQG
TXDOLWDWLYH� YDOLGLW\� W\SHV� GLVFXVVHG� HDUOLHU� LQ� WKLV� FKDSWHU� DV� ZHOO� DV� WKH� PL[HG
YDOLGLW\�GLPHQVLRQV��,Q�RWKHU�ZRUGV��WKH�UHVHDUFKHU�PXVW�LGHQWLI\�DQG�DGGUHVV�DOO�RI
WKH� UHOHYDQW� YDOLGLW\� LVVXHV� IDFLQJ� D� SDUWLFXODU� UHVHDUFK� VWXG\�� 6XFFHVVIXOO\
DGGUHVVLQJ�WKH�SHUWLQHQW�YDOLGLW\�LVVXHV�ZLOO�KHOS�UHVHDUFKHUV�SURGXFH�WKH�NLQGV�RI
LQIHUHQFHV�DQG�PHWD�LQIHUHQFHV�WKDW�VKRXOG�EH�PDGH�LQ�PL[HG�UHVHDUFK�

��0XOWLSOH�YDOLGLWLHV�7KH�H[WHQW�WR�ZKLFK�DOO�RI�WKH�SHUWLQHQW�YDOLGLWLHV
�TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG��DUH�DGGUHVVHG�DQG�UHVROYHG
VXFFHVVIXOO\

5(9,(:
48(67 ,21 6

������ :KDW� LV� PHDQW� E\� UHVHDUFK� YDOLGLW\� RU
OHJLWLPDWLRQ�LQ�PL[HG�UHVHDUFK"

������+RZ�LV�YDOLGLW\�RU�OHJLWLPDWLRQ�REWDLQHG�LQ�PL[HG
UHVHDUFK"

������:KDW� LV� WKH� LPSOLFDWLRQ� RI� WKH� W\SH� RI� YDOLGLW\
NQRZQ� DV� ³PXOWLSOH� YDOLGLWLHV´� DFFRUGLQJ� WR
PL[HG�UHVHDUFK"

$&7,21�5(6($5&+�5()/(&7,21



,QVLJKW��$FWLRQ�UHVHDUFKHUV�DUH�UHIOHFWLYH�SUDFWLWLRQHUV��2QH�LPSRUWDQW�SDUW�RI�WKLV
UHIOH[LYLW\�LV�FRQVLGHULQJ�KRZ�WR�REWDLQ�UHVXOWV�WKDW�DUH�GHIHQVLEOH�DQG�WUXVWZRUWK\
QRW�RQO\�WR�WKH�UHVHDUFKHU�EXW�DOVR�WR�LQVLGHUV��WKH�SHRSOH�VWXGLHG��DQG�³REMHFWLYH
RXWVLGHUV´�ZKR�PLJKW�KDYH�WKH�SRZHU�WR�PDNH�GHFLVLRQV�DERXW�VDQFWLRQHG�SUDFWLFHV�
.HHSLQJ� WUDFN� RI� HYLGHQFH� RI� VXFFHVV� DQG� HIIHFWLYHQHVV� LV� YHU\� LPSRUWDQW� WR
VXFFHVVIXO�DFWLRQ�UHVHDUFKHUV�

����:KLFK�³YDOLGLW\�SDUDGLJP´�GR�\RX�WKLQN�PRVW�FORVHO\�ILWV�DQ�DFWLRQ
UHVHDUFKHU¶V�SRVLWLRQ�RQ�UHVHDUFK�YDOLGLW\²WKH�TXDQWLWDWLYH��TXDOLWDWLYH��RU
PL[HG�DSSURDFK"��<HV��WKDW�ZDV�D�OHDGLQJ�TXHVWLRQ�EHFDXVH�LW�DVVXPHV�D
VLPSOH�DQVZHU��

����:KDW�VSHFLILF�YDOLGLW\�VWUDWHJLHV�GR�\RX�WKLQN�ZLOO�EH�PRVW�XVHIXO�DQG
LPSRUWDQW�IRU�WKH�NLQGV�RI�FRQFOXVLRQV�\RX�ZDQW�WR�GUDZ"

����+RZ�H[DFWO\�FDQ�\RX�XVH�WKH�YDOLGLW\�VWUDWHJLHV�MXVW�OLVWHG�LQ�\RXU�SODFH�RI
VWXG\"

6800$5<

:KHQ�ZH�FRQGXFW�D�VWXG\��ZH�GHYHORS�D�SODQ��RXWOLQH��RU�VWUDWHJ\�WR�XVH�WKDW�ZLOO
DOORZ�XV�WR�FROOHFW�GDWD�WKDW�ZLOO�OHDG�WR�YDOLG�FRQFOXVLRQV��,Q�DQ\�VWXG\��WKHUH�DUH�D
QXPEHU�RI�H[WUDQHRXV�YDULDEOHV�WKDW�FRXOG�V\VWHPDWLFDOO\�YDU\�ZLWK�WKH�LQGHSHQGHQW
YDULDEOH�DQG�FRQIRXQG�WKH�UHVXOWV��WKHUHE\�PDNLQJ�LW�LPSRVVLEOH�WR�DVVHVV�WKH�HIIHFW
RI� WKH� LQGHSHQGHQW� YDULDEOH�� 7R� HOLPLQDWH� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV��ZH�PXVW�GHVLJQ�RXU�VWXG\�VR�WKDW�ZH�FDQ�PDNH�YDOLG�LQIHUHQFHV�DERXW�WKH
UHODWLRQVKLS� EHWZHHQ� LQGHSHQGHQW� DQG� GHSHQGHQW� YDULDEOHV�� ,Q� TXDQWLWDWLYH
UHVHDUFK��ZH�ZDQW�RXU�VWXGLHV�WR�EH�ERWK�UHOLDEOH�DQG�YDOLG��,I�D�VWXG\�LV�UHOLDEOH�
WKHQ�WKH�UHVXOWV�FDQ�EH�UHSOLFDWHG��,I�D�VWXG\�LV�YDOLG��WKHQ�WKH�LQIHUHQFHV�PDGH�IURP
WKH�VWXG\�DUH�FRUUHFW�

)RXU� W\SHV�RI�YDOLGLW\�DUH�XVHG� WR�HYDOXDWH� WKH�DFFXUDF\�RI� WKH� LQIHUHQFHV� WKDW
FDQ�EH�PDGH�IURP�TXDQWLWDWLYH�VWXG\�UHVXOWV��VWDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\��LQWHUQDO
YDOLGLW\��H[WHUQDO�YDOLGLW\��DQG�FRQVWUXFW�YDOLGLW\��6WDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\� LV
WKH�YDOLGLW\�ZLWK�ZKLFK�ZH�FDQ�LQIHU�WKDW�WZR�YDULDEOHV�DUH�UHODWHG�DQG�WKH�VWUHQJWK
RI�WKDW�UHODWLRQVKLS�

,QWHUQDO� YDOLGLW\� UHIHUV� WR� WKH� YDOLGLW\� ZLWK� ZKLFK� ZH� FDQ� LQIHU� WKDW� WKH
UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV� LV� FDXVDO�� 7KLV� FDXVDO� UHODWLRQVKLS� FDQ� EH� D
FDXVDO�GHVFULSWLYH� UHODWLRQVKLS�RU�D�FDXVDO�H[SODQDWRU\� UHODWLRQVKLS��7R�PDNH� WKLV
FDXVDO� FRQQHFWLRQ� EHWZHHQ� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW� YDULDEOHV�� ZH� QHHG
HYLGHQFH� WKDW� WKH\�DUH� UHODWHG�� WKDW� WKH�GLUHFWLRQ�RI�HIIHFW� LV� IURP� WKH� LQGHSHQGHQW
YDULDEOH� �WKH� FDXVH�� WR� WKH� GHSHQGHQW� YDULDEOH� �WKH� HIIHFW��� DQG� WKDW� WKH� REVHUYHG
HIIHFW�RQ�WKH�GHSHQGHQW�YDULDEOH�LV�GXH�WR�WKH�LQGHSHQGHQW�YDULDEOH�DQG�QRW�WR�VRPH
H[WUDQHRXV� YDULDEOH�� ,QWHUQDO� YDOLGLW\� LV� UHODWHG� WR� WKH� DELOLW\� WR� UXOH� RXW� WKH
LQIOXHQFH� RI� H[WUDQHRXV� YDULDEOHV�� 7KH� LQIOXHQFH� RI� H[WUDQHRXV� YDULDEOHV�PXVW� EH



FRQWUROOHG�RU�HOLPLQDWHG�LI�\RX�DUH�WR�PDNH�D�GHIHQVLEOH�FODLP�WKDW�FKDQJHV�LQ�RQH
YDULDEOH�FDXVH� FKDQJHV� LQ� DQRWKHU� YDULDEOH�� 6RPH� RI� WKH� IUHTXHQWO\� GLVFXVVHG� RU
VWDQGDUG�WKUHDWV�WR�WKH�LQWHUQDO�YDOLGLW\�RI�D�VWXG\�DUH�WKH�IROORZLQJ�

�� �$PELJXRXV� WHPSRUDO� SUHFHGHQFH²WKH� LQDELOLW\� WR� VSHFLI\�ZKLFK�YDULDEOH
SUHFHGHG�ZKLFK�RWKHU�YDULDEOH

�� � +LVWRU\²VSHFLILF� HYHQWV�� RWKHU� WKDQ� WKH� LQGHSHQGHQW� YDULDEOH�� WKDW� RFFXU
EHWZHHQ�WKH�ILUVW�DQG�VHFRQG�PHDVXUHPHQWV�RI�WKH�GHSHQGHQW�YDULDEOH

�� �0DWXUDWLRQ²WKH�SK\VLFDO�RU�PHQWDO�FKDQJHV� WKDW�PD\�RFFXU� LQ� LQGLYLGXDOV
RYHU�WLPH�VXFK�DV�DJLQJ��OHDUQLQJ��ERUHGRP��KXQJHU��DQG�IDWLJXH

���7HVWLQJ²FKDQJHV�LQ�WKH�VFRUH�D�SHUVRQ�PDNHV�RQ�WKH�VHFRQG�DGPLQLVWUDWLRQ
RI� D� WHVW� WKDW� FDQ� EH� DWWULEXWHG� HQWLUHO\� WR� WKH� HIIHFW� RI� KDYLQJ� SUHYLRXVO\
WDNHQ�WKH�WHVW

�� � ,QVWUXPHQWDWLRQ²DQ\� FKDQJH� WKDW� RFFXUV� LQ� WKH� PHDVXULQJ� LQVWUXPHQW
EHWZHHQ�WKH�SUHWHVWLQJ�DQG�SRVWWHVWLQJ

�� � 5HJUHVVLRQ� DUWLIDFW²WKH� WHQGHQF\� RI� H[WUHPH� VFRUHV� WR� UHJUHVV� RU� PRYH
WRZDUG�WKH�PHDQ�RI�WKH�GLVWULEXWLRQ�RQ�D�VHFRQG�WHVWLQJ

���'LIIHUHQWLDO�VHOHFWLRQ²GLIIHUHQFHV�WKDW�H[LVW�LQ�WKH�FRPSDULVRQ�JURXSV�DW�WKH
RXWVHW�RI�WKH�UHVHDUFK�VWXG\�DQG�DUH�QRW�GXH�WR�WKH�LQGHSHQGHQW�YDULDEOH

�� � $GGLWLYH� RU� LQWHUDFWLYH� HIIHFWV²GLIIHUHQFHV� WKDW� H[LVW� LQ� WKH� FRPSDULVRQ
JURXSV�EHFDXVH�RQH�RI�WKH�WKUHDWV��VXFK�DV�PDWXUDWLRQ�RU�KLVWRU\��DIIHFWV�WKH
JURXSV�GLIIHUHQWO\

�� � 'LIIHUHQWLDO� DWWULWLRQ²GLIIHUHQFH� WKDW� H[LVWV� LQ� WKH� FRPSDULVRQ� JURXSV
EHFDXVH� WKH� SDUWLFLSDQWV� ZKR� GURS� RXW� RI� WKH� YDULRXV� FRPSDULVRQ� JURXSV
KDYH�GLIIHUHQW�FKDUDFWHULVWLFV

,Q�DGGLWLRQ�WR�WU\LQJ�WR�PHHW�WKH�FULWHULD�RI�LQWHUQDO�YDOLGLW\��WKH�UHVHDUFKHU�PXVW
DWWHPSW�WR�PHHW�WKH�FULWHULD�RI�H[WHUQDO�YDOLGLW\��,Q�PRVW�VWXGLHV��ZH�ZDQW�WR�EH�DEOH
WR�JHQHUDOL]H�WKH�UHVXOWV�DQG�VWDWH�WKDW�WKH\�KROG�WUXH�IRU�RWKHU�LQGLYLGXDOV�LQ�RWKHU
VHWWLQJV� DQG� DW� GLIIHUHQW� SRLQWV� LQ� WLPH�� ([WHUQDO� YDOLGLW\� LV� DFKLHYHG� LI� ZH� FDQ
JHQHUDOL]H�WKH�UHVXOWV�RI�RXU�VWXG\�WR�WKH�ODUJHU�WDUJHW�SRSXODWLRQ��DW�RWKHU�SRLQWV�LQ
WLPH�� LQ� RWKHU� VHWWLQJV�� DFURVV� GLIIHUHQW� WUHDWPHQW� YDULDWLRQV�� DQG� DFURVV� GLIIHUHQW
RXWFRPHV�� 7KUHDWV� WR� H[WHUQDO� YDOLGLW\� LQFOXGH� D� ODFN� RI� SRSXODWLRQ� YDOLGLW\�
HFRORJLFDO� YDOLGLW\�� WHPSRUDO� YDOLGLW\�� WUHDWPHQW� YDULDWLRQ� YDOLGLW\�� DQG� RXWFRPH
YDOLGLW\�� 3RSXODWLRQ� YDOLGLW\� UHIHUV� WR� WKH� DELOLW\� WR� JHQHUDOL]H� WR� DQG� DFURVV
VXESRSXODWLRQV� LQ� WKH� WDUJHW� SRSXODWLRQ�� (FRORJ\� YDOLGLW\� UHIHUV� WR� WKH� DELOLW\� WR
JHQHUDOL]H� WKH� UHVXOWV� RI� D� VWXG\� DFURVV� VHWWLQJV�� 7HPSRUDO� YDOLGLW\� UHIHUV� WR� WKH
H[WHQW� WR�ZKLFK� WKH� UHVXOWV� RI� D� VWXG\� FDQ� EH� JHQHUDOL]HG� DFURVV� WLPH�� 7UHDWPHQW
YDULDWLRQ� YDOLGLW\� UHIHUV� WR� WKH� H[WHQW� WR� ZKLFK� WKH� UHVXOWV� RI� WKH� VWXG\� FDQ� EH
JHQHUDOL]HG�DFURVV�YDULDWLRQV�RI�WKH�WUHDWPHQW�FRQGLWLRQ��2XWFRPH�YDOLGLW\�UHIHUV�WR
WKH�H[WHQW�WR�ZKLFK�WKH�UHVXOWV�RI�WKH�VWXG\�FDQ�EH�JHQHUDOL]HG�DFURVV�GLIIHUHQW�EXW
UHODWHG�GHSHQGHQW�YDULDEOHV�WKDW�VKRXOG�EH�LQIOXHQFHG�E\�WKH�WUHDWPHQW�FRQGLWLRQ�



:KHQ� ZH� FRQGXFW� D� UHVHDUFK� VWXG\�� ZH� DOVR� QHHG� WR� VHOHFW� PHDVXUHV� RI� WKH
YDULDEOHV�ZH� DUH� LQYHVWLJDWLQJ�� 7KLV� LV� IUHTXHQWO\� D� GLIILFXOW� SURFHVV� EHFDXVH� WKH
YDULDEOHV�ZH� VWXG\� RIWHQ� UHSUHVHQW� DEVWUDFW� FRQVWUXFWV� DQG�ZH�PXVW� GHYLVH� VRPH
ZD\� RI� PHDVXULQJ� WKHVH� FRQVWUXFWV�� 7KH� WHFKQLTXH� WKDW� PRVW� UHVHDUFKHUV� XVH� LV
RSHUDWLRQDOLVP�� RU� VHOHFWLQJ� D� VSHFLILF� RSHUDWLRQ� RU� VHW� RI� RSHUDWLRQV� DV� WKH
UHSUHVHQWDWLRQ� RI� WKH� FRQVWUXFW� WKH\� DUH� LQYHVWLJDWLQJ�� $OWKRXJK� RSHUDWLRQDOLVP� LV
QHFHVVDU\� IRU� FRPPXQLFDWLQJ� WKH�ZD\� D� FRQVWUXFW� LV� UHSUHVHQWHG�� VHOGRP�� LI� HYHU�
GRHV� LW� SURYLGH� D� FRPSOHWH� UHSUHVHQWDWLRQ� RI� WKH� FRQVWUXFW�� ,QVWHDG�� HDFK
RSHUDWLRQDOL]DWLRQ�RI�D�FRQVWUXFW�UHSUHVHQWV�RQO\�D�SRUWLRQ�RI�WKH�FRQVWUXFW��7KLV�LV�D
SUREOHP� RI� FRQVWUXFW� YDOLGLW\�� RU� WKH� H[WHQW� WR� ZKLFK� D� KLJKHU�RUGHU� FRQVWUXFW� LV
UHSUHVHQWHG�LQ�WKH�VWXG\�

7KH� PDMRULW\� RI� WKLV� FKDSWHU� IRFXVHG� RQ� YDOLGLW\� LQ� WUDGLWLRQDO� TXDQWLWDWLYH
UHVHDUFK��HVSHFLDOO\�H[SHULPHQWDO�UHVHDUFK��+RZHYHU��YDOLGLW\�LV�DOVR�DQ�LPSRUWDQW
LVVXH� LQ� TXDOLWDWLYH� DQG� PL[HG� UHVHDUFK�� 7KUHH� W\SHV� RI� YDOLGLW\� LQ� TXDOLWDWLYH
UHVHDUFK� DUH� GHVFULSWLYH� YDOLGLW\�� LQWHUSUHWLYH� YDOLGLW\�� DQG� WKHRUHWLFDO� YDOLGLW\�
'HVFULSWLYH�YDOLGLW\�UHIHUV�WR�WKH�IDFWXDO�DFFXUDF\�RI�WKH�DFFRXQW�DV�UHSRUWHG�E\�WKH
TXDOLWDWLYH� UHVHDUFKHU�� ,QWHUSUHWLYH� YDOLGLW\� LV� REWDLQHG� WR� WKH� GHJUHH� WKDW� WKH
SDUWLFLSDQWV¶� YLHZSRLQWV�� WKRXJKWV�� LQWHQWLRQV�� DQG� H[SHULHQFHV� DUH� DFFXUDWHO\
XQGHUVWRRG�DQG�UHSRUWHG��7KHRUHWLFDO�YDOLGLW\�LV�REWDLQHG�WR�WKH�GHJUHH�WR�ZKLFK�D
WKHRU\�RU�WKHRUHWLFDO�H[SODQDWLRQ�GHYHORSHG�IURP�D�UHVHDUFK�VWXG\�ILWV�WKH�GDWD�DQG
LV�WKHUHIRUH�FUHGLEOH�DQG�GHIHQVLEOH��,QWHUQDO�YDOLGLW\�DQG�H[WHUQDO�YDOLGLW\�DUH�DOVR
LPSRUWDQW�WR�TXDOLWDWLYH�UHVHDUFK�ZKHQ�WKH�UHVHDUFKHU�LV�LQWHUHVWHG�LQ�PDNLQJ�FDXVH�
DQG�HIIHFW�VWDWHPHQWV�DQG�JHQHUDOL]LQJ��UHVSHFWLYHO\��6L[WHHQ�VWUDWHJLHV�WKDW�DUH�XVHG
WR� SURPRWH� YDOLGLW\� LQ� TXDOLWDWLYH� UHVHDUFK� ZHUH� GLVFXVVHG�� /DVW�� QLQH� W\SHV� RI
YDOLGLW\�RU�OHJLWLPDWLRQ�WKDW�DUH�XVHG�LQ�PL[HG�UHVHDUFK�ZHUH�GLVFXVVHG�

.(<�7(506

DFFHVVLEOH�SRSXODWLRQ��S������
DGGLWLYH�DQG�LQWHUDFWLYH�HIIHFWV��S������
DPELJXRXV�WHPSRUDO�SUHFHGHQFH��S������
DWWULWLRQ��S������
FDXVDO�GHVFULSWLRQ��S������
FDXVDO�H[SODQDWLRQ��S������
FDXVDO�YDOLGLW\��S������
FRPPHQVXUDELOLW\�DSSUR[LPDWLRQ�YDOLGLW\��S������
FRQIRXQGLQJ�YDULDEOH��S������
FRQVWUXFW�YDOLGLW\��S������
FRQYHUVLRQ�YDOLGLW\��S������
FULWLFDO�IULHQG��S������
GHVFULSWLYH�YDOLGLW\��S������



GLIIHUHQWLDO�DWWULWLRQ��S������
GLIIHUHQWLDO�VHOHFWLRQ��S������
HFRORJLFDO�YDOLGLW\��S������
HIIHFW�VL]H�LQGLFDWRU��S������
H[WHQGHG�ILHOGZRUN��S������
H[WHUQDO�YDOLGLW\��S������
H[WUDQHRXV�YDULDEOH��S������
JHQHUDOL]LQJ�DFURVV�VXESRSXODWLRQV��S������
JHQHUDOL]LQJ�WR�D�SRSXODWLRQ��S������
JHQHUDOL]LQJ�YDOLGLW\��S������
KLVWRU\��S������
LGLRJUDSKLF�FDXVDWLRQ��S������
LQVLGH�RXWVLGH�YDOLGLW\��S������
LQVWUXPHQWDWLRQ��S������
LQWHUQDO�YDOLGLW\��S������
LQWHUSUHWLYH�YDOLGLW\��S������
ORZ�LQIHUHQFH�GHVFULSWRUV��S������
PDWXUDWLRQ��S������
PHPEHU�FKHFNLQJ��S������
PHWD�LQIHUHQFH��S������
PXOWLSOH�GDWD�VRXUFHV��S������
PXOWLSOH�LQYHVWLJDWRUV��S������
PXOWLSOH�PHWKRGV��S������
PXOWLJURXS�UHVHDUFK�GHVLJQ��S������
PXOWLSOH�RSHUDWLRQDOLVP��S������
PXOWLSOH�WKHRUHWLFDO�SHUVSHFWLYHV��S������
PXOWLSOH�YDOLGLWLHV��S������
QDWXUDOLVWLF�JHQHUDOL]DWLRQ��S������
QHJDWLYH�FDVH�VDPSOLQJ��S������
QRPRWKHWLF�FDXVDWLRQ��S������
RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ��S������
RSHUDWLRQDOLVP��S������
RXWFRPH�YDOLGLW\��S������
SDUDGLJPDWLF�SKLORVRSKLFDO�YDOLGLW\��S������
SDUWLFLSDQW�IHHGEDFN��S������
SDWWHUQ�PDWFKLQJ��S������
SHHU�UHYLHZ��S������



SRSXODWLRQ�YDOLGLW\��S������
UHDFWLYLW\��S������
UHIOH[LYLW\��S������
UHJUHVVLRQ�DUWLIDFW��S������
UHSOLFDWLRQ�ORJLF��S������
UHVHDUFKHU�DV�GHWHFWLYH��S������
UHVHDUFKHU�ELDV��S������
UHVHDUFK�UHOLDELOLW\��S������
UHVHDUFK�YDOLGLW\��S������
UXOLQJ�RXW�DOWHUQDWLYH�H[SODQDWLRQV��S������
VDPSOH�LQWHJUDWLRQ�YDOLGLW\��S������
VHOHFWLRQ�KLVWRU\�HIIHFW��S������
VHOHFWLRQ�LQVWUXPHQWDWLRQ�HIIHFW��S������
VHOHFWLRQ�PDWXUDWLRQ�HIIHFW��S������
VHOHFWLRQ�UHJUHVVLRQ�HIIHFW��S������
VHOHFWLRQ�WHVWLQJ�HIIHFW��S������
VHTXHQWLDO�YDOLGLW\��S������
VRFLR�SROLWLFDO�YDOLGLW\��S������
VWDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\��S������
WDUJHW�SRSXODWLRQ��S������
WHPSRUDO�YDOLGLW\��S������
WHVWLQJ��S������
WKHRUHWLFDO�YDOLGLW\��S������
WULDQJXODWLRQ��S������
WKLUG�YDULDEOH��S������
WUHDWPHQW�GLIIXVLRQ��S������
WUHDWPHQW�YDULDWLRQ�YDOLGLW\��S������
ZHDNQHVV�PLQLPL]DWLRQ�YDOLGLW\��S������

',6&866,21�48(67,216

����,Q�WKLV�FKDSWHU��ZH�OLVWHG�DQG�GLVFXVVHG�IRXU�GLIIHUHQW�W\SHV�RI�YDOLGLW\��:H�DOVR
VWDWHG�WKDW�LW�LV�XQOLNHO\�WKDW�D�UHVHDUFKHU�ZLOO�EH�DEOH�WR�DWWDLQ�DOO�IRXU�W\SHV�LQ�D
VLQJOH�VWXG\��,I�RQO\�WKUHH�RI�WKH�GLIIHUHQW�W\SHV�RI�YDOLGLW\�FDQ�EH�DFKLHYHG�
ZKLFK�WKUHH�VKRXOG�WKH�UHVHDUFKHU�VWULYH�IRU"�'RHV�WKLV�PHDQ�WKDW�WKH�RQH�W\SH
WKDW�LV�GLVUHJDUGHG�LV�OHVV�LPSRUWDQW"

����,Q�WKLV�FKDSWHU��ZH�KDYH�GLVFXVVHG�VHYHUDO�FULWHULD�IRU�LQIHUULQJ�FDXVDWLRQ��&DQ
ZH�HYHU�EH�VXUH�WKDW�ZH�KDYH�PHW�WKHVH�FULWHULD"�:KDW�W\SH�RI�HYLGHQFH�LV



QHHGHG�WR�HQVXUH�WKDW�HDFK�RI�WKH�FULWHULD�KDV�EHHQ�PHW"

����,Q�ZKDW�UHVHDUFK�GHVLJQV�ZRXOG�HDFK�RI�WKH�YDULRXV�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�EH
PRVW�SUHYDOHQW"

����:K\�GR�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFKHUV�UHIHU�WR�GLIIHUHQW�FRQFHSWV�ZKHQ
UHIHUULQJ�WR�UHVHDUFK�YDOLGLW\"

����,V�LW�HYHU�SRVVLEOH�WR�DWWDLQ�LQWHUSUHWLYH�YDOLGLW\�LQ�D�TXDOLWDWLYH�UHVHDUFK�VWXG\"

5(6($5&+�(;(5&,6(6

8VLQJ� (5,&� RU� DQRWKHU� HOHFWURQLF� GDWDEDVH�� ILQG� D� TXDQWLWDWLYH� RU� TXDOLWDWLYH
UHVHDUFK� DUWLFOH� LQ� DQ� DUHD� LQ�ZKLFK� \RX� DUH� LQWHUHVWHG�� VXFK� DV� WHDFKHU� EXUQRXW�
:KHQ�VHOHFWLQJ�DQ�DUWLFOH��PDNH�VXUH�LW�LV�DERXW�D�FDXVH�DQG�HIIHFW�LVVXH��5HDG�WKH
DUWLFOH��DQG�WKHQ�DQVZHU�TXHVWLRQV���WKURXJK����,I�\RX�VHOHFWHG�D�TXDOLWDWLYH�DUWLFOH�
DOVR�DQVZHU�TXHVWLRQV���DQG���

����,V�WKH�VWXG\�D�FDXVDO�GHVFULSWLYH�RU�FDXVDO�H[SODQDWRU\�VWXG\"�([SODLQ�ZK\�LW
LV�RQH�DQG�QRW�WKH�RWKHU�

����,GHQWLI\�WKH�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�WKDW�PLJKW�H[LVW�LQ�WKLV�VWXG\�

����,GHQWLI\�WKH�FRQVWUXFWV�WKDW�DUH�XVHG�LQ�WKLV�VWXG\�DQG�WKH�RSHUDWLRQV�XVHG�WR
GHILQH�WKHVH�FRQVWUXFWV�

����:KDW�SUREOHPV�PLJKW�H[LVW�LQ�WU\LQJ�WR�JHQHUDOL]H�WKH�UHVXOWV�RI�WKH�VWXG\��DQG
WR�ZKRP�DQG�ZKDW�FRQGLWLRQV�PLJKW�WKH�UHVXOWV�EH�JHQHUDOL]HG"

����'RHV�WKH�VWXG\�KDYH�GHVFULSWLYH�YDOLGLW\��LQWHUSUHWLYH�YDOLGLW\��RU�WKHRUHWLFDO
YDOLGLW\"�,I�LW�KDV�DQ\�RI�WKHVH��KRZ�GRHV�WKH�DXWKRU�GHPRQVWUDWH�WKLV�W\SH�RI
YDOLGLW\"

����,V�LQWHUQDO�RU�H[WHUQDO�YDOLGLW\�DQ�LVVXH�LQ�WKH�VWXG\��DQG�KRZ�DUH�WKHVH
KDQGOHG"

5(/(9$17�,17(51(7�6,7(6

:RUNVKRSV� IRFXVLQJ� RQ� UHVHDUFK� PHWKRGV�� 7R� JHW� WR� WKH� RQH� RQ� UHOLDELOLW\� DQG
YDOLGLW\�� FOLFN� RQ� WKH� ³5HVHDUFK�0HWKRGV�:RUNVKRS´� OLQN� RQ� WKH� OHIW� VLGH� RI� WKH
SDJH��7KHQ�FOLFN�RQ�WKH�³5HOLDELOLW\�DQG�9DOLGLW\´�ZRUNVKRS�OLQN�
KWWS���ZDGVZRUWK�FHQJDJH�FRP�SV\FKRORJ\BG�WHPSODWHV�VWXGHQWBUHVRXUFHV�ZRUNVKRSV�LQGH[�KWPO

$Q�H[WHQGHG�GLVFXVVLRQ�RI�YDOLGLW\�DV�DSSOLHG�WR�GUDZLQJ�FRQFOXVLRQV�IURP�GDWD
KWWS���ZZZ�VWDWLVWLFDODVVRFLDWHV�FRP�YDOLGLW\DQGUHOLDELOLW\�KWP

$OO�RI�WKH�DUWLFOHV�LQ�WKLV�VSHFLDO�LVVXH�RQ�PL[HG�PHWKRGV�UHVHDUFK�DUH�TXLWH�JRRG�

http://wadsworth.cengage.com/psychology_d/templates/student_resources/workshops/index.html
http://www.statisticalassociates.com/validityandreliability.htm


7KH�NH\�DUWLFOH�UHODWLQJ�WR�WKLV�FKDSWHU� LV�³7KH�9DOLGLW\�,VVXH�LQ�0L[HG�5HVHDUFK´
E\�7RQ\�2QZXHJEX]LH�DQG�%XUNH�-RKQVRQ�
KWWS���ZZZ�PVHUD�RUJ�ULWVB����KWP

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

&DPSEHOO��'��7����������'HILQLWLRQDO�YHUVXV�PXOWLSOH�RSHUDWLRQLVP��,Q�(��6�
2YHUPDQ��(G����0HWKRGRORJ\�DQG�HSLVWHPRORJ\�IRU�VRFLDO�VFLHQFH��6HOHFWHG
SDSHUV��SS����±�����&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR�3UHVV�

0D[ZHOO��-��$����������8QGHUVWDQGLQJ�DQG�YDOLGLW\�LQ�TXDOLWDWLYH�UHVHDUFK��+DUYDUG
(GXFDWLRQDO�5HYLHZ���������±����

2QZXHJEX]LH��$��-���	�-RKQVRQ��5��%����������7KH�YDOLGLW\�LVVXH�LQ�PL[HG�UHVHDUFK�
5HVHDUFK�LQ�WKH�6FKRROV�����������±���

6KDGLVK��:��5���&RRN��7��'���	�&DPSEHOO��'��7����������([SHULPHQWDO�DQG�TXDVL�
H[SHULPHQWDO�GHVLJQV�IRU�JHQHUDOL]HG�FDXVDO�LQIHUHQFH��%RVWRQ��0$��+RXJKWRQ
0LIIOLQ���&KDSWHUV������GLVFXVV�WKH�YDULRXV�W\SHV�RI�YDOLGLW\�DQG�WKUHDWV�WR�WKHVH
W\SHV�RI�YDOLGLW\��

127(6

��� � 'RQDOG� &DPSEHOO� ������� PDGH� D� VLPLODU� SRLQW�� DQG� KH� XVHG� WKH� WHUP
SUR[LPDO� VLPLODULW\� WR� UHIHU� WR� WKH� GHJUHH� RI� VLPLODULW\� EHWZHHQ� WKH� SHRSOH� DQG
FLUFXPVWDQFHV� LQ� WKH�RULJLQDO� UHVHDUFK� VWXG\� DQG� WKH�SHRSOH� DQG� FLUFXPVWDQFHV� WR
ZKLFK�\RX�ZLVK�WR�DSSO\�WKH�ILQGLQJV��<RXU�JRDO��XVLQJ�&DPSEHOO¶V�WHUP��LV�WR�FKHFN
IRU�SUR[LPDO�VLPLODULW\�

��� � 7KH� ODWH� 'RQDOG� &DPSEHOO�� SHUKDSV� WKH� PRVW� LPSRUWDQW� UHVHDUFK
PHWKRGRORJLVW�RYHU� WKH�SDVW����\HDUV��DSSURYHG�RI�5REHUW�<LQ¶V�FDVH�VWXG\�ZRUN�
6HH��IRU�H[DPSOH��KLV�&DPSEHOO¶V�IRUHZRUG�WR�<LQ¶V��������&DVH�6WXG\�5HVHDUFK
ERRN�

http://www.msera.org/rits_131.htm
http://www.sagepub.com/bjohnson5e/


3$57�,9

6HOHFWLQJ�D�5HVHDUFK�0HWKRG

6HFWLRQ�$��4XDQWLWDWLYH�5HVHDUFK�0HWKRGV��)LYH
0DMRU�$SSURDFKHV
&KDSWHU���
([SHULPHQWDO�5HVHDUFK��:HDN�DQG�6WURQJ�'HVLJQV

&KDSWHU���
([SHULPHQWDO�5HVHDUFK��4XDVL�DQG�6LQJOH�&DVH�'HVLJQV

&KDSWHU���
1RQH[SHULPHQWDO�4XDQWLWDWLYH�5HVHDUFK

6HFWLRQ�%��4XDOLWDWLYH�5HVHDUFK�0HWKRGV��)LYH
0DMRU�$SSURDFKHV�3OXV�+LVWRULFDO�5HVHDUFK
&KDSWHU���
1DUUDWLYH�,QTXLU\�DQG�&DVH�6WXG\�5HVHDUFK
E\�'��-HDQ�&ODQGLQLQ�DQG�%XUNH�-RKQVRQ

&KDSWHU���
(WKQRJUDSK\��3KHQRPHQRORJ\��DQG�*URXQGHG�7KHRU\

&KDSWHU���
+LVWRULFDO�5HVHDUFK



6HFWLRQ�&��0L[HG�0HWKRGV�5HVHDUFK��0DQ\
$SSURDFKHV
&KDSWHU���
0L[HG�5HVHDUFK



6HFWLRQ�$��4XDQWLWDWLYH�5HVHDUFK�0HWKRGV��)LYH�0DMRU
$SSURDFKHV

&KDSWHU���

([SHULPHQWDO�5HVHDUFK��:HDN�DQG�6WURQJ�'HVLJQV

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�KRZ�H[SHULPHQWV�SURGXFH�HYLGHQFH�RI�FDXVDOLW\�
��'HVFULEH�WKH�GLIIHUHQW�ZD\V�DQ�LQGHSHQGHQW�YDULDEOH�FDQ�EH�PDQLSXODWHG�
��([SODLQ�WKH�LPSRUWDQFH�RI�FRQWURO�LQ�H[SHULPHQWDO�UHVHDUFK�DQG�KRZ�FRQWURO
LV�DFKLHYHG�

��([SODLQ�WKH�GLIIHUHQW�ZD\V�RI�FRQWUROOLQJ�WKH�LQIOXHQFH�RI�SRWHQWLDOO\
FRQIRXQGLQJ�YDULDEOHV�

��([SODLQ�ZK\�VRPH�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�DUH�ZHDN�GHVLJQV�DQG
RWKHUV�DUH�VWURQJ�GHVLJQV�

��&RPSDUH�DQG�FRQWUDVW�IDFWRULDO�DQG�UHSHDWHG�PHDVXUHV�GHVLJQV�
��([SODLQ�WKH�FRQFHSW�RI�DQ�LQWHUDFWLRQ�HIIHFW�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�([SHULPHQWV�DQG�&DXVDWLRQ

2QH�RI� WKH� ULWXDOV� WKDW� VHHPV� WR�EH�SHUIRUPHG�HYHU\���� WR
��� \HDUV� LQ� WKH� KDOORZHG� KDOOV� RI� DFDGHPLD� LV� FXUULFXOXP
UHIRUP��6HOGRP��LI�HYHU��LV�WKHUH�FRPSOHWH�DJUHHPHQW�DERXW
WKH� FXUULFXOXP� WKDW� XQGHUJUDGXDWHV� VKRXOG� FRPSOHWH�� 7KLV
ODFN�RI�DJUHHPHQW�LQLWLDWHV�D�PRYHPHQW�WR�UHIRUP�D�FXUUHQW
FXUULFXOXP��)RU� H[DPSOH��5LFKDUG�5��%HHPDQ�� WKH�GHDQ�RI
WKH� 8QLYHUVLW\� RI� 3HQQV\OYDQLD¶V� 6FKRRO� RI� $UWV� DQG
6FLHQFHV��KDV�VWDWHG�WKDW�WKH�XQLYHUVLW\¶V�FXUUHQW�FXUULFXOXP
³LVQ¶W�SHUIHFW�´�2WKHUV�DW� WKH�XQLYHUVLW\�KDYH�GHVFULEHG�WKH
FXUUHQW�FXUULFXOXP�DV�³D�VKDPEOHV´�DQG�³D�+RGJHSRGJH´�LQ

VHULRXV�QHHG�RI�RYHUKDXO��%DUWOHWW��������



7

:KHQ�FXUULFXOXP�UHIRUP�LV�LQLWLDWHG��LW�LV�IUHTXHQWO\�KDVKHG�RXW�LQ�FRPPLWWHHV��7KLV�DSSURDFK�LV�RIWHQ
KDPVWUXQJ�E\�SRRU�PDQDJHPHQW�DQG�D�IDLOXUH�WR�EXLOG�FRQVHQVXV��)RU�H[DPSOH��ZKHQ�WKH�8QLYHUVLW\�RI
3HQQV\OYDQLD�VWDUWHG�GLVFXVVLQJ�UHIRUP�LQ�WKH�XQGHUJUDGXDWH�FXUULFXOXP�LQ�������DOPRVW�HYHU\RQH�KDG�D
YLVLRQ��7KH� SUREOHP�ZDV� WKDW� HYHU\RQH¶V� YLVLRQ�ZDV� GLIIHUHQW�� 7KH� UHVXOW� LV� IUHTXHQWO\� D� KDOI�KHDUWHG
FRPSURPLVH��ZLWK�LGHDOLVP�JLYLQJ�ZD\�WR�SROLWLFDO�KRUVH�WUDGLQJ�WKDW�W\SLFDOO\�UHVXOWV�LQ�DQRWKHU�UHYLVLRQ�LQ
DQRWKHU����WR����\HDUV�

&XUULFXOXP� UHIRUP� LV� D� WDVN� IRU� ZKLFK� WKH� HGXFDWLRQDO� UHVHDUFKHU� VKRXOG� EH�ZHOO� VXLWHG� EHFDXVH
HGXFDWLRQDO� UHVHDUFKHUV� DUH� WKH� H[SHUWV� LQ� FRQGXFWLQJ� UHVHDUFK� RQ� HGXFDWLRQDO� LVVXHV�� &XUULFXOXP
UHIRUP�VKRXOG�EH�MXVW�DV�DPHQDEOH�WR�D�UHVHDUFK�VWXG\�DV�DQ\�RWKHU�HGXFDWLRQDO�LVVXH��7KLV�LV�H[DFWO\�WKH
DSSURDFK� WDNHQ�E\� WKH�8QLYHUVLW\�RI�3HQQV\OYDQLD��7KH�XQLYHUVLW\¶V�SUHVLGHQW��-XGLWK�5RGLQ��KDV�VWDWHG
WKDW�WKHVH�LPSRUWDQW�FKDQJHV�VKRXOG�EH�DSSURDFKHG�LQ�WKH�VDPH�PDQQHU�DQG�ZLWK�WKH�VDPH�VHULRXVQHVV
DV�DQ\�RWKHU�VFKRODUO\�DFWLYLW\��%DUWOHWW��������

$V�D�UHVXOW��WKH�8QLYHUVLW\�RI�3HQQV\OYDQLD�GHFLGHG�WR�FRQGXFW�DQ�H[SHULPHQWDO�VWXG\�WR�LQYHVWLJDWH
WKH�RXWFRPH�RI�VWXGHQWV¶�WDNLQJ�GLIIHUHQW�FXUULFXOD��7R�FRQGXFW�WKLV�H[SHULPHQWDO�VWXG\��WKH�LQYHVWLJDWRUV
KDG�WR�GHVLJQ�UHVHDUFK�WKDW�ZRXOG�SURYLGH�NQRZOHGJH�RI�WKH�HIIHFWV�RI�IROORZLQJ�GLIIHUHQW�FXUULFXOD��7KLV
PHDQV�WKDW�WKH\�KDG�WR�PDNH�GHFLVLRQV�DERXW�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV��DQG�WKH\�KDG�WR
LGHQWLI\� WKH� FRQWURO� WHFKQLTXHV� WR� EH� XVHG�� 7KH� LQGHSHQGHQW� YDULDEOH� LQ� WKLV� VWXG\� ZDV� WKH� GLIIHUHQW
FXUULFXOD� IROORZHG� E\� WKH� VWXGHQWV�� 7KH� VWXGHQWV� LQ� WKH� FRQWURO� JURXS� ZHUH� WR� IROORZ� WKH� VWDQGDUG
FXUULFXOXP�� DQG� WKH� VWXGHQWV� LQ� WKH� H[SHULPHQWDO� JURXS�ZHUH� DOORZHG�PRUH� IUHHGRP� LQ� VHOHFWLQJ� WKHLU
FRXUVHV�EXW�ZHUH�DOVR�UHTXLUHG�WR�WDNH�D�VHULHV�RI�LQWHUGLVFLSOLQDU\�FRXUVHV��PDQ\�RI�ZKLFK�ZHUH�WHDP
WDXJKW�

7KH�GHSHQGHQW�YDULDEOHV�LQ�WKLV�VWXG\�LQYROYHG�WKH�UHVXOWV�RI�IRFXV�JURXSV��LQWHUYLHZV��TXHVWLRQQDLUHV�
JUDGHV�DFKLHYHG��DQG�VNLOOV�WHVWV��DV�ZHOO�DV�WKH�FRXUVHV�VHOHFWHG�E\�VWXGHQWV�LQ�WKH�H[SHULPHQWDO�JURXS�
&RQWURO�RYHU�PDQ\�H[WUDQHRXV�YDULDEOHV�ZDV�DFFRPSOLVKHG�E\�UDQGRPO\�DVVLJQLQJ�WKH�YROXQWHHU�VWXGHQWV
WR�HLWKHU�D�FRQWURO�RU�DQ�H[SHULPHQWDO�JURXS��7KHVH�DUH�WKH�W\SHV�RI�GHFLVLRQV�WKDW�KDYH�WR�EH�PDGH�WR
FRQVWUXFW�D�UHVHDUFK�GHVLJQ�WKDW�ZLOO�SURYLGH�LQIRUPDWLRQ�WR�KHOS�DQVZHU�\RXU�UHVHDUFK�TXHVWLRQ��,Q�WKLV
FKDSWHU��ZH�GLVFXVV�WKH�GHFLVLRQV�WKDW�PXVW�EH�PDGH�LQ�GHYHORSLQJ�D�JRRG�UHVHDUFK�GHVLJQ�DQG�SUHVHQW
WKH�PRVW�EDVLF�UHVHDUFK�GHVLJQV�XVHG�LQ�H[SHULPHQWDO�VWXGLHV�

KH� H[SHULPHQW� LV� WKH� UHVHDUFK� PHWKRG� GHVLJQHG� WR� IHUUHW� RXW� FDXVH�DQG�
HIIHFW� UHODWLRQVKLSV�� &DXVDO� UHODWLRQVKLSV� FDQ� EH� LGHQWLILHG� EHFDXVH
H[SHULPHQWV�DOORZ�XV�WR�REVHUYH��XQGHU�FRQWUROOHG�FRQGLWLRQV��WKH�HIIHFW�RI

V\VWHPDWLFDOO\�FKDQJLQJ�RQH�RU�PRUH�YDULDEOHV��,W�LV�WKLV�DELOLW\�WKDW�UHSUHVHQWV�WKH
SULPDU\�DGYDQWDJH�RI�WKH�H[SHULPHQWDO�DSSURDFK�EHFDXVH�LW�SHUPLWV�JUHDWHU�FRQWURO
RYHU� FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV�� 7KH� JUHDWHU� WKH� GHJUHH� RI� FRQWURO�� WKH
JUHDWHU�WKH�GHJUHH�RI�LQWHUQDO�YDOLGLW\�RI�WKH�VWXG\�DQG�WKH�JUHDWHU�RXU�FRQILGHQFH�LQ
RXU� FODLPV� DERXW� FDXVDOLW\�� +RZHYHU�� WKH� PRUH� FRQWURO� WKDW� LV� H[HUWHG� RYHU
FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV�� WKH� PRUH� XQQDWXUDO� WKH� VWXG\� EHFRPHV�
WKUHDWHQLQJ� WKH� H[WHUQDO� YDOLGLW\� RI� WKH� VWXG\�� ([SHULPHQWDO� UHVHDUFK� WKHUHIRUH
IUHTXHQWO\�VDFULILFHV�H[WHUQDO�YDOLGLW\�IRU�HQKDQFHG�LQWHUQDO�YDOLGLW\��,Q�VSLWH�RI�WKLV
GLVDGYDQWDJH��H[SHULPHQWDO�UHVHDUFK�LV�D�YDOXDEOH�PHWKRGRORJ\�IRU�WKH�HGXFDWLRQDO
UHVHDUFKHU�

7+(�(;3(5,0(17

$Q� H[SHULPHQW� LV� GHILQHG� DV� WKH� GHYHORSPHQW� RI� DQ� HQYLURQPHQW� LQ� ZKLFK� WKH
UHVHDUFKHU�� W\SLFDOO\� FDOOHG� WKH� H[SHULPHQWHU�� DWWHPSWV� WR� REMHFWLYHO\� REVHUYH
³SKHQRPHQD�ZKLFK�DUH�PDGH�WR�RFFXU�LQ�VWULFWO\�FRQWUROOHG�VLWXDWLRQV�LQ�ZKLFK�RQH
RU�PRUH�YDULDEOHV�DUH�YDULHG�DQG� WKH�RWKHUV�DUH�NHSW�FRQVWDQW´� �=LPQH\��������S�



�����7KLV� VHHPV� WR�EH�RQH�RI� WKH�EHWWHU� GHILQLWLRQV�� VR� OHW¶V� WDNH� D� FORVHU� ORRN� DW
ZKDW� LW� LV� VD\LQJ�� )LUVW�� LW� LV� VD\LQJ� WKDW� ZH�PXVW� DWWHPSW� WR�PDNH� LPSDUWLDO� DQG
XQELDVHG� REVHUYDWLRQV�� 7KLV� LV� QRW� DOZD\V� SRVVLEOH� EHFDXVH� H[SHULPHQWHUV� FDQ
XQLQWHQWLRQDOO\�LQIOXHQFH�WKH�RXWFRPH�RI�DQ�H[SHULPHQW��+RZHYHU��ZH�PXVW�UHDOL]H
WKDW�ZH�DUH�FDSDEOH�RI�VRPH�XQLQWHQWLRQDO�LQIOXHQFH�DQG�VWULYH�WR�PDNH�REVHUYDWLRQV
WKDW�DUH�IUHH�RI�WKLV�ELDV�

��([SHULPHQW�$Q�HQYLURQPHQW�LQ�ZKLFK�WKH�UHVHDUFKHU�DWWHPSWV�WR
³REMHFWLYHO\´�REVHUYH�SKHQRPHQD�WKDW�DUH�PDGH�WR�RFFXU�LQ�D�VWULFWO\
FRQWUROOHG�VLWXDWLRQ�LQ�ZKLFK�RQH�RU�PRUH�YDULDEOHV�DUH�YDULHG�DQG�WKH�RWKHUV
DUH�NHSW�FRQVWDQW

,Q� FRQGXFWLQJ� H[SHULPHQWV�� ZH� PDNH� REVHUYDWLRQV� RI� ³SKHQRPHQD� ZKLFK� DUH
PDGH� WR� RFFXU�´� 7KH� WHUP� SKHQRPHQD� UHIHUV� WR� VRPH� REVHUYDEOH� HYHQW�� ,Q
HGXFDWLRQDO� UHVHDUFK�� WKLV�PHDQV� WKDW�ZH� REVHUYH� HYHQWV� VXFK� DV� UHVSRQVHV� WR� DQ
LQWHUYLHZ��WHVW��RU�TXHVWLRQQDLUH�RU�DFWLRQV�RU�VWDWHPHQWV�PDGH�E\�WKH�SDUWLFLSDQWV�LQ
DQ�H[SHULPHQWDO�UHVHDUFK�VWXG\��7KHVH�SKHQRPHQD�DUH�³PDGH�WR�RFFXU´�EHFDXVH�ZH
SUHVHQW�D�VHW�RI�FRQGLWLRQV�WR�WKH�UHVHDUFK�SDUWLFLSDQWV�DQG�UHFRUG�WKH�HIIHFW�RI�WKHVH
FRQGLWLRQV� RQ� WKHLU� EHKDYLRU�� :H� SUHVHQW� D� VHW� RI� VWLPXOXV� FRQGLWLRQV²WKH
LQGHSHQGHQW� YDULDEOH²DQG� WKHQ� REVHUYH� WKH� HIIHFW� RI� WKLV� LQGHSHQGHQW� YDULDEOH
SUHVHQWDWLRQ�RQ�WKH�GHSHQGHQW�YDULDEOH�

7KH�REVHUYDWLRQV�DUH�PDGH�LQ�³FRQWUROOHG�VLWXDWLRQV�´�7KLV�PHDQV�WKDW�ZH�PXVW
HOLPLQDWH� WKH� LQIOXHQFH� RI� FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV�� &RQWUROOLQJ� IRU
YDULDEOHV� FRQIRXQGHG� ZLWK� WKH� LQGHSHQGHQW� YDULDEOH� LV� QHFHVVDU\� WR� DFKLHYH
LQWHUQDO�YDOLGLW\�

7KH� ODVW� FRPSRQHQW� RI� WKH� GHILQLWLRQ� RI� H[SHULPHQW� LV� WKDW� ³RQH� RU� PRUH
YDULDEOHV� DUH� YDULHG� DQG� WKH� RWKHUV� DUH� NHSW� FRQVWDQW�´� 7KLV� PHDQV� WKDW� ZH
GHOLEHUDWHO\�YDU\� �L�H��� ³PDQLSXODWH´�� WKH� LQGHSHQGHQW�YDULDEOH�V��DORQJ�D�GHILQHG
UDQJH�DQG�DWWHPSW�WR�PDNH�VXUH�WKDW�DOO�RWKHU�YDULDEOHV�GR�QRW�YDU\��)RU�H[DPSOH��LI
\RX�ZDQW�WR�WHVW�WKH�HIIHFW�RI�HDWLQJ�EUHDNIDVW�RQ�WKH�DELOLW\�WR�VROYH�PDWK�SUREOHPV�
\RX�PLJKW�ZDQW�WR�YDU\�WKH�LQGHSHQGHQW�YDULDEOH�RI�EUHDNIDVW�E\�KDYLQJ�D�JURXS�WKDW
HDWV�EUHDNIDVW�DQG�D�JURXS�WKDW�GRHV�QRW�HDW�EUHDNIDVW��<RX�PLJKW�DOVR�ZDQW�WR�YDU\
WKH� W\SH�RI�EUHDNIDVW� WKDW� WKH�SDUWLFLSDQWV�HDW��<RX�PLJKW� IHHG�VRPH�SDUWLFLSDQWV�D
KLJK�FDUERK\GUDWH�� ORZ�SURWHLQ� EUHDNIDVW� DQG� IHHG� RWKHUV� D� KLJK�SURWHLQ�� ORZ�
FDUERK\GUDWH�EUHDNIDVW��7KH�SRLQW�LV�WKDW�\RX�PXVW�YDU\�WKH�LQGHSHQGHQW�YDULDEOH�LQ
VRPH�ZD\��EXW�WKH�QDWXUH�RI�WKH�YDULDWLRQ�ZLOO�GHSHQG�RQ�\RXU�UHVHDUFK�TXHVWLRQ�DQG
K\SRWKHVLV�� 5HJDUGOHVV� RI� WKH� W\SH� RI� YDULDWLRQ� SURGXFHG�� \RX� PXVW� NHHS� DOO
YDULDEOHV� RWKHU� WKDQ� WKH� LQGHSHQGHQW� YDULDEOH� FRQVWDQW�� ,Q� RWKHU�ZRUGV�� \RX�PXVW
PDNH�VXUH�WKDW�YDULDEOHV�RWKHU�WKDQ�WKH�LQGHSHQGHQW�YDULDEOH�GR�QRW�YDU\�DORQJ�ZLWK
WKH� LQGHSHQGHQW� YDULDEOH�� 7KLV� LV� LQ� HIIHFW� VD\LQJ� WKDW� ZKHQ� \RX� FRQGXFW� DQ
H[SHULPHQW��\RX�PXVW�FUHDWH�D�VHW�RI�FRQGLWLRQV�LQ�ZKLFK�H[WUDQHRXV�YDULDEOHV�DUH
FRQWUROOHG�DQG�QRW�FRQIRXQGHG�ZLWK�WKH�LQGHSHQGHQW�YDULDEOH�



(;3(5,0(17$/�5(6($5&+�6(77,1*6
([SHULPHQWDO� UHVHDUFK� VWXGLHV� FDQ� EH� FRQGXFWHG� LQ� D� YDULHW\� RI� VHWWLQJV�� 7KHVH
LQFOXGH�WKH�ILHOG��WKH�ODERUDWRU\��DQG�WKH�,QWHUQHW��(DFK�RI�WKHVH�VHWWLQJV�KDV�VOLJKWO\
GLIIHUHQW�DWWULEXWHV�WKDW�GHVHUYH�PHQWLRQ�

)LHOG�([SHULPHQW
$� ILHOG� H[SHULPHQW� LV� DQ� H[SHULPHQWDO� UHVHDUFK� VWXG\� WKDW� LV� FRQGXFWHG� LQ� D

UHDO�OLIH� VHWWLQJ�� 7KH� VWXG\� �%DUWOHWW�� ������ GHVFULEHG� LQ� WKH� LQWURGXFWLRQ� WR� WKLV
FKDSWHU�LV�DQ�H[FHOOHQW�H[DPSOH�RI�D�ILHOG�UHVHDUFK�VWXG\�EHFDXVH�LW�ZDV�FRQGXFWHG
LQ� WKH� UHDO�OLIH� VHWWLQJ� RI� D� FROOHJH� FDPSXV� ZLWK� DFWXDO� VWXGHQWV�� ,W� LV� DOVR� DQ
H[DPSOH�RI�DQ�H[SHULPHQW��EHFDXVH�WKHUH�ZDV�D�PDQLSXODWLRQ�RI�WKH�W\SH�RI�FROOHJH
FXUULFXOXP� WKDW� GLIIHUHQW� VWXGHQWV� WRRN� DQG� FRQWURO� WHFKQLTXHV� VXFK� DV� UDQGRP
DVVLJQPHQW� ZHUH� XVHG� WR� HOLPLQDWH� WKH� LQIOXHQFH� RI� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV�

��)LHOG�H[SHULPHQW�$Q�H[SHULPHQWDO�VWXG\�WKDW�LV�FRQGXFWHG�LQ�D�UHDO�OLIH
VHWWLQJ

7KH� DGYDQWDJH� RI� ILHOG� H[SHULPHQWV� LV� WKDW� WKH\� DUH� H[FHOOHQW� IRU� GHWHUPLQLQJ
ZKHWKHU�D�PDQLSXODWLRQ�ZRUNV�LQ�D�UHDO�ZRUOG�VHWWLQJ��7KH�SULPDU\�GLVDGYDQWDJH�RI
ILHOG� H[SHULPHQWV� LV� WKDW� WKH\� GR� QRW� FRQWURO� IRU� WKH� LQIOXHQFH� RI� H[WUDQHRXV
YDULDEOHV�DV�ZHOO�DV�GR�ODERUDWRU\�H[SHULPHQWV��,Q�WKH�%DUWOHWW��������VWXG\��HYHQ
WKRXJK�VWXGHQWV�ZHUH�UDQGRPO\�DVVLJQHG�WR�GLIIHUHQW�FXUULFXOD��GLIIHUHQW�LQVWUXFWRUV
WDXJKW� WKH�GLIIHUHQW�FRXUVHV�� VR� WKHUH�ZDV�QR�FRQWURO�RYHU� WKH�HIIHFWLYHQHVV�RI� WKH
LQVWUXFWLRQDO�SURFHVV��$OVR��WKH�GLIIHUHQW�FXUULFXOD�PLJKW�KDYH�FRQVLVWHG�RI�GLIIHUHQW
FRXUVHV� WKDW� ZHUH� RI� GLIIHUHQW� LQWHUHVW� DQG� GLIILFXOW\� OHYHOV�� $OWKRXJK� H[HUFLVLQJ
FRQWURO� RYHU� PDQ\� H[WUDQHRXV� YDULDEOHV� LQ� ILHOG� H[SHULPHQWV� LV� GLIILFXOW�� VXFK
H[SHULPHQWV�DUH�QHFHVVDU\� WR�GHWHUPLQH�ZKHWKHU� VRPH�HIIHFW�ZLOO�ZRUN� LQ�D� UHDO�
OLIH�VHWWLQJ�ZKHUH�PD[LPXP�FRQWURO�RYHU�H[WUDQHRXV�YDULDEOHV�FDQQRW�EH�H[HUFLVHG�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

/DERUDWRU\�([SHULPHQW
$� ODERUDWRU\� H[SHULPHQW� LV� D� VWXG\� WKDW� LV� FRQGXFWHG� LQ� WKH� FRQWUROOHG

HQYLURQPHQW� RI� D� ODERUDWRU\� ZKHUH� WKH� UHVHDUFKHU� SUHFLVHO\� PDQLSXODWHV� RQH� RU
PRUH� YDULDEOHV� DQG� FRQWUROV� IRU� WKH� LQIOXHQFH� RI� DOO� RU� QHDUO\� DOO� H[WUDQHRXV
YDULDEOHV��:KHUH�WKH�ILHOG�H[SHULPHQW�LV�VWURQJ��WKH�ODERUDWRU\�H[SHULPHQW�LV�ZHDN�
DQG�ZKHUH� WKH� ODERUDWRU\�H[SHULPHQW� LV� VWURQJ�� WKH� ILHOG�H[SHULPHQW� LV�ZHDN��7KH
ODERUDWRU\�H[SHULPHQW�LV�VWURQJ�LQ�WHUPV�RI�LWV�DELOLW\�WR�FRQWURO�IRU�WKH�LQIOXHQFH�RI
H[WUDQHRXV� YDULDEOHV�� :KHQ� D� VWXG\� LV� FRQGXFWHG� LQ� D� ODERUDWRU\� HQYLURQPHQW�
RXWVLGH�LQIOXHQFHV��VXFK�DV�WKH�SUHVHQFH�RI�RWKHU�VWXGHQWV��QRLVH��RU�RWKHU�GLVWUDFWLQJ
LQIOXHQFHV��FDQ�EH�HOLPLQDWHG�RU�FRQWUROOHG��+RZHYHU��WKH�SULFH�RI�WKLV�LQFUHDVH�LQ



FRQWURO�LV�WKDW�WKH�H[SHULPHQW�WDNHV�SODFH�LQ�DQ�DUWLILFLDO�HQYLURQPHQW�

��/DERUDWRU\�H[SHULPHQW�$�VWXG\�FRQGXFWHG�LQ�D�FRQWUROOHG�HQYLURQPHQW
ZKHUH�RQH�RU�PRUH�YDULDEOHV�DUH�SUHFLVHO\�PDQLSXODWHG�DQG�DOO�RU�QHDUO\�DOO
H[WUDQHRXV�YDULDEOHV�DUH�FRQWUROOHG

)RU�H[DPSOH��9HUKDOOHQ��%XV��DQG�GH�-RQJ��������WHVWHG�NLQGHUJDUWHQ�FKLOGUHQ�LQ
D� VSDUH� URRP� WKDW� FRQWDLQHG� D� FRPSXWHU�� D� WDEOH�� WZR� FKDLUV�� DQG� D� GLJLWDO� YLGHR
FDPHUD�� 7KH� UHVHDUFKHUV¶� JRDO� ZDV� WR� GHWHUPLQH� ZKHWKHU� ERRN�EDVHG� DQLPDWHG
VWRULHV� ZRXOG� KDYH� D� SRVLWLYH� HIIHFW� RQ� \RXQJ� FKLOGUHQ¶V� FRPSUHKHQVLRQ� DQG
ODQJXDJH� VNLOOV��7KLV�REYLRXVO\� LV� QRW� D� UHDO�OLIH� VHWWLQJ� LQ�ZKLFK� FKLOGUHQ�ZRXOG
W\SLFDOO\�KHDU�RU� UHDG�VWRULHV��7KH�DUWLILFLDOLW\�RI� WKH�VHWWLQJ� LV�ZK\� WKH� UHVXOWV�RI
ODERUDWRU\� H[SHULPHQWV�PXVW� EH� YHULILHG� E\� H[SHULPHQWV� FRQGXFWHG� LQ� D� UHDO�OLIH
VHWWLQJ�

,QWHUQHW�([SHULPHQW
$Q�,QWHUQHW� H[SHULPHQW� LV� DQ� H[SHULPHQWDO� VWXG\� WKDW� LV� FRQGXFWHG� RYHU� WKH

,QWHUQHW�� ,QWHUQHW� H[SHULPHQWV� KDYH� WKH� VDPH� FKDUDFWHULVWLFV� DV� HLWKHU� D� ILHOG� RU
ODERUDWRU\�H[SHULPHQW� LQ�WKDW� WKH�UHVHDUFKHU�PDQLSXODWHV�RQH�RU�PRUH�LQGHSHQGHQW
YDULDEOHV�DQG�FRQWUROV� IRU�DV�PDQ\�H[WUDQHRXV�YDULDEOHV�DV�SRVVLEOH��6LQFH�DERXW
������WKH�QXPEHU�RI�VWXGLHV�FRQGXFWHG�YLD�WKH�,QWHUQHW�KDV�JURZQ�FRQVLGHUDEO\��DQG
WKLV�JURZWK�UDWH�LV�H[SHFWHG�WR�FRQWLQXH�JLYHQ�WKH�DGYDQWDJHV�DQ�,QWHUQHW�VWXG\�KDV
RYHU� WKH� W\SLFDO� ODERUDWRU\�VWXG\��%LUQEDXP��������5HLSV���������7KH�DGYDQWDJHV
RI� FRQGXFWLQJ� H[SHULPHQWV� RYHU� WKH� ,QWHUQHW� LQFOXGH� ���� HDVH� RI� DFFHVV� WR
GHPRJUDSKLFDOO\� DQG� FXOWXUDOO\� GLYHUVH� SDUWLFLSDQW� SRSXODWLRQV�� ���� WKH� DELOLW\� WR
EULQJ�WKH�H[SHULPHQW�WR�WKH�SDUWLFLSDQW��UDWKHU�WKDQ�WKH�SDUWLFLSDQW�WR�WKH�H[SHULPHQW�
����KLJK�VWDWLVWLFDO�SRZHU�E\�HQDEOLQJ�DFFHVV�WR�ODUJH�VDPSOHV��DQG�����FRVW�VDYLQJV
RI� ODERUDWRU\� VSDFH�� SHUVRQ�KRXUV�� HTXLSPHQW�� DQG� DGPLQLVWUDWLRQ�� 7KH
GLVDGYDQWDJHV� LQFOXGH� LVVXHV� ³VXFK� DV� ���� PXOWLSOH� VXEPLVVLRQV�� ���� ODFN� RI
H[SHULPHQWDO�FRQWURO������VHOI�VHOHFWLRQ��DQG�����GURSRXW´��5HLSV��S������

��,QWHUQHW�H[SHULPHQW�$Q�H[SHULPHQWDO�VWXG\�WKDW�LV�FRQGXFWHG�RYHU�WKH
,QWHUQHW

,1'(3(1'(17�9$5,$%/(�0$1,38/$7,21
,Q� DQ� H[SHULPHQW�� WKH� UHVHDUFKHU� PDQLSXODWHV� WKH� LQGHSHQGHQW� YDULDEOH�� 7KLV
PDQLSXODWLRQ�LV�H[SHFWHG�WR�FDXVH�D�FKDQJH�LQ�WKH�GHSHQGHQW�YDULDEOH��,Q�DQ\�JLYHQ
VWXG\��PDQ\�SRVVLEOH�LQGHSHQGHQW�YDULDEOHV�FDQ�EH�XVHG��7KH�LQGHSHQGHQW�YDULDEOH
RU�YDULDEOHV�XVHG�DUH�VSHFLILHG�E\�WKH�UHVHDUFK�TXHVWLRQ�V���)RU�H[DPSOH��RQH�RI�WKH
UHVHDUFK� TXHVWLRQV�%UH]QLW]� ������� DVNHG�ZDV� ³'RHV� DFFHOHUDWHG� UHDGLQJ� DPRQJ
G\VOH[LF� FKLOGUHQ� SDUWLDOO\� DFFRXQW� IRU� FKDQJHV� LQ� WKHLU� VKRUW�WHUP� PHPRU\
SURFHVVLQJ"´�%UH]QLW]�ZDQWHG�WR�GHWHUPLQH�WKH�HIIHFW�WKDW�LQFUHDVLQJ�UHDGLQJ�VSHHG



KDV� RQ� VKRUW�WHUP�PHPRU\�� VR� UHDGLQJ� VSHHG� KDG� WR� EH� WKH� LQGHSHQGHQW� YDULDEOH�
7KLV�PHDQW�WKDW�UHDGLQJ�VSHHG�KDG�WR�EH�YDULHG�LQ�VRPH�ZD\��%UH]QLW]�K\SRWKHVL]HG
WKDW�UHDGHUV�ZLWK�G\VOH[LD�ZKR�HQJDJHG�LQ�IDVW�SDFHG�UHDGLQJ�UHODWLYH�WR�VHOI�SDFHG
UHDGLQJ� ZRXOG� VKRZ� VLJQLILFDQW� LPSURYHPHQW� LQ� VKRUW�WHUP� PHPRU\�� 7KLV
K\SRWKHVLV� VSHFLILHG� WKH� YDULDWLRQ� WKDW� KDG� WR� EH� FUHDWHG� LQ� WKH� LQGHSHQGHQW
YDULDEOH��7KHUH�KDG�WR�EH�DW�OHDVW�WZR�OHYHOV�RI�WKH�LQGHSHQGHQW�YDULDEOH�RI�UHDGLQJ
VSHHG��IDVW�SDFHG�DQG�VHOI�SDFHG�UHDGLQJ��$OWKRXJK�WKH�UHVHDUFK�TXHVWLRQ�LGHQWLILHG
WKH�LQGHSHQGHQW�YDULDEOH��LW�ZDV�QRW�DOZD\V�HDV\�WR�FUHDWH�WKH�QHHGHG�YDULDWLRQ��)RU
H[DPSOH�� %UH]QLW]� KDG� WR� GHYHORS� D� SURFHGXUH� WKDW� ZRXOG� DOORZ� IRU� WKH
PDQLSXODWLRQ�RI�UHDGLQJ�VSHHG�DQG�GR�VR�LQ�VXFK�D�ZD\�WKDW�WKH�H[SHULPHQWHU�FRXOG
LQFUHDVH�WKH�VSHHG�RI�UHDGLQJ�RYHU�WKDW�RI�WKH�FKLOGUHQ¶V�VHOI�SDFHG�UHDGLQJ�

)URP� WKLV� EULHI� GLVFXVVLRQ�� \RX� FDQ� VHH� WKDW� PDQ\� GHFLVLRQV� PXVW� EH� PDGH
UHJDUGLQJ� WKH� PDQLSXODWLRQ� RI� WKH� LQGHSHQGHQW� YDULDEOH�� <RX� PXVW� LGHQWLI\� WKH
LQGHSHQGHQW�YDULDEOH��DQG�WKHQ�\RX�PXVW�GHFLGH�KRZ�WR�PDQLSXODWH�WKH�LQGHSHQGHQW
YDULDEOH�WR�SURYLGH�DQ�DQVZHU�WR�\RXU�UHVHDUFK�TXHVWLRQ�

:D\V�WR�0DQLSXODWH�DQ�,QGHSHQGHQW�9DULDEOH
7KH�UHVHDUFK�TXHVWLRQ�LGHQWLILHV�WKH�LQGHSHQGHQW�YDULDEOH��+RZHYHU��LW�GRHV�QRW

VSHFLI\�KRZ�WKH�LQGHSHQGHQW�YDULDEOH�LV�WR�EH�PDQLSXODWHG��7KHUH�DUH�DW�OHDVW�WKUHH
GLIIHUHQW� ZD\V�� LOOXVWUDWHG� LQ� )LJXUH� ������ LQ� ZKLFK� \RX� FDQ� PDQLSXODWH� DQ
LQGHSHQGHQW� YDULDEOH�� 7KH� ILUVW� LV� E\� D� SUHVHQFH� RU� DEVHQFH� WHFKQLTXH�� 7KLV
WHFKQLTXH� LV� H[DFWO\� ZKDW� WKH� QDPH� LPSOLHV�� 2QH� JURXS� RI� UHVHDUFK� SDUWLFLSDQWV
UHFHLYHV� D� WUHDWPHQW� FRQGLWLRQ� �WUHDWPHQW� JURXS��� DQG� WKH� RWKHU� JURXS� GRHV� QRW
�FRQWURO�JURXS���)RU�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW�WR�GHWHUPLQH�ZKHWKHU�D�UHYLHZ
VHVVLRQ� ZLOO� LPSURYH� WKH� PDWKHPDWLFV� WHVW� JUDGHV� RI� KLJK� VFKRRO� VWXGHQWV� WDNLQJ
DOJHEUD�� <RX� FDQ� PDQLSXODWH� WKH� LQGHSHQGHQW� YDULDEOH� XVLQJ� WKH� SUHVHQFH� RU
DEVHQFH� WHFKQLTXH� E\� KDYLQJ� RQH� JURXS� RI� DOJHEUD� VWXGHQWV� WDNH� WKH� H[DPLQDWLRQ
DIWHU� SDUWLFLSDWLQJ� LQ� D� UHYLHZ� VHVVLRQ� DQG� WKH� RWKHU� JURXS� WDNH� WKH� VDPH
H[DPLQDWLRQ�ZLWKRXW�WKH�DLG�RI�D�UHYLHZ�VHVVLRQ�

��3UHVHQFH�RU�DEVHQFH�WHFKQLTXH�0DQLSXODWLQJ�WKH�LQGHSHQGHQW�YDULDEOH�E\
SUHVHQWLQJ�RQH�JURXS�WKH�WUHDWPHQW�FRQGLWLRQ�DQG�ZLWKKROGLQJ�LW�IURP�WKH
RWKHU�JURXS

$�VHFRQG�ZD\�LQ�ZKLFK�\RX�FDQ�PDQLSXODWH�WKH�LQGHSHQGHQW�YDULDEOH�LV�E\�WKH
DPRXQW�WHFKQLTXH��7KLV�WHFKQLTXH�LQYROYHV�DGPLQLVWHULQJ�GLIIHUHQW�DPRXQWV�RI�WKH
LQGHSHQGHQW� YDULDEOH� WR� VHYHUDO� JURXSV� RI� SDUWLFLSDQWV�� )RU� H[DPSOH�� \RX� PLJKW
WKLQN�WKDW�LI�RQH�UHYLHZ�VHVVLRQ�LV�JRRG��VHYHUDO�UHYLHZ�VHVVLRQV�ZRXOG�EH�EHWWHU�
7KLV� PDQLSXODWLRQ� ZRXOG� HVVHQWLDOO\� LQYROYH� YDU\LQJ� WKH� DPRXQW� RI� UHYLHZ� WKH
VWXGHQWV�UHFHLYH��<RX�FRXOG�PDQLSXODWH�WKH�DPRXQW�RI�UHYLHZ�E\�KDYLQJ�RQH�JURXS
RI� VWXGHQWV� WDNH� WKH� DOJHEUD� H[DPLQDWLRQ� ZLWKRXW� WKH� DLG� RI� D� UHYLHZ� VHVVLRQ�� D
VHFRQG�JURXS�WDNH�WKH�H[DPLQDWLRQ�DIWHU�RQH�UHYLHZ�VHVVLRQ��D�WKLUG�JURXS�DIWHU�WZR
UHYLHZ�VHVVLRQV��DQG�D�IRXUWK�JURXS�DIWHU�WKUHH�UHYLHZ�VHVVLRQV�



��$PRXQW�WHFKQLTXH�0DQLSXODWLQJ�WKH�LQGHSHQGHQW�YDULDEOH�E\�JLYLQJ�WKH
YDULRXV�FRPSDULVRQ�JURXSV�GLIIHUHQW�DPRXQWV�RI�WKH�LQGHSHQGHQW�YDULDEOH

�),*85(����������7KUHH�ZD\V�RI�PDQLSXODWLQJ�WKH�LQGHSHQGHQW�YDULDEOH

$�WKLUG�ZD\�RI�PDQLSXODWLQJ�WKH�LQGHSHQGHQW�YDULDEOH�LV�E\�D�W\SH�WHFKQLTXH�
8VLQJ� WKLV� WHFKQLTXH� LQYROYHV� YDU\LQJ� WKH� W\SH� RI� FRQGLWLRQ� SUHVHQWHG� WR� WKH
SDUWLFLSDQWV��)RU�H[DPSOH��UDWKHU�WKDQ�YDU\LQJ�WKH�DPRXQW�RI�UHYLHZ�WKH�SDUWLFLSDQWV
UHFHLYHG�� \RX�PLJKW� WKLQN� WKDW� WKH� W\SH� RI� UHYLHZ� LV� WKH� LPSRUWDQW� YDULDEOH�� <RX
FRXOG�� IRU� H[DPSOH�� KDYH� D� WHDFKHU�GLUHFWHG� UHYLHZ� VHVVLRQ�� D� VWXGHQW�GLUHFWHG
UHYLHZ�VHVVLRQ��DQG�D�JURXS�UHYLHZ�VHVVLRQ��2QFH�\RX�KDYH�LGHQWLILHG�WKH�W\SHV�RI
UHYLHZ� VHVVLRQV� \RX�ZDQW� WR� LQYHVWLJDWH�� \RX�ZRXOG� H[SRVH� D� GLIIHUHQW� JURXS� RI
UHVHDUFK� SDUWLFLSDQWV� WR� HDFK� W\SH� RI� UHYLHZ� VHVVLRQ� EHIRUH� WKH\� WRRN� WKH
H[DPLQDWLRQ�

��7\SH�WHFKQLTXH�0DQLSXODWLQJ�WKH�LQGHSHQGHQW�YDULDEOH�E\�YDU\LQJ�WKH�W\SH�RI
FRQGLWLRQ�SUHVHQWHG�WR�WKH�GLIIHUHQW�FRPSDULVRQ�JURXSV

&21752/�2)�&21)281',1*�9$5,$%/(6
,Q�&KDSWHU����ZH�GLVFXVVHG�D�QXPEHU�RI�WKH�PRUH�REYLRXV�H[WUDQHRXV�YDULDEOHV�WKDW
FDQ�WKUHDWHQ�WKH�LQWHUQDO�YDOLGLW\�RI�DQ�H[SHULPHQW��7KHVH�DUH�WKH�W\SHV�RI�H[WUDQHRXV
YDULDEOHV�WKDW�PXVW�EH�FRQWUROOHG�ZLWKLQ�DQ�H[SHULPHQW�WR�HQDEOH�XV�WR�UHDFK�FDXVDO
FRQFOXVLRQV�� &RQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV� FDQ� EH� FRQWUROOHG� LQ� D� QXPEHU� RI
ZD\V��%HIRUH�ZH�GLVFXVV�WKHVH�FRQWURO� WHFKQLTXHV��ZH�ZDQW� WR�GLVFXVV�EULHIO\� WKH
PHDQLQJ� RI� H[SHULPHQWDO� FRQWURO� �L�H��� FRQWUROOLQJ� IRU� FRQIRXQGLQJ� YDULDEOHV



WKURXJK�WKH�GHVLJQ�DQG�FRQGXFW�RI�\RXU�H[SHULPHQW��

��([SHULPHQWDO�FRQWURO�(OLPLQDWLQJ�DQ\�GLIIHUHQWLDO�LQIOXHQFH�RI�H[WUDQHRXV
YDULDEOHV

:KHQ� \RX� ILUVW� FRQVLGHU� FRQWUROOLQJ� IRU� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV�� \RX� SUREDEO\� WKLQN� DERXW� WRWDOO\� HOLPLQDWLQJ� WKH� LQIOXHQFH� RI� WKHVH
YDULDEOHV�� )RU� H[DPSOH�� LI� QRLVH� LV� D� SRWHQWLDOO\� FRQIRXQGLQJ� LQIOXHQFH� LQ� DQ
H[SHULPHQW��\RX�ZRXOG�QDWXUDOO\�WU\�WR�FRQWURO�IRU�LW�E\�FRQVWUXFWLQJ�DQ�HQYLURQPHQW
YRLG� RI� QRLVH�� SHUKDSV� E\� KDYLQJ� WKH� SDUWLFLSDQWV� FRPSOHWH� WKH� H[SHULPHQW� LQ� D
VRXQGSURRI� URRP��+RZHYHU��PRVW� YDULDEOHV� WKDW� FDQ� LQIOXHQFH� WKH� RXWFRPH� RI� DQ
HGXFDWLRQDO�H[SHULPHQW��VXFK�DV�LQWHOOLJHQFH��DJH��PRWLYDWLRQ��DQG�VWUHVV��FDQQRW�EH
HOLPLQDWHG�� &RQWURO� RI� WKHVH� YDULDEOHV� FRPHV� WKURXJK� WKH� HOLPLQDWLRQ� RI� DQ\
GLIIHUHQWLDO�LQIOXHQFH�WKDW�WKH\�PD\�KDYH��'LIIHUHQWLDO�LQIOXHQFH�RFFXUV�ZKHQ�\RXU
JURXSV�DUH�QRW�HTXDWHG�RQ�FRQIRXQGLQJ�YDULDEOHV��)RU�H[DPSOH��LQWHOOLJHQFH�ZRXOG
KDYH� D� GLIIHUHQWLDO� LQIOXHQFH� LI� RQH� FRPSDULVRQ� JURXS� ZHUH� FRPSRVHG� RI� EULJKW
LQGLYLGXDOV� DQG� WKH� RWKHU� FRPSDULVRQ� JURXS� ZHUH� FRPSRVHG� RI� LQGLYLGXDOV� ZLWK
DYHUDJH� LQWHOOLJHQFH�� <RX� QHHG� WR� HTXDWH� \RXU� FRPSDULVRQ� JURXSV� RQ� VXFK
YDULDEOHV�� WKHQ��DQ\�GLIIHUHQFH�QRWHG�RQ�WKH�GHSHQGHQW�YDULDEOH�ZLOO�EH�GXH�WR�WKH
PDQLSXODWLRQ� RI� WKH� LQGHSHQGHQW� YDULDEOH�� 5HPHPEHU�� ,I� WKH� JURXSV� IRUPLQJ� WKH
OHYHOV�RI�\RXU�LQGHSHQGHQW�YDULDEOH�GLIIHU�RQ�DQ�H[WUDQHRXV�YDULDEOH��WKHQ�\RX�ZLOO
QRW�NQRZ�ZKHWKHU� WKH�GLIIHUHQFH�LQ�RXWFRPH�RQ�\RXU�GHSHQGHQW�YDULDEOH� LV�GXH�WR
WKH�LQGHSHQGHQW�YDULDEOH�RU�GXH�WR�WKH�H[WUDQHRXV�YDULDEOH��<RX�GR�QRW�ZDQW�WR�ILQG
\RXUVHOI�LQ�WKLV�DPELJXRXV�VLWXDWLRQ�

��'LIIHUHQWLDO�LQIOXHQFH�7KH�LQIOXHQFH�RI�DQ�H[WUDQHRXV�YDULDEOH�WKDW�LV
GLIIHUHQW�IRU�WKH�YDULRXV�FRPSDULVRQ�JURXSV

��(TXDWLQJ�WKH�JURXSV�([SHULPHQWHU¶V�JRDO�RI�FRQVWUXFWLQJ�FRPSDULVRQ�JURXSV
WKDW�DUH�VLPLODU�RQ�DOO�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�DQG�GLIIHUHQW�RQO\�RQ
WKH�LQGHSHQGHQW�YDULDEOH

&RQWURO�IRU�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�DQG�WKH�GLIIHUHQWLDO�LQIOXHQFH�WKDW
WKH\� SURGXFH� LV� XVXDOO\� REWDLQHG� E\� GHVLJQLQJ� \RXU� VWXG\� VR� WKDW� WKH� H[WUDQHRXV
YDULDEOHV�GR�QRW�YDU\�DFURVV�WKH�FRPSDULVRQ�JURXSV��7KDW�LV��\RXU�JRDO�LV�WR�HTXDWH
\RXU� JURXSV� RQ� DOO� H[WUDQHRXV� YDULDEOHV�� 7KHQ�� DQ\� GLIIHUHQFH� REVHUYHG� RQ� WKH
GHSHQGHQW�YDULDEOH�ZLOO�EH�DWWULEXWDEOH�WR�WKH�LQGHSHQGHQW�YDULDEOH��7KH�GLIIHUHQWLDO
LQIOXHQFH�RI�WKH�H[WUDQHRXV�YDULDEOH�ZLOO�EH�³FRQWUROOHG�´�&RQWURO��DV�\RX�FDQ�VHH�
JHQHUDOO\�UHIHUV�WR�DFKLHYLQJ�FRQVWDQF\��7KH�TXHVWLRQ�WKDW�PXVW�EH�DQVZHUHG�LV�KRZ
WR�DFKLHYH� WKLV�FRQVWDQF\��:H�QRZ� WXUQ�RXU�DWWHQWLRQ� WR�VRPH�RI� WKH�PRUH�JHQHUDO
WHFKQLTXHV�IRU�DFKLHYLQJ�FRQVWDQF\�RI�HIIHFW�RI�SRWHQWLDOO\�FRQIRXQGLQJ�YDULDEOHV�

�����:KDW�LV�DQ�H[SHULPHQW��DQG�ZKDW�DUH�WKH
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VLJQLILFDQW�FRPSRQHQWV�RI�WKLV�GHILQLWLRQ"
�����:KDW�DUH�WKH�GLIIHUHQW�VHWWLQJV�LQ�ZKLFK

UHVHDUFKHUV�FRQGXFW�H[SHULPHQWV"
�����:KDW�DUH�WKH�GLIIHUHQW�ZD\V�D�UHVHDUFKHU�FRXOG

XVH�WR�PDQLSXODWH�DQ�LQGHSHQGHQW�YDULDEOH"
�����:KDW�LV�PHDQW�E\�WKH�WHUP�H[SHULPHQWDO�FRQWURO�

DQG�KRZ�LV�H[SHULPHQWDO�FRQWURO�UHODWHG�WR
GLIIHUHQWLDO�LQIOXHQFH�ZLWKLQ�WKH�H[SHULPHQW"

5DQGRP�$VVLJQPHQW
5DQGRP�DVVLJQPHQW�LV�D�SURFHGXUH�WKDW�PDNHV�DVVLJQPHQWV�WR�FRQGLWLRQV�RQ�WKH

EDVLV� RI� FKDQFH�� 5DQGRP� DVVLJQPHQW� PD[LPL]HV� WKH� SUREDELOLW\� WKDW� SRWHQWLDOO\
FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV�� NQRZQ� DQG� XQNQRZQ�� ZLOO� QRW� V\VWHPDWLFDOO\
ELDV� WKH� UHVXOWV� RI� WKH� VWXG\�� 6WDWHG� GLIIHUHQWO\�� UDQGRP� DVVLJQPHQW� LV� WKH� EHVW
WHFKQLTXH� IRU� HTXDWLQJ� WKH� FRPSDULVRQ� JURXSV� RQ� DOO� YDULDEOHV� DW� WKH� VWDUW� RI� DQ
H[SHULPHQW�� $V� GLVFXVVHG� DERYH�� WKH� NH\� LGHD� RI� DQ� H[SHULPHQW� LV� WR� HTXDWH� DOO
FRPSDULVRQ� JURXSV� RQ� DOO� YDULDEOHV� DQG� WKHQ� V\VWHPDWLFDOO\� YDU\� RQO\� WKH
LQGHSHQGHQW�YDULDEOH��:KHQ�WKLV�LV�GRQH��WKH�UHVHDUFKHU�FDQ�FODLP�WKDW�FKDQJHV�RQ
WKH� GHSHQGHQW� YDULDEOH� DUH� FDXVHG� E\� WKH� LQGHSHQGHQW� YDULDEOH� WKDW� ZDV
V\VWHPDWLFDOO\�PDQLSXODWHG�E\�WKH�UHVHDUFKHU��%HFDXVH�UDQGRP�DVVLJQPHQW�FRQWUROV
IRU� ERWK�NQRZQ�DQG�XQNQRZQ�YDULDEOHV�� WKLV� SURFHGXUH� VKRXOG�EH�XVHG�ZKHQHYHU
DQG�ZKHUHYHU�SRVVLEOH�

��5DQGRP�DVVLJQPHQW�$�SURFHGXUH�WKDW�PDNHV�DVVLJQPHQWV�WR�FRQGLWLRQV�RQ
WKH�EDVLV�RI�FKDQFH�DQG�LQ�WKLV�ZD\�PD[LPL]HV�WKH�SUREDELOLW\�WKDW
FRPSDULVRQ�JURXSV�ZLOO�EH�HTXDWHG�RQ�DOO�H[WUDQHRXV�YDULDEOHV

�6HH�-RXUQDO�$UWLFOHV������DQG������RQ�WKH�6WXGHQW�6WXG\�6LWH�

:KHQ� UHVHDUFK� SDUWLFLSDQWV� DUH� UDQGRPO\� DVVLJQHG� WR� YDULRXV� FRPSDULVRQ
JURXSV��HDFK�UHVHDUFK�SDUWLFLSDQW�KDV�DQ�HTXDO�SUREDELOLW\�RI�EHLQJ�DVVLJQHG�WR�HDFK
JURXS�� 7KLV� PHDQV� WKDW� FKDQFH� GHWHUPLQHV� ZKLFK� SHUVRQ� JHWV� DVVLJQHG� WR� HDFK
FRPSDULVRQ� JURXS�� 5HPHPEHU� WKDW� HDFK� SHUVRQ� EULQJV� ZLWK� KLP� RU� KHU� FHUWDLQ
YDULDEOHV�� VXFK� DV� LQWHOOLJHQFH�� ,I� ZH� ZDQW� WR� FRQWURO� IRU� D� YDULDEOH� VXFK� DV
LQWHOOLJHQFH��ZH�ZDQW�LQGLYLGXDOV�ZLWK�DSSUR[LPDWHO\�WKH�VDPH�LQWHOOLJHQFH�OHYHOV
LQ�HDFK�FRPSDULVRQ�JURXS��7KLV�LV�H[DFWO\�ZKDW�UDQGRP�DVVLJQPHQW�DFFRPSOLVKHV�
:KHQ�SDUWLFLSDQWV� DUH� UDQGRPO\� DVVLJQHG�� WKH� YDULDEOHV� WKH\�EULQJ�ZLWK� WKHP�DUH
DOVR� UDQGRPO\� DVVLJQHG�� 7KHUHIRUH�� WKH� FRPSDULVRQ� JURXSV� DUH� VLPLODU� RQ� WKHVH
YDULDEOHV��DQG�DQ\�GLIIHUHQFHV�WKDW�H[LVW�ZLOO�EH�GXH�WR�FKDQFH��5DQGRP�DVVLJQPHQW
SURGXFHV� FRQWURO� EHFDXVH� OHYHOV� RI� H[WUDQHRXV� YDULDEOHV� DUH� GLVWULEXWHG� LQ
DSSUR[LPDWHO\� WKH� VDPH�PDQQHU� LQ� DOO� FRPSDULVRQ� JURXSV� DW� WKH� EHJLQQLQJ� RI� WKH



H[SHULPHQW�� ,I� WKH�FRPSDULVRQ�JURXSV�DUH� VLPLODU�RQ� WKH�H[WUDQHRXV�YDULDEOHV�� WKH
JURXSV�DUH�H[SHFWHG�WR�SHUIRUP�DSSUR[LPDWHO\�WKH�VDPH�RQ�WKH�GHSHQGHQW�YDULDEOH
ZKHQ�WKH�LQGHSHQGHQW�YDULDEOH�KDV�QR�HIIHFW�RQ�WKH�SDUWLFLSDQWV��,I�WKH�SDUWLFLSDQWV
UHVSRQG�GLIIHUHQWO\�RQ� WKH�GHSHQGHQW�YDULDEOH�� WKLV�GLIIHUHQFH�FDQ�EH�DWWULEXWHG� WR
WKH�LQGHSHQGHQW�YDULDEOH�

$OWKRXJK�UDQGRP�DVVLJQPHQW�LV�WKH�PRVW�LPSRUWDQW�FRQWURO�WHFKQLTXH��LW�GRHV�QRW
DOZD\V�ZRUN�� ,W� LV� SRVVLEOH� WKDW� WKH� FRPSDULVRQ� JURXSV�ZLOO� QRW� EH� VLPLODU� HYHQ
ZLWK�UDQGRP�DVVLJQPHQW�EHFDXVH�FKDQFH�GHWHUPLQHV�WKH�ZD\�LQ�ZKLFK�WKH�YDULDEOHV
DUH�GLVWULEXWHG��)RU�H[DPSOH��LW�LV�SRVVLEOH�WKDW�UDQGRP�DVVLJQPHQW�ZRXOG�UHVXOW�LQ
WKH�EULJKWHVW� LQGLYLGXDOV�EHLQJ�DVVLJQHG� WR�RQH�FRPSDULVRQ�JURXS�DQG� LQGLYLGXDOV
ZLWK�DYHUDJH�LQWHOOLJHQFH�EHLQJ�DVVLJQHG�WR�DQRWKHU�FRPSDULVRQ�JURXS��7KH�VPDOOHU
WKH� QXPEHU� RI� UHVHDUFK� SDUWLFLSDQWV�� WKH� JUHDWHU� WKH� ULVN� WKDW� WKLV� SUREOHP� ZLOO
KDSSHQ��+RZHYHU��UDQGRP�DVVLJQPHQW�PLQLPL]HV�WKH�SUREDELOLW\�RI�WKLV�KDSSHQLQJ�
7KH�YDVW�PDMRULW\�RI�WKH�WLPH��UDQGRP�DVVLJQPHQW�ZLOO�ZRUN�ZHOO��JLYHQ�D�VDPSOH
VL]H�WKDW�DOORZV�DW�OHDVW����SDUWLFLSDQWV�SHU�JURXS���EXW�RFFDVLRQDOO\�LW�ZLOO�IDLO�WR
HTXDWH� WKH� JURXSV�� 6LQFH� WKH� SUREDELOLW\� RI� WKH� JURXSV� EHLQJ� HTXDO� LV� VR� PXFK
JUHDWHU� ZLWK� WKDQ� ZLWKRXW� UDQGRP� DVVLJQPHQW�� WKLV� VWUDWHJ\� LV� WKH� PRVW� SRZHUIXO
PHWKRG� IRU� JHQHUDWLQJ� VLPLODU� JURXSV� DQG� HOLPLQDWLQJ� WKH� WKUHDW� RI� FRQIRXQGLQJ
YDULDEOHV�� )XUWKHUPRUH�� EHFDXVH� UDQGRP� DVVLJQPHQW� LV� WKH� RQO\� PHWKRG� IRU
FRQWUROOLQJ�IRU�WKH�LQIOXHQFH�RI�XQNQRZQ�YDULDEOHV��\RX�VKRXOG�UDQGRPL]H�ZKHQHYHU
DQG�ZKHUHYHU�SRVVLEOH��HYHQ�ZKHQ�RWKHU�FRQWURO�WHFKQLTXHV�DUH�XVHG�

'R�QRW�FRQIXVH�UDQGRP�DVVLJQPHQW�ZLWK�UDQGRP�VDPSOLQJ��5DQGRP�VDPSOLQJ
SURGXFHV�D�VDPSOH��6SHFLILFDOO\�� UDQGRP�VDPSOLQJ��DOVR�FDOOHG�UDQGRP�VHOHFWLRQ�
LQYROYHV� WKH� VHOHFWLRQ� RI� XQLWV� IURP� D� SRSXODWLRQ� E\� FKDQFH� VR� WKDW� WKH� VDPSOH
VHOHFWHG� LV� VLPLODU� WR� WKH� SRSXODWLRQ�� 7KHUHIRUH�� IURP� WKLV� VDPSOH� \RX� FDQ
JHQHUDOL]H� WR� WKH� SRSXODWLRQ��5DQGRP� DVVLJQPHQW� VWDUWV�ZLWK� D� VDPSOH�� XVXDOO\� D
FRQYHQLHQFH� RU� SXUSRVLYH� VDPSOH�� DQG� WKHQ�PDNHV� DVVLJQPHQWV� WR� JURXSV� RQ� WKH
EDVLV� RI� FKDQFH� WR� PD[LPL]H� WKH� SUREDELOLW\� WKDW� WKH� JURXSV� JHQHUDWHG� ZLOO� EH
VLPLODU�� 5DQGRP� DVVLJQPHQW� SURGXFHV� FRPSDULVRQ� JURXSV� WKDW� DUH� VLPLODU� RQ� DOO
YDULDEOHV� VR� WKDW� \RX� FDQ�PDQLSXODWH� WKH� LQGHSHQGHQW� YDULDEOH� DQG� GHWHUPLQH� LWV
FDXVDO�HIIHFW�

,Q� D� SHUIHFW� UHVHDUFK� ZRUOG�� LQ� DQ\� UHVHDUFK� VWXG\�� \RX� VKRXOG� VHOHFW
SDUWLFLSDQWV� UDQGRPO\� IURP� WKH� SRSXODWLRQ�� EHFDXVH� WKLV� PHWKRG� RI� VHOHFWLRQ
SURYLGHV�PD[LPXP�DVVXUDQFH�WKDW�D�V\VWHPDWLF�ELDV�GRHV�QRW�H[LVW�LQ�WKH�VHOHFWLRQ
SURFHVV�DQG�WKDW�WKH�VHOHFWHG�SDUWLFLSDQWV�DUH�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ��,I�WKH
DYHUDJH�,4�LQ�WKH�SRSXODWLRQ�LV������WKHQ�WKH�DYHUDJH�,4�LQ�WKH�UDQGRPO\�VHOHFWHG
VDPSOH� VKRXOG�EH�DERXW������7KH� VDPSOH�FDQ� VD\� VRPHWKLQJ�DERXW� WKH�SRSXODWLRQ
RQO\�ZKHQ�LW�LV�UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�

2QFH� SDUWLFLSDQWV� KDYH� EHHQ� UDQGRPO\� VHOHFWHG� IURP� WKH� SRSXODWLRQ�� WKH\
VKRXOG� EH� UDQGRPO\� DVVLJQHG� WR� WKH� FRPSDULVRQ� JURXSV�� DV� LOOXVWUDWHG� LQ� )LJXUH
������ 8QIRUWXQDWHO\�� LW� LV� XVXDOO\� QRW� SRVVLEOH� WR� UDQGRPO\� VHOHFW� UHVHDUFK
SDUWLFLSDQWV� IURP� WKH� WDUJHW� SRSXODWLRQ�� -XVW� WKLQN� RI� WKH� GLIILFXOW\� RI� UDQGRPO\
VHOHFWLQJ� D� VDPSOH� RI� FKLOGUHQ� ZLWK� DWWHQWLRQ�GHILFLW�K\SHUDFWLYLW\� GLVRUGHU
�$'+'�� IURP� WKH� SRSXODWLRQ� RI� DOO� FKLOGUHQ� LQ� WKH� 8QLWHG� 6WDWHV� ZLWK� $'+'�



&RQVHTXHQWO\��UDQGRP�VHOHFWLRQ�RI�SDUWLFLSDQWV�IURP�WKH�SRSXODWLRQ�LV�DQ�LGHDO�WKDW
LV�VHOGRP�DFKLHYHG��)RUWXQDWHO\��KRZHYHU��UDQGRP�VHOHFWLRQ�RI�SDUWLFLSDQWV� LV�QRW
WKH�FUXFLDO�HOHPHQW�QHHGHG�WR�DFKLHYH�KLJK�LQWHUQDO�YDOLGLW\��$FKLHYLQJ�KLJK�LQWHUQDO
YDOLGLW\��WR�DOORZ�VWURQJ�FRQFOXVLRQV�DERXW�FDXVH�DQG�HIIHFW��LV�WKH�UDLVRQ�G¶rWUH�RI
H[SHULPHQWDO� UHVHDUFK�� 7KHUHIRUH�� SOHDVH� UHPHPEHU� WKLV� NH\� SRLQW�� 5DQGRP
DVVLJQPHQW� LV� WKH�PRVW�SRZHUIXO� WHFKQLTXH� IRU�HTXDWLQJ�JURXSV� LQ�H[SHULPHQWDO
UHVHDUFK�DQG��WKHUHE\��LQFUHDVLQJ�WKH�VWXG\¶V�LQWHUQDO�YDOLGLW\�

5DQGRP�VDPSOLQJ�XVLQJ�D�UDQGRP�QXPEHU�JHQHUDWRU�LV�GHPRQVWUDWHG�LQ�&KDSWHU
����5DQGRP�DVVLJQPHQW�RI�SDUWLFLSDQWV�WR�JURXSV�XVLQJ�D�WDEOH�RI�UDQGRP�QXPEHUV
DQG�XVLQJ� D� UDQGRP�QXPEHU�JHQHUDWRU� LV� LOOXVWUDWHG� DW� WKH� FRPSDQLRQ�ZHEVLWH� IRU
WKLV�WH[WERRN�

�),*85(����������7KH�LGHDO�SURFHGXUH�IRU�REWDLQLQJ�SDUWLFLSDQWV�IRU�DQ�H[SHULPHQW

0DWFKLQJ
0DWFKLQJ�LV�D�FRQWURO�WHFKQLTXH�IRU�HTXDWLQJ�WKH�FRPSDULVRQ�JURXSV�RQ�RQH�RU

PRUH�YDULDEOHV�WKDW�DUH�FRUUHODWHG�ZLWK�WKH�GHSHQGHQW�YDULDEOH��7KH�PRVW�FRPPRQO\
XVHG�PDWFKLQJ�SURFHGXUH�LV�WR�PDWFK�SDUWLFLSDQWV�LQ�WKH�YDULRXV�FRPSDULVRQ�JURXSV
RQ�D�FDVH�E\�FDVH�EDVLV�RQ�HDFK�RI�WKH�VHOHFWHG�H[WUDQHRXV�YDULDEOHV��)RU�H[DPSOH�
DVVXPH� WKDW� \RX�ZDQW� WR� FRQGXFW� DQ� H[SHULPHQW� WHVWLQJ� WKH� HIIHFWLYHQHVV� RI� WKUHH
GLIIHUHQW�PHWKRGV�RI�LQVWUXFWLRQ�LQ�DOJHEUD�RQ�DOJHEUD�WHVW�SHUIRUPDQFH��<RX�NQRZ
WKDW�YDULDEOHV�VXFK�DV�,4�DQG�PDWK�DQ[LHW\�SUREDEO\�DIIHFW�WHVW�SHUIRUPDQFH��VR�\RX
ZDQW� WR� FRQWURO� IRU� WKH� LQIOXHQFH� RI� WKHVH� WZR� YDULDEOHV�� 2QH� ZD\� WR� REWDLQ� WKH
QHHGHG�FRQWURO� LV� WR�PDWFK� LQGLYLGXDO�SDUWLFLSDQWV� LQ� WKH� WKUHH�FRPSDULVRQ�JURXSV
VR�WKDW�HDFK�JURXS�FRQWDLQV�LQGLYLGXDOV�ZLWK�DERXW�WKH�VDPH�,4�DQG�PDWK�DQ[LHW\��,Q
RWKHU�ZRUGV��LI�WKH�ILUVW�SDUWLFLSDQW�ZKR�YROXQWHHUV�IRU�WKH�VWXG\�LV�D�PDOH�ZLWK�DQ
,4�RI�����DQG�D� ORZ�OHYHO�RI�PDWK�DQ[LHW\�� WKHQ�ZH�KDYH� WR� ILQG� WZR�RWKHU�PDOHV
ZLWK� ,4V� YHU\� FORVH� WR� ���� DQG� ORZ� OHYHOV� RI� PDWK� DQ[LHW\�� ,W� ZRXOG� EH� YHU\
GLIILFXOW� WR� ILQG� LQGLYLGXDOV�ZLWK� H[DFWO\� WKH� VDPH� ,4�� VR� WKH� FULWHULRQ� LV� WKDW� WKH
SDUWLFLSDQWV�KDYH�WR�EH�YHU\�VLPLODU�RQ�WKH�YDULDEOHV�RQ�ZKLFK�WKH\�DUH�PDWFKHG�



��0DWFKLQJ�(TXDWLQJ�FRPSDULVRQ�JURXSV�RQ�RQH�RU�PRUH�YDULDEOHV�WKDW�DUH
FRUUHODWHG�ZLWK�WKH�GHSHQGHQW�YDULDEOH

2QFH� \RX� KDYH� LGHQWLILHG� WKUHH� LQGLYLGXDOV� ZKR� DUH� VLPLODU� RQ� WKH� PDWFKHG
YDULDEOHV�� \RX� VKRXOG� UDQGRPO\� DVVLJQ� WKHVH� WKUHH� LQGLYLGXDOV� WR� WKH� WKUHH
FRPSDULVRQ�JURXSV��1RWH�WKH�XVH�RI�UDQGRP�DVVLJQPHQW�HYHQ�ZKHQ�ZH�DUH�XVLQJ�WKH
FRQWURO� WHFKQLTXH� RI� PDWFKLQJ�� 7KLV� IROORZV� WKH� UXOH� ZH� VWDWHG� HDUOLHU� RI
UDQGRPL]LQJ�ZKHQHYHU�DQG�ZKHUHYHU�SRVVLEOH��HYHQ�ZKHQ�RWKHU�FRQWURO�WHFKQLTXHV
²LQ�WKLV�FDVH�PDWFKLQJ²DUH�XVHG��2QFH�WKHVH�WKUHH�LQGLYLGXDOV�KDYH�EHHQ�PDWFKHG
DQG�UDQGRPO\�DVVLJQHG��\RX�ZRXOG�ILQG�DQRWKHU�VHW�RI�WKUHH�LQGLYLGXDOV�PDWFKHG�RQ
,4� DQG� PDWK� DQ[LHW\� DQG� UDQGRPO\� DVVLJQ� WKHP� WR� WKH� FRPSDULVRQ� JURXSV�� 7KLV
SURFHGXUH�� DV� LOOXVWUDWHG� LQ� )LJXUH� ������ LV� FRQWLQXHG� XQWLO� \RX� KDYH� WKH� GHVLUHG
QXPEHU� RI� SDUWLFLSDQWV� LQ� HDFK� FRPSDULVRQ� JURXS�� 7KH� HQG� UHVXOW� LV� WKDW� WKH
SDUWLFLSDQWV�LQ�WKH�FRPSDULVRQ�JURXSV�DUH�LGHQWLFDO�RU�YHU\�VLPLODU�RQ�WKH�PDWFKHG
YDULDEOHV��7KH�LQIOXHQFH�RI�WKHVH�YDULDEOHV�RQ�WKH�GHSHQGHQW�YDULDEOH�LV��WKHUHIRUH�
FRQVWDQW� DFURVV� WKH� FRPSDULVRQ� JURXSV�� 7KLV� LV� WKH� GHVLUHG� W\SH� RI� FRQWURO� LQ� DQ
H[SHULPHQW�

�),*85(����������7KH�PDWFKLQJ�FRQWURO�WHFKQLTXH

7KH� PDWFKLQJ� WHFKQLTXH� MXVW� GHVFULEHG� LV� DQ� LQGLYLGXDO� PDWFKLQJ� DSSURDFK
EHFDXVH�LQGLYLGXDOV�DUH�PDWFKHG��,W� LV�DOVR�SRVVLEOH� WR�HQJDJH�LQ�JURXS�PDWFKLQJ�
*URXS�PDWFKLQJ�LQYROYHV�VHOHFWLQJ�JURXSV�RI�LQGLYLGXDOV�WKDW�KDYH�VLPLODU�DYHUDJH



VFRUHV�DQG�D�VLPLODU�GLVWULEXWLRQ�RI�VFRUHV��,Q�RWKHU�ZRUGV��LI�\RX�ZHUH�PDWFKLQJ�WKH
WKUHH�JURXSV�RQ�LQWHOOLJHQFH�DQG�RQH�JURXS�RI�SDUWLFLSDQWV�KDG�DQ�DYHUDJH�,4�RI����
DQG�D�VWDQGDUG�GHYLDWLRQ�RI�,4�VFRUHV�RI����\RX�ZRXOG�ZDQW�WR�VHOHFW�SDUWLFLSDQWV
IRU�WKH�RWKHU�WZR�JURXSV�VXFK�WKDW�HDFK�JURXS�KDG�DQ�DYHUDJH�,4�RI�DERXW�����DQG�D
VWDQGDUG�GHYLDWLRQ�RI�,4�VFRUHV�RI�DERXW���

+ROGLQJ�WKH�([WUDQHRXV�9DULDEOH�&RQVWDQW
$QRWKHU� IUHTXHQWO\� XVHG� FRQWURO� WHFKQLTXH� LV� WR� KROG� WKH� H[WUDQHRXV� YDULDEOH

FRQVWDQW� DFURVV� WKH� FRPSDULVRQ� JURXSV�� 7KLV� PHDQV� WKDW� WKH� SDUWLFLSDQWV� LQ� HDFK
FRPSDULVRQ� JURXS� ZLOO� KDYH� DSSUR[LPDWHO\� WKH� VDPH� W\SH� RU� DPRXQW� RI� WKH
H[WUDQHRXV� YDULDEOH�� )RU� H[DPSOH�� DVVXPH� WKDW� \RX�ZDQW� WR� WHVW� WKH� HIILFDF\� RI� D
QHZ�SK\VLFDO�HGXFDWLRQ�SURJUDP�DW�SURPRWLQJ�VWUHQJWK�DQG�HQGXUDQFH��6WUHQJWK�DQG
HQGXUDQFH�PLJKW�EH�LQIOXHQFHG�E\�JHQGHU��VR�\RX�PLJKW�GHFLGH�ILUVW�WR�LQFOXGH�RQO\
RQH�JHQGHU��VXFK�DV�IHPDOHV��,Q�WKLV�FDVH��WKH�JURXSV�ZLOO�QRW�GLIIHU�RQ�JHQGHU��$IWHU
VHOHFWLQJ� D� VDPSOH� RI� RQO\� IHPDOH� VWXGHQWV�� \RX� VKRXOG� DOVR� XVH� WKH� FRQWURO
WHFKQLTXH� RI� UDQGRPO\� DVVLJQLQJ� WKHVH� VWXGHQWV� WR� WKH� FRPSDULVRQ� JURXSV�� DV
LOOXVWUDWHG�LQ�)LJXUH�������$JDLQ�� WKLV� IROORZV� WKH�SULQFLSOH�RI� UDQGRPO\�DVVLJQLQJ
ZKHQHYHU� DQG� ZKHUHYHU� SRVVLEOH�� $OWKRXJK� KROGLQJ� WKH� H[WUDQHRXV� YDULDEOH
FRQVWDQW� HIIHFWLYHO\� HTXDWHV� WKH� JURXSV� RQ� WKH� H[WUDQHRXV� YDULDEOH� DQG� WKXV
LPSURYHV�WKH�LQWHUQDO�YDOLGLW\�RI�WKH�VWXG\��WKH�WHFKQLTXH�VLPXOWDQHRXVO\�UHGXFHV�WKH
H[WHUQDO�YDOLGLW\�RI�WKH�VWXG\�EHFDXVH�DQ�HQWLUH�FDWHJRU\�RI�SDUWLFLSDQWV��PDOHV��LV
H[FOXGHG�

�),*85(����������&RQWURO�H[HUFLVHG�E\�KROGLQJ�WKH�H[WUDQHRXV�YDULDEOH�FRQVWDQW

%XLOGLQJ�WKH�([WUDQHRXV�9DULDEOH�,QWR�WKH�5HVHDUFK�'HVLJQ
([WUDQHRXV�YDULDEOHV�FDQ�EH�FRQWUROOHG�E\�EHLQJ�EXLOW�LQWR�WKH�UHVHDUFK�GHVLJQ�

:KHQ�WKLV�LV�GRQH��WKH�H[WUDQHRXV�YDULDEOH�EHFRPHV�DQRWKHU�LQGHSHQGHQW�YDULDEOH�
)RU� H[DPSOH�� LQ� WKH� K\SRWKHWLFDO� VWXG\� LQYHVWLJDWLQJ� WKH� XVH� RI� WKH� QHZ� SK\VLFDO
HGXFDWLRQ�SURJUDP��\RX�ZDQW�WR�FRQWURO�IRU�WKH�HIIHFWV�RI�JHQGHU��,QVWHDG�RI�KROGLQJ
JHQGHU�FRQVWDQW��\RX�FRXOG�XVH�JHQGHU�DV�DQ�DGGLWLRQDO�YDULDEOH��%\�LQFOXGLQJ�ERWK
PDOHV�DQG� IHPDOHV� LQ� WKH�VWXG\��\RX�FRXOG�GHWHUPLQH�ZKHWKHU� WKH�QHZ�SURJUDP� LV



HTXDOO\�HIIHFWLYH�IRU�PDOHV�DQG�IHPDOHV��DV�LOOXVWUDWHG�LQ�)LJXUH�������%XLOGLQJ�WKH
H[WUDQHRXV�YDULDEOH�LQWR�WKH�UHVHDUFK�GHVLJQ�LV�HVSHFLDOO\�DWWUDFWLYH�ZKHQ�\RX�DOVR
KDYH� D� WKHRUHWLFDO� LQWHUHVW� LQ� WKH� DGGLWLRQDO� YDULDEOH�� ,Q� DGGLWLRQ�� WKLV� WHFKQLTXH
RYHUFRPHV� WKH� H[WHUQDO� YDOLGLW\� SUREOHP� RI� WKH� SUHYLRXV� WHFKQLTXH� �KROGLQJ� WKH
H[WUDQHRXV�YDULDEOH�FRQVWDQW��EHFDXVH�ZKHQ�\RX�EXLOG�WKH�YDULDEOH�LQWR�\RXU�GHVLJQ�
QR�JURXS�RI� SDUWLFLSDQWV� LV� V\VWHPDWLFDOO\� H[FOXGHG� IURP�\RXU� VWXG\��%XLOGLQJ� WKH
H[WUDQHRXV� YDULDEOH� LQWR� WKH� GHVLJQ� WDNHV� DQ� H[WUDQHRXV� YDULDEOH� WKDW� FRXOG� ELDV
\RXU�H[SHULPHQW�DQG�PDNHV�LW�IRFDO�DV�DQ�LQGHSHQGHQW�YDULDEOH�

�),*85(����������&RQWURO�RI�DQ�H[WUDQHRXV�YDULDEOH�E\�EXLOGLQJ�LW�LQWR�WKH�UHVHDUFK
GHVLJQ

$QDO\VLV�RI�&RYDULDQFH
$QDO\VLV�RI�FRYDULDQFH�LV�D�FRQWURO�PHWKRG�XVHG�WR�HTXDWH�FRPSDULVRQ�JURXSV

WKDW�GLIIHU�RQ�D�SUHWHVW�RU� VRPH�RWKHU�YDULDEOH�RU�YDULDEOHV�� ,W� LV�XVHIXO�ZKHQ� WKH
SDUWLFLSDQWV� LQ� WKH� YDULRXV� FRPSDULVRQ� JURXSV� GLIIHU� RQ� D� SUHWHVW� YDULDEOH� WKDW� LV
UHODWHG�WR�WKH�GHSHQGHQW�YDULDEOH��,I�WKH�SUHWHVW�YDULDEOH�LV�UHODWHG�WR�WKH�GHSHQGHQW
YDULDEOH��GLIIHUHQFHV�REVHUYHG�RQ� WKH�GHSHQGHQW�YDULDEOH� DW� WKH�SRVWWHVW�PLJKW�EH
GXH� WR� GLIIHUHQFHV� RQ� WKH� SUHWHVW� YDULDEOH�� $QDO\VLV� RI� FRYDULDQFH� DGMXVWV� WKH
SRVWWHVW� VFRUHV� IRU� GLIIHUHQFHV� RQ� WKH� SUHWHVW� YDULDEOH�� DQG� LQ� WKLV� ZD\� LW
VWDWLVWLFDOO\�HTXDWHV�WKH�SDUWLFLSDQWV�LQ�WKH�FRPSDULVRQ�JURXSV��)RU�H[DPSOH��LI�\RX
DUH�FRQGXFWLQJ�D�VWXG\�RQ�JHQGHU�GLIIHUHQFHV�LQ�VROYLQJ�PDWKHPDWLFV�SUREOHPV��\RX
ZLOO�ZDQW�WR�PDNH�VXUH�WKDW�WKH�PDOH�DQG�IHPDOH�VWXGHQWV�DUH�RI�HTXDO�DELOLW\�OHYHO�
,I�\RX�PHDVXUH�WKH�,4�RI�WKH�SDUWLFLSDQWV�DQG�ILQG�WKDW�WKH�PDOH�VWXGHQWV�DUH�EULJKWHU
WKDQ�WKH�IHPDOH�VWXGHQWV��DQ\�GLIIHUHQFH�LQ�PDWKHPDWLFV�SHUIRUPDQFH�IRXQG�FRXOG�EH



GXH� WR� WKLV� GLIIHUHQFH� LQ� DELOLW\� DQG� QRW� JHQGHU�� <RX� FRXOG� XVH� DQDO\VLV� RI
FRYDULDQFH�WR�DGMXVW�WKH�PDWKHPDWLFV�VFRUHV�IRU�WKLV�GLIIHUHQFH�LQ�LQWHOOLJHQFH�DQG
LQ� WKLV� ZD\� FUHDWH� WZR� JURXSV� RI� SDUWLFLSDQWV� WKDW� DUH� HTXDWHG�� DW� OHDVW� RQ� WKLV
YDULDEOH�

��$QDO\VLV�RI�FRYDULDQFH�$�FRQWURO�PHWKRG�WKDW�FDQ�EH�XVHG�WR�VWDWLVWLFDOO\
HTXDWH�JURXSV�WKDW�GLIIHU�RQ�D�SUHWHVW�RU�VRPH�RWKHU�YDULDEOH��DOVR�FDOOHG
$1&29$

&RXQWHUEDODQFLQJ
7KH� SUHYLRXV� FRQWURO� WHFKQLTXHV� ZHUH� XVHG� ZKHQ� WKH� FRPSDULVRQ� JURXSV

GHILQHG� E\� WKH� LQGHSHQGHQW� YDULDEOH� ZHUH� FRPSRVHG� RI� GLIIHUHQW� UHVHDUFK
SDUWLFLSDQWV��2XU�ODVW�WHFKQLTXH��FRXQWHUEDODQFLQJ��LV�RQO\�XVHG�ZLWK�D�GLIIHUHQW�W\SH
RI�UHVHDUFK�GHVLJQ��UHSHDWHG�PHDVXUHV�UHVHDUFK�GHVLJQV��GLVFXVVHG�LQ�PRUH�GHWDLO
ODWHU� LQ� WKLV� FKDSWHU��� 7KH� GLVWLQJXLVKLQJ� FKDUDFWHULVWLF� RI� D� UHSHDWHG� PHDVXUHV
GHVLJQ� LV� WKDW� DOO� SDUWLFLSDQWV� UHFHLYH� DOO� WUHDWPHQWV�� 7KH� FRQWURO� WHFKQLTXH� RI
FRXQWHUEDODQFLQJ� UHIHUV� WR� DGPLQLVWHULQJ� WKH� H[SHULPHQWDO� FRQGLWLRQV� WR� DOO
SDUWLFLSDQWV�EXW�LQ�GLIIHUHQW�RUGHUV�

��&RXQWHUEDODQFLQJ�$GPLQLVWHULQJ�DOO�H[SHULPHQWDO�FRQGLWLRQV�WR�DOO
SDUWLFLSDQWV�EXW�LQ�GLIIHUHQW�RUGHUV

&RXQWHUEDODQFLQJ� LV�XVHG� WR� FRQWURO� IRU� VHTXHQFLQJ�HIIHFWV��ZKLFK� FDQ� RFFXU
ZKHQ� HDFK� SDUWLFLSDQW� SDUWLFLSDWHV� LQ� PRUH� WKDQ� RQH� FRPSDULVRQ� JURXS�� DV
LOOXVWUDWHG� LQ�)LJXUH�������7ZR� W\SHV�RI� VHTXHQFLQJ�HIIHFWV�FDQ�RFFXU�ZKHQ�HYHU\
SHUVRQ�SDUWLFLSDWHV�LQ�HDFK�FRPSDULVRQ�JURXS�

��6HTXHQFLQJ�HIIHFWV�%LDVLQJ�HIIHFWV�WKDW�FDQ�RFFXU�ZKHQ�HDFK�SDUWLFLSDQW
PXVW�SDUWLFLSDWH�LQ�HDFK�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

7KH� ILUVW� W\SH� RI� VHTXHQFLQJ� HIIHFW� LV� DQ�RUGHU�HIIHFW�� ZKLFK� DULVHV� IURP� WKH
RUGHU� LQ� ZKLFK� WKH� WUHDWPHQW� FRQGLWLRQV� DUH� DGPLQLVWHUHG�� 6XSSRVH� \RX� DUH
LQWHUHVWHG�LQ�WKH�HIIHFW�RI�FDIIHLQH�RQ�OHDUQLQJ�WR�VSHOO�EDVHG�RQ�WKH�IDFW�WKDW�FDIIHLQH
LV� DVVXPHG� WR� LQFUHDVH� DWWHQWLRQ� DQG� DOHUWQHVV�� 7R� WHVW� WKH� HIIHFW� RI� FDIIHLQH�� \RX
FRXOG�DGPLQLVWHU�FDIIHLQH�RQ�RQH�GD\�DQG�D�SODFHER�RQ�DQRWKHU�GD\��7KLV�PHDQV�WKDW
WKH� UHVHDUFK� SDUWLFLSDQWV� ZRXOG� JHW� RQH� RI� WZR� SRVVLEOH� RUGHUV� RI� WKH� WUHDWPHQW
FRQGLWLRQV��FDIIHLQH�RQ�WKH�ILUVW�GD\�DQG�SODFHER�RQ�WKH�VHFRQG�GD\�RU�SODFHER�RQ
WKH�ILUVW�GD\�DQG�FDIIHLQH�RQ�WKH�VHFRQG�GD\�

��2UGHU�HIIHFW�$�VHTXHQFLQJ�HIIHFW�WKDW�RFFXUV�GXH�WR�WKH�RUGHU�LQ�ZKLFK�WKH
WUHDWPHQW�FRQGLWLRQV�DUH�DGPLQLVWHUHG

,Q�D�VWXG\�VXFK�DV� WKLV��RQ�WKH�ILUVW�H[SHULPHQWDO�GD\�� WKH�UHVHDUFK�SDUWLFLSDQWV



PLJKW� EH� XQIDPLOLDU� ZLWK� WKH� H[SHULPHQWDO� SURFHGXUH�� SDUWLFLSDWLQJ� LQ� DQ
HGXFDWLRQDO� H[SHULPHQW�� RU� WKH� VXUURXQGLQJV� RI� WKH� H[SHULPHQW�� ,I� WKH\� DUH
DGPLQLVWHUHG� WKH� SODFHER� FRQGLWLRQ� RQ� WKH� ILUVW� GD\�� WKH� SDUWLFLSDQWV� PLJKW� QRW
SHUIRUP� HIIHFWLYHO\� EHFDXVH� WKHLU� DWWHQWLRQ� LV� QRW� IRFXVHG� WRWDOO\� RQ� WKH� VSHOOLQJ
WDVN��2Q�WKH�VHFRQG�GD\��ZKHQ�WKH\�DUH�DGPLQLVWHUHG�FDIIHLQH��IDPLOLDULW\�ZLOO�H[LVW�
LQFUHDVLQJ� WKH� FKDQFHV� WKDW� WKH� SDUWLFLSDQWV� FDQ� IRFXV�PRUH� RQ� WKH� VSHOOLQJ� WDVN�
WKHUHE\� HQKDQFLQJ� SHUIRUPDQFH�� 7KH� UHVXOW� LV� WKDW� WKH� SDUWLFLSDQWV�PLJKW� SHUIRUP
EHWWHU� XQGHU� WKH� FDIIHLQH� WUHDWPHQW� FRQGLWLRQ� DGPLQLVWHUHG� RQ� WKH� VHFRQG� GD\� QRW
EHFDXVH�LW�LV�PRUH�HIIHFWLYH�EXW�EHFDXVH�WKH�SDUWLFLSDQWV�DUH�PRUH�IDPLOLDU�ZLWK�WKH
H[SHULPHQW�DQG�WKH�H[SHULPHQWDO�VXUURXQGLQJV��7KLV�W\SH�RI�HIIHFW�LV�DQ�RUGHU�HIIHFW
EHFDXVH� LW� RFFXUV� VWULFWO\� GXH� WR� WKH� RUGHU� RI� SUHVHQWDWLRQ� RI� WKH� H[SHULPHQWDO
WUHDWPHQW�FRQGLWLRQV�

7KH�VHFRQG�W\SH�RI�VHTXHQFLQJ�HIIHFW�LV�D�FDUU\RYHU�HIIHFW��$�FDUU\RYHU�HIIHFW
RFFXUV� ZKHQ� SHUIRUPDQFH� LQ� RQH� WUHDWPHQW� FRQGLWLRQ� GHSHQGV� SDUWLDOO\� RQ� WKH
FRQGLWLRQV�WKDW�SUHFHGH�LW��)RU�H[DPSOH�� LI�FDIIHLQH�ZHUH�DGPLQLVWHUHG�RQ�WKH�ILUVW
GD\�� LW� LV� SRVVLEOH� WKDW� WKH� FDIIHLQH� ZRXOG� QRW� EH� FRPSOHWHO\� PHWDEROL]HG� DQG
FOHDUHG�IURP�WKH�ERG\�EHIRUH�WKH�SDUWLFLSDQWV�FRQVXPHG�WKH�SODFHER�RQ�WKH�QH[W�GD\�
$Q\�HIIHFW�RI�WKH�SULRU�GD\¶V�GRVH�RI�FDIIHLQH�ZRXOG�WKHUHIRUH�FDUU\�RYHU�WR�WKH�QH[W
GD\�DQG�DIIHFW�SHUIRUPDQFH��7KHUHIRUH��WKH�SHUIRUPDQFH�RQ�WKH�GD\�WKDW�SDUWLFLSDQWV
FRQVXPHG� WKH� SODFHER� ZRXOG� EH� LQIOXHQFHG� E\� DQ\� SODFHER� HIIHFW� SOXV� DQ\
FDUU\RYHU�IURP�WKH�SULRU�GD\¶V�FRQVXPSWLRQ�RI�FDIIHLQH�

��&DUU\RYHU�HIIHFW�$�VHTXHQFLQJ�HIIHFW�WKDW�RFFXUV�ZKHQ�SHUIRUPDQFH�LQ�RQH
WUHDWPHQW�FRQGLWLRQ�LV�LQIOXHQFHG�E\�SDUWLFLSDWLRQ�LQ�D�SULRU�WUHDWPHQW
FRQGLWLRQ�V�

�),*85(����������7\SH�RI�GHVLJQ�WKDW�FDQ�LQFOXGH�VHTXHQFLQJ�HIIHFWV

7KH�SULPDU\�ZD\�WR�FRQWURO�IRU�FDUU\RYHU�DQG�RUGHU�HIIHFWV�LV�WR�FRXQWHUEDODQFH
WKH�RUGHU�LQ�ZKLFK�WKH�H[SHULPHQWDO�FRQGLWLRQV�DUH�DGPLQLVWHUHG�WR�WKH�SDUWLFLSDQWV�
2QH�ZD\�WR�FRXQWHUEDODQFH�LV�WR�UDQGRPL]H�WKH�RUGHU�DFURVV�SDUWLFLSDQWV��L�H���OHW�D
UDQGRP�QXPEHU�JHQHUDWRU� UDQGRPO\�DVVLJQ� D� VHTXHQFH�RUGHU� WR� HDFK�SDUWLFLSDQW��
$QRWKHU�SRSXODU� WHFKQLTXH� LV� WR�DGPLQLVWHU�HDFK�H[SHULPHQWDO�FRQGLWLRQ� WR�VHWV�RI
UHVHDUFK�SDUWLFLSDQWV�LQ�D�GLIIHUHQW�RUGHU��)RU�H[DPSOH��LQ�WKH�FDIIHLQH�H[SHULPHQW�



DVVXPH�WKDW�ZH�ZDQWHG� WR� WHVW� WKH�HIIHFW�RI� WKUHH�GLIIHUHQW�GRVHV�RI�FDIIHLQH������
�����DQG�����PJ�RI�FDIIHLQH��DJDLQVW�QR�FDIIHLQH�RU�D�SODFHER�JURXS��2QH�ZD\�RI
FRXQWHUEDODQFLQJ� ZRXOG� EH� WR� KDYH� VHWV� RI� SDUWLFLSDQWV� HTXDO� WR� WKH� QXPEHU� RI
OHYHOV�RI�WKH�LQGHSHQGHQW�YDULDEOH��,Q�WKLV�FDIIHLQH�H[SHULPHQW��WKHUH�DUH�IRXU�OHYHOV
RI� FDIIHLQH�� UDQJLQJ� IURP� QR� FDIIHLQH� WR� ���� PJ�� VR� WKHUH� DUH� IRXU� H[SHULPHQWDO
FRQGLWLRQV�� ,I�\RX�KDG����SDUWLFLSDQWV��\RX�FRXOG�GLYLGH� WKHP�LQWR� IRXU�VHWV�RI���
DQG�DGPLQLVWHU�WKH�IRXU�H[SHULPHQWDO�FRQGLWLRQV�LQ�D�GLIIHUHQW�RUGHU�IRU�HDFK�VHW��DV
IROORZV�

6HW����SDUWLFLSDQWV��±����RUGHU�RI�FRQGLWLRQV��SODFHER������PJ������PJ�����
PJ
6HW����SDUWLFLSDQWV���±����RUGHU�RI�FRQGLWLRQV������PJ������PJ��SODFHER�����
PJ
6HW����SDUWLFLSDQWV���±����RUGHU�RI�FRQGLWLRQV������PJ������PJ������PJ�
SODFHER
6HW����SDUWLFLSDQWV���±����RUGHU�RI�FRQGLWLRQV������PJ��SODFHER������PJ�����
PJ

$V�\RX� FDQ� VHH�� HDFK� VHW� RI� SDUWLFLSDQWV� UHFHLYHV� DOO� H[SHULPHQWDO� FRQGLWLRQV
EXW� LQ� D� GLIIHUHQW� RUGHU� RU� VHTXHQFH��$IWHU� DGPLQLVWHULQJ� WKH� FRQGLWLRQV�� \RX� FDQ
FRPSDUH�WKH�PHDQ�DYHUDJH�RI�DOO����SDUWLFLSDQWV�LQ�HDFK�RI�WKH�IRXU�FRQGLWLRQV�DQG
ORRN� IRU� VLJQLILFDQW� GLIIHUHQFHV�� &RXQWHUEDODQFLQJ� RSHUDWHV� E\� DYHUDJLQJ� RXW� WKH
RUGHU�DQG�VHTXHQFLQJ�HIIHFWV��1RWH�DOVR��ZLWK�FRXQWHUEDODQFLQJ�D�VWXG\�LV�UHSOLFDWHG
DV� PDQ\� WLPHV� DV� WKHUH� DUH� VHWV� RI� SDUWLFLSDQWV�� 7R� OHDUQ� KRZ� WR� HVWDEOLVK
FRXQWHUEDODQFHG�VHTXHQFHV��VHH�&KULVWHQVHQ��-RKQVRQ��DQG�7XUQHU��������SS�����±
�����RU�VHH�WKLV�ERRN¶V�FRPSDQLRQ�ZHEVLWH�

5(9,(:
48(67 ,21 6

�����:KDW�LV�UDQGRP�DVVLJQPHQW��DQG�ZKDW�LV�WKH
GLIIHUHQFH�EHWZHHQ�UDQGRP�DVVLJQPHQW�DQG
UDQGRP�VHOHFWLRQ"

�����+RZ�GRHV�UDQGRP�DVVLJQPHQW�DFFRPSOLVK�WKH
JRDO�RI�FRQWUROOLQJ�IRU�WKH�LQIOXHQFH�RI
FRQIRXQGLQJ�YDULDEOHV"

�����+RZ�ZRXOG�\RX�LPSOHPHQW�WKH�FRQWURO�WHFKQLTXH
RI�PDWFKLQJ��DQG�KRZ�GRHV�WKLV�WHFKQLTXH
FRQWURO�IRU�WKH�LQIOXHQFH�RI�FRQIRXQGLQJ
YDULDEOHV"

�����+RZ�ZRXOG�\RX�XVH�WKH�FRQWURO�WHFKQLTXH�RI
KROGLQJ�WKH�H[WUDQHRXV�YDULDEOH�FRQVWDQW"

�����:KHQ�ZRXOG�\RX�ZDQW�WR�EXLOG�WKH�H[WUDQHRXV
YDULDEOH�LQWR�WKH�UHVHDUFK�GHVLJQ"



������:KDW�LV�DQDO\VLV�RI�FRYDULDQFH��DQG�ZKHQ�ZRXOG
\RX�XVH�LW"

������:KDW� LV� FRXQWHUEDODQFLQJ�� DQG�ZKHQ�ZRXOG� \RX
XVH�LW"

������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�FDUU\RYHU�HIIHFW
DQG�DQ�RUGHU�HIIHFW"

(;3(5,0(17$/�5(6($5&+�'(6,*16

5HVHDUFK�GHVLJQ�UHIHUV�WR�WKH�RXWOLQH��SODQ��RU�VWUDWHJ\�\RX�DUH�JRLQJ�WR�XVH�WR�VHHN
DQ�DQVZHU�WR�\RXU�UHVHDUFK�TXHVWLRQ�V���,Q�RWKHU�ZRUGV��ZKHQ�\RX�JHW�WR�WKH�VWDJH�RI
GHVLJQLQJ�\RXU�H[SHULPHQW��\RX�KDYH� WR� LGHQWLI\� WKH�SODQ�RU�VWUDWHJ\� WR�EH�XVHG� LQ
FROOHFWLQJ� WKH� GDWD� WKDW�ZLOO� DGHTXDWHO\� WHVW� \RXU� K\SRWKHVHV�� 3ODQQLQJ� D� UHVHDUFK
GHVLJQ�PHDQV� WKDW� \RX�PXVW� VSHFLI\� KRZ� WKH� SDUWLFLSDQWV�ZLOO� EH� DVVLJQHG� WR� WKH
FRPSDULVRQ� JURXSV�� KRZ� \RX�ZLOO� FRQWURO� IRU� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV��DQG�KRZ�\RX�ZLOO�FROOHFW�DQG�DQDO\]H�WKH�GDWD�

��5HVHDUFK�GHVLJQ�7KH�RXWOLQH��SODQ��RU�VWUDWHJ\�WKDW�LV�XVHG�WR�DQVZHU�D
UHVHDUFK�TXHVWLRQ

+RZ�GR� \RX� JR� DERXW� GHVLJQLQJ� DQ� H[SHULPHQW� WKDW�ZLOO� WHVW� \RXU� K\SRWKHVHV
DQG�SURYLGH�DQ�DQVZHU�WR�\RXU�UHVHDUFK�TXHVWLRQV"�7KLV�LV�QR�VLPSOH�WDVN��DQG�WKHUH
LV�QR�VHW�ZD\�WR�WHOO�RWKHUV�KRZ�WR�GR�LW��'HVLJQLQJ�D�UHVHDUFK�VWXG\�UHTXLUHV�WKRXJKW
DERXW�ZKLFK�FRPSRQHQWV�WR�LQFOXGH�DQG�SLWIDOOV�WR�DYRLG��+RZHYHU��LW�KHOSV�WR�KDYH
VRPH�NQRZOHGJH�RI�WKH�JHQHUDO�W\SHV�RI�UHVHDUFK�GHVLJQV�WKDW�FDQ�EH�XVHG��6RPH�RI
WKHVH�UHVHDUFK�GHVLJQV�DUH�ZHDN�LQ�WKH�VHQVH�WKDW�WKH\�GR�QRW�SURYLGH�IRU�PD[LPXP
FRQWURO�RI�SRWHQWLDOO\�FRQIRXQGLQJ�YDULDEOHV��2WKHUV�DUH�VWURQJ�LQ�WKDW�WKH\�SURYLGH
IRU� WKH� PD[LPXP� FRQWURO��:H� ILUVW� GLVFXVV� WKH� ZHDN� GHVLJQV� DQG� SRLQW� RXW� WKHLU
GHILFLHQFLHV�� :H� WKHQ� GLVFXVV� VWURQJ� H[SHULPHQWDO� GHVLJQV� WKDW� \RX� FDQ� XVH� DV
PRGHOV�ZKHQ�GHVLJQLQJ�\RXU�UHVHDUFK�VWXG\�

:HDN�([SHULPHQWDO�5HVHDUFK�'HVLJQV
:H� SUHVHQW� WKUHH� H[SHULPHQWDO� UHVHDUFK� GHVLJQV� WKDW� DUH� GHVLJQDWHG� ZHDN

GHVLJQV� EHFDXVH� WKH\� GR� QRW� FRQWURO� IRU�PDQ\� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV��5HPHPEHU� WKDW�� LQ�DQ�H[SHULPHQWDO� UHVHDUFK�VWXG\��ZH�ZDQW� WR� LGHQWLI\
WKH�FDXVDO�HIIHFW�SURGXFHG�E\�WKH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�GHSHQGHQW�YDULDEOH�
$Q\� XQFRQWUROOHG� FRQIRXQGLQJ� YDULDEOHV� WKUHDWHQ� RXU� DELOLW\� WR� GR� WKLV� DQG� FDQ
UHQGHU� WKH� H[SHULPHQW� XVHOHVV� LQ� WKH� ZRUVW� FDVH� DQG�� HYHQ� LQ� WKH� EHVW� RI
FLUFXPVWDQFHV��MHRSDUGL]H�RXU�DELOLW\�WR�UHDFK�D�YDOLG�FRQFOXVLRQ��7KLV�LV�QRW�WR�VD\
WKDW� WKHVH� ZHDN� H[SHULPHQWDO� GHVLJQV� GR� QRW� SURYLGH� DQ\� YDOXDEOH� LQIRUPDWLRQ�
7KH\�FDQ�SURYLGH�XVHIXO�LQIRUPDWLRQ��+RZHYHU��ZKHQHYHU�D�UHVHDUFKHU�XVHV�RQH�RI
WKHP��KH�RU�VKH�PXVW�EH�DOHUW�WR�WKH�LQIOXHQFH�RI�SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV



YDULDEOHV�WKDW�FDQ�WKUHDWHQ�WKH�LQWHUQDO�YDOLGLW\�RI�WKH�VWXG\��7DEOH������SURYLGHV�D
VXPPDU\�RI�VRPH�RI�WKH�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�WKDW�PD\�RSHUDWH�LQ�HDFK�RI�WKHVH
WKUHH�GHVLJQV�

2QH�*URXS�3RVWWHVW�2QO\�'HVLJQ

,Q�WKH�RQH�JURXS�SRVWWHVW�RQO\�GHVLJQ���D�VLQJOH�JURXS�RI�UHVHDUFK�SDUWLFLSDQWV
LV� H[SRVHG� WR� DQ� H[SHULPHQWDO� WUHDWPHQW� DQG� WKHQ� PHDVXUHG� RQ� WKH� GHSHQGHQW
YDULDEOH�WR�DVVHVV�WKH�HIIHFW�RI�WKH�WUHDWPHQW�FRQGLWLRQ��DV�LOOXVWUDWHG�LQ�)LJXUH������
7KLV� GHVLJQ� PLJKW� EH� XVHG� LI� D� VFKRRO� V\VWHP� ZDQWHG� WR� ILQG� RXW� ZKHWKHU
LPSOHPHQWDWLRQ�RI�D�QHZ�UHDGLQJ�SURJUDP�HQKDQFHV�VWXGHQWV¶�GHVLUH�WR�UHDG��$IWHU
LPSOHPHQWDWLRQ�RI�WKH�SURJUDP�IRU�DQ�HQWLUH�VFKRRO�\HDU��D�TXHVWLRQQDLUH�LV�JLYHQ�WR
DOO� VWXGHQWV� LQ� WKH� SURJUDP� WR� DVVHVV� WKHLU� DWWLWXGH� WRZDUG� UHDGLQJ�� ,I� WKH� UHVXOWV
LQGLFDWH�WKDW�WKH�VWXGHQWV¶�DWWLWXGH�LV�SRVLWLYH��WKH�SURJUDP�LV�DVVXPHG�WR�HQJHQGHU�D
SRVLWLYH�DWWLWXGH�WRZDUG�UHDGLQJ�

��2QH�JURXS�SRVWWHVW�RQO\�GHVLJQ�$GPLQLVWHULQJ�D�SRVWWHVW�WR�D�VLQJOH�JURXS
RI�SDUWLFLSDQWV�DIWHU�WKH\�KDYH�EHHQ�JLYHQ�DQ�H[SHULPHQWDO�WUHDWPHQW
FRQGLWLRQ

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH� SUREOHP�ZLWK� UHDFKLQJ� VXFK� D� FRQFOXVLRQ� LV� WKDW� \RX� FDQQRW� DWWULEXWH� WKH
VWXGHQWV¶�DWWLWXGHV�WRZDUG�UHDGLQJ�WR�WKH�QHZ�UHDGLQJ�SURJUDP��,W�LV�SRVVLEOH�WKDW�WKH
VWXGHQWV�KDG�D�SRVLWLYH�DWWLWXGH�WRZDUG�UHDGLQJ�EHIRUH�SDUWLFLSDWLQJ�LQ�WKH�SURJUDP
DQG�WKDW�WKH�SURJUDP�DFWXDOO\�KDG�QR�LPSDFW�RQ�WKHLU�DWWLWXGH��%HFDXVH�WKH�VWXGHQWV
ZHUH�QRW�SUHWHVWHG��WKH�UHVHDUFKHU�GRHV�QRW�NQRZ�DQ\WKLQJ�DERXW�ZKDW�WKH�VWXGHQWV
ZHUH� OLNH�SULRU� WR� LPSOHPHQWDWLRQ�RI� WKH� UHDGLQJ�SURJUDP��7KH� LPSRUWDQW�SRLQW� LV
WKDW�LW�LV�LPSRVVLEOH�WR�GHWHUPLQH�ZKHWKHU�WKH�QHZ�UHDGLQJ�SURJUDP�KDG�DQ\�HIIHFW
RU�ZKDW�WKDW�HIIHFW�ZDV�ZLWKRXW�VRPH�VRUW�RI�FRPSDULVRQ��)URP�D�VFLHQWLILF�SRLQW�RI
YLHZ��WKLV�GHVLJQ�LV�RI�DOPRVW�QR�YDOXH�EHFDXVH��ZLWKRXW�SUHWHVWLQJ�RU�FRPSDULQJ�WKH
VWXGHQWV�LQ�WKH�SURJUDP�WR�VWXGHQWV�ZKR�GLG�QRW�SDUWLFLSDWH�LQ�WKH�UHDGLQJ�SURJUDP�
LW�LV�LPSRVVLEOH�WR�GHWHUPLQH�ZKHWKHU�WKH�WUHDWPHQW�SURGXFHG�DQ\�HIIHFW��$�KDQGRXW
VKRZLQJ� KRZ� WR� LPSURYH� WKH� RQH�JURXS� SRVWWHVW�RQO\� GHVLJQ� LV� SURYLGHG� DW� WKH
VWXGHQW�FRPSDQLRQ�ZHEVLWH�

�7$%/(�������6XPPDU\�RI�WKH�7KUHDWV�WR�,QWHUQDO�9DOLGLW\�RI�:HDN�([SHULPHQWDO
'HVLJQV



$�QHJDWLYH�VLJQ��±��LQGLFDWHV�D�SRWHQWLDO� WKUHDW�WR�LQWHUQDO�YDOLGLW\��D�SRVLWLYH�VLJQ�����LQGLFDWHV�WKDW� WKH�WKUHDW� LV
FRQWUROOHG��DQG�1$� LQGLFDWHV�WKDW� WKH�WKUHDW�GRHV�QRW�DSSO\�WR�WKDW�GHVLJQ��;7�GHVLJQDWHV�D� WUHDWPHQW�FRQGLWLRQ�
;&�GHVLJQDWHV�D�FRQWURO�RU�VWDQGDUG�WUHDWPHQW�FRQGLWLRQ��2��GHVLJQDWHV�D�SUHWHVW��2��GHVLJQDWHV�D�SRVWWHVW��DQG�D
GDVKHG�OLQH�LQGLFDWHV�QR�UDQGRP�DVVLJQPHQW�WR�JURXSV�

�),*85(����������2QH�JURXS�SRVWWHVW�RQO\�GHVLJQ�LQ�ZKLFK�;7�LV�WKH�WUHDWPHQW�DQG
���LV�WKH�SRVWWHVW�DVVHVVPHQW

2QH�*URXS�3UHWHVW�3RVWWHVW�'HVLJQ
0RVW� LQGLYLGXDOV� TXLFNO\� UHFRJQL]H� WKDW� WKH� RQH�JURXS� SRVWWHVW�RQO\� GHVLJQ� LV

LQHIIHFWLYH�EHFDXVH�RI� WKH� ODFN�RI�VRPH� W\SH�RI�FRPSDULVRQ��7KH�ILUVW� UHVSRQVH� LQ
PDQ\�LQVWDQFHV�LV�WR�VWDWH�WKDW�D�SUHWHVW�LV�QHHGHG�VR�WKDW�WKH�SUHWUHDWPHQW�UHVSRQVH
FDQ� EH� FRPSDUHG� ZLWK� WKH� SRVWWUHDWPHQW� UHVSRQVH�� 7KLV� GHVLJQ�� FDOOHG� WKH� RQH�
JURXS�SUHWHVW�SRVWWHVW�GHVLJQ� DQG� LOOXVWUDWHG� LQ�)LJXUH������� LV� DQ� LPSURYHPHQW
RYHU� WKH� RQH�JURXS� SRVWWHVW�RQO\� GHVLJQ�� $� JURXS� RI� UHVHDUFK� SDUWLFLSDQWV� LV
PHDVXUHG� RQ� WKH� GHSHQGHQW� YDULDEOH�� 2�� SULRU� WR� DGPLQLVWUDWLRQ� RI� WKH� WUHDWPHQW
FRQGLWLRQ�� 7KH� LQGHSHQGHQW� YDULDEOH�� ;�� LV� WKHQ� DGPLQLVWHUHG�� DQG� WKH� GHSHQGHQW
YDULDEOH�� 2�� LV� DJDLQ� PHDVXUHG�� 7KH� GLIIHUHQFH� EHWZHHQ� WKH� SUHWHVW� DQG� SRVWWHVW
VFRUHV�LV�WDNHQ�DV�DQ�LQGH[�RI�WKH�HIIHFWLYHQHVV�RI�WKH�WUHDWPHQW�FRQGLWLRQ�

��2QH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�$GPLQLVWHULQJ�D�SRVWWHVW�WR�D�VLQJOH
JURXS�RI�SDUWLFLSDQWV�DIWHU�WKH\�KDYH�EHHQ�SUHWHVWHG�DQG�JLYHQ�DQ
H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

$OWKRXJK�WKH�RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�UHSUHVHQWV�DQ�LPSURYHPHQW�RYHU
WKH� RQH�JURXS� SRVWWHVW�RQO\� GHVLJQ�� DQ\� FKDQJH� LQ� WKH� SRVWWHVW� VFRUHV� RYHU� WKH
SUHWHVW�VFRUHV�FDQQRW�DXWRPDWLFDOO\�EH� WDNHQ�DV�DQ� LQGH[�RI�DQ�HIIHFW�SURGXFHG�E\



WKH�LQGHSHQGHQW�YDULDEOH��0DQ\�SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV��VXFK
DV� KLVWRU\�� PDWXUDWLRQ�� WHVWLQJ�� LQVWUXPHQWDWLRQ�� DQG� UHJUHVVLRQ� DUWLIDFWV�� FDQ
LQIOXHQFH�WKH�SRVWWHVW�UHVXOWV��7R�WKH�H[WHQW�WKDW�WKH\�GR��WKHVH�H[WUDQHRXV�YDULDEOHV
UHSUHVHQW� ULYDO� K\SRWKHVHV� WR� H[SODLQ� DQ\� GLIIHUHQFH� EHWZHHQ� WKH� SUHWHVW� DQG
SRVWWHVW�VFRUHV�

�),*85(����������2QH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�LQ�ZKLFK�;7�LV�WKH�WUHDWPHQW
DQG����DQG����UHSUHVHQW�WKH�SUHWHVW�DQG�SRVWWHVW�DVVHVVPHQWV

&RQVLGHU�D�K\SRWKHWLFDO�VWXG\�LQ�ZKLFK�DQ�HGXFDWLRQDO�UHVHDUFKHU�ZDQWV�WR�WHVW�D
QHZ�LQVWUXFWLRQDO�SURJUDP�IRU�WHDFKLQJ�UHDGLQJ�WR�VORZ�OHDUQHUV�LQ�WKH�ILIWK�JUDGH�
$W� WKH�EHJLQQLQJ�RI� WKH�VFKRRO�\HDU��VORZ�OHDUQHUV�DUH� LGHQWLILHG�E\�DGPLQLVWHULQJ
WKH�0HWURSROLWDQ�$FKLHYHPHQW�7HVWV�WR�DOO�ILIWK�JUDGH�VWXGHQWV�LQ�WKH�1HZ�$SSURDFK
HOHPHQWDU\�VFKRRO��7KRVH�ILIWK�JUDGH�VWXGHQWV�ZKR�VFRUH�DW�OHDVW���\HDUV�EHORZ�WKH
ILIWK�JUDGH� OHYHO� �SUHWHVW�2�� DUH� FRQVLGHUHG� VORZ� OHDUQHUV� DQG� SODFHG� LQ� DQ
H[SHULPHQWDO� FODVVURRP�� ZKHUH� WKH� QHZ� UHDGLQJ� LQVWUXFWLRQDO� SURJUDP� LV
DGPLQLVWHUHG��$W�WKH�HQG�RI���\HDUV��WKH�0HWURSROLWDQ�$FKLHYHPHQW�7HVWV�DUH�DJDLQ
DGPLQLVWHUHG��DQG�WKH�UHDGLQJ�JUDGH�SODFHPHQW�VFRUH�UHFHLYHG�E\�WKH�VWXGHQWV�DW�WKLV
WLPH��SRVWWHVW�2��LV�FRPSDUHG�ZLWK�WKHLU�SUHWHVW�2�VFRUH��1RZ�OHW¶V�DVVXPH�WKDW�WKLV
FRPSDULVRQ�LQGLFDWHV�WKDW�WKH�VORZ�OHDUQHUV�KDYH�LPSURYHG�DQ�DYHUDJH�RI�����\HDUV
LQ�UHDGLQJ�JUDGH�SODFHPHQW��VXJJHVWLQJ�WKDW�WKH\�DGYDQFHG�VLJQLILFDQWO\�GXULQJ�WKH��
\HDUV� WKDW� WKH\�ZHUH� LQ� WKH�H[SHULPHQWDO�FODVVURRP�� ,W� LV� WHPSWLQJ� WR�DWWULEXWH� WKLV
LPSURYHPHQW� WR� WKH�H[SHULPHQWDO� UHDGLQJ�SURJUDP��+RZHYHU�� LI�\RX� WKLQN�DERXW� LW
IRU�D�PRPHQW��\RX�FDQ�SUREDEO\�LGHQWLI\�VHYHUDO�ULYDO�K\SRWKHVHV�WKDW�FRXOG�DFFRXQW
IRU�WKLV�FKDQJH�LQ�SHUIRUPDQFH�

+LVWRU\�LV�D�YHU\�UHDO�SRVVLELOLW\��7KH�VWXGHQWV�ZHUH�SODFHG�LQ�DQ�H[SHULPHQWDO
FODVVURRP�� ZKLFK� PHDQV� WKDW� WKH\� ZHUH� VLQJOHG� RXW� DQG� JLYHQ� VSHFLDO� DWWHQWLRQ
�EH\RQG�MXVW�UHFHLYLQJ�WKH�WUHDWPHQW���7KH�VSHFLDO�HIIRUW�PDGH�E\�WKH�VFKRRO�V\VWHP
PLJKW�KDYH�PRWLYDWHG� WKH�SDUHQWV�RI� WKHVH�FKLOGUHQ� WR�HQFRXUDJH� WKHP�WR�UHDG�DQG
SHUIRUP�WKHLU�KRPHZRUN�DVVLJQPHQWV��7KLV�SDUHQWDO�HQFRXUDJHPHQW�� LQ�DGGLWLRQ� WR
WKH�H[SHULPHQWDO�SURJUDP��FRXOG�KDYH�HQKDQFHG�WKH�VWXGHQWV¶�UHDGLQJ�SHUIRUPDQFH�
6LPLODUO\�� �� \HDUV� HODSVHG� EHWZHHQ� WKH� SUHWHVW� DQG� SRVWWHVW� DVVHVVPHQWV�� 7KH
VWXGHQWV� ZHUH� �� \HDUV� ROGHU�� DQG� PDWXUDWLRQ� ZRXOG� SUHGLFW� WKDW� VRPH� RI� WKH
LPSURYHPHQW� ZRXOG� RFFXU� MXVW� EHFDXVH� WKH� VWXGHQWV� ZHUH� ROGHU� DQG� WKXV� KDG
PDWXUHG� GXULQJ� WKH� LQWHUYHQLQJ� �� \HDUV�� $� WHVWLQJ� HIIHFW� FRXOG� H[LVW� EHFDXVH� WKH
VWXGHQWV�WRRN�WKH�0HWURSROLWDQ�$FKLHYHPHQW�7HVWV�DV�WKH�SUHWHVW�DQG�SRVWWHVW��ZKLFK
PHDQV�WKDW�WKH�WHVWV�PLJKW�KDYH�EHHQ�PRUH�IDPLOLDU�RQ�WKH�VHFRQG�WHVWLQJ�RFFDVLRQ�
+RZHYHU�� D� WHVWLQJ� HIIHFW� ZRXOG� EH�PRUH� OLNHO\� LI� D� VKRUWHU� DPRXQW� RI� WLPH� KDG



HODSVHG� EHWZHHQ� WKH� SUHWHVWLQJ� DQG� SRVWWHVWLQJ�� )LQDOO\�� D� UHJUHVVLRQ� DUWLIDFW� LV� D
YHU\�UHDO�SRVVLELOLW\�EHFDXVH�WKH�VWXGHQWV�VHOHFWHG�IRU�WKH�H[SHULPHQWDO�FODVVURRP
ZHUH� WKRVH�ZKR� VFRUHG� ORZHVW� RQ� WKH� LQLWLDO� SUHWHVW�� $� UHJUHVVLRQ� DUWLIDFW� HIIHFW
ZRXOG� SUHGLFW� WKDW� VRPH�RI� WKHVH� VWXGHQWV�ZRXOG� LPSURYH� RQ� SRVWWHVWLQJ� EHFDXVH
WKHLU�ORZ�VFRUHV�RQ�WKH�SUHWHVW�ZHUH�LQ�SDUW�GXH�WR�FKDQFH�

$V� \RX� FDQ� VHH�� WKH� RQH�JURXS� SUHWHVW�SRVWWHVW� GHVLJQ� LV� SUREOHPDWLF� LQ� WKDW
PDQ\�SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�� LQ�DGGLWLRQ� WR� WKH� LQGHSHQGHQW
YDULDEOH�� FDQ� UHDVRQDEO\� DFFRXQW� IRU� WKH� FKDQJH� LQ� EHKDYLRU�� PDNLQJ� LW� D� ZHDN
GHVLJQ�� $OWKRXJK� WKH� RQH�JURXS� SUHWHVW�SRVWWHVW� GHVLJQ� LV� ZHDN�� LW� GRHV� SURYLGH
VRPH� LQIRUPDWLRQ� LQ� WKDW� LW� OHWV� \RX� NQRZ� ZKHWKHU� D� FKDQJH� RFFXUUHG� EHWZHHQ
SUHWHVWLQJ�DQG�SRVWWHVWLQJ��+RZHYHU�� LW�GRHV�QRW�SURYLGH�D�UHDVRQDEOH�H[SODQDWLRQ
RI�WKH�FDXVH�RI�WKLV�FKDQJH�EHFDXVH�RI�WKH�PDQ\�IDFWRUV�WKDW�FRXOG�DOVR�DFFRXQW�IRU
WKH� EHKDYLRUDO� FKDQJH�� :KHQ� XVLQJ� WKLV� GHVLJQ�� \RX� VKRXOG� EH� FDXWLRXV� DERXW
LQWHUSUHWLQJ� DQ\� HIIHFW� DV� EHLQJ� GXH� WR� WKH� LQGHSHQGHQW� YDULDEOH� DQG� WU\� WR� VHHN
HYLGHQFH� WKDW�ZRXOG� UXOH� RXW� WKH� H[LVWHQFH� RI� HDFK� RI� WKH� SRVVLEOH� WKUHDWV� WR� WKH
LQWHUQDO�YDOLGLW\�RI�WKH�GHVLJQ�

3RVWWHVW�2QO\�'HVLJQ�:LWK�1RQHTXLYDOHQW�*URXSV

7KH�SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQHTXLYDOHQW�JURXSV�LV�D�GHVLJQ�LQ�ZKLFK�RQH
JURXS�RI�UHVHDUFK�SDUWLFLSDQWV�LV�DGPLQLVWHUHG�D�WUHDWPHQW�DQG�LV�WKHQ�FRPSDUHG��RQ
WKH� GHSHQGHQW� YDULDEOH�� ZLWK� DQRWKHU� JURXS� RI� UHVHDUFK� SDUWLFLSDQWV� WKDW� GLG� QRW
UHFHLYH�WKH�H[SHULPHQWDO�WUHDWPHQW��DV�LOOXVWUDWHG�LQ�)LJXUH�������7KH�GDVKHG�OLQH�LQ
)LJXUH������ LQGLFDWHV� WKDW� LQWDFW� RU� QRQUDQGRPO\� DVVLJQHG� JURXSV� DUH� IRUPHG��;7
LQGLFDWHV� WKH� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ�� DQG� ;&� LQGLFDWHV� WKH� FRQWURO
FRPSDULVRQ�FRQGLWLRQ��)RU�H[DPSOH�� LI�\RX�ZDQW�WR�GHWHUPLQH�ZKHWKHU�LQFOXGLQJ�D
FRPSXWHU�DVVLVWHG� GULOO� DQG� SUDFWLFH� ODE� HQKDQFHV� OHDUQLQJ� DQG� SHUIRUPDQFH� RI
VWXGHQWV� WDNLQJ�DQ�HGXFDWLRQDO�VWDWLVWLFV�FRXUVH��\RX�PLJKW�KDYH�RQH�FODVV� WDNH� WKH
VWDWLVWLFV� FRXUVH� ZLWKRXW� WKH� FRPSXWHU� ODERUDWRU\� �;&�� DQG� WKH� RWKHU� FODVV� WDNH
VWDWLVWLFV�ZLWK� WKH�FRPSXWHU� ODERUDWRU\��;7���%RWK�FODVVHV�ZRXOG�EH� WDXJKW�E\� WKH
VDPH�LQVWUXFWRU��VR�WKHUH�ZRXOG�QRW�EH�DQ�HIIHFW�RI�GLIIHUHQW�LQVWUXFWRUV��$W�WKH�HQG
RI� WKH� FRXUVH�� \RX� ZRXOG� FRPSDUH� WKH� WZR� FODVVHV� LQ� WHUPV� RI� WKHLU� VWDWLVWLFV
SHUIRUPDQFH��2���,I�WKH�FODVV�WKDW�LQFOXGHV�WKH�FRPSXWHU�ODERUDWRU\�SHUIRUPV�EHWWHU
WKDQ�WKH�FODVV�WKDW�GRHV�QRW�KDYH�FRPSXWHU�ODERUDWRU\�SUDFWLFH��WKLV�VKRXOG�LQGLFDWH
WKDW�WKH�DGGLWLRQ�RI�WKH�FRPSXWHU�ODERUDWRU\�HQKDQFHG�VWDWLVWLFV�SHUIRUPDQFH��,Q�IDFW�
H[DPLQDWLRQ�RI�7DEOH������ VKRZV� WKDW�PDQ\� WKUHDWV� WR� LQWHUQDO� YDOLGLW\� KDYH�EHHQ
HOLPLQDWHG� EHFDXVH� RI� WKH� DGGLWLRQ� RI� D� FRQWURO� JURXS��8QIRUWXQDWHO\�� 7DEOH� ����
DOVR�VKRZV�WKDW�WKLV�GHVLJQ�KDV�RWKHU�WKUHDWV�WR�LQWHUQDO�YDOLGLW\��7KHUHIRUH��LW�PLJKW
QRW� EH� WUXH� WKDW� WKH� FRPSXWHU� ODERUDWRU\� HQKDQFHG� VWDWLVWLFV� SHUIRUPDQFH�� 6RPH
SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�FDQ�HDVLO\�FUHHS�LQWR�WKLV�GHVLJQ�DQG
VHYHUHO\�WKUHDWHQ�LWV�LQWHUQDO�YDOLGLW\�

��3RVWWHVW�RQO\�GHVLJQ�ZLWK�QRQHTXLYDOHQW�JURXSV�&RPSDULQJ�SRVWWHVW
SHUIRUPDQFH�RI�D�JURXS�RI�SDUWLFLSDQWV�ZKR�KDYH�EHHQ�JLYHQ�DQ�H[SHULPHQWDO



WUHDWPHQW�FRQGLWLRQ�ZLWK�WKDW�RI�D�JURXS�WKDW�KDV�QRW�EHHQ�JLYHQ�WKH
H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

7KH�SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQHTXLYDOHQW�JURXSV�PLJKW�VHHP�RQ�WKH�VXUIDFH
WR�EH�DGHTXDWH�EHFDXVH�D�FRPSDULVRQ�JURXS�LV�LQFOXGHG��7KLV�JURXS�SURYLGHV�IRU�D
FRPSDULVRQ�RI�WKH�SHUIRUPDQFH�RI�SDUWLFLSDQWV�ZKR�ZHUH�DQG�ZHUH�QRW�H[SRVHG�WR
WKH�FRPSXWHU� ODERUDWRU\��$GGLWLRQDOO\�� WKH� VDPH� LQVWUXFWRU� WDXJKW� WKH� WZR�FRXUVHV�
VR�WKHUH�VKRXOG�EH�OLWWOH�GLIIHUHQFH�LQ�LQVWUXFWLRQDO�TXDOLW\��:K\��WKHQ��LV�WKH�GHVLJQ
LQFOXGHG� DV� DQ� H[DPSOH� RI� D�ZHDN� GHVLJQ"�7KH� UHDVRQ� LV� WKDW� WKH� WZR� FODVVHV� RI
UHVHDUFK� SDUWLFLSDQWV� ZHUH� QRW� HTXDWHG� RQ� YDULDEOHV� RWKHU� WKDQ� WKH� LQGHSHQGHQW
YDULDEOH��7KH�WZR�FODVVHV�ZHUH�IRUPHG�RQ�WKH�EDVLV�RI�WKH�VWXGHQWV�ZKR�VLJQHG�XS
IRU� WKHP� DW� WKH� WZR� WLPHV� RIIHUHG� UDWKHU� WKDQ� EHLQJ� UDQGRPO\� DVVLJQHG� WR� WKH
FRPSDULVRQ�JURXSV��DV� WKH�GDVKHG� OLQH� LQ�)LJXUH������ LOOXVWUDWHV��7KLV�SUREOHP� LV
FDOOHG�GLIIHUHQWLDO�VHOHFWLRQ��DQG�WKH�ZRUG�QRQHTXLYDOHQW�LQ�WKH�WLWOH�RI�WKH�GHVLJQ
KLJKOLJKWV�WKLV�VHULRXV�WKUHDW���1RWH��6HOHFWLRQ�DOVR�FDQ�FRPELQH�RU�LQWHUDFW�ZLWK�DQ\
RI� WKH� EDVLF� WKUHDWV� WR� LQWHUQDO� YDOLGLW\�� DV� GLVFXVVHG� LQ� WKH� ODVW� FKDSWHU��� 7KH
GLIIHUHQFH� LQ� SHUIRUPDQFH� FRXOG� KDYH� UHVXOWHG� EHFDXVH� WKH� VWXGHQWV� LQ� WKH� WZR
FODVVHV�ZHUH�YHU\�GLIIHUHQW�RQ�PDQ\�YDULDEOHV�RWKHU�WKDQ�WKH�LQGHSHQGHQW�YDULDEOH�
)RU�H[DPSOH�� WKH� VWXGHQWV� WDNLQJ� WKH�FRXUVH� WKDW� LQFOXGHG� WKH�FRPSXWHU� ODERUDWRU\
PLJKW�KDYH�EHHQ�EULJKWHU�RU�ROGHU�RU�PRUH�PRWLYDWHG�WR�GR�ZHOO�WKDQ�WKH�VWXGHQWV�LQ
WKH�FRPSDULVRQ�JURXS�WKDW�GLG�QRW�KDYH�H[SRVXUH�WR�WKH�FRPSXWHU�ODERUDWRU\��$Q\�RI
WKRVH� GLIIHUHQFHV� FRXOG� VHUYH� DV� ULYDO� K\SRWKHVHV� WR� H[SODLQ� WKH� RXWFRPH�� 7R
DFKLHYH� PD[LPXP� DVVXUDQFH� WKDW� WZR� RU� PRUH� FRPSDULVRQ� JURXSV� DUH� HTXDWHG�
SDUWLFLSDQWV�PXVW�EH�UDQGRPO\�DVVLJQHG��DQG�LQ�WKLV�GHVLJQ�WKH\�DUH�QRW�

�),*85(����������7KH�SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQHTXLYDOHQW�JURXSV�LQ�ZKLFK�;7
 �H[SHULPHQWDO�WUHDWPHQW��;&� �FRQWURO�RU�VWDQGDUG�WUHDWPHQW�
DQG�2��UHSUHVHQWV�WKH�SRVWWHVW�DVVHVVPHQW

5(9,(:

������ :KDW� LV� D� UHVHDUFK� GHVLJQ�� DQG� ZKDW� DUH� WKH
HOHPHQWV� WKDW� JR� LQWR� GHYHORSLQJ� D� UHVHDUFK
GHVLJQ"

������:KHQ�ZRXOG� WKH�RQH�JURXS�SRVWWHVW�RQO\�GHVLJQ
EH�XVHG�� DQG�ZKDW� SUREOHPV� DUH� HQFRXQWHUHG� LQ
XVLQJ�WKLV�GHVLJQ"



48(67 ,21 6
������ :KHQ� ZRXOG� \RX� XVH� WKH� RQH�JURXS� SUHWHVW�

SRVWWHVW� GHVLJQ�� DQG� ZKDW� SRWHQWLDO� ULYDO
K\SRWKHVHV�FDQ�RSHUDWH�LQ�WKLV�GHVLJQ"

������:KDW� SRWHQWLDO� ULYDO� K\SRWKHVHV� FDQ� RSHUDWH� LQ
WKH� SRVWWHVW�RQO\� GHVLJQ� ZLWK� QRQHTXLYDOHQW
JURXSV"

6WURQJ�([SHULPHQWDO�5HVHDUFK�'HVLJQV
7KH�GHVLJQV�MXVW�SUHVHQWHG�DUH�FRQVLGHUHG�ZHDN�EHFDXVH�WKH\�GR�QRW�SURYLGH�D

ZD\� RI� LVRODWLQJ� WKH� HIIHFW� RI� WKH� LQGHSHQGHQW� YDULDEOH� IURP� WKH� LQIOXHQFH� RI
SRWHQWLDOO\�FRQIRXQGLQJ�YDULDEOHV��$�VWURQJ�H[SHULPHQWDO�UHVHDUFK�GHVLJQ�LV�RQH�LQ
ZKLFK�WKH�LQIOXHQFH�RI�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�KDV�EHHQ�FRQWUROOHG��7DEOH
����� VXPPDUL]HV� WKH� WKUHDWV� WR� LQWHUQDO� YDOLGLW\� WKDW� DUH� FRQWUROOHG� E\� VWURQJ
H[SHULPHQWDO�GHVLJQV��$�VWURQJ�H[SHULPHQWDO� UHVHDUFK�GHVLJQ� WKHUHIRUH� LV�RQH� WKDW
KDV�KLJK�LQWHUQDO�YDOLGLW\��L�H���\RX�FDQ�EH�FRQILGHQW�DERXW�\RXU�FRQFOXVLRQ�RI�FDXVH
DQG�HIIHFW��

,Q� PRVW� H[SHULPHQWDO� UHVHDUFK� GHVLJQV�� WKH� PRVW� HIIHFWLYH� ZD\� WR� DFKLHYH
LQWHUQDO� YDOLGLW\� DQG� HOLPLQDWH� ULYDO� K\SRWKHVHV� LV� WR� LQFOXGH� RQH� RU�PRUH� RI� WKH
FRQWURO�WHFKQLTXHV�GLVFXVVHG�HDUOLHU�LQ�WKLV�FKDSWHU�DQG�WR�LQFOXGH�D�FRQWURO�JURXS�
2QFH� DJDLQ�� RI� WKH� PDQ\� FRQWURO� WHFKQLTXHV� WKDW� DUH� DYDLODEOH� WR� WKH� UHVHDUFKHU�
UDQGRP� DVVLJQPHQW� LV� WKH� PRVW� LPSRUWDQW�� ,WV� LPSRUWDQFH� FDQQRW� EH
RYHUHPSKDVL]HG�EHFDXVH�LW� LV� WKH�RQO\�PHDQV�E\�ZKLFK�XQNQRZQ�YDULDEOHV�FDQ�EH
FRQWUROOHG��$OVR�� VWDWLVWLFDO� UHDVRQLQJ� LV�GHSHQGHQW�RQ� WKH� UDQGRPL]DWLRQ�SURFHVV�
VR�ZH�HPSKDVL]H�DJDLQ��5DQGRPL]H�ZKHQHYHU�DQG�ZKHUHYHU�SRVVLEOH�

&RQWURO�RI�VHYHUDO�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�LV�DFKLHYHG�E\�LQFOXGLQJ�D�FRQWURO
JURXS��<RX�ZLOO� VHH� WKLV� FOHDUO\� LI� \RX� WDNH� D�PRPHQW�� ULJKW�QRZ�� WR� FRPSDUH� �LQ
7DEOH�������WKH�WKUHDWV�WR�WKH�RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�DQG�WKH�SRVWWHVW�RQO\
GHVLJQ�ZLWK�QRQHTXLYDOHQW�JURXSV���1RWLFH�WKDW�ILYH�PLQXV�VLJQV�FKDQJHG�WR�SRVLWLYH
VLJQV���1RZ�� VKLIW� WR�7DEOH� ����� DQG� QRWLFH� WKDW� DOO� VWURQJ� H[SHULPHQWDO� UHVHDUFK
GHVLJQV� LQFOXGH� DW� OHDVW� WZR� FRPSDULVRQ� JURXSV�� DQ� H[SHULPHQWDO� JURXS� DQG� D
FRQWURO�JURXS�

7KH�H[SHULPHQWDO�JURXS� LV� WKH�JURXS� WKDW� UHFHLYHV� WKH�H[SHULPHQWDO� WUHDWPHQW
FRQGLWLRQ��7KH�FRQWURO�JURXS� LV� WKH� JURXS� WKDW� GRHV� QRW� UHFHLYH� WKH� H[SHULPHQWDO
WUHDWPHQW�FRQGLWLRQ��7KLV�PLJKW�PHDQ�WKDW�QRWKLQJ�ZDV�GRQH�WR�WKH�FRQWURO�JURXS�RU
WKDW�WKH�FRQWURO�JURXS�JRW�ZKDW�PLJKW�EH�YLHZHG�DV�D�VWDQGDUG�RU�W\SLFDO�FRQGLWLRQ�
,I� \RX� ZHUH� LQYHVWLJDWLQJ� WKH� HIILFDF\� RI� D� QHZ�PHWKRG� RI� WHDFKLQJ� UHDGLQJ�� WKH
H[SHULPHQWDO�JURXS�ZRXOG�EH�H[SRVHG�WR�WKH�QHZ�UHDGLQJ�PHWKRG��DQG�WKH�FRQWURO
JURXS�ZRXOG�EH�H[SRVHG�WR�WKH�W\SLFDO�RU�VWDQGDUG�ZD\�RI�WHDFKLQJ�UHDGLQJ��,I�\RX
ZHUH� WHVWLQJ� D� QHZ�GUXJ� RQ� FKLOGUHQ�ZLWK�$'+'�EDVHG� RQ� WKH� K\SRWKHVLV� WKDW� LW
ZRXOG�UHGXFH�WKHLU�OHYHO�RI�$'+'�DQG�SHUPLW�WKHP�WR�OHDUQ�PRUH�HIIHFWLYHO\��WKH
H[SHULPHQWDO�JURXS�ZRXOG� UHFHLYH� WKH�GUXJ�� DQG� WKH�FRQWURO�JURXS�ZRXOG� UHFHLYH



HLWKHU� D� SODFHER� RU� WKH� VWDQGDUG� RU� FRPPRQO\� DGPLQLVWHUHG� GUXJ� IRU� WUHDWLQJ
$'+'�� ,Q� WKLV� W\SH� RI� VWXG\�� \RX� PLJKW� HYHQ� KDYH� WKUHH� JURXSV�� D� JURXS� WKDW
UHFHLYHG� WKH� SODFHER�� DQRWKHU� WKDW� UHFHLYHG� WKH� VWDQGDUG� GUXJ�� DQG� D� WKLUG� WKDW
UHFHLYHG�WKH�H[SHULPHQWDO�GUXJ�

��([SHULPHQWDO�JURXS�7KH�JURXS�WKDW�UHFHLYHV�WKH�H[SHULPHQWDO�WUHDWPHQW
FRQGLWLRQ

��&RQWURO�JURXS�7KH�JURXS�WKDW�GRHV�QRW�UHFHLYH�WKH�H[SHULPHQWDO�WUHDWPHQW
FRQGLWLRQ

$�FRQWURO�JURXS� LV�QHFHVVDU\�EHFDXVH�RI� WKH�IXQFWLRQV� LW�VHUYHV�� ,W�VHUYHV�DV�D
FRPSDULVRQ� DQG� D� FRQWURO� IRU� ULYDO� K\SRWKHVHV�� 7R� GHWHUPLQH� ZKHWKHU� VRPH
WUHDWPHQW�FRQGLWLRQ�RU�LQGHSHQGHQW�YDULDEOH�KDG�DQ�HIIHFW��ZH�QHHG�D�FRPSDULVRQ�RU
FRQWURO� JURXS� WKDW� GLG� QRW� UHFHLYH� WKH� WUHDWPHQW�� &RQVLGHU� D� VLWXDWLRQ� LQ� ZKLFK
FHUWDLQ� VWXGHQWV� LQ� \RXU� FODVVURRP� DUH� UHSHDWHGO\� WDONLQJ� WR� HDFK� RWKHU�� 7KLV� LV
GLVUXSWLYH�QRW�RQO\�WR�WKHVH�FKLOGUHQ�EXW�DOVR�WR�RWKHUV�LQ�WKH�FODVVURRP��7R�FRQWURO
WKLV� EHKDYLRU�� \RX� NHHS� WKHVH� VWXGHQWV� LQ� GXULQJ� UHFHVV� DQG� DOVR� PRYH� WKHP� WR
GLIIHUHQW�DUHDV�LQ�WKH�FODVVURRP��7R�\RXU�GHOLJKW��\RXU�LQWHUYHQWLRQV�VWRS�WKHP�IURP
WDONLQJ�DQG�DOORZ�\RX�WR�WHDFK�ZLWKRXW�WKLV�GLVUXSWLRQ��<RX�DWWULEXWH�WKLV�FKDQJH�LQ
EHKDYLRU� WR� KDYLQJ� NHSW� WKHVH� VWXGHQWV� LQVLGH� GXULQJ� UHFHVV�� +RZHYHU�� \RX� DOVR
FKDQJHG� WKHLU� VHDWLQJ� ORFDWLRQ�� DQG� SHUKDSV� EHLQJ� VHDWHG� WRJHWKHU� SURPRWHG� WKHLU
WDONLQJ��:KHQ�\RX�PRYHG�WKHLU� ORFDWLRQV� LQ� WKH�FODVVURRP��\RX�PLJKW�KDYH�SODFHG
HDFK�VWXGHQW�LQ�D�VSRW�VXUURXQGHG�E\�SHRSOH�ZKR�ZHUH�QRW�WKH�VWXGHQW¶V�IULHQGV��VR
D�ULYDO�K\SRWKHVLV�LV�WKDW�WKH�WDONLQJ�ZDV�SURPSWHG�E\�EHLQJ�VXUURXQGHG�E\�IULHQGV�
7R�GHWHUPLQH�ZKHWKHU�NHHSLQJ�WKH�VWXGHQWV�LQ�GXULQJ�UHFHVV�RU�PRYLQJ�WKHP�WR�RWKHU
ORFDWLRQV�SURGXFHG�WKH�FKDQJH�LQ�EHKDYLRU��D�FRQWURO�JURXS²ZKR�ZRXOG�EH�PRYHG
WR�RWKHU�ORFDWLRQV�LQ�WKH�FODVVURRP�EXW�QRW�EH�NHSW�LQ�GXULQJ�UHFHVV²ZRXOG�KDYH�WR
EH�LQFOXGHG��,I�ERWK�JURXSV�VWRSSHG�WDONLQJ�WR�RWKHU�VWXGHQWV��ZH�ZRXOG�NQRZ�WKDW
EHLQJ�NHSW�LQ�GXULQJ�UHFHVV�ZDV�SUREDEO\�QRW�WKH�YDULDEOH�FDXVLQJ�WKH�HOLPLQDWLRQ�RI
WDONLQJ�EHKDYLRU�

-XVW� LQFOXGLQJ� D� FRQWURO� JURXS� LV� QRW� HQRXJK�� KRZHYHU�� WR� FRQVWUXFW� D� VWURQJ
H[SHULPHQWDO� GHVLJQ�� )RU� H[DPSOH�� RQH� RI� WKH� ZHDN� GHVLJQV� LQFOXGHG� D� FRQWURO
JURXS�� EXW� LW� GLG� QRW� KDYH� UDQGRP� DVVLJQPHQW�� %H� VXUH� WR� QRWLFH� WKH� WKUHH�PLQXV
VLJQV�DVVRFLDWHG�ZLWK�WKDW�GHVLJQ�LQ�7DEOH�������L�H��� WKH�SRVWWHVW�RQO\�GHVLJQ�ZLWK
QRQHTXLYDOHQW� JURXSV��� 7KRVH� WKUHDWV� ZLOO� EH� WUDQVIRUPHG� LQWR� VWUHQJWKV� RQFH
UDQGRP� DVVLJQPHQW� LV� DGGHG�� 5DQGRP� DVVLJQPHQW� LV� SUHVHQW� RQO\� LQ� VWURQJ
H[SHULPHQWDO� GHVLJQV�� ,I� \RX� KDYH� GLIIHUHQW� SDUWLFLSDQWV� LQ� GLIIHUHQW� FRPSDULVRQ
JURXSV� �VHH� WKH� ILUVW� WKUHH� GHVLJQV� LQ� 7DEOH� ������� \RX� PXVW� UDQGRPO\� DVVLJQ
SDUWLFLSDQWV�WR�WKH�FRPSDULVRQ�JURXSV�WR�DFKLHYH�WKH�VWDWXV�RI�³VWURQJ�H[SHULPHQWDO
GHVLJQ�´� 7R� HPSKDVL]H� WKH� LQFOXVLRQ� RI� UDQGRP� DVVLJQPHQW�� WKHVH� YHU\� VWURQJ
GHVLJQV�DUH�VRPHWLPHV�FDOOHG�UDQGRPL]HG�GHVLJQV�

%HFDXVH�RI�WKH�LPSRUWDQFH�RI�UDQGRP�DVVLJQPHQW�DQG�WKH�XVH�RI�D�WUXH�FRQWURO
JURXS� IRU� PXFK� H[SHULPHQWDO� UHVHDUFK�� WKH� WHUP� 5&7� KDV� EHFRPH� SRSXODU� LQ



HGXFDWLRQ�DQG�PHGLFDO�UHVHDUFK��5&7�VWDQGV�IRU�UDQGRPL]HG�FRQWUROOHG�WULDO�RU��LQ
PHGLFLQH�� UDQGRPL]HG� FOLQLFDO� WULDO�� $Q�5&7� LV� DQ\� H[SHULPHQWDO� GHVLJQ� ZLWK
UDQGRP�DVVLJQPHQW�WR�H[SHULPHQWDO�DQG�FRQWURO�JURXSV��,Q�PHGLFLQH��DQ�DGGLWLRQDO
UHTXLUHPHQW�LV�RIWHQ�DGGHG��GRXEOH�EOLQG�SURFHGXUHV��$�VWXG\�LV�GRXEOH�EOLQG�ZKHQ
WKH�UHVHDUFKHU�GRHV�QRW�NQRZ�ZKDW�WUHDWPHQW�DQ\�SDUWLFXODU�SDUWLFLSDQW�UHFHLYHV�DQG
WKH�SDUWLFLSDQWV�GR�QRW�NQRZ�ZKHWKHU�WKH\�DUH�LQ�WKH�DFWLYH�H[SHULPHQWDO�FRQGLWLRQ
RU� LQ� WKH� FRQWURO�SODFHER� FRQGLWLRQ��'RXEOH�EOLQG� SURFHGXUHV� DOVR� DUH� KHOSIXO� LQ
HGXFDWLRQDO� UHVHDUFK� DQG� VKRXOG� EH� XVHG� ZKHQ� IHDVLEOH�� 1RZ� OHW¶V� FDUHIXOO\
H[DPLQH�HDFK�RI�WKH�VWURQJ�GHVLJQV�VXPPDUL]HG�LQ�7DEOH������

��5&7�$�SRSXODU�WHUP�IRU�H[SHULPHQWDO�GHVLJQV�ZLWK�UDQGRP�DVVLJQPHQW�RI
SDUWLFLSDQWV�WR�H[SHULPHQWDO�DQG�FRQWURO�JURXSV�DQG��LI�SRVVLEOH��XVH�RI
GRXEOH�EOLQG�SURFHGXUHV

��'RXEOH�EOLQG�SURFHGXUH�'HVLJQ�LQ�ZKLFK�QHLWKHU�WKH�UHVHDUFKHU�QRU�WKH
SDUWLFLSDQW�NQRZ�WKH�VSHFLILF�FRQGLWLRQ��H[SHULPHQWDO�RU�FRQWURO��WKDW�WKH
SDUWLFLSDQW�LV�LQ

3UHWHVW�3RVWWHVW�&RQWURO�*URXS�'HVLJQ

7KH�SUHWHVW�SRVWWHVW� FRQWURO�JURXS� GHVLJQ� LV� LOOXVWUDWHG� LQ� )LJXUH� ������� ,Q
WKLV� GHVLJQ�� D� JURXS� RI� UHVHDUFK� SDUWLFLSDQWV� LV� UDQGRPO\� DVVLJQHG� WR� DQ
H[SHULPHQWDO� RU� D� FRQWURO� JURXS� DQG� LV� SUHWHVWHG� RQ� WKH� GHSHQGHQW� YDULDEOH�� 2�
1H[W��WKH�LQGHSHQGHQW�YDULDEOH��;��LV�DGPLQLVWHUHG��DQG��ODVW��WKH�H[SHULPHQWDO�DQG
FRQWURO�JURXSV�DUH�SRVWWHVWHG�RQ� WKH�GHSHQGHQW�YDULDEOH��2��)LJXUH������� UHYHDOV
WKDW�WKH�SUHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ�LV�D�WZR�JURXS�GHVLJQ�FRQWDLQLQJ�RQH
FRQWURO�DQG�RQH�H[SHULPHQWDO�JURXS��+RZHYHU��WKLV�GHVLJQ�FDQ�EH��DQG�IUHTXHQWO\�LV�
H[SDQGHG� WR� LQFOXGH� PRUH� WKDQ� RQH� H[SHULPHQWDO� JURXS�� DV� LOOXVWUDWHG� LQ� )LJXUH
������� )RU� H[DPSOH�� LI� \RX� ZDQW� WR� GHWHUPLQH� ZKLFK� RI� IRXU� GLIIHUHQW� ZD\V� RI
WHDFKLQJ�UHDGLQJ²WKH�VWDQGDUG�ZD\�RU�WKUHH�UHFHQWO\�LQWURGXFHG�ZD\V²ZDV�PRVW
HIIHFWLYH��\RX�ZRXOG� UDQGRPO\�DVVLJQ�SDUWLFLSDQWV� WR� IRXU�JURXSV�DQG� WKHQ�SUHWHVW
HDFK� EHIRUH� DGPLQLVWHULQJ� WKH� GLIIHUHQW� UHDGLQJ� SURJUDPV�� $IWHU� WKH� UHDGLQJ
SURJUDPV�KDG�EHHQ�DGPLQLVWHUHG��WKH�SDUWLFLSDQWV�ZRXOG�EH�SRVWWHVWHG��DQG�WKH�GDWD
ZRXOG�EH�DQDO\]HG�E\�RQH�RI�WKH�DSSURSULDWH�VWDWLVWLFDO�WHFKQLTXHV��VXFK�DV�DQDO\VLV
RI� FRYDULDQFH�� WR� GHWHUPLQH� ZKHWKHU� WKH� GLIIHUHQW� UHDGLQJ� SURJUDPV� SURGXFHG
GLIIHUHQW�UHVXOWV�

��3UHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ�$�UHVHDUFK�GHVLJQ�WKDW�DGPLQLVWHUV�D
SRVWWHVW�WR�WZR�UDQGRPO\�DVVLJQHG�JURXSV�RI�SDUWLFLSDQWV�DIWHU�ERWK�KDYH�EHHQ
SUHWHVWHG�DQG�RQH�RI�WKH�JURXSV�KDV�EHHQ�DGPLQLVWHUHG�WKH�H[SHULPHQWDO
WUHDWPHQW�FRQGLWLRQ

�7$%/(�������6XPPDU\�RI�WKH�7KUHDWV�WR�,QWHUQDO�9DOLGLW\�IRU�6WURQJ�([SHULPHQWDO



'HVLJQV


�7KH�³�´�PDUNV�DUH�XQGHU� WKH�DVVXPSWLRQ� WKDW�FRXQWHUEDODQFLQJ� LV�XVHG��:KHQ�FRXQWHUEDODQFLQJ� LV�XVHG�� WKLV
GHVLJQ�FRQWUROV�IRU�DOO�DSSOLFDEOH�WKUHDWV�H[FHSW�SRVVLEO\�D�GLIIHUHQWLDO�FDUU\RYHU�HIIHFW��D�FRPSOH[�EXW�SRVVLEOH
W\SH�RI�FDUU\RYHU�HIIHFW��VHH�*ORVVDU\�IRU�D�IXOO�GHILQLWLRQ��



7KLV� GHVLJQ� QHHGV� FRXQWHUEDODQFLQJ� IRU� WKH� ZLWKLQ�VXEMHFWV� ,9� DQG� UDQGRP� DVVLJQPHQW� IRU� WKH� EHWZHHQ�
VXEMHFWV�,9�

$�SRVLWLYH�VLJQ�����LQGLFDWHV�WKDW�WKH�WKUHDW�LV�FRQWUROOHG�DQG�1$�LQGLFDWHV�WKDW�WKH�WKUHDW�GRHV�QRW�DSSO\�WR�WKDW
GHVLJQ�� ;7� GHVLJQDWHV� D� WUHDWPHQW� FRQGLWLRQ�� ;&� GHVLJQDWHV� D� FRQWURO� RU� VWDQGDUG� WUHDWPHQW� FRQGLWLRQ�� 2�
GHVLJQDWHV� D� SUHWHVW�� 2�� GHVLJQDWHV� D� SRVWWHVW�� ;7��� ;7��� DQG� ;7�� GHVLJQDWHV� WKH� WKUHH� OHYHOV� RI� RQH
LQGHSHQGHQW�YDULDEOH��=7��DQG�=7��GHVLJQDWHV�WKH�WZR�OHYHOV�RI�D�VHFRQG�LQGHSHQGHQW�YDULDEOH��DQG�5�GHVLJQDWHV
UDQGRP�DVVLJQPHQW�WR�JURXSV�

�),*85(���������3UHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ�LQ�ZKLFK�;7�UHSUHVHQWV�WKH
WUHDWPHQW�FRQGLWLRQ��;&�UHSUHVHQWV�WKH�FRQWURO�RU�VWDQGDUG
WUHDWPHQW�FRQGLWLRQ��DQG�2��DQG�2��UHSUHVHQW�WKH�SUHWHVW�DQG



SRVWWHVW�DVVHVVPHQWV�RI�WKH�GHSHQGHQW�YDULDEOH

�),*85(���������3UHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ�ZLWK�PRUH�WKDQ�RQH
H[SHULPHQWDO�JURXS�LQ�ZKLFK�2��DQG�2��UHSUHVHQW�WKH�SUHWHVW
DQG�SRVWWHVW�DVVHVVPHQWV��;&�LV�WKH�FRQWURO�RU�VWDQGDUG
FRQGLWLRQ��DQG�UHSUHVHQW�WKUHH�H[SHULPHQWDO�WUHDWPHQW
FRQGLWLRQV�;7��±�;7�

7KH� SUHWHVW�SRVWWHVW� FRQWURO�JURXS� GHVLJQ� LV� DQ� H[FHOOHQW� H[SHULPHQWDO� GHVLJQ
EHFDXVH�LW�HIIHFWLYHO\�FRQWUROV�IRU�ULYDO�K\SRWKHVHV�WKDW�ZRXOG�WKUHDWHQ�WKH�LQWHUQDO
YDOLGLW\� RI� WKH� H[SHULPHQW�� +LVWRU\� DQG� PDWXUDWLRQ� DUH� FRQWUROOHG� EHFDXVH� DQ\
KLVWRU\�HYHQW�RU�PDWXUDWLRQ�HIIHFW�WKDW�RFFXUV�LQ�WKH�H[SHULPHQWDO�JURXS�DOVR�RFFXUV
LQ� WKH� FRQWURO� JURXS�� XQOHVV� WKH� KLVWRU\� HYHQW� RFFXUUHG� IRU� RQO\� RQH� RI� WKH� WZR
JURXSV��LQ�WKLV�FDVH��WKH�KLVWRU\�HYHQW�ZRXOG�QRW�EH�FRQWUROOHG�EHFDXVH�LW�ZRXOG�QRW
DIIHFW�ERWK�JURXSV�HTXDOO\���,QVWUXPHQWDWLRQ�DQG�WHVWLQJ�DUH�FRQWUROOHG�EHFDXVH�ERWK
WKH�H[SHULPHQWDO�DQG�FRQWURO�JURXSV�DUH�H[SRVHG�WR�WKH�SUHWHVW��VR�DQ\�HIIHFW�RI�WKH
SUHWHVW� VKRXOG�H[LVW� LQ�ERWK�JURXSV��5HJUHVVLRQ�DQG�GLIIHUHQWLDO�DWWULWLRQ�YDULDEOHV
DUH�FRQWUROOHG�EHFDXVH�SDUWLFLSDQWV�DUH�UDQGRPO\�DVVLJQHG�WR�WKH�H[SHULPHQWDO�DQG
FRQWURO� JURXSV�� 5DQGRP� DVVLJQPHQW� SURYLGHV� PD[LPXP� DVVXUDQFH� WKDW� WKH� WZR
JURXSV�DUH�HTXDWHG�RQ�DOO�H[WUDQHRXV�YDULDEOHV�DW�WKH�RXWVHW�RI�WKH�H[SHULPHQW�DQG�LV
WKH� NH\� UHDVRQ� DOO� WKUHDWV� WR� LQWHUQDO� YDOLGLW\� DUH� PLQLPL]HG�� $OWKRXJK� UDQGRP
DVVLJQPHQW�GRHV�QRW�SURYLGH������DVVXUDQFH�RI�LQLWLDO�HTXDOLW\�RI�WKH�H[SHULPHQWDO
DQG� FRQWURO� JURXSV�� LW� LV� WKH� EHVW� WHFKQLTXH� IRU� HTXDWLQJ� JURXSV� LQ� H[SHULPHQWDO
UHVHDUFK�

3RVWWHVW�2QO\�&RQWURO�*URXS�'HVLJQ

7KH� SRVWWHVW�RQO\� FRQWURO�JURXS� GHVLJQ�� LOOXVWUDWHG� LQ� )LJXUH� ������� LV� DQ
H[SHULPHQWDO�GHVLJQ�LQ�ZKLFK�WKH�UHVHDUFK�SDUWLFLSDQWV�DUH�UDQGRPO\�DVVLJQHG�WR�DQ
H[SHULPHQWDO�JURXS�DQG�D�FRQWURO�JURXS��7KH�LQGHSHQGHQW�YDULDEOH�LV�DGPLQLVWHUHG�



DQG� WKHQ� WKH� H[SHULPHQWDO� DQG� FRQWURO� JURXSV� DUH� PHDVXUHG� RQ� WKH� GHSHQGHQW
YDULDEOH�� 7KH� SRVWWHVW� VFRUHV� RI� WKH� H[SHULPHQWDO� DQG� FRQWURO� JURXSV� DUH
VWDWLVWLFDOO\�FRPSDUHG�WR�GHWHUPLQH�ZKHWKHU�WKH�LQGHSHQGHQW�YDULDEOH�SURGXFHG�DQ
HIIHFW�

��3RVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�5HVHDUFK�GHVLJQ�LQ�ZKLFK�D�SRVWWHVW�LV
DGPLQLVWHUHG�WR�WZR�UDQGRPO\�DVVLJQHG�JURXSV�RI�SDUWLFLSDQWV�DIWHU�RQH
JURXS�KDV�EHHQ�DGPLQLVWHUHG�WKH�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

7KLV�LV�DQ�H[FHOOHQW�H[SHULPHQWDO�GHVLJQ�EHFDXVH�RI�WKH�FRQWURO�LW�SURYLGHV�IRU
WKH� WKUHDWV� WR� LQWHUQDO� YDOLGLW\�� %HFDXVH� WKH� SRVWWHVW�RQO\� FRQWURO�JURXS� GHVLJQ
LQFOXGHV� D� FRQWURO� JURXS� DQG� UDQGRPO\� DVVLJQHG� SDUWLFLSDQWV� LQ� WKH� H[SHULPHQWDO
DQG� FRQWURO� JURXSV�� LW� FRQWUROV� IRU� DOO� SRWHQWLDO� WKUHDWV� WR� LQWHUQDO� YDOLGLW\� LQ� WKH
VDPH� ZD\� WKH� SUHWHVW�SRVWWHVW� FRQWURO�JURXS� GHVLJQ� GLG�� $OWKRXJK� GLIIHUHQWLDO
DWWULWLRQ²WKDW� LV�� WKH� GLIIHUHQWLDO� ORVV� RI� SDUWLFLSDQWV� IURP� WKH� WZR� FRPSDULVRQ
JURXSV²LV�XQOLNHO\��EHFDXVH�WKH�JURXSV�DUH�FRPSRVHG�RI�VLPLODU�NLQGV�RI�SHRSOH��
LW� LV� VWLOO� SRVVLEOH�� ,I� RQH� JURXS� ORVHV� SDUWLFLSDQWV� ZLWK� FKDUDFWHULVWLFV� WKDW� DUH
GLIIHUHQW� IURP� WKRVH� RI� SHRSOH� ZKR� DUH� ORVW� IURP� WKH� RWKHU� FRPSDULVRQ� JURXS�� D
GLIIHUHQFH� FRXOG� EH� IRXQG� RQ� SRVWWHVWLQJ� EHFDXVH� WKH� GLIIHUHQWLDO� ORVV� ZRXOG
SURGXFH�WZR�JURXSV�RI�SDUWLFLSDQWV�ZKR�DUH�QR�ORQJHU�HTXLYDOHQW�RQ�DOO�YDULDEOHV
RWKHU� WKDQ� WKH� LQGHSHQGHQW� YDULDEOH�� %HFDXVH� WKH� SUHWHVW�SRVWWHVW� FRQWURO�JURXS
GHVLJQ� LQFOXGHV� D� SUHWHVW�� LW� LV� SRVVLEOH� WR� FRPSDUH� WKH� FRQWURO� DQG� H[SHULPHQWDO
JURXS�SDUWLFLSDQWV�ZKR�GURSSHG�RXW� RQ� WKLV� YDULDEOH�� ,I� QR� GLIIHUHQFH� H[LVWV�� RQH
ZRXOG�KDYH�VRPH�EDVLV�WR�DUJXH�WKDW�WKH�DWWULWLRQ�GLG�QRW�SURGXFH�DQ�LQHTXDOLW\�RI
WKH�FRPSDULVRQ�JURXSV��+RZHYHU��WKLV�DUJXPHQW�LV�EDVHG�RQO\�RQ�D�FRPSDULVRQ�RI
WKH� SUHWHVW� UHVXOWV� DQG� QRW� RQ� RWKHU� XQNQRZQ� H[WUDQHRXV� YDULDEOHV� WKDW� PD\� DOVR
UHSUHVHQW�D�FRQIRXQGLQJ�LQIOXHQFH�

7KH�WZR�JURXS�SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�SUHVHQWHG�LQ�)LJXUH������� LV
RQO\�RQH�YDULDWLRQ�RI�WKLV�GHVLJQ��0DQ\�WLPHV�PRUH�WKDQ�WZR�JURXSV�DUH�QHHGHG�IRU
FRPSDULVRQ�LQ�D�VWXG\��DQG�WKH�SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�FDQ�EH�H[SDQGHG
WR� LQFOXGH� DV� PDQ\� FRPSDULVRQ� JURXSV� DV� DUH� QHHGHG�� $V� LOOXVWUDWHG� LQ� )LJXUH
������� WKH� VDPH�GHVLJQ� VWUXFWXUH� LV�PDLQWDLQHG�ZLWK�PRUH� WKDQ� WZR�JURXSV� LQ� WKDW
SDUWLFLSDQWV� DUH� UDQGRPO\� DVVLJQHG� WR� JURXSV��$IWHU� WKH� H[SHULPHQWDO� WUHDWPHQW� LV
DGPLQLVWHUHG�� WKH� SDUWLFLSDQWV� DUH� SRVWWHVWHG� DQG� FRPSDUHG�� XVLQJ� DQDO\VLV� RI
YDULDQFH��WR�GHWHUPLQH�ZKHWKHU�D�VLJQLILFDQW�GLIIHUHQFH�H[LVWV�DPRQJ�WKH�JURXSV�

������ :KDW� PDNHV� D� GHVLJQ� D� VWURQJ� H[SHULPHQWDO
GHVLJQ"

������:KDW� LV� WKH�GLIIHUHQFH�EHWZHHQ�DQ�H[SHULPHQWDO
JURXS�DQG�D�FRQWURO�JURXS"

������:KDW�IXQFWLRQV�DUH�VHUYHG�E\�LQFOXGLQJ�D�FRQWURO
JURXS�LQ�D�UHVHDUFK�GHVLJQ"
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������ :KDW� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV� DUH� FRQWUROOHG� LQ� WKH� SUHWHVW�SRVWWHVW
FRQWURO�JURXS� GHVLJQ�� DQG� KRZ� GRHV� WKH� GHVLJQ
FRQWURO�IRU�WKHP"

������ :KDW� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV
YDULDEOHV� DUH� FRQWUROOHG� LQ� WKH� SRVWWHVW�RQO\
FRQWURO�JURXS� GHVLJQ�� DQG� KRZ� GRHV� WKH� GHVLJQ
FRQWURO�IRU�WKHP"

�),*85(���������3RVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�LQ�ZKLFK�;&�LV�WKH�FRQWURO
FRQGLWLRQ��;7�LV�WKH�WUHDWPHQW�FRQGLWLRQ��DQG�2��LV�WKH�SRVWWHVW
DVVHVVPHQW

�),*85(���������3RVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�ZLWK�PRUH�WKDQ�RQH
H[SHULPHQWDO�JURXS�LQ�ZKLFK�;&�LV�WKH�FRQWURO�RU�VWDQGDUG
WUHDWPHQW�FRQGLWLRQ��UHSUHVHQW�WKUHH�WUHDWPHQW�FRQGLWLRQV��DQG
2��LV�WKH�SRVWWHVW�DVVHVVPHQW�;7��±�;7�

)DFWRULDO�'HVLJQV
$� IDFWRULDO� GHVLJQ� LV� D� VWURQJ� H[SHULPHQWDO� GHVLJQ� LQ� ZKLFK� WZR� RU� PRUH

LQGHSHQGHQW� YDULDEOHV�� DW� OHDVW� RQH� RI� ZKLFK� LV� PDQLSXODWHG�� DUH� VLPXOWDQHRXVO\
VWXGLHG� WR� GHWHUPLQH� WKHLU� LQGHSHQGHQW� DQG� LQWHUDFWLYH� HIIHFWV� RQ� WKH� GHSHQGHQW
YDULDEOH�� 7KH� H[SHULPHQWDO� GHVLJQV� ZH� KDYH� GLVFXVVHG� XS� WR� WKLV� SRLQW� KDYH� DOO
EHHQ�OLPLWHG�WR�LQYHVWLJDWLQJ�RQO\�RQH�LQGHSHQGHQW�YDULDEOH��)RU�H[DPSOH��DVVXPH
WKDW�\RX�ZDQW�WR�LGHQWLI\�WKH�PRVW�HIIHFWLYH�ZD\�RI�WHDFKLQJ�PDWKHPDWLFV�DQG�KDYH
LGHQWLILHG�WKUHH�W\SHV�RI� LQVWUXFWLRQ��FRPSXWHU�DVVLVWHG�� OHFWXUH��DQG�GLVFXVVLRQ��,Q



GHVLJQLQJ�WKLV�VWXG\��\RX�KDYH�RQH� LQGHSHQGHQW�YDULDEOH²PHWKRG�RI� LQVWUXFWLRQ²
DQG� WKUHH� OHYHOV� RI� WKDW� LQGHSHQGHQW� YDULDEOH²WKH� WKUHH� W\SHV� RI� LQVWUXFWLRQ�
%HFDXVH�WKHUH�LV�RQO\�RQH�LQGHSHQGHQW�YDULDEOH��HLWKHU�WKH�SUHWHVW�SRVWWHVW�FRQWURO�
JURXS�GHVLJQ�RU� WKH�SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�FRXOG�EH�XVHG��7KH�GHVLJQ
VHOHFWHG�ZRXOG�GHSHQG�RQ�ZKHWKHU�D�SUHWHVW�ZDV�LQFOXGHG�

��)DFWRULDO�GHVLJQ�$�GHVLJQ�LQ�ZKLFK�WZR�RU�PRUH�LQGHSHQGHQW�YDULDEOHV��DW
OHDVW�RQH�RI�ZKLFK�LV�PDQLSXODWHG��DUH�VLPXOWDQHRXVO\�VWXGLHG�WR�GHWHUPLQH
WKHLU�LQGHSHQGHQW�DQG�LQWHUDFWLYH�HIIHFWV�RQ�WKH�GHSHQGHQW�YDULDEOH

,Q� HGXFDWLRQDO� UHVHDUFK�� ZH� DUH� RIWHQ� LQWHUHVWHG� LQ� WKH� HIIHFW� RI� VHYHUDO
LQGHSHQGHQW�YDULDEOHV�DFWLQJ�LQ�FRQFHUW��0RVW�YDULDEOHV�RI�VLJQLILFDQFH�WR�HGXFDWRUV
GR� QRW� DFW� LQGHSHQGHQWO\�� )RU� H[DPSOH�� RQH� W\SH� RI� LQVWUXFWLRQ� PLJKW� EH� PRUH
HIIHFWLYH�IRU�ODUJH�FODVVHV�DQG�DQRWKHU�W\SH�IRU�VPDOO�FODVVHV��6LPLODUO\��D�VWXGHQW¶V
DQ[LHW\�OHYHO�PLJKW�KLQGHU�HIIHFWLYH�SHUIRUPDQFH�ZKHQ�D�GLVFXVVLRQ�IRUPDW�LV�XVHG�
ZKHUHDV�D�FRPSXWHU�DVVLVWHG� IRUPDW�PLJKW�DOORZ� WKH�VWXGHQW� WR� UHOD[�DQG�SHUIRUP
EHWWHU��7KLV�LV�ZKHUH�IDFWRULDO�GHVLJQV�FRPH�LQ�EHFDXVH�WKH\�DOORZ�XV�WR�LQYHVWLJDWH
VLPXOWDQHRXVO\�VHYHUDO�LQGHSHQGHQW�YDULDEOHV�DQG�WKH�LQWHUDFWLRQ�DPRQJ�WKHP�

,I� \RX� DUH� LQWHUHVWHG� LQ� LQYHVWLJDWLQJ� WKH� HIIHFW� RI� DQ[LHW\� OHYHO� DQG� W\SH� RI
LQVWUXFWLRQ� RQ� PDWKHPDWLFV� SHUIRUPDQFH�� \RX� DUH� REYLRXVO\� LQYHVWLJDWLQJ� WZR
LQGHSHQGHQW�YDULDEOHV��/HW¶V�DVVXPH�WKDW�\RX�ZDQW� WR� LQYHVWLJDWH� WKH�HIIHFW�RI� WZR
OHYHOV� RI� DQ[LHW\²KLJK� DQG� ORZ²DQG� WKUHH� W\SHV� RI� LQVWUXFWLRQ²FRPSXWHU�
DVVLVWHG�� OHFWXUH�� DQG� GLVFXVVLRQ�� 7KLV� PHDQV� WKDW� \RX� KDYH� WZR� LQGHSHQGHQW
YDULDEOHV��DQ[LHW\�OHYHO�DQG�W\SH�RI�LQVWUXFWLRQ��7KH�DQ[LHW\�YDULDEOH�KDV�WZR�OHYHOV
RI�YDULDWLRQ²KLJK�DQG�ORZ²DQG�WKH�W\SH�RI�LQVWUXFWLRQ�YDULDEOH�KDV�WKUHH�OHYHOV�RI
YDULDWLRQ�FRUUHVSRQGLQJ�WR�WKH�WKUHH�W\SHV�RI�LQVWUXFWLRQ��)LJXUH�������GHSLFWV� WKLV
GHVLJQ�� ZKLFK� UHYHDOV� WKDW� WKHUH� DUH� VL[� FRPELQDWLRQV� RI� WKH� WZR� LQGHSHQGHQW
YDULDEOHV�� KLJK� DQ[LHW\� DQG� FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ�� ORZ� DQ[LHW\� DQG
FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ�� KLJK� DQ[LHW\� DQG� OHFWXUH�� ORZ� DQ[LHW\� DQG� OHFWXUH�
KLJK�DQ[LHW\�DQG�GLVFXVVLRQ��DQG�ORZ�DQ[LHW\�DQG�GLVFXVVLRQ�

(DFK�RI�WKH�LQGHSHQGHQW�YDULDEOH�FRPELQDWLRQV�LV�UHIHUUHG�WR�DV�D�FHOO��,Q�WKH��
î���GHVLJQ�OD\RXW�VKRZQ�LQ�)LJXUH��������SDUWLFLSDQWV�ZRXOG�EH�UDQGRPO\�DVVLJQHG
WR� WKH� VL[� FHOOV�� �:H� DUH� DVVXPLQJ� WKDW� ERWK� W\SH� RI� LQVWUXFWLRQ� DQG� DQ[LHW\� DUH
PDQLSXODWHG� LQ� WKH� H[SHULPHQW��� ,I� \RX� KDG� ��� SDUWLFLSDQWV�� WKHQ� DIWHU� UDQGRP
DVVLJQPHQW��WKHUH�ZRXOG�EH����SDUWLFLSDQWV�LQ�HDFK�RI�WKH�VL[�FHOOV��7KH�SDUWLFLSDQWV
UDQGRPO\�DVVLJQHG�WR�D�JLYHQ�FHOO�UHFHLYH�WKH�FRPELQDWLRQ�RI�LQGHSHQGHQW�YDULDEOHV
FRUUHVSRQGLQJ� WR� WKDW� FHOO�� $IWHU� WKH� UHVHDUFK� SDUWLFLSDQWV� KDYH� UHFHLYHG� WKHLU
DSSURSULDWH�FRPELQDWLRQ�RI�LQGHSHQGHQW�YDULDEOHV�DQG�UHVSRQGHG�WR�WKH�GHSHQGHQW
YDULDEOH�� WKHLU�GHSHQGHQW�YDULDEOH� UHVSRQVHV�ZRXOG�EH�DQDO\]HG� WR�FKHFN� IRU� WZR
W\SHV�RI�HIIHFWV��PDLQ�HIIHFWV�DQG�LQWHUDFWLRQ�HIIHFWV�

��&HOO�$�FRPELQDWLRQ�RI�WZR�RU�PRUH�LQGHSHQGHQW�YDULDEOHV�LQ�D�IDFWRULDO
GHVLJQ



$�PDLQ� HIIHFW� UHIHUV� WR� WKH� LQIOXHQFH� RI� D� VLQJOH� LQGHSHQGHQW� YDULDEOH�� 7KH
GHVLJQ�GHSLFWHG� LQ�)LJXUH�������KDV� WZR� LQGHSHQGHQW�YDULDEOHV�DQG�FDQ� WKHUHIRUH
KDYH� WZR�PDLQ� HIIHFWV�� DQ[LHW\� OHYHO� DQG� W\SH� RI� LQVWUXFWLRQ�� 7KH� SUHVHQFH� RI� DQ
DQ[LHW\�PDLQ�HIIHFW�ZRXOG�PHDQ�WKDW�WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFH
LQ� SHUIRUPDQFH� GHSHQGLQJ� RQ�ZKHWKHU� D� SHUVRQ� H[SHULHQFHG� KLJK� RU� ORZ� DQ[LHW\�
7KH� SUHVHQFH� RI� DQ� LQVWUXFWLRQ� PDLQ� HIIHFW� ZRXOG� PHDQ� WKDW� WKHUH� ZDV� D
VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� SHUIRUPDQFH� GHSHQGLQJ� RQ� WKH� W\SH� RI
PDWKHPDWLFV�LQVWUXFWLRQ�WKH�UHVHDUFK�SDUWLFLSDQW�UHFHLYHG�

��0DLQ�HIIHFW�7KH�HIIHFW�RI�RQH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�GHSHQGHQW
YDULDEOH

$� IDFWRULDO� GHVLJQ� DOVR� DOORZV� XV� WR� LQYHVWLJDWH� LQWHUDFWLRQ� HIIHFWV�� $Q
LQWHUDFWLRQ� HIIHFW� H[LVWV� ZKHQ� WKH� HIIHFW� RI� RQH� LQGHSHQGHQW� YDULDEOH� RQ� WKH
GHSHQGHQW�YDULDEOH� LV�GLIIHUHQW�RU�YDULHV�DFURVV� WKH� OHYHOV�RI�DQRWKHU� LQGHSHQGHQW
YDULDEOH��7KH�FRQFHSW�RI�LQWHUDFWLRQ�LV�UDWKHU�GLIILFXOW�IRU�PRVW�VWXGHQWV�WR�JUDVS��VR
ZH�ZLOO�VSHQG�VRPH�WLPH�RQ�WKLV�LVVXH��)LUVW��ZH�GHPRQVWUDWH�LQ�)LJXUHV������D±E
DQ�RXWFRPH�LQ�ZKLFK� WKH� WZR�PDLQ�HIIHFWV�RI�DQ[LHW\� OHYHO�DQG� W\SH�RI� LQVWUXFWLRQ
DUH�SUHVHQW�EXW�WKHUH�LV�QR�LQWHUDFWLRQ�HIIHFW�

��,QWHUDFWLRQ�HIIHFW�7KH�HIIHFW�RI�RQH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�GHSHQGHQW
YDULDEOH�GHSHQGV�RQ�WKH�OHYHO�RI�DQRWKHU�LQGHSHQGHQW�YDULDEOH

�),*85(���������)DFWRULDO�GHVLJQ�ZLWK�WZR�LQGHSHQGHQW�YDULDEOHV

/RRN�DW�)LJXUH������D��7KH�VFRUHV�LQ�WKH�FHOOV�UHSUHVHQW�WKH�PHDQ��RU�DYHUDJH�
SRVWWHVW�VFRUH�IRU�HDFK�JURXS�RI�SDUWLFLSDQWV��H�J���WKH�KLJK�DQ[LHW\�SDUWLFLSDQWV�ZKR
UHFHLYHG�FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ�KDG�D�PHDQ�VFRUH�RI������7KH�K\SRWKHWLFDO
SRVWWHVW� VFRUHV� UHSUHVHQW� WKH� PHDQ� GHSHQGHQW� YDULDEOH� VFRUH�� VXFK� DV� QXPEHU� RI
PDWKHPDWLFV�SUREOHPV�FRUUHFWO\�DQVZHUHG��7KH�PDUJLQDO�PHDQ��RU�WKH�PHDQ�RI�WKH
VFRUHV�LQ�WKH�FHOOV�RI�D�FROXPQ�RU�URZ��VKRZQ�RXWVLGH�WKH�FHOOV��UHSUHVHQWV�WKH�PHDQ



SRVWWHVW� VFRUHV� DFURVV� WKH� FHOOV� �H�J��� WKH� PHDQ� VFRUH� RI� ��� IRU� WKH� KLJK�DQ[LHW\
SDUWLFLSDQWV� LV� WKH� DYHUDJH� RI� WKH� VFRUHV� LQ� WKH� WKUHH� FHOOV� RI� WKH� KLJK�DQ[LHW\
SDUWLFLSDQWV���,Q�WKLV�H[DPSOH��WKH�PDUJLQDO�PHDQ�IRU�WKH�KLJK�DQ[LHW\�LQGLYLGXDOV�LV
���� DQG� WKH�PDUJLQDO�PHDQ� IRU� WKH� ORZ�DQ[LHW\� SDUWLFLSDQWV� LV� ���� LQGLFDWLQJ� WKDW
WKHUH� LV� D� PDLQ� HIIHFW� RI� DQ[LHW\� OHYHO� RQ� SHUIRUPDQFH�� 6LPLODUO\�� WKHUH� LV� D
GLIIHUHQFH�EHWZHHQ�WKH�W\SH�RI�LQVWUXFWLRQ�PDUJLQDO�PHDQV��LQGLFDWLQJ�WKDW�WKHUH�LV�D
PDLQ�HIIHFW�RI�W\SH�RI�LQVWUXFWLRQ�RQ�SHUIRUPDQFH�

��0DUJLQDO�PHDQ�7KH�PHDQ�RI�VFRUHV�LQ�WKH�FHOOV�RI�D�FROXPQ�RU�D�URZ�RI�D
WDEOH�UHSUHVHQWLQJ�IDFWRULDO�GHVLJQ�RXWFRPHV

1RZ�ORRN�DW�WKH�JUDSK�LQ�)LJXUH������E��7DNH�QRWH�RI�WKH�IDFW�WKDW�WKH�WZR�OLQHV
DUH�SDUDOOHO��:KHQHYHU�WKH�OLQHV�DUH�SDUDOOHO��DQ�LQWHUDFWLRQ�LV�QRW�SUHVHQW��EHFDXVH
DQ�LQWHUDFWLRQ�PHDQV�WKDW�WKH�HIIHFW�RI�RQH�YDULDEOH��VXFK�DV�DQ[LHW\�OHYHO��GHSHQGV
RQ� WKH� OHYHO� RI� WKH� RWKHU� YDULDEOH� EHLQJ� FRQVLGHUHG�� VXFK� DV� WKH� WKUHH� W\SHV� RI
LQVWUXFWLRQ��DQG�WKLV�ZRXOG�SURGXFH�QRQSDUDOOHO�OLQHV��,Q�WKLV�H[DPSOH��LQGLYLGXDOV
ZLWK�ORZ�DQ[LHW\�OHYHOV�DOZD\V�SHUIRUPHG�EHWWHU�WKDQ�WKRVH�ZLWK�KLJK�DQ[LHW\�OHYHOV
UHJDUGOHVV� RI� WKH� W\SH� RI� LQVWUXFWLRQ� UHFHLYHG�� LQGLFDWLQJ� DQ� DQ[LHW\� PDLQ� HIIHFW�
6LPLODUO\��GLVFXVVLRQ�LQVWUXFWLRQ�UHVXOWHG�LQ�WKH�EHVW�SHUIRUPDQFH�UHJDUGOHVV�RI�WKH
SDUWLFLSDQWV¶�DQ[LHW\�OHYHO��DJDLQ�LQGLFDWLQJ�D�PDLQ�HIIHFW�EXW�QR�LQWHUDFWLRQ�HIIHFW�
,Q�WKLV�H[DPSOH��ZH�KDG�WZR�PDLQ�HIIHFWV�DQG�QR�LQWHUDFWLRQ�

/HW�XV�QRZ�ORRN�DW�DQ�H[DPSOH�ZLWK�DQ�LQWHUDFWLRQ�HIIHFW��)LUVW�� ORRN�DW�)LJXUH
�����F��<RX�ZLOO�VHH�WKDW�WKHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�WKH�PDUJLQDO�PHDQV�IRU�WKH
WZR�DQ[LHW\�OHYHOV�RU�IRU�WKH�GLIIHUHQW�W\SHV�RI�LQVWUXFWLRQ��LQGLFDWLQJ�WKDW�WKHUH�DUH
QR�PDLQ�HIIHFWV�LQIOXHQFLQJ�PDWKHPDWLFV�SHUIRUPDQFH��,I�\RX�KDG�FRQGXFWHG�D�VWXG\
MXVW�RQ�DQ[LHW\�OHYHOV�RU�MXVW�RQ�W\SH�RI�LQVWUXFWLRQ��\RX�ZRXOG�KDYH�FRQFOXGHG�WKDW
QHLWKHU� YDULDEOH� ZDV� LPSRUWDQW�� EXW� WKDW� LV� ZURQJ�� 7KH� FHOO� PHDQV� WHOO� D� YHU\
GLIIHUHQW�VWRU\��WKH\�VKRZ�WKDW�KLJK�DQ[LHW\�SDUWLFLSDQWV�UHFHLYHG�WKH�KLJKHVW�VFRUHV
ZKHQ�UHFHLYLQJ�FRPSXWHU�DVVLVWHG�LQVWUXFWLRQ�DQG�WKH�ORZHVW�VFRUHV�ZKHQ�UHFHLYLQJ
GLVFXVVLRQ�LQVWUXFWLRQ��/RZ�DQ[LHW\�SDUWLFLSDQWV��RQ�WKH�RWKHU�KDQG��JRW� WKH�ORZHVW
VFRUHV�XQGHU� FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ�DQG� WKH�KLJKHVW� VFRUHV�ZKHQ� UHFHLYLQJ
GLVFXVVLRQ� LQVWUXFWLRQ�� ,Q� RWKHU� ZRUGV�� WKH� HIIHFW� RI� W\SH� RI� LQVWUXFWLRQ� ZDV
LPSRUWDQW��EXW�LW�GHSHQGHG�RQ�WKH�SDUWLFLSDQWV¶�DQ[LHW\�OHYHO²DQ�LQWHUDFWLRQ�H[LVWHG
EHWZHHQ�WKH�W\SH�RI�LQVWUXFWLRQ�DQG�SDUWLFLSDQW�DQ[LHW\�OHYHO�

�),*85(������D��7DEXODU�UHSUHVHQWDWLRQ�RI�GDWD�VKRZLQJ�D�PDLQ�HIIHFW�IRU�ERWK
LQGHSHQGHQW�YDULDEOHV�EXW�QRW�WKHLU�LQWHUDFWLRQ



�),*85(������E��*UDSKLF�LOOXVWUDWLRQ�RI�D�PDLQ�HIIHFW�IRU�ERWK�LQGHSHQGHQW
YDULDEOHV�EXW�QR�LQWHUDFWLRQ�HIIHFW

1RZ�SOHDVH�H[DPLQH�)LJXUH������G��<RX�ZLOO� VHH� WKDW� WKH� OLQHV� IRU�KLJK��DQG
ORZ�DQ[LHW\� LQGLYLGXDOV� FURVV�� :KHQHYHU� WKH� OLQHV� FURVV� OLNH� WKLV�� \RX� KDYH� D
GLVRUGLQDO�LQWHUDFWLRQ�HIIHFW��3HUIRUPDQFH�LQFUHDVHV�XQGHU�ORZ�DQ[LHW\�OHYHOV�DQG
GHFUHDVHV�XQGHU�KLJK�DQ[LHW\�OHYHOV�DV�\RX�PRYH�IURP�FRPSXWHU�DVVLVWHG�LQVWUXFWLRQ
WR� GLVFXVVLRQ�� 7KHUHIRUH�� WKH� HIIHFWLYHQHVV� RI� WKH� W\SH� RI� LQVWUXFWLRQ� GHSHQGV� RQ
ZKHWKHU�D�SHUVRQ�KDV�D�KLJK�RU�ORZ�OHYHO�RI�DQ[LHW\��ZKLFK�LV�DQ�LQWHUDFWLRQ�HIIHFW�

��'LVRUGLQDO�LQWHUDFWLRQ�HIIHFW�$Q�LQWHUDFWLRQ�HIIHFW�UHSUHVHQWHG�JUDSKLFDOO\
E\�FURVVHG�OLQHV�RQ�D�JUDSK�SORWWLQJ�WKH�HIIHFW

�),*85(������F��7DEXODU�UHSUHVHQWDWLRQ�RI�GDWD�VKRZLQJ�QR�PDLQ�HIIHFWV�EXW�WKH
SUHVHQFH�RI�DQ�LQWHUDFWLRQ�HIIHFW



�),*85(������G��*UDSKLF�LOOXVWUDWLRQ�RI�D�GLVRUGLQDO�LQWHUDFWLRQ�HIIHFW

%HIRUH�OHDYLQJ�WKLV�VHFWLRQ�RQ�LQWHUDFWLRQ��ZH�QHHG�WR�SRLQW�RXW�WKDW�D�SRVVLEOH
LQWHUDFWLRQ�H[LVWV�ZKHQHYHU�WKH�OLQHV�RQ�WKH�JUDSK�DUH�QRW�SDUDOOHO�HYHQ�LI� WKH\�GR
QRW� FURVV�� 7KH� FODVVLF� LQWHUDFWLRQ� HIIHFW� LV� RQH� LQ� ZKLFK� WKH� OLQHV� FURVV�� DV� ZH
LOOXVWUDWHG�LQ�)LJXUH������G��1RZ�ORRN�DW�)LJXUH������H�WR�VHH�D�JUDSK�LQ�ZKLFK�WKH
OLQHV�GR�QRW�FURVV�EXW�DUH�DOVR�QRW�SDUDOOHO��7KLV�LV�DQ�RUGLQDO� LQWHUDFWLRQ�HIIHFW�
3HUIRUPDQFH�LQFUHDVHV�XQGHU�ORZ�DQ[LHW\�OHYHOV�DQG�GHFUHDVHV�XQGHU�KLJK�DQ[LHW\
OHYHOV� DV� ZH� PRYH� IURP� FRPSXWHU�DVVLVWHG� LQVWUXFWLRQ� WR� GLVFXVVLRQ�� $JDLQ�� WKH
HIIHFWLYHQHVV�RI� W\SH�RI� LQVWUXFWLRQ�GHSHQGV�RQ� WKH� OHYHO� RI� DQ[LHW\� D� SHUVRQ�KDV�
ZKLFK�LV�DQ�LQWHUDFWLRQ�HIIHFW�

��2UGLQDO�LQWHUDFWLRQ�HIIHFW�$Q�LQWHUDFWLRQ�HIIHFW�UHSUHVHQWHG�JUDSKLFDOO\�E\
QRQSDUDOOHO�OLQHV�SORWWLQJ�WKH�HIIHFW�WKDW�GR�QRW�FURVV

�),*85(������H��*UDSKLF�LOOXVWUDWLRQ�RI�DQ�RUGLQDO�LQWHUDFWLRQ



6R� IDU�� WKH�GLVFXVVLRQ�RI� IDFWRULDO�GHVLJQV�KDV�EHHQ� OLPLWHG� WR� WKRVH�ZLWK� WZR
LQGHSHQGHQW� YDULDEOHV�� 6RPHWLPHV� LW� LV� DGYDQWDJHRXV� WR� LQFOXGH� WKUHH� RU� PRUH
LQGHSHQGHQW� YDULDEOHV� LQ� D� VWXG\��)DFWRULDO� GHVLJQV� HQDEOH� XV� WR� LQFOXGH� DV�PDQ\
LQGHSHQGHQW� YDULDEOHV� DV� ZH� FRQVLGHU� LPSRUWDQW��0DWKHPDWLFDOO\� RU� VWDWLVWLFDOO\�
WKHUH�LV�DOPRVW�QR�OLPLW�WR�WKH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV�WKDW�FDQ�EH�LQFOXGHG
LQ�D�VWXG\��3UDFWLFDOO\�VSHDNLQJ��KRZHYHU�� VHYHUDO�GLIILFXOWLHV�DUH�DVVRFLDWHG�ZLWK
LQFUHDVLQJ� WKH� QXPEHU� RI� YDULDEOHV�� )LUVW�� WKHUH� LV� DQ� DVVRFLDWHG� LQFUHDVH� LQ� WKH
QXPEHU�RI� UHVHDUFK�SDUWLFLSDQWV� UHTXLUHG�� ,Q� DQ� H[SHULPHQW�ZLWK� WZR� LQGHSHQGHQW
YDULDEOHV�� HDFK� RI� ZKLFK� KDV� WZR� OHYHOV� RI� YDULDWLRQ�� D� �� î� �� DUUDQJHPHQW� LV
JHQHUDWHG�� \LHOGLQJ� IRXU� FHOOV�� ,I� ��� SDUWLFLSDQWV� DUH� UHTXLUHG� IRU� HDFK� FHOO�� WKH
H[SHULPHQW�UHTXLUHV�D�WRWDO�RI����SDUWLFLSDQWV��,Q�D�WKUHH�YDULDEOH�GHVLJQ��ZLWK�WZR
OHYHOV� RI� YDULDWLRQ� SHU� LQGHSHQGHQW� YDULDEOH�� D� �� î� �� î� �� DUUDQJHPHQW� H[LVWV�
\LHOGLQJ�HLJKW�FHOOV��DQG�����SDUWLFLSDQWV�DUH�UHTXLUHG�WR�KDYH����SDUWLFLSDQWV�SHU
FHOO�� )RXU� YDULDEOHV� DQG� WZR� OHYHOV� RI� YDULDWLRQ� PHDQ� WKDW� ��� FHOOV� DQG� ���
SDUWLFLSDQWV� DUH� UHTXLUHG�� $V� \RX� FDQ� VHH�� WKH� UHTXLUHG� QXPEHU� RI� SDUWLFLSDQWV
LQFUHDVHV�UDSLGO\�ZLWK�DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�LQGHSHQGHQW�YDULDEOHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

$� VHFRQG� GLIILFXOW\� ZLWK� IDFWRULDO� GHVLJQV� LQFRUSRUDWLQJ� PRUH� WKDQ� WZR
LQGHSHQGHQW� YDULDEOHV� DULVHV� ZKHQ� KLJKHU�RUGHU� LQWHUDFWLRQV� DUH� VWDWLVWLFDOO\
VLJQLILFDQW��,Q�D�GHVLJQ�ZLWK�WKUHH�LQGHSHQGHQW�YDULDEOHV�� LW� LV�SRVVLEOH�WR�KDYH�DQ
LQWHUDFWLRQ�DPRQJ�WKH�WKUHH�YDULDEOHV��&RQVLGHU�D�VWXG\�WKDW�LQYHVWLJDWHV�WKH�HIIHFW
RI� WKH� LQGHSHQGHQW� YDULDEOHV� RI� W\SH� RI� LQVWUXFWLRQ�� DQ[LHW\� OHYHO�� DQG� SDUWLFLSDQW
JHQGHU�RQ�SHUIRUPDQFH�LQ�PDWKHPDWLFV��$�WKUHH�YDULDEOH�LQWHUDFWLRQ�PHDQV�WKDW�WKH
HIIHFW� RI� W\SH� RI� LQVWUXFWLRQ� RQ� PDWKHPDWLFV� SHUIRUPDQFH� GHSHQGV� RQ� SHRSOH¶V
DQ[LHW\� OHYHO� DQG�ZKHWKHU� WKH\� DUH�PDOH� RU� IHPDOH�� ,Q� RWKHU�ZRUGV�� WKH� WZR�ZD\
LQWHUDFWLRQ�EHWZHHQ�W\SH�RI�LQVWUXFWLRQ�DQG�DQ[LHW\�OHYHO�LV�GLIIHUHQW�IRU�PDOHV�DQG
IHPDOHV�� ,I� \RX� FRQGXFW� WKLV� VWXG\�� \RX� PXVW� ORRN� DW� WKLV� WULSOH� LQWHUDFWLRQ� DQG
LQWHUSUHW� LWV� PHDQLQJ�� GHFLSKHULQJ� ZKDW� FRPELQDWLRQV� SURGXFH� ZKLFK� HIIHFW� DQG
ZK\�� 7ULSOH� LQWHUDFWLRQV� FDQ� EH� GLIILFXOW� WR� LQWHUSUHW�� DQG� LQWHUDFWLRQV� RI� DQ� HYHQ



KLJKHU� RUGHU� WHQG� WR� EHFRPH� XQZLHOG\�� 7KHUHIRUH�� LW� LV� DGYLVDEOH� WR� UHVWULFW� D
UHVHDUFK� GHVLJQ� WR� QR� PRUH� WKDQ� WKUHH� YDULDEOHV�� ,Q� VSLWH� RI� WKHVH� SUREOHPV�
IDFWRULDO� GHVLJQV� DUH� YHU\� LPSRUWDQW� DQG� SRSXODU� EHFDXVH� WKH\� SHUPLW� WKH
LQYHVWLJDWLRQ� RI� PRUH� WKDQ� RQH� LQGHSHQGHQW� YDULDEOH� DQG� RI� WKH� LQWHUDFWLRQV� WKDW
PLJKW�H[LVW�DPRQJ�WKHVH�YDULDEOHV�

5HSHDWHG�0HDVXUHV�'HVLJQV
,Q� D� UHSHDWHG�PHDVXUHV� GHVLJQ�� DV� LOOXVWUDWHG� LQ� )LJXUH� ������� WKH� VDPH

UHVHDUFK� SDUWLFLSDQWV� SDUWLFLSDWH� LQ� DOO� H[SHULPHQWDO� FRQGLWLRQV�� $QRWKHU� ZD\� RI
VWDWLQJ� WKLV� LV� WKDW� DOO� SDUWLFLSDQWV� DUH� UHSHDWHGO\� PHDVXUHG� �L�H��� XQGHU� HDFK
H[SHULPHQWDO�FRQGLWLRQ���)RU�H[DPSOH�� LI� WKH�LQGHSHQGHQW�YDULDEOH�KDV�WZR�OHYHOV�
WKHQ� DOO� SDUWLFLSDQWV� SDUWLFLSDWH� LQ� ERWK� RI� WKHVH� OHYHOV� RU� FRQGLWLRQV�� LI� WKH
LQGHSHQGHQW� YDULDEOH� KDV� WKUHH� OHYHOV�� WKHQ� DOO� SDUWLFLSDQWV� SDUWLFLSDWH� LQ� WKUHH
OHYHOV� RU� FRQGLWLRQV�� DQG� VR� IRUWK��7KLV� GHVLJQ� IHDWXUH� LV� LQ� GLUHFW� FRQWUDVW� WR� WKH
RWKHU� GHVLJQV� LQ� WKLV� FKDSWHU� LQ� ZKLFK� WKH� GLIIHUHQW� H[SHULPHQWDO� FRQGLWLRQV� DUH
DGPLQLVWHUHG� WR� GLIIHUHQW� UHVHDUFK� SDUWLFLSDQWV�� +HUH¶V� VRPH� FRQYHQLHQW
WHUPLQRORJ\�IRU�PDNLQJ�WKLV�GLVWLQFWLRQ��,I�DOO�SDUWLFLSDQWV�UHFHLYH�DOO�OHYHOV�RI�WKH
LQGHSHQGHQW� YDULDEOH�� ZH� FDOO� LW� D�ZLWKLQ�VXEMHFWV� LQGHSHQGHQW� YDULDEOH� �DOVR
FDOOHG�D�UHSHDWHG�PHDVXUHV�YDULDEOH��� LI� WKH�SDUWLFLSDQWV�DUH�VHSDUDWHG�VR�WKDW�DQ\
SDUWLFXODU�SDUWLFLSDQW�UHFHLYHV�RQO\�RQH�OHYHO�RI�WKH�LQGHSHQGHQW�YDULDEOH��ZH�FDOO
LW�DEHWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH�

��5HSHDWHG�PHDVXUHV�GHVLJQ�$�GHVLJQ�LQ�ZKLFK�DOO�SDUWLFLSDQWV�SDUWLFLSDWH�LQ
DOO�H[SHULPHQWDO�FRQGLWLRQV

��:LWKLQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH�$Q�LQGHSHQGHQW�YDULDEOH�RI�ZKLFK
DOO�SDUWLFLSDQWV�UHFHLYH�DOO�OHYHOV

��%HWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH�$Q�LQGHSHQGHQW�YDULDEOH�RI�ZKLFK
HDFK�SDUWLFLSDQW�UHFHLYHV�RQO\�RQH�OHYHO

�),*85(���������5HSHDWHG�PHDVXUHV�GHVLJQ



1RWH��$OO�UHVHDUFK�SDUWLFLSDQWV�DUH�LQ�DOO�FRQGLWLRQV��Q� �WRWDO�QXPEHU�RI�SDUWLFLSDQWV�LQ�WKH�VWXG\�

)RU�H[DPSOH��&DUU�DQG�-HVVXS��������XVHG�WKH�UHSHDWHG�PHDVXUHV�GHVLJQ�LQ�RQH
SDUW�RI�WKHLU�VWXG\�LQYHVWLJDWLQJ�YDULDEOHV�WKDW�FRQWULEXWHG�WR�JHQGHU�GLIIHUHQFHV�LQ
ILUVW� JUDGHUV¶� PDWKHPDWLFV� VWUDWHJ\� XVH�� )LUVW�JUDGH� FKLOGUHQ� ZHUH� LQWHUYLHZHG
LQGLYLGXDOO\�RXWVLGH�WKH�FODVVURRP�LQ�2FWREHU��-DQXDU\��DQG�0D\�RI�WKH�VFKRRO�\HDU
WR� GHWHUPLQH� WKH� VWUDWHJLHV� WKH\� XVHG� ZKHQ� VROYLQJ� DGGLWLRQ� DQG� VXEWUDFWLRQ
SUREOHPV��7KH�UHVHDUFKHUV�ZHUH�LQWHUHVWHG�LQ�WKH�LQGHSHQGHQW�YDULDEOH�RI�³WLPH´��
WKHUHIRUH�� WKH� VWUDWHJLHV� XVHG� E\� WKH� SDUWLFLSDQWV� �WKH� GHSHQGHQW� YDULDEOH�� ZHUH
UHSHDWHGO\� LQYHVWLJDWHG� DW� WKUHH� GLIIHUHQW� WLPHV� �WKH� ZLWKLQ�VXEMHFWV� LQGHSHQGHQW
YDULDEOH��GXULQJ�WKH�VFKRRO�\HDU�WR�GHWHUPLQH�ZKHWKHU�VWUDWHJ\�XVH�FKDQJHG�RYHU�WKH
FRXUVH�RI�WKH�VFKRRO�\HDU�

7KH� UHSHDWHG�PHDVXUHV� GHVLJQ� KDV� WKH� EHQHILW� RI� UHTXLULQJ� IHZHU� SDUWLFLSDQWV
WKDQ�WKH�IDFWRULDO�GHVLJQ�EDVHG�RQ�EHWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOHV�EHFDXVH
LQ� WKH� UHSHDWHG�PHDVXUHV� GHVLJQ�� DOO� SDUWLFLSDQWV� SDUWLFLSDWH� LQ� DOO� H[SHULPHQWDO
FRQGLWLRQV��5HPHPEHU�WKDW�LQ�WKH�IDFWRULDO�GHVLJQ�WKDW�ZH�GLVFXVVHG��WKH�QXPEHU�RI
SDUWLFLSDQWV� QHHGHG� LV� HTXDO� WR� WKH� QXPEHU� QHHGHG� LQ� D� RQH�FHOO� RU� H[SHULPHQWDO
FRQGLWLRQ� WLPHV� WKH� QXPEHU� RI� H[SHULPHQWDO� FRQGLWLRQV� RU� FHOOV�� ,Q� WKH� UHSHDWHG�
PHDVXUHV�GHVLJQ��WKH�QXPEHU�RI�SDUWLFLSDQWV�QHHGHG�LV�HTXDO�WR�WKH�QXPEHU�QHHGHG
LQ� RQH� H[SHULPHQWDO� FRQGLWLRQ� EHFDXVH� DOO� SDUWLFLSDQWV� SDUWLFLSDWH� LQ� DOO
H[SHULPHQWDO�FRQGLWLRQV��MXVW�DV�DOO�WKH�FKLOGUHQ�LQ�WKH�&DUU�DQG�-HVVXS��������VWXG\
SDUWLFLSDWHG�LQ�WKH�LQWHUYLHZV�FRQGXFWHG�LQ�2FWREHU��-DQXDU\��DQG�0D\�

:LWK� WKH�UHSHDWHG�PHDVXUHV�GHVLJQ�� WKH� LQYHVWLJDWRU�GRHV�QRW�KDYH� WR�ZRUU\
DERXW� WKH� SDUWLFLSDQWV� LQ� WKH� GLIIHUHQW� JURXSV� EHLQJ� HTXDWHG� EHFDXVH� WKH� VDPH
SDUWLFLSDQWV�SDUWLFLSDWH�LQ�DOO�H[SHULPHQWDO�FRQGLWLRQV��7KH�SDUWLFLSDQWV�WKHUHIRUH
VHUYH� DV� WKHLU� RZQ� FRQWURO�� ZKLFK� PHDQV� WKDW� WKH� SDUWLFLSDQWV� LQ� WKH� YDULRXV
H[SHULPHQWDO�FRQGLWLRQV�DUH�SHUIHFWO\�PDWFKHG�

�),*85(���������5HSHDWHG�PHDVXUHV�GHVLJQ�ZLWK�FRXQWHUEDODQFLQJ�LQ�ZKLFK�;�±
;��UHSUHVHQW�WKUHH�WUHDWPHQW�FRQGLWLRQV�DGPLQLVWHUHG�WR�DOO
JURXSV�LQ�D�GLIIHUHQW�FRXQWHUEDODQFHG�RUGHU�DQG�2�UHSUHVHQWV
WKH�GHSHQGHQW�YDULDEOH�PHDVXUHG�DIWHU�HDFK�WUHDWPHQW�FRQGLWLRQ

:LWK� DOO� WKHVH� DGYDQWDJHV�� \RX�PLJKW� WKLQN� WKDW� WKH� UHSHDWHG�PHDVXUHV� GHVLJQ
ZRXOG�EH�XVHG�PRUH�WKDQ�WKH�IDFWRULDO�GHVLJQ��$FWXDOO\��WKH�UHYHUVH�LV�WUXH�EHFDXVH
WKH� UHSHDWHG�PHDVXUHV� GHVLJQ� KDV� WKH� GLVDGYDQWDJH� RI� D� FRQIRXQGLQJ� LQIOXHQFH� RI
VHTXHQFLQJ�HIIHFWV��5HPHPEHU�WKDW�D�VHTXHQFLQJ�HIIHFW�FDQ�H[LVW�ZKHQ�SDUWLFLSDQWV
SDUWLFLSDWH� LQ�PRUH� WKDQ� RQH� H[SHULPHQWDO� FRQGLWLRQ��%HFDXVH� WKLV� LV� WKH� SULPDU\
FKDUDFWHULVWLF� RI� D� UHSHDWHG�PHDVXUHV� GHVLJQ�� D� VHTXHQFLQJ� ULYDO� K\SRWKHVLV� LV� D



UHDO� SRVVLELOLW\�� ,Q� VRPH� VWXGLHV�� VXFK� DV� WKDW� E\� &DUU� DQG� -HVVXS� �������
VHTXHQFLQJ�HIIHFWV�DUH�QRW�D�SUREOHP�DQG�DUH� LQ� IDFW�DQ� LQWHJUDO�SDUW�RI� WKH�VWXG\�
&DUU�DQG�-HVVXS�ORRNHG�IRU�FKDQJHV�LQ�VWUDWHJ\�XVH�RYHU�WKH�FRXUVH�RI�WKH�\HDU��VR
WKH� VHTXHQFLQJ� HIIHFW� ZDV� VRPHWKLQJ� WKH\� ZHUH� VWXG\LQJ�� ,Q� RWKHU� VWXGLHV�
VHTXHQFLQJ�ZRXOG� UHSUHVHQW�D�FRQIRXQGLQJ� LQIOXHQFH�� LQ� WKHVH�FDVHV�� LQYHVWLJDWRUV
PXVW�XVH�WKH�FRXQWHUEDODQFLQJ�FRQWURO�WHFKQLTXH��GLVFXVVHG�HDUOLHU�DQG�LOOXVWUDWHG
LQ� )LJXUH� ������� WR� RYHUFRPH� VHTXHQFLQJ� HIIHFWV�� 7KH� JRRG� QHZV� LV� WKDW� E\
DGPLQLVWHULQJ� WKH� FRQGLWLRQV� WR� WKH� SDUWLFLSDQWV� LQ� GLIIHUHQW� RUGHUV�
FRXQWHUEDODQFLQJ� ³DYHUDJHV� RXW´� WKH� VHTXHQFLQJ� DQG� RUGHU� HIIHFWV� VR� WKDW� WKH
SUREOHP� LV� QRW� VHHQ� LQ� WKH� ILQDO�� FRPELQHG� UHVXOWV�� $QRWKHU� GLIILFXOW\� ZLWK� WKH
UHSHDWHG�PHDVXUHV� GHVLJQ� LV� WKDW� \RX�PXVW� DVN� \RXU� SDUWLFLSDQWV� WR� SDUWLFLSDWH� LQ
PXOWLSOH�FRQGLWLRQV��1RQHWKHOHVV��UHPHPEHU�WKDW�WKH�UHSHDWHG�PHDVXUHV�GHVLJQ�LV�D
VWURQJ�H[SHULPHQWDO�GHVLJQ��,W�PXVW�EH�XVHG�ZKHQ�VHTXHQFLQJ�HIIHFWV�DUH�DQ�LQWHJUDO
SDUW�RI�WKH�VWXG\��DQG�ZKHQ�VHTXHQFLQJ�HIIHFWV�PLJKW�EH�D�SUREOHP��FRXQWHUEDODQFLQJ
LV�DYDLODEOH�WR�KHOS�HOLPLQDWH�VHTXHQFLQJ�HIIHFWV�DV�DQ�DOWHUQDWLYH�H[SODQDWLRQ�RI�WKH
VWXG\�ILQGLQJV�

)DFWRULDO�'HVLJQV�%DVHG�RQ�D�0L[HG�0RGHO
7KHUH�DUH�WLPHV�LQ�HGXFDWLRQDO�UHVHDUFK�ZKHQ�RQH�RU�PRUH�RI�WKH�YDULDEOHV�RI

LQWHUHVW�ILW�LQWR�D�UHSHDWHG�PHDVXUHV�GHVLJQ�DQG�WKH�RWKHU�YDULDEOH�V��RI�LQWHUHVW�ILWV
LQWR� D� SRVWWHVW�RQO\� FRQWURO�JURXS� GHVLJQ�� 7KHVH� YDULDEOHV� FDQ� EH� FRPELQHG� LQWR
RQH�VWXG\�E\�XVLQJ�D�IDFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO��7KH�VLPSOHVW�IRUP�RI
WKLV� GHVLJQ� LQYROYHV� DQ� H[SHULPHQW� XVLQJ� WZR� LQGHSHQGHQW� YDULDEOHV�� 2QH
LQGHSHQGHQW� YDULDEOH� UHTXLUHV� VHYHUDO� FRPSDULVRQ� JURXSV�� RQH� IRU� HDFK� OHYHO� RI
YDULDWLRQ� RI� WKH� LQGHSHQGHQW� YDULDEOH�� 7KH� RWKHU� LQGHSHQGHQW� YDULDEOH� LV
FRQVWUXFWHG�LQ�VXFK�D�ZD\�WKDW�DOO�SDUWLFLSDQWV�KDYH�WR�WDNH�HDFK�OHYHO�RI�YDULDWLRQ
RI�WKH�LQGHSHQGHQW�YDULDEOH��7KHUHIRUH��WKH�ILUVW�LQGHSHQGHQW�YDULDEOH��WKH�EHWZHHQ�
VXEMHFWV� ,9�� UHTXLUHV� D� SRVWWHVW�RQO\� FRQWURO�JURXS� GHVLJQ�� DQG� WKH� VHFRQG
LQGHSHQGHQW�YDULDEOH��WKH�ZLWKLQ�VXEMHFWV�,9��UHTXLUHV�D�UHSHDWHG�PHDVXUHV�GHVLJQ�
:KHQ�WKH�WZR�LQGHSHQGHQW�YDULDEOHV�DUH�LQFOXGHG�LQ�WKH�VDPH�VFKHPH��LW�EHFRPHV�D
IDFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO��DV�LOOXVWUDWHG�LQ�)LJXUH��������

��)DFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO�$�IDFWRULDO�GHVLJQ�LQ�ZKLFK
GLIIHUHQW�SDUWLFLSDQWV�DUH�UDQGRPO\�DVVLJQHG�WR�WKH�GLIIHUHQW�OHYHOV�RI�RQH
LQGHSHQGHQW�YDULDEOH�EXW�DOO�SDUWLFLSDQWV�WDNH�DOO�OHYHOV�RI�DQRWKHU
LQGHSHQGHQW�YDULDEOH

,Q� WKLV�GHVLJQ��SDUWLFLSDQWV� DUH� UDQGRPO\�DVVLJQHG� WR� WKH�GLIIHUHQW� FRPSDULVRQ
JURXSV�UHTXLUHG�E\�WKH�EHWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH��DQG�DOO�SDUWLFLSDQWV
WKHQ� WDNH� HDFK� OHYHO� RI� YDULDWLRQ� RI� WKH� UHSHDWHG�PHDVXUHV� LQGHSHQGHQW� YDULDEOH�
7KLV�JLYHV�XV�D�VWURQJ�H[SHULPHQWDO�GHVLJQ�ZLWK�WKH�DGYDQWDJH�RI�EHLQJ�DEOH�WR�WHVW
IRU�WKH�HIIHFWV�SURGXFHG�E\�HDFK�RI�WKH�WZR�LQGHSHQGHQW�YDULDEOHV�DV�ZHOO�DV�IRU�WKH
LQWHUDFWLRQ� EHWZHHQ� WKH� WZR� LQGHSHQGHQW� YDULDEOHV�� $GGLWLRQDOO\�� ZH� KDYH� WKH



DGYDQWDJH�RI�QHHGLQJ�IHZHU�SDUWLFLSDQWV�EHFDXVH�DOO�SDUWLFLSDQWV�WDNH�DOO�OHYHOV�RI
YDULDWLRQ�RI�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�

:H�KDYH�OLPLWHG�RXU�GLVFXVVLRQ�RI�WKH�IDFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO
WR� WZR� LQGHSHQGHQW� YDULDEOHV�� 7KLV� GRHV� QRW� PHDQ� WKDW� WKH� GHVLJQ� FDQQRW� EH
H[WHQGHG� WR� LQFOXGH� PRUH� WKDQ� WZR� LQGHSHQGHQW� YDULDEOHV�� $V� ZLWK� WKH� IDFWRULDO
GHVLJQ��ZH�FDQ�LQFOXGH�DV�PDQ\�LQGHSHQGHQW�YDULDEOHV�DV�DUH�FRQVLGHUHG�QHFHVVDU\�

�),*85(���������)DFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO

5(9,(:
48(67 ,21 6

������ :KDW� LV� D� IDFWRULDO� GHVLJQ�� DQG� ZKDW� LV� WKH
DGYDQWDJH� RI� WKLV� GHVLJQ� RYHU� WKH� WZR�JURXS
SRVWWHVW�RQO\�GHVLJQ"

������:KDW�LV�D�PDLQ�HIIHFW"
������ :KDW� LV� DQ� LQWHUDFWLRQ� HIIHFW�� DQG� ZKDW� LV� WKH

GLIIHUHQFH� EHWZHHQ� DQ� RUGLQDO� DQG� D� GLVRUGLQDO
LQWHUDFWLRQ"

������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�IDFWRULDO�DQG�D
UHSHDWHG�PHDVXUHV�GHVLJQ"

������ :KDW� DUH� WKH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI
IDFWRULDO�DQG�UHSHDWHG�PHDVXUHV�GHVLJQV"

������ :KDW� LV� D� IDFWRULDO� GHVLJQ� EDVHG� RQ� D� PL[HG
PRGHO��DQG�ZKHQ�ZRXOG�LW�EH�XVHG"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ�UHVHDUFKHUV� WHQG�WR�EH�PRUH� LQWHUHVWHG� LQ� LGLRJUDSKLF� �L�H��� ORFDO�
SDUWLFXODULVWLF�� FRQWH[WXDO�� LQWHQWLRQDO�� FDXVDWLRQ� WKDQ� QRPRWKHWLF� �L�H��� VFLHQWLILF�
KLJKO\� JHQHUDOL]DEOH�� ODZIXO�� FDXVDWLRQ�� +RZHYHU�� EURDGO\� YLHZHG�� DOO� DFWLRQ
UHVHDUFKHUV�DUH�H[SHULPHQWDO�UHVHDUFKHUV�EHFDXVH�WKH\�ZDQW�WR�FDXVH�JRRG�WKLQJV
WR�KDSSHQ�ZLWK�WKHLU�VWXGHQWV�DQG�SDUWLFLSDQWV��WKH\�FRQWLQXDOO\�WU\�QHZ�WKLQJV�WR�VHH
LI� WKH\�ZRUN�� 7KH\� DFWLYHO\� LQWURGXFH� H[SHULPHQWDO� FRQGLWLRQV� DQG� REVHUYH�ZKDW



KDSSHQV��7KH\�LQTXLUH�LQ�WKH�'HZH\DQ�VHQVH�RI�LQTXLU\�GLVFXVVHG�HDUOLHU��2QH�YHU\
SRSXODU�GHVLJQ�LQ�DFWLRQ�UHVHDUFK�LV�WKH�RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ��EXW�RWKHU
GHVLJQV�GLVFXVVHG�LQ�WKLV�DQG�LQ�WKH�QH[W�FKDSWHU�DOVR�DUH�XVHG�

����&RQGXFW�D�PHDQV�HQGV�DQDO\VLV�RU�0($��5��%��-RKQVRQ���������7KDW�LV���D�
LGHQWLI\�D�SUREOHP�\RX�ZDQW�WR�FKDQJH���E��EUDLQVWRUP�DQG�JHQHUDWH�D�OLVW�RI
VROXWLRQV�WR�WKH�SUREOHP���F��VHOHFW�WKH�VROXWLRQ�WKDW�\RX�WKLQN�KDV�WKH�EHVW
FKDQFH�RI�VROYLQJ�WKH�SUREOHP���G��GHFLGH�H[DFWO\�KRZ�\RX�ZLOO�FRQGXFW�WKLV
PDQLSXODWLRQ���H��LPSOHPHQW�\RXU�³VROXWLRQ�´�DQG��I��GHWHUPLQH�KRZ�ZHOO�LW
ZRUNHG��XVLQJ�PXOWLSOH�VRXUFHV�DQG�HOLPLQDWLQJ�DOWHUQDWLYH�H[SODQDWLRQV��

����&DQ�\RX�XVH�RU�DGDSW�RQH�RI�WKH�H[SHULPHQWDO�GHVLJQV�GLVFXVVHG�LQ�WKLV
FKDSWHU�WR�KHOS�\RX�VROYH�\RXU�DFWLRQ�UHVHDUFK�SUREOHP"�([SODLQ�

6800$5<

7KH� NH\� SXUSRVH� RI� H[SHULPHQWDO� UHVHDUFK� LV� WR� LGHQWLI\� FDXVH�DQG�HIIHFW
UHODWLRQVKLSV�� 7KLV� UHVHDUFK� LV� FRQGXFWHG� ZLWKLQ� WKH� FRQWH[W� RI� DQ� H[SHULPHQW�
ZKLFK�LV�DQ�HQYLURQPHQW�LQ�ZKLFK�WKH�H[SHULPHQWHU�DWWHPSWV�WR�REMHFWLYHO\�REVHUYH
SKHQRPHQD�WKDW�DUH�PDGH�WR�RFFXU�LQ�D�VWULFWO\�FRQWUROOHG�HQYLURQPHQW�LQ�ZKLFK�RQH
RU�PRUH�YDULDEOHV�DUH�YDULHG�DQG�WKH�RWKHUV�DUH�NHSW�FRQVWDQW��7KH�HQYLURQPHQWV�RU
VHWWLQJV� LQ� ZKLFK� HGXFDWLRQDO� H[SHULPHQWV� DUH� FRQGXFWHG� LQFOXGH� ILHOG� VHWWLQJV�
ODERUDWRU\�VHWWLQJV��DQG�WKH�,QWHUQHW�

&RQGXFWLQJ� DQ� HGXFDWLRQDO� H[SHULPHQW� LQYROYHV�PDQLSXODWLQJ� WKH� LQGHSHQGHQW
YDULDEOH� VR� WKDW� WKH�HIIHFW�RI� WKLV�PDQLSXODWLRQ�FDQ�EH�REVHUYHG�RQ� WKH�GHSHQGHQW
YDULDEOH�� 7KH� LQGHSHQGHQW� YDULDEOH� FDQ� EH� PDQLSXODWHG� E\� XVLQJ� D� SUHVHQFH� RU
DEVHQFH� WHFKQLTXH�� YDU\LQJ� WKH� DPRXQW� RI� WKH� LQGHSHQGHQW� YDULDEOH� WKDW� LV
DGPLQLVWHUHG�� RU� YDU\LQJ� WKH� W\SH� RI� WKH� LQGHSHQGHQW� YDULDEOH� FRQGLWLRQ
DGPLQLVWHUHG�WR�SDUWLFLSDQWV�

&RQGXFWLQJ� DQ� HGXFDWLRQDO� H[SHULPHQW� QHFHVVLWDWHV� FRQWURO� RI� WKH� HIIHFW� RI
SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV��&RQWURO� LV� DFKLHYHG� LQ�PRVW� VWXGLHV
E\� HOLPLQDWLQJ� DQ\� GLIIHUHQWLDO� LQIOXHQFH� RI� WKH� H[WUDQHRXV� YDULDEOHV� DFURVV� WKH
FRPSDULVRQ� JURXSV�� 7KH� PRVW� HIIHFWLYH� PHWKRG� IRU� FRQWUROOLQJ� WKH� GLIIHUHQWLDO
LQIOXHQFH�RI�H[WUDQHRXV�YDULDEOHV�LV�WR�UDQGRPO\�DVVLJQ�WKH�UHVHDUFK�SDUWLFLSDQWV
WR�WKH�YDULRXV�FRPSDULVRQ�JURXSV�

,Q�DGGLWLRQ�WR�UDQGRP�DVVLJQPHQW��FRQWURO�RI�SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV
YDULDEOHV� LV� DFKLHYHG� E\� PDWFKLQJ� LQGLYLGXDO� SDUWLFLSDQWV�� KROGLQJ� H[WUDQHRXV
YDULDEOHV� FRQVWDQW�� EXLOGLQJ� WKH� H[WUDQHRXV� YDULDEOH� LQWR� WKH� UHVHDUFK� GHVLJQ�
FRXQWHUEDODQFLQJ��DQG�XVLQJ�DQDO\VLV�RI�FRYDULDQFH��+RZHYHU��QRQH�RI�WKHVH�FRQWURO
WHFKQLTXHV�WDNHV�WKH�SODFH�RI�UDQGRP�DVVLJQPHQW��(YHQ�LI�RQH�RU�PRUH�RI�WKHVH�RWKHU
FRQWURO� WHFKQLTXHV� DUH� XVHG�� \RX� VKRXOG� VWLOO� UDQGRPO\� DVVLJQ� ZKHQHYHU� DQG
ZKHUHYHU�SRVVLEOH�

7KH�QH[W� VWHS� LQ� FRQGXFWLQJ� D� UHVHDUFK� VWXG\� LV� WR� GHVLJQ� WKH� VWXG\��5HVHDUFK
GHVLJQ�UHIHUV�WR�WKH�RXWOLQH��SODQ��RU�VWUDWHJ\�XVHG�LQ�FRQGXFWLQJ�WKH�VWXG\��$�QXPEHU



RI�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�FDQ�EH�XVHG��6RPH�DUH�ZHDN�GHVLJQV�EHFDXVH�WKH\
GR�QRW�FRQWURO�IRU�WKH�HIIHFW�RI�PDQ\�SRWHQWLDOO\�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOHV�
7KHVH� GHVLJQV� LQFOXGH� WKH� RQH�JURXS� SRVWWHVW�RQO\� GHVLJQ�� WKH� RQH�JURXS� SUHWHVW�
SRVWWHVW� GHVLJQ�� DQG� WKH� SRVWWHVW�RQO\� GHVLJQ� ZLWK� QRQHTXLYDOHQW� JURXSV�� 2WKHU
GHVLJQV²VXFK� DV� WKH� SUHWHVW�SRVWWHVW� FRQWURO�JURXS� GHVLJQ� DQG� WKH� SRVWWHVW�RQO\
FRQWURO�JURXS�GHVLJQ²DUH�VWURQJ�H[SHULPHQWDO�GHVLJQV�EHFDXVH�WKH\�FRQWURO�IRU�WKH
HIIHFW� RI� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV�� 7KLV� FRQWURO� LV� DFKLHYHG
SULPDULO\� WKURXJK� WKH� LQFOXVLRQ� RI� D� FRQWURO� FRPSDULVRQ� JURXS� DQG� UDQGRP
DVVLJQPHQW�RI�SDUWLFLSDQWV�WR�WKH�FRPSDULVRQ�JURXSV�

)DFWRULDO�GHVLJQV�DUH�IUHTXHQWO\�XVHG�LQ�HGXFDWLRQ�UHVHDUFK�EHFDXVH�WKH\�SHUPLW
WKH� VLPXOWDQHRXV� DVVHVVPHQW� RI� WZR� RU� PRUH� LQGHSHQGHQW� YDULDEOHV�� 8VH� RI� D
IDFWRULDO�GHVLJQ�KDV�WKH�DGYDQWDJH�RI�SHUPLWWLQJ�XV�WR�LQYHVWLJDWH�VLPXOWDQHRXVO\�WKH
HIIHFW� RI� PRUH� WKDQ� RQH� LQGHSHQGHQW� YDULDEOH� DQG� WKH� LQWHUDFWLRQ� EHWZHHQ� WKHVH
LQGHSHQGHQW� YDULDEOHV�� ,QYHVWLJDWLRQ� RI� WKH� LQWHUDFWLRQ� DOORZV� XV� WR� GHWHUPLQH
ZKHWKHU� WKH� HIIHFW� WKDW� RQH� LQGHSHQGHQW� YDULDEOH� KDV� RQ� WKH� GHSHQGHQW� YDULDEOH
GHSHQGV�RQ� WKH� OHYHO�RI� WKH�RWKHU� LQGHSHQGHQW�YDULDEOH��7KXV��ZH�FDQ� LQYHVWLJDWH
PRUH�FRPSOH[�UHODWLRQVKLSV�

$�UHSHDWHG�PHDVXUHV�GHVLJQ�LV�XVHG�ZKHQ�WKH�VDPH�UHVHDUFK�SDUWLFLSDQWV�PXVW
SDUWLFLSDWH� LQ� DOO� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQV�� $OWKRXJK� WKH� UHSHDWHG�
PHDVXUHV� GHVLJQ� KDV� WKH� DGYDQWDJH� RI� QHHGLQJ� IHZHU� UHVHDUFK� SDUWLFLSDQWV� DQG
HQVXUHV� WKDW� SDUWLFLSDQWV� DUH� HTXDWHG� DFURVV� WUHDWPHQW� FRQGLWLRQV�� LW� KDV� WKH
SRWHQWLDOO\�PDMRU� GLVDGYDQWDJH� RI� LQFOXGLQJ� VHTXHQFLQJ� HIIHFWV�� &RXQWHUEDODQFLQJ
FDQ�EH�XVHG�WR�FRQWURO�IRU�VHTXHQFLQJ�HIIHFWV�LQ�VRPH�EXW�QRW�DOO�VWXGLHV�

7KHUH�DUH�WLPHV�ZKHQ�RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�RI�LQWHUHVW�ZRXOG�ILW�LQWR
D� UHSHDWHG�PHDVXUHV� GHVLJQ� DQG� WKH� RWKHU� LQGHSHQGHQW� YDULDEOH� ZRXOG� ILW� LQWR� D
SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ��:KHQ�VXFK�DQ�LQVWDQFH�H[LVWV��D�IDFWRULDO�GHVLJQ
EDVHG�RQ� D�PL[HG�PRGHO� LV� DSSURSULDWH��:KHQ�XVLQJ� WKLV� GHVLJQ�� SDUWLFLSDQWV� DUH
UDQGRPO\� DVVLJQHG� WR� WKH� GLIIHUHQW� FRPSDULVRQ� JURXSV� UHTXLUHG� E\� WKH� RQH
LQGHSHQGHQW� YDULDEOH� �WKH� EHWZHHQ�VXEMHFWV� ,9��� $OO� SDUWLFLSDQWV� WKHQ� WDNH� HDFK
OHYHO�RI�YDULDWLRQ�RI�WKH�VHFRQG�LQGHSHQGHQW�YDULDEOH��WKH�ZLWKLQ�VXEMHFWV�,9��

.(<�7(506

DPRXQW�WHFKQLTXH��S������
DQDO\VLV�RI�FRYDULDQFH��S������
EHWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH��S������
FDUU\RYHU�HIIHFW��S������
FHOO��S������
FRQWURO�JURXS��S������
FRXQWHUEDODQFLQJ��S������
GLIIHUHQWLDO�LQIOXHQFH��S������
GLVRUGLQDO�LQWHUDFWLRQ�HIIHFW��S������



GRXEOH�EOLQG�SURFHGXUH��S������
HTXDWLQJ�WKH�JURXSV��S������
H[SHULPHQW��S������
H[SHULPHQWDO�FRQWURO��S������
H[SHULPHQWDO�JURXS��S������
IDFWRULDO�GHVLJQ��S������
IDFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO��S������
ILHOG�H[SHULPHQW��S������
LQWHUDFWLRQ�HIIHFW��S������
,QWHUQHW�H[SHULPHQW��S������
ODERUDWRU\�H[SHULPHQW��S������
PDLQ�HIIHFW��S������
PDUJLQDO�PHDQ��S������
PDWFKLQJ��S������
RQH�JURXS�SRVWWHVW�RQO\�GHVLJQ��S������
RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ��S������
RUGHU�HIIHFW��S������
RUGLQDO�LQWHUDFWLRQ�HIIHFW��S������
SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ��S������
SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQHTXLYDOHQW�JURXSV��S������
SUHVHQFH�RU�DEVHQFH�WHFKQLTXH��S������
SUHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ��S������
UDQGRP�DVVLJQPHQW��S������
5&7��S������
UHSHDWHG�PHDVXUHV�GHVLJQ��S������
UHVHDUFK�GHVLJQ��S������
VHTXHQFLQJ�HIIHFWV��S������
W\SH�WHFKQLTXH��S������
ZLWKLQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH��S������

',6&866,21�48(67,216

����:KDW�DUH�\RX�WU\LQJ�WR�GR�ZKHQ�\RX�LQFRUSRUDWH�FRQWURO�WHFKQLTXHV�VXFK�DV
PDWFKLQJ�DQG�UDQGRP�DVVLJQPHQW��DQG�KRZ�GR�WKHVH�FRQWURO�WHFKQLTXHV
DFFRPSOLVK�WKLV"

����:KDW�DUH�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�PDWFKLQJ"

����6KRXOGQ¶W�WKH�FRQWURO�JURXS�XVHG�LQ�WKH�SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQHTXLYDOHQW



JURXSV�FRQWURO�IRU�PRVW�H[WUDQHRXV�YDULDEOHV�DQG�HQDEOH�D�UHVHDUFKHU�XVLQJ�WKLV
GHVLJQ�WR�WHVW�WKH�HIIHFW�RI�DQ�LQGHSHQGHQW�YDULDEOH�HIIHFWLYHO\"

����:K\�LV�D�IDFWRULDO�GHVLJQ�PRUH�SRZHUIXO�WKDQ�WKH�SRVWWHVW�RQO\�FRQWURO�JURXS
GHVLJQ"

����:K\�LV�WKH�SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�XVHG�PRUH�IUHTXHQWO\�WKDQ�WKH
UHSHDWHG�PHDVXUHV�GHVLJQ"

5(6($5&+�(;(5&,6(6

����7R�JLYH�\RX�VRPH�H[SHULHQFH�LQ�LGHQWLI\LQJ�WKH�HOHPHQWV�WKDW�JR�LQWR�FRQGXFWLQJ
DQ�H[SHULPHQWDO�UHVHDUFK�VWXG\��XVH�(5,&��KWWS���HULF�HG�JRY��WR�LGHQWLI\�DQ
H[SHULPHQWDO�VWXG\�LQ�DQ\�DUHD�VXFK�DV�WHDFKHU�VWUHVV��GLVWDQFH�HGXFDWLRQ�
YLROHQFH�LQ�VFKRROV��RU�EXUQRXW�DPRQJ�WHDFKHUV�

5HDG�WKH�DUWLFOH�DQG�WKHQ�DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

D���:KDW�PDNHV�WKLV�VWXG\�DQ�H[SHULPHQWDO�UHVHDUFK�VWXG\"

E���,V�WKLV�D�ILHOG�H[SHULPHQW��ODERUDWRU\�H[SHULPHQW��RU�DQ�,QWHUQHW�H[SHULPHQW"

F���:KDW�UHVHDUFK�TXHVWLRQV�DQG�K\SRWKHVHV�ZHUH�SRVHG�E\�WKH�UHVHDUFKHUV"

G���:KDW�DUH�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV"

H���:KDW�FRQWURO�WHFKQLTXHV�ZHUH�XVHG"

I���:KDW�UHVHDUFK�GHVLJQ�GLG�WKH�UHVHDUFKHUV�XVH"

����8VLQJ�WKH�VL[�TXHVWLRQV�LQ�WKH�SUHYLRXV�H[HUFLVH��UHYLHZ�WKH�H[SHULPHQWDO�VWXG\
RQ�WKH�FRPSDQLRQ�ZHEVLWH�

����5HDG�WKH�IROORZLQJ�UHVHDUFK�EULHI�DQG�LGHQWLI\�WKH�W\SH�RI�UHVHDUFK�GHVLJQ�XVHG�

7R� H[DPLQH� WKH� UHODWLRQVKLS� EHWZHHQ� SUREOHP� EHKDYLRU� DQG� FODVVURRP
DWPRVSKHUH�� .DWR� DQG� 2NXER� ������� ILUVW� LGHQWLILHG� MXQLRU� KLJK� VFKRRO
FODVVURRPV�WKDW�KDG�KLJK�OHYHOV�RI�SUREOHP�EHKDYLRUV�DQG�FODVVURRPV�WKDW�KDG
ORZ� OHYHOV� RI� SUREOHP� EHKDYLRUV�� :LWKLQ� HDFK� RI� WKHVH� FODVVURRPV�� WKH\
LGHQWLILHG�VWXGHQWV�ZLWK�DQG�ZLWKRXW�SUREOHP�EHKDYLRUV��7KHQ�WKH\�DVVHVVHG�WKH
VWXGHQWV¶�LPDJH�RI�WKH�LQGLYLGXDOV�H[KLELWLQJ�WKH�SUREOHP�EHKDYLRUV��7KH\�IRXQG
WKDW�VWXGHQWV�LQ�WKH�FODVVURRPV�ZLWK�KLJK�OHYHOV�RI�SUREOHP�EHKDYLRU�YLHZHG�WKH
VWXGHQWV� ZKR� HQJDJHG� LQ� SUREOHP� EHKDYLRUV� PRUH� SRVLWLYHO\� DQG� VFKRRO� OLIH
PRUH�QHJDWLYHO\�WKDQ�GLG�VWXGHQWV�LQ�WKH�FODVVURRPV�ZLWK�ORZ�OHYHOV�RI�SUREOHP
EHKDYLRUV�

D���+RZ�PDQ\�LQGHSHQGHQW�YDULDEOHV�DUH�LQ�WKLV�GHVLJQ��DQG�ZKDW�DUH�WKH\"

http://eric.ed.gov


E���:KDW�DUH�WKH�GHSHQGHQW�YDULDEOHV�LQ�WKLV�GHVLJQ"

F���:KDW�W\SH�RI�GHVLJQ�GLG�WKH�UHVHDUFKHUV�XVH�WR�FRQGXFW�WKLV�VWXG\"

5(/(9$17�,17(51(7�6,7(6

7KLV� VLWH� KDV� VHYHUDO� WXWRULDOV� PDLQWDLQHG� E\� :DGVZRUWK�� &OLFN� RQ� 5HVHDUFK
0HWKRGV� :RUNVKRSV� DQG� WKHQ� RQ� WKH� OLQNV� IRU� 7UXH� ([SHULPHQWV� DQG� %HWZHHQ
9HUVXV�:LWKLQ�'HVLJQV�
KWWS���ZZZ�ZDGVZRUWK�FRP�SV\FKRORJ\BG�WHPSODWHV�VWXGHQWBUHVRXUFHV�ZRUNVKRSV�LQGH[�KWPO

,QVWUXFWLRQ�RQ�IDFWRULDO�GHVLJQV�DQG�LQWHUDFWLRQV
KWWS���ZZZ�VRFLDOUHVHDUFKPHWKRGV�QHW�NE�H[SIDFW�KWP
KWWS���ZHE�PVW�HGX�aSV\ZRUOG�H[SHULPHQWDO�KWP

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

&DPSEHOO��'���	�6WDQOH\��-����������([SHULPHQWDO�DQG�TXDVL�H[SHULPHQWDO�GHVLJQV
IRU�UHVHDUFK��&KLFDJR��,/��5DQG�0F1DOO\��7KLV�LV�WKH�RULJLQDO�FODVVLF�WKDW
GLVFXVVHG�SULPDU\�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�

6KDGLVK��:��5���&RRN��7��'���	�&DPSEHOO��'��7����������([SHULPHQWDO�DQG�TXDVL�
H[SHULPHQWDO�GHVLJQV�IRU�JHQHUDOL]HG�FDXVDO�LQIHUHQFH���UG�HG����%RVWRQ��0$�
+RXJKWRQ�0LIIOLQ��5HDG�&KDSWHU����ZKLFK�GLVFXVVHV�UDQGRPL]HG�H[SHULPHQWV�
7KLV�LV�WKH�WKLUG�HGLWLRQ�RI�&DPSEHOO�DQG�6WDQOH\��������DQG�LQFOXGHV�DGYDQFHV
QRW�GLVFXVVHG�LQ�WKH�HDUOLHU�ERRN�

127(6

��� � ,Q� VRPH� WH[WV�� WKLV� GHVLJQ� LV� FDOOHG� WKH� ³RQH�VKRW� FDVH� VWXG\�´� ZKLFK� LV

http://www.wadsworth.com/psychology_d/templates/student_resources/workshops/index.html
http://www.socialresearchmethods.net/kb/expfact.htm
http://web.mst.edu/~psyworld/experimental.htm
http://www.sagepub.com/bjohnson5e/


LQFRUUHFW�
����7KLV�GHVLJQ�LV�VRPHWLPHV�FDOOHG�D�³VSOLW�SORW�GHVLJQ�´



&KDSWHU���

([SHULPHQWDO�5HVHDUFK��4XDVL�DQG�6LQJOH�&DVH
'HVLJQV

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�VWURQJ�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�DQG
TXDVL�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�

��([SODLQ�WKH�OLPLWDWLRQV�RI�TXDVL�H[SHULPHQWDO�GHVLJQV�LQ�PDNLQJ�FDXVDO
LQIHUHQFHV�FRPSDUHG�WR�VWURQJ�GHVLJQV�

��([SODLQ�WKH�FKDUDFWHULVWLFV�RI�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�TXDVL�
H[SHULPHQWDO�GHVLJQ�DQG�KRZ�WR�VHDUFK�IRU�ULYDO�K\SRWKHVHV�WKDW�PLJKW
H[SODLQ�WKH�REWDLQHG�UHVXOWV�

��([SODLQ�WKH�FKDUDFWHULVWLFV�RI�WKH�LQWHUUXSWHG�WLPH�VHULHV�GHVLJQV�
��([SODLQ�KRZ�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�DVVHVVHV�WKH�HIIHFW�RI�D
WUHDWPHQW�

��([SODLQ�KRZ�WLPH�VHULHV�DQG�VLQJOH�FDVH�UHVHDUFK�GHVLJQV�DWWHPSW�WR�UXOH�RXW
FRQIRXQGLQJ�YDULDEOHV�

��([SODLQ�KRZ�D�WUHDWPHQW�HIIHFW�LV�GHPRQVWUDWHG�LQ�VLQJOH�FDVH�UHVHDUFK
GHVLJQV�

��([SODLQ�WKH�OLPLWDWLRQV�RI�HDFK�RI�WKH�VLQJOH�FDVH�UHVHDUFK�GHVLJQV�
��5HFRJQL]H�DQG�XQGHUVWDQG�WKH�PHWKRGRORJLFDO�LVVXHV�LQ�VLQJOH�FDVH�UHVHDUFK
GHVLJQV�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�4XDVL�([SHULPHQWDO�'HVLJQ

,Q�������=LSRUD�-DFRE�WRRN�D�GD\�WULS�WR�'LVQH\ODQG��ZKHUH�VKH�KRSSHG�RQ�WKH�,QGLDQD�-RQHV�$GYHQWXUH�
D�UROOHU�FRDVWHU�WKDW�ZDV�VORZHU�WKDQ�PRVW�EXW�KDG�KLJK�WHFK�K\GUDXOLFV�WKDW�PDGH�LW�VHHP�VSHHGLHU�DQG
MHUNLHU��:KHQ� WKH� ULGH� VWRSSHG�� -DFRE� VDLG� VKH� IHOW� DV� WKRXJK� KHU� KHDG�ZDV� H[SORGLQJ�� ³%\� WKH� QH[W
PRUQLQJ��VKH�ZDV�LQ�D�FRPD�IURP�D�PDVVLYH�EUDLQ�EOHHG��6KH�HQGXUHG�VXUJHULHV�DQG�PHPRU\�ORVV��DQG
VWLOO�KDV�D�SHUPDQHQW�VKXQW�GUDLQLQJ�IOXLG�IURP�KHU�EUDLQ´��5RVHQEHUJ��������S������



,

$OWKRXJK� -DFRE� KDV� VHWWOHG� D� ODZVXLW� ZLWK� 'LVQH\�� WKH
UROOHU�FRDVWHU�LQGXVWU\�GHQLHV�WKH�IDFW�WKDW�D�UROOHU�FRDVWHU�LV
D�ULVN\�WKULOO�ULGH��,QVWHDG��WKH�LQGXVWU\�VWDWHV�WKDW�LW�LV�³RQH�RI
WKH� VDIHVW� IDPLO\� DFWLYLWLHV� \RX� FDQ� HQJDJH� LQ´� DQG� WKDW
PLOOLRQV� RI� SHRSOH� HQMR\� ULGHV� RQ� UROOHU� FRDVWHUV� HYHU\� \HDU
ZLWKRXW�LQFLGHQW��<HW�VRPH�VFLHQWLVWV�DUH�FRQFHUQHG�WKDW�WKH
J�IRUFHV�DQG�WKH�UDSLG�MHUNLQJ�RI� WKH�KHDG�LQFXUUHG�GXULQJ�D
UROOHU�FRDVWHU�ULGH�FDQ�FDXVH�VHULRXV�LQMXU\��$OWKRXJK�WKH�OLQN
EHWZHHQ� J�IRUFHV� DQG� LQMXULHV� KDV� QRW� EHHQ� VXSSRUWHG�ZLWK
VFLHQWLILF� HYLGHQFH�� WKHUH� LV� D�PRYHPHQW� WR� UHJXODWH� WKH� J�

IRUFH�SHUPLWWHG�RQ� UROOHU� FRDVWHUV� LQ� WKH�EHOLHI� WKDW� H[FHVVLYH�J�IRUFH� H[SHULHQFHG�RQ� D� UROOHU� FRDVWHU
FDQ�SODFH�D�SHUVRQ�DW�ULVN�

5DWKHU�WKDQ�EHLQJ�EDVHG�RQ�LQGLYLGXDO�FDVHV�VXFK�DV�=LSRUD�-DFRE¶V��ODZV�DQG�UHJXODWLRQV�VKRXOG�EH
EDVHG�RQ�VRXQG�VFLHQWLILF�HYLGHQFH��+RZHYHU��FRQGXFWLQJ�D�UDQGRPL]HG�H[SHULPHQWDO�VWXG\�WR�GHWHUPLQH
ZKHWKHU�D�JLYHQ�J�IRUFH� LQ�FRPELQDWLRQ�ZLWK�UDSLG� MHUNLQJ�RI� WKH�KHDG�FDXVHV�KHDG� LQMXU\�ZRXOG�PHDQ
WKDW�VRPH�LQGLYLGXDOV�ZRXOG�KDYH� WR�VXIIHU� WKH�J�IRUFH�DQG�UDSLG�KHDG� MHUNLQJ� WKRXJKW� WR�EH�SRWHQWLDOO\
GDQJHURXV�� 2WKHUV� ZRXOG� H[SHULHQFH� ORZHU� OHYHOV� RI� J�IRUFH� DQG� KHDG� MHUNLQJ� WR� GHWHUPLQH� QRW� RQO\
ZKHWKHU� WKH�DPRXQW�H[SHULHQFHG�RQ� UROOHU�FRDVWHUV�FDXVHV�KHDG� LQMXU\�EXW�DOVR�� LI�KHDG� LQMXULHV�RFFXU�
KRZ�PXFK�IRUFH�FDQ�EH�WROHUDWHG�EHIRUH�WKH\�RFFXU�

&RQGXFWLQJ�VXFK�H[SHULPHQWV�ZRXOG�SODFH�WKH�LQGLYLGXDOV�LQ�WKH�H[SHULPHQW�DW�SRWHQWLDO�VHULRXV�ULVN
DQG�ZRXOG�WKHUHIRUH�EH�XQHWKLFDO�DQG�QRW�SHUPLWWHG��5HFDOO�IURP�&KDSWHU���RQ�HWKLFV�WKDW�WKH�SRWHQWLDO
EHQHILW� GHULYHG� IURP� D� VWXG\� PXVW� EH� JUHDWHU� WKDQ� WKH� ULVN� WR� WKH� SDUWLFLSDQWV� IRU� WKH� VWXG\� WR� EH
SHUPLWWHG�� 7KH� SRVVLELOLW\� RI� VHULRXV� DQG� SHUPDQHQW� EUDLQ� LQMXU\� LV� D� ULVN� WKDW� GHILQLWHO\� H[FHHGV� WKH
EHQHILW�WKDW�FRXOG�EH�GHULYHG��,Q�FDVHV�VXFK�DV�WKLV��KRZHYHU��UHVHDUFKHUV�QHHG�QRW�WKURZ�XS�WKHLU�KDQGV
DQG�DEDQGRQ�WKHLU�UHVHDUFK�SURJUDP��5DWKHU��WKH\�PXVW�WXUQ�WR�WKH�XVH�RI�TXDVL�H[SHULPHQWDO�GHVLJQV²
GHVLJQV�WKDW�HQDEOH�UHVHDUFKHUV�WR�LQYHVWLJDWH�SUREOHPV�WKDW�SUHFOXGH�WKH�XVH�RI�VRPH�RI�WKH�SURFHGXUHV
UHTXLUHG�E\�D�VWURQJ�RU�UDQGRPL]HG�H[SHULPHQW��:H�GLVFXVV�WKLV�W\SH�RI�GHVLJQ�LQ�WKLV�FKDSWHU��DORQJ�ZLWK
VLQJOH�FDVH�GHVLJQV��ZKLFK�FDQ�EH�XVHG�ZKHQ�\RX�KDYH�RQO\�RQH�RU�D�FRXSOH�RI�SDUWLFLSDQWV�RU�D�VLQJOH
LQWDFW�JURXS�RQ�ZKLFK�WR�WHVW�\RXU�UHVHDUFK�TXHVWLRQ�

Q� WKH� SUHYLRXV� FKDSWHU�� ZH� GLVFXVVHG� WKH� FKDUDFWHULVWLFV� RI� H[SHULPHQWDO
UHVHDUFK�DQG�SUHVHQWHG�D�QXPEHU�RI�VWURQJ�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�WKDW
FDQ� EH� XVHG� WR� WHVW� FDXVDO� K\SRWKHVHV�� +RZHYHU�� DV� WKH� YLJQHWWH� DW� WKH

EHJLQQLQJ�RI�WKLV�FKDSWHU�UHYHDOV��WKHUH�DUH�WLPHV�ZKHQ�UHVHDUFKHUV�DUH�FRQIURQWHG
ZLWK�VLWXDWLRQV�LQ�ZKLFK�QRW�DOO�RI�WKH�GHPDQGV�RI�H[SHULPHQWDO�UHVHDUFK�FDQ�EH�PHW�
)RU� H[DPSOH�� VRPHWLPHV� LW� LV� QRW� SRVVLEOH� WR� UDQGRPO\� DVVLJQ� SDUWLFLSDQWV� WR
JURXSV�� D� UHTXLUHPHQW� RI� VWURQJ� H[SHULPHQWDO� UHVHDUFK�� 2Q� RWKHU� RFFDVLRQV�� D
UHVHDUFKHU�PLJKW�KDYH�DFFHVV�WR�RQO\�D�VLQJOH�LQWDFW�JURXS��VXFK�DV�D�FODVVURRP�RI
LQGLYLGXDOV�ZLWK�OHDUQLQJ�GLVDELOLWLHV��RU�WR�RQO\�RQH�RU�WZR�SDUWLFLSDQWV��VXFK�DV�D
VWXGHQW�ZLWK�VFKRRO�SKRELD��,Q�WKHVH�LQVWDQFHV��LW�ZRXOG�EH�LPSRVVLEOH�WR�XVH�RQH�RI
WKH�VWURQJ�UHVHDUFK�GHVLJQV�GLVFXVVHG�LQ�&KDSWHU����EHFDXVH�WKHVH�GHVLJQV�UHTXLUH
WKH�UDQGRP�DVVLJQPHQW�RI�SDUWLFLSDQWV�WR�DW�OHDVW�WZR�JURXSV��RU�SDUWLFLSDWLRQ�LQ�DOO
H[SHULPHQWDO� FRQGLWLRQV��� ,Q� VXFK� VLWXDWLRQV�� UHVHDUFKHUV� VKRXOG� XVH� TXDVL�
H[SHULPHQWDO�DQG�VLQJOH�FDVH�UHVHDUFK�GHVLJQV�

48$6,�(;3(5,0(17$/�5(6($5&+�'(6,*16

$� TXDVL�H[SHULPHQWDO� UHVHDUFK� GHVLJQ� LV� DQ� H[SHULPHQWDO� UHVHDUFK� GHVLJQ� WKDW
GRHV�QRW�SURYLGH� IRU� IXOO� FRQWURO�RI�SRWHQWLDO�FRQIRXQGLQJ�YDULDEOHV��7KH�SULPDU\



UHDVRQ� ZK\� IXOO� FRQWURO� LV� QRW� DFKLHYHG� LV� WKDW� SDUWLFLSDQWV� FDQQRW� EH� UDQGRPO\
DVVLJQHG�WR�JURXSV��)RU�H[DPSOH��DVVXPH�WKDW�\RX�ZDQW�WR�LQYHVWLJDWH�WKH�HIILFDF\�RI
VHYHUDO�ZD\V�RI�WHDFKLQJ�UHDGLQJ�WR�WKLUG�JUDGH�VWXGHQWV��7R�FRQWURO�IRU�FRQIRXQGLQJ
YDULDEOHV�� \RX� LGHDOO\�ZDQW� WR� UDQGRPO\� DVVLJQ� WKH� VWXGHQWV� WR� WKH� FODVVURRPV� LQ
ZKLFK�WKH�GLIIHUHQW�UHDGLQJ�WHFKQLTXHV�ZLOO�EH�WDXJKW��8VXDOO\��LW�LV�QRW�SRVVLEOH�WR
UDQGRPO\�DVVLJQ�VWXGHQWV�WR�FODVVURRPV�EHFDXVH�WKH�VFKRRO�\HDU�PLJKW�KDYH�DOUHDG\
EHJXQ� DQG� WKH� VFKRRO� V\VWHP� LV� QRW� ZLOOLQJ� WR� DOORZ� \RX� WR� UHDVVLJQ� VWXGHQWV� WR
FODVVURRPV��7KLV�PHDQV�WKDW�\RX�ZLOO�KDYH�WR�FRQGXFW�D�VWXG\�PDNLQJ�XVH�RI�H[LVWLQJ
FODVVHV�RI�VWXGHQWV�

��4XDVL�H[SHULPHQWDO�UHVHDUFK�GHVLJQ�$Q�H[SHULPHQWDO�UHVHDUFK�GHVLJQ�WKDW
GRHV�QRW�SURYLGH�IRU�IXOO�FRQWURO�RI�SRWHQWLDO�FRQIRXQGLQJ�YDULDEOHV�SULPDULO\
EHFDXVH�LW�GRHV�QRW�UDQGRPO\�DVVLJQ�SDUWLFLSDQWV�WR�FRPSDULVRQ�JURXSV

�7$%/(�������6XPPDU\�RI�7KUHDWV�WR�,QWHUQDO�9DOLGLW\�RI�4XDVL�([SHULPHQWDO
'HVLJQV


7KH�SRVVLELOLW\�RI�GLIIHUHQWLDO�KLVWRU\��GLIIHUHQWLDO�PDWXUDWLRQ��DQG�GLIIHUHQWLDO�LQVWUXPHQWDWLRQ�RFFXUULQJ�EHWZHHQ
WKH�SDUWLFLSDQWV�EHORZ�DQG�DERYH� WKH�FXWRII� VFRUH� LV� WKH� UHDVRQ� IRU� WKH�PLQXV�VLJQ� IRU�DGGLWLYH�DQG� LQWHUDFWLYH
HIIHFWV�XQGHU�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�

$� ���� VLJQ� LQGLFDWHV� WKDW� WKH� WKUHDW� LV� FRQWUROOHG�� D� �±�� VLJQ� LQGLFDWHV� WKDW� WKH� WKUHDW� LV� QRW� FRQWUROOHG�� D� �"�
LQGLFDWHV�WKDW�WKH�WKUHDW�PD\�RFFXU�XQGHU�VSHFLILF�DQG�OLPLWHG�FLUFXPVWDQFHV�

4XDVL�H[SHULPHQWDO� GHVLJQV� DUH� VXSHULRU� WR� WKH� ZHDN� EXW� LQIHULRU� WR� WKH
VWURQJ�GHVLJQV�SURYLGHG�LQ�&KDSWHU�����:KHQ�UDQGRP�DVVLJQPHQW�LV�QRW�SRVVLEOH�
\RX� VKRXOG�PDNH�XVH�RI� D� TXDVL�H[SHULPHQWDO� UHVHDUFK�GHVLJQ� UDWKHU� WKDQ� D�ZHDN
H[SHULPHQWDO�UHVHDUFK�GHVLJQ��%HFDXVH�UDQGRP�DVVLJQPHQW�LV�QRW�XVHG�ZLWK�TXDVL�
H[SHULPHQWDO�GHVLJQV��WKUHDWV�WR�WKH�LQWHUQDO�YDOLGLW\�RI�WKH�VWXG\�PLJKW�H[LVW��7DEOH
�����SURYLGHV�D�OLVW�RI�WKH�WKUHDWV�WKDW�DUH�FRQWUROOHG�DV�ZHOO�DV�WKH�WKUHDWV�WKDW�DUH
QRW�FRQWUROOHG�ZKHQ�XVLQJ�WKH�TXDVL�H[SHULPHQWDO�GHVLJQV�GLVFXVVHG�LQ�WKLV�FKDSWHU�
7KH� LPSRUWDQW� LVVXH� WKDW�PXVW� EH� FRQVLGHUHG� LV�ZKHWKHU� LW� LV� SRVVLEOH� WR� UHDFK� D
YDOLG�FDXVDO�FRQFOXVLRQ�XVLQJ�D�TXDVL�H[SHULPHQWDO�GHVLJQ��EHFDXVH�LW�GRHV�QRW�UXOH
RXW� WKH� LQIOXHQFH�RI�DOO�FRQIRXQGLQJ�YDULDEOHV��7R�PDNH�D�FDXVDO� LQIHUHQFH�IURP�D



TXDVL�H[SHULPHQW��\RX�PXVW�PHHW� WKH� VDPH�EDVLF� UHTXLUHPHQWV� WKDW�DUH�QHHGHG� IRU
DQ\�FDXVDO�UHODWLRQVKLS��&DXVH�PXVW�FRYDU\�ZLWK�HIIHFW��FDXVH�PXVW�SUHFHGH�HIIHFW�
DQG�ULYDO�K\SRWKHVHV�RU�DOWHUQDWLYH�H[SODQDWLRQV�PXVW�EH� LPSODXVLEOH��7KH� ILUVW
WZR�RI�WKHVH�UHTXLUHPHQWV�DUH�HDV\�WR�KDQGOH�EHFDXVH�TXDVL�H[SHULPHQWV��OLNH�VWURQJ
RU� UDQGRPL]HG� H[SHULPHQWV��PDQLSXODWH� FRQGLWLRQV� VR� WKDW� WKH� FDXVH� LV� IRUFHG� WR
SUHFHGH� WKH� HIIHFW� DQG� FRYDULDWLRQ� EHWZHHQ� FDXVH� DQG� HIIHFW� LV� WHVWHG�� W\SLFDOO\
WKURXJK� VWDWLVWLFDO� DQDO\VLV�� 7KH� WKLUG� UHTXLUHPHQW�� UXOLQJ� RXW� ULYDO� K\SRWKHVHV�� LV
IUHTXHQWO\� GLIILFXOW� WR� PHHW� EHFDXVH� TXDVL�H[SHULPHQWV� GR� QRW� XVH� UDQGRP
DVVLJQPHQW�

&DXVDO� LQIHUHQFHV� FDQ� EH� PDGH� XVLQJ� TXDVL�H[SHULPHQWDO� GHVLJQV�� EXW� WKHVH
LQIHUHQFHV�DUH�PDGH�RQO\�ZKHQ�GDWD�DUH�FROOHFWHG�WKDW�PDNH�ULYDO�H[SODQDWLRQV�RU
WKH�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�LPSODXVLEOH��)RU�H[DPSOH��DVVXPH�WKDW�\RX�KDYH�D�VRQ
ZKR� VFRUHG� D� SHUIHFW� ���� RQ� D� PXOWLSOH�FKRLFH� KLVWRU\� WHVW�� ,I� KH� KDG� VWXGLHG
GLOLJHQWO\�IRU�VHYHUDO�GD\V�EHIRUH�WDNLQJ�WKH�WHVW��\RX�ZRXOG�SUREDEO\�DWWULEXWH�WKH
JRRG�JUDGH�WR�WKH�GLOLJHQW�VWXG\��+H�FRXOG�DOVR�KDYH�REWDLQHG�WKH�SHUIHFW�VFRUH�LQ�D
QXPEHU�RI�RWKHU�ZD\V��VKHHU�OXFN�LQ�VHOHFWLQJ�WKH�FRUUHFW�DQVZHU�IRU�HDFK�TXHVWLRQ�
IRU�H[DPSOH���EXW�VXFK�DOWHUQDWLYH�H[SODQDWLRQV�PLJKW�QRW�EH�DFFHSWHG�EHFDXVH�WKH\
DUH� QRW� SODXVLEOH�� JLYHQ� WKHLU� XQOLNHO\� RFFXUUHQFH� DQG� WKH� IDFW� WKDW� \RXU� VRQ� KDG
VSHQW�VR�PXFK�WLPH�VWXG\LQJ��,Q� OLNH�PDQQHU��FDXVDO� LQWHUSUHWDWLRQV�DUH�PDGH�IURP
TXDVL�H[SHULPHQWV� RQO\� ZKHQ� ULYDO� H[SODQDWLRQV� KDYH� EHHQ� VKRZQ� WR� EH
LPSODXVLEOH��7KH�GLIILFXOW\�LV�LGHQWLI\LQJ�WKH�SODXVLEOH�ULYDO�H[SODQDWLRQV��7KHUH�DUH
VHYHUDO� ZD\V� WR� DGGUHVV� ULYDO� H[SODQDWLRQV� DQG� GHPRQVWUDWH� WKDW� WKH\� DUH
LPSODXVLEOH��:H�IRFXV�DWWHQWLRQ�RQ�WKH�LGHQWLILFDWLRQ�DQG�VWXG\�RI�SODXVLEOH�WKUHDWV
WR�LQWHUQDO�YDOLGLW\�LQ�WKLV�FKDSWHU�

5(9,(:
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�����:KDW�LV�D�TXDVL�H[SHULPHQWDO�GHVLJQ��DQG�ZKHQ
ZRXOG�\RX�XVH�VXFK�D�GHVLJQ"

�����:KDW�UHTXLUHPHQWV�PXVW�EH�PHW�WR�UHDFK�D�YDOLG
FDXVDO�LQIHUHQFH�ZKHQ�XVLQJ�D�TXDVL�
H[SHULPHQWDO�GHVLJQ"

1RQHTXLYDOHQW�&RPSDULVRQ�*URXS�'HVLJQ
6KDGLVK� HW� DO�� ������� LGHQWLILHG� VHYHUDO�TXDVL�H[SHULPHQWDO�GHVLJQV��3UREDEO\

WKH� PRVW� FRPPRQO\� XVHG� TXDVL�H[SHULPHQWDO� GHVLJQ� LV� WKH� QRQHTXLYDOHQW
FRPSDULVRQ�JURXS�GHVLJQ��GHSLFWHG�LQ�)LJXUH�������7KLV�GHVLJQ�FRQVLVWV�RI�JLYLQJ
DQ� H[SHULPHQWDO� DQG� D� FRPSDULVRQ�FRQWURO� JURXS� D� SUHWHVW� DQG� WKHQ�� DIWHU� WKH
H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ�KDV�EHHQ�DGPLQLVWHUHG�WR�WKH�H[SHULPHQWDO�JURXS�
DGPLQLVWHULQJ� D� SRVWWHVW�� 7KHUH� DUH� VHYHUDO� ZD\V� WR� DQDO\]H� WKH� GDWD� IURP� WKLV
GHVLJQ�� ,Q� WKH�PRVW� SRSXODU� DSSURDFK�� \RX� FRPSDUH� WKH� H[SHULPHQWDO� DQG� FRQWURO
JURXSV¶�SRVWWHVW�VFRUHV�DIWHU�WKH\�KDYH�EHHQ�DGMXVWHG�IRU�DQ\�GLIIHUHQFHV�WKDW�H[LVW
RQ� WKHLU� SUHWHVW� VFRUHV� XVLQJ� DQDO\VLV� RI� FRYDULDQFH� �$1&29$��� $OWKRXJK
$1&29$� LV� WKH�DQDO\WLF�PHWKRG�PRVW� IUHTXHQWO\� UHFRPPHQGHG�� WKHUH�DUH� VHYHUDO



RWKHU�DSSURDFKHV��DQG�WZR�RI�WKHP�DUH�TXLWH�JRRG���

��1RQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ�$�GHVLJQ�FRQVLVWLQJ�RI�DQ
H[SHULPHQWDO�JURXS�DQG�D�QRQHTXLYDOHQW�XQWUHDWHG�FRPSDULVRQ�JURXS��ERWK�RI
ZKLFK�DUH�DGPLQLVWHUHG�SUHWHVW�DQG�SRVWWHVW�PHDVXUHV

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

&RQVLGHU� WKH�VWXG\�FRQGXFWHG�E\�5��%URZQ��3UHVVOH\��9DQ�0HWHU��DQG�6FKXGHU
��������ZKLFK�LQYHVWLJDWHG�WKH�HIIHFW�RI�XVLQJ�D�VSHFLILF�W\SH�RI�LQVWUXFWLRQ��FDOOHG
WUDQVDFWLRQDO�VWUDWHJLHV��RQ�HQKDQFLQJ�VWXGHQWV¶�FRPSUHKHQVLRQ�RI� WKH�WH[W� WKDW� WKH\
UHDG��,Q�FRQGXFWLQJ�WKLV�VWXG\��WKH�LQYHVWLJDWRUV�LGHQWLILHG�D�JURXS�RI�DFFRPSOLVKHG
WHDFKHUV� ZKR� XVHG� WKH� WUDQVDFWLRQDO�VWUDWHJLHV� LQVWUXFWLRQDO� PHWKRG� LQ� WKHLU
FODVVURRPV�DQG�D�JURXS�RI�WHDFKHUV�LQ�WKH�VDPH�VFKRRO�GLVWULFW�ZLWK�UHSXWDWLRQV�DV
H[FHOOHQW�UHDGLQJ�WHDFKHUV�ZKR�WDXJKW�UHDGLQJ�XVLQJ�WKH�UHJXODU�OLWHUDF\�FXUULFXOXP�
7KH� LQYHVWLJDWRUV� GLG� QRW� UDQGRPO\� DVVLJQ� WKH� WHDFKHUV� WR� W\SH� RI� UHDGLQJ
LQVWUXFWLRQ�� DV� WKH\� IHOW� WKDW� LW� ZDV� LQDSSURSULDWH� WR� DVN� WHDFKHUV� WR� DOWHU� WKHLU
LQVWUXFWLRQDO�VWUDWHJ\�IRU�D�\HDU��$GGLWLRQDOO\�� WKH�VWXGHQWV�ZKR�SDUWLFLSDWHG�LQ�WKH
VWXG\� �WKRVH� UHDGLQJ�EHORZ�JUDGH� OHYHO�DW� WKH�EHJLQQLQJ�RI� WKH�VFKRRO�\HDU��ZHUH
QRW�UDQGRPO\�DVVLJQHG�WR�FODVVHV� WKDW� WDXJKW� WKH� WUDQVDFWLRQDO�VWUDWHJLHV�RU�UHJXODU
OLWHUDF\�FXUULFXOXP��7KH�UHVHDUFKHUV�GLG��KRZHYHU��VHOHFW�VWXGHQWV�IURP�WKH�YDULRXV
FODVVHV�ZKR�ZHUH�PDWFKHG�RQ�UHDGLQJ�FRPSUHKHQVLRQ�DW�WKH�EHJLQQLQJ�RI�WKH�VWXG\�
+RZHYHU�� GRLQJ� VR� HTXDWHG� WKH� VWXGHQWV� RQO\� RQ� LQLWLDO� UHDGLQJ� FRPSUHKHQVLRQ�
%HFDXVH�PDQ\� WHDFKHUV�ZHUH� XVHG� LQ� WKH� VWXG\� DQG� WKH\�� DV�ZHOO� DV� WKH� VWXGHQWV�
ZHUH�QRW�UDQGRPO\�DVVLJQHG�WR�JURXSV��D�TXDVL�H[SHULPHQWDO�GHVLJQ�KDG�WR�EH�XVHG�

�),*85(����������1RQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ��7KH�GDVKHG�OLQH
LQGLFDWHV�QRQUDQGRP�DVVLJQPHQW�WR�FRPSDULVRQ�JURXSV�

�),*85(����������'HVLJQ�RI�WKH�5��%URZQ��3UHVVOH\��9DQ�0HWHU��DQG�6FKXGHU�VWXG\
������



5��%URZQ�HW�DO���������VHOHFWHG�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�UHVHDUFK
GHVLJQ�ZLWK�PDWFKLQJ�RI�SDUWLFLSDQWV�LQ�WKH�WZR�JURXSV��DV�LOOXVWUDWHG�LQ�)LJXUH������
%RWK�JURXSV��HDFK�FRQVLVWLQJ�RI�VHYHUDO�FODVVHV��ZHUH�LQWHUYLHZHG�DW�WKH�EHJLQQLQJ
RI�WKH�DFDGHPLF�\HDU�WR�LGHQWLI\�WKH�VWUDWHJ\�WKH�VWXGHQWV�XVHG�LQ�UHDGLQJ�DQG�ZHUH
SUHWHVWHG� RQ� VHYHUDO� RXWFRPH� PHDVXUHV�� LQFOXGLQJ� UHDGLQJ� FRPSUHKHQVLRQ�� $IWHU
PDWFKHG� VDPSOHV� RI� VWXGHQWV� �VWXGHQWV� ZKR� KDG� VLPLODU� UHDGLQJ� FRPSUHKHQVLRQ
VFRUHV��ZHUH� LGHQWLILHG�� RQH� JURXS�ZDV� WDXJKW� UHDGLQJ� E\� XVLQJ� WKH� WUDQVDFWLRQDO
VWUDWHJ\��DQG�WKH�RWKHU�JURXS�ZDV�WDXJKW�E\�XVLQJ�WKH�UHJXODU�OLWHUDF\�FXUULFXOXP��$W
WKH� HQG� RI� WKH� DFDGHPLF� \HDU�� WKH� VWXGHQWV� LQ� HDFK� JURXS�ZHUH� SRVWWHVWHG� RQ� WKH
RXWFRPH�PHDVXUHV��$QDO\VLV�RI�WKH�UHVXOWV�UHYHDOHG�WKDW�WKH�VWXGHQWV�ZKR�UHFHLYHG
WUDQVDFWLRQDO�VWUDWHJLHV� LQVWUXFWLRQ� LPSURYHG� LQ� UHDGLQJ� FRPSUHKHQVLRQ�PRUH� WKDQ
WKH�VWXGHQWV�WDXJKW�E\�WKH�FRQYHQWLRQDO�UHDGLQJ�PHWKRG�

7KH� UHVXOWV� RI� WKH� 5�� %URZQ� HW� DO�� VWXG\� ������� GHPRQVWUDWHG� WKDW� WKH
SHUIRUPDQFH� RI� WKH� VWXGHQWV� UHFHLYLQJ� WUDQVDFWLRQDO�VWUDWHJ\� LQVWUXFWLRQ� ZDV
VXSHULRU�WR�WKDW�RI�WKH�VWXGHQWV�UHFHLYLQJ�FRQYHQWLRQDO�UHDGLQJ�LQVWUXFWLRQ��%HFDXVH
D�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�TXDVL�H[SHULPHQWDO�GHVLJQ�ZDV�XVHG��WKH�JURXSV
ZHUH�SRWHQWLDOO\�QRQHTXLYDOHQW�RQ�H[WUDQHRXV�YDULDEOHV�RWKHU�WKDQ�WKH�RQH�PDWFKHG
YDULDEOH�RI�UHDGLQJ�FRPSUHKHQVLRQ��7KHUHIRUH��ELDVHV�PLJKW�EH�SUHVHQW�WKDW�ZRXOG
WKUHDWHQ� WKH�YDOLGLW\�RI� WKH�VWXG\��7DEOH������ LGHQWLILHV� WKH� W\SH�RI�ELDVHV� WKDW� FDQ
H[LVW�LQ�WKLV�GHVLJQ�

�7$%/(�������3RWHQWLDO�%LDVHV�LQ�WKH�1RQHTXLYDOHQW�&RPSDULVRQ�*URXS�'HVLJQ

����6HOHFWLRQ�%LDV²%HFDXVH�WKHUH�LV�QR�UDQGRP�DVVLJQPHQW��WKHUH�ZLOO�DOZD\V�EH�D�SRWHQWLDO�GLIIHUHQWLDO
VHOHFWLRQ�ELDV��+RZHYHU��WKH�SUHWHVW�DOORZV�H[SORUDWLRQ�RI�WKH�SRVVLEOH�VL]H�DQG�GLUHFWLRQ�RI�WKH�ELDV�RQ�DQ\
YDULDEOHV�WKDW�\RX�PHDVXUH�DW�SUHWHVWLQJ�

����6HOHFWLRQ�0DWXUDWLRQ²([LVWV�LI�SDUWLFLSDQWV�LQ�RQH�JURXS�EHFRPH�PRUH�H[SHULHQFHG��WLUHG��RU�ERUHG�WKDQ
SDUWLFLSDQWV�LQ�WKH�RWKHU�JURXS�

����6HOHFWLRQ�,QVWUXPHQWDWLRQ²([LVWV�LI�WKH�QDWXUH�RI�WKH�GHSHQGHQW�YDULDEOH�RU�WKH�ZD\�LW�LV�PHDVXUHG�YDULHV
DFURVV�WKH�QRQHTXLYDOHQW�JURXSV�



����6HOHFWLRQ�7HVWLQJ²([LVWV�LI�RQH�JURXS�RI�SDUWLFLSDQWV�UHDFWV�GLIIHUHQWO\�WR�WDNLQJ�WKH�SUHWHVW�

����6HOHFWLRQ�5HJUHVVLRQ²([LVWV�LI�WKH�WZR�JURXSV�DUH�IURP�GLIIHUHQW�SRSXODWLRQV��VXFK�DV�WKH�H[SHULPHQWDO
WUHDWPHQW�JURXS�EHLQJ�IURP�D�SRSXODWLRQ�RI�LQGLYLGXDOV�ZLWK�ORZ�UHDGLQJ�VFRUHV�DQG�WKH�FRPSDULVRQ�JURXS
EHLQJ�IURP�D�SRSXODWLRQ�RI�LQGLYLGXDOV�ZLWK�KLJK�UHDGLQJ�VFRUHV�

����6HOHFWLRQ�+LVWRU\²([LVWV�LI�DQ�HYHQW�RFFXUULQJ�EHWZHHQ�WKH�SUHWHVW�DQG�SRVWWHVW�DIIHFWV�RQH�JURXS�PRUH
WKDQ�WKH�RWKHU�JURXS�

����'LIIHUHQWLDO�$WWULWLRQ²([LVWV�LI�WKH�GURSSLQJ�RXW�RI�SDUWLFLSDQWV�IURP�HLWKHU�JURXS�SURGXFHV�JURXS
GLIIHUHQFHV�RQ�WKH�SRVWWHVW�VFRUHV�

7KH� VWXGHQWV� LQ� WKH� WZR� JURXSV� ZHUH� PDWFKHG� LQ� WHUPV� RI� LQLWLDO� UHDGLQJ
FRPSUHKHQVLRQ��VR� LW� LV� UHDVRQDEOH� WR�DVVXPH�WKDW� WKH�UHVXOWV�ZHUH�QRW�GXH� WR�DQ\
GLIIHUHQFHV� LQ� LQLWLDO� UHDGLQJ� FRPSUHKHQVLRQ�� +RZHYHU�� WKH� WHDFKHUV� ZHUH� QRW
UDQGRPO\� DVVLJQHG� WR� WKH� WZR� JURXSV�� QRU� ZDV� WKHUH� DQ� DWWHPSW� WR� HTXDWH� WKH
WHDFKHUV�LQ�WHUPV�RI�WHDFKLQJ�HIIHFWLYHQHVV��7KH�DXWKRUV�VWDWH�WKDW�WKH�WHDFKHUV�ZKR
XVHG� WKH� WUDQVDFWLRQDO�VWUDWHJLHV�PHWKRG�ZHUH�H[FHOOHQW� WHDFKHUV�ZKR�RIIHUHG�ULFK
ODQJXDJH� DUWV� H[SHULHQFHV� IRU� WKHLU� VWXGHQWV�� &RQVHTXHQWO\�� WKHVH� WHDFKHUV� ZRXOG
VHHP� WR� UHSUHVHQW� YHU\� HIIHFWLYH� WHDFKHUV�� 7KH� LQYHVWLJDWRUV� VHOHFWHG� FRPSDULVRQ
WHDFKHUV� ZKR� ZHUH� UHFRPPHQGHG� E\� VFKRRO� SULQFLSDOV� DQG� GLVWULFW� UHDGLQJ
VSHFLDOLVWV� RQ� WKH� EDVLV� RI� IRXU� FULWHULD�� VXFK� DV� IRVWHULQJ� VWXGHQW� LQYROYHPHQW� LQ
UHDGLQJ� DQG� SURYLGLQJ� PRWLYDWLQJ� OHDUQLQJ� DFWLYLWLHV�� +RZHYHU�� QR� DWWHPSW� ZDV
PDGH� WR� HQVXUH� WKDW� WKH� WHDFKHUV� SURYLGLQJ� LQVWUXFWLRQ� LQ� WKH� WZR� PHWKRGV� ZHUH
HTXDWHG�LQ�WKHLU�DELOLW\�WR�WHDFK�UHDGLQJ��7KHUHIRUH�� WKHUH�FRXOG�EH�D�GLIIHUHQFH�LQ
WKH�DELOLW\�RI�WKHVH�WHDFKHUV�WR�PRWLYDWH�DQG�RU�SURYLGH�LQVWUXFWLRQ�LQ�UHDGLQJ��DQG
WKH�HYHQWV�RFFXUULQJ�EHWZHHQ�WKH�SUHWHVW�DQG�SRVWWHVW�FRXOG�EH�GLIIHUHQW�IRU�WKH�WZR
JURXSV�RI� VWXGHQWV�� FUHDWLQJ� D� VHOHFWLRQ�KLVWRU\�ELDV��6XFK�GLIIHUHQFHV� FRXOG�KDYH
DFFRXQWHG�IRU�VRPH�RU�DOO�RI�WKH�REVHUYHG�GLIIHUHQFH�LQ�UHDGLQJ�FRPSUHKHQVLRQ�RI
WKH�WZR�JURXSV�RI�VWXGHQWV�

6KDGLVK�HW�DO���������KDYH�SRLQWHG�RXW�WKDW�ULYDO�H[SODQDWLRQV�DULVLQJ�IURP�WKH
XVH�RI�GHVLJQV�VXFK�DV�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ�DUH�³GHSHQGHQW
RQ� WKH� MRLQW� FKDUDFWHULVWLFV� RI� WKH� GHVLJQ�� RQ� H[WUD� VWXG\� NQRZOHGJH� DERXW� WKH
WKUHDWV��DQG�RQ�WKH�SDWWHUQ�RI�REVHUYHG�UHVXOWV´��S��������7KHUHIRUH��MXVW�EHFDXVH�D
WKUHDW�LV�SRVVLEOH�GRHV�QRW�PHDQ�WKDW�LW�LV�SODXVLEOH��7KH�SULPDU\�ZD\�WR�GHWHUPLQH
ZKHWKHU� D� WKUHDW� LV� SODXVLEOH� LV� WR� ORRN� DW� WKH� SDWWHUQ� SURGXFHG� E\� WKH� UHVXOWV�
EHFDXVH�WKH�SODXVLELOLW\�RI�D�WKUHDW�WHQGV�WR�EH�UHODWHG�WR�WKH�UHVXOWV�REWDLQHG�

)RU� H[DPSOH�� ORRN� DW� )LJXUH� ������ ZKLFK� LOOXVWUDWHV� K\SRWKHWLFDO� UHVXOWV� WKDW
PLJKW� KDYH� EHHQ� REWDLQHG� IURP�XVLQJ� WKH� QRQHTXLYDOHQW� FRPSDULVRQ�JURXS� GHVLJQ
ZLWKRXW�PDWFKLQJ�RQ� WKH�SUHWHVW��7KLV�ILJXUH�UHYHDOV� WKDW� WKH�FRQWURO�JURXS�GLG�QRW
FKDQJH�IURP�SUHWHVWLQJ�WR�SRVWWHVWLQJ��7KH�H[SHULPHQWDO�JURXS��KRZHYHU��VWDUWHG�DW�D
KLJKHU�OHYHO�DQG�VKRZHG�D�VLJQLILFDQW�SRVLWLYH�FKDQJH��7KLV�RXWFRPH�ZRXOG�VHHP�WR
VXJJHVW�WKDW�WKH�H[SHULPHQWDO�WUHDWPHQW�ZDV�HIIHFWLYH��+RZHYHU��WKLV�RXWFRPH�FRXOG
DOVR�KDYH�EHHQ�GXH�WR�D�VHOHFWLRQ�PDWXUDWLRQ�HIIHFW�

,Q� WKH�5��%URZQ�HW�DO�� VWXG\� ��������D� VHOHFWLRQ�PDWXUDWLRQ�HIIHFW�ZRXOG�KDYH
EHHQ� SUHVHQW� LI� WKH� SDUWLFLSDQWV� LQ� WKH� H[SHULPHQWDO� FRQGLWLRQ� ZHUH� GHYHORSLQJ
LQWHOOHFWXDOO\� DQG�PRWLYDWLRQDOO\�PRUH� UDSLGO\� WKDQ� WKH� SDUWLFLSDQWV� LQ� WKH� FRQWURO



JURXS� DQG� WKHUHIRUH� LQFUHDVHG� WKHLU� UHDGLQJ� FRPSUHKHQVLRQ� IURP� SUHWHVWLQJ� WR
SRVWWHVWLQJ� EHFDXVH� RI� WKHVH� PDWXUDWLRQDO� IDFWRUV� DQG� QRW� EHFDXVH� RI� WKH� W\SH� RI
LQVWUXFWLRQ�WKH\�UHFHLYHG��,I�WKLV�ZHUH�WKH�FDVH��WKH�SRVWWHVW�LPSURYHPHQW�LQ�UHDGLQJ
FRPSUHKHQVLRQ�RI�WKH�H[SHULPHQWDO�JURXS�ZRXOG�EH�GXH�WR�PDWXUDWLRQDO�IDFWRUV�DQG
QRW�WR�WKH�H[SHULPHQWDO�WUHDWPHQW�HIIHFW�

�),*85(����������+\SRWKHWLFDO�UHVXOWV�WKDW�PLJKW�EH�REWDLQHG�IURP�D�VWXG\�XVLQJ�D
QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ

0DQ\� LQYHVWLJDWRUV� DWWHPSW� WR� HOLPLQDWH� WKUHDW� RI� ELDV� IURP� WKH� VHOHFWLRQ�
PDWXUDWLRQ� HIIHFW� E\�PDWFKLQJ� H[SHULPHQWDO� DQG� FRQWURO� SDUWLFLSDQWV� RQ� LPSRUWDQW
YDULDEOHV�� 5�� %URZQ� HW� DO�� ������� PDWFKHG� SDUWLFLSDQWV� RQ� LQLWLDO� UHDGLQJ
FRPSUHKHQVLRQ�� HTXDWLQJ� WKH� JURXSV� RQ� WKLV� YDULDEOH�� ,GHDOO\�� WKLV� HTXDOLW\�ZRXOG
SHUVLVW�RYHU�WLPH��VR�DQ\�GLIIHUHQFH�REVHUYHG�GXULQJ�D�SRVWWHVW�FRXOG�EH�DWWULEXWHG
WR� WKH� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ�� +RZHYHU�� &DPSEHOO� DQG� %RUXFK� ������
KDYH�VKRZQ�WKDW�WKLV�DVVXPSWLRQ�FDQ�EH�HUURQHRXV�EHFDXVH�D�VWDWLVWLFDO� UHJUHVVLRQ
SKHQRPHQRQ�FDQ�RFFXU�LQ�WKH�JURXSV�RI�PDWFKHG�SDUWLFLSDQWV��DFFRXQWLQJ�IRU�SDUW�RU
DOO� RI� WKH� GLIIHUHQFH� REVHUYHG� EHWZHHQ� WKH� WZR� JURXSV� RQ� SRVWWHVWLQJ�� 7KLV
GLIIHUHQFH�FRXOG�EH�PLVLQWHUSUHWHG�DV�EHLQJ�GXH�WR�D�WUHDWPHQW�HIIHFW��,I�\RX�FRQGXFW
D� VWXG\� XVLQJ� D� QRQHTXLYDOHQW� FRPSDULVRQ�JURXS� GHVLJQ� ZLWK� PDWFKLQJ� GXULQJ
SUHWHVWLQJ��\RX�VKRXOG�FRQVXOW�&DPSEHOO�DQG�%RUXFK¶V�DUWLFOH��RU�VHH�)LJXUH������LQ
&KULVWHQVHQ��-RKQVRQ��	�7XUQHU��������

7KH� QRQHTXLYDOHQW� FRPSDULVRQ�JURXS� GHVLJQ�� DV� ZH� KDYH� MXVW� GLVFXVVHG�� LV
VXVFHSWLEOH� WR� SURGXFLQJ� ELDVHG� UHVXOWV� EHFDXVH� RI� WKH� SRWHQWLDO� IRU� D� QXPEHU� RI
WKUHDWV�WR�LQWHUQDO�YDOLGLW\��7KH�H[LVWHQFH�RI�WKHVH�SRWHQWLDO�WKUHDWV�VXJJHVWV�WKDW�WKH
UHVXOWV� REWDLQHG� IURP� WKLV� TXDVL�H[SHULPHQWDO� GHVLJQ� DUH� OLNHO\� WR� EH� ELDVHG� DQG
GLIIHUHQW� IURP� WKRVH� WKDW�ZRXOG� EH� REWDLQHG� IURP� RQH� RI� WKH� VWURQJ� H[SHULPHQWDO
GHVLJQV��+HLQVPDQ� DQG� 6KDGLVK� ������� FRQGXFWHG� D�PHWD�DQDO\VLV� FRPSDULQJ� WKH
HIIHFW�VL]H�HVWLPDWHV�IURP�H[SHULPHQWV�WKDW�LQFOXGHG�UDQGRP�DVVLJQPHQW��L�H���VWURQJ
GHVLJQV��ZLWK�HIIHFW�VL]H�HVWLPDWHV�IURP�H[SHULPHQWV�WKDW�ODFNHG�UDQGRP�DVVLJQPHQW
�L�H���QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQV���7KH�SXUSRVH�ZDV�WR�GHWHUPLQH�WKH
H[WHQW�WR�ZKLFK�VLPLODU�UHVXOWV�ZRXOG�EH�REWDLQHG�IURP�WKHVH�WZR�NLQGV�RI�VWXGLHV�
7KLV�DQDO\VLV�VXJJHVWHG�WKDW�LI�WKH�VWURQJ�H[SHULPHQWDO�GHVLJQ�DQG�WKH�QRQHTXLYDOHQW
FRPSDULVRQ�JURXS� GHVLJQ� ZHUH� HTXDOO\� ZHOO� GHVLJQHG� DQG� H[HFXWHG�� WKH\� ZRXOG
\LHOG� DERXW� WKH� VDPH� HIIHFW� VL]H�� ,Q� RWKHU� ZRUGV�� WKH� QRQHTXLYDOHQW� FRPSDULVRQ�



JURXS�GHVLJQ�ZRXOG�JLYH�DERXW�WKH�VDPH�UHVXOWV�DV�WKH�VWURQJ�H[SHULPHQWDO�GHVLJQ�
+RZHYHU�� RWKHU� VWXGLHV� FRPSDULQJ� UHVXOWV� IURP� H[SHULPHQWDO� DQG� TXDVL�
H[SHULPHQWDO� GHVLJQV� KDYH� QRW� VXSSRUWHG� WKLV� FRQFOXVLRQ�� *OD]HUPDQ�� /HY\�� DQG
0\HUV� ������� IRXQG� WKDW� H[SHULPHQWDO� DQG� TXDVL�H[SHULPHQWDO� GHVLJQV� SURGXFHG
GLIIHUHQW� UHVXOWV�� IDYRULQJ� WUXH� H[SHULPHQWV�� DQG� 5RVHQEDXP� ������� IRXQG� WKDW
TXDVL�H[SHULPHQWDO�GHVLJQV�SURGXFHG�UHVXOWV�RI�XQNQRZQ�DFFXUDF\�

7KHVH�VWXGLHV�VXJJHVW�WKDW�WKH�UHVXOWV�REWDLQHG�IURP�TXDVL�H[SHULPHQWDO�GHVLJQV
VKRXOG� QRW� EH� JLYHQ� WKH� VDPH� GHJUHH� RI� FUHGLELOLW\� DV� UHVXOWV� IURP� VWURQJ
H[SHULPHQWDO� VWXGLHV�� ZKLFK�PDNHV� LW� HYHQ�PRUH� LPSHUDWLYH� WKDW� D� QRQHTXLYDOHQW
FRPSDULVRQ�JURXS�GHVLJQ�LV�ZHOO�GHVLJQHG�DQG�H[HFXWHG��$V�+HLQVPDQ�DQG�6KDGLVK
�������KDYH�SRLQWHG�RXW��LW�LV�SUREDEO\�YHU\�GLIILFXOW��LQ�PDQ\�VWXGLHV��WR�GHVLJQ�DQG
H[HFXWH� WKH� QRQHTXLYDOHQW� FRPSDULVRQ�JURXS� GHVLJQ� DV� ZHOO� DV� D� VWURQJ
H[SHULPHQWDO� GHVLJQ�� 7KHUHIRUH�� LQ� PDQ\� VWXGLHV�� WKH� QRQHTXLYDOHQW� FRPSDULVRQ�
JURXS�GHVLJQ�ZLOO�JLYH�ELDVHG�UHVXOWV�

7KHUH� VHHP� WR� EH� WZR� GHVLJQ� FRPSRQHQWV� RQ� ZKLFK� UHVHDUFKHUV� PXVW� IRFXV
ZKHQ�GHVLJQLQJ�DQG�FRQGXFWLQJ�TXDVL�H[SHULPHQWV�WR�PD[LPL]H�WKH�SUREDELOLW\�WKDW
UHVXOWV�DUH�QRW�ELDVHG��7KH�ILUVW�FRPSRQHQW�GHDOV�ZLWK�WKH�ZD\�LQ�ZKLFK�SDUWLFLSDQWV
DUH�DVVLJQHG�WR�JURXSV��7R�REWDLQ�XQELDVHG�UHVXOWV��\RX�PXVW�QRW�OHW�WKH�SDUWLFLSDQWV
VHOI�VHOHFW� LQWR�JURXSV�RU� FRQGLWLRQV��7KH�PRUH� WKH\� VHOI�VHOHFW� LQWR� WKH� WUHDWPHQW
FRQGLWLRQV�� WKH�PRUH� ELDVHG� WKH� UHVXOWV�ZLOO� EH�� 7KH� VHFRQG� FRPSRQHQW� FRQFHUQV
SUHWHVW�GLIIHUHQFHV��%LJ�GLIIHUHQFHV�DW�WKH�SUHWHVW�ZLOO�OHDG�WR�ELJ�GLIIHUHQFHV�DW�WKH
SRVWWHVW��7KLV�PHDQV�WKDW�WKH�UHVHDUFKHU�VKRXOG�WU\�WR�UHGXFH�DQ\�SUHWHVW�GLIIHUHQFHV
E\� PDWFKLQJ� WKH� FRPSDULVRQ� JURXSV� RQ� YDULDEOHV� WKDW� DUH� FRUUHODWHG� ZLWK� WKH
GHSHQGHQW� YDULDEOH�� :KHQ� LW� LV� QRW� SRVVLEOH� WR� PDWFK�� \RX� VKRXOG� FRQVLGHU
VWDWLVWLFDOO\� DGMXVWLQJ� WKH� SRVWWHVW� VFRUHV� IRU� DQ\� SUHWHVW� GLIIHUHQFHV� �H�J��� XVLQJ
$1&29$�� DV� ZHOO� DV� VWDWLVWLFDOO\� DGMXVWLQJ� IRU� GLIIHUHQFHV� RQ� RWKHU� H[WUDQHRXV
YDULDEOHV� WKDW� \RX� KDG� WKH� IRUHVLJKW� WR�PHDVXUH� �EHFDXVH� \RX� KDG� H[SHFWHG� \RXU
JURXSV� WR� GLIIHU� RQ� WKRVH� H[WUDQHRXV� YDULDEOHV��� )RFXVLQJ� RQ� WKHVH� WZR� GHVLJQ
FKDUDFWHULVWLFV� ZLOO� PHDQ� WKDW� WKH� UHVXOWV� REWDLQHG� IURP� \RXU� QRQHTXLYDOHQW
FRPSDULVRQ�JURXS� GHVLJQ� ZLOO� EH� D� FORVHU� DSSUR[LPDWLRQ� WR� WKRVH� RI� D� VWURQJ
H[SHULPHQWDO�UHVHDUFK�GHVLJQ�
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�����:KDW�LV�D�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS
GHVLJQ��DQG�ZKDW�DUH�LWV�HVVHQWLDO�IHDWXUHV"

�����+RZ�DUH�ULYDO�H[SODQDWLRQV�DGGUHVVHG�ZKHQ
XVLQJ�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS
GHVLJQ"

�����:KDW�W\SHV�RI�ELDVHV�FDQ�H[LVW�ZKHQ�XVLQJ�WKH
QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ"

�����:KDW�LV�WKH�EHVW�ZD\�WR�GHWHUPLQH�ZKHWKHU�D
WKUHDW�LV�SODXVLEOH�ZKHQ�XVLQJ�WKH�QRQHTXLYDOHQW
FRPSDULVRQ�JURXS�GHVLJQ"



,QWHUUXSWHG�7LPH�6HULHV�'HVLJQ
,Q�HGXFDWLRQDO�UHVHDUFK��WKHUH�DUH�WLPHV�ZKHQ�LW�LV�GLIILFXOW�WR�ILQG�DQ�HTXLYDOHQW

JURXS� RI� SDUWLFLSDQWV� WR� VHUYH� DV� D� FRQWURO� JURXS�� :KHQ� RQO\� RQH� JURXS� RI
SDUWLFLSDQWV� LV� DYDLODEOH�� \RX� FRXOG� XVH� WKH� RQH�JURXS� SUHWHVW�SRVWWHVW� GHVLJQ�
+RZHYHU�� DV� ZH� GLVFXVVHG� LQ� WKH� ODVW� FKDSWHU�� PDQ\� FRQIRXQGLQJ� YDULDEOHV� PD\
WKUHDWHQ� WKH� LQWHUQDO� YDOLGLW\� RI� WKLV�ZHDN� GHVLJQ��7R� FRQWURO� IRU� WKHVH�SRWHQWLDOO\
FRQIRXQGLQJ�YDULDEOHV� LQ� VLWXDWLRQV� LQ�ZKLFK�ZH�KDYH�RQO\�RQH�JURXS�RI� UHVHDUFK
SDUWLFLSDQWV��ZH�PXVW�WKLQN�RI�PHFKDQLVPV�RWKHU�WKDQ�WKH�XVH�RI�D�FRQWURO�JURXS��7KH
XVH� RI� RWKHU� FRQWURO� PHFKDQLVPV� LV� SDUW� RI� WKH� LQWHUUXSWHG� WLPH�VHULHV� GHVLJQ²
VSHFLILFDOO\��WKLV�GHVLJQ�XVHV�PXOWLSOH�SUHWHVWV�DQG�PXOWLSOH�SRVWWHVWV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

,Q� WKH� LQWHUUXSWHG� WLPH�VHULHV� GHVLJQ�� D� VLQJOH� JURXS� RI� SDUWLFLSDQWV� LV
SUHWHVWHG�D�QXPEHU�RI�WLPHV�GXULQJ�WKH�$��RU�EDVHOLQH��SKDVH��H[SRVHG�WR�D�WUHDWPHQW
FRQGLWLRQ��DQG�WKHQ�SRVWWHVWHG�D�QXPEHU�RI�WLPHV�GXULQJ�WKH�%��RU�WUHDWPHQW��SKDVH�
DV�GHSLFWHG�LQ�)LJXUH�������%DVHOLQH�UHIHUV�WR�WKH�REVHUYDWLRQ�RI�D�JLYHQ�EHKDYLRU
EHIRUH� WKH� SUHVHQWDWLRQ� RI� DQ\� WUHDWPHQW� GHVLJQHG� WR� DOWHU� EHKDYLRU��7KH� EDVHOLQH
SKDVH�LV�WKHUHIRUH�WKH�SHULRG�GXULQJ�ZKLFK�WKH�SDUWLFLSDQWV¶�EHKDYLRU�LV�UHFRUGHG�LQ
LWV� IUHHO\� RFFXUULQJ� VWDWH��$IWHU� WKH� EDVHOLQH� EHKDYLRU� LV� UHFRUGHG�� D� WUHDWPHQW� LV
LPSOHPHQWHG�� DQG�EHKDYLRU� LV� UHFRUGHG�GXULQJ� WKH� DSSOLFDWLRQ�RI� WKH� WUHDWPHQW�RU
DIWHU� LW� LV� DSSOLHG�� 7KH� WUHDWPHQW� HIIHFW� LV� GHPRQVWUDWHG� E\� GLVFRQWLQXLW\� LQ� WKH
SUHWHVW� YHUVXV� WKH� SRVWWHVW� UHVSRQVHV�� 'LVFRQWLQXLW\� FRXOG� EH� UHSUHVHQWHG� E\� D
FKDQJH� LQ� WKH� OHYHO� RI� WKH� SUHWHVW� DQG� SRVWWHVW� UHVSRQVHV�� )RU� H[DPSOH�� SUHWHVW
UHVSRQVHV�PLJKW� FRQVLVW� RI� D� JURXS�RI� FKLOGUHQ� FRPPLWWLQJ� DQ� DYHUDJH�RI� �� WR� ��
GLVUXSWLYH�EHKDYLRUV�GXULQJ�D�JLYHQ�FODVV�SHULRG��DQG�WKH�SRVWWHVW�UHVSRQVHV�PLJKW
FRQVLVW�RI�DQ�DYHUDJH�RI�RQO\��� WR���GLVUXSWLYH�EHKDYLRUV�� LQGLFDWLQJ�D�FKDQJH��RU
GHFOLQH�� LQ� WKH� OHYHO� RI� UHVSRQVH��'LVFRQWLQXLW\� FRXOG� DOVR� EH� GHPRQVWUDWHG� E\� D
FKDQJH� LQ� WKH� VORSH� RI� WKH� SUHWHVW� DQG� SRVWWHVW� UHVSRQVHV�� $� FKDQJH� LQ� WKH� VORSH
ZRXOG�RFFXU�LI�WKH�SUHWHVW�UHVSRQVHV�GHPRQVWUDWHG�D�FKDQJH�LQ�RQH�GLUHFWLRQ��VXFK
DV�D�JUDGXDO�LQFUHDVH�LQ�WKH�QXPEHU�RI�GLVUXSWLYH�EHKDYLRUV�GXULQJ�D�FODVV�SHULRG�
DQG�WKH�SRVWWHVW�UHVSRQVHV�GHPRQVWUDWHG�D�FKDQJH�LQ�WKH�RSSRVLWH�GLUHFWLRQ��VXFK�DV
D�JUDGXDO�GHFUHDVH�LQ�WKHVH�EHKDYLRUV�

��,QWHUUXSWHG�WLPH�VHULHV�GHVLJQ�$�GHVLJQ�LQ�ZKLFK�D�WUHDWPHQW�FRQGLWLRQ�LV
DVVHVVHG�E\�FRPSDULQJ�WKH�SDWWHUQ�RI�SUHWHVW�UHVSRQVHV�ZLWK�WKH�SDWWHUQ�RI
SRVWWHVW�UHVSRQVHV�REWDLQHG�IURP�D�VLQJOH�JURXS�RI�SDUWLFLSDQWV

�),*85(����������,QWHUUXSWHG�WLPH�VHULHV�GHVLJQ



7R� LOOXVWUDWH� WKLV� GHVLJQ�� FRQVLGHU� D� VWXG\� FRQGXFWHG� E\� 0D\HU�� 0LWFKHOO�
&OHPHQWL��&OHPHQW�5REHUWVRQ��DQG�0\DWW���������7KH\�LQYHVWLJDWHG�ZKHWKHU�PDNLQJ
WKH�FODVVURRP�HQYLURQPHQW�PRUH�SRVLWLYH�DIIHFWHG�WKH�SHUFHQWDJH�RI�DW�ULVN�VWXGHQWV
ZKR�ZHUH�HQJDJHG�LQ�WKHLU�DVVLJQHG�DFWLYLWLHV��7KH\�LGHQWLILHG�QLQWK�JUDGH�VWXGHQWV
ZKR� KDG� ORZ� JUDGH� SRLQW� DYHUDJHV� DQG�ZHUH� IUHTXHQWO\� DEVHQW� IURP� VFKRRO��$OO
WKHVH�VWXGHQWV�ZHUH�DVVLJQHG�WR�DWWHQG�WKH�H[SHULPHQWDO�FODVVURRP�IRU�DW�OHDVW�RQH
SHULRG�HDFK�VFKRRO�GD\��7KXV��WKHUH�ZDV�D�VLQJOH�JURXS�RI�SDUWLFLSDQWV�DYDLODEOH�IRU
H[SHULPHQWDWLRQ�� ZKLFK� PHDQW� WKDW� VRPH� IRUP� RI� D� WLPH�VHULHV� GHVLJQ� KDG� WR� EH
XVHG�� ,Q� WKLV� H[SHULPHQWDO� FODVVURRP�� HPSKDVLV� ZDV� SODFHG� RQ� WKH� SRVLWLYH�� )RU
H[DPSOH��FODVVURRP�UXOHV�ZHUH�VWDWHG�SRVLWLYHO\��H�J���VKRZ�FRXUWHV\�DQG�UHVSHFW�WR
RWKHUV���DQG�SRLQWV�DQG�SUDLVH�ZHUH�JLYHQ�WR�VWXGHQWV�ZKHQ�WKH\�IROORZHG�WKH�UXOHV�
:KLOH�LQ�WKLV�H[SHULPHQWDO�FODVVURRP��WKH�H[SHULPHQWHUV�DVVHVVHG�WKH�SHUFHQWDJH�RI
VWXGHQWV�ZKR�ZHUH�HQJDJHG�LQ�WKHLU�DVVLJQHG�DFWLYLWLHV��GHILQHG�DV�EHLQJ�³RQ�WDVN�´
DW����DQG����PLQXWHV� LQWR� WKH�FODVV�SHULRG��7KH�SHUFHQWDJH�RI� VWXGHQWV�ZKR�ZHUH
RQ�WDVN�ZDV�UHSHDWHGO\�PHDVXUHG�EHIRUH�DQG�DIWHU�WKH�WHDFKHUV�IRFXVHG�RQ�PDNLQJ
WKH�FODVVURRP�PRUH�SRVLWLYH�

)LJXUH������LOOXVWUDWHV�WKH�SHUFHQWDJH�RI�VWXGHQWV�ZKR�ZHUH�RQ�WDVN�DW�ERWK���
DQG� ��� PLQXWHV� LQWR� WKH� FODVV� SHULRG�� )URP� WKLV� ILJXUH�� \RX� FDQ� VHH� WKDW� WKH
SHUFHQWDJH� ZDV� DVVHVVHG� PXOWLSOH� WLPHV� EHIRUH� DQG� DIWHU� LPSOHPHQWDWLRQ� RI� WKH
SRVLWLYH� FODVVURRP�HQYLURQPHQW��PDNLQJ� LW� DQ� LQWHUUXSWHG� WLPH�VHULHV� GHVLJQ��7KH
UHVXOWV� UHYHDO� WKDW� WKH� SHUFHQWDJH� RI� VWXGHQWV� ZKR� ZHUH� RQ�WDVN� UHPDLQHG� UDWKHU
FRQVWDQW�GXULQJ�WKH�ILUVW�VHYHQ�EDVHOLQH�FODVV�VHVVLRQV��RU�WKH�FODVV�VHVVLRQV�EHIRUH
LPSOHPHQWDWLRQ�RI�WKH�SRVLWLYH�FODVVURRP�HQYLURQPHQW��$IWHU�LPSOHPHQWDWLRQ�RI�WKH
SRVLWLYH� FODVVURRP� HQYLURQPHQW� VWDUWV�� WKH� SHUFHQWDJH� RI� RQ�WDVN� VWXGHQWV
FRQVLVWHQWO\�URVH�RYHU�WKH�QH[W�VL[�FODVV�VHVVLRQV��VXJJHVWLQJ�WKDW�WKH�LPSOHPHQWDWLRQ
RI�WKH�SRVLWLYH�DSSURDFK�KDG�D�EHQHILFLDO�HIIHFW�RQ�WKH�VWXGHQWV¶�EHKDYLRU�

�),*85(����������3HUFHQWDJH�RI�VWXGHQWV�ZKR�DUH�RQ�WDVN�DW����PLQXWHV�DQG���
PLQXWHV�LQWR�WKH�FODVV�SHULRG��7KH�ILJXUH�SUHVHQWHG�KHUH�GHSLFWV
WKH�UHVXOWV�RI�RQH�RI�ILYH�FODVVURRPV�LQYHVWLJDWHG�E\�0D\HU�HW
DO����������2QO\�RQH�FODVVURRP�LV�SUHVHQWHG�KHUH�WR�LOOXVWUDWH�D
WLPH�VHULHV�GHVLJQ��ZKHUHDV�0D\HU�HW�DO��XVHG�ILYH�FODVVURRPV
DQG�D�PXOWLSOH�EDVHOLQH�GHVLJQ��³3/$´�UHIHUV�WR�SODQQHG
DFWLYLW\�



6RXUFH��$GDSWHG�IURP�*��5��0D\HU��/��.��0LWFKHOO��7��&OHPHQWL��(��&OHPHQW�5REHUWVRQ��	�5��0\DWW����������$
GURSRXW� SUHYHQWLRQ� SURJUDP� IRU� DW�ULVN� KLJK� VFKRRO� VWXGHQWV�� (PSKDVL]LQJ� FRQVXOWLQJ� WR� SURPRWH� SRVLWLYH
FODVVURRP�FOLPDWHV��(GXFDWLRQ�DQG�7UHDWPHQW�RI�&KLOGUHQ���������±����

,Q� WKH� LQWHUUXSWHG� WLPH�VHULHV� GHVLJQ�� YLVXDO� LQVSHFWLRQ� RI� WKH� SDWWHUQ� RI
SUHLQWHUYHQWLRQ� DQG� SRVWLQWHUYHQWLRQ� EHKDYLRU� FDQ� EH� YHU\� KHOSIXO� LQ� UXOLQJ� RXW
VRPH�SRWHQWLDOO\�FRQIRXQGLQJ�YDULDEOHV�DQG�LQ�GHWHUPLQLQJ�ZKHWKHU�DQ�H[SHULPHQWDO
WUHDWPHQW�KDG�DQ�HIIHFW��)LJXUH������ LOOXVWUDWHV� D� QXPEHU� RI� SRVVLEOH� SDWWHUQV� WKDW
PLJKW�EH�REWDLQHG�IURP�WLPH�VHULHV�GDWD��/RRN�DW�WKH�ILUVW�WKUHH�SDWWHUQV��������DQG���
3DWWHUQ� �� UHYHDOV� D� FRQWLQXRXV� LQFUHDVH� LQ� UHVSRQVH� EHIRUH� LQWHUYHQWLRQ�� DQG� WKLV
SDWWHUQ� RI� FRQWLQXRXV� LQFUHDVH� LV� PDLQWDLQHG� GXULQJ� SRVWWHVWLQJ�� 6XFK� D� UHVSRQVH
SDWWHUQ�FRXOG�UHIOHFW�DQ�LQVWUXPHQWDWLRQ�RU�D�PDWXUDWLRQ�HIIHFW�UDWKHU�WKDQ�D�WUHDWPHQW
HIIHFW�� 6LPLODUO\�� UHVSRQVH� SDWWHUQV� �� DQG� �� UHYHDO� WKDW� WKH� SDWWHUQ� RI� UHVSRQVHV
HVWDEOLVKHG�GXULQJ�SUHWHVWLQJ�FRQWLQXHG�GXULQJ�SRVWWHVWLQJ��5HVSRQVH�SDWWHUQV������
DQG� ��� WKHUHIRUH�� GR� QRW� UHYHDO� D� WUHDWPHQW� HIIHFW� EHFDXVH� WKH� SRVWLQWHUYHQWLRQ
SDWWHUQ� RI� UHVSRQVHV� UHSUHVHQWV� D� FRQWLQXDWLRQ� RI� WKH� SUHLQWHUYHQWLRQ� SDWWHUQ� RI
UHVSRQVHV�� +RZHYHU�� LI� VHYHUDO� SUHWHVWV� DQG� SRVWWHVWV� KDG� QRW� EHHQ� REWDLQHG�� LW
ZRXOG�KDYH�EHHQ�WHPSWLQJ�WR�LQIHU�WKDW�D�WUHDWPHQW�HIIHFW�KDG�RFFXUUHG��/RRN�DW�WKH
UHVSRQVH� LPPHGLDWHO\� SUHFHGLQJ� DQG� LPPHGLDWHO\� IROORZLQJ� WKH� LQWHUYHQWLRQ� LQ
SDWWHUQV� �� DQG� ��� ,Q� WKHVH� SDWWHUQV�� \RX� FDQ� VHH� WKDW� WKH� SUHLQWHUYHQWLRQ� UHVSRQVH
ZDV�ORZHU�WKDQ�WKH�SRVWLQWHUYHQWLRQ�UHVSRQVH��VHHPLQJ�WR�LQGLFDWH�DQ�LPSURYHPHQW
LQ� EHKDYLRU�� ,Q� SDWWHUQ� ��� WKH� SRVWLQWHUYHQWLRQ� UHVSRQVH� ZDV� ORZHU� WKDQ� WKH
SUHLQWHUYHQWLRQ�UHVSRQVH��VHHPLQJ�WR�LQGLFDWH�D�GHFOLQH�LQ�UHVSRQVH��:LWKRXW�WDNLQJ
UHSHDWHG� DVVHVVPHQWV� EHIRUH� DQG� DIWHU� LQWHUYHQWLRQ�� \RX�ZRXOG� QRW� NQRZ� WKDW� WKH
SRVWLQWHUYHQWLRQ�UHVSRQVH�UHSUHVHQWHG�D�FRQWLQXDWLRQ�RI�WKH�SUHLQWHUYHQWLRQ�SDWWHUQ
RI� UHVSRQVH��DQG�\RX�ZRXOG�KDYH�GUDZQ�DQ�HUURQHRXV�FRQFOXVLRQ� LI�\RX�KDG�XVHG
WKH�RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ��ZKLFK�KDV�RQO\�D�VLQJOH�SUHWHVW�DQG�D�VLQJOH
SRVWWHVW��

�),*85(����������3RVVLEOH�SDWWHUQV�RI�GDWD�LQ�D�WLPH�VHULHV�GHVLJQ



5HVSRQVH�SDWWHUQV�������DQG���LQ�)LJXUH������DSSHDU�WR�UHSUHVHQW�WUXH�FKDQJHV�LQ
EHKDYLRU� EHFDXVH� WKH� SRVWWHVW� UHVSRQVH� SDWWHUQ� ZDV� GLIIHUHQW� IURP� WKH� SUHWHVW
UHVSRQVH�SDWWHUQ��$GGLWLRQDOO\�� WKH�FKDQJH� LQ� WKH� UHVSRQVH�SDWWHUQ�FRQWLQXHG��ZLWK
WKH�H[FHSWLRQ�RI�SDWWHUQ����GXULQJ�WKH�HQWLUH�SRVWWHVWLQJ�SHULRG��,W� LV� WKLV�FKDQJH�LQ
WKH�SRVWWHVW�SDWWHUQ�RI�UHVSRQVHV��SDUWLFXODUO\�LI�LW�LV�D�FRQWLQXRXV�FKDQJH��WKDW�JLYHV
VRPH�DVVXUDQFH�WKDW�D�FKDQJH�LQ�UHVSRQVH�RFFXUUHG�

(YHQ�ZLWK�WKLV�YLVXDO�LQVSHFWLRQ�RI�WKH�GDWD��LW�LV�LPSRUWDQW�WR�GHWHUPLQH�ZKHWKHU
WKH� FKDQJH� LQ� UHVSRQVH� SDWWHUQ� LV� VWDWLVWLFDOO\� VLJQLILFDQW� E\� FRQGXFWLQJ� D� WHVW� RI
VLJQLILFDQFH��7KH�PRVW�ZLGHO\�XVHG�DQG�DSSURSULDWH�VLJQLILFDQFH� WHVW� VHHPV� WR�EH
WKH�DXWRUHJUHVVLRQ�PRYLQJ�DYHUDJH�PRGHO��%R[�	�-HQNLQV��������*ODVV��:LOOVRQ��	
*RWWPDQ���������%DVLFDOO\��WKLV�PHWKRG�FRQVLVWV�RI�GHWHUPLQLQJ�ZKHWKHU�WKH�SDWWHUQ
RI�SRVWUHVSRQVH�PHDVXUHV�GLIIHUV�IURP�WKH�SDWWHUQ�RI�SUHUHVSRQVH�PHDVXUHV��8VH�RI
WKLV� VWDWLVWLFDO� PHWKRG� UHTXLUHV� REWDLQLQJ� DW� OHDVW� ��� GDWD� SRLQWV� �*ODVV� HW� DO���
ZKLFK� IUHTXHQWO\� FDQQRW� EH� DFFRPSOLVKHG�� )RUWXQDWHO\�� 7U\RQ� ������� DQG�&RVELH
�������KDYH�GHYHORSHG�VWDWLVWLFDO�SURFHGXUHV� WKDW�FDQ�EH�XVHG�ZLWK�DV� IHZ�DV���
GDWD�SRLQWV�VR�WKDW�YDOLG�VWDWLVWLFDO�DQDO\VLV�FDQ�EH�FRQGXFWHG�RQ�WKH�GDWD�FROOHFWHG
LQ�PRVW�WLPH�VHULHV�VWXGLHV�

$IWHU� WKH� GDWD� DUH� DQDO\]HG� DQG� DQ� DVVHVVPHQW� LV� PDGH� DV� WR� ZKHWKHU� WKH



SUHUHVSRQVH� SDWWHUQ� GLIIHUV� IURP� WKH� SRVWUHVSRQVH� SDWWHUQ�� LW� LV� LPSRUWDQW� WR
GHWHUPLQH�ZKHWKHU�WKH�FKDQJH�ZDV�GXH�WR�WKH�H[SHULPHQWDO�LQWHUYHQWLRQ�RU�WR�VRPH
FRQIRXQGLQJ�YDULDEOH��)RU�H[DPSOH��0D\HU�HW�DO���������KDG�WR�GHWHUPLQH�ZKHWKHU
WKH�LPSOHPHQWDWLRQ�RI�WKH�SRVLWLYH�FODVVURRP�HQYLURQPHQW�OHG�WR�WKH�LQFUHDVH�LQ�RQ�
WDVN�EHKDYLRU� RU�ZKHWKHU� VRPH� H[WUDQHRXV�YDULDEOH�ZDV� UHVSRQVLEOH��7KLV�PHDQV
WKDW�\RX�KDYH�WR�ORRN�DW�WKH�GDWD�DQG�LGHQWLI\�WKH�SRVVLEOH�FRQIRXQGLQJ�YDULDEOHV�WKDW
FRXOG�KDYH�SURGXFHG�WKH�EHKDYLRUDO�FKDQJH�

7KH�SULPDU\�WKUHDW�WR�LQWHUQDO�YDOLGLW\�WKDW�H[LVWV�LQ�WKH�LQWHUUXSWHG�WLPH�VHULHV
GHVLJQ�LV�D�KLVWRU\�HIIHFW��,I�VRPH�H[WUDQHRXV�YDULDEOH�WKDW�LQFUHDVHG�WKH�SHUFHQWDJH
RI� VWXGHQWV� HQJDJHG� LQ� RQ�WDVN� EHKDYLRUV� RFFXUUHG� DW� WKH� VDPH� WLPH� DV� WKH
LPSOHPHQWDWLRQ� RI� WKH� SRVLWLYH� FODVVURRP� HQYLURQPHQW�� WKLV� H[WUDQHRXV� YDULDEOH
ZRXOG� VHUYH� DV� D� ULYDO� H[SODQDWLRQ� IRU� WKH� FKDQJH� LQ� WKH� VWXGHQWV¶� EHKDYLRU�� $
UHVHDUFKHU�XVLQJ� WKH� LQWHUUXSWHG� WLPH�VHULHV�GHVLJQ�PXVW� FRQVLGHU� DOO�RWKHU� HYHQWV
WDNLQJ� SODFH� DW� WKH� WLPH� RI� LPSOHPHQWDWLRQ� RI� WKH� H[SHULPHQWDO� WUHDWPHQW� DQG
GHWHUPLQH�ZKHWKHU�WKH\�PLJKW�EH�ULYDO�H[SODQDWLRQV�
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�����:KDW�DUH�WKH�HVVHQWLDO�GHVLJQ�FKDUDFWHULVWLFV�RI
DQ�LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ"

�����+RZ�LV�D�WUHDWPHQW�HIIHFW�GHPRQVWUDWHG�ZKHQ
XVLQJ�DQ�LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ"

�����+RZ�DUH�SRWHQWLDO�FRQIRXQGLQJ�YDULDEOHV�UXOHG
RXW�ZKHQ�XVLQJ�WKH�LQWHUUXSWHG�WLPH�VHULHV
GHVLJQ"

5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQ
7KH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ� LV�XVHG� WR�GHWHUPLQH�ZKHWKHU�D�JURXS�RI

LQGLYLGXDOV�PHHWLQJ�VRPH�SUHGHWHUPLQHG�FULWHULRQ�SURILW�IURP�UHFHLYLQJ�D�WUHDWPHQW
FRQGLWLRQ�� 7KLV� GHVLJQ�� GHSLFWHG� LQ� )LJXUH� ������ FRQVLVWV� RI� PHDVXULQJ� DOO
SDUWLFLSDQWV�RQ�D�SUHDVVLJQPHQW�PHDVXUH�DQG� WKHQ� VHOHFWLQJ�D� FXWRII� VFRUH�RQ� WKLV
PHDVXUH��7KLV�SURYLGHV�WZR�JURXSV�RI�SRWHQWLDO�SDUWLFLSDQWV²WKRVH�VFRULQJ�DERYH
WKH� FXWRII� DQG� WKRVH� VFRULQJ� EHORZ� WKH� FXWRII�� 7KHQ� \RX� DGPLQLVWHU� WKH� WUHDWPHQW
FRQGLWLRQ�WR�RQH�RI�WKH�WZR�JURXSV��)RU�H[DPSOH��WKH�SDUWLFLSDQWV�ZKR�VFRUH�DERYH
WKH� FXWRII� VFRUH� UHFHLYH� WKH� WUHDWPHQW�� DQG� WKH� SDUWLFLSDQWV�ZKR� VFRUH� EHORZ� WKH
FXWRII� VFRUH� GR� QRW� UHFHLYH� WKH� WUHDWPHQW�� $IWHU� WKH� WUHDWPHQW� FRQGLWLRQ� LV
DGPLQLVWHUHG��WKH�SRVWWHVW�PHDVXUH�LV�REWDLQHG��DQG�WKH�WZR�JURXSV�DUH�FRPSDUHG�RQ
WKLV�PHDVXUH�WR�GHWHUPLQH�ZKHWKHU�WKH�WUHDWPHQW�ZDV�HIIHFWLYH��+RZHYHU��WKH�ZD\�LQ
ZKLFK� WKH� WZR� JURXSV� DUH� FRPSDUHG� LQ� WKH� UHJUHVVLRQ�GLVFRQWLQXLW\� GHVLJQ� LV
GLIIHUHQW�IURP�WKDW�LQ�DQ\�RWKHU�GHVLJQ�ZH�KDYH�FRQVLGHUHG�VR�IDU��$�WUHDWPHQW�HIIHFW
LV� GHPRQVWUDWHG� E\� D� GLVFRQWLQXLW\� LQ� WKH� UHJUHVVLRQ� OLQH� WKDW� ZRXOG� KDYH� EHHQ
IRUPHG�KDG�QR�WUHDWPHQW�HIIHFW�H[LVWHG�

��5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�$�GHVLJQ�WKDW�DVVHVVHV�WKH�HIIHFW�RI�D



WUHDWPHQW�FRQGLWLRQ�E\�ORRNLQJ�IRU�D�GLVFRQWLQXLW\�LQ�UHJUHVVLRQ�OLQHV�EHWZHHQ
LQGLYLGXDOV�ZKR�VFRUH�ORZHU�DQG�KLJKHU�WKDQ�VRPH�SUHGHWHUPLQHG�FXWRII
VFRUH

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

7R� LOOXVWUDWH� ZKDW� ZH� PHDQ� E\� ³GLVFRQWLQXLW\� LQ� WKH� UHJUHVVLRQ� OLQH�´� )LJXUH
����� VKRZV� D� FRQWLQXRXV� LQFUHDVH�RI� VFRUHV� IURP�D� ORZ�RI� DERXW� ��� WR� D� KLJK�RI
DERXW����DQG�D�FXWRII�VFRUH�RI����VHSDUDWLQJ� WKH�FRQWURO�JURXS�IURP�WKH� WUHDWPHQW
JURXS��7KH�VWUDLJKW�OLQH�SXVKHG�WKURXJK�WKHVH�VFRUHV�UHSUHVHQWV�WKH�UHJUHVVLRQ�OLQH�
1RWH� WKDW� WKLV� UHJUHVVLRQ� OLQH� LV�FRQWLQXRXV�DQG� WKDW� WKH� LQGLYLGXDOV�ZKR�UHFHLYHG
WKH� WUHDWPHQW�PDGH� D� VFRUH� RI� KLJKHU� WKDQ� ��� RQ� WKH� SUHDVVLJQPHQW� YDULDEOH��7KH
FRQWLQXRXV� UHJUHVVLRQ� OLQH� LQGLFDWHV� WKDW� WKHUH� ZDV� QR� HIIHFW� RI� WKH� WUHDWPHQW
EHFDXVH�WKH�VFRUHV�RI�WKH�SHRSOH�DERYH�WKH�FXWRII�RI����DQG�UHFHLYLQJ�WKH�WUHDWPHQW
FRQWLQXHG� WKH� SDWWHUQ� RI� VFRUHV� RI� SHRSOH� EHORZ� WKH� FXWRII� RI� ��� ZKR� GLG� QRW
UHFHLYH�WKH�WUHDWPHQW�

�),*85(����������6WUXFWXUH�RI�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�LQ�ZKLFK�2S�LV
WKH�SUHDVVLJQPHQW�PHDVXUH��&�LQGLFDWHV�WKH�SUHDVVLJQPHQW
PHDVXUH�FXWRII�VFRUH�XVHG�WR�DVVLJQ�SDUWLFLSDQWV�WR�FRQGLWLRQV
VXFK�WKDW�SDUWLFLSDQWV�ZLWK�VFRUHV�DERYH�WKH�FXWRII�DUH�DVVLJQHG
WR�WKH�WUHDWPHQW�FRQGLWLRQ�DQG�SDUWLFLSDQWV�ZLWK�VFRUHV�EHORZ
WKH�FXWRII�DUH�DVVLJQHG�WR�WKH�FRQWURO�FRQGLWLRQ��;�UHIHUV�WR�D
WUHDWPHQW�FRQGLWLRQ��DQG�2��UHIHUV�WR�WKH�SRVWWHVW�PHDVXUH�RU�WKH
RXWFRPH�RU�GHSHQGHQW�YDULDEOH

1RZ� ORRN� DW� )LJXUH� ������ 7KLV� ILJXUH� UHYHDOV� WKDW� WKH� UHJUHVVLRQ� OLQH� IRU� WKH
SHRSOH� DERYH� WKH� FXWRII� VFRUH� RI� ��� LV� QRW� D� FRQWLQXDWLRQ� RI� WKH� UHJUHVVLRQ� OLQH
HVWDEOLVKHG�IRU�WKH�SHRSOH�ZLWK�D�FXWRII�VFRUH�EHORZ�����,Q�RWKHU�ZRUGV��WKHUH�LV�D
GLVFRQWLQXLW\�RI� WKH� UHJUHVVLRQ� OLQH� IRU� WKH�SHRSOH�ZLWK�D�FXWRII� VFRUH�EHORZ�DQG
DERYH�����7KLV�GLVFRQWLQXLW\�LQGLFDWHV�WKDW�WKH�WUHDWPHQW�KDG�DQ�HIIHFW�EHFDXVH�LI�QR
WUHDWPHQW�HIIHFW�KDG�H[LVWHG��WKHUH�ZRXOG�EH�QR�GLVFRQWLQXLW\�RI�WKH�UHJUHVVLRQ�OLQH
�DV�LOOXVWUDWHG�LQ�)LJXUH�������

�),*85(����������5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�ZLWK�QR�WUHDWPHQW�HIIHFW



%UDGHQ�DQG�%U\DQW��������XVHG�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�WR�GHWHUPLQH
ZKHWKHU�D�SURJUDP�IRU�JLIWHG�VWXGHQWV�HQKDQFHG�WKHLU�DFKLHYHPHQW�PRUH�WKDQ�UHJXODU
VFKRRO�SODFHPHQW��7KH�FXWRII�VFRUH�WR�EH�DGPLWWHG�LQWR�WKH�JLIWHG�SURJUDP�ZDV�VHW�DW
WZR�RU�PRUH�VWDQGDUG�GHYLDWLRQV�DERYH�WKH�PHDQ�RQ�WKH�6WDQIRUG�%LQHW�RU�:,6&�5
LQWHOOLJHQFH�WHVW��6WXGHQWV�ZKR�PHW�RU�H[FHHGHG�WKLV�FXWRII�VFRUH�ZHUH�DGPLWWHG�WR
WKH�JLIWHG�SURJUDP��DQG�VWXGHQWV�ZKR�ZHUH�UHIHUUHG�WR�WKH�SURJUDP�EXW�GLG�QRW�PHHW
WKH� FXWRII� VFRUH� ZHUH� WKH� FRQWURO� JURXS� DQG� UHPDLQHG� LQ� WKH� UHJXODU� FODVVURRP�
7KUHH�\HDUV�DIWHU�LQLWLDWLRQ�RI�WKH�JLIWHG�SURJUDP��RXWFRPH�GDWD�ZHUH�FROOHFWHG�E\
XVLQJ� WKH� &DOLIRUQLD� $FKLHYHPHQW� 7HVW�� 6WDWLVWLFDO� DQDO\VLV� RI� WKH� RXWFRPH� GDWD
GHPRQVWUDWHG� WKDW� D� VLJQLILFDQW� GLVFRQWLQXLW\� RI� WKH� UHJUHVVLRQ� OLQHV� IRU� WKH� WZR
JURXSV�RI�VWXGHQWV�GLG�QRW�H[LVW��LQGLFDWLQJ�WKDW�WKH�JLIWHG�SURJUDP�GLG�QRW�HQKDQFH
WKH�EULJKW�VWXGHQWV¶�DFDGHPLF�DFKLHYHPHQW�

�),*85(����������5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�ZLWK�DQ�HIIHFWLYH�WUHDWPHQW



7KH� UHJUHVVLRQ�GLVFRQWLQXLW\� GHVLJQ� LV� DQ� H[FHOOHQW� GHVLJQ� WKDW� FDQ� EH� XVHG
ZKHQ�UHVHDUFKHUV�ZDQW�WR�LQYHVWLJDWH�WKH�HIILFDF\�RI�VRPH�SURJUDP�RU�WUHDWPHQW�EXW
FDQQRW� UDQGRPO\� DVVLJQ� SDUWLFLSDQWV� WR� FRPSDULVRQ� JURXSV�� +RZHYHU�� WKH� GHVLJQ
PXVW� DGKHUH� WR� D� QXPEHU� RI� FULWHULD�� OLVWHG� LQ� 7DEOH� ������ IRU� LW� WR� DVVHVV� WKH
HIIHFWLYHQHVV�RI�D�WUHDWPHQW�FRQGLWLRQ��:KHQ�WKHVH�FULWHULD�DUH�PHW��WKH�UHJUHVVLRQ�
GLVFRQWLQXLW\� GHVLJQ� W\SLFDOO\� LV�PRUH� SRZHUIXO� WKDQ� DOO� RWKHU� TXDVL�H[SHULPHQWDO
GHVLJQV�

$Q\�WKUHDW�WR�WKH�YDOLGLW\�RI�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�ZRXOG�KDYH�WR
FDXVH�D�VXGGHQ�GLVFRQWLQXLW\�LQ�WKH�UHJUHVVLRQ�OLQH�WKDW�FRLQFLGHV�ZLWK�WKH�FXWRII��$V
6KDGLVK� HW� DO�� ������� KDYH� SRLQWHG� RXW�� WKLV� LV� LPSUREDEOH�� WKRXJK� SRVVLEOH�� 7KH
SULPDU\� WKUHDW� WKDW� FRXOG� SURGXFH� VXFK� DQ� HIIHFW� LV� D� GLIIHUHQWLDO� KLVWRU\� HIIHFW�
ZKLFK�LV�D�W\SH�RI�DGGLWLYH�DQG�LQWHUDFWLYH�HIIHFW��7KLV�KLVWRU\�HIIHFW�ZRXOG�KDYH�WR
EH�RQH�WKDW�DIIHFWHG�RQO\�SDUWLFLSDQWV�RQ�RQO\�RQH�VLGH�RI�WKH�FXWRII��ZKLFK�PDNHV�LW
XQOLNHO\��2I� WKH�RWKHU� WKUHDWV� WR� LQWHUQDO�YDOLGLW\� WKDW�ZH�GLVFXVVHG� LQ�&KDSWHU� ���
GLIIHUHQWLDO�HIIHFWV��H�J���GLIIHUHQWLDO�DWWULWLRQ��DUH�SRVVLEOH�EXW�XQOLNHO\�EHFDXVH�WKH
UHVHDUFKHU�LV�DEOH�WR�VWDWLVWLFDOO\�FRQWURO�IRU�WKH�JURXS�DVVLJQPHQW�PHFKDQLVP�

�7$%/(�������5HTXLUHPHQWV�RI�WKH�5HJUHVVLRQ�'LVFRQWLQXLW\�'HVLJQ



����$VVLJQPHQW�WR�FRPSDULVRQ�JURXSV�PXVW�EH�EDVHG�RQO\�RQ�WKH�FXWRII�VFRUH�

����7KH�DVVLJQPHQW�YDULDEOH�PXVW�EH�DW�OHDVW�DQ�RUGLQDO�YDULDEOH�DQG�LV�EHVW�LI�LW�LV�D�FRQWLQXRXV�YDULDEOH��,W
FDQQRW�EH�D�QRPLQDO�YDULDEOH�VXFK�DV�VH[��HWKQLFLW\��UHOLJLRXV�SUHIHUHQFH��RU�VWDWXV�DV�D�GUXJ�XVHU�RU�QRQXVHU�

����7KH�FXWRII�VFRUH�LGHDOO\�VKRXOG�EH�ORFDWHG�DW�WKH�PHDQ�RI�WKH�GLVWULEXWLRQ�RI�VFRUHV��7KH�FORVHU�WKH�FXWRII
VFRUH�LV�WR�WKH�H[WUHPHV��WKH�ORZHU�WKH�VWDWLVWLFDO�SRZHU�RI�WKH�GHVLJQ�

����$VVLJQPHQW�WR�FRPSDULVRQ�JURXSV�PXVW�EH�XQGHU�WKH�FRQWURO�RI�WKH�H[SHULPHQWHU�WR�DYRLG�D�VHOHFWLRQ�ELDV�
7KLV�UHTXLUHPHQW�UXOHV�RXW�PRVW�UHWURVSHFWLYH�XVHV�RI�WKH�GHVLJQ�

����7KH�UHODWLRQVKLS�EHWZHHQ�WKH�DVVLJQPHQW�DQG�RXWFRPH�YDULDEOHV��ZKHWKHU�LW�LV�OLQHDU��FXUYLOLQHDU��HWF���PXVW
EH�NQRZQ�WR�DYRLG�D�ELDVHG�DVVHVVPHQW�RI�WKH�WUHDWPHQW�HIIHFW�

����$OO�SDUWLFLSDQWV�PXVW�EH�IURP�WKH�VDPH�SRSXODWLRQ��:LWK�UHVSHFW�WR�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ��WKLV
PHDQV�WKDW�LW�PXVW�KDYH�EHHQ�SRVVLEOH�IRU�DOO�SDUWLFLSDQWV�WR�UHFHLYH�WKH�WUHDWPHQW�FRQGLWLRQ��7KHUHIRUH��WKH
GHVLJQ�ZRXOG�QRW�EH�DSSURSULDWH�LI��IRU�H[DPSOH��WKH�H[SHULPHQWDO�SDUWLFLSDQWV�DUH�VHOHFWHG�IURP�RQH�VFKRRO
DQG�FRQWURO�SDUWLFLSDQWV�DUH�VHOHFWHG�IURP�DQRWKHU�VFKRRO�

6,1*/(�&$6(�(;3(5,0(17$/�'(6,*16

6LQJOH�FDVH� H[SHULPHQWDO� GHVLJQV� XVH� D� VLQJOH� SDUWLFLSDQW� LQ� WKH� H[SHULPHQWDO
GHVLJQ� WR� LQYHVWLJDWH� WKH� HIILFDF\� RI� DQ� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ�
&RQGXFWLQJ�D� VWXG\� WKDW� LQYHVWLJDWHV�D� VLQJOH� LQGLYLGXDO�FDQ�EH�QHFHVVDU\�DQ\WLPH
\RX� ZDQW� WR� LQYHVWLJDWH� VRPH� SKHQRPHQRQ� EXW� KDYH� DFFHVV� WR� RQO\� RQH� RU� WZR
LQGLYLGXDOV�ZKR�GHPRQVWUDWH�WKDW�SKHQRPHQRQ��)RU�H[DPSOH��DVVXPH�WKDW�\RX�KDYH
DQ� XQXVXDOO\� EULJKW� VWXGHQW� LQ� \RXU� FODVV� DQG� \RX� ZDQW� WR� VWXG\� WKLV� SHUVRQ¶V
OHDUQLQJ�VWUDWHJLHV��%HFDXVH�RQO\�RQH�VWXGHQW�ZLWK�WKLV�DELOLW\�OHYHO�LV�LQ�\RXU�FODVV�
\RX�KDYH�WR�XVH�D�VLQJOH�FDVH�GHVLJQ�

��6LQJOH�FDVH�H[SHULPHQWDO�GHVLJQ�'HVLJQ�WKDW�XVHV�D�VLQJOH�SDUWLFLSDQW�WR
LQYHVWLJDWH�WKH�HIIHFW�RI�DQ�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

$OO� VLQJOH�FDVH� H[SHULPHQWDO� GHVLJQV� DUH� VRPH� IRUP� RI� D� WLPH�VHULHV� GHVLJQ�
EHFDXVH� WKHVH� GHVLJQV� UHTXLUH� UHSHDWHG� PHDVXUHPHQW� RQ� WKH� GHSHQGHQW� YDULDEOH
EHIRUH� DQG� DIWHU� LPSOHPHQWDWLRQ� RI� WKH� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ�� 7KH
SUHWUHDWPHQW� UHVSRQVHV� DUH� XVHG� DV� WKH� FRPSDULVRQ� UHVSRQVHV� IRU� DVVHVVLQJ� WKH
HIIHFW� RI� WKH� LQGHSHQGHQW� YDULDEOH�� $GGLWLRQDOO\�� WKH� PXOWLSOH� SUHWUHDWPHQW� DQG
SRVWWUHDWPHQW� UHVSRQVHV� SHUPLW� XV� WR� UXOH� RXW�PDQ\� H[WUDQHRXV� YDULDEOHV�� VXFK� DV
KLVWRU\� DQG�PDWXUDWLRQ�� WKDW� FRXOG� FRQIRXQG� WKH� UHVXOWV��7KH�ZD\� LQ�ZKLFK� WKLV� LV
DFFRPSOLVKHG� LV� LGHQWLFDO� WR� WKDW� SUHVHQWHG� XQGHU� WKH� WRSLF� RI� LQWHUUXSWHG� WLPH�
VHULHV�GHVLJQ�HDUOLHU�LQ�WKLV�FKDSWHU�

$V� ZH� GLVFXVV� WKH� VLQJOH�FDVH� H[SHULPHQWDO� UHVHDUFK� GHVLJQV�� \RX� VKRXOG
UHDOL]H� WKDW� WKHVH�GHVLJQV�FDQ�EH��DQG�IUHTXHQWO\�DUH��XVHG�ZLWK�DQ� LQWDFW�JURXS�RI
SDUWLFLSDQWV��DV�ZHOO�DV�ZLWK�VLQJOH�SDUWLFLSDQWV��7KHUH�DUH�WLPHV�ZKHQ�\RX�FDQQRW
EUHDN�D�JURXS�RI�SDUWLFLSDQWV��VXFK�DV�D�FODVV��LQWR�D�FRQWURO�DQG�H[SHULPHQWDO�JURXS
EXW� VWLOO� ZDQW� WR� LQYHVWLJDWH� WKH� HIILFDF\� RI� DQ� LQGHSHQGHQW� YDULDEOH�� ,Q� WKHVH
LQVWDQFHV�� \RX� FDQ� WUHDW� WKH� FODVV� DV� D� VLQJOH� FDVH� DQG�XVH�RQH�RI� WKH� VLQJOH�FDVH



H[SHULPHQWDO�GHVLJQV�

$�%�$�DQG�$�%�$�%�'HVLJQV
7KH�$�%�$�GHVLJQ�LV�D�VLQJOH�FDVH�GHVLJQ�LQYROYLQJ�WKUHH�SKDVHV��DV�LOOXVWUDWHG

LQ�)LJXUH��������7KH�ILUVW�SKDVH��WKH�ILUVW�$�RI�WKLV�GHVLJQ��LV�WKH�EDVHOLQH�FRQGLWLRQ
GXULQJ�ZKLFK� WKH� WDUJHW� UHVSRQVH� LV� UHSHDWHGO\� UHFRUGHG� EHIRUH� DQ\� H[SHULPHQWDO
LQWHUYHQWLRQ�� 7KH� VHFRQG� SKDVH�� WKH� %� SDUW� RI� WKLV� GHVLJQ�� LV� WKH� H[SHULPHQWDO
WUHDWPHQW� FRQGLWLRQ�� 'XULQJ� WKLV� SKDVH�� VRPH� WUHDWPHQW� FRQGLWLRQ� LV� GHOLEHUDWHO\
LPSRVHG� WR� WU\� WR� FKDQJH� WKH� UHVSRQVH� RI� WKH� SDUWLFLSDQW�� 7KLV� WUHDWPHQW� SKDVH� LV
W\SLFDOO\� FRQWLQXHG� IRU� WKH� VDPH� OHQJWK� RI� WLPH� DV� WKH� RULJLQDO� EDVHOLQH� SKDVH� RU
XQWLO� VRPH� VXEVWDQWLDO� DQG� VWDEOH� FKDQJH�RFFXUV� LQ� WKH�EHKDYLRUV�EHLQJ�REVHUYHG�
$IWHU� WKH� WUHDWPHQW� FRQGLWLRQ� KDV� EHHQ� LQWURGXFHG� DQG� WKH� GHVLUHG� EHKDYLRUDO
FKDQJH�KDV�RFFXUUHG��WKH�VHFRQG�$�SKDVH�LV�LQWURGXFHG��7KH�VHFRQG�$�SKDVH�RI�WKLV
GHVLJQ�LV�D�UHWXUQ�WR�WKH�EDVHOLQH�FRQGLWLRQV��,Q�RWKHU�ZRUGV��WKH�WUHDWPHQW�FRQGLWLRQ
LV�ZLWKGUDZQ��DQG�ZKDWHYHU�FRQGLWLRQV�H[LVWHG�GXULQJ�EDVHOLQH�DUH�UHLQVWDWHG��7KLV
VHFRQG�$�SKDVH� LV� UHLQVWDWHG� WR�GHWHUPLQH�ZKHWKHU� WKH�EHKDYLRU�ZLOO�UHYHUW� WR� LWV
RULJLQDO�SUHWUHDWPHQW�OHYHO��7KLV�UHYHUWLQJ�WR�WKH�RULJLQDO�SUHWUHDWPHQW�OHYHO�LV�YHU\
LPSRUWDQW� IRU� GHPRQVWUDWLQJ� WKDW� WKH� WUHDWPHQW� FRQGLWLRQ�� DQG� QRW� VRPH� RWKHU
H[WUDQHRXV�YDULDEOH��SURGXFHG�WKH�EHKDYLRUDO�FKDQJH�REVHUYHG�GXULQJ�WKH�%�SKDVH�
,I�WKH�UHVSRQVH�UHYHUWV�WR�WKH�RULJLQDO�EDVHOLQH�OHYHO�ZKHQ�WKH�WUHDWPHQW�FRQGLWLRQ�LV
ZLWKGUDZQ��ULYDO�K\SRWKHVHV�VXFK�DV�KLVWRU\�EHFRPH�OHVV�SODXVLEOH�

��$�%�$�GHVLJQ�$�VLQJOH�FDVH�H[SHULPHQWDO�GHVLJQ�LQ�ZKLFK�WKH�UHVSRQVH�WR
WKH�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ�LV�FRPSDUHG�WR�EDVHOLQH�UHVSRQVHV�WDNHQ
EHIRUH�DQG�DIWHU�DGPLQLVWHULQJ�WKH�WUHDWPHQW�FRQGLWLRQ

$V� DQ� LOOXVWUDWLRQ� RI� WKH� XVH� RI� WKLV� GHVLJQ�� FRQVLGHU� WKH� VWXG\� FRQGXFWHG� E\
*XQWHU��6KRUHV��-DFN��'HQQ\��DQG�'H3DHSH���������7KHVH�UHVHDUFKHUV�LQYHVWLJDWHG
WKH� HIIHFW� RI� D� WHDFKLQJ� PHWKRG� WKDW� LQYROYHG� HQVXULQJ� FRUUHFW� UHVSRQVHV� RQ� DQ
DVVLJQHG�WDVN��7RP�ZDV�VHOHFWHG�WR�SDUWLFLSDWH�LQ�WKH�VWXG\�EHFDXVH�RI�KLV�KLJK�UDWH
RI� GLVUXSWLYH� EHKDYLRU� GXULQJ� DFDGHPLF� LQVWUXFWLRQ��$�EDVHOLQH� UDWH� RI� GLVUXSWLYH
EHKDYLRUV� �GHILQHG� DV� PDNLQJ� LQDSSURSULDWH� QRLVHV�� WDONLQJ� ZLWKRXW� SHUPLVVLRQ�
ZDONLQJ� DZD\� IURP� WKH� LQVWUXFWLRQDO� DUHD� ZLWKRXW� SHUPLVVLRQ�� DQG� PDNLQJ
QRQGLUHFWHG�QHJDWLYH�YHUEDOL]DWLRQV��ZDV�UHFRUGHG�IRU����FODVV�SHULRGV��%DVHOLQH
UHFRUGLQJ�IRU�HDFK�FODVV�EHJDQ�ZKHQ�WKH�WHDFKHU�JDYH�7RP�KLV�PDWK�DVVLJQPHQW�DQG
HQGHG�ZLWK� WKH�FRPSOHWLRQ�RI� WKH�PDWK�DFWLYLW\�RU� WKH�H[SLUDWLRQ�RI����PLQXWHV�RI
FRQWLQXRXV�REVHUYDWLRQ�

�),*85(���������$�%�$�WLPH�VHULHV�GHVLJQ

,QWHUYHQWLRQ�ZDV�WKHQ�LPSOHPHQWHG�WKDW�FRQVLVWHG�RI�WKH�WHDFKHUV�SURYLGLQJ�7RP



ZLWK�WKH�LQIRUPDWLRQ�WKDW�ZRXOG�HQVXUH�KLV�JHWWLQJ�D�FRUUHFW�UHVSRQVH��)RU�H[DPSOH�
GXULQJ�LQWHUYHQWLRQ�WKH�WHDFKHU�ZRXOG�VD\��³7RP����WLPHV���LV�����:KDW�LV���WLPHV
�"´�$IWHU�7RP�KDG�FRPSOHWHG����FODVV�SHULRGV�XQGHU� LQWHUYHQWLRQ�FRQGLWLRQV�� WKH
WHDFKHU�UHYHUWHG�WR�KHU�EDVHOLQH�EHKDYLRU�RI�QRW�SURYLGLQJ�LQIRUPDWLRQ�WKDW�ZRXOG
HQVXUH�D�FRUUHFW�UHVSRQVH�

<RX� FDQ� VHH� D� GLVSOD\� RI� WKH� SHU�PLQXWH� UDWH� RI� GLVUXSWLYH� EHKDYLRUV� 7RP
GLVSOD\HG�IRU�HDFK�VHVVLRQ�LQ�)LJXUH��������7RP�GLVSOD\HG�D�QXPEHU�RI�GLVUXSWLYH
EHKDYLRUV� GXULQJ� HYHU\� VHVVLRQ� RI� WKH� ILUVW� EDVHOLQH� �$�� FRQGLWLRQ�� :KHQ� WKH
WUHDWPHQW�FRQGLWLRQ��%��RI�JLYLQJ�7RP�LQIRUPDWLRQ�WKDW�HQVXUHG�KLV�JLYLQJ�D�FRUUHFW
UHVSRQVH�ZDV� LPSOHPHQWHG�� WKH�GLVUXSWLYH�EHKDYLRUV�GHFOLQHG��DQG�GXULQJ�VHYHUDO
RI� WKH� VHVVLRQV�� 7RP� GLG� QRW� GLVSOD\� DQ\� GLVUXSWLYH� EHKDYLRUV�� :KHQ� EDVHOLQH
FRQGLWLRQV� �$�� ZHUH� UHLQVWDWHG� DQG� 7RP� QR� ORQJHU� UHFHLYHG� WKH� LQIRUPDWLRQ� KH
QHHGHG�WR�SURYLGH�D�FRUUHFW�UHVSRQVH��GLVUXSWLYH�EHKDYLRUV�EHFDPH�PRUH�IUHTXHQW�

�),*85(���������5DWH�RI�7RP¶V�GLVUXSWLYH�EHKDYLRUV�GXULQJ�EDVHOLQH�DQG
LQWHUYHQWLRQ��7KLV�ILJXUH�GHSLFWV�WKH�ILUVW�WKUHH�SKDVHV�RI�WKH
GHVLJQ�XVHG�E\�*XQWHU�HW�DO���������WR�LOOXVWUDWH�WKH�$�%�$
GHVLJQ�

6RXUFH��$GDSWHG�IURP�3��/��*XQWHU��5��(��6KRUHV��6��/��-DFN��5��.��'HQQ\��DQG�3��$��'H3DHSH��������³$�FDVH
VWXG\� RI� WKH� HIIHFWV� RI� DOWHULQJ� LQVWUXFWLRQDO� LQWHUDFWLRQV� RQ� WKH� GLVUXSWLYH� EHKDYLRU� RI� D� FKLOG� LGHQWLILHG� ZLWK
VHYHUH�EHKDYLRU�GLVRUGHUV�́ �(GXFDWLRQ�DQG�7UHDWPHQW�RI�&KLOGUHQ���������±����

,Q�ORRNLQJ�DW�WKH�UHVXOWV�RI�WKLV�VWXG\��LW�DSSHDUV�WKDW�WKH�XVH�RI�WKH�$�%�$�GHVLJQ
SURYLGHV�D�UDWKHU�GUDPDWLF�LOOXVWUDWLRQ�RI�WKH�LQIOXHQFH�RI�WKH�H[SHULPHQWDO�WUHDWPHQW
FRQGLWLRQ��+RZHYHU��WKHUH�DUH�VRPH�SUREOHPV�ZLWK�WKLV�GHVLJQ��+HUVHQ�	�%DUORZ�
�������7KH�ILUVW�SUREOHP�LV�WKDW�WKH�GHVLJQ�HQGV�ZLWK�WKH�EDVHOLQH�FRQGLWLRQ��)URP
WKH�VWDQGSRLQW�RI�DQ�HGXFDWRU�ZKR�GHVLUHV�D�SRVLWLYH�EHKDYLRUDO�FKDQJH��WKLV�PLJKW
EH� XQDFFHSWDEOH� EHFDXVH� WKH� EHQHILWV� RI� WKH� WUHDWPHQW� FRQGLWLRQ� DUH� GHQLHG�
)RUWXQDWHO\��WKLV�OLPLWDWLRQ�FDQ�EH�KDQGOHG�HDVLO\�E\�DGGLQJ�D�IRXUWK�SKDVH�WR�WKH�$�



%�$�GHVLJQ�LQ�ZKLFK�WKH�WUHDWPHQW�FRQGLWLRQ�LV�UHLQWURGXFHG��7KLV�PDNHV�LW�DQ�$�%�
$�%�GHVLJQ��DV�LOOXVWUDWHG�LQ�)LJXUH��������,Q�WKH�$�%�$�%�GHVLJQ��WKH�SDUWLFLSDQW
HQGV�WKH�H[SHULPHQW�ZLWK�WKH�IXOO�EHQHILW�RI�WKH�WUHDWPHQW�FRQGLWLRQ��$FWXDOO\��*XQWHU
HW� DO�� ������� XVHG� WKH� $�%�$�%� GHVLJQ�� ,Q� )LJXUH� ������ \RX� FDQ� VHH� WKDW� WKH\
UHLQVWDWHG� WKH� WUHDWPHQW�FRQGLWLRQV��:KHQ�WKH� WUHDWPHQW�FRQGLWLRQ�ZDV�UHLQVWDWHG�D
VHFRQG�WLPH��WKH�GLVUXSWLYH�EHKDYLRUV�GHFOLQHG�RQFH�DJDLQ��7RP��WKHLU�H[SHULPHQWDO
SDUWLFLSDQW��GLG�WKHUHIRUH�HQG�WKH�VWXG\�ZLWK�WKH�SRVLWLYH�HIIHFWV�RI�WKH�H[SHULPHQWDO
WUHDWPHQW�FRQGLWLRQ�

��$�%�$�%�GHVLJQ�$Q�$�%�$�GHVLJQ�WKDW�LV�H[WHQGHG�WR�LQFOXGH�WKH
UHLQWURGXFWLRQ�RI�WKH�WUHDWPHQW�FRQGLWLRQ

$� VHFRQG� SUREOHP� ZLWK� XVLQJ� WKH� $�%�$� RU� $�%�$�%� GHVLJQ� LV� WKDW� LW� LV
QHFHVVDU\� IRU� WKH� GHSHQGHQW� YDULDEOH� UHVSRQVH� WR� UHYHUW� WR� EDVHOLQH� FRQGLWLRQV
ZKHQ� WKH� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ� LV� ZLWKGUDZQ� WR� UXOH� RXW� ULYDO
H[SODQDWLRQV� VXFK� DV� KLVWRU\�� ,I� 7RP¶V� GLVUXSWLYH� EHKDYLRU� GLG� QRW� UHYHUW� WR� LWV
EDVHOLQH� OHYHO�ZKHQ� WKH� WUHDWPHQW� FRQGLWLRQ�ZDV�ZLWKGUDZQ�� LW�ZRXOG� KDYH� EHHQ
LPSRVVLEOH� WR� GHWHUPLQH�ZKHWKHU� WKH� EHKDYLRUDO� FKDQJH�ZDV� GXH� WR� WKH� WUHDWPHQW
FRQGLWLRQ�RU�WR�D�KLVWRU\�YDULDEOH�WKDW�RFFXUUHG�DW�WKH�VDPH�WLPH�WKDW�WKH�WUHDWPHQW
FRQGLWLRQ�ZDV�LQWURGXFHG��$�NH\�SRLQW�WR�UHPHPEHU�LV�WKDW�UHYHUVDO�LV�HVVHQWLDO�WR
UXOH�RXW�ULYDO�K\SRWKHVHV�ZLWK�$�%�$�DQG�$�%�$�%�GHVLJQV�

�),*85(���������5DWH�RI�7RP¶V�GLVUXSWLYH�EHKDYLRUV�GXULQJ�EDVHOLQH�DQG
LQWHUYHQWLRQ

6RXUFH��)URP�3��/��*XQWHU��5��(��6KRUHV��6��/��-DFN��5��.��'HQQ\��DQG�3��$��'H3DHSH��������³$�FDVH�VWXG\�RI
WKH� HIIHFWV� RI� DOWHULQJ� LQVWUXFWLRQDO� LQWHUDFWLRQV� RQ� WKH� GLVUXSWLYH� EHKDYLRU� RI� D� FKLOG� LGHQWLILHG� ZLWK� VHYHUH
EHKDYLRU�GLVRUGHUV�́ �(GXFDWLRQ�DQG�7UHDWPHQW�RI�&KLOGUHQ���������±����

7KH�NH\�SUREOHP�ZLWK�$�%�$�RU�$�%�$�%�GHVLJQV�LV�WKDW�D�UHYHUVDO�WR�EDVHOLQH



GRHV�QRW�RFFXU�ZLWK�DOO�GHSHQGHQW�YDULDEOH�UHVSRQVHV��)DLOXUH�WR�UHYHUVH�PLJKW�EH
GXH� WR� D� FDUU\RYHU� HIIHFW� DFURVV� SKDVHV�� ZKHUHE\� WKH� WUHDWPHQW� FRQGLWLRQ� ZDV
PDLQWDLQHG�VR�ORQJ�WKDW�D�UHODWLYHO\�SHUPDQHQW�FKDQJH�LQ�EHKDYLRU�WRRN�SODFH��)RU
H[DPSOH��LI�\RX�ZHUH�LQYHVWLJDWLQJ�WKH�HIIHFW�RI�UHLQIRUFLQJ�VWXGHQWV�HYHU\�WLPH�WKH\
FRUUHFWO\� FRPSOHWHG� WKHLU� PDWKHPDWLFV� KRPHZRUN�� HLWKHU� E\� JLYLQJ� WKHP� SUDLVH�
JUDQWLQJ�WKHP�DGGLWLRQDO�UHFHVV�WLPH��RU�DOORZLQJ�WKHP�WR�FKDW�ZLWK�WKHLU�IULHQGV�IRU
���PLQXWHV�GXULQJ� FODVV� WLPH�� WKH� UHLQIRUFHU�PLJKW�ZRUN� VR�ZHOO� WKDW� WKH� VWXGHQWV
ILQG�WKDW�VXFFHVVIXO�FRPSOHWLRQ�RI�WKHLU�KRPHZRUN�DQG�UHFHLYLQJ�D�JRRG�JUDGH�ZHUH
UHLQIRUFLQJ� E\� WKHPVHOYHV�� 7KLV� ZRXOG� VXVWDLQ� WKH� EHKDYLRU� RI� FRPSOHWLQJ
KRPHZRUN� ZLWKRXW� DQ\� LQWHUYHQWLRQ�� ,Q� VXFK� D� FDVH�� WKH� LQWHUYHQWLRQ� FRXOG� EH
UHPRYHG�DQG�WKH�VWXGHQWV¶�EHKDYLRU�RI�FRPSOHWLQJ�WKHLU�KRPHZRUN�ZRXOG�FRQWLQXH�
ZKLFK�ZRXOG�PHDQ� WKDW� WKH� VWXGHQWV¶� EHKDYLRU�ZRXOG�QRW� UHYHUVH��%HFDXVH�RI� WKH
SRVVLELOLW\�RI�VXFK�D�FDUU\RYHU�HIIHFW��%LMRX��3HWHUVRQ��+DUULV��$OOHQ��DQG�-RKQVWRQ
�������UHFRPPHQGHG�WKDW�VKRUW�H[SHULPHQWDO�SHULRGV�EH�XVHG�WR�IDFLOLWDWH�REWDLQLQJ
D� UHYHUVDO� HIIHFW�� 2QFH� WKH� LQIOXHQFH� RI� WKH� H[SHULPHQWDO� WUHDWPHQW� KDV� EHHQ
GHPRQVWUDWHG��DWWHQWLRQ�FDQ�EH�SODFHG�RQ�LWV�SHUVLVWHQFH�
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������:KDW�DUH�WKH�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�$�%�
$�DQG�$�%�$�%�GHVLJQV"

������ +RZ� GR� WKH� $�%�$� DQG� $�%�$�%� GHVLJQV� UXOH
RXW� ULYDO� K\SRWKHVHV� DQG� GHPRQVWUDWH� WKH� HIIHFW
RI�DQ�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ"

������ :KDW� DUH� WKH� SULPDU\� SUREOHPV� WKDW� FDQ� DULVH
IURP�XVLQJ�WKH�$�%�$�DQG�$�%�$�%�GHVLJQV��DQG
KRZ�FDQ�WKH\�EH�VROYHG"

0XOWLSOH�%DVHOLQH�'HVLJQ
7KH�SULPDU\�OLPLWLQJ�FRPSRQHQW�RI�WKH�$�%�$�DQG�WKH�$�%�$�%�GHVLJQV�LV�WKHLU

LQDELOLW\�WR�HOLPLQDWH�WKH�ULYDO�K\SRWKHVLV�RI�KLVWRU\�ZKHQ�WKH�WDUJHW�EHKDYLRU�GRHV
QRW� UHYHUW� WR� EDVHOLQH� IROORZLQJ� ZLWKGUDZDO� RI� WKH� WUHDWPHQW� FRQGLWLRQ�� ,I� \RX
VXVSHFW�WKDW�VXFK�D�VLWXDWLRQ�H[LVWV��\RX�VKRXOG�VHOHFW�D�GHVLJQ�WKDW�GRHV�FRQWURO�IRU
WKH�KLVWRU\�WKUHDW�WR�LQWHUQDO�YDOLGLW\��,Q�WKLV�VLWXDWLRQ��WKH�PXOWLSOH�EDVHOLQH�GHVLJQ
LV� D� ORJLFDO� DOWHUQDWLYH� EHFDXVH� LW� GRHV� QRW� HQWDLO� ZLWKGUDZLQJ� WKH� WUHDWPHQW
FRQGLWLRQ��7KHUHIRUH��LWV�HIIHFWLYHQHVV�GRHV�QRW�KLQJH�RQ�D�UHYHUVDO�RI�EHKDYLRU�WR
EDVHOLQH�OHYHO�

7KH�PXOWLSOH�EDVHOLQH�GHVLJQ��DV�GHSLFWHG�LQ�)LJXUH�������� IRFXVHV�RQ� WZR�RU
PRUH�GLIIHUHQW�EHKDYLRUV�LQ�WKH�VDPH�LQGLYLGXDO��RQ�WKH�VDPH�EHKDYLRU�H[KLELWHG�E\
WZR�RU�PRUH�LQGLYLGXDOV��RU�RQ�WKH�VDPH�EHKDYLRU�H[KLELWHG�E\�RQH�LQGLYLGXDO�EXW�LQ
GLIIHUHQW�VHWWLQJV�

��0XOWLSOH�EDVHOLQH�GHVLJQ�$�VLQJOH�FDVH�H[SHULPHQWDO�GHVLJQ�LQ�ZKLFK�WKH
WUHDWPHQW�FRQGLWLRQ�LV�VXFFHVVLYHO\�DGPLQLVWHUHG�WR�GLIIHUHQW�SDUWLFLSDQWV�RU



WR�WKH�VDPH�SDUWLFLSDQW�LQ�VHYHUDO�VHWWLQJV�DIWHU�EDVHOLQH�EHKDYLRUV�KDYH�EHHQ
UHFRUGHG�IRU�GLIIHUHQW�SHULRGV�RI�WLPH

/HW¶V�IRFXV�RQ�WKH�VDPH�EHKDYLRU�H[KLELWHG�E\�IRXU�LQGLYLGXDOV��:LWK�WKLV�IRFXV�
WKH� ILUVW� SKDVH� RI� WKLV� GHVLJQ� LQYROYHV� FROOHFWLQJ� EDVHOLQH� EHKDYLRU� RQ� DOO� IRXU
LQGLYLGXDOV��'XULQJ�WKH�VHFRQG�SKDVH��WKH�WUHDWPHQW�FRQGLWLRQ�LV�DGPLQLVWHUHG�WR�WKH
ILUVW�LQGLYLGXDO��DQG�EDVHOLQH�EHKDYLRU�FRQWLQXHV�WR�EH�FROOHFWHG�RQ�WKH�RWKHU�WKUHH
LQGLYLGXDOV�� )RU� HDFK� VXEVHTXHQW� SKDVH�� WKH� WUHDWPHQW� FRQGLWLRQ� LV� VXFFHVVLYHO\
DGPLQLVWHUHG�WR�DQRWKHU�LQGLYLGXDO��,I�WKH�LQGLYLGXDO�ZKR�LV�H[SRVHG�WR�WKH�WUHDWPHQW
FRQGLWLRQ�GHPRQVWUDWHV�D�FKDQJH�LQ�EHKDYLRU�DQG�QR�EHKDYLRUDO�FKDQJH�RFFXUV�IRU
WKRVH�ZKR�FRQWLQXH� WKH�EDVHOLQH�SKDVH��HYLGHQFH�H[LVWV� VXSSRUWLQJ� WKH�HIILFDF\�RI
WKH�WUHDWPHQW�FRQGLWLRQ�

*LOEHUW��:LOOLDPV�� DQG�0F/DXJKOLQ� ������� XVHG� WKLV� GHVLJQ� WR� LQYHVWLJDWH� WKH
HIIHFW� RI� DQ� DVVLVWHG� UHDGLQJ� SURJUDP� RQ� FRUUHFW� RUDO� UHDGLQJ� UDWHV� RI� WKUHH
HOHPHQWDU\�VFKRRO�FKLOGUHQ�ZLWK�OHDUQLQJ�GLVDELOLWLHV��7KHVH�LQYHVWLJDWRUV�FROOHFWHG
EDVHOLQH� UHDGLQJ� UDWHV� RI� WKH� FKLOGUHQ� E\� KDYLQJ� WKHP� UHDG� LQGHSHQGHQWO\� IRU� �
PLQXWHV� LQWR� D� WDSH� UHFRUGHU� DIWHU� KDYLQJ� SUDFWLFHG� VLOHQWO\� UHDGLQJ� D� GHVLJQDWHG
SDVVDJH�RYHU�D����PLQXWH�SHULRG��7KH�DVVLVWHG�UHDGLQJ�WUHDWPHQW�SURJUDP�FRQVLVWHG
RI� KDYLQJ� WKH� VWXGHQWV� OLVWHQ� WR� UHFRUGHG� SDVVDJHV� XVLQJ� HDUSKRQHV� ZKLOH� WKH\
IROORZHG� WKH� OLQHV� RI� SULQW� ZLWK� WKHLU� ILQJHUV� DQG� WKHQ� UHDGLQJ� WKH� SDVVDJH� WKUHH
WLPHV� DORXG�ZKLOH� OLVWHQLQJ� WR� WKH� WDSH� UHFRUGHU��:KLOH� UHDGLQJ� WKH� SDVVDJH�� WKH
VWXGHQWV� ZHUH� SUDLVHG� DQG� HQFRXUDJHG� IRU� WKHLU� HIIRUW�� 7KH� PRUQLQJ� DIWHU� WKH
DVVLVWHG� UHDGLQJ�� WKH�VWXGHQWV� UHDG� WKH�SDVVDJH� LQGHSHQGHQWO\� IRU���PLQXWHV� LQWR�D
WDSH�UHFRUGHU��7KH�QXPEHU�RI�ZRUGV�WKDW�ZHUH�UHDG�FRUUHFWO\�IRU�HDFK�PLQXWH�RI�WKH
��PLQXWH�WDSH�UHFRUGLQJV�UHSUHVHQWHG�WKH�GHSHQGHQW�YDULDEOH�

�),*85(���������0XOWLSOH�EDVHOLQH�GHVLJQ

)URP�)LJXUH��������LW�FDQ�EH�VHHQ�WKDW�EDVHOLQH�ZDV�PDLQWDLQHG�IRU����GD\V�IRU
WKH� ILUVW� VWXGHQW�� DIWHU�ZKLFK� WKH� DVVLVWHG� UHDGLQJ�SURJUDP�ZDV� LPSOHPHQWHG��7KH
DVVLVWHG� UHDGLQJ�SURJUDP�ZDV� LQWURGXFHG� IRU� WKH�VHFRQG�VWXGHQW�DIWHU����EDVHOLQH
GD\V�DQG�DIWHU����EDVHOLQH�GD\V�IRU�WKH�WKLUG�VWXGHQW��)LJXUH�������UHYHDOV�WKDW�WKH
QXPEHU�RI�FRUUHFW�ZRUGV�UHDG�IRU�HDFK�VWXGHQW�UHPDLQHG�VWDEOH�RU�GHFOLQHG�VOLJKWO\
GXULQJ� DOO� EDVHOLQH� GD\V�� +RZHYHU�� LPPHGLDWHO\� DIWHU� WKH� LQWURGXFWLRQ� RI� WKH
DVVLVWHG�UHDGLQJ�SURJUDP��WKH�QXPEHU�RI�ZRUGV�WKDW�ZHUH�FRUUHFWO\�UHDG�LQFUHDVHG
RYHU� EDVHOLQH� IRU� DOO� WKUHH� LQGLYLGXDOV�� 7KH� LPSRUWDQW� SRLQW� LV� WKDW� WKH� FKDQJH� LQ
QXPEHU�RI�FRUUHFW�ZRUGV�UHDG�GLG�QRW�RFFXU�XQWLO�WKH�DVVLVWHG�UHDGLQJ�SURJUDP�ZDV



LPSOHPHQWHG�� SURYLGLQJ� HYLGHQFH� WKDW� LW� ZDV� WKH� DVVLVWHG� UHDGLQJ� SURJUDP� WKDW
FDXVHG�WKH�LPSURYHPHQW�LQ�UHDGLQJ�

$OWKRXJK�WKH�PXOWLSOH�EDVHOLQH�GHVLJQ�FDQ�SURYLGH�FRQYLQFLQJ�HYLGHQFH�IRU�WKH
HIILFDF\�RI�D�WUHDWPHQW�DQG�DYRLGV�WKH�SUREOHP�RI�UHYHUVLELOLW\��LW�KDV�DQRWKHU�EDVLF
GLIILFXOW\��)RU� WKLV�GHVLJQ� WR�EH�HIIHFWLYH� LQ�HYDOXDWLQJ� WKH�HIILFDF\�RI�D� WUHDWPHQW�
WKH�WDUJHW�EHKDYLRUV��H�J���WDONLQJ�RXW�DQG�EHLQJ�RXW�RI�VHDW��RU�SDUWLFLSDQWV�PXVW�QRW
EH� KLJKO\� LQWHUUHODWHG�� 7KLV�PHDQV� WKDW� WKH� EHKDYLRUV� RU� SDUWLFLSDQWV�PXVW� QRW� EH
LQWHUGHSHQGHQW� VXFK� WKDW� D� FKDQJH� LQ� RQH� EHKDYLRU� RU� SDUWLFLSDQW� DOWHUV� WKH� RWKHU
EHKDYLRUV� RU� SDUWLFLSDQWV�� %RUGHQ�� %UXFH��0LWFKHOO�� &DUWHU�� DQG�+DOO� �������� IRU
H[DPSOH�� XVHG� D� PXOWLSOH�EDVHOLQH� GHVLJQ� DQG� IRXQG� WKDW� UHLQIRUFHPHQW� QRW� RQO\
FKDQJHG�WKH�LQDWWHQWLYH�EHKDYLRU�RI�WKH�WDUJHW�SDUWLFLSDQW�EXW�DOVR�FKDQJHG�WKDW�RI�DQ
DGMDFHQW�SHHU��:KHQ�LQWHUGHSHQGHQFH�H[LVWV��LW�GHVWUR\V�PXFK�RI�WKH�SRZHU�RI�WKLV
GHVLJQ�EHFDXVH� LWV� SRZHU�GHSHQGV�RQ� WKH� DELOLW\� WR�GHPRQVWUDWH� FKDQJH�ZKHQ� WKH
WUHDWPHQW� FRQGLWLRQ� LV� DGPLQLVWHUHG� WR� HDFK� EHKDYLRU�� LQGLYLGXDO�� RU� VHWWLQJ�� 7KLV
PHDQV� WKDW� ZKHQ� FRQVLGHULQJ� WKH� XVH� RI� D� PXOWLSOH�EDVHOLQH� GHVLJQ�� \RX� PXVW
GHWHUPLQH�ZKHWKHU�WKH�EHKDYLRUV��LQGLYLGXDOV��RU�VHWWLQJV�DUH�LQGHSHQGHQW��'LIIHUHQW
EHKDYLRUV�RI�WKH�VDPH�LQGLYLGXDO�DUH�SUREDEO\�WKH�PRVW�OLNHO\�WR�EH�LQWHUGHSHQGHQW
DQG�SUREOHPDWLF��,I�\RX�KDYH�LQIRUPDWLRQ�VXJJHVWLQJ�WKDW�WKH�EHKDYLRUV�\RX�ZDQW�WR
FKDQJH� DUH� LQWHUGHSHQGHQW� IRU� WKH� LQGLYLGXDO�� WKHQ� \RX� VKRXOG� DWWHPSW� WR� SURGXFH
HDFK�EHKDYLRU�FKDQJH�ZLWK�D�GLIIHUHQW�LQGLYLGXDO��RU�\RX�PLJKW�DWWHPSW�WR�SURGXFH
WKH�EHKDYLRU�FKDQJH�ZLWK�WKH�LQGLYLGXDO�LQ�GLIIHUHQW�VHWWLQJV�

�),*85(���������7KH�FRUUHFW�UHDGLQJ�UDWHV�GXULQJ�EDVHOLQH�DQG�DVVLVWHG�UHDGLQJ
IRU�HDFK�SDUWLFLSDQW�LQ�D�PXOWLSOH�EDVHOLQH�GHVLJQ�VWXG\��6ROLG
KRUL]RQWDO�OLQHV�LQGLFDWH�FRQGLWLRQ�PHDQV��7KH�DVVLVWHG�UHDGLQJ
WUHDWPHQW�LV�VWDJJHUHG��ILUVW�EHLQJ�SURYLGHG�WR�SDUWLFLSDQW���
VHFRQG�WR�SDUWLFLSDQW����DQG�WKLUG�WR�SDUWLFLSDQW����1RWLFH�WKH
FKDQJH�LQ�EHKDYLRU�LQ�DOO�WKUHH�FDVHV�DIWHU�WKH�LQWURGXFWLRQ�RI
WKH�WUHDWPHQW�FRQGLWLRQ�



6RXUFH��)URP�/��0��*LOEHUW��5��/��:LOOLDPV��DQG�7��)��0F/DXJKOLQ����������8VH�RI�DVVLVWHG�UHDGLQJ�WR�LQFUHDVH
UHDGLQJ� UDWHV� DQG� GHFUHDVH� HUURU� UDWHV� RI� VWXGHQWV� ZLWK� OHDUQLQJ� GLVDELOLWLHV�� -RXUQDO� RI� $SSOLHG� %HKDYLRU
$QDO\VLV���������±����

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

&KDQJLQJ�&ULWHULRQ�'HVLJQ
7KH�FKDQJLQJ�FULWHULRQ�GHVLJQ�LV�SUHVHQWHG�EHFDXVH�LW�LV�SDUWLFXODUO\�XVHIXO�IRU

LQYHVWLJDWLQJ�HGXFDWLRQDO�SUREOHPV�WKDW�UHTXLUH�VKDSLQJ�RI�EHKDYLRU�RYHU�D�SHULRG
RI�WLPH�RU�LQ�FDVHV�ZKHUH�D�VWHS�E\�VWHS�LQFUHDVH�LQ�DFFXUDF\��IUHTXHQF\��RU�DPRXQW
LV� WKH� JRDO� RI� WKH� UHVHDUFK�� 7KH� FKDQJLQJ�FULWHULRQ� GHVLJQ�� GHSLFWHG� LQ� )LJXUH
������� VWDUWV� ZLWK� DQ� LQLWLDO� EDVHOLQH� PHDVXUH� RQ� D� VLQJOH� WDUJHW� EHKDYLRU�� $
WUHDWPHQW� FRQGLWLRQ� LV� WKHQ� LPSOHPHQWHG� DQG� FRQWLQXHG� DFURVV� D� VHULHV� RI



LQWHUYHQWLRQ� SKDVHV��'XULQJ� WKH� ILUVW� LQWHUYHQWLRQ� RU� WUHDWPHQW� SKDVH�� DQ� LQLWLDO� RU
VWDUWLQJ�FULWHULRQ�RI�³VXFFHVVIXO�SHUIRUPDQFH´�LV�VHW��,I�WKH�SDUWLFLSDQW�VXFFHVVIXOO\
DFKLHYHV� WKLV� OHYHO�RI�SHUIRUPDQFH�� WKH�H[SHULPHQW�PRYHV� WR� WKH�VHFRQG�SKDVH�� LQ
ZKLFK�D�QHZ�DQG�PRUH�GLIILFXOW�FULWHULRQ�OHYHO�LV�VHW��DQG�WKH�WUHDWPHQW�FRQGLWLRQ�LV
FRQWLQXHG�� ,I� WKH� SDUWLFLSDQW� VXFFHVVIXOO\� UHDFKHV� WKLV� QHZ� FULWHULRQ� OHYHO� RI
SHUIRUPDQFH�DQG� LW� LV�PDLQWDLQHG�� WKH�QH[W�SKDVH��ZLWK� LWV�PRUH�GLIILFXOW� FULWHULRQ
OHYHO�� LV� LQWURGXFHG�� ,Q� WKLV� PDQQHU�� HDFK� VXFFHVVLYH� SKDVH� RI� WKH� H[SHULPHQW
UHTXLUHV� D� VWHS�E\�VWHS� LQFUHDVH� LQ� WKH� OHYHO� RI� SHUIRUPDQFH� RQ� WKH� GHSHQGHQW� RU
RXWFRPH�YDULDEOH��([SHULPHQWDO�FRQWURO�DQG�HOLPLQDWLRQ�RI�DOWHUQDWLYH�H[SODQDWLRQV
DUH� GHPRQVWUDWHG� E\� WKH� VXFFHVVLYH� FKDQJH� LQ� WKH� WDUJHW� EHKDYLRU� ZLWK� HDFK
VWHSZLVH�FKDQJH�LQ�WKH�FULWHULRQ�

��&KDQJLQJ�FULWHULRQ�GHVLJQ�$�VLQJOH�FDVH�H[SHULPHQWDO�GHVLJQ�LQ�ZKLFK�D
SDUWLFLSDQW¶V�EHKDYLRU�LV�JUDGXDOO\�DOWHUHG�E\�FKDQJLQJ�WKH�FULWHULRQ�IRU
VXFFHVV�RYHU�VXFFHVVLYH�WUHDWPHQW�SHULRGV

7KH� FKDQJLQJ�FULWHULRQ� GHVLJQ� LV� LOOXVWUDWHG� ZHOO� E\� WKH� VWXG\� FRQGXFWHG� E\
+LPDGL�� 2VWHHQ�� .DLVHU�� DQG� 'DQLHO� �������� 7KHVH� LQYHVWLJDWRUV� DWWHPSWHG� WR
UHGXFH� WKH� GHOXVLRQDO� YHUEDOL]DWLRQV� HQJDJHG� LQ� E\� D� PDOH� SDWLHQW� ZLWK
VFKL]RSKUHQLD��7KH�FRQWHQW�RI� WKLV�SDWLHQW¶V�YHUEDOL]DWLRQV� LQFOXGHG� WKH�GHOXVLRQDO
EHOLHIV�WKDW�KH�ZDV�WKH�VRQ�RI�-HVXV�DQG�0DU\��WKDW�KH�FRQWUROOHG�WKH�86�JRYHUQPHQW�
WKDW�KH�RZQHG�WKH�86�0LQW��DQG�WKDW��GXULQJ�LQIDQF\��KLV�EUDLQ�KDG�EHHQ�VXUJLFDOO\
UHPRYHG�� &KDQJLQJ� WKHVH� GHOXVLRQDO� YHUEDOL]DWLRQV� LQYROYHG� ILUVW� UHFRUGLQJ� WKH
IUHTXHQF\��RYHU�ILYH�EDVHOLQH�VHVVLRQV��RI�WKH�DQVZHUV�KH�SURYLGHG�WR����TXHVWLRQV
WKDW� FRQVLVWHQWO\� HOLFLWHG� GHOXVLRQDO� DQVZHUV��$IWHU� REWDLQLQJ� WKHVH� EDVHOLQH� GDWD�
WKH� WUHDWPHQW� FRQGLWLRQ� ZDV� DGPLQLVWHUHG�� 7KH� WUHDWPHQW� FRQVLVWHG� RI� HOLFLWLQJ� D
GHOXVLRQDO� UHVSRQVH� WR� D� TXHVWLRQ� DQG� WKHQ� LQVWUXFWLQJ� WKH� SDWLHQW� WR� DQVZHU� WKH
TXHVWLRQ�DJDLQ�³VR�WKDW�RWKHU�SHRSOH�ZRXOG�DJUHH�ZLWK�\RXU�DQVZHUV�´�,I�WKH�SDWLHQW
JDYH�D�GHOXVLRQDO�DQVZHU�� WKH�H[SHULPHQWHU�SURYLGHG�D�QRQGHOXVLRQDO�DQVZHU�DQG
KDG�WKH�SDWLHQW�HFKR�RU�PRGHO�WKH�DQVZHU�XQWLO�WKH�SDWLHQW�SURYLGHG�D�QRQGHOXVLRQDO
DQVZHU��(DFK�WLPH�WKH�SDWLHQW�JDYH�D�QRQGHOXVLRQDO�DQVZHU��KH�ZDV�JLYHQ�D�FXS�RI
FRIIHH��ZKLFK�ZDV�D�UHLQIRUFHU�IRU�WKLV�SDWLHQW�

�),*85(���������&KDQJLQJ�FULWHULRQ�GHVLJQ��$IWHU�EDVHOLQH��WKH�FULWHULRQ�OHYHO�LV
LQFUHPHQWHG�LQ�HDFK�VXEVHTXHQW�VWDJH�RI�WKH�GHVLJQ�

7KH� FKDQJLQJ�FULWHULRQ� FRPSRQHQW� RI� WKLV� GHVLJQ� FDQ� EH� VHHQ� LQ� WKDW� WKH
WUHDWPHQW�ZDV�ILUVW�DSSOLHG�WR�WZR�TXHVWLRQV�DQG�WKH�FULWHULRQ�WKDW�KDG�WR�EH�PHW�WR
UHFHLYH� UHLQIRUFHPHQW� ZDV� WR� SURYLGH� QRQGHOXVLRQDO� DQVZHUV� WR� ERWK� TXHVWLRQV



RYHU� ILYH� VHVVLRQV�� 2QFH� WKLV� FULWHULRQ� ZDV� PHW�� WKH� FULWHULRQ� ZDV� FKDQJHG� WR
UHTXLULQJ�QRQGHOXVLRQDO� UHVSRQVHV� WR� IRXU�TXHVWLRQV�RYHU� ILYH�VHVVLRQV��2QFH� WKLV
FULWHULRQ�ZDV�PHW��QRQGHOXVLRQDO�DQVZHUV�KDG�WR�EH�SURYLGHG�WR�VL[�TXHVWLRQV�RYHU
ILYH�VHVVLRQV��7KLV�LQFUHPHQWDO�SURFHGXUH�ZDV�IROORZHG�XQWLO�WKH�SDWLHQW�SURYLGHG
QRQGHOXVLRQDO�UHVSRQVHV�WR�DOO����TXHVWLRQV��<RX�FDQ�VHH�WKH�UHVXOWV�RI�WKLV�VWXG\�LQ
)LJXUH������²HDFK�WLPH�WKH�FULWHULRQ�FKDQJHG�� WKHUH�ZDV�D�FRUUHVSRQGLQJ�FKDQJH
LQ�WKH�SDWLHQW¶V�SHUIRUPDQFH��:KHQ�VXFK�FRUUHVSRQGHQFH�H[LVWV��WKH�HIILFDF\�RI�WKH
WUHDWPHQW�FRQGLWLRQ�LV�UDWKHU�HIIHFWLYHO\�GHPRQVWUDWHG��7KH�SDWWHUQ�VKRZQ�LQ�)LJXUH
������LV�WKH�VLJQDWXUH�RI�D�VXFFHVVIXO�FKDQJLQJ�FULWHULRQ�VWXG\�

6XFFHVVIXO� XVH� RI� WKH� FKDQJLQJ�FULWHULRQ� GHVLJQ� UHTXLUHV� DWWHQWLRQ� WR� WKUHH
LVVXHV��)LUVW�LV�WKH�OHQJWK�RI�WKH�EDVHOLQH�DQG�WUHDWPHQW�SKDVHV��7KH�WUHDWPHQW�SKDVHV
VKRXOG�EH�RI�GLIIHUHQW� OHQJWKV�� EXW� LI� WKH\� DUH� WKH� VDPH� OHQJWK�� WKH�EDVHOLQH�SKDVH
VKRXOG�EH� ORQJHU� WKDQ� WKH� WUHDWPHQW�SKDVHV��7KLV�KHOSV� WR�HQVXUH� WKDW� WKH� VWHS�E\�
VWHS� FKDQJHV� LQ� EHKDYLRU� DUH� FDXVHG� E\� WKH� H[SHULPHQWDO� WUHDWPHQW� DQG� QRW� E\� D
KLVWRU\� RU� PDWXUDWLRQDO� YDULDEOH� WKDW� RFFXUV� VLPXOWDQHRXVO\� ZLWK� WKH� FULWHULRQ
FKDQJH�� (DFK� WUHDWPHQW� SKDVH� VKRXOG� EH� ORQJ� HQRXJK� WR� DOORZ� WKH� EHKDYLRU� WR
FKDQJH� WR� LWV�QHZ�FULWHULRQ� OHYHO�DQG�VWDELOL]H�� ,I� WKH�EHKDYLRU� IOXFWXDWHV�EHWZHHQ
WKH�QHZ�DQG�ROG�FULWHULRQ�OHYHOV��VWDELOLW\�KDV�QRW�EHHQ�DFKLHYHG��7KH�VHFRQG�LVVXH
LV� WKH� DPRXQW� RI� FKDQJH� LQ� FULWHULRQ��7KH� FKDQJH� LQ� WKH� FULWHULRQ� VKRXOG� EH� ODUJH
HQRXJK� IRU� \RX� WR� GHWHFW� D� EHKDYLRUDO� FKDQJH� EXW� VPDOO� HQRXJK� WKDW� LW� FDQ� EH
DFKLHYHG� E\� \RXU� SDUWLFLSDQW�� 7KH� WKLUG� LVVXH� LV� WKH� QXPEHU� RI� FKDQJHV� LQ� WKH
WUHDWPHQW�FULWHULRQ��ZLWK�WZR�WR�IRXU�FKDQJHV�LQ�WKH�FULWHULRQ�XVXDOO\�EHLQJ�DGHTXDWH�

�),*85(���������1XPEHU�RI�GHOXVLRQDO�UHVSRQVHV�LQ�VWXG\�XVLQJ�D�FKDQJLQJ�
FULWHULRQ�GHVLJQ

6RXUFH�� )URP�%�� +LPDGL�� )�� 2VWHHQ�� $�� -�� .DLVHU�� DQG�.�� 'DQLHO�� �������� $� UHFRUG� RI� D� EHKDYLRUDO� WUDLQLQJ
SURJUDP� RI� GHOXVLRQDO� EHOLHIV� GXULQJ� WKH� PRGLILFDWLRQ� RI� GHOXVLRQDO� YHUEDOL]DWLRQV�� %HKDYLRUDO� 5HVLGHQWLDO
7UHDWPHQW��������±����

������ +RZ� GRHV� WKH� PXOWLSOH�EDVHOLQH� GHVLJQ



5(9,(:
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GHPRQVWUDWH�D�WUHDWPHQW�HIIHFW"
������ :KDW� LV� WKH� SULPDU\� SUREOHP� WKDW� FDQ� EH

HQFRXQWHUHG� LQ� XVLQJ� WKH� PXOWLSOH�EDVHOLQH
GHVLJQ"

������ :KHQ� ZRXOG� \RX� XVH� WKH� FKDQJLQJ�FULWHULRQ
GHVLJQ"

������ :KDW� DUH� WKH� HVVHQWLDO� FKDUDFWHULVWLFV� RI� WKH
FKDQJLQJ�FULWHULRQ�GHVLJQ"

0HWKRGRORJLFDO�&RQVLGHUDWLRQV�LQ�8VLQJ�6LQJOH�&DVH�'HVLJQV
2XU�GLVFXVVLRQ�RI�VLQJOH�FDVH�H[SHULPHQWDO�GHVLJQV�LV�QRW�DQ�H[KDXVWLYH�VXUYH\�

EXW� LW� VKRZV� WKH�PRVW� EDVLF� DQG� FRPPRQO\� XVHG� GHVLJQV�� ,I� \RX� DUH� LQWHUHVWHG� LQ
RWKHU�VLQJOH�FDVH�GHVLJQV��\RX�VKRXOG�FRQVXOW�%DUORZ��1RFN��DQG�+HUVHQ¶V�������
H[FHOOHQW�ERRN��5HJDUGOHVV�RI�WKH�GHVLJQ�XVHG��VHYHUDO�PHWKRGRORJLFDO�LVVXHV�PXVW
EH� FRQVLGHUHG� LQ� DWWHPSWLQJ� WR� FRQGXFW� D� VLQJOH�FDVH� VWXG\�� 7KHVH� LVVXHV� DUH
VXPPDUL]HG�LQ�7DEOH������

�7$%/(�������0HWKRGRORJLFDO�,VVXHV�LQ�6LQJOH�&DVH�6WXGLHV

����%DVHOLQH²7KH�EHKDYLRU�RI�WKH�SDUWLFLSDQW�EHIRUH�WKH�DGPLQLVWUDWLRQ�RI�WKH�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ�
%DVHOLQH�VHUYHV�DV�WKH�EHQFKPDUN�IRU�DVVHVVLQJ�FKDQJH�LQGXFHG�E\�WKH�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ�
DQG�WR�VHUYH�WKLV�SXUSRVH��LW�PXVW�EH�VWDEOH��$�VWDEOH�EDVHOLQH�LV�FKDUDFWHUL]HG�E\��D��DQ�DEVHQFH�RI�WUHQG��QR
LQFUHDVH�RU�GHFUHDVH��RYHU�WLPH�DQG��E��OLWWOH�YDULDELOLW\��H�J������YDULDWLRQ�RU�OHVV��

����&KDQJLQJ�2QH�9DULDEOH�DW�D�7LPH²2QO\�RQH�YDULDEOH�VKRXOG�EH�FKDQJHG�IURP�RQH�SKDVH�RI�WKH
H[SHULPHQW�WR�WKH�QH[W��7KLV�LV�QHFHVVDU\�WR�LVRODWH�WKH�HIIHFW�SURGXFHG�E\�WKDW�YDULDEOH�

����/HQJWK�RI�3KDVHV²$JUHHPHQW�GRHV�QRW�H[LVW�UHJDUGLQJ�WKH�OHQJWK�RI�SKDVHV��6RPH�UHVHDUFKHUV�VWDWH�WKDW
WKH�YDULRXV�SKDVHV�VKRXOG�EH�RI�HTXDO�OHQJWK��EXW�RWKHUV�HPSKDVL]H�WKDW�HDFK�SKDVH�VKRXOG�EH�FRQWLQXHG�XQWLO
VWDELOLW\�KDV�EHHQ�DFKLHYHG�

����$VVHVVPHQW�RI�7UHDWPHQW�(IIHFW²7KHUH�DUH�WZR�DSSURDFKHV�WR�DVVHVVLQJ�WUHDWPHQW�HIIHFWV�

D���9LVXDO�LQVSHFWLRQ²/RRNLQJ�DW�WKH�SDWWHUQ�RI�RXWFRPHV�DFURVV�WKH�SKDVHV�LV�VXIILFLHQW�WR�LGHQWLI\�D
WUHDWPHQW�HIIHFW�LI�WKH�EDVHOLQH�DQG�LQWHUYHQWLRQ�OHYHOV�GR�QRW�RYHUODS�RU�LI�WKH�WUHQG�RI�WKH�GDWD�LQ�WKH
EDVHOLQH�SKDVH�LV�GLIIHUHQW�IURP�WKH�SDWWHUQ�LQ�WKH�LQWHUYHQWLRQ�SKDVH�

E���6WDWLVWLFDO�DQDO\VLV²$�VWDWLVWLFDO�DQDO\VLV�VXFK�DV�D�WLPH�VHULHV�DQDO\VLV�LV�QHFHVVDU\�LI�WKHUH�LV�D
JUHDW�GHDO�RI�YDULDELOLW\�LQ�WKH�GDWD��,Q�JHQHUDO��WKH�VWDWLVWLFDO�DQDO\VLV�LV�QRW�QHHGHG�LI�WKHUH�LV�OLWWOH
YDULDELOLW\�LQ�WKH�GDWD�DQG�WKH�EDVHOLQH�SDWWHUQ�LV�YHU\�VWDEOH��:KHQ�WKHVH�WZR�FRQGLWLRQV�GR�QRW�H[LVW�
KRZHYHU��D�VWDWLVWLFDO�DQDO\VLV�VKRXOG�EH�XVHG�

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� PLJKW� XVH� D� ZHDN�� TXDVL��� RU� VWURQJ� H[SHULPHQWDO
GHVLJQ�� RU� WKH\�PLJKW�XVH� D� VLQJOH�FDVH�GHVLJQ�� EXW� WKH\�ZLOO� DOZD\V�� OLNH� D�JRRG
GHWHFWLYH��GR�WKHLU�EHVW�WR�FKHFN�DQG�UXOH�RXW�DOO�SODXVLEOH�DOWHUQDWLYH�H[SODQDWLRQV



IRU�WKHLU�FODLPV�

����/RRN�EDFN�DW�\RXU�PHDQV�HQGV�DQDO\VLV�IURP�&KDSWHU�����+RZ�PLJKW�\RX�XVH
RQH�RI�WKH�GHVLJQV�LQ�WKLV�FKDSWHU"

����7KLQN�DERXW�\RXU�DFWLRQ�UHVHDUFK�JRDO��:RXOG�D�JURXS�GHVLJQ��ZLWK�WZR�RU
PRUH�JURXSV���DQ�LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ��RU�D�VLQJOH�FDVH�GHVLJQ�EHVW
KHOS�\RX�UHDFK�\RXU�UHVHDUFK�JRDO"�:KDW�VSHFLILF�GHVLJQ�EHVW�ILWV�\RXU
QHHGV"

6800$5<

4XDVL�H[SHULPHQWDO� GHVLJQV� DUH� XVHG� ZKHQ� DOO� WKH� GHPDQGV� RI� H[SHULPHQWDO
UHVHDUFK� FDQQRW� EH� PHW�� 4XDVL�H[SHULPHQWDO� GHVLJQV� DUH� VXSHULRU� WR� WKH� ZHDN
H[SHULPHQWDO� GHVLJQV� EXW� LQIHULRU� WR� WKH� VWURQJ� H[SHULPHQWDO� GHVLJQV� SURYLGHG� LQ
&KDSWHU� ���� )RU� H[DPSOH�� XVH� WKHVH� GHVLJQV� ZKHQ� \RX� FDQQRW� UDQGRPO\� DVVLJQ
UHVHDUFK� SDUWLFLSDQWV� WR� WKH� FRPSDULVRQ� JURXSV�� &RQIRXQGLQJ� YDULDEOHV� PLJKW� EH
SUHVHQW�WKDW�ZLOO�PDNH�WKH�LQWHUSUHWDWLRQ�RI�UHVXOWV�DPELJXRXV��7KHUHIRUH��ZKHQHYHU
\RX� XVH� D� TXDVL�H[SHULPHQWDO� GHVLJQ�� \RX� PXVW� EH� DOHUW� IRU� WKH� LQIOXHQFH� RI
H[WUDQHRXV�YDULDEOHV�WKDW�FRXOG�FRQIRXQG�WKH�UHVXOWV�

0DQ\� GHVLJQV�� VXFK� DV� WKH� QRQHTXLYDOHQW� FRPSDULVRQ�JURXS� GHVLJQ� DQG� WKH
LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ��IDOO�XQGHU�WKH�UXEULF�RI�TXDVL�H[SHULPHQWDO�GHVLJQV�
7KH�PRVW� IUHTXHQWO\�XVHG�GHVLJQ� LV� WKH�QRQHTXLYDOHQW� FRPSDULVRQ�JURXS� GHVLJQ�
ZKLFK� FRQVLVWV� RI� SUHWHVWLQJ� DQ� H[SHULPHQWDO� JURXS� DQG� D� FRQWURO� JURXS�
DGPLQLVWHULQJ� WKH� WUHDWPHQW� WR� WKH� H[SHULPHQWDO� JURXS�� DQG� WKHQ� SRVWWHVWLQJ� WKH
H[SHULPHQWDO� DQG� FRQWURO� JURXSV�� 7KH� LQWHUUXSWHG� WLPH�VHULHV� GHVLJQ� FRQVLVWV� RI
WDNLQJ�PXOWLSOH�SUHWHVWV��LQWURGXFLQJ�D�WUHDWPHQW�FRQGLWLRQ��DQG�WKHQ�WDNLQJ�PXOWLSOH
SRVWWHVWV�� 7KH� UHJUHVVLRQ�GLVFRQWLQXLW\� GHVLJQ� FRQVLVWV� RI� DGPLQLVWHULQJ� DQ
H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ� WR� SDUWLFLSDQWV� ZKR� VFRUH� DERYH� VRPH� SUHVHW
FXWRII�VFRUH��$�WUHDWPHQW�HIIHFW�LV�DVVXPHG�WR�H[LVW�LI�WKHUH�LV�D�GLVFRQWLQXLW\�RI�WKH
UHJUHVVLRQ�OLQHV�UHSUHVHQWLQJ�WKH�SDUWLFLSDQWV�DERYH�DQG�EHORZ�WKH�FXWRII�VFRUH�

6LQJOH�FDVH�GHVLJQV�DUH�DOO�VRPH�W\SH�RI�D�WLPH�VHULHV�GHVLJQ��7ZR�RI�WKH�PRVW
IUHTXHQWO\�XVHG� VLQJOH�FDVH�GHVLJQV� DUH� WKH�$�%�$�DQG�$�%�$�%�GHVLJQV� DQG� WKH
PXOWLSOH�EDVHOLQH�GHVLJQ��7KH�$�%�$�DQG�$�%�$�%�GHVLJQV�DVVHVV�WKH�HIIHFW�RI�DQ
LQGHSHQGHQW� YDULDEOH� E\� GHWHUPLQLQJ� ZKHWKHU� WKH� GHSHQGHQW� YDULDEOH� UHVSRQVHV
GLIIHU� IURP� EDVHOLQH� IROORZLQJ� LPSOHPHQWDWLRQ� RI� WKH� H[SHULPHQWDO� WUHDWPHQW� DQG
ZKHWKHU� WKH\� UHYHUW� WR� EDVHOLQH� OHYHO�ZKHQ� WKH� LQGHSHQGHQW� YDULDEOH� LV� UHPRYHG�
7KH� $�%�$� DQG� $�%�$�%� GHVLJQV� UXOH� RXW� KLVWRU\� E\� GHPRQVWUDWLQJ� WKDW� WKH
GHSHQGHQW� YDULDEOH� UHVSRQVH� UHYHUWV� WR� EDVHOLQH� ZKHQ� WKH� WUHDWPHQW� FRQGLWLRQ� LV
ZLWKGUDZQ�� 7KH�PXOWLSOH�EDVHOLQH� GHVLJQ� DVVHVVHV� WKH� HIIHFW� RI� DQ� LQGHSHQGHQW
YDULDEOH�E\�GHPRQVWUDWLQJ�WKDW�D�FKDQJH�LQ�EHKDYLRU�RFFXUV�RQO\�ZKHQ�WKH�WUHDWPHQW
HIIHFW�LV�VXFFHVVLYHO\�DGPLQLVWHUHG�WR�GLIIHUHQW�LQGLYLGXDOV��GLIIHUHQW�EHKDYLRUV��RU
WKH�VDPH�EHKDYLRU�LQ�GLIIHUHQW�VHWWLQJV�

7KH�FKDQJLQJ�FULWHULRQ�GHVLJQ�FDQ�EH�XVHG�ZKHQ�\RXU�JRDO� LV� WR� LQFUHDVH� WKH



DPRXQW��DFFXUDF\��RU�IUHTXHQF\�RI�VRPH�EHKDYLRU��$IWHU�D�EDVHOLQH�LV�HVWDEOLVKHG��D
WUHDWPHQW�FRQGLWLRQ� LV�DGPLQLVWHUHG�IROORZLQJ�DWWDLQPHQW�RI�D�VSHFLILF�FULWHULRQ�RI
LQLWLDO�VXFFHVVIXO�SHUIRUPDQFH��:KHQ�WKLV�SHUIRUPDQFH�FULWHULRQ�KDV�EHHQ�DFKLHYHG�
WKH� FULWHULRQ� RI� UHTXLUHG� SHUIRUPDQFH� RQ� WKH� GHSHQGHQW� YDULDEOH� LV� SURJUHVVLYHO\
LQFUHDVHG�XQWLO�WKH�GHVLUHG�EHKDYLRUDO�OHYHO�LV�DWWDLQHG��7KH�WUHDWPHQW�FRQGLWLRQ�LV
DGPLQLVWHUHG�RQO\�DIWHU�WKH�FULWHULRQ�RI�VXFFHVVIXO�SHUIRUPDQFH�LV�DWWDLQHG�

$�QXPEHU�RI�PHWKRGRORJLFDO� LVVXHV�PXVW�EH�FRQVLGHUHG� LQ�GHVLJQLQJ�D�VLQJOH�
FDVH�VWXG\��7KHVH�LQFOXGH�HVWDEOLVKLQJ�WKH�EDVHOLQH��FKDQJLQJ�RQH�YDULDEOH�DW�D�WLPH�
GHWHUPLQLQJ�WKH�OHQJWK�RI�SKDVHV��DQG�DVVHVVLQJ�WKH�WUHDWPHQW�HIIHFW�
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PXOWLSOH�EDVHOLQH�GHVLJQ��S������
QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ��S������
TXDVL�H[SHULPHQWDO�UHVHDUFK�GHVLJQ��S������
UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ��S������
VLQJOH�FDVH�H[SHULPHQWDO�GHVLJQV��S������
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����5HUHDG�WKH�GHILQLWLRQV�RI�WKH�YDULRXV�VHOHFWLRQ�HIIHFWV�LQ�&KDSWHU�����,V�VHOHFWLRQ
D�SUREOHP�LQ�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ"�,I�VR��ZKDW�FDQ�D
UHVHDUFKHU�GR�WR�PLQLPL]H�WKH�SUREOHP�RI�VHOHFWLRQ"

����:KDW�W\SH�RI�GHVLJQ�IURP�WKLV�FKDSWHU�ZRXOG�\RX�VHOHFW�IRU�HDFK�RI�WKH�IROORZLQJ
K\SRWKHWLFDO�VWXGLHV"�%ULHIO\�OLVW�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�GHVLJQ�

D���<RX�ZDQW�WR�FRPSDUH�WZR�GLIIHUHQW�ZD\V�RI�WHDFKLQJ�FROOHJH�DOJHEUD�WR
FROOHJH�VWXGHQWV��2QH�JURXS�XVHV�FDOFXODWRUV��DQG�WKH�RWKHU�JURXS�FDUULHV�RXW
KDQG�FDOFXODWLRQV�

E���<RX�ZDQW�WR�VWXG\�WKH�HIIHFW�RI�D�QHZ�WUDLQLQJ�SURJUDP��DQG�\RX�DUH�DEOH�WR
GLYLGH�SHRSOH�ULJLGO\�LQWR�WZR�JURXSV�EDVHG�RQ�D�FXWRII�VFRUH�RQ�WKH
TXDQWLWDWLYH�YDULDEOH�FDOOHG�DFKLHYHPHQW�SUHWHVW�

F���<RX�ZDQW�WR�VWXG\�WKH�HIIHFW�RI�D�FXUULFXOXP�LPSOHPHQWHG�D�IHZ�\HDUV�DJR�
<RX�KDYH�ORFDWHG�EDVHOLQH�GDWD��RQ�WKH�GHSHQGHQW�YDULDEOH��EHIRUH
LPSOHPHQWDWLRQ�RI�WKH�QHZ�FXUULFXOXP�DQG�FRQWLQXH�WR�UHFRUG�GDWD�DIWHU�WKH
LQWHUYHQWLRQ�



G���<RX�ZDQW�WR�GHWHUPLQH�WKH�XVHIXOQHVV�RI�D�EHKDYLRUDO�UHLQIRUFHPHQW
WHFKQLTXH�IRU�NHHSLQJ�D�VWXGHQW�RQ�WDVN�

H���<RX�KDYH�RQO\�WKUHH�RU�IRXU�SHRSOH�WR�VWXG\��DQG�\RX�ZDQW�WR�GHWHUPLQH�WKH
LPSDFW�RI�D�QHZ�WHFKQLTXH�IRU�WHDFKLQJ�VWXGHQWV�KRZ�WR�SHUIRUP
PXOWLSOLFDWLRQ�

����/LVW�DQ\�SUREOHPV�\RX�LGHQWLI\�IRU�HDFK�RI�WKH�IROORZLQJ�K\SRWKHWLFDO�VWXGLHV�

D���$�UHVHDUFKHU�XVHV�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ��6KH
FRPSDUHV�WKH�DFKLHYHPHQW�VFRUHV�RI�D�WKLUG�SHULRG�KLJK�VFKRRO�(QJOLVK�FODVV
WDXJKW�E\�0V��7XUQHU�XVLQJ�WKH�GLVFXVVLRQ�PHWKRG�ZLWK�WKH�VFRUHV�REWDLQHG
E\�WKH�VWXGHQWV�LQ�D�GLIIHUHQW�WKLUG�SHULRG�KLJK�VFKRRO�(QJOLVK�FODVV�WKDW�LV
WDXJKW�E\�0U��1HZPDQ�XVLQJ�WKH�OHFWXUH�PHWKRG�

E���$�UHVHDUFKHU�XVHV�WKH�QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ��7KH
UHVHDUFKHU�FRPSDUHV�WKH�DFKLHYHPHQW�VFRUHV�RI�D�WKLUG�SHULRG�KLJK�VFKRRO
(QJOLVK�FODVV�WDXJKW�E\�DQ�LQVWUXFWLRQDO�FRPSXWHU�SURJUDP�ZLWK�D�FODVV�WDXJKW
E\�WKH�OHFWXUH�PHWKRG��7KH�LQVWUXFWLRQDO�SHULRG�LV�HTXDO�IRU�ERWK�WKH
FRPSXWHU�DQG�OHFWXUH�WUHDWPHQWV�

F���$�VFKRRO�ILQDQFLDO�RIILFHU�XVHV�WKH�LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ�WR�VWXG\�WKH
LPSDFW�RI�D�QHZ�SURJUDP�DLPHG�DW�LQFUHDVLQJ�GRQDWLRQV�WR�WKH�37$��7KH
SURJUDP�ZDV�LPSOHPHQWHG�LQ�-DQXDU\�������7KH�ILQDQFLDO�RIILFHU�KDV���\HDUV
RI�SUHWHVW�GDWD�DQG�ZLOO�FROOHFW�DQQXDO�GDWD�IRU�WKH�QH[W���\HDUV���+LQW��1RWH
WKDW�LQ�������WKH�VWRFN�PDUNHW�WRRN�D�PDMRU�GRZQWXUQ��

G���$�WHDFKHU�XVHV�WKH�$�%�$�GHVLJQ�WR�VWXG\�WKH�LPSDFW�RI�KHU�QHZ�VWUDWHJ\�IRU
WHDFKLQJ�PXOWLSOLFDWLRQ�

H���7KH�%DNHU�(OHPHQWDU\�6FKRRO�XVHV�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�WR
LQYHVWLJDWH�WKH�HIIHFW�RI�D�QHZ�UHDGLQJ�SURJUDP�DLPHG�DW�LQFUHDVLQJ�WKH
UHDGLQJ�VNLOOV�RI�VWXGHQWV�UHDGLQJ�EHORZ�JUDGH�OHYHO��7KH�UHDGLQJ�SURJUDP�LV
WR�EH�DGPLQLVWHUHG�WR�VWXGHQWV�UHDGLQJ�WZR�JUDGH�OHYHOV�EHORZ�WKHLU�FXUUHQW
JUDGH�OHYHO��7R�HQVXUH�WKDW�HQRXJK�VWXGHQWV�DUH�DGPLQLVWHUHG�WKH�UHDGLQJ
SURJUDP�WR�JHW�D�JRRG�PHDVXUH�RI�LWV�HIIHFWLYHQHVV��VWXGHQWV�ZLWK�UHDGLQJ
GHILFLHQFLHV�DW�WZR�RWKHU�VFKRROV�ZKR�DOVR�PHHW�WKH�HVWDEOLVKHG�FULWHULD�DUH
DOORZHG�WR�SDUWLFLSDWH�LQ�WKH�UHDGLQJ�SURJUDP�
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����7R�JDLQ�VRPH�H[SHULHQFH�LQ�UHDGLQJ�DQG�LGHQWLI\LQJ�TXDVL�H[SHULPHQWDO�DQG
VLQJOH�FDVH�GHVLJQV��XVH�(5,&��KWWS���HULF�HG�JRY��WR�ILQG�RQH�RI�WKH�IROORZLQJ
DUWLFOHV�

&RSODQG��0��$����������3UREOHP�EDVHG�OHDUQLQJ�DQG�SURVSHFWLYH�SULQFLSDOV¶
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SUREOHP�IUDPLQJ�DELOLW\��(GXFDWLRQDO�$GPLQLVWUDWLRQ�4XDUWHUO\���������±
����

+LWHQGUD��3����������$Q�LQYHVWLJDWLRQ�RI�WKH�HIIHFW�RI�LQGLYLGXDO�FRJQLWLYH
SUHIHUHQFHV�RQ�OHDUQLQJ�WKURXJK�FRPSXWHU�EDVHG�LQVWUXFWLRQ��(GXFDWLRQDO
3V\FKRORJ\���������±����

0RRUH��'��:���3UHEEOH��6���5REHUWVRQ��-���:DHWIRUG��5���	�$QGHUVRQ��$���������
6HOI�UHFRUGLQJ�ZLWK�JRDO�VHWWLQJ��$�VHOI�PDQDJHPHQW�SURJUDPPH�IRU�WKH
FODVVURRP��(GXFDWLRQDO�3V\FKRORJ\���������±����

2QFH�\RX�KDYH�VHOHFWHG�\RXU�DUWLFOH��UHDG�LW�FDUHIXOO\�DQG�DQVZHU�WKH�IROORZLQJ
TXHVWLRQV�

D���:KDW�LV�WKH�SULPDU\�UHVHDUFK�TXHVWLRQ�WKDW�WKH�VWXG\�DGGUHVVHV"

E���:KDW�DUH�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�LQ�WKH�UHVHDUFK�GHVLJQ"

F���:KDW�W\SH�RI�GHVLJQ�ZDV�XVHG�LQ�WKH�VWXG\�WR�DQVZHU�WKH�UHVHDUFK�TXHVWLRQ"

G���:K\�GR�\RX�WKLQN�WKH�UHVHDUFKHUV�XVHG�WKH�GHVLJQ�WKH\�VHOHFWHG"

H���:KDW�OLPLWDWLRQV�H[LVW�IRU�WKH�GHVLJQ�XVHG�LQ�WKH�UHVHDUFK�VWXG\"

I���:KDW�FRXOG�WKH�UHVHDUFKHUV�KDYH�GRQH�WR�LPSURYH�WKH�UHVHDUFK�GHVLJQ"

����8VLQJ�WKH�FULWHULD�MXVW�SURYLGHG��UHYLHZ�DQG�FULWLTXH�WKH�TXDVL�H[SHULPHQWDO
UHVHDUFK�DUWLFOH�DW�WKH�FRPSDQLRQ�ZHEVLWH�

����,GHQWLI\�WKH�W\SH�RI�UHVHDUFK�GHVLJQ�WKDW�ZRXOG�EH�XVHG�WR�LQYHVWLJDWH�WKH
IROORZLQJ�UHVHDUFK�SUREOHPV�

D���$�FROOHJH�ZDQWV�WR�LGHQWLI\�WKH�HIIHFW�RI�PDNLQJ�WKH�GHDQ¶V�OLVW�RQ�DFDGHPLF
SHUIRUPDQFH�LQ�VXEVHTXHQW�WHUPV�

E���$�WHDFKHU�ZDQWV�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�SUDLVH�RQ�JHWWLQJ�D�VWXGHQW�LQ�KHU
FODVVURRP�WR�IRFXV�RQ�DVVLJQHG�ZRUN�UDWKHU�WKDQ�ERWKHULQJ�VWXGHQWV�VHDWHG�DW
QHDUE\�GHVNV�

F���$�XQLYHUVLW\�WUDFNHG�WKH�JUDGXDWLRQ�UDWH�RI�LWV�DWKOHWHV�IRU����\HDUV�DQG�IRXQG
WKDW�RQO\�����RI�WKHP�FRPSOHWHG�WKHLU�EDFKHORU¶V�GHJUHH��7KH�XQLYHUVLW\
ZDQWHG�WR�LQFUHDVH�WKH�JUDGXDWLRQ�UDWH�RI�LWV�DWKOHWHV��VR�D�SURJUDP�ZDV
LPSOHPHQWHG�WKDW�UHVWULFWHG�DWKOHWHV�IURP�SDUWLFLSDWLQJ�LQ�DQ\�VSRUWV�DFWLYLW\
LI�WKH\�KDG�OHVV�WKDQ�D�&�DYHUDJH�LQ�WKHLU�FODVVHV��7KH�SURJUDP�DOVR�SURYLGHG
DFDGHPLF�WXWRULQJ�IRU�VWXGHQWV�ZLWK�OHVV�WKDQ�D�&�DYHUDJH�
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%ULHI�GLVFXVVLRQ�RI�TXDVL�H[SHULPHQWDO�GHVLJQ�DQG� OLQNV� WR�RWKHU�GHVLJQV�� VXFK�DV
WKH�QRQHTXLYDOHQW�JURXSV�GHVLJQ�DQG�WKH�UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ��DV�ZHOO�DV



RWKHU�LVVXHV�UHOHYDQW�WR�WKLV�WRSLF
KWWS���ZZZ�VRFLDOUHVHDUFKPHWKRGV�QHW�NE�TXDVLH[S�KWP

'LVFXVVLRQ�RI�WKH�EDVLF�VLQJOH�FDVH�GHVLJQV�DQG�RWKHU�PHWKRGRORJLFDO�LVVXHV��VXFK
DV�WKH�FKDUDFWHULVWLFV�RI�VLQJOH�FDVH�HYDOXDWLRQ��LQFOXGLQJ�KRZ�WR�GHWHUPLQH�ZKHWKHU
D�WUHDWPHQW�LV�HIIHFWLYH
KWWS���ZZZ�PVX�HGX�XVHU�VZ�VVG�LVVG���KWP

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV
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%UDGHQ��-��3���	�%U\DQW��7��-����������5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQV�
$SSOLFDWLRQV�IRU�VFKRRO�SV\FKRORJLVWV��6FKRRO�3V\FKRORJ\�5HYLHZ���������±����

&DPSEHOO��'��7���	�5XVVR��0��-����������6RFLDO�H[SHULPHQWDWLRQ��7KRXVDQG�2DNV�
&$��6DJH�

(FNHUW��7��/���$UGRLQ��6��3���'DLHV\��'��0���	�6FDUROD��0��'����������(PSLULFDOO\
HYDOXDWLQJ�WKH�HIIHFWLYHQHVV�RI�UHDGLQJ�LQWHUYHQWLRQV��7KH�XVH�RI�EULHI
H[SHULPHQWDO�DQDO\VLV�DQG�VLQJOH�FDVH�GHVLJQV��3V\FKRORJ\�LQ�WKH�6FKRROV�����
���±����

0DUN��0��0���	�5HLFKDUGW��&��6����������4XDVL�H[SHULPHQWDWLRQ��,Q�/��%LFNPDQ�	
'��-��5RJ��(GV����7KH�6$*(�KDQGERRN�RI�DSSOLHG�VRFLDO�UHVHDUFK�PHWKRGV���QG
HG���SS�����±������7KRXVDQG�2DNV��&$��6DJH�

6KDGLVK��:��5���&RRN��7��'���	�&DPSEHOO��'��7����������([SHULPHQWDO�DQG�TXDVL�
H[SHULPHQWDO�GHVLJQV�IRU�JHQHUDOL]HG�FDXVDO�LQIHUHQFH��1HZ�<RUN��1<�
+RXJKWRQ�0LIIOLQ�

127(

����$GGLWLRQDO�DQDO\VLV�DSSURDFKHV�DUH�DYDLODEOH��2QH�DSSURDFK�WKDW�LV�XVXDOO\
QRW� UHFRPPHQGHG� EHFDXVH� RI� UHOLDELOLW\� LVVXHV� LV� XVLQJ� $129$� WR� FRPSDUH� WKH

http://www.socialresearchmethods.net/kb/quasiexp.htm
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SUHWHVW� WR�SRVWWHVW�FKDQJH�VFRUHV� IRU� WKH�JURXSV�� WKDW� LV��³,V� WKH�DYHUDJH�FKDQJH�RI
RQH� JURXS� JUHDWHU� WKDQ� WKH� DYHUDJH� FKDQJH� IRU� DQRWKHU� JURXS"´� $QRWKHU�� PRUH
SRSXODU�DSSURDFK�LV�WR�ORRN�IRU�DQ�LQWHUDFWLRQ�EHWZHHQ�WLPH��SUHWHVW��SRVWWHVW��DQG
JURXS� LQ� D� PL[HG� $129$�� 7LPH� LV� D� ZLWKLQ�VXEMHFWV� LQGHSHQGHQW� YDULDEOH�� DQG
JURXS�LV�D�EHWZHHQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOH��$QRWKHU�UHFRPPHQGHG�DSSURDFK
LV�UHOLDELOLW\�FRUUHFWHG�$1&29$��IRU�GHWDLOV��VHH�7URFKLP�	�'RQQHOO\��������



&KDSWHU���

1RQH[SHULPHQWDO�4XDQWLWDWLYH�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��6WDWH�WKH�GHILQLWLRQ�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�
��/LVW�FDWHJRULFDO�DQG�TXDQWLWDWLYH�LQGHSHQGHQW�YDULDEOHV�WKDW�FDQQRW�EH
PDQLSXODWHG�E\�D�UHVHDUFKHU�

��(YDOXDWH�HYLGHQFH�IRU�FDXVH�DQG�HIIHFW�XVLQJ�WKH�WKUHH�UHTXLUHG�FRQGLWLRQV�IRU
FDXVH�DQG�HIIHFW�UHODWLRQVKLSV�

��([SODLQ�WKH�³WKLUG�YDULDEOH�SUREOHP�´
��/LVW�DQG�EULHIO\�GHVFULEH�WKH�WKUHH�PDMRU�WHFKQLTXHV�RI�FRQWURO�WKDW�DUH�XVHG�LQ
QRQH[SHULPHQWDO�UHVHDUFK�

��&RPSDUH�DQG�FRQWUDVW�FURVV�VHFWLRQDO�UHVHDUFK��ORQJLWXGLQDO�UHVHDUFK��DQG
UHWURVSHFWLYH�UHVHDUFK�

��&RPSDUH�DQG�FRQWUDVW�WKH�WZR�W\SHV�RI�ORQJLWXGLQDO�UHVHDUFK�
��,GHQWLI\�GHVFULSWLYH�UHVHDUFK�VWXGLHV��SUHGLFWLYH�UHVHDUFK�VWXGLHV��DQG
H[SODQDWRU\�UHVHDUFK�VWXGLHV�ZKHQ�H[DPLQLQJ�SXEOLVKHG�UHVHDUFK�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�GLUHFW�HIIHFW�DQG�DQ�LQGLUHFW�HIIHFW�LQ�FDXVDO
PRGHOLQJ�

��'UDZ�WKH�W\SRORJ\�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�IRUPHG�E\
FURVVLQJ�WKH�WLPH�GLPHQVLRQ�ZLWK�WKH�UHVHDUFK�REMHFWLYH�GLPHQVLRQ�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�1RQH[SHULPHQWDO�5HVHDUFK
'HVLJQ�DQG�&DXVDWLRQ

,Q�������6XUJHRQ�*HQHUDO�'U��/XWKHU�7HUU\�DVVHPEOHG�WKH�86�6XUJHRQ�*HQHUDO¶V�$GYLVRU\�&RPPLWWHH�
7KH�PLVVLRQ� IRU� WKLV� JURXS�RI� H[SHUWV�ZDV� WR� H[DPLQH� DOO� RI� WKH� UHVHDUFK�RQ� WKH� DVVRFLDWLRQ�EHWZHHQ
VPRNLQJ� DQG� FDQFHU�� 7KHLU� MRE� ZDV� FOHDU�� 7KH\� ZHUH� WR� SURYLGH� WKH� QDWLRQ� ZLWK� DQ� DQVZHU� WR� WKLV
TXHVWLRQ��'RHV�VPRNLQJ�FDXVH�FDQFHU�RI� WKH�OXQJV"�%HFDXVH�LW�ZDV�QRW�SRVVLEOH� WR�VWXG\�VPRNLQJ�DQG
FDQFHU�H[SHULPHQWDOO\�ZLWK�KXPDQV��PRVW�RI�WKH�UHVHDUFK�ZDV�QRQH[SHULPHQWDO�UHVHDUFK��ZKLFK�LV�PRUH
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FRQWURYHUVLDO� ZKHQ� UHVHDUFKHUV� DUH� WU\LQJ� WR� PDNH
VWDWHPHQWV�DERXW�FDXVHV�DQG�HIIHFWV��2YHU�WKH�QH[W���\HDUV�
WKH� $GYLVRU\� &RPPLWWHH� UHYLHZHG� WKH� YDVW� UHVHDUFK
OLWHUDWXUH�� DQG� LW� H[DPLQHG� DOO� NQRZQ� SODXVLEOH� DOWHUQDWLYH
H[SODQDWLRQV� IRU� WKH� DVVRFLDWLRQ� EHWZHHQ� VPRNLQJ� DQG� OXQJ
FDQFHU�

,Q�������WKH�FRPPLWWHH¶V�ODQGPDUN�FRQFOXVLRQ�ZDV�PDGH
SXEOLF��³&LJDUHWWH�VPRNLQJ�LV�FDXVDOO\�UHODWHG�WR�OXQJ�FDQFHU
LQ�PHQ��WKH�PDJQLWXGH�RI�WKH�HIIHFW�RI�FLJDUHWWH�VPRNLQJ�IDU
RXWZHLJKV�DOO�RWKHU�IDFWRUV��7KH�GDWD�IRU�ZRPHQ��WKRXJK�OHVV

H[WHQVLYH��SRLQW�LQ�WKH�VDPH�GLUHFWLRQ´��86�2IILFH�RI�WKH�6XUJHRQ�*HQHUDO��������S������
'HVSLWH� WKH�6XUJHRQ�*HQHUDO¶V� UHSRUW�� VFLHQWLVWV�ZRUNLQJ� IRU� WKH� WREDFFR� LQGXVWU\�GLG�QRW� JLYH�XS�

7KH\�UHSHDWHGO\�HVSRXVHG�WKH�YLHZ�WKDW�\RX�FDQ�³SURYH´�WKDW�VPRNLQJ�FDXVHV�OXQJ�FDQFHU�RQO\� WKURXJK
WKH�FRQGXFW�RI� H[SHULPHQWDO� UHVHDUFK��7KH\�DUJXHG� WKDW� WKH�DVVRFLDWLRQ�EHWZHHQ� VPRNLQJ�DQG�FDQFHU
ZDV� DQ� DUWLIDFW� GXH� WR� VRPH�KLGGHQ� DQG�XQNQRZQ� IDFWRU��7KH\� DUJXHG� WKDW� VPRNHUV� DQG�QRQVPRNHUV
SUREDEO\�GLIIHUHG�RQ�VRPH�JHQHWLF� IDFWRU� WKDW�FDXVHG�VPRNHUV� WR�VPRNH�DQG�DOVR�FDXVHG� OXQJ�FDQFHU�
7KH� ³VFLHQWLVWV´� ZRUNLQJ� IRU� WKH� WREDFFR� LQGXVWU\� ZHUH� H[SORLWLQJ� WKH� OLPLWDWLRQ� RI� QRQH[SHULPHQWDO
UHVHDUFK��7KLV�W\SH�RI�UHVHDUFK�GRHV�QRW�HOLPLQDWH�WKH�LQIOXHQFH�RI�H[WUDQHRXV�YDULDEOHV�DV�HDVLO\�DQG�DV
VXFFHVVIXOO\�DV�GRHV�H[SHULPHQWDO�UHVHDUFK��+RZHYHU��RYHU�WLPH��WKH�QRQH[SHULPHQWDO�UHVHDUFK�VWXGLHV
FRQWLQXHG� WR� GHPRQVWUDWH� D� UHODWLRQVKLS� EHWZHHQ� OXQJ� FDQFHU� DQG� VPRNLQJ� ZKHQ� DOO� RWKHU� SODXVLEOH
H[WUDQHRXV�YDULDEOHV�ZHUH�WDNHQ�LQWR�DFFRXQW��7KH�HYLGHQFH�IRU�D�FDXVDO�UHODWLRQVKLS�EHFDPH�VR�VWURQJ
WKDW� LW� UHYHDOHG� WKDW� WKH� FULWLFV�ZRUNLQJ� IRU� WKH� WREDFFR� LQGXVWU\�ZHUH�ZURQJ�� 6PRNLQJ� GLG� DQG� GRHV
FDXVH�OXQJ�FDQFHU�

,Q�0DUFK������� WKH�FLJDUHWWH�FRPSDQ\�/LJJHWW�*URXS�EHFDPH� WKH� ILUVW� WR�DGPLW� WKDW� WKH�ZHDOWK�RI
HYLGHQFH��LQFOXGLQJ�GHFDGHV�RI�LWV�RZQ�UHVHDUFK��VXSSRUWHG�WKH�FRQFOXVLRQ�WKDW�VPRNLQJ�LV�DGGLFWLYH�DQG
GRHV�LQGHHG�FDXVH�OXQJ�FDQFHU��$V�RI�QRZ���������PRVW�FLJDUHWWH�FRPSDQLHV�KDYH�DGPLWWHG�WKDW�VPRNLQJ
FDXVHV�OXQJ�FDQFHU��/HJDO�EDWWOHV�FRQWLQXH��KRZHYHU��RYHU�ZKR�LV�WR�EH�KHOG�UHVSRQVLEOH�IRU�WKH�HIIHFWV
RI� VPRNLQJ�� ZKDW� FRPSDQLHV� PXVW� OHJDOO\� DGPLW�� ZKDW� LQIRUPDWLRQ� PXVW� DSSHDU� RQ� D� SDFNDJH� RI
FLJDUHWWHV��DQG�PRUH�

,Q�WKLV�FKDSWHU��ZH�GLVFXVV�D�QXPEHU�RI�QRQH[SHULPHQWDO�UHVHDUFK�GHVLJQV�DQG�VKRZ�\RX�ZK\�WKHVH
GHVLJQV� DUH� QRW� DV� HIIHFWLYH� DV� H[SHULPHQWDO� GHVLJQV� LQ� GHPRQVWUDWLQJ� D� FDXVDO� UHODWLRQVKLS��:H� DOVR
VKRZ�\RX�ZKDW�QHHGV�WR�EH�GRQH�WR�DUULYH�DW�D�FDXVDO�FRQFOXVLRQ�ZKHQ�XVLQJ�WKHVH�GHVLJQV�

HVHDUFKHUV�DUH� LQWHUHVWHG� LQ� WKH� LVVXH�RI�FDXVDWLRQ�EHFDXVH� WKH\�ZDQW� WR
OHDUQ� KRZ� WKH� ZRUOG� RSHUDWHV� DQG� WR� REWDLQ� LQIRUPDWLRQ� DERXW� KRZ� WR
PDNH� LW� ZRUN� EHWWHU�� <RX� KDYH� OHDUQHG� LQ� HDUOLHU� FKDSWHUV� WKDW

H[SHULPHQWDO�UHVHDUFK�LV�WKH�VWURQJHVW�UHVHDUFK�PHWKRG�IRU�SURYLGLQJ�HYLGHQFH�RI�D
FDXVDO� UHODWLRQVKLS� EHWZHHQ� WZR�YDULDEOHV�� 6RPHWLPHV�� KRZHYHU�� UHVHDUFKHUV� DUH
LQWHUHVWHG� LQ� FDXVDOLW\�� EXW� WKH\� FDQQRW� FRQGXFW� DQ� H[SHULPHQW�� HLWKHU� EHFDXVH� WKH
LQGHSHQGHQW� YDULDEOH� FDQQRW� EH�PDQLSXODWHG� RU� EHFDXVH� LW�ZRXOG� EH� XQHWKLFDO� WR
PDQLSXODWH�LW��)RU�H[DPSOH�� OHW¶V�VD\�WKDW�\RX�ZDQW�WR�GHWHUPLQH�ZKHWKHU�FLJDUHWWH
VPRNLQJ�FDXVHV�OXQJ�FDQFHU��:KDW�NLQG�RI�UHVHDUFK�ZRXOG�\RX�FKRRVH"�:RXOG�\RX
VHW�XS�WKH�IROORZLQJ�H[SHULPHQW"�6HOHFW�����QHZERUQ�EDELHV�DQG�UDQGRPO\�DVVLJQ
WKHP�WR�WZR�JURXSV��DQ�H[SHULPHQWDO�JURXS��Q� ������WKDW�ZRXOG�EH�IRUFHG�WR�VPRNH
FLJDUHWWHV� DQG� D� FRQWURO� JURXS� �Q�  � ����� WKDW� ZRXOG� QRW� EH� DOORZHG� WR� VPRNH
FLJDUHWWHV��7KHQ�\RX�ZRXOG�PHDVXUH�WKH�UDWHV�RI�OXQJ�FDQFHU�LQ�WKH�WZR�JURXSV�PDQ\
\HDUV�ODWHU��2EYLRXVO\��\RX�VKRXOG�QHYHU�FRQGXFW�WKLV�H[SHULPHQW�EHFDXVH�LW�ZRXOG
EH�KLJKO\�XQHWKLFDO��6R�ZKDW�PXVW�\RX�GR�LQVWHDG"�6KRXOG�\RX�JLYH�XS�RQ�VFLHQWLILF
UHVHDUFK� EHFDXVH� \RX� FDQ¶W� PDQLSXODWH� WKH� LQGHSHQGHQW� YDULDEOH"� 2I� FRXUVH� QRW�
7KH�UHVHDUFK�SUREOHP�LV�PXFK�WRR�LPSRUWDQW��:KDW�\RX�KDYH�WR�GR�LQ�FDVHV�OLNH�WKLV



LV� XVH� D� QRQH[SHULPHQWDO� UHVHDUFK� PHWKRG� DQG� DWWHPSW� WR� HVWDEOLVK� WKH� EHVW
HYLGHQFH�WKDW�\RX�FDQ��JLYHQ�\RXU�SUDFWLFDO�FRQVWUDLQWV�

+HUH�LV�WKH�IRUPDO�GHILQLWLRQ�RI�QRQH[SHULPHQWDO�UHVHDUFK�XVHG�LQ�WKLV�FKDSWHU
�.HUOLQJHU��������

��1RQH[SHULPHQWDO�UHVHDUFK�5HVHDUFK�LQ�ZKLFK�WKH�LQGHSHQGHQW�YDULDEOH�LV
QRW�PDQLSXODWHG�DQG�WKHUH�LV�QR�UDQGRP�DVVLJQPHQW�WR�JURXSV

1RQH[SHULPHQWDO�UHVHDUFK�LV�V\VWHPDWLF�HPSLULFDO�LQTXLU\�LQ�ZKLFK�WKH�VFLHQWLVW
GRHV� QRW� KDYH� GLUHFW� FRQWURO� RI� LQGHSHQGHQW� YDULDEOHV� EHFDXVH� WKHLU
PDQLIHVWDWLRQV� KDYH� DOUHDG\� RFFXUUHG� RU� EHFDXVH� WKH\� DUH� LQKHUHQWO\� QRW
PDQLSXODEOH�� ,QIHUHQFHV� DERXW� UHODWLRQV� DPRQJ� YDULDEOHV� DUH� PDGH�� ZLWKRXW
GLUHFW� LQWHUYHQWLRQ�� IURP� FRQFRPLWDQW� YDULDWLRQ� RI� LQGHSHQGHQW� DQG� GHSHQGHQW
YDULDEOHV���S������

<RX�FDQ�VHH�LQ�.HUOLQJHU¶V�GHILQLWLRQ�WKDW�WKH�UHVHDUFKHU�GRHV�QRW�PDQLSXODWH�WKH
LQGHSHQGHQW�YDULDEOH�LQ�QRQH[SHULPHQWDO�UHVHDUFK��L�H���³WKH�VFLHQWLVW�GRHV�QRW�KDYH
GLUHFW� FRQWURO� RI� LQGHSHQGHQW� YDULDEOHV´��� WKH� UHVHDUFKHU� FDQ� ORRN� EDFN� DW� ZKDW
QDWXUDOO\�KDSSHQHG� LQ� WKH�SDVW��RU�KH�RU� VKH�FDQ�PRYH� IRUZDUG�DQG�REVHUYH�ZKDW
KDSSHQV� RYHU� WLPH� �L�H��� ³EHFDXVH� WKHLU� PDQLIHVWDWLRQV� KDYH� DOUHDG\� RFFXUUHG� RU
EHFDXVH� WKH\� DUH� LQKHUHQWO\� QRW�PDQLSXODEOH´��� DQG� WKH� UHVHDUFKHU� REVHUYHV� KRZ
YDULDEOHV� UHODWH� WR� RQH� DQRWKHU� �L�H��� ³,QIHUHQFHV� DERXW� UHODWLRQV� DPRQJ�YDULDEOHV
DUH�PDGH«´�IURP�FRQFRPLWDQW�YDULDWLRQ�RI� LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHVµ
���7KH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�FDQ�EH�FDWHJRULFDO�DQG�RU�TXDQWLWDWLYH
LQ�QRQH[SHULPHQWDO�UHVHDUFK��,Q�WKLV�FKDSWHU��\RX�VKRXOG�DVVXPH�WKDW�WKH�GHSHQGHQW
YDULDEOH� LV� TXDQWLWDWLYH� XQOHVV�ZH� WHOO� \RX� RWKHUZLVH��+RZHYHU�� WKH� ORJLF� WKDW� LV
H[SODLQHG� LQ� WKLV� FKDSWHU� HTXDOO\� DSSOLHV� WR� D� UHVHDUFK� VWXG\� ZLWK� D� FDWHJRULFDO
GHSHQGHQW�YDULDEOH��

0DQLSXODWLRQ�RI�DQ�LQGHSHQGHQW�YDULDEOH�DQG�UDQGRP�DVVLJQPHQW�WR�JURXSV�DUH
PLVVLQJ� LQ� QRQH[SHULPHQWDO� UHVHDUFK� VWXGLHV�� 7KLV� PHDQV� WKDW� QRQH[SHULPHQWDO
UHVHDUFKHUV�PXVW� VWXG\� WKH�ZRUOG�DV� LW�QDWXUDOO\�RFFXUV��%HFDXVH�QRQH[SHULPHQWDO
UHVHDUFKHUV� FDQQRW� GLUHFWO\� PDQLSXODWH� WKHLU� LQGHSHQGHQW� YDULDEOHV� RU� UDQGRPO\
DVVLJQ�UHVHDUFK�SDUWLFLSDQWV� WR�H[SHULPHQWDO�DQG�FRQWURO�JURXSV��D�UHG�IODJ�VKRXOG
DOZD\V�SRS�XS� LQ� \RXU�PLQG� UHPLQGLQJ�\RX� WKDW� QRQH[SHULPHQWDO� UHVHDUFK� FDQQRW
SURYLGH� HYLGHQFH� IRU� FDXVDOLW\� WKDW� LV� DV� VWURQJ� DV� WKH� HYLGHQFH� REWDLQHG� LQ
H[SHULPHQWDO�UHVHDUFK��(YLGHQFH�IRU�FDXVDOLW\�LQ�QRQH[SHULPHQWDO�UHVHDUFK�LV�PRUH
WHQWDWLYH��PRUH�H[SORUDWRU\��DQG�OHVV�FRQFOXVLYH�

'HVSLWH�LWV�OLPLWDWLRQV��QRQH[SHULPHQWDO�UHVHDUFK�LV�YHU\�LPSRUWDQW�WR�WKH�ILHOG
RI�HGXFDWLRQ�EHFDXVH�PDQ\�LPSRUWDQW�HGXFDWLRQDO�YDULDEOHV�FDQQRW�EH�PDQLSXODWHG
RU� FUHDWHG� LQ� WKH� ODERUDWRU\� DQG� LW� LV� GLIILFXOW�� LI� QRW� LPSRVVLEOH�� WR� FUHDWH�PDQ\
UHDO�OLIH� VHWWLQJV� XVLQJ� H[SHULPHQWV�� +HUH� LV� WKH� ZD\� RQH� OHDGLQJ� UHVHDUFK
PHWKRGRORJLVW�SXW�LW�

,W� FDQ� HYHQ� EH� VDLG� WKDW� QRQH[SHULPHQWDO� UHVHDUFK� LV� PRUH� LPSRUWDQW� WKDQ



H[SHULPHQWDO�UHVHDUFK��7KLV�LV��RI�FRXUVH��QRW�D�PHWKRGRORJLFDO�REVHUYDWLRQ��,W
PHDQV��UDWKHU��WKDW�PRVW�VRFLDO�VFLHQWLILF�DQG�HGXFDWLRQDO�UHVHDUFK�SUREOHPV�GR
QRW� OHQG� WKHPVHOYHV� WR� H[SHULPHQWDWLRQ�� DOWKRXJK� PDQ\� RI� WKHP� GR� OHQG
WKHPVHOYHV�WR�FRQWUROOHG�LQTXLU\�RI�WKH�QRQH[SHULPHQWDO�NLQG��&RQVLGHU�3LDJHW¶V
VWXGLHV�RI�FKLOGUHQ¶V�WKLQNLQJ��WKH�DXWKRULWDULDQLVP�VWXGLHV�RI�$GRUQR�HW�DO���WKH
KLJKO\�LPSRUWDQW�VWXG\�(TXDOLW\�RI�(GXFDWLRQDO�2SSRUWXQLW\��DQG�0F&OHOODQG¶V
VWXGLHV�RI�QHHG�IRU�DFKLHYHPHQW��,I�D�WDOO\�RI�VRXQG�DQG�LPSRUWDQW�VWXGLHV�LQ�WKH
EHKDYLRUDO� VFLHQFHV� DQG� HGXFDWLRQ� ZHUH� PDGH�� LW� LV� SRVVLEOH� WKDW
QRQH[SHULPHQWDO� VWXGLHV� ZRXOG� RXWQXPEHU� DQG� RXWUDQN� H[SHULPHQWDO� VWXGLHV�
�.HUOLQJHU��������SS�����±����

.HUOLQJHU�ZDV�HPSKDVL]LQJ�WKH�LPSRUWDQFH�RI�QRQH[SHULPHQWDO�UHVHDUFK�LQ�WKLV
TXRWH�� GHVSLWH� WKH� IDFW� WKDW�KH� DFWXDOO\�SUHIHUUHG� H[SHULPHQWDO� WR�QRQH[SHULPHQWDO
UHVHDUFK�� +H� ZDV� FDUHIXO� WR� SRLQW� RXW� WKDW� KLV� UHDVRQLQJ� ZDV� QRW� EDVHG� RQ� D
PHWKRGRORJLFDO� REVHUYDWLRQ� EHFDXVH�� DJDLQ�� RWKHU� WKLQJV� EHLQJ� HTXDO�� \RX� VKRXOG
SUHIHU�DQ�H[SHULPHQW�ZKHQ�\RX�DUH�LQWHUHVWHG�LQ�VWXG\LQJ�FDXVDOLW\��,W�LV�D�FDUGLQDO
UXOH� LQ� UHVHDUFK�� KRZHYHU�� WKDW� \RXU� UHVHDUFK� TXHVWLRQV� VKRXOG� GULYH� \RXU
UHVHDUFK�� 7KLV� PHDQV� WKDW� \RX� ILUVW� GHWHUPLQH� \RXU� UHVHDUFK� TXHVWLRQV� DQG� WKHQ
VHOHFW� WKH� VWURQJHVW� UHVHDUFK� PHWKRG� DYDLODEOH� WR� DGGUHVV� WKRVH� TXHVWLRQV�� ,Q
HGXFDWLRQ�� WKLV� RIWHQ�PHDQV� WKDW�ZH� KDYH� WR� FRQGXFW� QRQH[SHULPHQWDO� UHVHDUFK� WR
DGGUHVV�LPSRUWDQW�TXHVWLRQV�

67(36�,1�121(;3(5,0(17$/�5(6($5&+
7KH� W\SLFDO� VWHSV� LQ� QRQH[SHULPHQWDO� UHVHDUFK� DUH� VLPLODU� WR� WKH� VWHSV� LQ
H[SHULPHQWDO� UHVHDUFK�� ���� 7KH� UHVHDUFKHU� GHWHUPLQHV� WKH� UHVHDUFK� SUREOHP� DQG
K\SRWKHVHV�WR�EH�WHVWHG������7KH�UHVHDUFKHU�VHOHFWV�WKH�YDULDEOHV�WR�EH�XVHG�LQ�WKH
VWXG\������7KH�UHVHDUFKHU�FROOHFWV�WKH�GDWD������7KH�UHVHDUFKHU�DQDO\]HV�WKH�GDWD�����
7KH� UHVHDUFKHU� LQWHUSUHWV� WKH� UHVXOWV� RI� WKH� VWXG\�� 7KH� UHVHDUFKHU� VSHFLILFDOO\
GHWHUPLQHV� ZKHWKHU� WKH� K\SRWKHVHV� DUH� VXSSRUWHG�� 7KH� UHVHDUFKHU� DOVR� W\SLFDOO\
H[SORUHV�WKH�GDWD�WR�JHQHUDWH�DGGLWLRQDO�K\SRWKHVHV�WR�EH�WHVWHG�LQ�IXWXUH�VWXGLHV��,W
LV� LPSRUWDQW� WKDW� WKH� UHVHDUFKHU� IROORZ� WKHVH� VWHSV� ZKHQ� FRQGXFWLQJ
QRQH[SHULPHQWDO�UHVHDUFK�LQ�RUGHU�WR�DYRLG�WKH�SRVW�KRF�IDOODF\�

7KH�SRVW�KRF�IDOODF\�UHDGV�³3RVW�KRF��HUJR�SURSWHU�KRF�´�,Q�(QJOLVK��WKLV�VD\V�
³$IWHU�WKLV��WKHUHIRUH�EHFDXVH�RI�WKLV�´��1RZ�\RX�NQRZ�D�OLWWOH�/DWLQ���:H�HQJDJH�LQ
WKH�SRVW�KRF�IDOODF\� LI�ZH�DUJXH�DIWHU� WKH�IDFW� WKDW�EHFDXVH�$�SUHFHGHG�%��$�PXVW
KDYH�FDXVHG�%��)RU�H[DPSOH��\RX�JHW�WKH�IOX�DQG�DWWULEXWH�LW�WR�\RXU�IULHQG¶V�VQLIIOLQJ
FKLOG��ZKR�YLVLWHG�\RXU�KRPH�\HVWHUGD\��7KLV�NLQG�RI�UHDVRQLQJ�LV�PRUH�LQIRUPDOO\
NQRZQ�DV�³WZHQW\�WZHQW\�KLQGVLJKW�´�:H�DUH�DOO�SUHWW\�JRRG�DW�H[SODLQLQJ��DIWHU�WKH
IDFW��ZK\�VRPHWKLQJ�KDSSHQHG��$OWKRXJK�WKLV�NLQG�RI�UHDVRQLQJ�LV�ILQH�IRU�JHQHUDWLQJ
LGHDV��LW�LV�IDU�IURP�FRQFOXVLYH�VFLHQWLILF�HYLGHQFH��$Q�HVSHFLDOO\�HJUHJLRXV�IRUP�RI
WKH�SRVW�KRF�IDOODF\�ZRXOG�RFFXU� LI�D� UHVHDUFKHU�DQDO\]HG�VRPH�GDWD�� IRXQG�VRPH
VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQV�RU�JURXS�GLIIHUHQFHV��DQG�WKHQ�DFWHG�DV�LI�KH�RU
VKH�KDG�SUHGLFWHG�WKRVH�UHODWLRQVKLSV��7KH�SRLQW�LV�WKDW�LQ�H[SODQDWRU\�UHVHDUFK��\RX



PXVW�WHVW�\RXU�K\SRWKHVHV�ZLWK�HPSLULFDO�GDWD�WR�PDNH�VXUH�WKDW�WKH\�ZRUN�

��3RVW�KRF�IDOODF\�0DNLQJ�WKH�DUJXPHQW�WKDW�EHFDXVH�$�SUHFHGHG�%��$�PXVW
KDYH�FDXVHG�%

,1'(3(1'(17�9$5,$%/(6�,1�121(;3(5,0(17$/�5(6($5&+
,QGHSHQGHQW� YDULDEOHV� XVHG� LQ� QRQH[SHULPHQWDO� UHVHDUFK� IUHTXHQWO\� FDQQRW� EH
PDQLSXODWHG� EHFDXVH� LW� LV� HLWKHU� LPSRVVLEOH� RU� XQHWKLFDO� WR� PDQLSXODWH� WKHP�
1RQH[SHULPHQWDO� UHVHDUFK� LV� DOVR� VRPHWLPHV� GRQH� RQ� LQGHSHQGHQW� YDULDEOHV� WKDW
FRXOG�EH�PDQLSXODWHG�EXW� DUH�QRW�� HLWKHU�EHFDXVH� WKH� UHVHDUFKHU�ZDQWV� WR� H[SORUH
KRZ� WKH� LQGHSHQGHQW� YDULDEOH� LV� UHODWHG� WR� RWKHU� YDULDEOHV� EHIRUH� GRLQJ� DQ
H[SHULPHQW�RU�EHFDXVH�WKH�UHVHDUFKHU�ZDQWV�WR�H[DPLQH�UHODWLRQVKLSV�WR�GHWHUPLQH
ZKHWKHU� ILQGLQJV� HVWDEOLVKHG� LQ� ODERUDWRU\� H[SHULPHQWV� JHQHUDOL]H� WR� UHDO�ZRUOG
VHWWLQJV��$OO�WKHVH�IRUPV�RI�QRQH[SHULPHQWDO�UHVHDUFK�FDQ�PDNH�D�FRQWULEXWLRQ�WR�WKH
HGXFDWLRQDO�UHVHDUFK�OLWHUDWXUH�

1RZ� OHW¶V� ORRN�DW� VRPH�H[DPSOHV�RI� FDWHJRULFDO� DQG�TXDQWLWDWLYH� LQGHSHQGHQW
YDULDEOHV� WKDW�PLJKW� EH� XVHG� LQ� QRQH[SHULPHQWDO� UHVHDUFK�EHFDXVH� WKH\� FDQQRW� EH
PDQLSXODWHG��6RPH�FDWHJRULFDO� LQGHSHQGHQW� YDULDEOHV� WKDW� FDQQRW� EH�PDQLSXODWHG
E\� WKH� UHVHDUFKHU� DUH� JHQGHU�� SDUHQWLQJ� VW\OH�� VWXGHQW� OHDUQLQJ� VW\OH�� HWKQLFLW\�
UHWHQWLRQ� LQ� JUDGH� �L�H��� UHWDLQHG� RU� QRW� UHWDLQHG��� GUXJ� RU� WREDFFR� XVH�� DQG� DQ\
HQGXULQJ� SHUVRQDOLW\� WUDLW� WKDW� LV� RSHUDWLRQDOL]HG� DV� D� FDWHJRULFDO� YDULDEOH� �H�J��
KLJK� H[WURYHUVLRQ�YHUVXV� ORZ�H[WURYHUVLRQ��� ,I� \RX� WU\�� \RX� FDQ�SUREDEO\� WKLQN�RI
VRPH� DGGLWLRQDO� FDWHJRULFDO� LQGHSHQGHQW� YDULDEOHV� WKDW� FDQQRW� EH�PDQLSXODWHG� E\
WKH�UHVHDUFKHU��6RPH�TXDQWLWDWLYH�LQGHSHQGHQW�YDULDEOHV�WKDW�FDQQRW�EH�PDQLSXODWHG
E\�WKH�UHVHDUFKHU�DUH�LQWHOOLJHQFH��DSWLWXGH��DJH��*3$��DQ\�HQGXULQJ�SHUVRQDOLW\�WUDLW
WKDW� LV� RSHUDWLRQDOL]HG� DV� D� TXDQWLWDWLYH� YDULDEOH� �H�J��� GHJUHH� RI� H[WURYHUVLRQ
YDU\LQJ�IURP�D�ORZ�YDOXH�RI���WR�D�KLJK�YDOXH�RI�������DQG�VR�IRUWK��$JDLQ��LI�\RX
WDNH� D� PRPHQW� RU� VR�� \RX� FDQ� SUREDEO\� WKLQN� RI� VRPH� DGGLWLRQDO� TXDQWLWDWLYH
LQGHSHQGHQW�YDULDEOHV�WKDW�FDQ¶W�EH�PDQLSXODWHG�E\�WKH�UHVHDUFKHU�

5HVHDUFKHUV� VRPHWLPHV� WXUQ� LQKHUHQWO\�TXDQWLWDWLYH� LQGHSHQGHQW�YDULDEOHV� LQWR
FDWHJRULFDO� LQGHSHQGHQW� YDULDEOHV�� )RU� H[DPSOH�� \RX� FRXOG� WDNH� WKH� TXDQWLWDWLYH
YDULDEOH� DSWLWXGH� DQG� FDWHJRUL]H� LW� LQWR� WKUHH� JURXSV� �KLJK�� PHGLXP�� DQG� ORZ��
$QRWKHU� H[DPSOH� LV� LQ� WKH� SUHYLRXV� SDUDJUDSK�� ZKHUH� ZH� SRLQWHG� RXW� WKDW
H[WURYHUVLRQ� FRXOG� EH� RSHUDWLRQDOL]HG� DV� HLWKHU� D� FDWHJRULFDO� YDULDEOH� RU� D
TXDQWLWDWLYH� YDULDEOH�� &DWHJRUL]LQJ� DQ� LQGHSHQGHQW� YDULDEOH� PDNHV� WKH� UHVHDUFK
VWXG\� ORRN� OLNH� DQ� H[SHULPHQW� EHFDXVH� WKH� LQGHSHQGHQW� YDULDEOH� LQ� H[SHULPHQWDO
UHVHDUFK� VWXGLHV� LV� XVXDOO\� FDWHJRULFDO�� 'R� QRW� EH� PLVOHG�� KRZHYHU�� ,I� WKH
LQGHSHQGHQW� YDULDEOH� LV� QRW� PDQLSXODWHG�� WKHQ� WKH� UHVHDUFK� VWXG\� LV� QRW� DQ
H[SHULPHQW�� 0RVW� H[SHUWV� FRQWHQG� WKDW� FDWHJRUL]LQJ� TXDQWLWDWLYH� LQGHSHQGHQW
YDULDEOHV� LV�D�SRRU�SUDFWLFH� WKDW�VKRXOG�EH�GLVFRQWLQXHG��H�J���.HUOLQJHU��������S�
����� 3HGKD]XU� 	� 6FKPHONLQ�� ������ S�� ������ 7KH� SUREOHP� LV� WKDW� \RX� ORVH� VRPH
LQIRUPDWLRQ� DERXW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW



YDULDEOHV�ZKHQ�\RX�FDWHJRUL]H�D�TXDQWLWDWLYH�YDULDEOH��$OVR��LI�RQO\�WZR�FDWHJRULHV
DUH� XVHG� �H�J��� KLJK� YV�� ORZ��� WKHQ� RQO\� OLQHDU� �VWUDLJKW�OLQH�� UHODWLRQVKLSV� FDQ� EH
H[DPLQHG��<RX�FDQ�VROYH�WKLV�ODVW�SUREOHP�E\�VLPSO\�XVLQJ�WKUHH�FDWHJRULHV�UDWKHU
WKDQ� WZR� FDWHJRULHV�� +RZHYHU�� WKH� SUREOHP� RI� ORVV� RI� LQIRUPDWLRQ� FDQQRW� EH
DYRLGHG�LI�\RX�FDWHJRUL]H�\RXU�TXDQWLWDWLYH�YDULDEOH��,Q�VKRUW��ZH�UHFRPPHQG�WKDW
UHVHDUFKHUV� JHQHUDOO\� DYRLG� WXUQLQJ� TXDQWLWDWLYH� YDULDEOHV� LQWR� FDWHJRULFDO
YDULDEOHV�

6,03/(�&$6(6�2)�121(;3(5,0(17$/�48$17,7$7,9(
5(6($5&+
:KHQ�\RX�DUH� ILUVW� OHDUQLQJ�DERXW� UHVHDUFK�� LW� LV�KHOSIXO� WR� VWDUW�ZLWK� WKH�ZHDNHVW
DQG�PRVW� EDVLF� IRUPV� RI� QRQH[SHULPHQWDO� TXDQWLWDWLYH� UHVHDUFK��7KHVH� DUH� FDOOHG
WKH�VLPSOH�FDVHV� �RU� VLPSOH�GHVLJQV���ZKLFK�PHDQV�\RX�KDYH�RQH� LQGHSHQGHQW� RU
SUHGLFWRU� YDULDEOH� DQG� RQH� GHSHQGHQW� YDULDEOH�DQG� \RX� KDYH� QRW� WDNHQ� VWHSV� WR
FRQWURO�IRU�DQ\�H[WUDQHRXV�YDULDEOHV�

��6LPSOH�FDVH�1RQH[SHULPHQWDO�UHVHDUFK�GHVLJQ�ZLWK�RQH�LQGHSHQGHQW
YDULDEOH��RQH�GHSHQGHQW�YDULDEOH��DQG�QR�FRQWURO�IRU�DQ\�H[WUDQHRXV
YDULDEOHV

,Q�WKH�ILUVW�VLPSOH�FDVH�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK��\RX�KDYH
RQH�FDWHJRULFDO�LQGHSHQGHQW�YDULDEOH�DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH��)RU
H[DPSOH��SHUKDSV�D�UHVHDUFKHU�H[DPLQHG�WKH�UHODWLRQVKLS�EHWZHHQ�JHQGHU�DQG�PDWK
SHUIRUPDQFH�DQG� IRXQG�RXW� WKDW��RQ�DYHUDJH�� WKH�PDOHV�GLG�VOLJKWO\�EHWWHU� WKDQ� WKH
IHPDOHV��,Q�WKLV�H[DPSOH��WKHUH�LV�RQH�FDWHJRULFDO�LQGHSHQGHQW�YDULDEOH��JHQGHU��DQG
RQH� TXDQWLWDWLYH� GHSHQGHQW� YDULDEOH� �PDWK� SHUIRUPDQFH��� ,Q� WKLV� VLWXDWLRQ�� WKH
UHVHDUFKHU�ZRXOG�FRPSDUH�WKH�WZR�JURXS�PHDQV��PDOHV�YV��IHPDOHV��WR�VHH�ZKHWKHU
WKH�JURXSV�GLIIHUHG�RQ�WKH�GHSHQGHQW�YDULDEOH��PDWK�SHUIRUPDQFH���7KH�UHVHDUFKHU
ZRXOG�DOVR�XVH�D�VWDWLVWLFDO�WHVW�WR�GHWHUPLQH�ZKHWKHU�WKH�UHODWLRQVKLS�EHWZHHQ�WKH
LQGHSHQGHQW� DQG�GHSHQGHQW� YDULDEOHV�ZDV� VWDWLVWLFDOO\� VLJQLILFDQW��7KH� UHVHDUFKHU
ZRXOG� VSHFLILFDOO\� XVH� HLWKHU� D� W� WHVW� RU� DQ� $129$� WR� GHWHUPLQH� ZKHWKHU� WKH
GLIIHUHQFH� EHWZHHQ� WKH� WZR� JURXS� PHDQV� LV� VWDWLVWLFDOO\� VLJQLILFDQW�� 6WDWLVWLFDO
VLJQLILFDQFH� VLPSO\�PHDQV� WKDW� \RX� FDQ� FRQFOXGH� WKDW� WKH� GLIIHUHQFH� EHWZHHQ� WKH
JURXS�PHDQV�LV�JUHDWHU�WKDQ�ZKDW�\RX�ZRXOG�H[SHFW�WR�VHH�E\�FKDQFH�DORQH��*URXS
PHDQV�WKDW�DUH�YHU\�GLIIHUHQW�DUH�XVXDOO\�VWDWLVWLFDOO\�VLJQLILFDQW��L�H���ZH�GRQ¶W�WKLQN
WKH�GLIIHUHQFH�EHWZHHQ�WKHP�LV�MXVW�D�FKDQFH�RFFXUUHQFH���,I�\RX�GHWHUPLQH�WKDW�WKH
GLIIHUHQFH� EHWZHHQ� WKH� PHDQV� LV� VWDWLVWLFDOO\� VLJQLILFDQW�� \RX� ZLOO� GUDZ� WKH
FRQFOXVLRQ� WKDW� D� UHDO� UHODWLRQVKLS� H[LVWV� EHWZHHQ� WKH� LQGHSHQGHQW� DQG� GHSHQGHQW
YDULDEOHV�� �:H�H[SODLQ� WKH� LGHDV�RI� W� WHVW��$129$��DQG� VWDWLVWLFDO� VLJQLILFDQFH� LQ
&KDSWHU�����VR�GRQ¶W�ZRUU\�DERXW�NQRZLQJ�PRUH�WKDQ�WKH�EDVLF�GHILQLWLRQV�IRU�QRZ�
:H� MXVW�ZDQW� WR� VWDUW� XVLQJ� WKHVH� WHUPV� KHUH� WR� VKRZ� \RX�ZKHUH� WKH\� ILW� LQWR� WKH
RYHUDOO�UHVHDUFK�SURFHVV��



��)LUVW�VLPSOH�FDVH�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�'HVLJQ�ZLWK
RQH�FDWHJRULFDO�LQGHSHQGHQW�YDULDEOH�DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW
YDULDEOH

��6WDWLVWLFDOO\�VLJQLILFDQW�'HVFULEHV�D�UHVHDUFK�ILQGLQJ�WKDW�LV�SUREDEO\�QRW
DWWULEXWDEOH�WR�FKDQFH�DORQH��ZH�EHOLHYH�LW�LV�D�UHDO�UHODWLRQVKLS

,Q� WKH� VHFRQG� VLPSOH� FDVH� RI� QRQH[SHULPHQWDO� TXDQWLWDWLYH� UHVHDUFK�� \RX
KDYH� RQH� TXDQWLWDWLYH� LQGHSHQGHQW� YDULDEOH� DQG� RQH� TXDQWLWDWLYH� GHSHQGHQW
YDULDEOH�� )RU� H[DPSOH�� SHUKDSV� D� UHVHDUFKHU� H[DPLQHG� WKH� UHODWLRQVKLS� EHWZHHQ
VWXGHQWV¶� OHYHO�RI�PRWLYDWLRQ�DQG�WKHLU�PDWK�SHUIRUPDQFH�DQG�IRXQG�RXW�WKDW� ORZHU
OHYHOV� RI� PRWLYDWLRQ� SUHGLFWHG� ORZHU� PDWK� SHUIRUPDQFH� DQG� KLJKHU� OHYHOV� RI
PRWLYDWLRQ� SUHGLFWHG� KLJKHU� PDWK� SHUIRUPDQFH� �L�H��� WKHUH� ZDV� D� SRVLWLYH
FRUUHODWLRQ��� ,Q� WKLV� VLPSOH� FDVH�� WKH� UHVHDUFKHU�ZRXOG�SORW� WKH�GDWD� WR�GHWHUPLQH
ZKHWKHU� WKH� UHODWLRQVKLS� ZDV� OLQHDU� RU� FXUYLOLQHDU�� ([DPSOHV� RI� OLQHDU� DQG
FXUYLOLQHDU� UHODWLRQVKLSV� DUH� VKRZQ� LQ� )LJXUH� ������ $V� \RX� FDQ� VHH�� D� OLQHDU
UHODWLRQVKLS�IROORZV�D�VWUDLJKW�OLQH�SDWWHUQ��DQG�D�FXUYLOLQHDU�UHODWLRQVKLS�IROORZV�D
FXUYHG�OLQH� SDWWHUQ�� ,I� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� YDULDEOHV� LV� OLQHDU�� WKHQ� WKH
UHVHDUFKHU� FRPSXWHV� WKH� 3HDUVRQ� SURGXFW�PRPHQW� FRUUHODWLRQ� FRHIILFLHQW�� 7KLV� LV
WKH�PRVW�FRPPRQO\�XVHG�FRUUHODWLRQ�FRHIILFLHQW��GLVFXVVHG�LQ�&KDSWHUV���������DQG
LW�LV�WKH�RQH�WKDW�UHVHDUFKHUV�DUH�XVXDOO\�UHIHUULQJ�WR�LI�WKH\�VD\�WKH\�FRPSXWHG�WKH
³FRUUHODWLRQ�´� ,I� WKH� UHODWLRQVKLS� LV� FXUYLOLQHDU�� WKH� UHVHDUFKHU� PXVW� UHO\� RQ� DQ
DOWHUQDWLYH�PHDVXUH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�VXFK�DV�Ș��*UHHN�HWD�
IRU� GHWDLOV�� VHH� +RZHOO�� ������ SS�� ���±����� RU� XVH� FXUYLOLQHDU� UHJUHVVLRQ� �IRU
GHWDLOV��VHH�3HGKD]XU�	�6FKPHONLQ��������SS�����±�����

��6HFRQG�VLPSOH�FDVH�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�'HVLJQ
ZLWK�RQH�TXDQWLWDWLYH�LQGHSHQGHQW�YDULDEOH�DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW
YDULDEOH

$IWHU�GHWHUPLQLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VLQJOH�LQGHSHQGHQW�YDULDEOH�DQG
WKH� VLQJOH� GHSHQGHQW� YDULDEOH� LQ� WKH� VHFRQG� VLPSOH� FDVH� RI� QRQH[SHULPHQWDO
UHVHDUFK�� WKH� UHVHDUFKHU� FRQGXFWV� D� VWDWLVWLFDO� WHVW� WR� GHWHUPLQH� ZKHWKHU� WKH
FRUUHODWLRQ� LV� VWDWLVWLFDOO\� VLJQLILFDQW�� $� FRUUHODWLRQ� FRHIILFLHQW� LV� VDLG� WR� EH
VWDWLVWLFDOO\� VLJQLILFDQW� ZKHQ� LW� LV� ODUJHU� WKDQ� ZRXOG� EH� H[SHFWHG� E\� FKDQFH�
&RUUHODWLRQ�FRHIILFLHQWV� WKDW� DUH�PXFK�GLIIHUHQW� IURP�]HUR�DUH�XVXDOO\� VWDWLVWLFDOO\
VLJQLILFDQW�

$VVXPH� QRZ� WKDW� D� UHVHDUFKHU� IRXQG� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� WZR
YDULDEOHV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��L�H���LW�LV�D�UHDO�UHODWLRQVKLS�DQG�QRW�MXVW�GXH
WR�FKDQFH�IDFWRUV��LQ�RXU�H[DPSOHV�RI�WKH�WZR�VLPSOH�FDVHV��,W�LV�LPSRUWDQW�IRU�\RX
WR� UHPHPEHU� WKDW� ERWK� RI� WKHVH� VLPSOH� FDVHV� RI� QRQH[SHULPHQWDO� UHVHDUFK� DUH
VHULRXVO\� IODZHG� LI� \RX�ZDQW� WR�PDNH� D� FDXVDO� DWWULEXWLRQ� �L�H��� LI� \RX�ZDQW� WR
FRQFOXGH�WKDW�JHQGHU�FDXVHV�PDWK�SHUIRUPDQFH�RU�LI�\RX�ZDQW�WR�FRQFOXGH�WKDW�OHYHO
RI�PRWLYDWLRQ�FDXVHV�PDWK�SHUIRUPDQFH���7KH�ELJJHVW�SUREOHP�LV�WKDW�WKHUH�DUH�WRR



PDQ\�XQFRQWUROOHG�H[WUDQHRXV�YDULDEOHV� WKDW�PLJKW�EH� WKH� UHDVRQ� IRU� WKH�REVHUYHG
UHODWLRQVKLS�� )RU� H[DPSOH�� FDQ� \RX� WKLQN� RI� VRPH� DOWHUQDWLYH� H[SODQDWLRQV� IRU� DQ
REVHUYHG�UHODWLRQVKLS�EHWZHHQ�JHQGHU�DQG�PDWK�DFKLHYHPHQW��H�J���SHUKDSV�IHPDOHV
DUH�VRFLDOL]HG�WR�GHHPSKDVL]H�PDWKHPDWLFV�DQG�PDOHV�DUH�VRFLDOL]HG�WR�HPSKDVL]H
PDWKHPDWLFV�"�&DQ�\RX�WKLQN�RI�VRPH�UHDVRQV�ZK\�OHYHO�RI�PRWLYDWLRQ�PLJKW�QRW�EH
FDXVDOO\�UHODWHG�WR�PDWK�DFKLHYHPHQW��H�J���SHUKDSV�PDWK�DFKLHYHPHQW�LV�GXH�WR�WKH
DPRXQW�RI�WLPH�VSHQW�VWXG\LQJ�DQG�DELOLW\�"

�),*85(����������/LQHDU�DQG�FXUYLOLQHDU�UHODWLRQVKLSV

7KH�NH\�SRLQW�LV�WKDW�\RX�FDQQRW�GUDZ�D�FRQFOXVLRQ�DERXW�FDXVH�DQG�HIIHFW�IURP
HLWKHU�RI�WKH�VLPSOH�FDVHV�EHFDXVH�REVHUYLQJ�D�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV
LV� QRW� HQRXJK� HYLGHQFH� WR� FRQFOXGH� WKDW� WKH� UHODWLRQVKLS� LV� FDXVDO�� ,Q� WKH� QH[W
VHFWLRQV��ZH�H[SODLQ�KRZ�\RX�FDQ�HVWDEOLVK�VRPH�HYLGHQFH�RI�FDXVDWLRQ�

,Q�SUDFWLFH��\RX�VKRXOG�DOZD\V�DYRLG�WKH�VLPSOH�FDVHV�ZKHQ�\RX�DUH�LQWHUHVWHG
LQ�VWXG\LQJ�FDXVH�DQG�HIIHFW��2XU�JRDO�LQ�WKH�UHVW�RI�WKLV�FKDSWHU�LV�WR�VKRZ�\RX�KRZ
WR� GHVLJQ� DQG� FRQGXFW� KLJK�TXDOLW\� QRQH[SHULPHQWDO� UHVHDUFK� VWXGLHV� ZKHQ� \RXU
UHVHDUFK�VLWXDWLRQ�GHPDQGV�WKDW�\RX�XVH�QRQH[SHULPHQWDO�UHVHDUFK�WHFKQLTXHV�

7+5((�5(48,5('�&21',7,216�)25�&$86(�$1'�())(&7
5(/$7,216+,36
:KHQHYHU�\RX�ZDQW�WR�FODLP�WKDW�FKDQJHV�LQ�YDULDEOH�$�WHQG�WR�SURGXFH��L�H���FDXVH�
FKDQJHV� LQ� YDULDEOH� %�� \RX� PXVW� FKHFN� IRU� WKH� SUHVHQFH� RI� WKH� WKUHH� UHTXLUHG
FRQGLWLRQV� �$VKHU�� ������&RRN�	�&DPSEHOO�� ������6KDGLVK� HW� DO��� �������1RWLFH
WKDW�ZH�VDLG�³WHQG�WR´�LQ�WKH�SUHYLRXV�VHQWHQFH��:H�XVHG�WKRVH�ZRUGV�WR�UHPLQG�\RX
WKDW�HGXFDWLRQDO� UHVHDUFKHUV�DUH� LQWHUHVWHG� LQ�SUREDELOLVWLF�FDXVH� �L�H���FKDQJHV� LQ
YDULDEOH�$�WHQG�WR�FDXVH�FKDQJHV�LQ�YDULDEOH�%���QRW�SHUIHFW�FDXVDWLRQ��L�H���FKDQJHV
LQ� YDULDEOH� $� DOZD\V� SURGXFH� WKH� VDPH� FKDQJHV� LQ� YDULDEOH� %��� 7KH� LGHD� RI
SUREDELOLVWLF�FDXVH�VKRXOG�PDNH�VHQVH�WR�\RX�EHFDXVH�\RX�NQRZ�WKDW��IRU�H[DPSOH��D
WHFKQLTXH�RI�WHDFKLQJ�PLJKW�ZRUN�TXLWH�ZHOO�IRU�PDQ\�VWXGHQWV�EXW�QRW�ZRUN�ZHOO�IRU
D�IHZ�RI�\RXU�VWXGHQWV��&RXQVHORUV�NQRZ�WKDW�D�FHUWDLQ�W\SH�RI�WKHUDS\�PLJKW�ZRUN



ZHOO�IRU�PDQ\�FOLHQWV�EXW�QRW�IRU�D�IHZ�RI�WKHLU�FOLHQWV��,W�LV�DOVR�WUXH�WKDW�WKH�VDPH
LQGLYLGXDO�PLJKW� QRW� DOZD\V� UHDFW� WKH� VDPH�ZD\� WR� WKH� VDPH� VWLPXOXV�� )RU� WKHVH
UHDVRQV��ZKHQ�HGXFDWLRQDO�UHVHDUFKHUV�WDON�DERXW�FDXVDWLRQ��WKH\�DUH�DOPRVW�DOZD\V
WDONLQJ�DERXW�SUREDELOLVWLF�FDXVDWLRQ�UDWKHU�WKDQ�DERXW�SHUIHFW�RU�DEVROXWH�FDXVDWLRQ�

��7KUHH�UHTXLUHG�FRQGLWLRQV�7KUHH�WKLQJV�WKDW�PXVW�EH�SUHVHQW�LI�\RX�DUH�WR
FRQWHQG�WKDW�FDXVDWLRQ�KDV�RFFXUUHG

��3UREDELOLVWLF�FDXVH�&KDQJHV�LQ�YDULDEOH�$�WHQG�WR�SURGXFH�FKDQJHV�LQ
YDULDEOH�%�

7KH� WKUHH� UHTXLUHG� FRQGLWLRQV� WKDW� \RX� PXVW� DOZD\V� FRQVLGHU� LI� \RX� ZDQW� WR
HVWDEOLVK� WKDW� FKDQJHV� LQ� YDULDEOH� $� WHQG� WR� FDXVH� FKDQJHV� LQ� YDULDEOH� %� ZHUH
RXWOLQHG�LQ�&KDSWHU�����7KH\�DUH�VKRZQ�DJDLQ�LQ�7DEOH�������$V�\RX�FDQ�VHH�LQ�WKH
WDEOH��FRQGLWLRQ���VWDWHV�WKDW�YDULDEOH�$�DQG�YDULDEOH�%�PXVW�EH�UHODWHG��7KLV�LV�WKH
UHODWLRQVKLS� FRQGLWLRQ�� ,I� WKHUH� LV� QR� UHODWLRQVKLS� ZKDWVRHYHU� EHWZHHQ� WZR
YDULDEOHV�� WKHQ�RQH�YDULDEOH�FDQQRW�GLUHFWO\�DIIHFW� WKH�RWKHU�YDULDEOH��&RQGLWLRQ��
VWDWHV� WKDW� WKH� SURSHU� WLPH� RUGHU� PXVW� EH� HVWDEOLVKHG�� 7KLV� FRQGLWLRQ� VKRXOG� EH
REYLRXV��EHFDXVH�LI�FKDQJHV�LQ�YDULDEOH�$�DUH� WR�FDXVH�FKDQJHV� LQ�YDULDEOH�%�� WKH
FKDQJHV�LQ�YDULDEOH�$�PXVW�SUHFHGH�WKH�FKDQJHV�LQ�YDULDEOH�%�

&RQGLWLRQ���VD\V�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�YDULDEOH�$�DQG�YDULDEOH�%�PXVW
QRW� EH� GXH� WR� D� FRQIRXQGLQJ� H[WUDQHRXV� RU� WKLUG� YDULDEOH�� 7KLV� PHDQV� WKDW
DOWHUQDWLYH�RU�ULYDO�H[SODQDWLRQV�PXVW�EH�HOLPLQDWHG��$�FRPPRQ�ULYDO�H[SODQDWLRQ
VWDWHV�WKDW�DQ�REVHUYHG�UHODWLRQVKLS�ZDV�GXH�WR�DQ�H[WUDQHRXV�YDULDEOH��L�H���D�WKLUG
YDULDEOH��WKDW�ZDV�QRW�³FRQWUROOHG�IRU´�LQ�WKH�UHVHDUFK�VWXG\�ZKHUH�WKH�FDXVDO�FODLP
ZDV�PDGH��7KLV�ULYDO�H[SODQDWLRQ�LV�FDOOHG�WKH�WKLUG�YDULDEOH�SUREOHP�EHFDXVH� LW
VWDWHV�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�$�DQG�%� LV�DFWXDOO\�GXH�WR�&��7KH�NH\�SRLQW� LV
WKDW�� EHFDXVH� \RX� ZDQW� WR� FRQGXFW� D� VWURQJ� QRQH[SHULPHQWDO� UHVHDUFK� VWXG\�� \RX
PXVW� LGHQWLI\� DOO� H[WUDQHRXV� YDULDEOHV� WKDW� PLJKW� RIIHU� ULYDO� H[SODQDWLRQV�
)XUWKHUPRUH��\RX�VKRXOG�LGHQWLI\�WKRVH�YDULDEOHV�GXULQJ�WKH�SODQQLQJ�DQG�GHVLJQLQJ
SKDVHV� RI� \RXU� VWXG\� VR� WKDW� \RX� FDQ� DWWHPSW� WR� SUHYHQW� WKLV� SUREOHP� IURP
KDSSHQLQJ��$IWHU�\RXU�VWXG\�KDV�EHHQ�FRPSOHWHG��LW�ZLOO�EH�WRR�ODWH�WR�GR�DQ\WKLQJ
DERXW�DQ�XQPHDVXUHG�H[WUDQHRXV�YDULDEOH�

��7KLUG�YDULDEOH�SUREOHP�$Q�REVHUYHG�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV
WKDW�PD\�EH�GXH�WR�DQ�H[WUDQHRXV�YDULDEOH

6RPH� WHUPLQRORJ\� LQ� QRQH[SHULPHQWDO� UHVHDUFK� LV� SRWHQWLDOO\� FRQIXVLQJ��)LUVW�
WKH� WHUPV� FRQIRXQGLQJ� YDULDEOHV� DQG� WKLUG� YDULDEOHV� DUH� XVHG� LQWHUFKDQJHDEO\
EHFDXVH� WKH\� DUH� V\QRQ\PV�� %RWK� WHUPV� UHIHU� WR� H[WUDQHRXV� YDULDEOHV� WKDW
UHVHDUFKHUV� QHHG� WR� LGHQWLI\� EHIRUH� WKH\� FROOHFW� GDWD� VR� WKDW� WKH\� FDQ� DWWHPSW� WR
HOLPLQDWH� WKHVH� YDULDEOHV� DV� ULYDO� H[SODQDWLRQV� IRU� DQ� REVHUYHG� UHODWLRQVKLS
EHWZHHQ�WZR�RWKHU�YDULDEOHV��<RX�FDQ�HOLPLQDWH�RU�PLQLPL]H�WKH�LQIOXHQFH�RI�WKLUG
�L�H��� FRQIRXQGLQJ�� YDULDEOHV� E\� XVLQJ� RQH� RI� WKH� DSSURDFKHV� GLVFXVVHG� LQ� WKH



VXEVHTXHQW�VHFWLRQ�RQ� WHFKQLTXHV�RI�FRQWURO� LQ�QRQH[SHULPHQWDO� UHVHDUFK��6HFRQG�
WKH�WHUPV�DOWHUQDWLYH�H[SODQDWLRQ��ULYDO�H[SODQDWLRQ��DQG�ULYDO�K\SRWKHVLV�DOVR�DUH
V\QRQ\PV��7KHVH� WHUPV� DUH� XVHG� WR� UHIHU� WR� UHDVRQV� IRU� DQ� REVHUYHG� UHODWLRQVKLS
RWKHU�WKDQ�WKH�UHDVRQ�RULJLQDOO\�VWDWHG�E\�D�UHVHDUFKHU��L�H���WKH�QHZ�UHDVRQV�RSHUDWH
DV�DOWHUQDWLYHV�RU�ULYDOV��

�7$%/(�������7KH�7KUHH�5HTXLUHG�&RQGLWLRQV�IRU�&DXVDWLRQ

5HVHDUFKHUV�PXVW�HVWDEOLVK�WKUHH�FRQGLWLRQV�LI�WKH\�DUH�WR�FRQFOXGH�WKDW�FKDQJHV�LQ�YDULDEOH�$�FDXVH�FKDQJHV�LQ
YDULDEOH�%�

&RQGLWLRQ
��

9DULDEOH�$�DQG�YDULDEOH�%�PXVW�EH�UHODWHG��WKH�UHODWLRQVKLS
FRQGLWLRQ��

&RQGLWLRQ
��

3URSHU�WLPH�RUGHU�PXVW�EH�HVWDEOLVKHG��WKH�WHPSRUDO�DQWHFHGHQFH
FRQGLWLRQ��

&RQGLWLRQ
��

7KH�UHODWLRQVKLS�EHWZHHQ�YDULDEOH�$�DQG�YDULDEOH�%�PXVW�QRW�EH
GXH�WR�VRPH�FRQIRXQGLQJ�H[WUDQHRXV�RU�³WKLUG´�YDULDEOH��WKH�ODFN
RI�DOWHUQDWLYH�RU�ULYDO�H[SODQDWLRQ�FRQGLWLRQ��

$� XVHIXO� WHFKQLTXH� IRU� LGHQWLI\LQJ� ULYDO� H[SODQDWLRQV� LV� FDOOHG� WKH�PHWKRG� RI
ZRUNLQJ�PXOWLSOH�K\SRWKHVHV��&KDPEHUOLQ��������������&KDPEHUOLQ�H[SODLQHG�WKH
PHWKRG�RI�ZRUNLQJ�PXOWLSOH�K\SRWKHVHV�WKLV�ZD\�

��0HWKRG�RI�ZRUNLQJ�PXOWLSOH�K\SRWKHVHV�$WWHPSWLQJ�WR�LGHQWLI\�ULYDO
H[SODQDWLRQV

7KH� HIIRUW� LV� WR� EULQJ� XS� LQWR� YLHZ� HYHU\� UDWLRQDO� H[SODQDWLRQ� RI� QHZ
SKHQRPHQD��DQG�WR�GHYHORS�HYHU\�WHQDEOH�K\SRWKHVLV�UHVSHFWLQJ�WKHLU�FDXVH�DQG
KLVWRU\��7KH�LQYHVWLJDWRU�WKXV�EHFRPHV�WKH�SDUHQW�RI�D�IDPLO\�RI�K\SRWKHVHV��DQG�
E\� KLV� SDUHQWDO� UHODWLRQ� WR� DOO�� KH� LV� IRUELGGHQ� WR� IDVWHQ� KLV� DIIHFWLRQV� XQGXO\
XSRQ�DQ\�RQH���S������

,I� \RX� FRQGXFW� D� UHVHDUFK� VWXG\�� UHPHPEHU� WR� XVH� WKH� PHWKRG� RI� ZRUNLQJ
PXOWLSOH�K\SRWKHVHV�ZKHQ�\RX�DUH�SODQQLQJ�WKH�VWXG\��QRW�DIWHU�\RX�KDYH�FRPSOHWHG
LW�DQG�VRPHRQH�KDV�LGHQWLILHG�D�IODZ��7KLV�ZD\�\RX�FDQ�SODQ�DQG�FRQGXFW�D�UHVHDUFK
VWXG\�WKDW�ZLOO�SURYLGH�GHIHQVLEOH�FRQFOXVLRQV�

7KH� WKUHH� UHTXLUHG� FRQGLWLRQV� IRU� FDXVH� DQG� HIIHFW� WKDW�ZH� MXVW� GLVFXVVHG� DUH
WUXO\� JHQHUDO�� 7KH\� DSSO\� WR� ERWK� H[SHULPHQWDO� DQG� QRQH[SHULPHQWDO� UHVHDUFK�� ,Q
IDFW��WKH�FULWHULD�DSSO\�ZKHQHYHU�\RX�ZDQW�WR�HVWDEOLVK�HYLGHQFH�WKDW�D�UHODWLRQVKLS



LV� FDXVDO�� UHJDUGOHVV� RI� \RXU� UHVHDUFK� PHWKRG� �H�J��� WKH� FRQGLWLRQV� DSSO\� LQ
TXDOLWDWLYH� UHVHDUFK� LI� \RX� DUH� LQWHUHVWHG� LQ� FDXVDOLW\��� <RX� OHDUQHG� LQ� SUHYLRXV
FKDSWHUV�WKDW�VWURQJ�H[SHULPHQWDO�UHVHDUFK�GHVLJQV��L�H���GHVLJQV�ZLWK�PDQLSXODWLRQ
DQG� UDQGRP� DVVLJQPHQW�� SHUIRUP� H[WUHPHO\� ZHOO� RQ� WKH� WKUHH� FRQGLWLRQV� IRU
FDXVDWLRQ�� 1RZ� ZH� H[DPLQH� KRZ� ZHOO� �RU� SRRUO\�� QRQH[SHULPHQWDO� UHVHDUFK
SHUIRUPV�RQ�WKH�WKUHH�UHTXLUHG�FRQGLWLRQV�IRU�FDXVDOLW\�

$33/<,1*�7+(�7+5((�5(48,5('�&21',7,216�)25
&$86$7,21�,1�121(;3(5,0(17$/�5(6($5&+
1HLWKHU� PDQLSXODWLRQ� QRU� UDQGRP� DVVLJQPHQW� LV� SUHVHQW� LQ� QRQH[SHULPHQWDO
UHVHDUFK��/HW¶V�H[DPLQH� WKH� LPSOLFDWLRQV� WKLV� IDFW�KDV�IRU�HVWDEOLVKLQJ�HYLGHQFH�RI
FDXVH�DQG�HIIHFW��:H�VWDUW�ZLWK� WKH� WZR�VLPSOH�FDVHV�RI�QRQH[SHULPHQWDO� UHVHDUFK
GLVFXVVHG� HDUOLHU�� 5HFDOO� WKDW� LQ� WKH� VLPSOH� FDVHV�� WKHUH� LV� D� VLQJOH� LQGHSHQGHQW
YDULDEOH� DQG� D� VLQJOH� GHSHQGHQW� YDULDEOH�� ,Q� DQ� HDUOLHU� H[DPSOH�� ZH� VDZ� WKDW� D
UHODWLRQVKLS� ZDV� REVHUYHG� EHWZHHQ� JHQGHU� DQG� PDWK� SHUIRUPDQFH� DQG� D
UHODWLRQVKLS�ZDV�REVHUYHG�EHWZHHQ�OHYHO�RI�PRWLYDWLRQ�DQG�PDWK�SHUIRUPDQFH��7KH
SUREOHP� WKDW� ZH� UXQ� LQWR� ZLWK� WKH� WZR� VLPSOH� FDVHV� LV� WKDW� REVHUYLQJ� D
UHODWLRQVKLS�LV�FOHDUO\�QRW�VXIILFLHQW�JURXQGV�IRU�FRQFOXGLQJ�WKDW�D�UHODWLRQVKLS�LV
FDXVDO��/HW¶V� DSSO\� WKH� WKUHH� UHTXLUHG� FRQGLWLRQV� IRU� FDXVDWLRQ� WR� WKH� WZR� VLPSOH
FDVHV�

,Q�WKH�FDVH�RI�JHQGHU�DQG�PDWK�SHUIRUPDQFH��D�UHODWLRQVKLS�ZDV�REVHUYHG��7KLV
PHDQV�WKDW�FDXVDO�FRQGLWLRQ���LV�PHW��L�H���D�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�YDULDEOHV
PXVW� EH� REVHUYHG��� :H� FDQ� DOVR� DVVXPH� WKDW� JHQGHU� RFFXUV� EHIRUH� PDWK
SHUIRUPDQFH� DV� PHDVXUHG� LQ� WKH� UHVHDUFK� VWXG\� LI� ZH� DVVXPH� WKDW� JHQGHU� LV� D
PHDVXUH� RI� RQH¶V� ELRORJLFDO� VH[�� ZKLFK� LV� IL[HG� DW� ELUWK�� ,Q� WKLV� FDVH�� FDXVDO
FRQGLWLRQ���DOVR�LV�PHW��L�H���JHQGHU�FRPHV�EHIRUH�PDWK�SHUIRUPDQFH���1RWH�WKDW�RQH
PLJKW� DUJXH� WKDW� JHQGHU� LV� PXFK� PRUH� WKDQ� ELRORJLFDO� VH[�� ,I� RQH� PDGH� WKLV
DUJXPHQW��LW�ZRXOG�EH�ZLVH�WR�PHDVXUH�VSHFLILFDOO\�WKH�LPSRUWDQW�DVSHFWV�RI�JHQGHU
DQG� VWXG\� KRZ� WKH\� UHODWH� WR� WKH� GHSHQGHQW� YDULDEOH�� 2QH� ZRXOG� WKHQ� KDYH� WR
FRQVLGHU�WKH�LVVXH�RI�WLPH�RUGHU�IRU�HDFK�QHZ�DVSHFW�VWXGLHG�

2XU�ELJJHVW�SUREOHP��EDVHG�RQ�WKH�WKUHH�FRQGLWLRQV��LV�ZLWK�FRQGLWLRQ����7KHUH
DUH�PDQ\�DOWHUQDWLYH�H[SODQDWLRQV�IRU�DQ�REVHUYHG�UHODWLRQVKLS�EHWZHHQ�JHQGHU�DQG
PDWK� SHUIRUPDQFH�� $V� ZH� SRLQWHG� RXW� HDUOLHU�� SHUKDSV� PDOHV� DQG� IHPDOHV� DUH
VRFLDOL]HG�GLIIHUHQWO\�UHJDUGLQJ�PDWKHPDWLFV��2U�SHUKDSV�IHPDOHV�DUH�MXVW�DV�JRRG
DW�PDWK� DV�PDOHV� EXW� WHQG� WR� KDYH� KLJKHU�PDWK� DQ[LHW\� WKDQ�PDOHV��ZKLFK� ORZHUV
WKHLU� PDWK� SHUIRUPDQFH� LQ� D� WHVW� FRQGLWLRQ�� 6RFLDOL]DWLRQ� DQG� PDWK� DQ[LHW\�� DQG
SRVVLEO\�PDQ\�RWKHU�IDFWRUV�\RX�FDQ�WKLQN�RI��UHSUHVHQW�XQFRQWUROOHG�WKLUG�YDULDEOHV
WKDW� DUH� FRQIRXQGHG� �HQWDQJOHG��ZLWK� WKH� LQGHSHQGHQW� YDULDEOH� JHQGHU��7KHUHIRUH�
ZH�FDQQRW�NQRZ�IRU�VXUH�ZKHWKHU�PDWK�SHUIRUPDQFH�LV�GXH�WR�JHQGHU�RU�ZKHWKHU�LW
LV�GXH�WR�VRFLDOL]DWLRQ�RU�WR�PDWK�DQ[LHW\��RU�WR�VRPH�RWKHU�XQQDPHG�WKLUG�YDULDEOH��
7KLV�SUREOHP� LV� DQ�H[DPSOH�RI� WKH� WKLUG�YDULDEOH�SUREOHP� WKDW� LV� RPQLSUHVHQW� LQ
QRQH[SHULPHQWDO� UHVHDUFK�� 7KH� WKLUG�YDULDEOH� SUREOHP� LV� SUHVHQW� ZKHQHYHU



XQFRQWUROOHG� DQG� WKHUHIRUH� SRWHQWLDOO\� FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV� DUH
SUHVHQW�

1RZ�OHW¶V�PRYH�WR�WKH�FDVH�RI�OHYHO�RI�PRWLYDWLRQ�DQG�PDWK�SHUIRUPDQFH��2QFH
DJDLQ��D�UHODWLRQVKLS�ZDV�REVHUYHG��WKH�KLJKHU� WKH�PRWLYDWLRQ�� WKH�KLJKHU� WKH�PDWK
SHUIRUPDQFH���7KHUHIRUH��FRQGLWLRQ���LV�PHW��:H�FDQ¶W�NQRZ�IRU�VXUH�ZKHWKHU�OHYHO
RI� PRWLYDWLRQ� RU� PDWK� SHUIRUPDQFH� RFFXUUHG� ILUVW�� VLQFH� ZH� DVVXPH� WKDW� WKH
UHVHDUFKHUV�PHDVXUHG�ERWK�YDULDEOHV�DW�WKH�VDPH�WLPH�LQ�WKLV�H[DPSOH���/DWHU�LQ�WKLV
FKDSWHU�� ZH� GLVFXVV� VRPH� QRQH[SHULPHQWDO� GHVLJQV� LQ� ZKLFK� SDUWLFLSDQWV� DUH
VWXGLHG�DW�PRUH�WKDQ�RQH�WLPH�SRLQW���:H�PLJKW�DVVXPH�RQ�WKHRUHWLFDO�JURXQGV�WKDW
WKH�OHYHO�RI�PRWLYDWLRQ�ZDV�WR�VRPH�GHJUHH�SUHVHQW�EHIRUH�WKH�VWXGHQWV�WRRN�WKH�WHVW
PHDVXULQJ� WKHLU� PDWK� SHUIRUPDQFH�� ,W� LV� UHDVRQDEOH� WR� DVVXPH�� IRU� H[DPSOH�� WKDW
VWXGHQWV�ZKR�DUH�PRUH�PRWLYDWHG�ZLOO�DWWHQG�FODVV�UHJXODUO\�DQG�VWXG\�KDUGHU�DQG
WKDW� DWWHQGLQJ� FODVV� DQG� VWXG\LQJ� IRU� H[DPV�RFFXU� EHIRUH� WKH� H[DPV��2Q� WKH� RWKHU
KDQG�� ZH� FDQQRW� NQRZ� WLPH� RUGHULQJ� IRU� VXUH� EHFDXVH� LW� LV� DOVR� UHDVRQDEOH� WR
EHOLHYH� WKDW�PDWK� SHUIRUPDQFH� KDV� VRPH� LPSDFW� RQ� OHYHO� RI�PRWLYDWLRQ�� ,Q� VKRUW�
FDXVDO�FRQGLWLRQ����SURSHU�WLPH�RUGHU��LV�RQO\�SDUWLDOO\�PHW�EHFDXVH�WKH�SURSHU�WLPH
RUGHU� LV�RQO\�DVVXPHG�RU�K\SRWKHVL]HG� WR�RFFXU²QR�GLUHFW�HYLGHQFH�H[LVWV� WKDW� LW
GLG�RFFXU�

$V�ZDV� WKH� FDVH� LQ� WKH� JHQGHU� VWXG\� H[DPSOH�� FDXVDO� FRQGLWLRQ� �� LV� D�PDMRU
SUREOHP��7KHUH�DUH�DOWHUQDWLYH�H[SODQDWLRQV�IRU�WKH�REVHUYHG�UHODWLRQVKLS�EHWZHHQ
OHYHO�RI�PRWLYDWLRQ�DQG�PDWK�SHUIRUPDQFH��:H�OLVWHG�WZR�ULYDO�H[SODQDWLRQV�HDUOLHU�
3HUKDSV� WKH� VWXGHQWV¶� PDWK� SHUIRUPDQFH� ZDV� GXH� WR� WKH� DPRXQW� RI� WLPH� VSHQW
VWXG\LQJ�RU�WR�DELOLW\�UDWKHU�WKDQ�WR�OHYHO�RI�PRWLYDWLRQ��7KH�SUREOHP�RI�DOWHUQDWLYH
RU� ULYDO� H[SODQDWLRQV� LV� RPQLSUHVHQW� LQ� QRQH[SHULPHQWDO� UHVHDUFK�� ,Q� D
QRQH[SHULPHQWDO�VWXG\��WKH�UHVHDUFKHU�FDQ�QHYHU�NQRZ�IRU�VXUH�ZKHWKHU�DQ�REVHUYHG
UHODWLRQVKLS� FDQ� EH� H[SODLQHG� DZD\� E\� VRPH� XQFRQWUROOHG� H[WUDQHRXV� RU� WKLUG
YDULDEOH�WKDW�WKH�UHVHDUFKHU�IDLOHG�WR�LGHQWLI\�

+HUH�LV�D�NH\�SRLQW�WR�UHPHPEHU��7KH�PRVW�VHULRXV�SUREOHP�WKDW�ZH�UXQ�LQWR�LQ
WKH� VLPSOH� FDVHV� RI� QRQH[SHULPHQWDO� UHVHDUFK� LV� WKDW� WKH�REVHUYHG� UHODWLRQVKLS
PLJKW�EH�GXH�WR�DQ�H[WUDQHRXV�YDULDEOH��FDXVDO�FRQGLWLRQ�����DQG�WKLV�SUREOHP�LV
ZLGHVSUHDG� LQ� QRQH[SHULPHQWDO� UHVHDUFK��:H� KDYH� FDOOHG� WKLV� WKH� WKLUG�YDULDEOH
SUREOHP��:KHQ�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�LV�GXH�WR�DQRWKHU�YDULDEOH�
UHVHDUFKHUV�VRPHWLPHV�FDOO�LW�D�VSXULRXV�UHODWLRQVKLS��$�VSXULRXV�UHODWLRQVKLS�LV�D
FRPSOHWHO\�QRQFDXVDO�UHODWLRQVKLS��:KHQ�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�LV
RQO\� SDUWLDOO\� GXH� WR� DQRWKHU� YDULDEOH��ZH� VRPHWLPHV� FDOO� LW� D�SDUWLDOO\� VSXULRXV
UHODWLRQVKLS� �'DYLV�� ������� ,I� DQ� H[WUDQHRXV� YDULDEOH� FDXVHV� WKH� WKLUG�YDULDEOH
SUREOHP��LW�PXVW�EH�UHODWHG�WR�ERWK�WKH�LQGHSHQGHQW�DQG�WKH�GHSHQGHQW�YDULDEOH�

��6SXULRXV�UHODWLRQVKLS�$�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�WKDW�LV�GXH�WR�D
WKLUG�YDULDEOH

��3DUWLDOO\�VSXULRXV�UHODWLRQVKLS�$�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�WKDW�LV
SDUWLDOO\�GXH�WR�D�WKLUG�YDULDEOH



'LG�\RX�NQRZ�WKDW�WKH�DPRXQW�RI�ILUH�GDPDJH�WR�KRXVHV�DQG�WKH�QXPEHU�RI�ILUH
WUXFNV�UHVSRQGLQJ�WR�ILUHV�LV�SRVLWLYHO\�UHODWHG"�6KRXOG�ZH�FRQFOXGH�EDVHG�RQ�WKLV
REVHUYHG� UHODWLRQVKLS� WKDW� FDOOLQJ�PRUH� ILUH� WUXFNV� WR� D� ILUH�ZLOO� FDXVH�PRUH� ILUH
GDPDJH�WR�RFFXU"�1R��7KH�UHDO�FDXVH�RI�WKH�UHODWLRQVKLS�EHWZHHQ�ILUH�GDPDJH�DQG
WKH�QXPEHU�RI�WUXFNV�UHVSRQGLQJ�LV�WKH�VL]H�RI�WKH�ILUH��0RUH�ILUH�WUXFNV�UHVSRQG�WR
ODUJHU�ILUHV��DQG�PRUH�GDPDJH�UHVXOWV�IURP�ODUJHU�ILUHV��+RZHYHU��LI�\RX�H[DPLQHG
RQO\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�ILUH�WUXFNV�DQG�DPRXQW�RI�ILUH�GDPDJH
ZLWKRXW�FRQVLGHULQJ� WKH�VL]H�RI� ILUH��\RX�ZRXOG� ILQG�D�FOHDU��SRVLWLYH� UHODWLRQVKLS
�VHH�)LJXUH�����D��

�),*85(����������5HODWLRQVKLS�EHWZHHQ�DPRXQW�RI�ILUH�GDPDJH�DQG�QXPEHU�RI
WUXFNV�UHVSRQGLQJ�EHIRUH�DQG�DIWHU�FRQWUROOLQJ�IRU�VL]H�RI�ILUH�
:H�FRQWUROOHG�IRU�VL]H�RI�ILUH�E\�H[DPLQLQJ�WKH�RULJLQDO
UHODWLRQVKLS�DW�GLIIHUHQW�OHYHOV�RI�VL]H�RI�ILUH��7KH�RULJLQDO
UHODWLRQVKLS�GLVDSSHDUV�

5HVHDUFKHUV� IUHTXHQWO\� FKHFN� WR� VHH� ZKHWKHU� UHODWLRQVKLSV� DUH� GXH� WR� WKLUG
YDULDEOHV� E\� FRQWUROOLQJ� IRU� WKHVH� YDULDEOHV�� <RX� KDYH� FRQWUROOHG� IRU� D� WKLUG
YDULDEOH� ZKHQ� \RX� KDYH� SURYLGHG� HYLGHQFH� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� WZR
YDULDEOHV� LV� QRW� GXH� WR� D� WKLUG� YDULDEOH�� ,Q� SDUWLFXODU�� WKH� RULJLQDO� UHODWLRQVKLS
EHWZHHQ� WZR�YDULDEOHV�ZLOO�GLVDSSHDU�ZKHQ�FRQWUROOLQJ� IRU� WKH� WKLUG�YDULDEOH� LI
WKH�UHODWLRQVKLS�LV�WRWDOO\�VSXULRXV��DV�LQ�WKH�FDVH�RI�ILUH�GDPDJH�DQG�ILUH�WUXFNV��
,Q� SDUW� �E�� RI� )LJXUH� ������ ZH� FRQWUROOHG� IRU� WKH� VL]H� RI� ILUH� E\� H[DPLQLQJ� WKH
RULJLQDO� UHODWLRQVKLS� VHSDUDWHO\� IRU� VPDOO�� PHGLXP�� DQG� ODUJH� ILUHV� �L�H��� ZH
H[DPLQHG�WKH�UHODWLRQVKLS�ZLWKLQ�OHYHOV�RI�WKH�H[WUDQHRXV�YDULDEOH���$V�\RX�FDQ�VHH�
WKHUH� LV� QR� UHODWLRQVKLS� EHWZHHQ� ILUH� GDPDJH� DQG� WKH� QXPEHU� RI� WUXFNV�ZKHQ�\RX



ORRN� RQO\� DW� VPDOO� ILUHV�� 7KHUH� LV� DOVR� QR� UHODWLRQVKLS� ZKHQ� \RX� ORRN� RQO\� DW
PHGLXP� ILUHV�� $QG� ILQDOO\�� WKHUH� LV� QR� UHODWLRQVKLS� ZKHQ� \RX� ORRN� RQO\� DW� ODUJH
ILUHV��7KHUHIRUH��WKH�RULJLQDO�UHODWLRQVKLS�EHWZHHQ�WKH�YDULDEOHV�ILUH�GDPDJH�DQG�WKH
QXPEHU�RI� ILUH� WUXFNV� UHVSRQGLQJ�GLVDSSHDUV�ZKHQ�\RX�FRQWURO� IRU� WKH� VL]H�RI� WKH
ILUH�� ,Q� RWKHU�ZRUGV�� WKHUH� LV� QR� ORQJHU� D� UHODWLRQVKLS� EHWZHHQ� WKH� YDULDEOHV� ILUH
GDPDJH� DQG� QXPEHU� RI� ILUH� WUXFNV� UHVSRQGLQJ� DIWHU� \RX� FRQWURO� IRU� WKH� WKLUG
YDULDEOH��WKH�VL]H�RI�WKH�ILUH��([DPLQLQJ�D�UHODWLRQVKLS�ZLWKLQ�WKH�GLIIHUHQW�OHYHOV�RI
D� WKLUG�YDULDEOH�VXFK�DV�ZH� MXVW�GLG� LV�DQ� LPSRUWDQW� VWUDWHJ\�RI�FRQWUROOLQJ� IRU�DQ
H[WUDQHRXV� YDULDEOH�� 7KLV� VWUDWHJ\� LV� D� W\SH� RI� ZKDW� ZH� UHIHU� WR� DV� VWDWLVWLFDO
FRQWURO�

:H� KDYH� SURYLGHG� D� OLVW� RI� VRPH� DGGLWLRQDO� VSXULRXV� UHODWLRQVKLSV� LQ� 7DEOH
������:H� WKLQN� WKDW�\RX�ZLOO� ILQG� WKH� OLVW�TXLWH�HQWHUWDLQLQJ��)RU�H[DPSOH��GLG�\RX
NQRZ�WKDW�WKHUH�LV�D�SRVLWLYH�UHODWLRQVKLS��L�H���D�SRVLWLYH�FRUUHODWLRQ��EHWZHHQ�WKH
QXPEHU� RI� SROLFH� RIILFHUV� LQ� DQ� DUHD� DQG� WKH� QXPEHU� RI� FULPHV� LQ� WKH� DUHD"
2EYLRXVO\�� ZH� FDQQRW� FRQFOXGH� RQ� WKH� EDVLV� RI� WKLV� REVHUYHG� UHODWLRQVKLS� WKDW
KDYLQJ�PRUH�SROLFH�RIILFHUV�FDXVHV�FULPH��7KH�FRPSOHWHO\�VSXULRXV�UHODWLRQVKLS�LV
GXH� WR� WKH� WKLUG� YDULDEOH�� SRSXODWLRQ� GHQVLW\�� 7KHUH� DUH� PRUH� FULPHV� DQG� PRUH
SROLFH�RIILFHUV� LQ�DUHDV�ZLWK�PDQ\�SHRSOH��DQG� WKHUH�DUH� IHZHU�FULPHV�DQG�IHZHU
SROLFH� RIILFHUV� LQ� DUHDV�ZLWK� IHZHU� SHRSOH��2QFH� WKH� UHVHDUFKHU� FRQWUROV� IRU� WKH
WKLUG� YDULDEOH� �SRSXODWLRQ� GHQVLW\��� WKH� RULJLQDO� UHODWLRQVKLS� ZLOO� GLVDSSHDU�� )RU
H[DPSOH�� LI� WKH� UHVHDUFKHU� H[DPLQHV� WKH� UHODWLRQVKLS� EHWZHHQ� SROLFH� RIILFHUV� DQG
FULPH� ZLWKLQ� WKH� GLIIHUHQW� OHYHOV� RI� SRSXODWLRQ� GHQVLW\� �ORZ�� PHGLXP�� DQG� KLJK
SRSXODWLRQ� GHQVLW\��� WKH� UHODWLRQVKLS� ZLOO� QR� ORQJHU� H[LVW�� (DFK� RI� WKH� VSXULRXV
UHODWLRQVKLSV� VKRZQ� LQ� 7DEOH� �����ZLOO� YDQLVK� LI� WKH� UHVHDUFKHU� FRQWUROV� IRU� WKH
WKLUG�YDULDEOH�FDXVLQJ�WKH�UHODWLRQVKLS��1RQH�RI�WKH�UHODWLRQVKLSV�LV�FDXVDO�

�7$%/(�������([DPSOHV�RI�6SXULRXV�5HODWLRQVKLSV




$OO�EXW�RQH�RI�WKH�VSXULRXV�UHODWLRQVKLSV�LQ�WKH�ILUVW�FROXPQ�VKRZV�D�SRVLWLYH�UHODWLRQVKLS��7KDW�LV��DV�RQH�RI�WKH
YDULDEOHV� LQFUHDVHV�� WKH�RWKHU�YDULDEOH�DOVR�LQFUHDVHV��7KH�RQH�QHJDWLYH�UHODWLRQVKLS�LV� WKH�UHODWLRQVKLS�EHWZHHQ
WHD�GULQNLQJ�DQG�OXQJ�FDQFHU�
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�����:K\�LV�H[SHULPHQWDO�UHVHDUFK�PXFK�VWURQJHU
WKDQ�QRQH[SHULPHQWDO�UHVHDUFK�ZKHQ�WKH
UHVHDUFKHU�LV�LQWHUHVWHG�LQ�PDNLQJ�FDXVH�DQG�
HIIHFW�VWDWHPHQWV"

�����:K\�PXVW�D�UHVHDUFKHU�VRPHWLPHV�FRQGXFW
QRQH[SHULPHQWDO�UHVHDUFK�UDWKHU�WKDQ
H[SHULPHQWDO�UHVHDUFK"

�����:K\�PXVW�UHVHDUFKHUV�ZDWFK�RXW�IRU�WKH�SRVW�KRF
IDOODF\"

�����1DPH�D�SRWHQWLDO�LQGHSHQGHQW�YDULDEOH�WKDW
FDQQRW�EH�PDQLSXODWHG�

�����([SODLQ�WKH�SUREOHPV�ZLWK�WKH�VLPSOH�FDVHV�RI
QRQH[SHULPHQWDO�UHVHDUFK��:K\�LV�D�UHVHDUFKHU
QRW�MXVWLILHG�LQ�PDNLQJ�D�FDXVH�DQG�HIIHFW�FODLP
IURP�WKHVH�WZR�FDVHV"

�����([SODLQ�H[DFWO\�KRZ�VWURQJ�H[SHULPHQWDO
UHVHDUFK�IXOILOOV�HDFK�RI�WKH�WKUHH�UHTXLUHG
FRQGLWLRQV�IRU�FDXVH�DQG�HIIHFW�



�����2Q�ZKLFK�RI�WKH�WKUHH�UHTXLUHG�FRQGLWLRQV�IRU
FDXVH�DQG�HIIHFW�LV�QRQH[SHULPHQWDO�UHVHDUFK
HVSHFLDOO\�ZHDN"�2Q�ZKLFK�RQH�RI�WKH�WKUHH
UHTXLUHG�FRQGLWLRQV�LV�QRQH[SHULPHQWDO�UHVHDUFK
VWURQJ"

�����([SODLQ�ZK\�\RX�FDQQRW�PDNH�D�GHIHQVLEOH
FDXVDO�FODLP�EDVHG�RQ�DQ�REVHUYHG�UHODWLRQVKLS
EHWZHHQ�WZR�YDULDEOHV��H�J���JHQGHU�DQG
DFKLHYHPHQW��LQ�QRQH[SHULPHQWDO�UHVHDUFK�

7(&+1,48(6�2)�&21752/�,1�121(;3(5,0(17$/�5(6($5&+
�,�(���+2:�72�'(6,*1�67521*�121(;3(5,0(17$/
5(6($5&+�
<RX� OHDUQHG� LQ� WKH� SUHYLRXV� VHFWLRQ� WKDW� WKH� WKLUG�YDULDEOH� SUREOHP� LV� XVXDOO\
SUHVHQW� LQ� QRQH[SHULPHQWDO� UHVHDUFK�� 7KLV� PHDQV� WKDW� WKH� WKUHDW� RI� FRQIRXQGLQJ
H[WUDQHRXV�YDULDEOHV�LV�YLUWXDOO\�DOZD\V�SUHVHQW�LQ�WKLV�NLQG�RI�UHVHDUFK��1RZ�ZH
GLVFXVV� WKH� PDMRU� WHFKQLTXHV� WKDW� UHVHDUFKHUV� XVH� WR� FRQWURO� IRU� H[WUDQHRXV
YDULDEOHV� LQ�QRQH[SHULPHQWDO�UHVHDUFK��<RX�KDYH�DOUHDG\�EHHQ�LQWURGXFHG�WR�PRVW
RI�WKHVH�WHFKQLTXHV�LQ�HDUOLHU�FKDSWHUV��H�J���&KDSWHUV����������7KH�DSSURSULDWH�XVH
RI� WKHVH� FRQWURO� WHFKQLTXHV� KHOSV� LPSURYH� WKH� ULJRU� DQG� FUHGLELOLW\� RI
QRQH[SHULPHQWDO�UHVHDUFK��<RX�VKRXOG�XSJUDGH�\RXU�HYDOXDWLRQ�RI�QRQH[SHULPHQWDO
UHVHDUFK� VWXGLHV� WKDW� XVH� WKHVH� WHFKQLTXHV�� DQG� LI� \RX� DUH� SODQQLQJ� WR� FRQGXFW� D
QRQH[SHULPHQWDO�VWXG\��\RX�VKRXOG�LQFOXGH�RQH�RU�PRUH�RI�WKH�WHFKQLTXHV�DV�SDUW�RI
\RXU�VWXG\¶V�UHVHDUFK�GHVLJQ�

0DWFKLQJ
$V� ZDV� GLVFXVVHG� LQ� HDUOLHU� FKDSWHUV�� RQH� ZD\� WR� FRQWURO� IRU� H[WUDQHRXV

YDULDEOHV�LV�WR�XVH�PDWFKLQJ��7R�SHUIRUP�PDWFKLQJ��\RX�PXVW�ILUVW�VHOHFW�RQH�RU�PRUH
PDWFKLQJ�YDULDEOHV��7KH�PDWFKLQJ�YDULDEOH�V��DUH�H[WUDQHRXV�YDULDEOH�V�� WKDW�\RX
ZDQW�WR�HOLPLQDWH�DV�ULYDO�H[SODQDWLRQV�RI�WKH�SUHVXPHG�FDXVDO�UHODWLRQVKLS�EHWZHHQ
\RXU�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV��7KH�VHFRQG�VWHS�LQ�PDWFKLQJ�LV�WR�VHOHFW
SDUWLFLSDQWV�WR�EH�LQ�\RXU�VWXG\�LQ�VXFK�D�ZD\�WKDW�\RXU�LQGHSHQGHQW�DQG�PDWFKLQJ
YDULDEOHV� ZLOO� EH� XQUHODWHG� �L�H��� XQFRUUHODWHG�� RU� XQFRQIRXQGHG��� ,I� \RXU
LQGHSHQGHQW�YDULDEOH�LV�FDWHJRULFDO�� WKLV�VHFRQG�VWHS�VLPSO\�LQYROYHV�FRQVWUXFWLQJ
\RXU�FRPSDULVRQ�JURXSV�WR�EH�VLPLODU�RQ�WKH�PDWFKLQJ�YDULDEOH�EXW�VWLOO�GLIIHUHQW�RQ
WKH�LQGHSHQGHQW�YDULDEOH��7KLV�LV�H[DFWO\�WKH�VDPH�JRDO�WKDW�\RX�KDG�LQ�H[SHULPHQWDO
UHVHDUFK��<RX�ZDQW� \RXU� FRPSDULVRQ� JURXSV� RU� FDWHJRULHV� WR� EH� WKH� VDPH� RQ� DOO
H[WUDQHRXV�YDULDEOHV�DQG�GLIIHUHQW�RQO\�RQ�WKH�OHYHOV�RI�WKH�LQGHSHQGHQW�YDULDEOH�VR
WKDW�\RX�FDQ�DWWULEXWH�WKH�FDXVDO�HIIHFW�XQLTXHO\�WR�WKH�LQGHSHQGHQW�YDULDEOH�



��0DWFKLQJ�YDULDEOH�7KH�YDULDEOH�WKH�UHVHDUFKHU�PDWFKHV�RQ�WR�HOLPLQDWH�LW�DV
DQ�DOWHUQDWLYH�H[SODQDWLRQ

)RU� H[DPSOH�� DVVXPH� WKDW� \RXU� LQGHSHQGHQW� YDULDEOH� LV� JHQGHU� DQG� \RXU
GHSHQGHQW�YDULDEOH� LV�PDWK�SHUIRUPDQFH��$OVR�DVVXPH� WKDW�\RX�ZDQW� WR�PDWFK� WKH
PDOH� DQG� IHPDOH� JURXSV� RQ� LQWHUHVW� LQ� PDWKHPDWLFV� EHFDXVH� \RX� WKLQN� WKH
UHODWLRQVKLS� WKDW� LV� VRPHWLPHV�REVHUYHG�EHWZHHQ�JHQGHU�DQG�PDWK�SHUIRUPDQFH� LV
GXH� WR� WKH� IDFW� WKDW� ER\V� DUH� VRFLDOL]HG� WR� EH� LQWHUHVWHG� LQ�PDWKHPDWLFV�� 7KDW� LV�
SHUKDSV�ER\V� DUH�PRUH� LQWHUHVWHG� LQ�PDWKHPDWLFV�EHFDXVH�RI�JHQGHU� VRFLDOL]DWLRQ
DQG�� DV� D� UHVXOW�� ER\V� WU\� KDUGHU� DQG�SHUIRUP�EHWWHU� LQ�PDWKHPDWLFV��7R�PDWFK�RQ
LQWHUHVW� LQ�PDWKHPDWLFV�� \RX� FRXOG� JLYH� DQ� LQWHUHVW�LQ�PDWKHPDWLFV� WHVW� WR� DOO� WKH
VWXGHQWV� LQ�\RXU� ORFDO� KLJK� VFKRRO��<RX�FRXOG� ILQG����ER\V�ZKRVH� LQWHUHVW� OHYHOV
YDULHG�IURP�ORZ�WR�KLJK��7KHQ��IRU�HDFK�RI�WKHVH����ER\V��\RX�ZRXOG�ORFDWH�D�JLUO
ZLWK�D�VLPLODU�VFRUH�RQ�WKH�LQWHUHVW�LQ�PDWKHPDWLFV�WHVW��:KHQ�\RX�ZHUH�GRQH��\RX
ZRXOG�KDYH����ER\V�DQG����JLUOV�ZKR�ZHUH�PDWFKHG�RQ�LQWHUHVW�LQ�PDWKHPDWLFV��IRU
D� WRWDO� RI� ��� UHVHDUFK� SDUWLFLSDQWV��� 7KH� WZR� JURXSV� ZRXOG� EH� VLPLODU� RQ� WKH
YDULDEOH� LQWHUHVW� LQ� PDWKHPDWLFV� �WKH� H[WUDQHRXV� YDULDEOH� \RX� ZHUH� ZRUULHG
DERXW���EXW�WKH\�ZRXOG�GLIIHU�RQ�JHQGHU��WKH�LQGHSHQGHQW�YDULDEOH���7R�FRPSOHWH�WKLV
QRQH[SHULPHQWDO� UHVHDUFK� VWXG\��\RX�ZRXOG�PHDVXUH� WKH�GHSHQGHQW�YDULDEOH�PDWK
SHUIRUPDQFH�IRU�WKH����ER\V�DQG����JLUOV�WR�VHH�ZKHWKHU�WKH\�GLIIHUHG��,I�WKH\�GLG
GLIIHU��LW�ZRXOG�QRW�EH�EHFDXVH�RI�LQWHUHVW�LQ�PDWKHPDWLFV�EHFDXVH�WKH�JURXSV�ZHUH
VLPLODU�RQ�LQWHUHVW�LQ�PDWKHPDWLFV�

0DWFKLQJ� FDQ� DOVR� EH� XVHG� ZKHQ� WKH� LQGHSHQGHQW� YDULDEOH� LV� TXDQWLWDWLYH�
$VVXPH� WKDW� \RXU� LQGHSHQGHQW� YDULDEOH� LV� OHYHO� RI� PDWKHPDWLFV� PRWLYDWLRQ� �D
TXDQWLWDWLYH� YDULDEOH� YDU\LQJ� IURP�D� ORZ�YDOXH� RI� �� WR� D� KLJK� YDOXH� RI� ����� \RXU
GHSHQGHQW� YDULDEOH� LV� DFWXDO� PDWK� SHUIRUPDQFH�� DQG� WKH� H[WUDQHRXV� YDULDEOH� \RX
ZDQW�WR�HOLPLQDWH�DV�D�ULYDO�H[SODQDWLRQ�LV�JUDGH�SRLQW�DYHUDJH��L�H���*3$�LV�D�SUR[\
IRU� RYHUDOO� DFDGHPLF� DFKLHYHPHQW��� <RXU� UHVHDUFK� K\SRWKHVLV� LV� WKDW� KLJKHU
PRWLYDWLRQ�OHDGV�WR�KLJKHU�PDWK�SHUIRUPDQFH��,Q�WKLV�H[DPSOH��\RX�FRXOG�PDWFK�RQ
WKH� H[WUDQHRXV� YDULDEOH� �*3$�� E\� ILQGLQJ� VWXGHQWV� ZLWK� KLJK�� PHGLXP�� DQG� ORZ
*3$V� DW� HDFK� RI� WKH� ��� OHYHOV� RI� PDWKHPDWLFV� PRWLYDWLRQ�� 7KDW� LV�� IRU� ORZ�
PRWLYDWLRQ�VWXGHQWV��\RX�ZRXOG�ORFDWH�VWXGHQWV�ZLWK�KLJK��PHGLXP��DQG�ORZ�*3$V�
7KHQ�IRU�WKH�QH[W�KLJKHU�OHYHO�RI�PRWLYDWLRQ��\RX�ZRXOG�ORFDWH�VWXGHQWV�ZLWK�KLJK�
PHGLXP�� DQG� ORZ� *3$V�� <RX� ZRXOG� FRQWLQXH� WKLV� SURFHVV� IRU� DOO� ��� OHYHOV� RI
PRWLYDWLRQ��� $IWHU� FRPSOHWLQJ� WKLV� SURFHVV�� \RX� ZRXOG� KDYH� \RXU� UHVHDUFK
SDUWLFLSDQWV�� )XUWKHUPRUH�� \RXU� LQGHSHQGHQW� YDULDEOH� �PRWLYDWLRQ�� DQG� \RXU
PDWFKLQJ�YDULDEOH��*3$��ZRXOG�EH�XQFRUUHODWHG�DQG�WKHUHIRUH�XQFRQIRXQGHG��,I�\RX
VWLOO�REVHUYHG�D�UHODWLRQVKLS�EHWZHHQ�PRWLYDWLRQ�DQG�PDWK�SHUIRUPDQFH��\RX�ZRXOG
FRQFOXGH�WKDW�LW�LV�QRW�GXH�WR�*3$�EHFDXVH�\RX�HOLPLQDWHG�*3$�DV�D�WKUHDW�WKURXJK
WKH�PDWFKLQJ�WHFKQLTXH�

7KH� NH\� LGHD� LV� WKDW�PDWFKLQJ� LV� XVHG� WR� VWUHQJWKHQ� QRQH[SHULPHQWDO� UHVHDUFK
VWXGLHV�RQ�FRQGLWLRQ���RI�WKH�UHTXLUHG�FRQGLWLRQV�IRU�FDXVDWLRQ��7DEOH��������7KDW�LV�
LW� LV� XVHG� WR� HOLPLQDWH� DOWHUQDWLYH� H[SODQDWLRQV� GXH� WR� H[WUDQHRXV� YDULDEOHV�



0DWFKLQJ�XQIRUWXQDWHO\�KDV�D�QXPEHU�RI�ZHDNQHVVHV�WKDW�OLPLW�LWV�XVH��:H�FRQFOXGH
RXU�GLVFXVVLRQ�E\�OLVWLQJ�LWV�VHYHQ�PDMRU�OLPLWDWLRQV�

����0DWFKLQJ�FDQ�EH�FXPEHUVRPH�EHFDXVH�\RX�PXVW�VHDUFK�IRU�LQGLYLGXDOV�ZKR
PHHW�WKH�FULWHULD�IRU�LQFOXVLRQ�LQ�WKH�UHVHDUFK�VWXG\��7KLV�LV�D�VHULRXV
OLPLWDWLRQ�XQOHVV�\RX�KDYH�D�YHU\�ODUJH�SRRO�RI�SRWHQWLDO�SDUWLFLSDQWV�WR
VHOHFW�IURP�DQG�\RX�KDYH�DFFHVV�WR�LQIRUPDWLRQ�DERXW�WKHP�

����5HVHDUFKHUV�IUHTXHQWO\�FDQQRW�ILQG�PDWFKHV�IRU�PDQ\�SRWHQWLDO�UHVHDUFK
SDUWLFLSDQWV��7KHVH�SRWHQWLDO�SDUWLFLSDQWV�DUH�HOLPLQDWHG�RU�H[FOXGHG�IURP
WKH�UHVHDUFK�VWXG\�

����7KHUH�LV�XVXDOO\�PRUH�WKDQ�RQH�DOWHUQDWLYH�H[SODQDWLRQ�IRU�WKH�UHODWLRQVKLS�RI
LQWHUHVW��VR�\RX�QHHG�WR�PDWFK�RQ�PRUH�WKDQ�RQH�YDULDEOH�

����<RX�PXVW�NQRZ�ZKDW�WKH�UHOHYDQW�H[WUDQHRXV�YDULDEOHV�DUH�LQ�RUGHU�WR�PDWFK
RQ�WKHP�

����<RX�QHYHU�NQRZ�IRU�VXUH�WKDW�\RX�KDYH�PDWFKHG�RQ�DOO�RI�WKH�DSSURSULDWH
YDULDEOHV�

����,I�\RX�PDWFK�JURXSV�IURP�GLIIHUHQW�SRSXODWLRQV��H�J���GLVDGYDQWDJHG�DQG
DGYDQWDJHG�JURXSV�PDWFKHG�RQ�SUHWHVW�DFKLHYHPHQW�EDVHG�RQ�H[WUHPH
VFRUHV���WKHQ�WKH�WKUHDW�WR�LQWHUQDO�YDOLGLW\�FDOOHG�UHJUHVVLRQ�WR�WKH�PHDQ�FDQ
EH�D�SUREOHP�LQ�VWXGLHV�RFFXUULQJ�RYHU�WLPH�

����0DWFKLQJ�FDQ�FUHDWH�DQ�XQUHSUHVHQWDWLYH�VDPSOH�EHFDXVH�WKH�SDUWLFLSDQWV�DUH
VHOHFWHG�IRU�WKH�SXUSRVH�RI�PDWFKLQJ�UDWKHU�WKDQ�IRU�WKH�SXUSRVH�RI�EHLQJ
UHSUHVHQWDWLYH�RI�D�SRSXODWLRQ��7KHUHIRUH��JHQHUDOL]DELOLW\�PLJKW�EH
FRPSURPLVHG�

+ROGLQJ�WKH�([WUDQHRXV�9DULDEOH�&RQVWDQW
:KHQ�XVLQJ� WKLV� WHFKQLTXH�RI�FRQWURO�� UHVHDUFKHUV� WXUQ� WKH�H[WUDQHRXV�YDULDEOH

LQWR� D� FRQVWDQW�� 7KH\� GR� WKLV� E\� UHVWULFWLQJ� WKH� UHVHDUFK� VWXG\� WR� D� SDUWLFXODU
VXEJURXS�� )RU� H[DPSOH�� LI� \RX� DUH� FRQFHUQHG� WKDW� JHQGHU� PLJKW� RSHUDWH� DV� D
FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOH�� WKHQ� \RX� FDQ� WXUQ� JHQGHU� LQWR� D� FRQVWDQW� E\
LQFOXGLQJ�RQO\�IHPDOH�SDUWLFLSDQWV�LQ�\RXU�UHVHDUFK�VWXG\��,I�HYHU\RQH�LV�D�IHPDOH�
WKHQ�JHQGHU�GRHV�QRW�YDU\��LW�LV�D�FRQVWDQW���0RVW�LPSRUWDQW��LI�DOO�SDUWLFLSDQWV�DUH�RI
RQH� JHQGHU�� WKHQ� JHQGHU� FDQQRW� SRVVLEO\� FRQIRXQG� WKH� UHODWLRQVKLS� EHWZHHQ� WKH
LQGHSHQGHQW� DQG� GHSHQGHQW� YDULDEOHV�� ,I� \RX� ZHUH� FRQFHUQHG� WKDW� DJH� LV� D
FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOH�� \RX� FRXOG� OLPLW� \RXU� UHVHDUFK� VWXG\� WR� \RXQJ
SHRSOH��PLGGOH�DJHG�SHRSOH��RU�ROGHU�SHRSOH��<RX�FRXOG�HYHQ�OLPLW�WKH�VWXG\�WR����
\HDU�ROGV�� 8QIRUWXQDWHO\�� WKHUH� LV� D� VHULRXV� SUREOHP� ZLWK� WKLV� WHFKQLTXH� RI
UHVWULFWLQJ� \RXU� UHVHDUFK� VWXG\� WR� D� FHUWDLQ� VXESRSXODWLRQ�� 7KH� UHVHDUFKHU� FDQQRW
JHQHUDOL]H�WR�WKH�NLQGV�RI�SHRSOH�ZKR�DUH�H[FOXGHG�IURP�WKH�VWXG\��,Q�RWKHU�ZRUGV�
WKH�JHQHUDOL]DELOLW\��WKH�H[WHUQDO�YDOLGLW\��RI�WKH�VWXG\�LV�UHVWULFWHG��)RU�H[DPSOH��LI



WKH� VWXG\�ZHUH�GRQH�RQO\�ZLWK����\HDU�ROGV�� WKHQ� WKH� UHVHDUFKHU�FRXOG�JHQHUDOL]H
RQO\�WR����\HDU�ROGV�

6WDWLVWLFDO�&RQWURO
6WDWLVWLFDO� FRQWURO� LV� WKH� PRVW� FRPPRQO\� XVHG� WHFKQLTXH� IRU� FRQWUROOLQJ� IRU

H[WUDQHRXV�YDULDEOHV�LQ�QRQH[SHULPHQWDO�UHVHDUFK��:KHQ�VWDWLVWLFDOO\�FRQWUROOLQJ�IRU
RQH� RU� PRUH� H[WUDQHRXV� YDULDEOHV�� WKH� UHVHDUFKHU� XVHV� D� VWDWLVWLFDO� WHFKQLTXH� WR
UHPRYH� WKH� LQIOXHQFH�RI� WKH� H[WUDQHRXV�YDULDEOH�V���0RVW� WHFKQLTXHV�RI� VWDWLVWLFDO
FRQWURO�DUH�VSLQRIIV�RI�D�PDWKHPDWLFDO�SURFHGXUH�FDOOHG�WKH�JHQHUDO�OLQHDU�PRGHO�
RU�WKH�*/0��.QDSS��������7DEDFKQLFN�	�)LGHOO��������7KRPSVRQ���������$OO�\RX
QHHG� WR� NQRZ� DERXW� WKH� JHQHUDO� OLQHDU� PRGHO� LV� WKDW� LW� LV� WKH� ³SDUHQW´� RI� PDQ\
VWDWLVWLFDO� WHFKQLTXHV� �L�H��� WKH� ³FKLOGUHQ´�� WKDW� DUH� XVHG� LQ� HGXFDWLRQ�� �6HH� WKH
VWXGHQW�FRPSDQLRQ�ZHEVLWH�IRU�PRUH�RQ�WKH�*/0���0RUH�IRUPDOO\��PDQ\�VWDWLVWLFDO
SURFHGXUHV�FRPPRQO\�XVHG� WR�FRQWURO� IRU�H[WUDQHRXV�YDULDEOHV�DUH�FDOOHG�VSHFLDO
FDVHV�RI�WKH�JHQHUDO�OLQHDU�PRGHO�

��*HQHUDO�OLQHDU�PRGHO�$�PDWKHPDWLFDO�SURFHGXUH�WKDW�LV�WKH�³SDUHQW´�RI�PDQ\
VWDWLVWLFDO�DQDO\VLV�WHFKQLTXHV

2QH�VSHFLDO�FDVH�RI� WKH�JHQHUDO� OLQHDU�PRGHO��FDOOHG�SDUWLDO�FRUUHODWLRQ�� LV
XVHG�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�TXDQWLWDWLYH�YDULDEOHV��FRQWUROOLQJ�IRU
RQH� RU� PRUH� TXDQWLWDWLYH� H[WUDQHRXV� YDULDEOHV� �&RKHQ�� ������ &RKHQ� 	� &RKHQ�
������� ,W� LV�FDOOHG�D�SDUWLDO�FRUUHODWLRQ�EHFDXVH� WKH�HIIHFW�RI� WKH� WKLUG�YDULDEOH� LV
³SDUWLDOHG� RXW´� RU� UHPRYHG� IURP� WKH� RULJLQDO� UHODWLRQVKLS�� 7\SLFDOO\�� DOO� WKH
YDULDEOHV� XVHG� LQ� SDUWLDO� FRUUHODWLRQ� DQDO\VLV� PXVW� EH� TXDQWLWDWLYH� UDWKHU� WKDQ
FDWHJRULFDO��+HUH¶V�D�UHODWLYHO\�HDV\�ZD\�WR�WKLQN�DERXW�SDUWLDO�FRUUHODWLRQ��,I�\RX
GHWHUPLQH� WKH� UHJXODU� FRUUHODWLRQ� EHWZHHQ� \RXU� LQGHSHQGHQW� YDULDEOH� DQG� \RXU
GHSHQGHQW�YDULDEOH�DW�HDFK�RI�WKH�OHYHOV�RI�\RXU�H[WUDQHRXV�YDULDEOH��\RX�ZLOO�KDYH
VHYHUDO� FRUUHODWLRQV� �H�J��� LI� \RXU� H[WUDQHRXV� YDULDEOH� KDG� ��� OHYHOV�� WKHQ� \RX
ZRXOG�KDYH����FRUUHODWLRQV�� LI�\RXU�H[WUDQHRXV�YDULDEOH�KDG����� OHYHOV�� WKHQ�\RX
ZRXOG� KDYH� ���� FRUUHODWLRQV��� 7KH� SDUWLDO� FRUUHODWLRQ� FRHIILFLHQW� LV� VLPSO\� WKH
ZHLJKWHG� DYHUDJH� RI� WKRVH� FRUUHODWLRQV� �3HGKD]XU�� ������� 7KH� UDQJH� RI� D� SDUWLDO
FRUUHODWLRQ�FRHIILFLHQW�LV�WKH�VDPH�DV�D�UHJXODU�FRUUHODWLRQ�FRHIILFLHQW��L�H���±�����WR
�������ZLWK�]HUR�VLJQLI\LQJ�QR�UHODWLRQVKLS�DW�DOO���$V�D�JHQHUDO�UXOH��LI�D�UHVHDUFKHU
XVHG� D� UHJXODU� FRUUHODWLRQ� FRHIILFLHQW� �WKH� FRUUHODWLRQ� EHWZHHQ� WZR� YDULDEOHV�
UDWKHU�WKDQ�D�SDUWLDO�FRUUHODWLRQ�FRHIILFLHQW��WKH�FRUUHODWLRQ�EHWZHHQ�WZR�YDULDEOHV
FRQWUROOLQJ�IRU�RQH�RU�PRUH�DGGLWLRQDO�YDULDEOHV���WKHQ�\RX�FDQ�EH�SUHWW\�VXUH�WKDW�KH
RU� VKH� ZDV� QRW� WKLQNLQJ� DERXW� H[WUDQHRXV� YDULDEOHV�� 2Q� WKH� RWKHU� KDQG�� LI� D
UHVHDUFKHU�XVHG�D�SDUWLDO�FRUUHODWLRQ�FRHIILFLHQW��RU�DQRWKHU�FRQWURO�WHFKQLTXH���\RX
FDQ� EH� SUHWW\� VXUH� WKDW� KH� RU� VKH� ZDV� WKLQNLQJ� DERXW� FRQWUROOLQJ� IRU� H[WUDQHRXV
YDULDEOHV�� $V� D� JHQHUDO� UXOH�� \RX� VKRXOG� XSJUDGH� \RXU� HYDOXDWLRQV� RI� UHVHDUFK
DUWLFOHV�ZKHQ�WKH�DXWKRUV�FRQWUROOHG�IRU�H[WUDQHRXV�YDULDEOHV�



��6SHFLDO�FDVH�RI�WKH�JHQHUDO�OLQHDU�PRGHO�2QH�RI�WKH�³FKLOGUHQ´�RI�D�EURDGHU
VWDWLVWLFDO�SURFHGXUH�NQRZQ�DV�WKH�JHQHUDO�OLQHDU�PRGHO��*/0�

��3DUWLDO�FRUUHODWLRQ�8VHG�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WZR
TXDQWLWDWLYH�YDULDEOHV��FRQWUROOLQJ�IRU�RQH�RU�PRUH�TXDQWLWDWLYH�H[WUDQHRXV
YDULDEOHV

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

$QRWKHU� VSHFLDO� FDVH� RI� WKH� JHQHUDO� OLQHDU� PRGHO� LV� FDOOHG� DQDO\VLV� RI
FRYDULDQFH� �$1&29$��� ZKLFK� ZDV� GLVFXVVHG� LQ� HDUOLHU� FKDSWHUV�� $1&29$� LV
XVHG� WR� GHWHUPLQH� WKH� UHODWLRQVKLS� EHWZHHQ� RQH� FDWHJRULFDO� LQGHSHQGHQW� YDULDEOH
DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW� YDULDEOH�� FRQWUROOLQJ� IRU� RQH�RU�PRUH�TXDQWLWDWLYH
H[WUDQHRXV� YDULDEOHV� �3HGKD]XU� 	� 6FKPHONLQ�� ������� )RU� H[DPSOH�� WKHUH� LV� D
UHODWLRQVKLS� EHWZHHQ� JHQGHU� �D� FDWHJRULFDO� YDULDEOH�� DQG� LQFRPH� �D� TXDQWLWDWLYH
YDULDEOH��LQ�WKH�8QLWHG�6WDWHV��0HQ�HDUQ�PRUH�PRQH\��RQ�DYHUDJH��WKDQ�GR�ZRPHQ�
<RX�PLJKW�GHFLGH��KRZHYHU��WKDW�\RX�ZDQW�WR�FRQWURO�IRU�HGXFDWLRQ��WKDW�LV��\RX�ZDQW
WR� PDNH� VXUH� WKDW� WKH� GLIIHUHQFH� LV� QRW� GXH� WR� HGXFDWLRQ�� <RX� FRXOG� HOLPLQDWH
HGXFDWLRQ� DV� D� ULYDO� H[SODQDWLRQ� �L�H��� \RX� FRXOG� FRQWURO� IRU� LW�� E\� FRPSDULQJ� WKH
DYHUDJH� LQFRPH�OHYHOV�RI�PDOHV�DQG�IHPDOHV�DW�HDFK�RI� WKH� OHYHOV�RI�HGXFDWLRQ� LQ
\RXU�GDWD��<RX�FRXOG�DOVR�KDYH�WKH�FRPSXWHU�DQDO\]H�\RXU�GDWD�XVLQJ�WKH�$1&29$
WHFKQLTXH�WR� WHOO�\RX�ZKHWKHU�JHQGHU�DQG�LQFRPH�DUH�VWLOO� UHODWHG�DIWHU�FRQWUROOLQJ
IRU� HGXFDWLRQ�� ,I� JHQGHU� DQG� LQFRPH� DUH� VWLOO� UHODWHG�� WKHQ� WKH� UHVHDUFKHU� FDQ
FRQFOXGH� WKDW� HGXFDWLRQ�KDV�EHHQ�HOLPLQDWHG�DV� D� ULYDO�K\SRWKHVLV��7KH�GHWDLOV�RI
$1&29$�DQG�SDUWLDO�FRUUHODWLRQ�DUH�EH\RQG�WKH�VFRSH�RI�WKLV�ERRN��7KH�LPSRUWDQW
SRLQW� KHUH� LV� WKDW� $1&29$� VKRZV� WKH� UHODWLRQVKLS� EHWZHHQ� D� FDWHJRULFDO
LQGHSHQGHQW�YDULDEOH��H�J���JHQGHU��DQG�D�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH��H�J��
LQFRPH� OHYHO��� FRQWUROOLQJ� IRU� D� TXDQWLWDWLYH� H[WUDQHRXV� YDULDEOH� �H�J��� OHYHO� RI
HGXFDWLRQ��

��$QDO\VLV�RI�FRYDULDQFH�8VHG�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�RQH
FDWHJRULFDO�LQGHSHQGHQW�YDULDEOH�DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH�
FRQWUROOLQJ�IRU�RQH�RU�PRUH�TXDQWLWDWLYH�H[WUDQHRXV�YDULDEOHV

$Q�DGYDQWDJH�RI�VWDWLVWLFDO�FRQWURO� �FRPSDUHG� WR�PDWFKLQJ�� LV� WKDW� UHVHDUFKHUV
FDQ�EDVH�WKHLU�UHVHDUFK�RQ�VDPSOHV�RI�SDUWLFLSDQWV�ZKR�DUH�UDQGRPO\�VHOHFWHG�IURP
D�SRSXODWLRQ� �3HGKD]XU�	�6FKPHONLQ�� ������� �<RX�GRQ¶W� KDYH� WR� WKURZ�RXW� FDVHV
IURP�WKH�GDWD�DV�\RX�GR�LQ�PDWFKLQJ�ZKHQ�\RX�FDQ¶W�ILQG�D�PDWFK�IRU�DQ�LQGLYLGXDO��
7R�FRQWURO� VWDWLVWLFDOO\� IRU�RQH�RU�PRUH�H[WUDQHRXV�YDULDEOHV�� WKH� UHVHDUFKHU�PXVW
FROOHFW�GDWD�RQ�WKH�H[WUDQHRXV�YDULDEOHV�LQ�DGGLWLRQ�WR�GDWD�RQ�WKH�LQGHSHQGHQW�DQG
GHSHQGHQW�YDULDEOHV��L�H���FROOHFW�GDWD�RQ�DOO�WKH�LPSRUWDQW�YDULDEOHV���,Q�HIIHFW��WKH
UHVHDUFKHU� LQFRUSRUDWHV� WKH� H[WUDQHRXV� YDULDEOHV� LQWR� WKH� GHVLJQ� RI� WKH� UHVHDUFK
VWXG\�� 7KHQ�� DIWHU� FROOHFWLQJ� WKH� GDWD�� WKH� UHVHDUFKHU� FRQWUROV� IRU� WKH� H[WUDQHRXV



YDULDEOHV� GXULQJ� GDWD� DQDO\VLV� �XVLQJ� $1&29$�� SDUWLDO� FRUUHODWLRQ�� RU� DQRWKHU
WHFKQLTXH���7KH�PRVW�VHULRXV�OLPLWDWLRQ�WR�VWDWLVWLFDO�FRQWURO�WHFKQLTXHV�LV�WKDW�\RX
PXVW� PDNH� FHUWDLQ� VWDWLVWLFDO� DVVXPSWLRQV� WKDW� IUHTXHQWO\� DUH� QRW� PHW� LQ� SUDFWLFH
�H�J��� UDQGRP� VHOHFWLRQ� RI� FDVHV�� QRUPDOLW\� RI� UHVLGXDOV�� UHOLDEOH� DQG� YDOLG
PHDVXUHPHQW��

5(9,(:
48(67 ,21

�����:KDW�LV�WKH�SXUSRVH�RI�WKH�WHFKQLTXHV�RI�FRQWURO
LQ�QRQH[SHULPHQWDO�UHVHDUFK"

,17(5/8'(��7+(�678'<�2)�&$86$/�5(/$7,216+,36�,1
(3,'(0,2/2*<�
6R� IDU� LQ� WKLV� FKDSWHU�ZH� KDYH� RXWOLQHG� WKH� WKUHH� FRQGLWLRQV� UHTXLUHG� IRU�PDNLQJ
FODLPV� DERXW� FDXVH� DQG� HIIHFW� DQG� WKH� ZD\V� WR� ³FRQWURO� IRU´� ULYDO� H[SODQDWLRQV�
5HPHPEHU�WKDW� LW�DOVR� LV� LPSRUWDQW� WKDW�UHVHDUFK�LV�EDVHG�RQ�JRRG�WKHRU\�DQG�WKDW
UHVHDUFKHUV�WHVW�WKHLU�K\SRWKHVHV��%HFDXVH�WKH�LVVXH�RI�HVWDEOLVKLQJ�VRPH�HYLGHQFH
RI�FDXVDWLRQ�LQ�QRQH[SHULPHQWDO�UHVHDUFK�LV�VR�LPSRUWDQW��DQG�VR�FRQWURYHUVLDO��ZH
SURYLGH�D�VKRUW�VXPPDU\�RI�KRZ�FDXVDWLRQ�KDV�ORQJ�EHHQ�HVWDEOLVKHG�LQ�WKH�ILHOG�RI
HSLGHPLRORJ\��7DNH�D�PRPHQW�QRZ�WR�UHDG�DERXW�WKLV�LQ�([KLELW�������<RX�FDQ�XVH
WKH� LGHDV�SURYLGHG� LQ�([KLELW������ WR�VXSSOHPHQW� WKH� WKUHH�UHTXLUHG�FRQGLWLRQV�DV
\RX�DWWHPSW�WR�REWDLQ�HYLGHQFH�RI�FDXVH�DQG�HIIHFW�LQ�\RXU�UHVHDUFK��2QFH�\RX�ILQLVK
H[DPLQLQJ� WKH�H[KLELW��\RX�FDQ�PRYH�RQ� WR� WKH� ODVW�SDUW�RI� WKLV�FKDSWHU��ZKHUH�ZH
LGHQWLI\�D�XVHIXO�ZD\� WR�FODVVLI\�QRQH[SHULPHQWDO� UHVHDUFK�DORQJ� WZR�GLPHQVLRQV�
WLPH�DQG�UHVHDUFK�REMHFWLYH�

�(;+,%,7��������+RZ�'R�(SLGHPLRORJLVWV�'HWHUPLQH�&DXVDOLW\"

(SLGHPLRORJ\�LV�WKH�EUDQFK�RI�PHGLFDO�VFLHQFH�WKDW�VWXGLHV�WKH�LQFLGHQFH��GLVWULEXWLRQ��FDXVH��DQG�FRQWURO
RI�GLVHDVH�LQ�D�SRSXODWLRQ��<RX�RIWHQ�KHDU�WKH�UHVXOWV�RI�HSLGHPLRORJLFDO�UHVHDUFK�RQ�WKH�QHZV��$OWKRXJK
HSLGHPLRORJLVWV� SUHIHU� WR� FRQGXFW� VWURQJ� H[SHULPHQWDO� UHVHDUFK� ZKHQ� SRVVLEOH�� RIWHQ� WKHLU� UHVHDUFK
TXHVWLRQV� DQG� YDULDEOHV� GR� QRW� OHQG� WKHPVHOYHV� WR� H[SHULPHQWDO� UHVHDUFK�� ,W� LV� FRQVWUXFWLYH� WR� ORRN� DW
HSLGHPLRORJ\�WR�OHDUQ�KRZ�WR�FRQGXFW�KLJK�TXDOLW\�QRQH[SHULPHQWDO�UHVHDUFK�

3HUKDSV�WKH�VLQJOH�PRVW�LPSRUWDQW�LQGLYLGXDO�LQ�WKH�GHYHORSPHQW�RI�UHVHDUFK�PHWKRGV�DQG�DQDO\VLV�LQ
HSLGHPLRORJ\� LV� 6LU� $XVWLQ� %UDGIRUG� +LOO� �����±������� %UDGIRUG� +LOO� GHYHORSHG� D� OLVW� RI� FULWHULD� WKDW
FRQWLQXHV�WR�EH�XVHG�WRGD\��:KHQ�XVLQJ�WKHP��GRQ¶W�IRUJHW�+LOO¶V�DGYLFH�

1RQH� RI� WKHVH� QLQH� YLHZSRLQWV� FDQ� EULQJ� LQGLVSXWDEOH� HYLGHQFH� IRU� RU
DJDLQVW�D�FDXVH�DQG�HIIHFW�K\SRWKHVLV�DQG�HTXDOO\�QRQH�FDQ�EH�UHTXLUHG�DV
D�VLQH�TXD�QRQ��:KDW�WKH\�FDQ�GR��ZLWK�JUHDWHU�RU�OHVV�VWUHQJWK��LV�WR�KHOS
DQVZHU� WKH� IXQGDPHQWDO� TXHVWLRQ²LV� WKHUH� DQ\�RWKHU�ZD\�RI� H[SODLQLQJ
WKH� VHW� RI� IDFWV� EHIRUH� XV�� LV� WKHUH� DQ\� RWKHU� DQVZHU� HTXDOO\�� RU� PRUH�
OLNHO\�WKDQ�FDXVH�DQG�HIIHFW"��FLWHG�LQ�'ROO��������S�������

7KH�%UDGIRUG�+LOO�&ULWHULD



����6WUHQJWK�RI�$VVRFLDWLRQ��7KH�VWURQJHU�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�LQGHSHQGHQW�YDULDEOH�DQG
WKH�GHSHQGHQW�YDULDEOH��WKH�OHVV�OLNHO\�LW�LV�WKDW�WKH�UHODWLRQVKLS�LV�GXH�WR�DQ�H[WUDQHRXV�YDULDEOH�

����7HPSRUDOLW\��,W�LV�ORJLFDOO\�QHFHVVDU\�IRU�D�FDXVH�WR�SUHFHGH�DQ�HIIHFW�LQ�WLPH�

����&RQVLVWHQF\��0XOWLSOH�REVHUYDWLRQV��RI�DQ�DVVRFLDWLRQ��ZLWK�GLIIHUHQW�SHRSOH�XQGHU�GLIIHUHQW
FLUFXPVWDQFHV�DQG�ZLWK�GLIIHUHQW�PHDVXUHPHQW�LQVWUXPHQWV�LQFUHDVH�WKH�FUHGLELOLW\�RI�D�ILQGLQJ�

����7KHRUHWLFDO�3ODXVLELOLW\��,W�LV�HDVLHU�WR�DFFHSW�DQ�DVVRFLDWLRQ�DV�FDXVDO�ZKHQ�WKHUH�LV�D
UDWLRQDO�DQG�WKHRUHWLFDO�EDVLV�IRU�VXFK�D�FRQFOXVLRQ�

����&RKHUHQFH��$�FDXVH�DQG�HIIHFW�LQWHUSUHWDWLRQ�IRU�DQ�DVVRFLDWLRQ�LV�FOHDUHVW�ZKHQ�LW�GRHV�QRW
FRQIOLFW�ZLWK�ZKDW�LV�NQRZQ�DERXW�WKH�YDULDEOHV�XQGHU�VWXG\�DQG�ZKHQ�WKHUH�DUH�QR�SODXVLEOH
FRPSHWLQJ�WKHRULHV�RU�ULYDO�K\SRWKHVHV��,Q�RWKHU�ZRUGV��WKH�DVVRFLDWLRQ�PXVW�EH�FRKHUHQW�ZLWK
RWKHU�NQRZOHGJH�

����6SHFLILFLW\�LQ�WKH�&DXVHV��,Q�WKH�LGHDO�VLWXDWLRQ��WKH�HIIHFW�KDV�RQO\�RQH�FDXVH��,Q�RWKHU
ZRUGV��VKRZLQJ�WKDW�DQ�RXWFRPH�LV�EHVW�SUHGLFWHG�E\�RQH�SULPDU\�IDFWRU�DGGV�FUHGLELOLW\�WR�D
FDXVDO�FODLP�

����'RVH�5HVSRQVH�5HODWLRQVKLS��7KHUH�VKRXOG�EH�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�WKH�ULVN�IDFWRU
�L�H���WKH�LQGHSHQGHQW�YDULDEOH��DQG�SHRSOH¶V�VWDWXV�RQ�WKH�GLVHDVH�YDULDEOH��L�H���WKH�GHSHQGHQW
YDULDEOH��

����([SHULPHQWDO�(YLGHQFH��$Q\�UHODWHG�UHVHDUFK�WKDW�LV�EDVHG�RQ�H[SHULPHQWV�ZLOO�PDNH�D
FDXVDO�LQIHUHQFH�PRUH�SODXVLEOH�

����$QDORJ\��6RPHWLPHV�D�FRPPRQO\�DFFHSWHG�SKHQRPHQRQ�LQ�RQH�DUHD�FDQ�EH�DSSOLHG�WR�DQRWKHU
DUHD�

,Q� WKH� IROORZLQJ� H[DPSOH�� ZH� DSSO\� +LOO¶V� FULWHULD� WR� WKH� FODVVLF� FDVH� RI
VPRNLQJ�DQG�OXQJ�FDQFHU�

����6WUHQJWK�RI�$VVRFLDWLRQ��7KH�OXQJ�FDQFHU�UDWH�IRU�VPRNHUV�ZDV�TXLWH�D�ELW�KLJKHU�WKDQ�IRU
QRQVPRNHUV��H�J���RQH�VWXG\�HVWLPDWHG�WKDW�VPRNHUV�DUH�DERXW�����PRUH�OLNHO\�WKDQ
QRQVPRNHUV�WR�JHW�OXQJ�FDQFHU��

����7HPSRUDOLW\��6PRNLQJ�LQ�WKH�YDVW�PDMRULW\�RI�FDVHV�SUHFHGHG�WKH�RQVHW�RI�OXQJ�FDQFHU�

����&RQVLVWHQF\��'LIIHUHQW�PHWKRGV��H�J���SURVSHFWLYH�DQG�UHWURVSHFWLYH�VWXGLHV��SURGXFHG�WKH
VDPH�UHVXOW��7KH�UHODWLRQVKLS�DOVR�DSSHDUHG�IRU�GLIIHUHQW�NLQGV�RI�SHRSOH��H�J���PDOHV�DQG
IHPDOHV��

����7KHRUHWLFDO�3ODXVLELOLW\��7KH�ELRORJLFDO�WKHRU\�WKDW�VPRNLQJ�FDXVHV�WLVVXH�GDPDJH�WKDW�RYHU
WLPH�UHVXOWV�LQ�FDQFHU�LQ�WKH�FHOOV�ZDV�D�KLJKO\�SODXVLEOH�H[SODQDWLRQ�

����&RKHUHQFH��7KH�FRQFOXVLRQ��WKDW�VPRNLQJ�FDXVHV�OXQJ�FDQFHU��³PDGH�VHQVH´�JLYHQ�WKH
FXUUHQW�NQRZOHGJH�DERXW�WKH�ELRORJ\�DQG�KLVWRU\�RI�WKH�GLVHDVH�

����6SHFLILFLW\�LQ�WKH�&DXVHV��/XQJ�FDQFHU�LV�EHVW�SUHGLFWHG�IURP�WKH�LQFLGHQFH�RI�VPRNLQJ�

����'RVH�5HVSRQVH�5HODWLRQVKLS��'DWD�VKRZHG�D�SRVLWLYH��OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH
DPRXQW�VPRNHG�DQG�WKH�LQFLGHQFH�RI�OXQJ�FDQFHU�

����([SHULPHQWDO�(YLGHQFH��7DU�SDLQWHG�RQ�ODERUDWRU\�UDEELWV¶�HDUV�ZDV�VKRZQ�WR�SURGXFH
FDQFHU�LQ�WKH�HDU�WLVVXH�RYHU�WLPH��+HQFH��LW�ZDV�FOHDU�WKDW�FDUFLQRJHQV�ZHUH�SUHVHQW�LQ
WREDFFR�WDU�

����$QDORJ\��,QGXFHG�VPRNLQJ�ZLWK�ODERUDWRU\�UDWV�VKRZHG�D�FDXVDO�UHODWLRQVKLS��,W��WKHUHIRUH�
ZDV�QRW�D�JUHDW�MXPS�IRU�VFLHQWLVWV�WR�DSSO\�WKLV�WR�KXPDQV�

5HIHUHQFHV
'ROO��5����������6LU�$XVWLQ�%UDGIRUG�+LOO�DQG�WKH�SURJUHVV�RI�PHGLFDO�VFLHQFH��%ULWLVK�0HGLFDO�-RXUQDO�
���������±�����



+LOO��%��$����������7KH�HQYLURQPHQW�DQG�GLVHDVH��$VVRFLDWLRQ�RU�FDXVDWLRQ"�3URFHHGLQJV�RI�WKH�5R\DO
6RFLHW\�RI�0HGLFLQH���������±����

6XVVHU��0����������-XGJHPHQW�DQG�FDXVDO�LQIHUHQFH��&ULWHULD�LQ�HSLGHPLRORJLF�VWXGLHV��$PHULFDQ
-RXUQDO�RI�(SLGHPLRORJ\��������±���

&/$66,)<,1*�121(;3(5,0(17$/�5(6($5&+�%<�7,0(�$1'
5(6($5&+�2%-(&7,9(
7ZR�PDMRU�GLPHQVLRQV�WKDW�VKRXOG�EH�XVHG�WR�FODVVLI\�QRQH[SHULPHQWDO�UHVHDUFK�DUH
WKH�WLPH�GLPHQVLRQ�DQG�WKH�UHVHDUFK�REMHFWLYH�GLPHQVLRQ��:H�GLVFXVV�WKHVH�LQ�VRPH
GHWDLO� SUHVHQWO\�� EXW� ILUVW� QRWH� WKDW� LI� \RX� FURVV� WKHVH� WZR� GLPHQVLRQV� LQ� D�PDWUL[
�VKRZQ� LQ� 7DEOH� ������� D� W\SRORJ\� RI� QLQH� W\SHV� RI� QRQH[SHULPHQWDO� UHVHDUFK� LV
REWDLQHG��5��%��-RKQVRQ��������

7R�XVH�WKLV�FODVVLILFDWLRQ��DOO�\RX�KDYH�WR�GR�LV�DQVZHU�WKHVH�WZR�TXHVWLRQV�

����+RZ�DUH�WKH�GDWD�FROOHFWHG�LQ�UHODWLRQ�WR�WLPH��L�H���DUH�WKH�GDWD
UHWURVSHFWLYH��FURVV�VHFWLRQDO��RU�ORQJLWXGLQDO�"

����:KDW�LV�WKH�SULPDU\�UHVHDUFK�REMHFWLYH��L�H���GHVFULSWLRQ��SUHGLFWLRQ��RU
H[SODQDWLRQ�"

<RXU�DQVZHU�WR�WKHVH�WZR�TXHVWLRQV�ZLOO�OHDG�\RX�WR�RQH�RI�WKH�QLQH�FHOOV�VKRZQ
LQ� 7DEOH� ������ 7KHUH� LV� QR� QHHG� WR� PHPRUL]H� WKH� QDPHV� RI� WKH� QLQH� FHOOV� �H�J��
UHWURVSHFWLYH� GHVFULSWLYH� RU� FURVV�VHFWLRQDO� H[SODQDWRU\�� EHFDXVH� DV� VRRQ� DV� \RX
DQVZHU� WKH� WZR� TXHVWLRQV�� \RX� ZLOO� KDYH� WKH� QDPH�� :KHQ� ZULWLQJ� DERXW� \RXU
QRQH[SHULPHQWDO� GHVLJQ�� \RX� ZLOO� QHHG� WR� LQIRUP� \RXU� UHDGHU� RI� \RXU� VWXG\¶V
FKDUDFWHULVWLFV�RQ�WKHVH�WZR�GLPHQVLRQV�VR�WKDW�WKH�UHDGHU�ZLOO�EH�LQ�D�SRVLWLRQ�WR
HYDOXDWH�\RXU�DVVHUWLRQV�

:H�QRZ�H[SODLQ�WKHVH�WZR�GLPHQVLRQV�LV�PRUH�GHSWK�

�7$%/(�������7\SHV�RI�5HVHDUFK�2EWDLQHG�E\�&URVVLQJ�5HVHDUFK�2EMHFWLYH�DQG
7LPH�'LPHQVLRQ

6RXUFH�� -RKQVRQ�� 5�� %�� �������� 7RZDUG� D� QHZ� FODVVLILFDWLRQ� RI� QRQH[SHULPHQWDO� TXDQWLWDWLYH� UHVHDUFK�
(GXFDWLRQDO� 5HVHDUFKHU�� ���� ������ &RS\ULJKW� �� ����� E\� WKH� $PHULFDQ� (GXFDWLRQDO� 5HVHDUFK� $VVRFLDWLRQ�
UHSURGXFHG�ZLWK�SHUPLVVLRQ�RI�WKH�SXEOLVKHU�



7+(�7,0(�',0(16,21�,1�121(;3(5,0(17$/�5(6($5&+
7KH� ILUVW� GLPHQVLRQ� XVHG� LQ� RXU� W\SRORJ\� RI� QRQH[SHULPHQWDO� UHVHDUFK� PHWKRGV
�7DEOH�������LV�WKH�WLPH�GLPHQVLRQ��,W�LV�LPSRUWDQW�WR�KDYH�DQ�XQGHUVWDQGLQJ�RI�WKH
WLPH�GLPHQVLRQ�IRU�DW�OHDVW�WZR�UHDVRQV��)LUVW��UHVHDUFKHUV�RIWHQ�ZDQW�WR�NQRZ�KRZ
YDULDEOHV� FKDQJH� RYHU� WLPH� �H�J���:KDW� KDSSHQV� WR� FKLOGUHQ� DV� WKH\� JHW� ROGHU"��
6HFRQG��ZKHQ�VWXG\LQJ�FDXVH�DQG�HIIHFW��UHVHDUFKHUV�PXVW�HVWDEOLVK�WKH�SURSHU�WLPH
RUGHU��7KLV�PHDQV� WKDW�ZH�DUH� FRQFHUQHG�DERXW� WKH� WLPH�GLPHQVLRQ�ZKHQHYHU�ZH
WDON� DERXW� D� FDXVH� DQG� HIIHFW�� 1RQH[SHULPHQWDO� UHVHDUFK� LV� FODVVLILHG� LQWR� WKUHH
W\SHV� RI� UHVHDUFK� WKDW� DGGUHVV� WKH� WLPH� GLPHQVLRQ� LVVXH� TXLWH� GLIIHUHQWO\�� FURVV�
VHFWLRQDO� UHVHDUFK�� ORQJLWXGLQDO� UHVHDUFK�� DQG� UHWURVSHFWLYH� UHVHDUFK� �VHH� 7DEOH
������

�7$%/(�������6XPPDU\�RI�&URVV�6HFWLRQDO��/RQJLWXGLQDO��DQG�5HWURVSHFWLYH
5HVHDUFK


,I�GDWD� IURP�WKH�SDVW�DUH� ORFDWHG�DQG�FRPELQHG�ZLWK�FXUUHQW�GDWD�� WKHQ�\RX�KDYH�FRQVWUXFWHG�D� UHWURVSHFWLYH
ORQJLWXGLQDO�WLPH�FRQILJXUDWLRQ��LI�VXUYH\�GDWD�DUH�FROOHFWHG�DW�RQH�WLPH�DQG�SDUWLFLSDQWV�DUH�VLPSO\�DVNHG�DERXW
WKHLU�VWDWXV�RQ�YDULDEOHV�LQ�WKHLU�SDVW��WKHQ�\RX�KDYH�D�UHWURVSHFWLYH�FURVV�VHFWLRQDO�WLPH�FRQILJXUDWLRQ�

&URVV�6HFWLRQDO�5HVHDUFK
,Q�FURVV�VHFWLRQDO�UHVHDUFK��GDWD�DUH�FROOHFWHG�IURP�WKH�UHVHDUFK�SDUWLFLSDQWV

DW� D� VLQJOH� SRLQW� LQ� WLPH� RU� GXULQJ� D� VLQJOH�� UHODWLYHO\� EULHI� WLPH� SHULRG� �L�H��� D
SHULRG�ORQJ�HQRXJK�WR�FROOHFW�GDWD�IURP�DOO�RI�WKH�SDUWLFLSDQWV�VHOHFWHG�WR�EH�LQ�WKH
VWXG\���7KH�GDWD�DUH�W\SLFDOO\�FROOHFWHG�IURP�PXOWLSOH�JURXSV�RU�W\SHV�RI�SHRSOH�LQ
FURVV�VHFWLRQDO� UHVHDUFK�� )RU� H[DPSOH�� GDWD� LQ� D� FURVV�VHFWLRQDO� VWXG\� PLJKW� EH
FROOHFWHG�IURP�PDOHV�DQG�IHPDOHV��IURP�SHRSOH�LQ�GLIIHUHQW�VRFLRHFRQRPLF�FODVVHV�
IURP� PXOWLSOH� DJH� JURXSV�� DQG� IURP� SHRSOH� ZLWK� GLIIHUHQW� DELOLWLHV� DQG
DFFRPSOLVKPHQWV��7KH�PDMRU�DGYDQWDJH�RI�FURVV�VHFWLRQDO�UHVHDUFK�LV�WKDW�GDWD�FDQ
EH�FROOHFWHG�RQ�PDQ\�GLIIHUHQW�NLQGV�RI�SHRSOH�LQ�D�UHODWLYHO\�VKRUW�SHULRG�RI�WLPH�

��&URVV�VHFWLRQDO�UHVHDUFK�'DWD�DUH�FROOHFWHG�DW�D�VLQJOH�SRLQW�LQ�WLPH

&URVV�VHFWLRQDO�UHVHDUFK�KDV�VHYHUDO�ZHDNQHVVHV��2QH�GLVDGYDQWDJH�LV�WKDW�LW�LV
GLIILFXOW� WR� HVWDEOLVK� WLPH� RUGHU� �FRQGLWLRQ� �� RI� WKH� UHTXLUHG� FRQGLWLRQV� IRU
FDXVDOLW\���,I�\RX�FROOHFW�GDWD�IURP�UHVHDUFK�SDUWLFLSDQWV�DW�D�VLQJOH�WLPH�SRLQW�RQO\�
\RX�FDQ¶W�GLUHFWO\�PHDVXUH�FKDQJHV�WKDW�DUH�RFFXUULQJ�RYHU�WLPH��7LPH�RUGHU�FDQ�EH
SDUWLDOO\� HVWDEOLVKHG� LQ� FURVV�VHFWLRQDO� UHVHDUFK� WKURXJK� WKHRU\�� WKURXJK� SDVW



UHVHDUFK� ILQGLQJV��DQG� WKURXJK�DQ�XQGHUVWDQGLQJ�RI� WKH� LQGHSHQGHQW�YDULDEOH� �H�J��
\RX� FDQ� VDIHO\� DVVXPH� WKDW� DGXOWV¶� ELRORJLFDO� VH[� RFFXUV� EHIRUH� WKH� DPRXQW� RI
HGXFDWLRQ� FRPSOHWHG� EHFDXVH� ELRORJLFDO� VH[� LV� VHW� DW� ELUWK��� +RZHYHU�� WKHVH
WHFKQLTXHV� IRU� HVWDEOLVKLQJ� WLPH�RUGHU� DUH�ZHDNHU� WKDQ�DFWXDOO\�REVHUYLQJ�SHRSOH
RYHU� WLPH�� $� UHODWHG� GLVDGYDQWDJH� LV� WKDW� WKH� VWXG\� RI� GHYHORSPHQWDO� WUHQGV
�FKDQJHV�LQ�SHRSOH�DV�WKH\�JHW�ROGHU��FDQ�EH�PLVOHDGLQJ�ZKHQ�XVLQJ�FURVV�VHFWLRQDO
GDWD�

6XSSRVH� WKDW� \RX� FROOHFWHG� FURVV�VHFWLRQDO� GDWD� IURP� ������ DGXOWV�ZKR�ZHUH
DJH� ��� RU� ROGHU�� :KHQ� DQDO\]LQJ� WKH� GDWD�� VXSSRVH� WKDW� \RX� IRXQG� WKDW� DJH� DQG
SROLWLFDO�FRQVHUYDWLVP�ZHUH�SRVLWLYHO\�FRUUHODWHG��WKH�ROGHU�WKH�SDUWLFLSDQWV�ZHUH�
WKH�PRUH�FRQVHUYDWLYH�WKH\�WHQGHG�WR�EH���<RX�FRXOG�QRW�VDIHO\�FRQFOXGH�LQ�WKLV�FDVH
WKDW�DJLQJ�FDXVHV�FRQVHUYDWLVP�EHFDXVH�\RX�ZRXOG�QRW�KDYH�HVWDEOLVKHG�SURSHU�WLPH
RUGHU� �FDXVDO� FRQGLWLRQ� ��� RU� UXOHG� RXW� ULYDO� H[SODQDWLRQV� �FDXVDO� FRQGLWLRQ� ���
5HPHPEHU�WKLV�LPSRUWDQW�SRLQW��,Q�D�FURVV�VHFWLRQDO�VWXG\��SHRSOH�DW�GLIIHUHQW�DJHV
DUH�QRW� WKH�VDPH�SHRSOH��7KHUHIRUH��\RX�DUH�QRW�DEOH� WR�REVHUYH�\RXU�SDUWLFLSDQWV
FKDQJH� RYHU� WLPH� DQG� SURSHUO\� HVWDEOLVK� WLPH� RUGHU�� ,Q� DGGLWLRQ�� WKH� ROGHU� DQG
\RXQJHU�SHRSOH�PD\�GLIIHU�RQ�LPSRUWDQW�H[WUDQHRXV�YDULDEOHV��H�J���WKH\�PLJKW�GLIIHU
RQ� HGXFDWLRQ� DQG� H[SHULHQFH� RI� FHUWDLQ� KLVWRULFDO� HYHQWV��� $Q� DOWHUQDWLYH
H[SODQDWLRQ�IRU�WKH�UHODWLRQVKLS�EHWZHHQ�DJH�DQG�SROLWLFDO�FRQVHUYDWLVP�LV�WKDW�WKH
SHRSOH�LQ�WKH�HDUOLHU�JHQHUDWLRQV�RI�\RXU�GDWD��WKH�ROGHU�SHRSOH��KDYH�DOZD\V�EHHQ
PRUH�FRQVHUYDWLYH�WKDQ�WKH�PRUH�UHFHQW�JHQHUDWLRQV��WKH�\RXQJHU�SHRSOH���SHUKDSV
EHFDXVH�RI�VRPH�KLVWRULFDO�HIIHFW��7KH�\RXQJHU�SHRSOH�OLYHG�LQ�GLIIHUHQW�KLVWRULFDO
WLPHV�GXULQJ�WKHLU�IRUPDWLYH�\HDUV��DQG�WKH\�PD\�WXUQ�RXW�GLIIHUHQWO\�ZKHQ�WKH\�DUH
ROGHU��7KXV��\RX�FDQ¶W�PDNH�D�VWURQJ�FRQFOXVLRQ�WKDW�DJH�FDXVHV�SHRSOH�WR�EHFRPH
PRUH�FRQVHUYDWLYH�

/RQJLWXGLQDO�5HVHDUFK
7KH� WHUP� ORQJLWXGLQDO� UHVHDUFK� UHIHUV� WR� UHVHDUFK� WKDW� RFFXUV� RYHU� WLPH�� ,Q

ORQJLWXGLQDO�UHVHDUFK��WKH�GDWD�DUH�FROOHFWHG�DW�PRUH�WKDQ�RQH�WLPH�SRLQW�RU�GXULQJ
PRUH� WKDQ� RQH� GDWD�FROOHFWLRQ� SHULRG�� DQG� WKH� UHVHDUFKHU� LV� LQWHUHVWHG� LQ�PDNLQJ
FRPSDULVRQV� DFURVV� WLPH�� $OWKRXJK� ORQJLWXGLQDO� UHVHDUFK� UHTXLUHV� D� PLQLPXP� RI
WZR� GLVWLQFW� WLPH� SHULRGV�� GDWD� FDQ� EH� FROOHFWHG� RYHU� DV� PDQ\� WLPH� SHULRGV� DV
QHHGHG� WR� DGGUHVV� WKH� UHVHDUFK� TXHVWLRQV�� 7KHUH� DUH� WZR� PDMRU� YDULDWLRQV� RI
ORQJLWXGLQDO�UHVHDUFK��WUHQG�VWXGLHV�DQG�SDQHO�VWXGLHV��)RU�H[DPSOHV�RI�ORQJLWXGLQDO
UHVHDUFK�� VRPH�RI�ZKLFK�DUH� VWLOO�RQJRLQJ�� VHH�<RXQJ��6DYROD��DQG�3KHOSV¶V�ERRN
,QYHQWRU\� RI� /RQJLWXGLQDO� 6WXGLHV� LQ� WKH� 6RFLDO� 6FLHQFHV� �������� $OWKRXJK� QRW
GLVFXVVHG� LQ� WKLV� FKDSWHU�� ORQJLWXGLQDO� UHVHDUFK� FDQ� DOVR� EH� GRQH� LQ� TXDOLWDWLYH
UHVHDUFK��H�J���VHH�+XEHU�	�9DQ�GH�9HQ��������

��/RQJLWXGLQDO�UHVHDUFK�'DWD�DUH�FROOHFWHG�DW�PXOWLSOH�WLPH�SRLQWV��DQG
FRPSDULVRQV�DUH�PDGH�DFURVV�WLPH

$� WUHQG� VWXG\� LV� WKH� IRUP� RI� ORQJLWXGLQDO� UHVHDUFK� LQ� ZKLFK� LQGHSHQGHQW



VDPSOHV� �VDPSOHV� FRPSRVHG� RI� GLIIHUHQW� SHRSOH�� DUH� WDNHQ� IURP� D� JHQHUDO
SRSXODWLRQ� RYHU� WLPH� DQG� WKH� VDPH� TXHVWLRQV� DUH� DVNHG� RI� WKH� VDPSOHV� RI
SDUWLFLSDQWV��,Q�D�WUHQG�VWXG\��\RX�PLJKW��IRU�H[DPSOH��WDNH�D�QHZ�VDPSOH�HDFK�\HDU
IRU���FRQVHFXWLYH�\HDUV�RI�86�FLWL]HQV�ZKR�DUH����\HDUV�RU�ROGHU��L�H���DGXOWV���$Q
H[DPSOH�RI�D�VXUYH\�WKDW�KDV�EHHQ�XVHG�LQ�PDQ\�WUHQG�VWXGLHV�LV�WKH�*HQHUDO�6RFLDO
6XUYH\� �*66��� ZKLFK� KDV� EHHQ� FRQGXFWHG� DQQXDOO\� VLQFH� ����� E\� LQWHUYLHZHUV
ZRUNLQJ� IRU�125&� �1DWLRQDO� 2SLQLRQ� 5HVHDUFK� &HQWHU��� EDVHG� LQ� &KLFDJR�� 7KH
LQWHUYLHZHUV�GRFXPHQW� WKH� VWDWXV�RI� DSSUR[LPDWHO\������� UDQGRPO\� VHOHFWHG�DGXOW
���� \HDUV� RU� ROGHU�� SDUWLFLSDQWV� RQ� DQ� H[WHQVLYH� QXPEHU� RI� YDULDEOHV� HDFK� \HDU
�'DYLV�	�6PLWK��������

��7UHQG�VWXG\�,QGHSHQGHQW�VDPSOHV�DUH�WDNHQ�IURP�D�SRSXODWLRQ�RYHU�WLPH��DQG
WKH�VDPH�TXHVWLRQV�DUH�DVNHG

7KH�VHFRQG�PDMRU�W\SH�RI�ORQJLWXGLQDO�UHVHDUFK�LV�D�SDQHO�VWXG\���7KH�GHILQLQJ
FKDUDFWHULVWLF�RI�D�SDQHO�VWXG\�LV�WKDW�WKH�VDPH�LQGLYLGXDOV�DUH�VWXGLHG�DW�VXFFHVVLYH
SRLQWV� RYHU� WLPH��7KH� UHVHDUFKHU¶V� JRDO� LV� WR� XQGHUVWDQG�ZK\� WKH� SDQHO�PHPEHUV
FKDQJH�RYHU�WLPH��%HFDXVH�WKH�UHVHDUFKHU�VWDUWV�LQ�WKH�SUHVHQW�DQG�PRYHV�IRUZDUG
LQ�WLPH��WKH�WHUP�SURVSHFWLYH�VWXG\�LV�DOVR�DSSOLHG��)RU�H[DPSOH��LI�\RX�VHOHFW����
EHJLQQLQJ�WHDFKHUV�DQG�IROORZ�WKHP�RYHU�WKH�QH[W����\HDUV��H�J���LQWHUYLHZLQJ�WKHP
HYHU\�RWKHU�\HDU���\RX�KDYH�D�SDQHO��RU�SURVSHFWLYH��VWXG\��<RX�ZRXOG�EH�VWXG\LQJ
WKH�VDPH�SHRSOH�RYHU�WLPH��7KH�LQGLYLGXDOV�LQ�D�SDQHO�VWXG\�DUH�RIWHQ�VHOHFWHG�IURP
PXOWLSOH�DJH�FRKRUWV�WR�VWUHQJWKHQ�WKH�GHVLJQ��$�FRKRUW� LV�GHILQHG�DV�DQ\�JURXS�RI
SHRSOH�ZLWK�D�FRPPRQ�FODVVLILFDWLRQ�RU�FKDUDFWHULVWLF��)RU�H[DPSOH��D� UHVHDUFKHU
PLJKW� IROORZ� LQGLYLGXDOV� IURP� WKUHH� DJH� FRKRUWV� IRU� �� FRQVHFXWLYH� \HDUV�� ,I� WKH
FKLOGUHQ�LQ�WKH�VWXG\�ZHUH�DJHV�������DQG���LQ�WKH�ILUVW�\HDU�RI�WKH�VWXG\��WKH\�ZRXOG
EH� DJHV� ��� ��� DQG� ��� LQ� WKH� VHFRQG� \HDU� RI� WKH� VWXG\� �DVVXPLQJ� WKH� VWXG\� ZDV
FRQGXFWHG�DW�WKH�VDPH�WLPH�RI�\HDU���DQG�WKH\�ZRXOG�EH�DJHV�������DQG����LQ�WKH�WKLUG
\HDU��RU�³WKLUG�ZDYH´�RI�WKH�VWXG\��&OHDUO\��LQGLYLGXDOV�LQ�SDQHO�VWXGLHV�JURZ�ROGHU
RYHU�WLPH��7KLV�PHDQV�WKDW�WKH�DYHUDJH�DJH�RI�WKH�SHRSOH�LQ�WKH�VWXG\�ZLOO�LQFUHDVH
RYHU�WLPH��DQG�DW�VRPH�SRLQW�LW�ZLOO�EH�LPSRVVLEOH�WR�FRQWLQXH�D�SDQHO�VWXG\�EHFDXVH
DOO�RI�WKH�SDUWLFLSDQWV�ZLOO�KDYH�GLHG�RI�ROG�DJH�

��3DQHO�VWXG\�6WXG\�LQ�ZKLFK�WKH�VDPH�LQGLYLGXDOV�DUH�VWXGLHG�DW�VXFFHVVLYH
SRLQWV�RYHU�WLPH

��3URVSHFWLYH�VWXG\�$QRWKHU�WHUP�DSSOLHG�WR�D�SDQHO�VWXG\

��&RKRUW�$Q\�JURXS�RI�SHRSOH�ZLWK�D�FRPPRQ�FODVVLILFDWLRQ�RU�FKDUDFWHULVWLF

/HW¶V� VD\� WKDW� \RX� LQWHUYLHZ� ������ UDQGRPO\� VHOHFWHG� SDUWLFLSDQWV� ZKR� DUH
UHSUHVHQWDWLYH� RI� WKH� 8QLWHG� 6WDWHV� LQ� WKH� \HDU� ������ 7KLV� JURXS� RI� SHRSOH� ZLOO
EHFRPH�PRUH�DQG�PRUH�XQUHSUHVHQWDWLYH�RI�WKH�8QLWHG�6WDWHV�DW�ODWHU�GDWHV��H�J���LQ



������ ������ DQG� ������ EHFDXVH� WKH� 86� SRSXODWLRQ� LV� FRQVWDQWO\� FKDQJLQJ� �H�J��
SHRSOH�DUH�FRQVWDQWO\�ERUQ�LQWR�DQG�PRYH�LQWR�DQG�RXW�RI�WKH�8QLWHG�6WDWHV��ZKLOH
QR�QHZ�SHRSOH�DUH�DGGHG�WR�WKH�SDQHO�VWXG\�RYHU�WLPH���7KH�SRLQW�LV�WKDW��HYHQ�LI�QR
RQH� HYHU� GURSV� RXW� RI� \RXU� SDQHO� VWXG\�� WKH� SDQHO� DQG� WKH� FXUUHQW� SRSXODWLRQ� FDQ
EHFRPH� YHU\� GLIIHUHQW� RYHU� WLPH�� 7KLV� LV� D� WKUHDW� WR� H[WHUQDO� YDOLGLW\� EHFDXVH� LW
OLPLWV�\RXU�DELOLW\�WR�JHQHUDOL]H�IURP�WKH�SDQHO�WR�WKH�FXUUHQW�SRSXODWLRQ�

3HUKDSV�DQ�HYHQ�JUHDWHU�SUREOHP�LV�GLIIHUHQWLDO�DWWULWLRQ��ZKLFK�RFFXUV�ZKHQ
SDUWLFLSDQWV�GR�QRW�GURS�RXW�RI�WKH�VWXG\�UDQGRPO\��L�H���ZKHQ�WKH�SHRSOH�ZKR�GURS
RXW�GR�QRW�UHVHPEOH�WKH�SHRSOH�ZKR�UHPDLQ���,Q�RWKHU�ZRUGV��WKLV�SUREOHP�RFFXUV
ZKHQ� RQO\� FHUWDLQ� W\SHV� RI� SHRSOH� GURS� RXW� RI� WKH� UHVHDUFK� VWXG\�� 'LIIHUHQWLDO
DWWULWLRQ�FDQ�UHGXFH�H[WHUQDO�YDOLGLW\�EHFDXVH�DIWHU�FHUWDLQ�W\SHV�RI�SHRSOH�GURS�RXW
RI�WKH�SDQHO��WKH�SDQHO�QR�ORQJHU�UHVHPEOHV�WKH�SRSXODWLRQ��'LIIHUHQWLDO�DWWULWLRQ�FDQ
DOVR�UHGXFH�LQWHUQDO�YDOLGLW\��WKH�DELOLW\�WR�HVWDEOLVK�ILUPO\�HYLGHQFH�RI�FDXVH�DQG
HIIHFW���$VVXPH��IRU�H[DPSOH��WKDW�\RX�DUH�VWXG\LQJ�FKLOGUHQ¶V�XVH�RI�HIIHFWLYH�VWXG\
VWUDWHJLHV� DV� WKH\� DJH�� <RXU� K\SRWKHVLV� LV� WKDW� DJH� KDV� D� FDXVDO� LQIOXHQFH� RQ
HIIHFWLYH�VWUDWHJ\�XVH��L�H���ROGHU�FKLOGUHQ�ZLOO�XVH�PRUH�HIIHFWLYH�VWXG\�VWUDWHJLHV
WKDQ�\RXQJHU�FKLOGUHQ���$�SUREOHP�PLJKW�RFFXU��KRZHYHU��LI�WKH�OHVV�PRWLYDWHG�DQG
OHVV� HIIHFWLYH� VWUDWHJ\� XVHUV� �L�H��� FKLOGUHQ� ZKR� XVH� LPPDWXUH� RU� LQHIILFLHQW
VWUDWHJLHV�� GURS�RXW� RI� \RXU� SDQHO��<RX�PLJKW� HUURQHRXVO\� FRQFOXGH� WKDW� HIIHFWLYH
VWUDWHJ\�XVH�LQFUHDVHV�ZLWK�DJH�VLPSO\�EHFDXVH�WKH�XVHUV�RI�OHVV�HIIHFWLYH�VWUDWHJLHV
GURSSHG�RXW�RYHU�WLPH�DQG�WKH�XVHUV�RI�HIIHFWLYH�VWUDWHJLHV�UHPDLQHG��%HFDXVH�RI�WKH
SUREOHPV� FDXVHG� E\� GLIIHUHQWLDO� DWWULWLRQ�� UHVHDUFKHUV� VKRXOG� SURYLGH� LQIRUPDWLRQ
DERXW�WKH�NLQGV�RI�SHRSOH�ZKR�GURSSHG�RXW�RI�WKHLU�UHVHDUFK�VWXG\�DQG�WKH�SRWHQWLDO
LPSOLFDWLRQV�WKLV�KDV�IRU�WKHLU�FRQFOXVLRQV�

��'LIIHUHQWLDO�DWWULWLRQ�3DUWLFLSDQWV�ZKR�GURS�RXW�DUH�GLIIHUHQW�IURP�WKRVH�ZKR
VWD\

3DQHO� VWXGLHV� KDYH� D� PDMRU� VWUHQJWK�� <RX� DUH� EHWWHU� DEOH� WR� HVWDEOLVK� FDXVDO
FRQGLWLRQ� �� �SURSHU� WLPH� RUGHU�� EHFDXVH� \RX� DFWXDOO\� VWXG\� WKH� SHRSOH� RYHU� D
SHULRG� RI� WLPH�� 7KHUHIRUH�� IRU� VWXG\LQJ� FDXVH� DQG� HIIHFW�� SDQHO� VWXGLHV� DUH
VXSHULRU� WR� FURVV�VHFWLRQDO� VWXGLHV��3DQHO� VWXGLHV� DUH� DOVR�PRUH� SRZHUIXO� WKDQ
WUHQG�VWXGLHV�EHFDXVH�FKDQJHV�FDQ�EH�PHDVXUHG�DW�WKH�OHYHO�WKH\�RFFXU��ZLWKLQ�WKH
LQGLYLGXDOV� ZKR� FKDQJH��� 5HPHPEHU� WKDW� LQ� D� WUHQG� VWXG\�� \RX� DUH� OLPLWHG� WR
FRPSDULQJ�GLIIHUHQW�VHWV�RI�SHRSOH�DW�GLIIHUHQW�WLPHV��EXW�LQ�D�SDQHO�VWXG\��\RX�FDQ
VWXG\�WKH�VDPH�LQGLYLGXDOV�RYHU�WLPH��2QH�VWUDWHJ\�LQ�SDQHO�VWXGLHV�LV�WR�GLYLGH�WKH
RULJLQDO� VDPSOH� LQWR� JURXSV� EDVHG� RQ� WKH� LQGHSHQGHQW� YDULDEOH�� IROORZ� WKH
SDUWLFLSDQWV�RYHU�WLPH��DQG�GRFXPHQW�ZKDW�KDSSHQV�WR�WKHP��$QRWKHU�VWUDWHJ\�LV�WR
LGHQWLI\� SDUWLFLSDQWV� ZKR� FKDQJH� RQ� D� YDULDEOH� DQG� WKH� SDUWLFLSDQWV� ZKR� GR� QRW
FKDQJH�RQ�WKH�YDULDEOH�DQG�WKHQ�LQYHVWLJDWH�WKH�IDFWRUV�WKDW�KHOS�H[SODLQ�WKLV�FKDQJH
RU�ODFN�RI�FKDQJH�

<RX�PLJKW��IRU�H[DPSOH��GHFLGH�WR�WHVW�WKH�UHVHDUFK�K\SRWKHVLV�WKDW�VWXGHQWV�ZKR
EHJLQ�XVLQJ�GUXJV�LQ�WKH���WK�JUDGH�DUH�PRUH�OLNHO\�WR�GURS�RXW�RI�KLJK�VFKRRO�WKDQ
DUH� VWXGHQWV� ZKR� KDYH� QRW� XVHG� GUXJV� E\� WKH� HQG� RI� WKH� ��WK� JUDGH�� 7R� WHVW� WKLV



K\SRWKHVLV�� \RX� FRXOG� VHOHFW� D� VDPSOH� RI� QLQWK�JUDGH� VWXGHQWV� DQG� WKHQ� LQWHUYLHZ
WKHP�HDFK�\HDU�IRU�WKH�QH[W���\HDUV��<RX�FRXOG�LGHQWLI\�WKH�VWXGHQWV�ZKR�EHJLQ�GUXJ
XVH�GXULQJ� WKH���WK�JUDGH�DQG�FRPSDUH� WKHP�ZLWK� WKH�RWKHU�VWXGHQWV�RYHU� WKH�QH[W
VHYHUDO�\HDUV��ORRNLQJ�IRU�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�JURXSV��<RX�PLJKW�DOVR�ZDQW
WR�WHVW�WKH�K\SRWKHVLV�WKDW�VWXGHQWV�ZKR�VWDUW�GUXJ�XVH�HDUOLHU�LQ�KLJK�VFKRRO��H�J���WKH
�WK�RU���WK�JUDGH��DUH�PRUH�OLNHO\�WR�GURS�RXW�WKDQ�VWXGHQWV�ZKR�VWDUW�GUXJ�XVH�ODWHU
LQ�KLJK�VFKRRO�RU�VWXGHQWV�ZKR�QHYHU�XVH�GUXJV�DW�DOO�GXULQJ�WKH�KLJK�VFKRRO�\HDUV�
<RX� ZRXOG� GLYLGH� \RXU� VDPSOH� GXULQJ� GDWD� DQDO\VLV� DV� EHIRUH�� WKLV� WLPH� WR� VHH
ZKHWKHU� WKH� HDUO\� XVHUV�ZHUH�PRUH� OLNHO\� WR� GURS� RXW� WKDQ� WKH� ODWHU� XVHUV� RU� WKH
QRQXVHUV� WR� GHWHUPLQH� ZKHWKHU� WKH� K\SRWKHVHV� DUH� VXSSRUWHG�� <RX� FRXOG� DOVR
DQDO\]H�WKH�GDWD�WR�WHVW�DGGLWLRQDO�K\SRWKHVHV�RU�WR�ORFDWH�DGGLWLRQDO�EHKDYLRUV�DQG
DWWLWXGHV�WKDW�DUH�DVVRFLDWHG�ZLWK�GUXJ�XVH��H�J���SHHUV�ZKR�XVH�GUXJV��SRRU�JUDGHV�
ORZ�VHOI�HVWHHP��IDPLO\�SUREOHPV��

0HGLFDO� UHVHDUFKHUV� KDYH� HIIHFWLYHO\� XVHG� SURVSHFWLYH� SDQHO� VWXGLHV� WR� KHOS
HVWDEOLVK� WKDW� VPRNLQJ� FDXVHV� OXQJ� FDQFHU� �*DLO�� ������� ,Q� D� W\SLFDO� VWXG\�� WZR
JURXSV� RI� LQGLYLGXDOV� �VPRNHUV� DQG� QRQVPRNHUV�� DUH� PDWFKHG� RQ� PXOWLSOH
H[WUDQHRXV� YDULDEOHV� DQG� DUH� WKHQ� IROORZHG� IRUZDUG� LQ� WLPH�� 5HVHDUFKHUV� XVH
PDWFKLQJ� WR� PDNH� WKH� WZR� JURXSV� DV� VLPLODU� DV� SRVVLEOH�� ZLWK� WKH� XOWLPDWH� �EXW
SUREDEO\� XQDWWDLQDEOH�� JRDO� EHLQJ� WKDW� WKH� RQO\� LPSRUWDQW� GLIIHUHQFH� EHWZHHQ� WKH
WZR� JURXSV� LV� WKH� SDUWLFLSDQWV¶� VWDWXV� RQ� WKH� LQGHSHQGHQW� YDULDEOH�� 7KHQ� WKH
UHVHDUFKHUV�IROORZ�WKHVH�WZR�JURXSV�RYHU�WLPH��GRFXPHQWLQJ�WKHLU�UHODWLYH�UDWHV�RI
OXQJ�FDQFHU��7KH�UHVHDUFKHUV�DOVR�FKHFN�IRU�D�GRVH�UHVSRQVH�UHODWLRQVKLS�� WKDW� LV�
WKH\� FKHFN� WR� VHH�ZKHWKHU� WKHUH� LV� D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� WKH� QXPEHU� RI
FLJDUHWWHV�VPRNHG�DQG�WKH�OLNHOLKRRG�RI�OXQJ�FDQFHU�

��'RVH�UHVSRQVH�UHODWLRQVKLS�3UHVHQW�ZKHQ�LQFUHDVHG�DPRXQWV��RU�JUHDWHU
VWUHQJWK��RI�WKH�WUHDWPHQW�UHVXOWV�LQ�LQFUHDVHG�DPRXQWV�RI�UHVSRQVH�RQ�WKH
GHSHQGHQW�YDULDEOH

3URVSHFWLYH� VWXGLHV� VXFK� DV� WKLV� FDQFHU� VWXG\� DUH� VWURQJ� RQ� WKH� ILUVW� WZR
FRQGLWLRQV�RI�FDXVDWLRQ��7KH�UHODWLRQVKLS�EHWZHHQ�VPRNLQJ�DQG�OXQJ�FDQFHU�FDQ�EH
FOHDUO\� HVWDEOLVKHG� EHFDXVH� GLIIHUHQW� UDWHV� RI� OXQJ� FDQFHU� DUH� IRXQG� LQ� WKH� WZR
JURXSV�DQG�EHFDXVH�D�GRVH�UHVSRQVH�UHODWLRQVKLS�LV�IRXQG��7LPH�RUGHU�LV�IDLUO\�ZHOO
HVWDEOLVKHG�EHFDXVH�LQGLYLGXDOV�DUH�REVHUYHG�EHIRUH�DQG�DIWHU�WKH�RQVHW�RI�FDQFHU�
5HVHDUFKHUV�XVH�D�YDULHW\�RI�FRQWURO�WHFKQLTXHV�WR�KHOS�HVWDEOLVK�FRQGLWLRQ����L�H��
WR� UXOH� RXW� DOWHUQDWLYH� H[SODQDWLRQV���$V�QRWHG� HDUOLHU��PDWFKLQJ� LV� XVHG� WR� FUHDWH
VLPLODU� JURXSV�� 7KHQ�� GXULQJ� GDWD� DQDO\VLV�� VWDWLVWLFDO� FRQWURO� LV� XVHG� WR� IXUWKHU
FRQWURO�IRU�H[WUDQHRXV�YDULDEOHV��$OWKRXJK�SURVSHFWLYH�VWXGLHV�FDQ�EH�XVHG�WR�UXOH
RXW�PDQ\�DOWHUQDWLYH�H[SODQDWLRQV��WKH\�FDQQRW�UXOH�RXW�DOO�RI�WKHP��7KH�NH\�LV�WKDW
QR�SODXVLEOH� DOWHUQDWLYH� H[SODQDWLRQ� H[LVWV� IRU� WKH� UHODWLRQVKLS� EHWZHHQ� VPRNLQJ
DQG�OXQJ�FDQFHU�

7KH�VFLHQWLILF�RSLQLRQ�WKDW�VPRNLQJ�FDXVHV�OXQJ�FDQFHU��*DLO��������LV�EDVHG�RQ
WKH� HYLGHQFH� REWDLQHG� IURP� D� PXOWLWXGH� RI� UHVHDUFK� VWXGLHV�� 7KH� PRVW� LPSRUWDQW
KXPDQ�VWXGLHV�XVHG� LQ�HVWDEOLVKLQJ� WKLV�FDXVDO� UHODWLRQVKLS�KDYH�EHHQ�SURVSHFWLYH



SDQHO� VWXGLHV�� 5HPHPEHU� WKDW� WKH� SDQHO� VWXG\� LV� D� UHODWLYHO\� SRZHUIXO
QRQH[SHULPHQWDO� PHWKRG� IRU� H[DPLQLQJ� FDXVDOLW\�� 8QIRUWXQDWHO\�� SURVSHFWLYH
UHVHDUFK� LV�XVXDOO\�H[SHQVLYH�DQG�FDQ� WDNH�D� ORQJ� WLPH� WR�FRPSOHWH��7KHUHIRUH�� LW
VKRXOG� QRW� EH� VXUSULVLQJ� WKDW� ORQJLWXGLQDO� VWXGLHV� DUH� OHVV� FRPPRQ� WKDQ� FURVV�
VHFWLRQDO�VWXGLHV��3URVSHFWLYH�VWXGLHV�DUH�RIWHQ�GRQH�DW�ODUJH�XQLYHUVLWLHV�E\�IDFXOW\
PHPEHUV�ZLWK�IHGHUDO�IXQGLQJ�DQG�ODUJH�VWDIIV�WR�KHOS�WKHP�FRQGXFW�WKHLU�UHVHDUFK�

5HWURVSHFWLYH�5HVHDUFK
,Q�UHWURVSHFWLYH�UHVHDUFK�� WKH� UHVHDUFKHU� W\SLFDOO\� VWDUWV�ZLWK� WKH� GHSHQGHQW

YDULDEOH� �L�H���ZLWK�DQ�REVHUYHG�UHVXOW�RU�RXWFRPH��DQG� WKHQ�³PRYHV�EDFNZDUG� LQ
WLPH�´�ORFDWLQJ�LQIRUPDWLRQ�RQ�YDULDEOHV�WKDW�KHOS�H[SODLQ�LQGLYLGXDOV¶�FXUUHQW�VWDWXV
RQ�WKH�GHSHQGHQW�YDULDEOH��5HWURVSHFWLYH�UHVHDUFK�ZDV�RQH�RI�WKH�HDUOLHVW�NLQGV�RI
UHVHDUFK� XVHG� WR� VXJJHVW� WKDW� VPRNLQJ� OHG� WR� OXQJ� FDQFHU� �*DLO�� �������0HGLFDO
UHVHDUFKHUV�FRPSDUHG�WKH�VPRNLQJ�KDELWV�RI�SHRSOH�ZKR�FXUUHQWO\�KDG�OXQJ�FDQFHU
ZLWK� SHRSOH�ZKR� GLG� QRW� FXUUHQWO\� KDYH� OXQJ� FDQFHU� DQG� IRXQG� WKDW� VPRNHUV� KDG
KLJKHU�UDWHV�RI�FDQFHU� WKDQ�QRQVPRNHUV��:\QGHU�	�*UDKDP���������5HWURVSHFWLYH
UHVHDUFK� PD\� EH� EDVHG� RQ� DFWXDO� GDWD� FROOHFWHG� LQ� WKH� SDVW�� RU�� IUHTXHQWO\�
UHVHDUFKHUV� XVH� UHWURVSHFWLYH� TXHVWLRQV� WR� OHDUQ� DERXW� WKH� SDUWLFLSDQWV¶� SDVWV�
5HWURVSHFWLYH�TXHVWLRQV� DVN� SHRSOH� WR� UHFDOO� VRPHWKLQJ� IURP� DQ� HDUOLHU� WLPH� LQ
WKHLU� OLIH�� ,Q� D� VPRNLQJ� VWXG\�� D� UHWURVSHFWLYH�TXHVWLRQ�PLJKW� DVN� FXUUHQW� VPRNHUV
KRZ� ROG� WKH\� ZHUH� ZKHQ� WKH\� ILUVW� VWDUWHG� VPRNLQJ� FLJDUHWWHV�� $QRWKHU� TXHVWLRQ
PLJKW�DVN�ZKDW�W\SH�RI�FLJDUHWWHV�WKH\�VPRNHG�ZKHQ�WKH\�ILUVW�VWDUWHG�VPRNLQJ�

��5HWURVSHFWLYH�UHVHDUFK�7KH�UHVHDUFKHU�VWDUWV�ZLWK�WKH�GHSHQGHQW�YDULDEOH
DQG�PRYHV�EDFNZDUG�LQ�WLPH

��5HWURVSHFWLYH�TXHVWLRQV�4XHVWLRQV�DVNLQJ�SHRSOH�WR�UHFDOO�VRPHWKLQJ�IURP
DQ�HDUOLHU�WLPH

+HUH�DUH�VRPH�UHWURVSHFWLYH�TXHVWLRQV�\RX�PLJKW�DVN�LI�\RX�ZHUH�VWXG\LQJ�GUXJ
XVH�DPRQJ�KLJK�VFKRRO�VWXGHQWV��'LG�\RX�XVH�GUXJV�ZKHQ�\RX�ZHUH�LQ�KLJK�VFKRRO"
:KDW�GUXJ�GLG�\RX�XVH�PRVW�RIWHQ"�+RZ�IUHTXHQWO\�GLG�\RX�XVH�WKDW�GUXJ"�:KR�ILUVW
LQWURGXFHG�\RX�WR�WKH�GUXJ"�'LG�\RXU�JUDGHV�GHFOLQH�DIWHU�\RX�EHJDQ�XVLQJ�GUXJV"
:KDW�JUDGH�ZHUH�\RX�LQ�ZKHQ�\RXU�JUDGHV�VWDUWHG�GHFOLQLQJ"�<RX�PXVW�EH�FDUHIXO
ZKHQ�XVLQJ�UHWURVSHFWLYH�TXHVWLRQV�EHFDXVH�LQGLYLGXDOV¶�DFFRXQWV�RI�WKHLU�SDVW�DUH
QRW� DOZD\V� HQWLUHO\� DFFXUDWH�� ,I� SRVVLEOH�� \RX� VKRXOG� WU\� WR� YHULI\� UHWURVSHFWLYH
DFFRXQWV� E\� FROOHFWLQJ� DGGLWLRQDO� FRUURERUDWLYH� LQIRUPDWLRQ�� )RU� H[DPSOH�� LI
VRPHRQH�VDLG�WKDW�KLV�RU�KHU�JUDGHV�VWDUWHG�GHFOLQLQJ�LQ�WKH���WK�JUDGH��\RX�FRXOG
FKHFN�WKH�VWXGHQW¶V�VFKRRO�UHFRUGV�IRU�FRUURERUDWLRQ��2EYLRXVO\��UHVHDUFKHUV�FDQQRW
DOZD\V�FRUURERUDWH�HDFK�ILQGLQJ��<RX�VKRXOG��KRZHYHU��XSJUDGH�\RXU�HYDOXDWLRQ�RI
UHVHDUFK�VWXGLHV�LQ�ZKLFK�FRUURERUDWLRQ�ZDV�GRQH�IRU�VRPH�RU�PDQ\�RI�WKH�UHVHDUFK
ILQGLQJV�



7+(�5(6($5&+�2%-(&7,9(�',0(16,21�,1�121(;3(5,0(17$/
5(6($5&+
7KH� VHFRQG� GLPHQVLRQ� XVHG� LQ� RXU� W\SRORJ\� RI� QRQH[SHULPHQWDO� UHVHDUFK� �7DEOH
������ LV� WKH� SULPDU\� SXUSRVH� RU� UHVHDUFK� REMHFWLYH�� $IWHU� GHWHUPLQLQJ� WKDW� \RXU
UHVHDUFK� VWXG\� LV� QRQH[SHULPHQWDO� �EHFDXVH� WKHUH� LV� QR� PDQLSXODWLRQ� RU� UDQGRP
DVVLJQPHQW��� \RX�PXVW� GHWHUPLQH�\RXU�SULPDU\� UHVHDUFK�REMHFWLYH���:H� GLVFXVVHG
ILYH�PDMRU� UHVHDUFK�REMHFWLYHV� LQ�&KDSWHU���� H[SORUDWLRQ�� GHVFULSWLRQ�� SUHGLFWLRQ�
H[SODQDWLRQ�� DQG� LQIOXHQFH��1RQH[SHULPHQWDO�TXDQWLWDWLYH� UHVHDUFK�RIWHQ� WDNHV�RQH
RI� WKUHH� IRUPV�� GHVFULSWLYH� UHVHDUFK�� SUHGLFWLYH� UHVHDUFK�� RU� H[SODQDWRU\
QRQH[SHULPHQWDO� UHVHDUFK��<RXU� GHFLVLRQ� DERXW� WKH� UHVHDUFK� REMHFWLYH�ZLOO� DIIHFW
\RXU� WKLQNLQJ�DERXW�RWKHU� LVVXHV� DV�ZHOO��)RU� H[DPSOH�� LI� \RX�ZDQW� WR� FRQGXFW� DQ
H[SODQDWRU\� VWXG\� DQG� REWDLQ� HYLGHQFH� RI� FDXVH� DQG� HIIHFW�� \RX� VKRXOG� IRUP
WKHRUHWLFDO�K\SRWKHVHV�WR�EH�WHVWHG��XVH�FRQWURO�WHFKQLTXHV��H�J���VWDWLVWLFDO�FRQWURO�
PDWFKLQJ��� DQG�� LI� SRVVLEOH�� FROOHFW� ORQJLWXGLQDO� GDWD�� EHFDXVH� WKHVH� VWUHQJWKHQ
QRQH[SHULPHQWDO�GHVLJQV�IRU�WKLV�SXUSRVH��:H�QRZ�H[SODLQ�HDFK�RI�WKH�WKUHH�NLQGV
RI�QRQH[SHULPHQWDO�UHVHDUFK�LQ�UHODWLRQ�WR�SXUSRVH�DQG�SURYLGH�VRPH�H[DPSOHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

'HVFULSWLYH�1RQH[SHULPHQWDO�5HVHDUFK
7KH�SULPDU\�SXUSRVH�RI�GHVFULSWLYH�UHVHDUFK�LV�WR�SURYLGH�DQ�DFFXUDWH�GHVFULSWLRQ
RU�SLFWXUH�RI�WKH�VWDWXV�RU�FKDUDFWHULVWLFV�RI�D�VLWXDWLRQ�RU�SKHQRPHQRQ��7KH�IRFXV�LV
QRW� RQ� IHUUHWLQJ� RXW� FDXVH�DQG�HIIHFW� UHODWLRQVKLSV� EXW� UDWKHU� RQ� GHVFULELQJ� WKH
YDULDEOHV� WKDW� H[LVW� LQ� D� JLYHQ� VLWXDWLRQ� DQG�� VRPHWLPHV�� RQ� GHVFULELQJ� WKH
UHODWLRQVKLSV� WKDW� H[LVW� DPRQJ� WKRVH� YDULDEOHV�� $Q� H[DPLQDWLRQ� RI� WKH� UHVHDUFK
TXHVWLRQV�RU� WKH�DXWKRU¶V� VWDWHG�SXUSRVH� LQ�HDFK� UHVHDUFK�DUWLFOH�\RX� ORRN�DW�ZLOO
KHOS�\RX�NQRZ�ZKHQ�\RX�VKRXOG�DSSO\�WKH�ODEHO�GHVFULSWLYH�UHVHDUFK��5HVHDUFKHUV
GRLQJ�GHVFULSWLYH�UHVHDUFK�FRPPRQO\�IROORZ�WKHVH�WKUHH�VWHSV������5DQGRPO\�VHOHFW
D�VDPSOH�IURP�D�GHILQHG�SRSXODWLRQ������GHWHUPLQH�WKH�VDPSOH�FKDUDFWHULVWLFV��DQG
����LQIHU�WKH�FKDUDFWHULVWLFV�RI�WKH�SRSXODWLRQ�EDVHG�RQ�WKH�VDPSOH�

��'HVFULSWLYH�UHVHDUFK�5HVHDUFK�IRFXVHG�RQ�SURYLGLQJ�DQ�DFFXUDWH
GHVFULSWLRQ�RU�SLFWXUH�RI�WKH�VWDWXV�RU�FKDUDFWHULVWLFV�RI�D�VLWXDWLRQ�RU
SKHQRPHQRQ

(GXFDWRUV�VRPHWLPHV�FRQGXFW�GHVFULSWLYH�UHVHDUFK�WR�OHDUQ�DERXW�WKH�DWWLWXGHV�
RSLQLRQV�� EHOLHIV�� EHKDYLRUV�� DQG� GHPRJUDSKLFV� �H�J��� DJH�� JHQGHU�� HWKQLFLW\�
HGXFDWLRQ��RI�SHRSOH��$OWKRXJK�WKH�VXUYH\�PHWKRG�RI�GDWD�FROOHFWLRQ� LV�FRPPRQO\
XVHG� LQ� GHVFULSWLYH� UHVHDUFK�� NHHS� LQ� PLQG� WKDW� WKLV� PHWKRG� �L�H��� WKH� XVH� RI
TXHVWLRQQDLUHV�DQG�RU�LQWHUYLHZ�SURWRFROV��DV�GLVFXVVHG�LQ�&KDSWHU����FDQ�DOVR�EH
XVHG� LQ� SUHGLFWLYH� DQG� H[SODQDWRU\� UHVHDUFK� �VHH� %DEELH�� ������ )LQNHO�� �����
.HUOLQJHU��������.LHFROW�	�1DWKDQ��������5RVHQEHUJ��������6WRO]HQEHUJ�	�/DQG�



�������$QRWKHU�UHVHDUFK�DUHD�WKDW�LV�SULPDULO\�GHVFULSWLYH�LV�LQ�WKH�ILHOG�RI�WHVWV�DQG
PHDVXUHPHQW�� 7HVW� GHYHORSHUV� DUH� FRQVWDQWO\� GHYHORSLQJ� DQG� UHILQLQJ� WHVWV� DQG
RWKHU� PHDVXUHPHQW� LQVWUXPHQWV�� DQG� WKH\� EDVH� PDQ\� GHFLVLRQV� RQ� YDOLGLW\� DQG
UHOLDELOLW\�FRHIILFLHQWV��2Q�WKH�EDVLV�RI�WKLV�GHVFULSWLYH�LQIRUPDWLRQ��WKH\�HVWDEOLVK
HYLGHQFH�DERXW�KRZ�ZHOO�WKHLU�WHVWV�RSHUDWH�ZLWK�GLIIHUHQW�NLQGV�RI�SHRSOH�XQGHU�D
YDULHW\�RI�FLUFXPVWDQFHV�

$Q� H[DPSOH� RI� D� SXEOLVKHG� GHVFULSWLYH� UHVHDUFK� VWXG\� LV� ³0\HUV�%ULJJV
3HUVRQDOLW\� 3URILOHV� RI� 3URVSHFWLYH� (GXFDWRUV´� E\� 6HDUV�� .HQQHG\�� DQG� .D\H
��������7KHVH�UHVHDUFKHUV�DGPLQLVWHUHG�WKH�0\HUV�%ULJJV�SHUVRQDOLW\�WHVW�WR������
XQGHUJUDGXDWH� XQLYHUVLW\� VWXGHQWV� ZKR� ZHUH� FRQVLGHULQJ� PDMRULQJ� LQ� HGXFDWLRQ�
7KHLU� SULPDU\�SXUSRVH�ZDV� WR�SURYLGH�GHVFULSWLYH� LQIRUPDWLRQ� DERXW� SURVSHFWLYH
WHDFKHUV� EDVHG� RQ� WKH� SRSXODU�0\HUV�%ULJJV� SHUVRQDOLW\� WHVW�� 7KH\� DOVR� FKHFNHG
VWXGHQW�UHFRUGV�VHYHUDO�\HDUV�ODWHU�WR�VHH�ZKLFK�RI�WKH�VWXGHQWV�JUDGXDWHG�DQG�ZKDW
DUHD�RI�HGXFDWLRQ�WKH\�VHOHFWHG�DV�WKHLU�PDMRU�

6HDUV�DQG�FROOHDJXHV��������IRXQG�WKDW� WKH�SUHGRPLQDQW�SHUVRQDOLW\�SURILOH�RI
WKH� SURVSHFWLYH� HGXFDWRUV� ZKR� ODWHU� JUDGXDWHG� ZLWK� GHJUHHV� LQ� HOHPHQWDU\
HGXFDWLRQ�ZDV�6)-��VHQVLQJ��IHHOLQJ��DQG�MXGJLQJ���7KH\�GHVFULEHG�6)-V�DV�³ZDUP�
VRFLDEOH��UHVSRQVLEOH��DQG�FDULQJ�DERXW�SHRSOH´��6HDUV�HW�DO���S��������,Q�FRQWUDVW�
WKH� SHUVRQDOLW\� SURILOH� RI� WKH� VWXGHQWV� ZKR� JUDGXDWHG� ZLWK� GHJUHHV� LQ� VHFRQGDU\
HGXFDWLRQ� ZDV� 17-� �LQWXLWLYH�� WKLQNLQJ�� DQG� MXGJLQJ��� 7KH� UHVHDUFKHUV� GHVFULEHG
17-V� DV� ³RULHQWHG� WR� WKH� WKHRUHWLFDO�� GLVSRVHG� WR� LQYHVWLJDWH� SRVVLELOLWLHV� DQG
UHODWLRQVKLSV�� DQG� GUDZQ� WR� FRPSOH[LW\�� LQQRYDWLRQ�� DQG� FKDQJH´� �6HDUV� HW� DO��� S�
������ %HFDXVH� RI� WKHVH� SHUVRQDOLW\� WUDLWV�� WKH� UHVHDUFKHUV� SUHGLFWHG� WKDW� WKH
VHFRQGDU\� HGXFDWLRQ�PDMRUV�ZRXOG� EH�PRUH� OLNHO\� WKDQ� WKH� HOHPHQWDU\�PDMRUV� WR
DGYDQFH� HGXFDWLRQDO� LQQRYDWLRQ� DQG� UHIRUP� RQFH� WKH\� EHFDPH� WHDFKHUV�� ,I� WKH
UHVHDUFKHUV�WHVWHG�WKLV�SUHGLFWLRQ�LQ�D�IXWXUH�UHVHDUFK�VWXG\��WKH\�ZRXOG�SURGXFH�DQ
H[DPSOH� RI� SUHGLFWLYH� UHVHDUFK�� ZKLFK� ZH� GLVFXVV� QH[W�� 5HPHPEHU�� WKH� NH\� WR
GHVFULSWLYH�UHVHDUFK�LV�WKDW�WKH�UHVHDUFKHUV�FROOHFW�GDWD�XVHG�IRU�GHVFULSWLRQ�

3UHGLFWLYH�1RQH[SHULPHQWDO�5HVHDUFK
3UHGLFWLYH�UHVHDUFK� LV�GRQH�VR�WKDW�ZH�FDQ�SUHGLFW�WKH�IXWXUH�VWDWXV�RI�RQH�RU

PRUH�GHSHQGHQW� �RU� FULWHULRQ��YDULDEOHV�RQ� WKH�EDVLV�RI�RQH�RU�PRUH� LQGHSHQGHQW
�RU� SUHGLFWRU�� YDULDEOHV� �3HGKD]XU�� ������� )RU� H[DPSOH�� FROOHJH� DGPLVVLRQV
RIILFHUV� PLJKW� EH� LQWHUHVWHG� LQ� SUHGLFWLQJ� VWXGHQW� SHUIRUPDQFH� EDVHG� RQ� VXFK
YDULDEOHV� DV� KLJK� VFKRRO� *3$�� VFRUHV� RQ� DGPLVVLRQV� WHVWV�� JHQGHU�� DQG� W\SH� RI
VFKRRO� DWWHQGHG� �H�J��� SXEOLF�� SULYDWH��� ,QVXUDQFH� FRPSDQLHV� DUH� LQWHUHVWHG� LQ
SUHGLFWLQJ�ZKR�ZLOO�KDYH�DXWR�DFFLGHQWV��ZKR�ZLOO�JHW�VLFN��ZKR�ZLOO�EH� LQMXUHG�
DQG�ZKR�ZLOO�GLH�RI�ROG�DJH���7KDW¶V�ZK\�DXWR�LQVXUDQFH�UDWHV�DUH�KLJKHU�IRU�PDOHV
DQG�IRU�DGROHVFHQWV���(PSOR\HUV�DUH�LQWHUHVWHG�LQ�SUHGLFWLQJ�ZKR�ZLOO�EH�D�KDSS\
DQG�SURGXFWLYH�HPSOR\HH��$Q�HFRQRPLVW�PLJKW�ZDQW�WR�SUHGLFW�WKH�SHUIRUPDQFH�RI
WKH� 86� HFRQRP\� XVLQJ� ³OHDGLQJ� LQGLFDWRUV�´� (GXFDWRUV� DUH� RIWHQ� LQWHUHVWHG� LQ
SUHGLFWLQJ�ZKR�LV�DW�ULVN�IRU�SUREOHPV�OLNH�SRRU�DFDGHPLF�SHUIRUPDQFH��GUXJ�XVH�
GURSSLQJ�RXW�RI�KLJK�VFKRRO��DQG�VNLSSLQJ�FODVV��7KH�NH\�SRLQW�LV�WKDW�LI�D�UHVHDUFKHU



ZDQWV�WR�VHH�KRZ�ZHOO�KH�RU�VKH�FDQ�SUHGLFW�VRPH�RXWFRPH�EDVHG�RQ�RQH�RU�PRUH
LQGHSHQGHQW� RU� SUHGLFWRU� YDULDEOHV�� WKHQ� WKH� UHVHDUFK� VWXG\� LV� ODEHOHG� SUHGLFWLYH
UHVHDUFK�

��3UHGLFWLYH�UHVHDUFK�5HVHDUFK�IRFXVHG�RQ�SUHGLFWLQJ�WKH�IXWXUH�VWDWXV�RI�RQH
RU�PRUH�GHSHQGHQW�YDULDEOHV�EDVHG�RQ�RQH�RU�PRUH�LQGHSHQGHQW�YDULDEOHV

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

'\NHPDQ�� 'DHKOLQ�� 'R\OH�� DQG� )ODPHU� ������� SURGXFHG� DQ� H[DPSOH� RI
SUHGLFWLYH� UHVHDUFK� WKDW� ZDV� SXEOLVKHG� LQ� D� MRXUQDO� DUWLFOH� WLWOHG� ³3V\FKRORJLFDO
3UHGLFWRUV� RI� 6FKRRO�%DVHG� 9LROHQFH�� ,PSOLFDWLRQV� IRU� 6FKRRO� &RXQVHORUV�´� 7KH
UHVHDUFKHUV� ZDQWHG� WR� ILQG� RXW� ZKHWKHU� WKUHH� SV\FKRORJLFDO� FRQVWUXFWV� FRXOG� EH
XVHG� WR� SUHGLFW� YLROHQFH� DPRQJ� VWXGHQWV� LQ� *UDGHV� �� WKURXJK� ���� 7KH� ILUVW
SV\FKRORJLFDO�SUHGLFWRU�ZDV�D�PHDVXUH�RI�LPSXOVLYLW\��7KH�UHVHDUFKHUV¶�K\SRWKHVLV
ZDV�WKDW�WKH�PRUH�LPSXOVLYH�FKLOGUHQ�DUH��WKH�PRUH�SURQH�WR�YLROHQFH�WKH\�ZLOO�EH�
7KH�VHFRQG�SUHGLFWRU�ZDV�D�PHDVXUH�RI�HPSDWK\��7KHLU�K\SRWKHVLV�ZDV� WKDW� WKHUH
ZRXOG� EH� D� QHJDWLYH� UHODWLRQVKLS� EHWZHHQ� HPSDWK\� DQG� YLROHQFH� �L�H��� WKH� PRUH
HPSDWK\�VWXGHQWV�KDYH��WKH�OHVV�SURQH�WKH\�DUH�WR�YLROHQFH���7KH�WKLUG�SV\FKRORJLFDO
SUHGLFWRU�YDULDEOH�ZDV� ORFXV�RI� FRQWURO��3HRSOH�ZLWK�DQ� LQWHUQDO� ORFXV�RI� FRQWURO
WHQG� WR� YLHZ� WKHLU� RZQ� H[SHULHQFHV� DV� UHVXOWLQJ� IURP� WKHLU� RZQ� DFWLRQV� DQG
GHFLVLRQV��7KH�UHVHDUFKHUV�K\SRWKHVL]HG�WKDW�SHRSOH�ZLWK�LQWHUQDO�ORFXV�RI�FRQWURO
ZRXOG� EH� OHVV� SURQH� WR� YLROHQFH� WKDQ� SHRSOH� ZKR� KDG� PRUH� H[WHUQDO� ORFXV� RI
FRQWURO�

7KH�UHVHDUFKHUV�XVHG�D�VSHFLDO�FDVH�RI�WKH�JHQHUDO�OLQHDU�PRGHO�FDOOHG�PXOWLSOH
UHJUHVVLRQ�WR�GHWHUPLQH�KRZ�ZHOO�WKH�WKUHH�YDULDEOHV�SUHGLFWHG�YLROHQFH��,W�WXUQHG
RXW�WKDW�DOO�WKUHH�RI�WKH�SUHGLFWLYH�K\SRWKHVHV�ZHUH�VXSSRUWHG��,PSXOVLYLW\�ZDV�WKH
PRVW�LPSRUWDQW�RI�WKH�WKUHH�SUHGLFWRU�YDULDEOHV��7KH�DXWKRUV�FRQFOXGHG�WKDW�WKH�DLP
RI�D�YLROHQFH�SUHYHQWLRQ�SURJUDP�PLJKW�EH

�6HH�-RXUQDO�$UWLFOHV������DQG������RQ�WKH�6WXGHQW�6WXG\�6LWH�

�D�� WR� FKDQJH�JURXS�QRUPV� DERXW� YLROHQFH�� �E�� WR� HQKDQFH� IDPLO\� UHODWLRQVKLS
FKDUDFWHULVWLFV�� �F�� WR� LPSURYH� SHHU� UHODWLRQVKLS� VNLOOV�� �G�� WR� GHFUHDVH
VXEVWDQFH�DEXVH�� �H�� WR� OHVVHQ� LPSXOVLYLW\�� �I�� WR� LQFUHDVH�HPSDWK\�� DQG� �J�� WR
HQJHQGHU�LQWHUQDO�ORFXV�RI�FRQWURO���'\NHPDQ�HW�DO���������S�����

7KH�ODVW�WKUHH�SRLQWV�ZHUH�GLUHFWO\�EDVHG�RQ�WKH�GDWD�IURP�WKLV�UHVHDUFK�VWXG\�

([SODQDWRU\�1RQH[SHULPHQWDO�5HVHDUFK
,Q�H[SODQDWRU\�UHVHDUFK�� UHVHDUFKHUV�DUH� LQWHUHVWHG� LQ� WHVWLQJ�K\SRWKHVHV�DQG

WKHRULHV� WKDW� H[SODLQ� KRZ� DQG�ZK\� D� SKHQRPHQRQ� RSHUDWHV� DV� LW� GRHV� �3HGKD]XU�
�������7KH�UHVHDUFKHU¶V�JRDO� LV� WR�XQGHUVWDQG�WKH�SKHQRPHQRQ�EHLQJ�VWXGLHG��7KH



UHVHDUFKHU� LV� DOVR� LQWHUHVWHG� LQ� HVWDEOLVKLQJ� HYLGHQFH� IRU� FDXVH�DQG�HIIHFW
UHODWLRQVKLSV��$OWKRXJK�H[SHULPHQWDO�UHVHDUFK�LV� WKH�VWURQJHVW�IRUP�RI�H[SODQDWRU\
UHVHDUFK� IRU� SURYLGLQJ� HYLGHQFH� RI� FDXVH� DQG� HIIHFW�� \RX� KDYH� OHDUQHG� LQ� WKLV
FKDSWHU� WKDW�PDQ\� LPSRUWDQW� LQGHSHQGHQW� YDULDEOHV� FDQQRW� EH�PDQLSXODWHG��ZKLFK
PHDQV�WKDW�WKHVH�YDULDEOHV�PXVW�EH�LQYHVWLJDWHG�XVLQJ�QRQH[SHULPHQWDO�H[SODQDWRU\
UHVHDUFK�

��([SODQDWRU\�UHVHDUFK�7HVWLQJ�K\SRWKHVHV�DQG�WKHRULHV�WKDW�H[SODLQ�KRZ�DQG
ZK\�D�SKHQRPHQRQ�RSHUDWHV�DV�LW�GRHV

$� JRRG� H[DPSOH� RI� H[SODQDWRU\� QRQH[SHULPHQWDO� UHVHDUFK� LV� ³$� 3URVSHFWLYH�
/RQJLWXGLQDO�6WXG\�RI�WKH�&RUUHODWHV�DQG�&RQVHTXHQFHV�RI�(DUO\�*UDGH�5HWHQWLRQ´
E\� -LPHUVRQ�� &DUOVRQ�� 5RWHUW�� (JHODQG�� DQG� 6URXIH� �������� ,W� LV� LPSRUWDQW� WR
XQGHUVWDQG�WKH�HIIHFWV�RI�HDUO\�JUDGH�UHWHQWLRQ��QRW�SURPRWLQJ�D�FKLOG���+RZHYHU��LW
ZRXOG� EH� XQHWKLFDO� WR� PDQLSXODWH� WKLV� LQGHSHQGHQW� YDULDEOH� �L�H��� \RX� FDQQRW
UDQGRPO\� DVVLJQ� VWXGHQWV� WR� EH� HLWKHU� UHWDLQHG� LQ� WKHLU� JUDGH� RU� SURPRWHG��
7KHUHIRUH��QRQH[SHULPHQWDO�H[SODQDWRU\�UHVHDUFK�PXVW�EH�XVHG�WR�VWXG\�WKH�HIIHFWV
RI�JUDGH�UHWHQWLRQ�

,Q� WKH� -LPHUVRQ� HW� DO�� ������� VWXG\�� D� UHWDLQHG� JURXS�ZDV� LGHQWLILHG� IURP� WKH
SDUWLFLSDQWV� LQ� D� ODUJHU�� ORQJ�WHUP� VWXG\� RI� DW�ULVN� FKLOGUHQ� DQG� WKHLU� SDUHQWV�� $
JURXS�RI�VLPLODU�ORZ�DFKLHYLQJ�SURPRWHG�VWXGHQWV��WKH�QRQUHWDLQHG�JURXS��ZDV�DOVR
LGHQWLILHG� IURP� WKH� SURMHFW� SDUWLFLSDQWV� DV� D� FRPSDULVRQ� JURXS��7KH� UHWDLQHG� DQG
QRQUHWDLQHG�JURXSV�ZHUH�PDWFKHG�RQ�DFDGHPLF�DELOLW\�DQG�DFDGHPLF�SHUIRUPDQFH
EHFDXVH� WKH� UHVHDUFKHUV� ZDQWHG� WR� FRPSDUH� UHWDLQHG� VWXGHQWV� ZKR� DUH� ORZ
DFKLHYLQJ�ZLWK�SURPRWHG�VWXGHQWV�ZKR�DUH�ORZ�DFKLHYLQJ�WR�OHDUQ�DERXW�WKH�HIIHFWV
RI� UHWHQWLRQ�SURPRWLRQ�� 7KH� UHVHDUFKHUV� DOVR� XVHG� WKH� FRQWURO� WHFKQLTXH� FDOOHG
VWDWLVWLFDO� FRQWURO� �GLVFXVVHG� HDUOLHU� LQ� WKLV� FKDSWHU�� ZKHQ�PDNLQJ� VRPH� RI� WKHLU
FRPSDULVRQV� WR� HTXDWH� WKH�JURXSV�RQ� DGGLWLRQDO�YDULDEOHV��7KH�SUDFWLFDO� TXHVWLRQ
GULYLQJ� WKH� UHVHDUFK�ZDV�ZKHWKHU� D� ORZ�DFKLHYLQJ� VWXGHQW� VKRXOG� EH� UHWDLQHG� RU
SURPRWHG�

.H\�UHVXOWV�IURP�WKH�UHVHDUFK�VWXG\�LQFOXGH�WKH�IROORZLQJ��7KH�UHWDLQHG�VWXGHQWV
VKRZHG� D� VKRUW�WHUP� LPSURYHPHQW� LQ� PDWK� DFKLHYHPHQW�� +RZHYHU�� WKDW
LPSURYHPHQW� GLVDSSHDUHG� RQFH� QHZ� PDWHULDO� ZDV� WDXJKW�� 7KH� UHWDLQHG� DQG
QRQUHWDLQHG� VWXGHQWV� GLG� QRW� GLIIHU� RQ� PRVW� PHDVXUHV� RI� VRFLDO� DQG� SHUVRQDO
DGMXVWPHQW�RU�RQ�D�PHDVXUH�RI�EHKDYLRU�SUREOHPV��7KH�RQH�GLIIHUHQFH� IRXQG�ZDV
WKDW� WKH� SURPRWHG� VWXGHQWV� ZHUH� PRUH� HPRWLRQDOO\� DGMXVWHG� VHYHUDO� \HDUV� DIWHU
EHLQJ� SURPRWHG�� 7KH� UHVHDUFKHUV� FRQFOXGHG�� ³(VVHQWLDOO\�� WKH� UHWDLQHG� DQG� ORZ�
DFKLHYLQJ� SURPRWHG� VWXGHQWV� GLG� QRW� GLIIHU«´� GHVSLWH� DQ� H[WUD� \HDU�� DQG� >WKH\@
FRQWLQXHG�WR�UHPDLQ�FRPSDUDEOH�\HDUV�DIWHU�WKH�SURPRWLRQ�RU�UHWHQWLRQµ��-LPHUVRQ�HW
DO��� ������ S�� ����� ,Q� VKRUW�� WKLV� UHVHDUFK� VWXG\� FRQILUPHG� WKH� UHVXOWV� RI� PDQ\
DGGLWLRQDO�VWXGLHV�VXJJHVWLQJ�WKDW�HOHPHQWDU\�JUDGH�UHWHQWLRQ�SURGXFHV�IHZ��LI�DQ\�
RI�LWV�SURPLVHG�HIIHFWV��,Q�JHQHUDO��UHWHQWLRQ�DSSHDUV�WR�EH�DQ�LQHIIHFWLYH�VWUDWHJ\�IRU
LPSURYLQJ� WKH� DFKLHYHPHQW� OHYHOV� RU� SV\FKRORJLFDO� DGMXVWPHQW� RI� FKLOGUHQ� RU� IRU
UHGXFLQJ�EHKDYLRU�SUREOHPV�



$QRWKHU�IRUP�RI�H[SODQDWRU\�UHVHDUFK�LQFUHDVLQJ�LQ�SRSXODULW\�LV�FDOOHG�FDXVDO
PRGHOLQJ��$VKHU��������0DUX\DPD��������3HGKD]XU��������6FKXPDFNHU�	�/RPD[�
�������$OWKRXJK�PDQ\�RI�WKH�GHWDLOV�RI�FDXVDO�PRGHOLQJ�DUH�EH\RQG�WKH�VFRSH�RI�WKLV
ERRN��ZH� FRYHU� VRPH� RI� WKH� EDVLF� FRQFHSWXDO� LGHDV� KHUH��&DXVDO�PRGHOLQJ� LV� D
SURFHGXUH�LQ�ZKLFK�D�UHVHDUFKHU�K\SRWKHVL]HV�D�FDXVDO�PRGHO�DQG�WKHQ�HPSLULFDOO\
WHVWV�WKH�PRGHO�WR�GHWHUPLQH�KRZ�ZHOO�LW�ILWV�WKH�GDWD��7KH�UHVHDUFKHU�GHYHORSV�RU
FRQVWUXFWV� WKH� FDXVDO� PRGHO� EDVHG� RQ� SDVW� UHVHDUFK� ILQGLQJV� DQG� RQ� WKHRUHWLFDO
FRQVLGHUDWLRQV�� &DXVDO� PRGHOV� GHSLFW� WKH� LQWHUUHODWLRQVKLSV� DPRQJ� VHYHUDO
YDULDEOHV� DQG� DUH� XVHG� WR� H[SODLQ� KRZ� VRPH� WKHRUHWLFDO� SURFHVV� RSHUDWHV�� 6RPH
V\QRQ\PV� IRU� WKH� WHUP� FDXVDO� PRGHO� DUH� SDWK� PRGHO�� VWUXFWXUDO� PRGHO�� DQG
WKHRUHWLFDO�PRGHO��0DQ\�UHVHDUFKHUV�XVH�WKHVH�WHUPV�LQWHUFKDQJHDEO\�

��&DXVDO�PRGHOLQJ�$�IRUP�RI�H[SODQDWRU\�UHVHDUFK�LQ�ZKLFK�WKH�UHVHDUFKHU
K\SRWKHVL]HV�D�FDXVDO�PRGHO�DQG�WKHQ�HPSLULFDOO\�WHVWV�LW

$�K\SRWKHWLFDO�FDXVDO�PRGHO�ZLWK�IRXU�YDULDEOHV�LV�VKRZQ�LQ�)LJXUH�������7KH
IRXU� YDULDEOHV� LQ� WKH� FDXVDO�PRGHO� DUH� SDUHQWDO� LQYROYHPHQW�� VWXGHQW�PRWLYDWLRQ�
WHDFKLQJ� TXDOLW\� �RI� WKH� VFKRROWHDFKHUV��� DQG� VWXGHQW� DFKLHYHPHQW�� <RX� FDQ
XQGHUVWDQG�WKLV�PRGHO�E\�UHDOL]LQJ�WKDW�HDFK�RI�WKH�DUURZV�VWDQGV�IRU�D�K\SRWKHVL]HG
FDXVDO� UHODWLRQVKLS�� 7KH� W\SH� RI� FDXVDO� UHODWLRQVKLS� EHWZHHQ� DQ\� WZR� YDULDEOHV
FRQQHFWHG�E\�DQ�DUURZ�LV�NQRZQ�DV�D�GLUHFW�HIIHFW��DV�GHSLFWHG��WKLV�LV�WKH�HIIHFW�RI
WKH�YDULDEOH� DW� WKH�RULJLQ�RI� DQ� DUURZ�RQ� WKH�YDULDEOH� DW� WKH� UHFHLYLQJ� HQG�RI� WKH
DUURZ��)RU�H[DPSOH��ORRN�DW�)LJXUH������DQG�\RX�ZLOO�VHH�WKDW�DQ�DUURZ�JRHV�IURP
SDUHQWDO� LQYROYHPHQW� WR� VWXGHQW� PRWLYDWLRQ� �SDUHQWDO� LQYROYHPHQW� ĺ� VWXGHQW
PRWLYDWLRQ���7KLV�PHDQV�WKDW�SDUHQWDO�LQYROYHPHQW�LV�K\SRWKHVL]HG�WR�KDYH�D�GLUHFW
HIIHFW� RQ� VWXGHQW� PRWLYDWLRQ�� ,W� LV� LPSRUWDQW� WR� UHDOL]H� WKDW� WKH� DVVXPSWLRQ� WKDW
SDUHQWDO� LQYROYHPHQW� DIIHFWV� VWXGHQW� PRWLYDWLRQ� �UDWKHU� WKDQ� VWXGHQW� PRWLYDWLRQ
DIIHFWLQJ�SDUHQWDO�LQYROYHPHQW��LV�EDVHG�RQ�WKHRU\��,Q�WKH�DEVHQFH�RI�H[SHULPHQWDO
UHVHDUFK�GDWD��DVVXPSWLRQV�OLNH�WKLV�ZLOO�DOZD\V�EH�WHQWDWLYH�

��'LUHFW�HIIHFW�,Q�D�FDXVDO�PRGHO��WKH�HIIHFW�RI�WKH�YDULDEOH�DW�WKH�RULJLQ�RI�DQ
DUURZ�RQ�WKH�YDULDEOH�DW�WKH�UHFHLYLQJ�HQG�RI�WKH�DUURZ

7KH� QXPEHUV� RQ� WKH� DUURZV� DUH� FDOOHG� SDWK� FRHIILFLHQWV�� WKH\� SURYLGH
TXDQWLWDWLYH� LQIRUPDWLRQ� DERXW� WKH� GLUHFW� HIIHFWV� EDVHG� RQ� WKH� GDWD� FROOHFWHG� LQ� D
UHVHDUFK�VWXG\��,I�WKH�FRHIILFLHQW�LV�SRVLWLYH��WKHQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�WZR
YDULDEOHV�LV�SRVLWLYH��L�H���DV�RQH�YDULDEOH�LQFUHDVHV��WKH�RWKHU�YDULDEOH�LQFUHDVHV��
,I�WKH�FRHIILFLHQW�LV�QHJDWLYH��WKHQ�WKH�UHODWLRQVKLS�LV�QHJDWLYH��L�H���DV�RQH�YDULDEOH
LQFUHDVHV�� WKH� VHFRQG� YDULDEOH� GHFUHDVHV��� <RX� FDQ� LQWHUSUHW� WKH� VWUHQJWK� RI� WKH
UHODWLRQVKLS� E\� ORRNLQJ� DW� WKH� VL]H� RI� WKH� FRHIILFLHQW�� MXVW� DV� ZLWK� FRUUHODWLRQ
FRHIILFLHQWV��L�H���FRHIILFLHQWV�WKDW�DUH�FORVH�WR�������RU�±�����DUH�YHU\�VWURQJ��DQG
FRHIILFLHQWV�WKDW�DUH�QHDU�]HUR�DUH�YHU\�ZHDN���/RRNLQJ�DW�)LJXUH�������\RX�VHH�WKH
QXPEHU� ���� RQ� WKH� SDWK� IURP� VWXGHQW� PRWLYDWLRQ� WR� VWXGHQW� DFKLHYHPHQW�� 7KLV
VXJJHVWV� WKDW� D� VWURQJ�SRVLWLYH� UHODWLRQVKLS� H[LVWV�EHWZHHQ� VWXGHQW�PRWLYDWLRQ� DQG



VWXGHQW�DFKLHYHPHQW�

��3DWK�FRHIILFLHQW�$�TXDQWLWDWLYH�LQGH[�SURYLGLQJ�LQIRUPDWLRQ�DERXW�D�GLUHFW
HIIHFW

7DNH� D�PRPHQW� QRZ� WR� ORRN� DW� WKH� RWKHU� DUURZV� LQ� WKH� FDXVDO�PRGHO�� 7U\� WR
DQVZHU� WKHVH� TXHVWLRQV�� ����:KDW� WZR� YDULDEOHV� DUH� K\SRWKHVL]HG� WR� KDYH� GLUHFW
HIIHFWV�RQ� VWXGHQW�PRWLYDWLRQ"� ����:KDW�YDULDEOH� LV�K\SRWKHVL]HG� WR�KDYH�D�GLUHFW
HIIHFW�RQ�WHDFKLQJ�TXDOLW\"�����:KDW�WKUHH�YDULDEOHV�DUH�K\SRWKHVL]HG�LQ�WKH�PRGHO
WR� KDYH� GLUHFW� HIIHFWV� RQ� VWXGHQW� DFKLHYHPHQW"� >7KH� DQVZHUV� DUH� WKDW� ���� VWXGHQW
PRWLYDWLRQ�LV�VKRZQ�WR�EH�LQIOXHQFHG�E\�SDUHQWDO�LQYROYHPHQW�DQG�WHDFKLQJ�TXDOLW\�
���� WHDFKLQJ� TXDOLW\� LV� LQIOXHQFHG� E\� SDUHQWDO� LQYROYHPHQW�� DQG� ���� VWXGHQW
DFKLHYHPHQW� LV� LQIOXHQFHG� E\� SDUHQWDO� LQYROYHPHQW�� WHDFKLQJ� TXDOLW\�� DQG� VWXGHQW
PRWLYDWLRQ�@

,Q� DGGLWLRQ� WR� VKRZLQJ� K\SRWKHVL]HG� GLUHFW� HIIHFWV�� FDXVDO�PRGHOV� DOVR� VKRZ
K\SRWKHVL]HG�LQGLUHFW�HIIHFWV��$Q�LQGLUHFW�HIIHFW�RFFXUV�ZKHQ�RQH�YDULDEOH�DIIHFWV
DQRWKHU�YDULDEOH�LQGLUHFWO\��WKDW�LV��ZKHQ�D�YDULDEOH�DIIHFWV�DQRWKHU�YDULDEOH�E\�ZD\
RI� DQ� LQWHUYHQLQJ� YDULDEOH�� :H� GHILQHG� LQWHUYHQLQJ� YDULDEOHV� �ZKLFK� DUH� DOVR
FDOOHG�PHGLDWLQJ�YDULDEOHV��LQ�&KDSWHU����$FFRUGLQJ�WR�WKH�FDXVDO�SDWK�$�ĺ�%�ĺ
&��YDULDEOH�%�LV�DQ�LQWHUYHQLQJ�YDULDEOH��LW�RFFXUV�EHWZHHQ�$�DQG�&���)XUWKHUPRUH�
YDULDEOH�$�KDV�DQ�LQGLUHFW�HIIHFW�RQ�YDULDEOH�&�E\�ZD\�RI�WKH�LQWHUYHQLQJ�YDULDEOH
%��:KHQHYHU�D�YDULDEOH�IDOOV�EHWZHHQ�WZR�RWKHU�YDULDEOHV� LQ�D�FDXVDO�FKDLQ�� LW� LV
FDOOHG� DQ� LQWHUYHQLQJ� YDULDEOH�� �6HH� ERQXV� PDWHULDO� DW� WKH� VWXGHQW� FRPSDQLRQ
ZHEVLWH�IRU�PRUH�RQ�WKLV�WRSLF��

��,QGLUHFW�HIIHFW�$Q�HIIHFW�RFFXUULQJ�WKURXJK�DQ�LQWHUYHQLQJ�YDULDEOH

��,QWHUYHQLQJ�YDULDEOH�$�YDULDEOH�RFFXUULQJ�EHWZHHQ�WZR�RWKHU�YDULDEOHV�LQ�D
FDXVDO�FKDLQ

1RZ�WKDW�\RX�NQRZ�ZKDW�DQ�LQGLUHFW�HIIHFW� LV��VHH�ZKHWKHU�\RX�FDQ�ILQG�VRPH
LQGLUHFW�HIIHFWV�LQ�WKH�FDXVDO�PRGHO�VKRZQ�LQ�)LJXUH�������<RX�PLJKW�KDYH�QRWLFHG
WKDW� WHDFKLQJ�TXDOLW\�KDV�DQ� LQGLUHFW�HIIHFW�RQ�VWXGHQW�DFKLHYHPHQW� WKURXJK�VWXGHQW
PRWLYDWLRQ��,Q�WKLV�FDVH��VWXGHQW�PRWLYDWLRQ�LV�WKH�LQWHUYHQLQJ�YDULDEOH��<RX�FDQ�VHH
WKDW� WHDFKLQJ� TXDOLW\� DOVR� KDV� D� GLUHFW� HIIHFW� RQ� VWXGHQW� DFKLHYHPHQW� EHFDXVH� DQ
DUURZ�JRHV�IURP�WHDFKLQJ�TXDOLW\�WR�VWXGHQW�DFKLHYHPHQW��,Q�RWKHU�ZRUGV��D�YDULDEOH
FDQ� KDYH� ERWK� D� GLUHFW� HIIHFW� DQG� DQ� LQGLUHFW� HIIHFW�� $OVR�� SDUHQWDO� LQYROYHPHQW
LQGLUHFWO\� LQIOXHQFHV� VWXGHQW� DFKLHYHPHQW� WKURXJK� WHDFKLQJ� TXDOLW\� DQG� WKURXJK
VWXGHQW�PRWLYDWLRQ��7KHUH�DUH�TXLWH�D�IHZ�UHODWLRQVKLSV��LQGLUHFW�DQG�GLUHFW��LQ�HYHQ
D�UHODWLYHO\�VPDOO�FDXVDO�PRGHO�

�),*85(����������$�FDXVDO�PRGHO�RI�VWXGHQW�DFKLHYHPHQW



)LJXUH� ����� VKRZV� DQRWKHU� H[DPSOH� RI� D� FDXVDO� PRGHO�� 7KLV� PRGHO� ZDV
GHYHORSHG�DQG� WHVWHG�E\�.DUDEHQLFN�DQG�6KDUPD� �������DQG�ZDV� UHSRUWHG� LQ� WKH
-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�� ,W� VKRZV� WKH� HIIHFWV�RI� VHYHUDO�YDULDEOHV�RQ
WKH� OLNHOLKRRG� RI� VWXGHQWV� DVNLQJ� TXHVWLRQV� GXULQJ� OHFWXUHV�� 7KH� UHVHDUFKHUV
FROOHFWHG�GDWD�WR�WHVW�WKHLU�PRGHO�IURP�������XQGHUJUDGXDWH�FROOHJH�VWXGHQWV��$IWHU
FROOHFWLQJ�WKH�GDWD�� WKH\�XVHG�D�VWDWLVWLFDO�SURJUDP�FDOOHG�/,65(/�WR�FDOFXODWH�WKH
SDWK�FRHIILFLHQWV��WKH�QXPEHUV�RQ�WKH�DUURZV���/RRN�DW�WKH�PRGHO�DQG�VHH�ZKHWKHU
\RX� WKLQN� WKH� UHVHDUFKHUV� KDYH� GRQH� D� JRRG� MRE� H[SODLQLQJ� ZKDW� IDFWRUV� FDXVH
VWXGHQWV�WR�DVN�RU�QRW�DVN�TXHVWLRQV�

7KH� RULJLQDO� WKHRUHWLFDO�PRGHO� GHYHORSHG� E\� WKH� UHVHDUFKHUV� ORRNHG� OLNH� WKH
PRGHO� VKRZQ� LQ� )LJXUH� ������ H[FHSW� WKDW� LW� LQFOXGHG� DQ� DUURZ� IURP� ³3HUFHLYHG
WHDFKHU� VXSSRUW�RI�TXHVWLRQLQJ´� WR� ³$VN�D�TXHVWLRQ�´�%HFDXVH� WKLV�SDUWLFXODU�SDWK
WXUQHG�RXW�WR�EH�XQLPSRUWDQW�RQ�WKH�EDVLV�RI�WKH�GDWD�FROOHFWHG�LQ�WKH�UHVHDUFK�VWXG\
�LW� ZDV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW��� WKH� UHVHDUFKHUV� HOLPLQDWHG� LW� IURP� WKH� ILQDO
PRGHO�VKRZQ�LQ�)LJXUH�������,W�LV�D�FRPPRQ�SUDFWLFH�LQ�WKH�ILHOG�RI�FDXVDO�PRGHOLQJ
WR�H[FOXGH�DUURZV�WKDW�WXUQ�RXW�WR�EH�XQLPSRUWDQW�EDVHG�RQ�WKH�GDWD��7KLV�SURFHVV�RI
HOLPLQDWLQJ� DUURZV� LV� FDOOHG� WKHRU\� WULPPLQJ�� 7KH� RWKHU� DUURZV� LQ� WKH�PRGHO� LQ
)LJXUH������ZHUH�FRUUHFWO\�SUHGLFWHG�E\�WKH�UHVHDUFKHUV�WR�EH�LPSRUWDQW�

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

�),*85(����������$�FDXVDO�PRGHO�RI�TXHVWLRQ�DVNLQJ



6RXUFH��)URP�6�$��.DUDEHQLFN�DQG�5��6KDUPD����������3HUFHLYHG�WHDFKHU�VXSSRUW�RI�VWXGHQW�TXHVWLRQLQJ�LQ�WKH
FROOHJH�FODVVURRP��,WV�UHODWLRQ�WR�VWXGHQW�FKDUDFWHULVWLFV�DQG�UROH�LQ�WKH�FODVVURRP�TXHVWLRQLQJ�SURFHVV��-RXUQDO
RI�(GXFDWLRQDO�3V\FKRORJ\�� ������� ��±�����&RS\ULJKW� E\� WKH�$PHULFDQ� 3V\FKRORJLFDO�$VVRFLDWLRQ��$GDSWHG
ZLWK�SHUPLVVLRQ�RI�WKH�DXWKRU�

<RX�FDQ�GHWHUPLQH�WKH�VWUHQJWK�DQG�GLUHFWLRQ�RI�WKH�GLUHFW�HIIHFWV�E\�ORRNLQJ�DW
WKH� SDWK� FRHIILFLHQWV� RQ� WKH� DUURZV�� )RU� H[DPSOH�� WKH� SDWK� FRHIILFLHQW� IURP
LQKLELWLRQ� WR�DVNLQJ�D�TXHVWLRQ� LV�±�����7KLV�PHDQV� WKDW� WKH�HIIHFW�RI� LQKLELWLRQ�RQ
DVNLQJ�D�TXHVWLRQ� �FRQWUROOLQJ� IRU�KDYLQJ�D�TXHVWLRQ�� LV� VPDOO� WR�PRGHUDWH� LQ� VL]H
DQG� WKH� UHODWLRQVKLS�RSHUDWHV� LQ� WKH�QHJDWLYH�GLUHFWLRQ��5HFDOO� IURP�\RXU� VWXG\�RI
FRUUHODWLRQ�WKDW�D�QHJDWLYH�UHODWLRQVKLS�H[LVWV�ZKHQ�WZR�YDULDEOHV�PRYH�LQ�RSSRVLWH
GLUHFWLRQV��,Q�WKLV�FDVH��WKH�PRUH�LQKLELWLRQ�VWXGHQWV�IHHO��WKH�OHVV�OLNHO\�WKH\�DUH�WR
DVN� TXHVWLRQV��1RW� VXUSULVLQJO\�� WKH� UHODWLRQVKLS� EHWZHHQ� FRQIXVLRQ� DQG� KDYLQJ� D
TXHVWLRQ��������LV�PRGHUDWHO\�VPDOO��DQG�WKH�UHODWLRQVKLS�LV�SRVLWLYH��L�H���WKH�PRUH
FRQIXVLRQ� VWXGHQWV� KDYH�� WKH� PRUH� OLNHO\� WKH\� DUH� WR� KDYH� TXHVWLRQV��� <RX� FDQ
LQWHUSUHW�WKH�RWKHU�SDWK�FRHIILFLHQWV�LQ�WKH�PRGHO�LQ�D�VLPLODU�ZD\�

<RX�FDQ�DOVR�ILQG�WKH�LQGLUHFW�HIIHFWV�LQ�)LJXUH������E\�QRWLQJ�ZKHQ�YDULDEOHV
DIIHFW� RWKHU� YDULDEOHV� WKURXJK� LQWHUYHQLQJ� YDULDEOHV�� )RU� H[DPSOH�� SHUFHLYHG
WHDFKHU� VXSSRUW� RI� TXHVWLRQLQJ� GRHV� QRW� DIIHFW� VWXGHQWV� DVNLQJ� TXHVWLRQV� GLUHFWO\
�L�H���WKHUH�LV�QR�GLUHFW�DUURZ���+RZHYHU��LW�GRHV�DIIHFW�DVNLQJ�TXHVWLRQV�LQGLUHFWO\
E\�ZD\�RI�WKH�LQWHUYHQLQJ�YDULDEOH�FDOOHG�LQKLELWLRQ��/LNHZLVH��FRQIXVLRQ�LQGLUHFWO\
DIIHFWV�DVNLQJ�TXHVWLRQV� WKURXJK�KDYLQJ�D�TXHVWLRQ�DQG� WKURXJK� LQKLELWLRQ�� ,Q�RWKHU
ZRUGV�� FRQIXVLRQ� KDV� WZR� LQGLUHFW� HIIHFWV� RQ� DVNLQJ� TXHVWLRQV�� 7KLV� PRGHO� LV
FRPSOH[��EXW�LWV�FRPSOH[LW\�LV�D�VWUHQJWK�EHFDXVH�LW�PRUH�FORVHO\�DSSUR[LPDWHV�KRZ
D�VPDOO�SDUW�RI�WKH�UHDO�ZRUOG�DFWXDOO\�RSHUDWHV��$OVR��UHVHDUFKHUV�FDQ�FRPPXQLFDWH
DOO�RI�WKH�UHODWLRQVKLSV�VXJJHVWHG�E\�WKHLU�WKHRU\�LQ�D�SLFWXUH�

:H� GLVFXVVHG� FDXVDO�PRGHOLQJ� LQ� WKLV� FKDSWHU� EHFDXVH� WKHVH� FRPSOH[�PRGHOV
DUH�XVXDOO\�XVHG�LQ�QRQH[SHULPHQWDO�UHVHDUFK��DOWKRXJK�WKH\�DUH�RFFDVLRQDOO\�WHVWHG
LQ�H[SHULPHQWDO�UHVHDUFK��1RWH�DOVR�WKDW�DOWKRXJK�FDXVDO�PRGHOV�DUH�PRVW�IUHTXHQWO\
EDVHG�RQ�FURVV�VHFWLRQDO�GDWD��GDWD�FROOHFWHG�DW�D�VLQJOH�WLPH��� WKH\�DUH�PRUH�DQG
PRUH� IUHTXHQWO\� EHLQJ� EDVHG� RQ� ORQJLWXGLQDO� GDWD� �GDWD� FROOHFWHG� DW� WZR� RU�PRUH
WLPH�SRLQWV���$V� D�JHQHUDO� UXOH�� FDXVDO�PRGHOV�EDVHG�RQ� H[SHULPHQWV�SURYLGH� WKH
PRVW�VROLG�HYLGHQFH�IRU�FDXVH�DQG�HIIHFW��FDXVDO�PRGHOV�EDVHG�RQ�ORQJLWXGLQDO�GDWD
DUH�VHFRQG�EHVW��DQG�FDXVDO�PRGHOV�EDVHG�RQ�FURVV�VHFWLRQDO�GDWD�DUH�WKH�ZHDNHVW�
(YHQ� ZKHQ� EDVHG� RQ� FURVV�VHFWLRQDO� GDWD�� KRZHYHU�� FDXVDO� PRGHOV� UHSUHVHQW
GUDVWLF�LPSURYHPHQWV�RYHU�WKH�VLPSOH�FDVHV�RI�QRQH[SHULPHQWDO�UHVHDUFK�

5(9,(:
48(67 ,21 6

������:KLFK�IRUP�RI�QRQH[SHULPHQWDO�UHVHDUFK�WHQGV�WR
EH�WKH�EHVW�IRU�LQIHUULQJ�FDXVH�DQG�HIIHFW��FURVV�
VHFWLRQDO� UHVHDUFK�� WUHQG�VWXGLHV��FRKRUW�VWXGLHV�
SDQHO� VWXGLHV� �L�H��� SURVSHFWLYH� VWXGLHV��� RU
UHWURVSHFWLYH�UHVHDUFK�VWXGLHV"�:K\"

������ ([SODLQ� WKH� GLIIHUHQFH� EHWZHHQ� D� GLUHFW� HIIHFW
DQG�DQ�LQGLUHFW�HIIHFW�



������/LVW� DQ� DGYDQWDJH� DQG� D� GLVDGYDQWDJH� RI� FDXVDO
PRGHOLQJ�

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��:KHQ� DFWLRQ� UHVHDUFKHUV� DUH� QRW� FRQGXFWLQJ� H[SHULPHQWDO� UHVHDUFK�� WKH\
DUH� LQIRUPDOO\� FRQGXFWLQJ� QRQH[SHULPHQWDO� UHVHDUFK²WKH\� FRQVWDQWO\� REVHUYH
SRWHQWLDO� DQWHFHGHQWV� DQG� FRQVHTXHQFHV� LQ� WKHLU�ZRUOGV� DQG� WKLQN� DERXW� KRZ� WKH\
PLJKW�ODWHU�WU\�WR�UHSURGXFH�WKHVH�UHODWLRQVKLSV�LQ�WKHLU�SODFHV�RI�SUDFWLFH�

����&DQ�\RX�WKLQN�RI�DQ\�QRQH[SHULPHQWDO�TXDQWLWDWLYH�GDWD�WKDW�\RX�PLJKW�ZDQW
WR�FROOHFW�WR�XQGHUVWDQG�\RXU�VWXGHQWV�RU�SDUWLFLSDQWV�EHWWHU"

����:K\�LV�WKH�WKLUG�UHTXLUHG�FRQGLWLRQ��UXOLQJ�RXW�DOWHUQDWLYH�H[SODQDWLRQV�
LPSRUWDQW�ZKHQ�\RX�DUH�JRLQJ�WR�FODLP�WKDW�RQH�WKLQJ�FDXVHG�DQRWKHU"

6800$5<

7KH� UHVHDUFKHU� GRHV� QRW� PDQLSXODWH� LQGHSHQGHQW� YDULDEOHV� LQ� QRQH[SHULPHQWDO
UHVHDUFK�EXW�GRHV�FRPSDUH�JURXSV�DQG�VWXG\�UHODWLRQVKLSV�DPRQJ�YDULDEOHV��,I� WKH
UHVHDUFKHU¶V�TXHVWLRQV�FRQFHUQ� LQGHSHQGHQW�YDULDEOHV� WKDW� FDQQRW�EH�PDQLSXODWHG�
QRQH[SHULPHQWDO� UHVHDUFK� LV� WKH� ORJLFDO� FKRLFH��$� IHZ� LQGHSHQGHQW�YDULDEOHV� WKDW
FDQQRW� EH�PDQLSXODWHG� DUH� JHQGHU�� SDUHQWLQJ� VW\OH�� JUDGH� UHWHQWLRQ�� HWKQLFLW\�� DQG
LQWHOOLJHQFH�� 5HVHDUFKHUV� PXVW� EH� YHU\� FDUHIXO� ZKHQ� XVLQJ� WKH� QRQH[SHULPHQWDO
UHVHDUFK� PHWKRG�� KRZHYHU�� LI� WKH\� ZLVK� WR� REWDLQ� HYLGHQFH� RI� FDXVH�DQG�HIIHFW
UHODWLRQVKLSV�� 7KH� WKUHH� UHTXLUHG� FRQGLWLRQV� IRU� FRQFOXGLQJ� WKDW� WKH� UHODWLRQVKLS
EHWZHHQ� YDULDEOH� $� DQG� YDULDEOH� %� LV� FDXVDO� DUH� WKDW� ���� WKHUH� PXVW� EH� D
UHODWLRQVKLS�EHWZHHQ�YDULDEOH�$�DQG�YDULDEOH�%������YDULDEOH�$�PXVW�RFFXU�EHIRUH
YDULDEOH�%��DQG�����DOWHUQDWLYH�H[SODQDWLRQV�PXVW�EH�HOLPLQDWHG��8QIRUWXQDWHO\��WKH
WKLUG� FRQGLWLRQ� LV� YLUWXDOO\� DOZD\V� D� SUREOHP� LQ� QRQH[SHULPHQWDO� UHVHDUFK�
5HVHDUFKHUV� PXVW� DWWHPSW� WR� FRQWURO� IRU� DQ\� H[WUDQHRXV�� RU� WKLUG�� YDULDEOHV� WKDW
PLJKW�SRWHQWLDOO\�H[SODLQ�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�ZKHQ�WKH\�ZDQW�WR
REWDLQ�HYLGHQFH�WKDW�WKH�UHODWLRQVKLS�LV�FDXVDO��7KH�WKUHH�NH\�WHFKQLTXHV�RI�FRQWURO
WKDW�DUH�XVHG�LQ�QRQH[SHULPHQWDO�UHVHDUFK�DUH�����PDWFKLQJ������UHVWULFWLQJ�WKH�VWXG\
WR�D�VXESRSXODWLRQ��DQG�����VWDWLVWLFDO�FRQWURO�

1RQH[SHULPHQWDO� UHVHDUFK� LV� VRPHWLPHV� FODVVLILHG� RQ� WKH� EDVLV� RI� WKH� WLPH
GLPHQVLRQ��,I� WKH�GDWD�DUH�FROOHFWHG�DW�D�VLQJOH�WLPH�SRLQW�RU�GXULQJ�D�VLQJOH�GDWD�
FROOHFWLRQ�SHULRG��WKH�UHVHDUFK�LV�D�FURVV�VHFWLRQDO�VWXG\��,I�WKH�GDWD�DUH�FROOHFWHG�DW
PXOWLSOH� WLPH�SRLQWV�RYHU� WLPH�� LW� LV�D� ORQJLWXGLQDO�VWXG\�� ,I� WKH�GDWD�DUH�FROOHFWHG
EDFNZDUG� LQ� WLPH�� LW� LV� D� UHWURVSHFWLYH� VWXG\�� 1RQH[SHULPHQWDO� UHVHDUFK� LV� DOVR
FODVVLILHG�RQ�WKH�EDVLV�RI�WKH�UHVHDUFKHU¶V�SULPDU\�UHVHDUFK�REMHFWLYH��7KH�SXUSRVH
RI�GHVFULSWLYH�UHVHDUFK�LV�WR�SURYLGH�DQ�DFFXUDWH�GHVFULSWLRQ�RU�SLFWXUH�RI�WKH�VWDWXV
RU�FKDUDFWHULVWLFV�RI�D�VLWXDWLRQ�RU�SKHQRPHQRQ��7KH�SXUSRVH�RI�SUHGLFWLYH�UHVHDUFK



LV�WR�SUHGLFW�WKH�IXWXUH�VWDWXV�RI�RQH�RU�PRUH�GHSHQGHQW�RU�RXWFRPH�YDULDEOHV�RQ�WKH
EDVLV� RI� RQH� RU� PRUH� LQGHSHQGHQW� RU� SUHGLFWRU� YDULDEOHV�� 7KH� SXUSRVH� RI
H[SODQDWRU\�QRQH[SHULPHQWDO�UHVHDUFK�LV�WR�WHVW�K\SRWKHVHV�DQG�WKHRULHV�H[SODLQLQJ
KRZ� DQG� ZK\� D� SKHQRPHQRQ� RSHUDWHV� DV� LW� GRHV�� &DXVDO� PRGHOLQJ� LV� D� IRUP� RI
H[SODQDWRU\� UHVHDUFK� LQ� ZKLFK� WKH� UHVHDUFKHU� GHYHORSV� D� FDXVDO� PRGHO� DQG
HPSLULFDOO\�WHVWV�LW�WR�GHWHUPLQH�KRZ�ZHOO�WKH�PRGHO�ILWV�WKH�GDWD�

.(<�7(506

DQDO\VLV�RI�FRYDULDQFH��S������
FDXVDO�PRGHOLQJ��S������
FRKRUW��S������
FURVV�VHFWLRQDO�UHVHDUFK��S������
GHVFULSWLYH�UHVHDUFK��S������
GLIIHUHQWLDO�DWWULWLRQ��S������
GLUHFW�HIIHFW��S������
GRVH�UHVSRQVH�UHODWLRQVKLS��S������
H[SODQDWRU\�UHVHDUFK��S������
ILUVW�VLPSOH�FDVH�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK��S������
JHQHUDO�OLQHDU�PRGHO��*/0���S������
LQGLUHFW�HIIHFW��S������
LQWHUYHQLQJ�YDULDEOH��S������
ORQJLWXGLQDO�UHVHDUFK��S������
PDWFKLQJ�YDULDEOH��S������
PHWKRG�RI�ZRUNLQJ�PXOWLSOH�K\SRWKHVHV��S������
QRQH[SHULPHQWDO�UHVHDUFK��S������
SDQHO�VWXG\��S������
SDUWLDO�FRUUHODWLRQ��S������
SDUWLDOO\�VSXULRXV�UHODWLRQVKLS��S������
SDWK�FRHIILFLHQW��S������
SRVW�KRF�IDOODF\��S������
SUHGLFWLYH�UHVHDUFK��S������
SUREDELOLVWLF�FDXVH��S������
SURVSHFWLYH�VWXG\��S������
UHWURVSHFWLYH�TXHVWLRQV��S������
UHWURVSHFWLYH�UHVHDUFK��S������
VHFRQG�VLPSOH�FDVH�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK��S������
VLPSOH�FDVH��S������



VSHFLDO�FDVH�RI�WKH�JHQHUDO�OLQHDU�PRGHO��S������
VSXULRXV�UHODWLRQVKLS��S������
VWDWLVWLFDOO\�VLJQLILFDQW��S������
WKLUG�YDULDEOH�SUREOHP��S������
WKUHH�UHTXLUHG�FRQGLWLRQV��S������
WUHQG�VWXG\��S������

',6&866,21�48(67,216

����:KDW�NLQG�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�VWXG\�ZRXOG�\RX�ILQG�PRVW
LQWHUHVWLQJ��D�GHVFULSWLYH�VWXG\��D�SUHGLFWLYH�VWXG\��RU�DQ�H[SODQDWRU\�VWXG\"
:K\"

����:K\�GR�PHWKRGRORJLVWV�DQG�UHVHDUFKHUV�HPSKDVL]H�WKH�SRLQW�WKDW�DVVRFLDWLRQ
GRHV�QRW�SURYH�FDXVDWLRQ"

����+RZ�VKRXOG�UHVHDUFKHUV�DSSURDFK�WKH�LVVXH�RI�FDXVH�DQG�HIIHFW�LQ
QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK"�+RZ�GR�UHVHDUFKHUV�DWWHPSW�WR�PHHW
HDFK�RI�WKH�WKUHH�UHTXLUHG�FRQGLWLRQV�IRU�FDXVH�DQG�HIIHFW"�+RZ�GR�WKH\
VWUHQJWKHQ�WKHLU�GHVLJQV�WR�PRYH�EH\RQG�WKH�VLPSOH�FDVHV�RI�QRQH[SHULPHQWDO
UHVHDUFK"�1RWH�WKDW�\RX�GR�QHHG�WR�WHOO�\RXU�UHDGHU�WKH�QDWXUH�RI�WKH�VWXG\
DFFRUGLQJ�WR�WKH�WLPH�GLPHQVLRQ�RI�WKH�GDWD��L�H���UHWURVSHFWLYH��FURVV�VHFWLRQDO�
ORQJLWXGLQDO��DQG�WKH�UHVHDUFK�REMHFWLYH�GLPHQVLRQ��L�H���GHVFULSWLYH��SUHGLFWLYH�
H[SODQDWRU\��

����&DQ�\RX�WKLQN�RI�WZR�YDULDEOHV�WKDW�DUH�DVVRFLDWHG�EXW�DUH�QRW�FDXVDOO\�UHODWHG"
�+LQW��<RX�PLJKW�ZDQW�WR�WDNH�D�ORRN�DW�7DEOH������WR�JHW�VWDUWHG��

����:KLFK�NLQG�RI�GDWD�GR�\RX�WKLQN�SURYLGHV�WKH�PRVW�VROLG�HYLGHQFH�RI�FDXVDO
FRQGLWLRQ����SURSHU�WLPH�RUGHU���UHWURVSHFWLYH��FURVV�VHFWLRQDO��RU�ORQJLWXGLQDO"

����&DUHIXOO\�H[DPLQH�([KLELW�������+RZ�'R�(SLGHPLRORJLVWV�'HWHUPLQH�&DXVDOLW\"
7KHQ�DQVZHU�WKHVH�TXHVWLRQV��:KDW�GR�\RX�WKLQN�DERXW�WKLV�OLVW"�:KLFK�FULWHULD
GR�\RX�EHOLHYH�DUH�PRVW�LPSRUWDQW"�+RZ�GR�\RX�WKLQN�WKHVH�FULWHULD�DGG�WR�WKH
WKUHH�UHTXLUHG�FRQGLWLRQV�WKDW�DOVR�DUH�GLVFXVVHG�LQ�WKLV�FKDSWHU"

5(6($5&+�(;(5&,6(6

����7KLQN�RI�D�K\SRWKHWLFDO�H[DPSOH�RI�D�QRQH[SHULPHQWDO�HGXFDWLRQDO�UHVHDUFK
VWXG\�WKDW�ZRXOG�EH�LQWHUHVWLQJ�WR�\RX�IRU�HDFK�RI�WKH�IROORZLQJ�UHVHDUFK
REMHFWLYHV��%H�VXUH�WR�H[SODLQ�ZK\�LW�LV�QRQH[SHULPHQWDO�UDWKHU�WKDQ
H[SHULPHQWDO�

D���([SODQDWRU\



E���3UHGLFWLYH

F���'HVFULSWLYH

����6HDUFK�D�GDWDEDVH�DW�\RXU�OLEUDU\��)LQG�DQG�WKHQ�OLVW�WKH�WLWOHV�RI�VHYHUDO
QRQH[SHULPHQWDO�DUWLFOHV�WKDW�DSSHDU�WR�EH�EDVHG�SULPDULO\�RQ�HDFK�RI�WKH
IROORZLQJ�UHVHDUFK�REMHFWLYHV�

D���3UHGLFWLRQ

E���([SODQDWLRQ

F���'HVFULSWLRQ

$OVR�SURYLGH�DQ�DQQRWDWHG�ELEOLRJUDSK\�RI� WKH� WKUHH�DUWLFOHV� LQ�ZKLFK�\RX
EULHIO\�H[SODLQ�ZK\�\RX�WKLQN�HDFK�DUWLFOH�LV�RI�D�FHUWDLQ�W\SH�

����,W�LV�KHOSIXO�WR�H[DPLQH�SXEOLVKHG�H[DPSOHV�RI�QRQH[SHULPHQWDO�UHVHDUFK�VR�WKDW
\RX�FDQ�VHH�PRUH�FRQFUHWHO\�KRZ�WR�FDUU\�LW�RXW��$V�DQ�H[HUFLVH��UHDG�DQG�ZULWH
XS�D�WZR�SDJH�UHYLHZ�RI�WKH�DUWLFOH�SURYLGHG�RQ�WKH�FRPSDQLRQ�ZHEVLWH�

:KHQ� \RX� ZULWH� XS� \RXU� DUWLFOH� UHYLHZ�� RUJDQL]H� LW� LQWR� WKH� IROORZLQJ
JHQHUDO�VHFWLRQV�

����3XUSRVH

����0HWKRGV

����5HVXOWV

����6WUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�UHVHDUFK

5(/(9$17�,17(51(7�6,7(6

3URJUDP�HYDOXDWLRQ�OLQNV
KWWS���ZZZ�HYDO�RUJ�S�FP�OG�ILG ��

0DQ\�GLVFXVVLRQV�RI�FDXVDOLW\�LVVXHV�ZKHQ�XVLQJ�QRQH[SHULPHQWDO�GDWD�DUH�IRXQG�LQ
WKHVH�DUFKLYHV�RI�WKLV�SRSXODU�DFDGHPLF�GLVFXVVLRQ�JURXS�
KWWS���EDPD�XD�HGX�DUFKLYHV�VHPQHW�KWPO

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

http://www.eval.org/p/cm/ld/fid=98
http://bama.ua.edu/archives/semnet.html
http://www.sagepub.com/bjohnson5e/


9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

%HUN��5��$����������&DXVDO�LQIHUHQFH�IRU�VRFLRORJLFDO�GDWD��,Q�1��-��6PHOVHU��(G���
+DQGERRN�RI�VRFLRORJ\��SS�����±������1HZEXU\�3DUN��&$��6DJH�

%XOORFN��+��(���+DUOR��/��/���	�0XODLN��6��$����������&DXVDWLRQ�LVVXHV�LQ�VWUXFWXUDO
HTXDWLRQ�PRGHOLQJ�UHVHDUFK��6WUXFWXUDO�(TXDWLRQ�0RGHOLQJ��������±����

-RKQVRQ��5��%����������7RZDUG�D�QHZ�FODVVLILFDWLRQ�RI�QRQ�H[SHULPHQWDO
TXDQWLWDWLYH�UHVHDUFK��(GXFDWLRQDO�5HVHDUFKHU����������±���

.DXIPDQ��-��6���	�3RROH��&����������/RRNLQJ�EDFN�RQ�³FDXVDO�WKLQNLQJ�LQ�WKH�KHDOWK
VFLHQFHV�´�$QQXDO�5HYLHZ�RI�3XEOLF�+HDOWK���������±����

5H\QROGV��$��-����������&RQILUPDWRU\�SURJUDP�HYDOXDWLRQ��$�PHWKRG�IRU
VWUHQJWKHQLQJ�FDXVDO�LQIHUHQFH��$PHULFDQ�-RXUQDO�RI�(YDOXDWLRQ���������±����

6XVVHU��0����������:KDW�LV�D�FDXVH�DQG�KRZ�GR�ZH�NQRZ�RQH"�$�JUDPPDU�IRU
SUDJPDWLF�HSLGHPLRORJ\��$PHULFDQ�-RXUQDO�RI�(SLGHPLRORJ\����������±����

127(6

��� �7KH�RQO\�WKLQJ�WKDW�FKDQJHV�LV� WKH�W\SH�RI�VWDWLVWLFDO�DQDO\VLV�XVHG�DIWHU� WKH
GDWD�DUH�FROOHFWHG�

��� � 7KH� UHODWLRQVKLS� DOVR�ZLOO� GLVDSSHDU�ZKHQ� WKH� YDULDEOH� LV� DQ� LQWHUYHQLQJ
YDULDEOH��7KHUHIRUH��WKH�XVH�RI�WKHRU\�LV�YHU\�LPSRUWDQW�LQ�GHWHUPLQLQJ�ZKHWKHU�WKH
YDULDEOH�LV�D�FRQIRXQGLQJ�YDULDEOH�RU�DQ�LQWHUYHQLQJ�YDULDEOH�

��� � ,I� WKH� TXDQWLWDWLYH� LQGHSHQGHQW� YDULDEOH� KDV�PRUH� WKDQ� ��� OHYHOV�� WKHQ�ZH
UHFRPPHQG�WKDW�\RX�FROODSVH�LW�LQWR�IHZHU�FDWHJRULHV�IRU�WKH�SXUSRVHV�RI�PDWFKLQJ�

����3DQHO�VWXGLHV�FDQ�DOVR�EH�XVHG�LQ�H[SHULPHQWDO�UHVHDUFK��$�SDQHO�VWXG\�ZLWK
PDQLSXODWLRQ� LV�PRUH�SRZHUIXO� WKDQ�D�SDQHO�VWXG\�ZLWKRXW�PDQLSXODWLRQ�ZKHQ�\RX
DUH�LQWHUHVWHG�LQ�VWXG\LQJ�FDXVH�DQG�HIIHFW�

��� �7KHUH�LV�D�W\SH�RI�SDQHO�VWXG\��FDOOHG�WKH�UHYROYLQJ�SDQHO�GHVLJQ��LQ�ZKLFK
QHZ�SHRSOH�DUH�DGGHG�WR�WKH�SDQHO��VHH�0HQDUG��������

��� � :KHQ� \RX� H[DPLQH� SXEOLVKHG� UHVHDUFK� DUWLFOHV�� NHHS� LQ� PLQG� WKDW� VRPH
UHVHDUFK�VWXGLHV�PD\�KDYH�PRUH�WKDQ�RQH�REMHFWLYH�



6HFWLRQ�%��4XDOLWDWLYH�5HVHDUFK�0HWKRGV��)LYH�0DMRU
$SSURDFKHV�3OXV�+LVWRULFDO�5HVHDUFK

&KDSWHU���

1DUUDWLYH�,QTXLU\�DQG�&DVH�6WXG\�5HVHDUFK
%\�'��-HDQ�&ODQGLQLQ�DQG

5��%XUNH�-RKQVRQ

�

/($51,1*�2%-(&7,9(6
7R�EH�DEOH�WR

��/LVW�DQG�GHILQH�3DWWRQ¶V�����������PDMRU�FKDUDFWHULVWLFV�RI�TXDOLWDWLYH
UHVHDUFK�

��&RPSDUH�DQG�FRQWUDVW�WKH�WZR�PDMRU�DSSURDFKHV�WR�TXDOLWDWLYH�UHVHDUFK
GLVFXVVHG�LQ�WKLV�FKDSWHU��QDUUDWLYH�LQTXLU\�DQG�FDVH�VWXG\�UHVHDUFK�

��'HILQH�DQG�FRPSDUH�SRVWVWUXFWXUDOLVP�DQG�SRVWPRGHUQLVP�
��'HILQH�DQG�H[SODLQ�KRZ�WR�FRQGXFW�D�QDUUDWLYH�LQTXLU\�UHVHDUFK�VWXG\�
��'HILQH�DQG�H[SODLQ�KRZ�WR�FRQGXFW�FDVH�VWXG\�UHVHDUFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�4XDOLWDWLYH�5HVHDUFK
$SSURDFKHV

7KH�IROORZLQJ�LV�IURP�D�QDUUDWLYH�DFFRXQW�RI�7UXRQJ�
,� ILUVW� PHW� 7UXRQJ� ZKHQ� 6HDQ�� ZKR� NQHZ� 7UXRQJ� IURP� ZRUNLQJ� ZLWK� KLP� LQ� MXQLRU� KLJK� VFKRRO�
EURXJKW�KLP�WR�WKH�XQLYHUVLW\��$V�6HDQ��7UXRQJ��DQG�,�VWRRG�LQ�WKH�GRRUZD\�RI�P\�RIILFH��,�NQHZ�WKDW
7UXRQJ�ZDV�GHFLGLQJ�ZKHWKHU�RU�QRW�KH�ZDQWHG�WR�WDON�ZLWK�PH��:DV�,�VRPHRQH�ZKR�KH�FRXOG�WUXVW"
,� NQHZ� KLV� UHODWLRQVKLS�ZLWK� 6HDQ� KDG� HQDEOHG� 6HDQ� WR� LQWHUHVW� KLP� LQ� WKH� VWXG\� EXW� QRZ�7UXRQJ
ZDQWHG� WR�FKHFN�PH�RXW��$IWHU�DOO�� ,�ZDV� WKH�RQH�ZLWK�ZKRP�KH�ZRXOG�KDYH� WKH�FRQYHUVDWLRQV�� ,
ZDV� FDUHIXO� WR�PDLQWDLQ� H\H� FRQWDFW� DV� ,� VHQVHG� WKHUH�ZDV�PXFK� WR� OHDUQ� IURP�7UXRQJ¶V� VWRU\�� ,
FRXOG�QRW�KHOS�EXW�QRWLFH��WKRXJK��WKH�WDWWRRV�RQ�KLV�DUP�

7UXRQJ�OHW�6HDQ�NQRZ�WKDW�KH�ZRXOG�SDUWLFLSDWH�DIWHU�PHHWLQJ�PH��:H�PHW�DERXW�D�ZHHN�DIWHU�WKDW



,

ILUVW� HQFRXQWHU� RQ�2FWREHU� ���� ������ DQG� DJDLQ� D�ZHHN� ODWHU� RQ�2FWREHU� ���
������7KUHH�ZHHNV� ODWHU��6HDQ�DUUDQJHG� IRU�7UXRQJ��9HUD�� DQG�DQRWKHU� VWXG\
SDUWLFLSDQW��DQG�6HDQ�DQG�PH�WR�PHHW�XS�DW�+DPLOWRQ�6FKRRO�VR�7UXRQJ�FRXOG
VKRZ�XV�DURXQG�WKH�VFKRRO��,�NQHZ�IURP�RXU�ILUVW�PHHWLQJ�WKDW�+DPLOWRQ�6FKRRO
ZDV�D�KRPH�SODFH�IRU�7UXRQJ��D�SODFH�ZKHUH�KH�IHOW�KH�EHORQJHG�

,W�ZDV� DV�ZH� EHJDQ� RXU� VHFRQG� FRQYHUVDWLRQ� WKDW� ,� DVNHG� 7UXRQJ� DERXW� WKH
WDWWRRV�HQJUDYHG�RQ�KLV�DUP��7UXRQJ�GHVFULEHG�WKH�ILUVW�WDWWRR��WKH�WLJHU��DV�KLV
³&KLQHVH� =RGLDF� DQLPDO�´� +H� GHVFULEHG� WKH� VHFRQG� WDWWRR�� WKH� GUDJRQ�� E\
VD\LQJ� ³LQ� WKH� &KLQHVH� WUDGLWLRQ�� LW¶V� OLNH� SURWHFWLRQ�´� +H� EHJDQ� WR� KDYH� WKH
WDWWRRV�HQJUDYHG�RQ�KLV�ERG\�ZKHQ�KH�ZDV����DQG��RYHU�WKH�QH[W���\HDUV�RU�VR�
KH�DGGHG�D�.RL�ILVK� WKDW�³UHSUHVHQWV�SURVSHULW\�´�2QH�DUWLVW�GLG�DOO� WKH� WDWWRRV
H[FHSW� IRU� D� -DSDQHVH� GHPRQ� PDVN� WKDW� KH� QRZ� UHJUHWV� KDYLQJ� GRQH�� ,Q

UHVSRQVH� WR� P\� ZRQGHU� DERXW� ZKHWKHU� KDYLQJ� WKH� WDWWRRV� GRQH� KXUW�� KH� VDLG� LW� ZDV� ³D� EXUQLQJ
VHQVDWLRQ�DQG�D�FXWWLQJ�DW�WKH�VDPH�WLPH��6R�DOPRVW�OLNH�D�NQLIH�DQG�D�OLJKWHU�DW�WKH�VDPH�WLPH�´�7KH
SDLQ�KH�GHVFULEHG�KHOSHG�PH�UHDOL]H�KRZ�LPSRUWDQW�WKHVH�WDWWRRV�ZHUH�IRU�7UXRQJ��&ODQGLQLQ������E�
SS����±�����

7KLV� VWRU\� LV� DQ� H[DPSOH� RI� ZKDW� \RX� ZRXOG� ZULWH� LI� \RX� XVH� WKH
TXDOLWDWLYH� DSSURDFK� NQRZQ� DV� QDUUDWLYH� LQTXLU\�� 'RHV� LW� VRXQG� OLNH
VRPHWKLQJ�\RX�ZRXOG�ILQG�LQWHUHVWLQJ"�<RX�ZLOO�OHDUQ�DERXW�QDUUDWLYH�LQTXLU\
DQG�FDVH�VWXG\�UHVHDUFK� LQ� WKLV�FKDSWHU��%XW� ILUVW��ZH�ZLOO� WDON�D� OLWWOH�PRUH
DERXW�TXDOLWDWLYH�UHVHDUFK�PRUH�JHQHUDOO\�

Q�&KDSWHU����ZH�GHILQHG�TXDOLWDWLYH�UHVHDUFK�DV�UHVHDUFK�UHO\LQJ�SULPDULO\�RQ
WKH� FROOHFWLRQ� RI� TXDOLWDWLYH� GDWD� �QRQQXPHULFDO� GDWD�� VXFK� DV� ZRUGV� DQG
SLFWXUHV��� 4XDOLWDWLYH� UHVHDUFKHUV� WHQG� WR� UHO\� RQ� WKH� LQGXFWLYH�PRGH� RI� WKH

VFLHQWLILF�PHWKRG��DQG�WKH�PDMRU�REMHFWLYH�RI�WKLV�W\SH�RI�UHVHDUFK�LV�H[SORUDWLRQ�RU
GLVFRYHU\��7KLV�PHDQV�WKDW�TXDOLWDWLYH�UHVHDUFKHUV�JHQHUDOO\�VWXG\�D�SKHQRPHQRQ�LQ
DQ�RSHQ�HQGHG�ZD\��ZLWKRXW�SULRU� H[SHFWDWLRQV�� DQG� WKH\�GHYHORS�K\SRWKHVHV�DQG
WKHRUHWLFDO�H[SODQDWLRQV�WKDW�DUH�EDVHG�RQ�WKHLU�LQWHUSUHWDWLRQV�RI�ZKDW�WKH\�REVHUYH�
4XDOLWDWLYH� UHVHDUFKHUV� SUHIHU� WR� VWXG\� WKH� ZRUOG� DV� LW� QDWXUDOO\� RFFXUV�� ZLWKRXW
PDQLSXODWLQJ� LW��:KLOH�REVHUYLQJ��TXDOLWDWLYH�UHVHDUFKHUV� WU\�QRW� WR�GUDZ�DWWHQWLRQ
WR� WKHPVHOYHV�� 7KDW� LV�� WKH\� WU\� WR� EH� XQREWUXVLYH� VR� WKDW� WKH\� ZLOO� KDYH� OLWWOH
LQIOXHQFH�RQ�WKH�QDWXUDOO\�RFFXUULQJ�EHKDYLRU�EHLQJ�VWXGLHG��4XDOLWDWLYH�UHVHDUFKHUV
YLHZ� KXPDQ� EHKDYLRU� DV� G\QDPLF� DQG� FKDQJLQJ�� DQG� WKH\� DGYRFDWH� VWXG\LQJ
SKHQRPHQD�LQ�GHSWK�DQG�RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH��7KH�SURGXFW�RI�TXDOLWDWLYH
UHVHDUFK� LV� XVXDOO\� D� QDUUDWLYH� UHSRUW� ZLWK� ULFK� GHVFULSWLRQ� �YLYLG� DQG� GHWDLOHG
ZULWLQJ�� UDWKHU� WKDQ� D� VWDWLVWLFDO� UHSRUW� �ZLWK� D� ORW� RI� QXPEHUV� DQG� VWDWLVWLFDO� WHVW
UHVXOWV��

��4XDOLWDWLYH�UHVHDUFK�5HVHDUFK�WKDW�UHOLHV�SULPDULO\�RQ�WKH�FROOHFWLRQ�RI
TXDOLWDWLYH�GDWD

,Q�)LJXUH�������ZH�OLVW�WKH�HLJKW�FRPPRQ�VWHSV�LQ�D�TXDOLWDWLYH�UHVHDUFK�VWXG\��,Q
D�VLPSOH�TXDOLWDWLYH�UHVHDUFK�VWXG\��WKH�UHVHDUFKHU�PLJKW�PRYH�GLUHFWO\�WKURXJK�WKH
VWHSV��0XFK�PRUH� IUHTXHQWO\��KRZHYHU�� WKH�TXDOLWDWLYH� UHVHDUFKHU�GRHV�QRW� IROORZ
WKH�HLJKW�VWHSV�LQ�D�OLQHDU�IDVKLRQ��L�H���VWHS����WKHQ�VWHS����WKHQ�VWHS����DQG�VR�RQ��



7\SLFDOO\�� WKH� TXDOLWDWLYH� UHVHDUFKHU� VHOHFWV� D� WRSLF� DQG� JHQHUDWHV� SUHOLPLQDU\
TXHVWLRQV�DW�WKH�VWDUW�RI�D�UHVHDUFK�VWXG\��7KH�TXHVWLRQV�FDQ�EH�FKDQJHG�RU�PRGLILHG�
KRZHYHU��GXULQJ�GDWD�FROOHFWLRQ�DQG�DQDO\VLV� LI�DQ\�DUH� IRXQG� WR�EH�QDLYH�RU� OHVV
LPSRUWDQW�WKDQ�RWKHU�TXHVWLRQV��7KLV�LV�RQH�UHDVRQ�ZK\�TXDOLWDWLYH�UHVHDUFK�LV�RIWHQ
VDLG�WR�EH�DQ�HPHUJHQW�RU�IOXLG�W\SH�RI�UHVHDUFK��'XULQJ�WKH�FRQGXFW�RI�D�TXDOLWDWLYH
UHVHDUFK�VWXG\��WKH�UHVHDUFKHU�DFWV�OLNH�D�GHWHFWLYH�RU�QRYHOLVW�DQG�JRHV�ZKHUHYHU
LQWHUHVWLQJ�DQG�HQOLJKWHQLQJ�LQIRUPDWLRQ�PD\�EH�

�),*85(����������6WHSV�LQ�D�TXDOLWDWLYH�UHVHDUFK�VWXG\��7KH�VWHSV�DUH�QRW�DOZD\V
OLQHDU�RU�VHTXHQWLDO�

'DWD� FROOHFWLRQ� DQG� DQDO\VLV� �VWHSV� �� DQG� �� LQ� )LJXUH� ������ LQ� TXDOLWDWLYH
UHVHDUFK� KDYH� D� ORQJLWXGLQDO� FKDUDFWHU� EHFDXVH� TXDOLWDWLYH� UHVHDUFK� RIWHQ� WDNHV
SODFH�RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH��7KH�UHVHDUFKHU�SXUSRVHO\�VHOHFWV�SHRSOH�WR
LQWHUYLHZ� DQG�RU� REVHUYH� DW� HDUO\� SRLQWV� DV�ZHOO� DV� DW� ODWHU� SRLQWV� LQ� D� UHVHDUFK
VWXG\��'DWD�FROOHFWLRQ�DQG�GDWD�DQDO\VLV�DUH�RIWHQ�GRQH�FRQFXUUHQWO\�RU�LQ�F\FOHV�LQ
TXDOLWDWLYH� UHVHDUFK� �H�J��� WKH� UHVHDUFKHUV� FROOHFW� VRPH� GDWD�� DQDO\]H� WKRVH� GDWD�
FROOHFW�PRUH�GDWD��DQDO\]H�WKRVH�GDWD��DQG�VR�RQ���7KH�UHVHDUFKHU�DOVR�DWWHPSWV�WR
YDOLGDWH�WKH�GDWD�DQG�KLV�RU�KHU�LQWHUSUHWDWLRQV�WKURXJKRXW�WKH�UHVHDUFK�VWXG\��VWHSV
�� DQG� ���� )RU� H[DPSOH�� WKH� UHVHDUFKHU� VKRXOG� DWWHPSW� WR� HVWDEOLVK� WKH� NLQGV� RI
TXDOLWDWLYH�UHVHDUFK�YDOLGLW\�\RX�OHDUQHG�DERXW�LQ�&KDSWHU�����GHVFULSWLYH�YDOLGLW\�
LQWHUSUHWDWLYH�YDOLGLW\��WKHRUHWLFDO�YDOLGLW\��LQWHUQDO�YDOLGLW\��DQG�H[WHUQDO�YDOLGLW\��
$W�WKH�HQG�RI�WKH�UHVHDUFK�VWXG\��WKH�UHVHDUFKHU�ILQLVKHV�WKH�UHVHDUFK�UHSRUW��VWHS����

)RU�IXUWKHU�H[WHQVLRQ�RI�\RXU�NQRZOHGJH�DERXW�JHQHUDO�TXDOLWDWLYH�UHVHDUFK��ZH
LQFOXGH�3DWWRQ¶V� ������� OLVW� RI����PDMRU� FKDUDFWHULVWLFV�RI�TXDOLWDWLYH� UHVHDUFK� LQ
7DEOH�������3DWWRQ�GLG�D�JRRG�MRE�RI�VXFFLQFWO\�VXPPDUL]LQJ�WKH�NH\�FKDUDFWHULVWLFV



RI�TXDOLWDWLYH�UHVHDUFK��DQG�KLV�OLVW�VKRXOG�EH�KHOSIXO�DV�\RX�OHDUQ�DERXW�TXDOLWDWLYH
UHVHDUFK�� $OWKRXJK� QRW� DOO� TXDOLWDWLYH� UHVHDUFK� VWXGLHV� KDYH� DOO� RI� WKH
FKDUDFWHULVWLFV�PHQWLRQHG�E\�XV�DQG�E\�3DWWRQ��WKHVH�FKDUDFWHULVWLFV�DUH�YHU\�W\SLFDO
RI�TXDOLWDWLYH�UHVHDUFK�

�7$%/(�������7ZHOYH�0DMRU�&KDUDFWHULVWLFV�RI�4XDOLWDWLYH�5HVHDUFK

'HVLJQ�6WUDWHJLHV

����1DWXUDOLVWLF�LQTXLU\²7KH�UHVHDUFKHU�VWXGLHV�UHDO�ZRUOG�VLWXDWLRQV�DV�WKH\�XQIROG�QDWXUDOO\�LQ�D
QRQPDQLSXODWLYH�DQG�QRQFRQWUROOLQJ�ZD\��EHLQJ�RSHQ�WR�ZKDWHYHU�HPHUJHV��ODFN�RI�SUHGHWHUPLQHG
FRQVWUDLQWV�RQ�ILQGLQJV��

����(PHUJHQW�GHVLJQ�IOH[LELOLW\²:LWK�RSHQQHVV�WR�DGDSWLQJ�WKH�LQTXLU\�DV�XQGHUVWDQGLQJ�GHHSHQV�DQG�RU
VLWXDWLRQV�FKDQJH��WKH�UHVHDUFKHU�DYRLGV�JHWWLQJ�ORFNHG�LQWR�ULJLG�GHVLJQV�WKDW�HOLPLQDWH�UHVSRQVLYHQHVV
DQG�SXUVXHV�QHZ�SDWKV�RI�GLVFRYHU\�DV�WKH\�HPHUJH�

����3XUSRVHIXO�VDPSOLQJ²&DVHV�IRU�VWXG\��H�J���SHRSOH��RUJDQL]DWLRQV��FRPPXQLWLHV��FXOWXUHV��HYHQWV�
FULWLFDO�LQFLGHQFHV��DUH�VHOHFWHG�EHFDXVH�WKH\�DUH�³LQIRUPDWLRQ�ULFK´�DQG�LOOXPLQDWLYH��WKDW�LV��WKH\�RIIHU
XVHIXO�PDQLIHVWDWLRQV�RI�WKH�SKHQRPHQRQ�RI�LQWHUHVW��6DPSOLQJ��WKHQ��LV�DLPHG�DW�LQVLJKW�DERXW�WKH
SKHQRPHQRQ��QRW�HPSLULFDO�JHQHUDOL]DWLRQ�IURP�D�VDPSOH�WR�D�SRSXODWLRQ�

'DWD�&ROOHFWLRQ�DQG�)LHOGZRUN�6WUDWHJLHV

����4XDOLWDWLYH�GDWD²&RQVLVW�RI�REVHUYDWLRQV�WKDW�\LHOG�GHWDLOHG��WKLFN�GHVFULSWLRQ��LQTXLU\�LQ�GHSWK�
LQWHUYLHZV�WKDW�FDSWXUH�GLUHFW�TXRWDWLRQV�DERXW�SHRSOH¶V�SHUVRQDO�SHUVSHFWLYHV�DQG�H[SHULHQFHV��FDVH
VWXGLHV��DQG�FDUHIXO�GRFXPHQW�UHYLHZ�

����3HUVRQDO�H[SHULHQFH�DQG�HQJDJHPHQW²7KH�UHVHDUFKHU�KDV�GLUHFW�FRQWDFW�ZLWK�DQG�JHWV�FORVH�WR�WKH
SHRSOH��VLWXDWLRQ��DQG�SKHQRPHQRQ�XQGHU�VWXG\��7KH�UHVHDUFKHU¶V�SHUVRQDO�H[SHULHQFHV�DQG�LQVLJKWV�DUH
DQ�LPSRUWDQW�SDUW�RI�WKH�LQTXLU\�DQG�FULWLFDO�WR�XQGHUVWDQGLQJ�WKH�SKHQRPHQRQ�

����(PSDWKLF�QHXWUDOLW\�DQG�PLQGIXOQHVV²5HVHDUFKHU�DGRSWV�DQ�HPSDWKLF�VWDQFH�LQ�LQWHUYLHZLQJ�VHHNV
YLFDULRXV�XQGHUVWDQGLQJ�ZLWKRXW�MXGJPHQW��QHXWUDOLW\��E\�VKRZLQJ�RSHQQHVV��VHQVLWLYLW\��UHVSHFW�
DZDUHQHVV��DQG�UHVSRQVLYHQHVV��,Q�REVHUYDWLRQ�WKLV�PHDQV�EHLQJ�IXOO\�SUHVHQW��PLQGIXO��

����'\QDPLF�V\VWHPV²$WWHQWLRQ�LV�SDLG�WR�SURFHVV��5HVHDUFKHU�DVVXPHV�FKDQJH�LV�RQJRLQJ�ZKHWKHU�WKH
IRFXV�LV�RQ�DQ�LQGLYLGXDO��DQ�RUJDQL]DWLRQ��D�FRPPXQLW\��RU�DQ�HQWLUH�FXOWXUH��WKHUHIRUH��WKH�UHVHDUFKHU�LV
PLQGIXO�RI²DQG�DWWHQWLYH�WR²V\VWHP�DQG�VLWXDWLRQ�G\QDPLFV�

$QDO\VLV�6WUDWHJLHV

����8QLTXH�FDVH�RULHQWDWLRQ²7KH�UHVHDUFKHU�DVVXPHV�WKDW�HDFK�FDVH�LV�VSHFLDO�DQG�XQLTXH��7KH�ILUVW
OHYHO�RI�DQDO\VLV�LV�EHLQJ�WUXH�WR��UHVSHFWLQJ��DQG�FDSWXULQJ�WKH�GHWDLOV�RI�WKH�LQGLYLGXDO�FDVHV�EHLQJ
VWXGLHG��FURVV�FDVH�DQDO\VLV�IROORZV�IURP²DQG�GHSHQGV�RQ²WKH�TXDOLW\�RI�LQGLYLGXDO�FDVH�VWXGLHV�

����,QGXFWLYH�DQDO\VLV�DQG�FUHDWLYH�V\QWKHVLV²5HVHDUFKHU�VHHNV�LPPHUVLRQ�LQ�WKH�GHWDLOV�DQG�VSHFLILFV
RI�WKH�GDWD�WR�GLVFRYHU�LPSRUWDQW�SDWWHUQV��WKHPHV��DQG�LQWHUUHODWLRQVKLSV��%HJLQV�E\�H[SORULQJ��WKHQ
FRQILUPLQJ��LV�JXLGHG�E\�DQDO\WLFDO�SULQFLSOHV�UDWKHU�WKDQ�UXOHV��6WXG\�HQGV�ZLWK�D�FUHDWLYH�V\QWKHVLV�

�����+ROLVWLF�SHUVSHFWLYH²7KH�ZKROH�SKHQRPHQRQ�XQGHU�VWXG\�LV�XQGHUVWRRG�DV�D�FRPSOH[�V\VWHP�WKDW�LV
PRUH�WKDQ�WKH�VXP�RI�LWV�SDUWV��7KH�IRFXV�LV�RQ�FRPSOH[�LQWHUGHSHQGHQFLHV�DQG�V\VWHP�G\QDPLFV�WKDW
FDQQRW�PHDQLQJIXOO\�EH�UHGXFHG�WR�D�IHZ�GLVFUHWH�YDULDEOHV�DQG�OLQHDU��FDXVH�HIIHFW�UHODWLRQVKLSV�

�����&RQWH[W�VHQVLWLYLW\²5HVHDUFKHU�SODFHV�ILQGLQJV�LQ�D�VRFLDO��KLVWRULFDO��DQG�WHPSRUDO�FRQWH[W�DQG�LV
FDUHIXO�DERXW��HYHQ�GXELRXV�RI��WKH�SRVVLELOLW\�RU�PHDQLQJIXOQHVV�RI�JHQHUDOL]DWLRQV�DFURVV�WLPH�DQG
VSDFH��(PSKDVL]HV�LQVWHDG�FDUHIXO�FRPSDUDWLYH�FDVH�DQDO\VHV�DQG�H[WUDSRODWLQJ�SDWWHUQV�IRU�SRVVLEOH
WUDQVIHUDELOLW\�WR�DQG�DGDSWDWLRQ�LQ�QHZ�VHWWLQJV�

�����9RLFH��SHUVSHFWLYH��DQG�UHIOH[LYLW\²7KH�TXDOLWDWLYH�DQDO\VW�RZQV�DQG�LV�UHIOHFWLYH�DERXW�KHU�RU�KLV
RZQ�YRLFH�DQG�SHUVSHFWLYH��D�FUHGLEOH�YRLFH�FRQYH\V�DXWKHQWLFLW\�DQG�WUXVWZRUWKLQHVV��&RPSOHWH



REMHFWLYLW\�EHLQJ�LPSRVVLEOH�DQG�SXUH�VXEMHFWLYLW\�XQGHUPLQLQJ�FUHGLELOLW\��WKH�UHVHDUFKHU¶V�IRFXV�LV�RQ
EDODQFH²XQGHUVWDQGLQJ�DQG�GHSLFWLQJ�WKH�ZRUOG�DXWKHQWLFDOO\�LQ�DOO�LWV�FRPSOH[LW\�ZKLOH�EHLQJ�VHOI�
DQDO\WLFDO��SROLWLFDOO\�DZDUH��DQG�UHIOH[LYH�LQ�FRQVFLRXVQHVV�

6RXUFH�� %DVHG� RQ� 0�� 4�� 3DWWRQ�� 4XDOLWDWLYH� 5HVHDUFK� DQG� (YDOXDWLRQ� 0HWKRGV� ��UG� HG���� SS�� ��±���
&RS\ULJKW��������E\�6DJH�3XEOLFDWLRQV��,QF���7KRXVDQG�2DNV��&$��5HSURGXFHG�ZLWK�SHUPLVVLRQ�RI�WKH�SXEOLVKHU�

1H[W�� PDQ\� TXDOLWDWLYH� UHVHDUFKHUV� WRGD\� DUH� KHDYLO\� LQIOXHQFHG� E\�ZKDW� DUH
FDOOHG� SRVWVWUXFWXUDOLVP� DQG�SRVWPRGHUQLVP�� DQG� UHVHDUFKHUV� UHO\� RQ� WKHVH� UDWKHU
FRPSOH[� LGHDV��:H� H[SODLQ� WKHVH� LGHDV� LQ�([KLELW������� 7DNH� D�PRPHQW� QRZ� DQG
H[DPLQH�3DWWRQ¶V�GHVFULSWLRQ�RI�WKH�NH\�LGHDV�RI�TXDOLWDWLYH�UHVHDUFK�LQ�7DEOH�����
DQG�UHDG�([KLELW������IRU�DQ� LQWURGXFWLRQ� WR� WKH�FRQFHSWV�RI�SRVWVWUXFWXUDOLVP�DQG
SRVWPRGHUQLVP�

�(;+,%,7��������$�+LVWRULFDO�,QWURGXFWLRQ�WR�3RVWVWUXFWXUDOLVP�DQG�3RVWPRGHUQLVP

3RVWVWUXFWXUDO� DQG� SRVWPRGHUQ� LGHDV� RIIHU� D� FULWLTXH� RI�ZKDW� LV� FRPPRQO\� VHHQ� DV� ³VFLHQFH�´� 7KHVH
LGHDV� DUH� DQ� LPSRUWDQW� SDUW� RI� WKH� TXDOLWDWLYH� UHVHDUFK� SDUDGLJP�� 7KHUHIRUH�� LW� LV� LPSRUWDQW� WR� JDLQ� D
FOHDU� XQGHUVWDQGLQJ� RI� ZKDW� WKHVH� ZRUGV� DUH� DERXW�� EXW� ILUVW� \RX� ZLOO� QHHG� WR� OHDUQ� DERXW� VRPH
EDFNJURXQG�FRQFHSWV��7KH�ILUVW�EDFNJURXQG�FRQFHSW�LV�VWUXFWXUDOLVP�

��6WUXFWXUDOLVP�$�EURDG�RU�JUDQG�WKHRU\�WKDW�HPSKDVL]HV�WKH�LPSRUWDQFH
RI�FXOWXUDO��VWUXFWXUDO��LQVWLWXWLRQDO��DQG�IXQFWLRQDO�UHODWLRQV�DV
SURYLGLQJ�D�ODUJH�SDUW�RI�WKH�VRFLDO�ZRUOG�LQ�ZKLFK�KXPDQV�OLYH�DQG
KROGV�WKDW�WKLV�VWUXFWXUH�LV�NH\�LQ�GHWHUPLQLQJ�PHDQLQJ�DQG�LQIOXHQFLQJ
KXPDQ�EHKDYLRU

/RRNLQJ� EDFN� DW� WKH� ��WK� FHQWXU\�� WKH� LGHD� RI� VWUXFWXUH� �DQG� VWUXFWXUDOLVP�� ZDV� D� FRPPRQ
WKHRUHWLFDO� FRQFHSW� XVHG� WR� H[SODLQ� KXPDQ� EHKDYLRU� LQ� DQWKURSRORJ\�� VRFLRORJ\�� DQG� SV\FKRORJ\�� 7KH
EDVLF�LGHD�RI�VWUXFWXUDOLVP�LV�WKDW�WKHUH�LV�D�GHHS�UHDOLW\�RU�³VWUXFWXUH´�WKDW�H[LVWV�EH\RQG�WKH�LQGLYLGXDO�
7KLV�VWUXFWXUH�LV�WKH�³VFLHQWLILF´�EDVLV�RI�VRFLDO�UHDOLW\�LQ�VRFLHW\��LW�H[HUWV�D�FDXVDO�IRUFH�RQ�SHRSOH��DQG
PRVW� RI�ZKDW�ZH� FDOO� VRFLDO�� FXOWXUDO�� DQG� HYHQ� SV\FKRORJLFDO� UHDOLW\� LV� GXH� WR� GHHS� VWUXFWXUHV�� 6RPH
VWUXFWXUHV�IRXQG�LQ�DOO�VRFLHWLHV�DUH�IDPLO\�VWUXFWXUH��ULWHV�RI�SDVVDJH��UHOLJLRQ��SRZHU��DQG�ODQJXDJH��7KH
FRQWHQW�RI� VWUXFWXUHV�FDQ�YDU\��EXW� WKH�VDPH�VWUXFWXUHV�H[LVW�DQG�RSHUDWH� VLPLODUO\� LQ�DOO� VRFLHWLHV��:H
FDQ¶W�³WRXFK´�WKHVH�VWUXFWXUHV��EXW�WKH\�DUH�VDLG�WR�H[LVW�

$FFRUGLQJ�WR�VWUXFWXUDOLVP��LQGLYLGXDOV�DUH�ERUQ�LQWR�VRFLDO�FXOWXUDO�VWUXFWXUHV�WKDW�VWURQJO\�LQIOXHQFH
ZKDW� WKH\�ZLOO� EHFRPH� DQG�ZKDW� WKH\� YLHZ� DV� UHDO�� LPSRUWDQW�� DQG� JRRG�� $Q� LQWHUHVWLQJ� VWUXFWXUDOLVW
FRQFHSW� LV� WKH�6DSLU�:KRUI� K\SRWKHVLV� �DOVR� FDOOHG� OLQJXLVWLF� UHODWLYLW\� K\SRWKHVLV��� ZKLFK� VWDWHV� WKDW
SHRSOH¶V�WKRXJKWV�DUH�ERXQG�E\�WKHLU�ODQJXDJH��,I�D�ZRUG�GRHV�QRW�H[LVW�IRU�VRPHWKLQJ��\RX�OLWHUDOO\�DUH
QRW� DEOH� WR� VHH� WKDW� WKLQJ�� WKH� FRQFHSW� ZRXOG� QRW� H[LVW� LQ� \RXU� PHQWDO� ZRUOG�� $QRWKHU� LQWHUHVWLQJ
VWUXFWXUDO� LGHD� LV� WKDW� RI� ELQDU\� RSSRVLWLRQV�� ZKLFK� DSSHDU� WR� H[LVW� LQ� HYHU\� VRFLHW\�� IRU� H[DPSOH�
PDOH�IHPDOH�� QDWXUH�FXOWXUH�� UDWLRQDOLW\�HPRWLRQ�� QRUPDOLW\�PDGQHVV�� SXEOLF�SULYDWH�� ZH�WKHP�� DQG
OHJLWLPDWH�LOOHJLWLPDWH��6WUXFWXUDOLVP�LV�D�GHWHUPLQLVWLF� WKHRU\�EHFDXVH� LQGLYLGXDOV�DUH�VHHQ�DV�EHFRPLQJ
ZKDW� WKH� ODUJHU� VRFLDO�� FXOWXUDO�� DQG� OLQJXLVWLF� VWUXFWXUHV� SURYLGH�� SHRSOH� IROORZ� DFFHSWHG� UXOHV� DQG
SUDFWLFHV� DV� GHILQHG� WKURXJK� WKHLU� VRFLDOL]DWLRQ� DQG� EDVHG� RQ�ZKDW� WKH\� VHH� LQ� WKHLU� GD\�WR�GD\� OLYHV�
6WUXFWXUDOLVP�LV�VFLHQWLILF�LQ�WKH�VHQVH�WKDW�LW�FODLPV�WKDW�VWUXFWXUH�FDXVHV�EHKDYLRU�DQG�LW�GH�HPSKDVL]HV
WKH�SODFH�RI� IUHH�ZLOO��6RPH� LQWHOOHFWXDO�³JLDQWV´� LQ� WKLV� OLQH�RI� WKRXJKW��ZKRP�\RX�FDQ� ORRN�XS�RQ� WKH
,QWHUQHW� WR� OHDUQ�PRUH�DERXW��DUH�(PLOH�'XUNKHLP��VRFLRORJ\���)HUGLQDQG�GH�6DXVVXUH��OLQJXLVWLFV���DQG
&ODXGH�/HYL�6WUDXVV� �DQWKURSRORJ\��� �1RWH��:H� LQFOXGH� WKHLU� QDPHV� KHUH� EHFDXVH� \RX�PLJKW�ZDQW� WR
OHDUQ� PRUH� DERXW� WKHVH� LPSRUWDQW� KLVWRULFDO� ILJXUHV� VRPHWLPH��� 6WUXFWXUDOLVP� FRQWLQXHV� WR� EH� DQ
LPSRUWDQW�HOHPHQW�RI�PXFK�VRFLDO�DQG�HGXFDWLRQDO�WKHRU\�



%HIRUH� PRYLQJ� WR� SRVWVWUXFWXUDOLVP� DQG� SRVWPRGHUQLVP�� ZH� DOVR� QHHG� WR� WKLQN� DERXW� D� VHFRQG
EDFNJURXQG�FRQFHSW��PRGHUQLVP��7KH�LGHD�RI�PRGHUQLVP�JRHV�EDFN�WR�5HQDLVVDQFH�KXPDQLVP��ZKLFK
H[SUHVVHG�IDLWK�LQ�WKH�SRVLWLYH�TXDOLWLHV��FDSDELOLWLHV��OHDUQLQJ��DQG�DFFRPSOLVKPHQWV�RI�KXPDQV�LQ�FRQWUDVW
WR�WKH�SUHYLRXV�VXSUHPDF\�RI�UHOLJLRQ�LQ�DOO�PDWWHUV��0RGHUQLVP�HYROYHG�GXULQJ�WKH�6FLHQWLILF�5HYROXWLRQ
RI� WKH� ��WK� DQG� ��WK� FHQWXULHV� �H�J��� 1LFRODXV� &RSHUQLFXV�� 5HQp� 'HVFDUWHV�� *DOLOHR� *DOLOHL�� ,VDDF
1HZWRQ��DQG�WKH�(QOLJKWHQPHQW�RI�WKH���WK�DQG���WK�FHQWXULHV��H�J���'HQLV�'LGHURW��'DYLG�+XPH��-RKQ
/RFNH��9ROWDLUH���7KH�WKHPH�RI�WKH�6FLHQWLILF�5HYROXWLRQ�ZDV�WKDW�WKH�QDWXUDO�ZRUOG�ZDV�XQGHUVWDQGDEOH
LQ� QDWXUDO� WHUPV�� LW� IROORZHG� GHWHUPLQLVWLF� ODZV�� DQG� RYHU� WLPH� QDWXUDO� SKLORVRSKHUV� ZRXOG� EH� DEOH� WR
GHOLQHDWH�IXOO\�WKH�ODZV�RI�QDWXUH���,W�ZDV�QRW�XQWLO�WKH�����V�WKDW�WKH�ZRUG�VFLHQWLVW��LQ�LWV�PRGHUQ�XVDJH�
ZDV�FRLQHG�E\�:LOOLDP�:KHZHOO��

��0RGHUQLVP�$�WHUP�XVHG�E\�SRVWPRGHUQLVWV�WR�UHIHU�WR�DQ�HDUOLHU�DQG
RXWGDWHG�SHULRG�LQ�WKH�KLVWRU\�RI�VFLHQFH�WKDW�YLHZHG�WKH�ZRUOG�DV�D
VWDWLF��L�H���XQFKDQJLQJ��PDFKLQH�ZKHUH�HYHU\RQH�IROORZV�WKH�VDPH
ODZV�RI�EHKDYLRU

7KH�(QOLJKWHQPHQW�EXLOW�RQ�WKH�H[SHFWDWLRQV�DQG�SURPLVHV�RI� WKH�6FLHQWLILF�5HYROXWLRQ�� WDNLQJ�WKHP
IXUWKHU�E\�VXJJHVWLQJ� WKDW� ODZV�RI�KXPDQ�EHKDYLRU�ZRXOG�DOVR�EH�IRUWKFRPLQJ�� LW�ZDV� MXVW�D�PDWWHU�RI
WLPH�EHIRUH�LQGLYLGXDO��VRFLDO��DQG�VRFLHWDO�SUREOHPV�ZRXOG�EH�VROYHG�WKURXJK�WKH�DSSOLFDWLRQ�RI�UDWLRQDO
WKRXJKW� DQG� WKH� GHYHORSPHQW� RI� WKH� SV\FKRORJLFDO� DQG� VRFLDO� VFLHQFHV�� 7KH� (QOLJKWHQPHQW� LGHD� RI
UDWLRQDOLW\�ZDV�WKDW�LW�ZDV�XQLYHUVDO��ZKLFK�PHDQW�WKDW�UDWLRQDO�SHRSOH�ZRXOG�XOWLPDWHO\�DJUHH�RQ�ZKDW�LV
WUXH��LPSRUWDQW��DQG�JRRG�

$Q� LPSRUWDQW� FRXQWHUPRYHPHQW� WKDW� HPHUJHG� LQ� UHDFWLRQ� WR� WKH� 6FLHQWLILF� 5HYROXWLRQ� DQG
(QOLJKWHQPHQW� UDWLRQDOLVP� ZDV� ��WK�FHQWXU\� URPDQWLFLVP� �H�J��� -HDQ�-DFTXHV� 5RXVVHDX�� )�� :�
6FKHOOLQJ���ZKLFK� HPSKDVL]HG� WKH� LPSRUWDQFH�RI� LQGLYLGXDOLVP�DQG�KXPDQ� IHHOLQJV�� SDVVLRQV�� FUHDWLYLW\�
VSLULWXDOLW\�� DQG� FKDQJH�� $QRWKHU� LPSRUWDQW� PRYHPHQW� ZDV� *HUPDQ� LGHDOLVP� �H�J��� *�� :�� )�� +HJHO�
-RKDQQ�+HUGHU��DQG�-RKDQQ�*RWWOLHE�)LFKWH���ZKLFK�VKLIWHG�IRFXV�IURP�WKH�VFLHQWLILF�RU�SK\VLFDO�ZRUOG�WR
DQ�HPSKDVLV�RQ�UHDOLW\�DQG�PHDQLQJ�DV�SURYLGHG�LQ�ODQJXDJH�DQG�FXOWXUH��ZULWHUV�RQ�LGHDOLVP�VWUHVVHG�WKH
GRPLQDQFH�RI�LGHDV�DV�SURYLGLQJ�NQRZOHGJH�DQG�DV�VKDSLQJ�KLVWRU\�

$OVR� GXULQJ� WKH� ��WK� FHQWXU\�� WKH� IDPRXV� PRYHPHQW� NQRZQ� DV� SRVLWLYLVP� VWDUWHG� ZLWK� $XJXVWH
&RPWH��3RVLWLYLVP�LV�WKH�LGHD�WKDW�RQO\�ZKDW�ZH�FDQ�HPSLULFDOO\�REVHUYH�LV�LPSRUWDQW�DQG�WKDW�VFLHQFH�LV
WKH�RQO\� WUXH� VRXUFH�RI�NQRZOHGJH��3RVLWLYLVP� JRW� D� ERRVW� GXULQJ� WKH� HDUO\� ��WK� FHQWXU\� �H�J���$�� -�
$\HU��0RULW]�6FKOLFN���DQG�LWV�LQIOXHQFH�LQ�WKH�VRFLDO�DQG�SV\FKRORJLFDO�VFLHQFHV�UHPDLQHG�GRPLQDQW�XQWLO
DSSUR[LPDWHO\� ������ 7KHVH� DUH� WKH� PRVW� LPSRUWDQW� KLVWRULFDO� SUHGHFHVVRUV� WR� SRVWVWUXFWXUDOLVP� DQG
SRVWPRGHUQLVP��1RZ�ZH�MXPS�IRUZDUG�WR�WKH�����V�ZKHQ�SRVWVWUXFWXUDOLVP�ZDV�ERUQ�

��3RVLWLYLVP�$�WHUP�XVHG�E\�TXDOLWDWLYH�UHVHDUFKHUV�WR�UHIHU�WR�ZKDW
PLJKW�EH�EHWWHU�ODEHOHG�³VFLHQWLVP�´�ZKLFK�LV�WKH�EHOLHI�WKDW�DOO�WUXH
NQRZOHGJH�PXVW�EH�EDVHG�RQ�VFLHQFH��WKH�WHUP�LV�XVHG�E\�TXDOLWDWLYH
UHVHDUFKHUV��QRW�TXDQWLWDWLYH�UHVHDUFKHUV

'XULQJ�WKH�����V��SRVWVWUXFWXUDOLVP�EHJDQ�DV�DQ�LQWHOOHFWXDO�PRYHPHQW�LQ�VRFLDO�DQG�OLWHUDU\�WKHRU\�
HVSHFLDOO\� LQ� WKH�ZRUNV�RI� WZR�)UHQFK�ZULWHUV��0LFKHO�)RXFDXOW�DQG�-DFTXHV�'HUULGD��0LFKHO�)RXFDXOW
�����±������GHYHORSHG�D�FULWLTXH�RI�:HVWHUQ�NQRZOHGJH�DQG�LWV�KLVWRU\��+H�DUJXHG�WKDW�VRFLDO�FRQFHSWV�
VXFK�DV�PDGQHVV��LOOQHVV��FULPLQDOLW\��DQG�VH[XDOLW\��DUH�KLVWRULFDOO\�GHILQHG�E\�WKRVH�ZLWK�SRZHU�LQ�VRFLHW\
DQG�WKDW�WKRVH�NLQGV�RI�LGHDV�FKDQJH�RYHU�WLPH��+H�ZHQW�IXUWKHU�E\�DUJXLQJ�WKDW�ZKDW�ZH�FRQVLGHU�WR�EH
NQRZOHGJH� LV� QRW� FRQVWDQW�� UDWKHU�� NQRZOHGJH� LV� OLWWOH� PRUH� WKDQ� D� VHW� RI� LGHDV� WKDW� DUH� KLVWRULFDOO\
VLWXDWHG� LQ� VRFLHW\� DQG� FKDQJH� DV� NQRZOHGJH�SRZHU� UHODWLRQVKLSV� FKDQJH� LQ� VRFLHWLHV�� .QRZOHGJH� LV
LQGH[HG� �L�H��� FRQQHFWHG� WR�� VSHFLILF� VRFLDO�FXOWXUDO� FRQWH[WV�� WKLV� LV� RQH� UHDVRQ�ZK\� GLIIHUHQW� ZULWHUV
RIWHQ�KDYH�GLIIHUHQW�SRVLWLRQV�DERXW�ZKDW�LV�WUXH�DQG�JRRG��7KH\�FRQVWUXFW�VRFLDO�UHDOLW\�GLIIHUHQWO\��DQG
WKH\�LQWHUSUHW�HYHQWV�GLIIHUHQWO\�

<RX� FDQ� VHH� WKH� VWUXFWXUDO� SDUW� RI� )RXFDXOW¶V� SRVLWLRQ� LQ� KLV� HPSKDVLV� RQ� FXOWXUH� DQG� KLVWRULFDOO\
VLWXDWHG� LGHDV� DV� LQIOXHQFLQJ� RXU� WKRXJKWV�� %XW� )RXFDXOW� RIWHQ� LV� FRQVLGHUHG� WR� EH� D� SRVWVWUXFWXUDOLVW



EHFDXVH� KH� UHMHFWV� WKH� VWUXFWXUDOLVW� FODLP� WKDW� XQLYHUVDO� VWUXFWXUHV� DQG� XQLYHUVDO� WUXWKV� H[LVW�
3RVWVWUXFWXUDOLVP�LV�DQWLVFLHQWLILF�LQ�WKLV�VHQVH�EHFDXVH�LW�IRFXVHV�RQ�GLIIHUHQFHV�DPRQJ�SHRSOH�UDWKHU
WKDQ� RQ� UHJXODU� RU� SUHGLFWDEOH� SDWWHUQV� RI� WKRXJKW� DQG� EHKDYLRU�� )RXFDXOW� UHFRJQL]HG� WKH� LQIOXHQFH� RI
VWUXFWXUHV��EXW�KH�VDZ�WKHP�QRW�DV�XQLYHUVDO�RU�WUXH��7KDW�LV�ZK\�KH�LV�SDUW�RI�WKH�PRYHPHQW�NQRZQ�DV
SRVWVWUXFWXUDOLVP�� ZKLFK� LV� DQ� DWWHPSW� WR� XVH� VRPH� LGHDV� RI� VWUXFWXUDOLVP� EXW� DOVR� WR� PRYH� EH\RQG
WUDGLWLRQDO� VWUXFWXUDOLVP�� )RU� )RXFDXOW�� ZKDW� ZDV� ODEHOHG� ³NQRZOHGJH´� FRQVWDQWO\� FKDQJHG� WKURXJK
G\QDPLF��SRZHU�ODGHQ�GLVFRXUVHV�

��3RVWVWUXFWXUDOLVP�$�KLVWRULFDO�LQWHOOHFWXDO�PRYHPHQW�WKDW�UHMHFWV
XQLYHUVDO�WUXWK�DQG�HPSKDVL]HV�GLIIHUHQFHV��GHFRQVWUXFWLRQ�
LQWHUSUHWDWLRQ��DQG�WKH�SRZHU�RI�LGHDV�RYHU�SHRSOH¶V�EHKDYLRU

-DFTXHV�'HUULGD������±������DOVR�FULWLTXHG�(QOLJKWHQPHQW�UDWLRQDOLVP��VFLHQFH��DQG�SRVLWLYLVP��+H
IRFXVHG�RQ�WKH�LPSRUWDQFH�RI�ODQJXDJH�DQG�EXLOW�RQ�)HUGLQDQG�GH�6DXVVXUH¶V�LGHD�WKDW�PHDQLQJ�FRPHV
IURP�UHODWLRQV�ZLWKLQ�ODQJXDJH�UDWKHU�WKDQ�IURP�WKH�FRQQHFWLRQ�RI�ODQJXDJH�WR�WKH�H[WHUQDO�ZRUOG��:RUGV
DQG�WKHLU�PHDQLQJ�DUH�YLHZHG�DV�DUELWUDU\��DV�FDQ�EH�VHHQ�E\�WKH�PXOWLSOH�GHILQLWLRQV�RI�WKH�VDPH�ZRUG�
WKH�YDU\LQJ�PHDQLQJ�RI�WKH�VDPH�ZRUG��RU�RWKHU�V\PERO��DFURVV�FXOWXUHV��DQG�WKH�YHU\�GLIIHUHQW�ZD\V�LQ
ZKLFK�ZRUGV�DUH�VSHOOHG��L�H���WKH�FRUUHFW�VSHOOLQJ�RI�D�ZRUG�LV�³FRUUHFW´�RQO\�EHFDXVH�LW�LV�GHILQHG�WR�EH
WKH�FRUUHFW�RU�WUXH�VSHOOLQJ�ZLWKLQ�D�SDUWLFXODU�ODQJXDJH���'HUULGD��DQG�)RXFDXOW��DUJXHG�WKDW�WKHUH�LV�QR
VLQJOH�� FRUUHFW� PHDQLQJ� WR� WH[W�� +HQFH�� WKH� TXHVWLRQ� ³%XW� ZKDW� GRHV� WKDW� WH[W� UHDOO\�PHDQ"´� KDV� QR
VLQJOH�DQVZHU��7KH�DQVZHU�ZLOO�GHSHQG�RQ�KRZ�\RX�DUH�YLHZLQJ�LW��,Q�IDFW��'HUULGD�JHQHUDOL]HG�WKH�LGHD
RI�³WH[W´�E\�VXJJHVWLQJ�WKDW�PRVW�RI�ZKDW�ZH�VHH�LQ�WKH�ZRUOG�FDQ�EH�YLHZHG�DV�WH[W�DQG�QDUUDWLYH��7KH
KRXVHV� LQ� \RXU� QHLJKERUKRRG� DUH� ³WH[WV�́ � WKH� OHFWXUHV� \RXU� SURIHVVRUV� JLYH� RUDOO\� DUH� ³WH[WV�́ � DQG
SROLWLFDO� FDPSDLJQ� LPDJHV� DQG�PHVVDJHV� DUH� ³WH[WV�´� ,Q� VKRUW�� 'HUULGD� JHQHUDOL]HG� RU� EURDGHQHG� WKH
PHDQLQJ� RI� WKH� ZRUG� WH[W�� XVLQJ� LW� DV� D� PHWDSKRU� IRU� DQ\� VHW� RI� V\PEROV� WKDW� ZH� REVHUYH� RU� JLYH
PHDQLQJ� WR� LQ�RXU�ZRUOGV��.QRZOHGJH� LV�YLHZHG�DV� FRPLQJ� LQ� WKH� IRUP�RI� VWRULHV�RU�QDUUDWLYHV� UDWKHU
WKDQ�LQ�VFLHQWLILF�WUXWKV��'HUULGD�VKLIWHG�WKH�VRXUFH�RI�PHDQLQJ�IURP�XQLYHUVDO�VWUXFWXUHV�WR�ORFDO��PXOWLSOH
QDUUDWLYHV�� +H� DOVR� UHMHFWHG� WKH� LGHD� RI� SXUH� ELQDU\� RSSRVLWLRQV�� FODLPLQJ� WKDW� HDFK� SROH� LQFOXGHV� DQ
HOHPHQW�RI�WKH�RWKHU�LQ�LWVHOI��H�J���HDFK�ZRPDQ�KDV�VRPH�³PDQ´�LQ�KHU�DQG�YLFH�YHUVD��

$Q� LPSRUWDQW� SDUW� RI� 'HUULGD¶V� DSSURDFK� WR� UHVHDUFK� DQG� LQWHUSUHWDWLRQ� LV� ZKDW� LV� FDOOHG
GHFRQVWUXFWLRQLVP�� 7KLV� PHDQV� WKDW� DQ\� WUXWK� WKDW� \RX� RU� DQ\RQH� HOVH� FDQ� SURYLGH� FDQ� EH
GHFRQVWUXFWHG� RU� EURNHQ� GRZQ�� UHYHDOLQJ� WKDW� LW� UHVWV� RQ� D� VSHFLILF� KLVWRU\�� UHTXLUHV� PDQ\� SDUWLFXODU
DVVXPSWLRQV��DQG� LV� LQ�PDQ\�ZD\V�DUELWUDU\��'HUULGD�EHOLHYHG� WKDW� WKHUH� LV�QR�FHQWHU�RU� IRXQGDWLRQ� IRU
WUXWK�� DQG� KH� ZDQWHG� WR� GHPRQVWUDWH� WKLV� SRLQW� FRQWLQXDOO\�� %RWK� 'HUULGD� DQG� )RXFDXOW� HPSKDVL]HG
GLIIHUHQFH�RYHU�VLPLODULW\��DQG�WKLV�KDV�OHG�PDQ\�TXDOLWDWLYH�UHVHDUFKHUV�WR�IRFXV�RQ�SDUWV�RI�UHDOLW\�WKDW
PLJKW�KDYH�RWKHUZLVH�EHHQ�RYHUORRNHG�E\�WUDGLWLRQDO�VRFLDO�VFLHQFH�

3RVWPRGHUQLVP�LV�DQ�LQWHOOHFWXDO�PRYHPHQW��FORVHO\�UHODWHG�WR�SRVWVWUXFWXUDOLVP��WKDW�EHFDPH�SRSXODU
FRQFXUUHQWO\�RU�YHU\�VKRUWO\�DIWHU�SRVWVWUXFWXUDOLVW�WKRXJKW��HVSHFLDOO\�LQ�OLWHUDWXUH��DUW��DUFKLWHFWXUH��DQG
FXOWXUDO� WKHRU\�� 7ZR� SURPLQHQW�ZULWHUV� DUH� -HDQ�%DXGULOODUG� �����±������ DQG� -DFTXHV� /DFDQ� �����±
�������'XULQJ�WKH�����V�DQG�����V��PDQ\�TXDOLWDWLYHO\�RULHQWHG�ZULWHUV�DSSHDU�WR�KDYH�EHHQ�LQIOXHQFHG
E\�SRVWPRGHUQ�LGHDV��7KH�ZRUG�SRVWPRGHUQ�VXJJHVWV�WKDW�RQH�KDV�PRYHG�EH\RQG�PRGHUQLVP��LQ�IDFW�
SRVWPRGHUQ� ZULWHUV� WR� D� VLJQLILFDQW� GHJUHH� GHILQH� WKHLU� PRYHPHQW� LQ� RSSRVLWLRQ� WR� ZKDW� WKH\� FDOO
PRGHUQLVP��7KHUHIRUH��DV�\RX�UHDG�WKURXJK�WKH�IROORZLQJ�ZRUG�SDLUV��QRWH�WKDW�WKH�ILUVW�ZRUG�LV�VDLG�E\
SRVWPRGHUQLVWV� WR� GHVFULEH� PRGHUQLVP�� DQG� WKH� VHFRQG� ZRUG� LV� VDLG� WR� GHVFULEH� SRVWPRGHUQLVP�
SUHVHQFH� YHUVXV� DEVHQFH�� FHQWHU� YHUVXV� SHULSKHU\�� KLHUDUFK\� YHUVXV� DQDUFK\�� GHVLJQ� YHUVXV� FKDQFH�
VWDELOLW\� YHUVXV� FKDQJH�� W\SH� YHUVXV� K\EULG�� GHWHUPLQDF\� YHUVXV� LQGHWHUPLQDF\�� VLPLODULW\� YHUVXV
GLIIHUHQFH��XQLYHUVDOLVP�YHUVXV�UHODWLYLVP��XQLYHUVDO�YHUVXV�ORFDO��JHQHUDO�YHUVXV�SDUWLFXODU��FODULW\�YHUVXV
EOXUULQHVV��REMHFWLYH�YHUVXV�VXEMHFWLYH��DQG�UHDOLW\�YHUVXV�K\SHUUHDOLW\�

��3RVWPRGHUQLVP�$�KLVWRULFDO�LQWHOOHFWXDO�PRYHPHQW�WKDW�FRQVWUXFWV�LWV
VHOI�LPDJH�LQ�RSSRVLWLRQ�WR�PRGHUQLVP��(PSKDVL]HV�WKH�SULPDF\�RI
LQGLYLGXDOLW\��GLIIHUHQFH��IUDJPHQWDWLRQ��IOX[��FRQVWDQW�FKDQJH��ODFN�RI
IRXQGDWLRQV�IRU�WKRXJKW��DQG�LQWHUSUHWDWLRQ



-HDQ�%DXGULOODUG� YLHZHG� WKH� FXOWXUH� RI� WKH�8QLWHG� 6WDWHV� DV� DQ� H[DPSOH� RI� D� SRVWPRGHUQ� FXOWXUH
EHFDXVH� RI� LWV� IRFXV� RQ� FLWLHV�� FRQVXPHULVP�� DQRQ\PLW\�� YLVXDO� LPDJHV�� DQG� FRQVWDQW� FKDQJH�� 7R� D
VLJQLILFDQW� GHJUHH�� LPDJH�EHFRPHV� UHDOLW\��7HOHYLVLRQ��'LVQH\ZRUOG�� DQG� ,QWHUQHW�ZRUOGV� �H�J��� ,QWHUQHW
JDPH�ZRUOGV� DV�ZHOO� DV� RWKHU� LQWHUDFWLRQV�� DUH� DV� UHDO� DV� DQ\WKLQJ� HOVH� DQG� DUH� FDOOHG�E\�%DXGULOODUG
K\SHUUHDOLWLHV��-DFTXHV�/DFDQ�LQFRUSRUDWHG�WKH�LGHD�RI�WKH�XQFRQVFLRXV��IURP�)UHXG���ZLWK�LWV�IRFXV�RQ
GHVLUHV��QRQUDWLRQDO�PRWLYDWLRQV��VH[XDOLW\��DQG�WKH�ERG\��LQWR�KLV�H[SODQDWLRQ�RI�SRVWPRGHUQLVP��7KHUH�LV
QR�VLQJOH�VHOI��HDFK�SHUVRQ�KDV�PXOWLSOH�VHOYHV��DQG�WKRVH�DUH�FRQVWDQWO\�LQ�IOX[��:KR�\RX�DUH�FKDQJHV
IURP�GD\�WR�GD\��IURP�PRPHQW�WR�PRPHQW�

:H�KDYH�VHSDUDWHG�SRVWVWUXFWXUDOLVP�DQG�SRVWPRGHUQLVP�LQ� WKLV�VKRUW� LQWURGXFWLRQ��EXW� WKHVH� WHUPV
RIWHQ�DUH�XVHG� LQWHUFKDQJHDEO\��ZKLFK� LV� ILQH��7KH� WHUPV�DOVR�RYHUODS�ZLWK� WKH� LGHDV�RI� UHODWLYLVP�DQG
FRQVWUXFWLYLVP��$V�\RX�KDYH� VHHQ�� WKHVH� VHWV�RI� LGHDV� DWWDFN� WUDGLWLRQDO� VFLHQFH�� DV�ZHOO� DV� WUDGLWLRQDO
YLHZV�RI�KXPDQLW\�DQG�PDQ\�RI�RXU�FRPPRQVHQVH�YLHZV�RI�RXU�ZRUOG��7KLV�DWWDFN�ZDV�D� IXOO�DVVDXOW�
DQG� LW� OHIW� LQ� LWV�ZDNH�QR� IRXQGDWLRQ��QR�FHQWHU��QR�JUDQG� LGHD��QRWKLQJ� WR�KROG�RQ� WR� IRU� VWDELOLW\��$V�D
UHVXOW�� PDQ\� RWKHU� ZULWHUV� WKRXJKW� WKH� PRYHPHQW� ZHQW� WRR� IDU�� DQG� WKH\� FRXQWHUDWWDFNHG
SRVWVWUXFWXUDOLVP�DQG�SRVWPRGHUQLVP��FODLPLQJ�WKDW�WKRVH�PRYHPHQWV�KDG�QR�SRVLWLYH�PHVVDJH��RQO\�WKH
QHJDWLYH�PHVVDJH�RI�ZKDW�LV�QRW�WUXH��DQG�WKDW�WKH�LGHDV�UHSUHVHQWHG�LQWHOOHFWXDO�DQDUFK\�DQG�VFLHQWLILF
GHVSDLU�

2Q� WKH�ZKROH�� WKH�PRYHPHQWV� RI� SRVWVWUXFWXUDOLVP� DQG� SRVWPRGHUQLVP�KDYH� UHVXOWHG� LQ� D� KHDOWK\
DQG� LPSRUWDQW� UH�H[DPLQDWLRQ� DQG� PXFK� JURZWK� LQ� LQWHOOHFWXDO� WKRXJKW�� 0DQ\� TXDOLWDWLYH� UHVHDUFK
PHWKRGRORJLVWV� DSSHDU� WR� EH� LQIOXHQFHG� E\� SRVWVWUXFWXUDOLVP� DQG� SRVWPRGHUQLVP�� HVSHFLDOO\� WKH
SURPLQHQW�HGLWRUV�DQG�PDQ\�RI�WKH�FRQWULEXWRUV�WR�WKH�ODQGPDUN�ERRN�WKDW�FXUUHQWO\�LV�LQ�LWV�IRXUWK�HGLWLRQ�
WKH�6$*(�+DQGERRN�RI�4XDOLWDWLYH�5HVHDUFK���������HGLWHG�E\�1RUPDQ�'HQ]LQ�DQG�<YRQQD�/LQFROQ�
7KLV� KDQGERRN� LV� RQ� WKH� VKHOYHV� RI� YLUWXDOO\� DOO� TXDOLWDWLYH� DQG�PRVW�PL[HG�PHWKRGV� UHVHDUFKHUV��7KH
LPSDFW�RI� WKLV�PRYHPHQW�FRQWLQXHV� WRGD\��DQG�ZH�YLHZ�TXDOLWDWLYH� UHVHDUFK�DV�RQH�RI� WKH� WKUHH�PDMRU
UHVHDUFK�RU�PHWKRGRORJLFDO�SDUDGLJPV�LQ�HGXFDWLRQDO�UHVHDUFK��$V�\RX�NQRZ��RXU�SRVLWLRQ�LV�WKDW�HDFK�RI
WKHVH�WKUHH�SDUDGLJPV�KDV�PXFK�WR�WHOO�XV�DV�ZH�FRQVLGHU�KRZ�WR�JR�DERXW�VWXG\LQJ�RXU�ZRUOG�

$OWKRXJK�\RX�DOUHDG\�XQGHUVWDQG�PXFK�DERXW�TXDOLWDWLYH� UHVHDUFK��TXDOLWDWLYH
UHVHDUFK� LV�DFWXDOO\�D� UHODWLYHO\�JHQHUDO� WHUP�EHFDXVH� WKHUH�DUH� ILYH�ELJ�RU�PDMRU
DSSURDFKHV�WR�TXDOLWDWLYH�UHVHDUFK�DQG�PDQ\�DGGLWLRQDO�VPDOOHU�W\SHV�RI�TXDOLWDWLYH
UHVHDUFK�� %HFDXVH� WKH� ILYH� PDMRU� DSSURDFKHV� DOO� IDOO� XQGHU� WKH� KHDGLQJ� RI
TXDOLWDWLYH� UHVHDUFK�� WKH� FKDUDFWHULVWLFV� RI� TXDOLWDWLYH� UHVHDUFK� UHYLHZHG� HDUOLHU
XVXDOO\� DSSO\� WR� HDFK� DSSURDFK�� PHDQLQJ� WKDW� WKH� ILYH� DSSURDFKHV� KDYH� PXFK� LQ
FRPPRQ��$W�WKH�VDPH�WLPH��HDFK�DSSURDFK�LV�GLIIHUHQW�DQG�GLVWLQFW�IURP�WKH�RWKHUV
LQ�LPSRUWDQW�ZD\V��7DEOH������SURYLGHV�D�TXLFN�FRPSDULVRQ�RI�WKH�ILYH�DSSURDFKHV
GLVFXVVHG�LQ�WKLV�DQG�WKH�IROORZLQJ�FKDSWHU��,I�\RX�KDYH�DQ\�GLIILFXOW\�GLVWLQJXLVKLQJ
WKH�DSSURDFKHV��UHDOL]H�WKDW�HDFK�KDV�D�GLIIHUHQW�FRUH�LGHD�RU�HPSKDVLV�DQG�HDFK�KDV
LWV�XQLTXH�VHW�RI�NH\�WHUPV��ZKLFK�LV�WKH�³ODQJXDJH´�LW�XVHV��$OVR�QRWH�WKDW�HDFK�RI
WKH�TXDOLWDWLYH�DSSURDFKHV�LV�VRPHWLPHV�IODYRUHG�ZLWK�WKH�DVVXPSWLRQV�DQG�LGHDV�RI
SRVWVWUXFWXUDOLVP�DQG�SRVWPRGHUQLVP�

,Q�WKH�UHPDLQGHU�RI�WKLV�FKDSWHU��ZH�LQWURGXFH�\RX�WR�QDUUDWLYH�LQTXLU\�DQG�FDVH
VWXG\�UHVHDUFK��,Q�WKH�QH[W�FKDSWHU��&KDSWHU�����ZH�LQWURGXFH�\RX�WR�WKH�RWKHU�PDMRU
DSSURDFKHV��SKHQRPHQRORJ\��HWKQRJUDSK\��DQG�JURXQGHG�WKHRU\���,Q�&KDSWHU����ZH
GLVFXVV� D� W\SH�RI� UHVHDUFK� WKDW�KDV� VRPH�FRPPRQDOLWLHV�ZLWK�TXDOLWDWLYH� UHVHDUFK
EXW�DOVR�LV�GLIIHUHQW²KLVWRULFDO�UHVHDUFK��

�7$%/(�������&KDUDFWHULVWLFV�RI�WKH�)LYH�0DMRU�$SSURDFKHV�WR�4XDOLWDWLYH
5HVHDUFK��'LVFXVVHG�LQ�&KDSWHUV��������
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�����:KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�RI�TXDOLWDWLYH
UHVHDUFK"

�����:K\�LV�LW�VDLG�WKDW�TXDOLWDWLYH�UHVHDUFK�GRHV�QRW
IROORZ�D�VHULHV�RI�VWHSV�LQ�D�OLQHDU�IDVKLRQ"

�����:K\�LV�TXDOLWDWLYH�UHVHDUFK�LPSRUWDQW�IRU
HGXFDWLRQDO�UHVHDUFK"

�����:KDW�LV�SRVWVWUXFWXUDOLVP��DQG�ZKDW�LV
SRVWPRGHUQLVP"



1$55$7,9(�,148,5<

,��,QWURGXFWLRQ��7KH�,PSRUWDQFH�RI�&RPLQJ�WR�7HUPV�DQG
'HILQLWLRQV

)RXQGDWLRQDO� TXHVWLRQ�� :KDW� XQGHUVWDQGLQJV� FDQ� ZH� JDLQ� IURP� SHRSOH¶V
VWRULHG�H[SHULHQFHV"

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

1DUUDWLYH�LQTXLU\��RU�1,��KDV�EHFRPH�LQFUHDVLQJO\�SRSXODU�LQ�WKH�ILHOG�RI�VRFLDO
VFLHQFH�UHVHDUFK�VLQFH�DSSUR[LPDWHO\�WKH�\HDU�������:LWK�DQ�H[SORVLRQ�RI�LQWHUHVW
LQ� QDUUDWLYH� LQTXLU\�� LW� LV� LPSRUWDQW� WKDW� ZH� FOHDUO\� GLIIHUHQWLDWH� GHILQLWLRQV� DQG
WHUPV�� ,W� LV� FRPPRQO\� NQRZQ� WKDW� SHRSOH� KDYH� OLYHG� DQG� WROG� VWRULHV� DERXW� WKHLU
H[SHULHQFHV� IRU� DV� ORQJ� DV�ZH� FRXOG� WDON��$V�0DF,QW\UH� ������� DQG�PDQ\� RWKHUV
QRWHG�� KXPDQV� DUH� VWRU\�WHOOLQJ� DQLPDOV�� &ODQGLQLQ� DQG�5RVLHN� �������ZURWH� WKDW
³OLYHG�DQG�WROG�VWRULHV�DQG�WKH�WDON�DERXW�WKH�VWRULHV�DUH�RQH�RI�WKH�ZD\V�WKDW�ZH�ILOO
RXU�ZRUOG�ZLWK�PHDQLQJ�DQG�HQOLVW�RQH�DQRWKHU¶V�DVVLVWDQFH� LQ�EXLOGLQJ� OLYHV�DQG
FRPPXQLWLHV´��S������

:KLOH� VWRU\� OLYLQJ� DQG� WHOOLQJ� LV� QRW� QHZ�� ZKDW� LV� QHZ� LV� WKH� HPHUJHQFH� RI
QDUUDWLYH�LQTXLU\�RU�QDUUDWLYH�UHVHDUFK�LQ�VRFLDO�VFLHQFH�UHVHDUFK��:KLOH�WKHUH�LV�D
KLVWRU\�RI�QDUUDWLYH�ZRUN�ZLWKLQ� WKH� WUDGLWLRQV�RI�QDUUDWRORJ\��WKHRU\�DQG�VWXG\�RI
QDUUDWLYH��� LW� ZDV� LQ� ����� WKDW� &RQQHOO\� DQG� &ODQGLQLQ� QDPHG�� DQG� DUWLFXODWHG�
QDUUDWLYH�LQTXLU\�DV�D�VRFLDO�VFLHQFH�UHVHDUFK�PHWKRGRORJ\��+HUH�LV�WKH�PRVW�ZHOO�
DFFHSWHG�GHILQLWLRQ�RI�QDUUDWLYH�LQTXLU\�

��1DUUDWLYH�LQTXLU\�6WXG\�RI�H[SHULHQFH�ZKHQ�H[SHULHQFH�LV�XQGHUVWRRG�DV
OLYHG�DQG�WROG�VWRULHV��,W�LV�D�FROODERUDWLRQ�EHWZHHQ�UHVHDUFKHU�DQG
SDUWLFLSDQWV��RYHU�WLPH��LQ�D�SODFH�RU�VHULHV�RI�SODFHV�DQG�LQ�VRFLDO
LQWHUDFWLRQ�ZLWK�WKHLU�VRFLDO�PLOLHXV

3HRSOH�VKDSH�WKHLU�GDLO\�OLYHV�E\�VWRULHV�RI�ZKR�WKH\�DQG�RWKHUV�DUH�DQG�DV�WKH\
LQWHUSUHW� WKHLU� SDVW� LQ� WHUPV� RI� WKHVH� VWRULHV�� 6WRU\�� LQ� WKH� FXUUHQW� LGLRP�� LV� D
SRUWDO�WKURXJK�ZKLFK�D�SHUVRQ�HQWHUV�WKH�ZRUOG�DQG�E\�ZKLFK�WKHLU�H[SHULHQFH
RI� WKH� ZRUOG� LV� PDGH� SHUVRQDOO\� PHDQLQJIXO�� 1DUUDWLYH� LQTXLU\�� WKH� VWXG\� RI
H[SHULHQFH� DV� VWRU\�� WKHQ�� LV� ILUVW� DQG� IRUHPRVW� D� ZD\� RI� WKLQNLQJ� DERXW
H[SHULHQFH�� 1DUUDWLYH� LQTXLU\� DV� D� PHWKRGRORJ\� HQWDLOV� D� YLHZ� RI� WKH
SKHQRPHQRQ�� 7R� XVH� QDUUDWLYH� LQTXLU\� PHWKRGRORJ\� LV� WR� DGRSW� D� SDUWLFXODU
YLHZ�RI�H[SHULHQFH�DV�SKHQRPHQRQ�XQGHU�VWXG\���&RQQHOO\�	�&ODQGLQLQ�������
S������

7KHUH� LV� QRZ� D�ZHOO�HVWDEOLVKHG� YLHZ� RI� QDUUDWLYH� LQTXLU\� DV� D�PHWKRGRORJ\
WKURXJK� ZKLFK� UHVHDUFKHUV� LQTXLUH� LQWR� WKH� SKHQRPHQRQ� RI� H[SHULHQFH� ZKHQ



H[SHULHQFH� LV� XQGHUVWRRG� DV� D� QDUUDWLYH� SKHQRPHQRQ� �&ODQGLQLQ�� ������� 7KH
SKLORVRSKLF� XQGHUSLQQLQJ� RI� QDUUDWLYH� LQTXLU\� LV� 'HZH\¶V� WKHRU\� RI� H[SHULHQFH
�����D�� DOVR� GLVFXVVHG� LQ� &KDSWHU� ��� DQG� KLV� WZR� FULWHULD� RI� H[SHULHQFH�� �D�
FRQWLQXLW\� RI� H[SHULHQFH� �L�H��� HDFK� SHUVRQ¶V� H[SHULHQFH� FDQ� EH� XQGHUVWRRG
WHPSRUDOO\� LQ� WKDW� LW� JURZV� RXW� RI� HDUOLHU� H[SHULHQFHV� DQG� LQIOXHQFHV� RU� VKDSHV
VXEVHTXHQW�H[SHULHQFHV��DQG��E��LQWHUDFWLRQ�EHWZHHQ�HDFK�SHUVRQ�DQG�KLV�RU�KHU
VLWXDWLRQ�� 7KH� QDUUDWLYH� LQTXLU\� FRQFHSWLRQ� RI� H[SHULHQFH� EXLOGV� RQ� 'HZH\¶V
SKLORVRSK\�RI�H[SHULHQFH��&ODQGLQLQ�DQG�5RVLHN��������H[SODLQHG�WKLV�DV�IROORZV�

)UDPHG�ZLWKLQ�WKLV�YLHZ�RI�H[SHULHQFH��WKH�IRFXV�RI�QDUUDWLYH�LQTXLU\�LV�QRW�RQO\
RQ�DQ�LQGLYLGXDO¶V�H[SHULHQFH�EXW�DOVR�RQ�WKH�VRFLDO��FXOWXUDO��DQG�LQVWLWXWLRQDO
QDUUDWLYHV� ZLWKLQ� ZKLFK� LQGLYLGXDOV¶� H[SHULHQFHV� DUH� FRQVWLWXWHG�� VKDSHG�
H[SUHVVHG��DQG�HQDFWHG��1DUUDWLYH�LQTXLUHUV�VWXG\�WKH�LQGLYLGXDO¶V�H[SHULHQFH�LQ
WKH�ZRUOG�� DQ�H[SHULHQFH� WKDW� LV� VWRULHG�ERWK� LQ� WKH� OLYLQJ�DQG� WHOOLQJ�DQG� WKDW
FDQ� EH� VWXGLHG� E\� OLVWHQLQJ�� REVHUYLQJ�� OLYLQJ� DORQJVLGH� DQRWKHU�� DQG�ZULWLQJ�
DQG�LQWHUSUHWLQJ�WH[WV���SS����±���

,Q� VXP�� WKH� YLHZ� RI� H[SHULHQFH� XQGHUO\LQJ� QDUUDWLYH� LQTXLU\� IORZV� IURP� WKH
DERYH� GHILQLWLRQV� LQ� WKDW� H[SHULHQFH� LV� XQGHUVWRRG� DV� UHODWLRQDO�� FRQWLQXRXV�� DQG
ERWK� SHUVRQDO� DQG� VRFLDO��:KLOH� VWRULHV� DUH� SHUVRQDO� DQG� XQLTXH� WR� HDFK� SHUVRQ�
ODUJHU� FXOWXUDO�� VRFLDO�� IDPLOLDO�� DQG� LQVWLWXWLRQDO� QDUUDWLYHV� VKDSH� D� SHUVRQ¶V
H[SHULHQFHV��7KH�WHUP�UHODWLRQDO�GUDZV�DWWHQWLRQ�WR�WKH�ZD\V�LQ�ZKLFK�SHRSOH�DUH
LQ�WHPSRUDO�DQG�VRFLDO�LQWHUDFWLRQ�ZKHQ�WHOOLQJ�DQG�OLYLQJ�RXW�WKHLU�VWRULHV��3HRSOH
DUH�DOZD\V�LQ�WKH�PDNLQJ��WKDW�LV��WKH\�DUH�DOZD\V�LQ�WKH�SURFHVV�RI�FRPSRVLQJ�WKHLU
OLYHV�� 6WRULHV� RI� H[SHULHQFH� DUH� QRW� DOUHDG\� WKHUH�� ZDLWLQJ� WR� EH� WROG�� EXW� DUH
FRPSRVHG�DQG�WROG�LQ�WKH�UHODWLRQDO�VSDFH�EHWZHHQ�LQTXLUHU�DQG�SDUWLFLSDQW��6WRULHV
DUH�VKDSHG�E\��DQG�RFFXU�LQ��WKH�FRQWH[WV�RI�WKHLU�OLYLQJ�DQG�WHOOLQJ��%HFDXVH�RI�WKLV
FR�FRPSRVLWLRQDO�DVSHFW��ERWK�WKH�VWRULHV�RI�UHVHDUFKHUV�DQG�SDUWLFLSDQWV�DUH�XQGHU
VWXG\�

,,��'HVLJQLQJ�D�1DUUDWLYH�6WXG\
1DUUDWLYH�LQTXLU\�LV�D�IOXLG�NLQG�RI�UHVHDUFK�LQTXLU\��,W�LV�QRW�D�VHW�RI�SURFHGXUHV

RU�VWHSV�WR�EH�IROORZHG�EXW�D�UHODWLRQDO�LQTXLU\�PHWKRGRORJ\�WKDW�LV�RSHQ�WR�ZKHUH
SDUWLFLSDQWV¶�VWRULHV�WDNH�D�UHVHDUFKHU��,Q�WKH�VHFWLRQV�WKDW�IROORZ��ZH�LQWURGXFH�WKH
HOHPHQWV�RI�QDUUDWLYH�LQTXLU\�WKDW�PXVW�EH�FRQVLGHUHG�LQ�GHVLJQLQJ�DQG�FDUU\LQJ�RXW
D�QDUUDWLYH�LQTXLU\�

,Q�D�UHFHQW�VWXG\��&ODQGLQLQ��6WHHYHV��DQG�&DLQH��������HQJDJHG�LQ�D�QDUUDWLYH
LQTXLU\�ZLWK�\RXWK�ZKR�OHIW�VFKRRO�EHIRUH�JUDGXDWLQJ��7KH�UHVHDUFK�SX]]OH�H[SORUHG
ZDV�DURXQG�KRZ�WKH�\RXWKV¶�H[SHULHQFHV�RI�VFKRRO�VKDSHG� WKHLU� OHDYLQJ�RI�VFKRRO
DQG�KRZ�WKHLU�H[SHULHQFHV�RI�OHDYLQJ�VFKRRO�HDUO\�VKDSHG�WKHLU�OLYHV��7KH�UHVHDUFK
SX]]OH� WKDW� JXLGHG� WKH� LQTXLU\� LV� TXLWH� GLIIHUHQW� IURP� D� UHVHDUFK� TXHVWLRQ� VXFK� DV
ZKDW�DUH�WKH�IDFWRUV�WKDW�LQIOXHQFH�D�SHUVRQ¶V�GHFLVLRQ�WR�OHDYH�VFKRRO��:H�XVH�WKLV
VWXG\�WR�LOOXVWUDWH�WKH�GHVLJQ�IHDWXUHV�RI�QDUUDWLYH�LQTXLU\�



���)RXU�.H\�7HUPV�WR�6WUXFWXUH�D�1DUUDWLYH�,QTXLU\
)RXU�NH\�WHUPV�HPHUJH�IURP�WKH�GHILQLWLRQ�RI�QDUUDWLYH�LQTXLU\�� OLYLQJ�VWRULHV�

WHOOLQJ� VWRULHV�� UHWHOOLQJ� VWRULHV�� DQG� UHOLYLQJ� VWRULHV�� 1DUUDWLYH� LQTXLUHUV
XQGHUVWDQG� WKDW� SHRSOH� OLYH� RXW� VWRULHV� DQG� WHOO� VWRULHV� RI� WKDW� OLYLQJ�� 1DUUDWLYH
LQTXLUHUV�FRPH�DORQJVLGH�SDUWLFLSDQWV�DQG�EHJLQ�WR�HQJDJH�LQ�QDUUDWLYH�LQTXLU\�LQWR
SDUWLFLSDQWV¶� OLYHG� DQG� WROG� VWRULHV�� 2I� QHFHVVLW\�� UHVHDUFKHUV� DOVR� HQJDJH� LQ
QDUUDWLYH� LQTXLU\� LQWR� WKHLU� RZQ� OLYHG� DQG� WROG� VWRULHV� DV� SDUW� RI� WKH� SURFHVV� RI
FRPLQJ� DORQJVLGH� UHVHDUFK� SDUWLFLSDQWV�� 7KLV� SURFHVV� RI� FRPLQJ� DORQJVLGH
SDUWLFLSDQWV� DQG� LQTXLULQJ� LQWR� OLYHG� DQG� WROG� VWRULHV� LV� FDOOHG� UHWHOOLQJ� VWRULHV�
%HFDXVH�ERWK�SDUWLFLSDQWV� DQG� UHVHDUFKHUV� DUH� FKDQJHG� LQ� WKLV� SURFHVV�RI� FRPLQJ
DORQJVLGH�HDFK�RWKHU�DV� WKH\� UHWHOO� WKHLU� OLYHG�DQG� WROG� VWRULHV�� WKH\�PD\�EHJLQ� WR
UHOLYH�WKHLU�VWRULHV��+HQFH��ZH�KDYH�WKH�IRXUWK�NH\�WHUP��UHOLYLQJ�VWRULHV�

��/LYLQJ�DQG�WHOOLQJ�VWRULHV�,Q�QDUUDWLYH�LQTXLU\��SHRSOH�DUH�VHHQ�WR�OLYH�RXW
VWRULHV�LQ�WKHLU�H[SHULHQFHV�DQG�WHOO�VWRULHV�RI�WKRVH�H[SHULHQFHV�WR�RWKHUV

��5HWHOOLQJ�VWRULHV�:KHQ�UHVHDUFKHUV�LQTXLUH�LQWR�VWRULHV��WKH\�PRYH�EH\RQG
UHJDUGLQJ�D�VWRU\�DV�D�IL[HG�HQWLW\�DQG�EHJLQ�WR�UHWHOO�VWRULHV

��5HOLYLQJ�VWRULHV�$V�UHVHDUFKHUV�FRPH�DORQJVLGH�UHVHDUFK�SDUWLFLSDQWV��ERWK
PD\�EHJLQ�WR�UHOLYH�WKHLU�VWRULHV

$V�QDUUDWLYH�LQTXLUHUV�UHWHOO�VWRULHV��WKDW�LV��LQTXLUH�LQWR�SDUWLFLSDQWV¶�DQG�WKHLU
RZQ�VWRULHV��WKH\�PRYH�EH\RQG�UHJDUGLQJ�VWRULHV�DV�IL[HG�HQWLWLHV�DQG�EHJLQ�WR�UHWHOO
SDUWLFLSDQWV¶�VWRULHV��+RZHYHU��LQ�QDUUDWLYH�LQTXLU\��WKLV�UHWHOOLQJ�LQFOXGHV�ERWK�WKH
SDUWLFLSDQWV¶�VWRULHV�DV�ZHOO�DV�WKH�VWRULHV�RI�WKH�LQTXLUHU�WKDW�DUH�FDOOHG�IRUWK�E\�WKH
H[SHULHQFH�RI�KHDULQJ�WKH�SDUWLFLSDQWV¶�VWRULHV��)RU�H[DPSOH��DV�&DLQH��&ODQGLQLQ�HW
DO���������DWWHQGHG�WR�WKH�H[SHULHQFH�RI�D�\RXWK�ZKR�FDPH�DV�D�UHIXJHH�WR�&DQDGD�
&DLQH¶V�H[SHULHQFHV�RI�FRPLQJ�DV�D�\RXQJ�ZRPDQ�WR�&DQDGD�ZHUH�FDOOHG�IRUZDUG�
+HU�VWRULHV�RI�FRPLQJ�WR�XQGHUVWDQG�HDFK�SHUVRQ¶V�VWRULHV�DV�VLWXDWHG�LQ�D�SDUWLFXODU
JHRJUDSK\�EHFDPH�SDUW�RI�WKH�QDUUDWLYH�LQTXLU\��$V�&ODQGLQLQ�DWWHQGHG�WR�WKH�VWRULHV
RI� RQH� SDUWLFLSDQW� ZLWK� ZKRP� VKH� ZRUNHG�� WKDW� SDUWLFLSDQW� EHJDQ� WR� PDNH� PRUH
YLVLEOH�WR�&ODQGLQLQ�KRZ�D�GHHS�UHOLJLRXV�IDLWK�VKDSHG�WKH�ZD\V�KH�OLYHG�KLV�RZQ
OLIH�

,Q� WKH� LQTXLU\� SURFHVV�� QDUUDWLYH� LQTXLUHUV�ZRUN�ZLWKLQ� WKH� WKUHH�GLPHQVLRQDO
LQTXLU\� VSDFH� RI� �D�� WHPSRUDOLW\� �PRYHPHQW� LQ� WLPH� DQG� H[SHULHQFH� RI� WLPH��� �E�
VRFLDOLW\��LQWHUDFWLRQ�RI�WKH�SHUVRQDO�DQG�VRFLDO���DQG��F��SODFH��SDUWLFXODU�VLWXDWLRQ
DQG�JHRJUDSKLFDO�ORFDWLRQ���,Q�WKLV�VSDFH�WKH\�³XQSDFN´�WKH�OLYHG�DQG�WROG�VWRULHV��,Q
UHWHOOLQJ�� WKDW� LV�� HQJDJLQJ� LQ� LQTXLULQJ�QDUUDWLYHO\� LQWR� WKH� OLYHG� DQG� WROG� VWRULHV�
LQTXLUHUV�DQG�SDUWLFLSDQWV�PD\�EHJLQ� WR�UHOLYH� WKH�UHWROG�VWRULHV��3XW�DQRWKHU�ZD\�
WKH\� UHVWRU\� WKHPVHOYHV� DQG� SHUKDSV� EHJLQ� WR� VKLIW� WKH� LQVWLWXWLRQDO�� VRFLDO�� DQG
FXOWXUDO� QDUUDWLYHV� LQ�ZKLFK� WKH\� DUH� HPEHGGHG��2XU� KXPDQ�ZRUOG� LV� FRQVWUXFWHG



DQG�FRQWLQXDOO\�UHFRQVWUXFWHG�WKURXJK�WKH�SURFHVVHV�RI�VWRU\�OLYLQJ�DQG�VWRU\WHOOLQJ�

���,QTXLU\�6WDUWLQJ�3RLQWV
7KHUH� DUH� WZR� VWDUWLQJ� SRLQWV� IRU� QDUUDWLYH� LQTXLU\�� 7KH� ILUVW� LV� DVNLQJ

SDUWLFLSDQWV� WR� WHOO� VWRULHV�RI� WKHLU�H[SHULHQFHV�� ,Q� WKH�VWXG\�ZLWK� WKH�HDUO\�VFKRRO
OHDYHUV� �&ODQGLQLQ� HW� DO��� ������� WKH� VWDUWLQJ� SRLQW� ZDV� WHOOLQJ� VWRULHV�� 7KH
UHVHDUFKHUV�DVNHG�\RXWK�WR�WHOO�VWRULHV�RI�WKHLU�H[SHULHQFHV�RI�VFKRROLQJ�DQG�OHDYLQJ
VFKRRO��7KH�VHFRQG�VWDUWLQJ�SRLQW�LV�FRPLQJ�DORQJVLGH�SDUWLFLSDQWV�DV�WKH\�OLYH�WKHLU
OLYHV�� )RU� H[DPSOH�� LQ� D� QDUUDWLYH� LQTXLU\�ZLWK� FKLOGUHQ�� WKHLU� IDPLOLHV�� DQG� WKHLU
WHDFKHUV� LQWR� WKHLU� H[SHULHQFHV� RI� VFKRROLQJ� LQ� D� WLPH� RI� LQFUHDVHG� DFKLHYHPHQW
WHVWLQJ�� -�� +XEHU�� 0XUSK\�� DQG� &ODQGLQLQ� ������� ZRUNHG� DORQJVLGH� FKLOGUHQ� DQG
WKHLU�WHDFKHUV�LQ�WKHLU�FODVVURRPV�

7KH�SURFHVVHV�RI�DWWHQGLQJ�WR�WKH�OLYLQJ��WHOOLQJ��UHWHOOLQJ��DQG�UHOLYLQJ�RI�VWRULHV
LV� QDUUDWLYH� LQTXLU\�� UHJDUGOHVV� RI� WKH� VWDUWLQJ� SRLQW�� ,Q� DOO� QDUUDWLYH� LQTXLULHV�
UHVHDUFKHUV�VLWXDWH�WKHPVHOYHV�LQ�PRUH�RU�OHVV�UHODWLRQDO�ZD\V�ZLWK�SDUWLFLSDQWV�WR
FRPH� WR� XQGHUVWDQG� WKH� SDUWLFLSDQWV¶� VWRULHV��:KLOH� LW�PLJKW� VHHP� WKDW� VWRULHV� DUH
ZDLWLQJ� WR� EH� WROG� DQG� JDWKHUHG� RU� FROOHFWHG� E\� UHVHDUFKHUV�� QDUUDWLYH� LQTXLUHUV
ZRUN� IURP� WKH� DVVXPSWLRQ� WKDW� VWRULHV�RI� H[SHULHQFH� DUH� DOZD\V�EHLQJ�PDGH�� DQG
WKDW� WKH� OLYLQJ� DQG� WHOOLQJ� RI� VWRULHV� LV� D� SURFHVV� RI� OLIH� FRPSRVLQJ� LQ� SDUWLFXODU
WLPHV�� SODFHV�� DQG� UHODWLRQVKLSV�� ,QGHHG�� UHODWLRQVKLSV� DUH� FHQWUDO� WR� WKH�ZRUN� RI
QDUUDWLYH�LQTXLUHUV��5DWKHU�WKDQ�WU\LQJ�WR�³EUDFNHW´�WKHPVHOYHV�DV�UHVHDUFKHUV�ZKR
OLYH� RXWVLGH� RI� DQ� LQTXLU\� �D� FRPPRQ� DSSURDFK� LQ� RWKHU� NLQGV� RI� UHVHDUFK��
QDUUDWLYH� LQTXLUHUV�EUDFNHW� WKHPVHOYHV�ZLWKLQ� WKH� LQTXLU\��7KDW� LV�� WKH\�XQGHUVWDQG
WKDW� WKH� VWRULHV� WKDW� DUH� OLYHG� DQG� WROG� ZLWKLQ� D� QDUUDWLYH� LQTXLU\� DUH� D� FR�
FRPSRVLWLRQ� WKDW� DWWHQGV� WR� ERWK� SDUWLFLSDQWV¶� DQG� UHVHDUFKHUV¶� OLYHG� DQG� WROG
VWRULHV�� 1RW� RQO\� LV� WKH� UHODWLRQDO� VSDFH� EHWZHHQ� UHVHDUFKHUV� DQG� SDUWLFLSDQWV
LQWHJUDO�WR�XQGHUVWDQGLQJ�WKH�FRPSRVLWLRQ�RI�ILHOG�WH[WV�DQG�UHVHDUFK�WH[WV��EXW�DOVR
UHODWLRQVKLSV� DUH� D� FHQWUDO� ZD\� RI� PDNLQJ� VHQVH� RI� WKH� WHPSRUDO� DQG� FRQWH[WXDO
DVSHFWV�RI�QDUUDWLYH�LQTXLU\�

���$WWHQGLQJ�WR�-XVWLILFDWLRQV�DW�WKH�,QTXLU\�2XWVHW�DQG
7KURXJKRXW�WKH�,QTXLU\

7KHUH�DUH�WKUHH�NLQGV�RI�MXVWLILFDWLRQV�WKDW�QDUUDWLYH�LQTXLUHUV�DWWHQG�WR�LQ�RUGHU
WR� EH� DEOH� WR� UHVSRQG� WR� WKH� TXHVWLRQV� RI� ³6R�ZKDW"´� DQG� ³:KR� FDUHV"´� WKDW� DOO
VRFLDO�VFLHQFH�UHVHDUFKHUV�PXVW�EH�DEOH�WR�DGGUHVV��5HVHDUFKHUV�FDQQRW�HQJDJH�LQ�D
QDUUDWLYH� LQTXLU\� ZLWKRXW� DGGUHVVLQJ� DOO� WKUHH� MXVWLILFDWLRQV� DW� WKH� RXWVHW� RI� WKH
LQTXLU\��WKURXJKRXW�WKH�LQTXLU\��DQG�DW�WKH�HQG�RI�WKH�LQTXLU\�

3HUVRQDO� MXVWLILFDWLRQV� DOORZ� UHVHDUFKHUV� WR� MXVWLI\� D� SDUWLFXODU� QDUUDWLYH
LQTXLU\� LQ� WKH� FRQWH[W�RI� WKHLU�RZQ� OLIH� H[SHULHQFHV� DQG�SHUVRQDO� LQTXLU\�SX]]OHV�
7KLV� LV� EHVW� DFKLHYHG� WKURXJK�D�NLQG�RI� DXWRELRJUDSKLFDO� QDUUDWLYH� LQTXLU\�E\� WKH
UHVHDUFKHU�� 7KHUH� DUH� WKUHH� UHDVRQV� IRU� WKLV� MXVWLILFDWLRQ��5HVHDUFKHUV� XQGHUVWDQG
ZKR� WKH\� VHH� WKHPVHOYHV� DV�EHLQJ�� DQG�EHFRPLQJ��ZLWKLQ� WKH� LQTXLU\�� UHVHDUFKHUV



DUH� PRUH� IXOO\� DZDNH� WR� WKH� VWRULHV� WKH\� DUH� OLYLQJ� DQG� WHOOLQJ� LQ� WKH� UHVHDUFK
UHODWLRQVKLS� DORQJVLGH� SDUWLFLSDQWV�� DQG� UHVHDUFKHUV� DUH� PRUH� IXOO\� DZDNH� WR� WKH
ZD\V� LQ�ZKLFK� WKH\�DWWHQG� WR� WKH�H[SHULHQFHV�RI�SDUWLFLSDQWV��)RU�H[DPSOH�� LQ� WKH
VWXG\�ZLWK�WKH�HDUO\�VFKRRO�OHDYHUV��&ODQGLQLQ�HW�DO����������&ODQGLQLQ�LQWHQWLRQDOO\
LQTXLUHG�LQWR�KHU�VWRULHV�RI�H[SHULHQFHV�DURXQG�HDUO\�VFKRRO�OHDYLQJ�WR�XQGHUVWDQG
KRZ�VKH�ZRUNHG�LQLWLDOO\�IURP�DQ�DVVXPSWLRQ�WKDW�VFKRRO�FRPSOHWLRQ�ZDV�VRPHWKLQJ
WR�EH�GHVLUHG�IRU�DOO�VWXGHQWV�

��3HUVRQDO�MXVWLILFDWLRQV�$�UHVHDUFKHU¶V�UHDVRQV�IRU�XQGHUWDNLQJ�D�SDUWLFXODU
QDUUDWLYH�LQTXLU\��WKDW�LV��ZK\�WKLV�LQTXLU\�PDWWHUV�WR�WKH�UHVHDUFKHU�DV�D
SHUVRQ

3UDFWLFDO� MXVWLILFDWLRQV� DOORZ� UHVHDUFKHUV� WR� MXVWLI\� DQ\� SDUWLFXODU� QDUUDWLYH
LQTXLU\� LQ� SUDFWLFDO� WHUPV�� WKDW� LV�� WR� DWWHQG� WR� WKH� LPSRUWDQFH� RI� FRQVLGHULQJ� WKH
SRVVLELOLW\� RI� VKLIWLQJ� RU� FKDQJLQJ� FXUUHQW� SUDFWLFHV�� ,Q� WKH� VWXG\� ZLWK� WKH� HDUO\
VFKRRO�OHDYHUV��WKH�SUDFWLFDO�MXVWLILFDWLRQ�ZDV�DURXQG�WKH�QHHG�IRU�SROLF\�PDNHUV�WR
DWWHQG� WR� WKH� OLYHV� RI� WKH� ��� WR� ��� SHUFHQW� RI� VWXGHQWV�ZKR�GR� QRW� FRPSOHWH� KLJK
VFKRRO�� $V� /HVVDUG� �&DLQH�� /HVVDUG�� 6WHHYHV�� 	� &ODQGLQLQ�� ������ LQ� WKH� HDUO\
VFKRRO�OHDYLQJ�VWXG\�VKRZHG��WKURXJK�GHVLJQLQJ�DQG�LPSOHPHQWLQJ�D�SDUWLFXODU�IRUP
RI�VXPPHU�VFKRRO�IRU�KLJK�VFKRRO�VWXGHQWV�RI�$ERULJLQDO�KHULWDJH��LW�LV�QHFHVVDU\�WR
LPDJLQH�QHZ�ZD\V�RI�HQJDJLQJ�VWXGHQWV�LQ�VFKRRO�WR�KHOS�WKHP�DFKLHYH�KLJK�VFKRRO
FRPSOHWLRQ�

��3UDFWLFDO�MXVWLILFDWLRQV�7KH�ZD\V�LQ�ZKLFK�WKH�UHVHDUFK�FDQ�PDNH�D
GLIIHUHQFH�WR�SUDFWLFH

6RFLDO� DQG�RU� WKHRUHWLFDO� MXVWLILFDWLRQV� DOORZ� UHVHDUFKHUV� WR� DWWHQG� WR
MXVWLI\LQJ� WKH� ZRUN� LQ� WHUPV� RI� QHZ� PHWKRGRORJLFDO� DQG� GLVFLSOLQDU\� RU
LQWHUGLVFLSOLQDU\�NQRZOHGJH��6RFLDO�DFWLRQ�DQG�SROLF\�MXVWLILFDWLRQV�FRPH�LQ�WHUPV
RI� VRFLDO� DFWLRQ��XVXDOO\� IRFXVHG�RQ� VRFLDO� MXVWLFH�FRQFHUQV�� ,Q� WKH� VWXG\�ZLWK� WKH
HDUO\� VFKRRO� OHDYHUV�� &ODQGLQLQ� DQG� FROOHDJXHV� ������� GHYHORSHG� D
FRQFHSWXDOL]DWLRQ�RI�WUDQVLWLRQ��QRW�FHQWHUHG�RQ�WKH�HYHQW�RI�WUDQVLWLRQ�RXW�RI�VFKRRO
EXW�DGRSWLQJ�D�YLHZ�RI�\RXWK�DV� OLYLQJ�LQ�DQG�WKURXJK�WUDQVLWLRQV�DV� WKH\�FRPSRVH
WKHLU�OLYHV�

��6RFLDO�7KHRUHWLFDO�MXVWLILFDWLRQV�7KH�FRQWULEXWLRQ�WKH�UHVHDUFK�FDQ�PDNH�WR
WKHRUHWLFDO�XQGHUVWDQGLQJV�RU�WR�PDNLQJ�VLWXDWLRQV�PRUH�VRFLDOO\�MXVW

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

���5HVHDUFK�3X]]OHV�5DWKHU�7KDQ�5HVHDUFK�4XHVWLRQV
)UDPLQJ� RU� FRPSRVLQJ� D� UHVHDUFK� SX]]OH� LV� SDUW� RI� WKH� GHVLJQ� SURFHVV� LQ� D

QDUUDWLYH� LQTXLU\��(DFK�QDUUDWLYH� LQTXLU\� LV�FRPSRVHG�DURXQG�D�SDUWLFXODU�ZRQGHU



DQG��UDWKHU�WKDQ�IUDPLQJ�D�UHVHDUFK�TXHVWLRQ�ZLWK�D�SUHFLVH�GHILQLWLRQ�RU�H[SHFWDWLRQ
RI�DQ�DQVZHU��QDUUDWLYH�LQTXLUHUV�IUDPH�D�UHVHDUFK�SX]]OH�WKDW�FDUULHV�ZLWK�LW�D�VHQVH
RI� D� ³UH�VHDUFK´� ²D� VHDUFKLQJ� DJDLQ²WKDW� VXJJHVWV� ³D� VHQVH� RI� FRQWLQXDO
UHIRUPXODWLRQ´��&ODQGLQLQ�	�&RQQHOO\��������S��������)RU�DQ�H[DPSOH�RI�D�UHVHDUFK
SX]]OH�� VHH� WKH� VWXG\� RI� WKH� H[SHULHQFHV� RI� HDUO\� VFKRRO� OHDYHUV�� 7KLV� VKLIW� IURP
UHVHDUFK�TXHVWLRQ�WR�UHVHDUFK�SX]]OH�RSHQV�XS�WKH�SRVVLELOLWLHV�RI�FKDQJH�RYHU�WLPH
LQ�WKH�LQTXLU\�DV�UHVHDUFKHUV�DQG�SDUWLFLSDQWV�OLYH�RXW�WKH�LQTXLU\��7KLV�VKLIW

��5HVHDUFK�SX]]OH�:KDW�JXLGHV�WKH�VWXG\�E\�SRLQWLQJ�WRZDUG�WKH�H[SHULHQFHV
RI�SDUWLFLSDQWV�WKDW�D�UHVHDUFKHU�ZDQWV�WR�XQGHUVWDQG�PRUH�GHHSO\

FUHDWHV� UHYHUEHUDWLRQV� DV� LW� EXPSV� DJDLQVW� GRPLQDQW� UHVHDUFK� QDUUDWLYHV�� 7KH
VKLIW� IURP� TXHVWLRQ� WR� SX]]OH� LV� RQH� WKDW� DOORZV� QDUUDWLYH� LQTXLUHUV� WR� PDNH
H[SOLFLW� WKDW�QDUUDWLYH� LQTXLU\� LV�GLIIHUHQW�IURP�RWKHU�PHWKRGRORJLHV��:H�EHJLQ
LQ�WKH�PLGVW��DQG�HQG�LQ�WKH�PLGVW�RI�H[SHULHQFH���&ODQGLQLQ������D��S�����

,Q�WKH�QDUUDWLYH�LQTXLU\�LQWR�WKH�H[SHULHQFHV�RI�WKH�\RXWK�ZKR�OHIW�VFKRRO�HDUO\�
UHVHDUFKHUV�ZHUH�DWWHQWLYH�WR�WKH�ZD\V�\RXWKV¶�OLYHV�VKLIWHG�DV�WKH\�HQJDJHG�LQ�WKH
QDUUDWLYH� LQTXLU\��)RU� H[DPSOH�� WKH\�PRYHG� UHVLGHQFHV�� WKH\� IRXQG�RWKHU�ZD\V� WR
OLYH� RXW� OLIH� GUHDPV�� DQG� WKH\� EHFDPH� SDUHQWV�� 6XEVHTXHQWO\�� WKH� UHVHDUFKHUV
DZDNHQHG�WR�WKH�LPSRUWDQFH�RI�GHVLJQLQJ�DQRWKHU�VWXG\�RI�VWXGHQWV�ZKR�ZHUH�VWLOO�LQ
MXQLRU�KLJK�VFKRRO�DV� WKH\�OHDUQHG�IURP�WKH�\RXWK�ZKR�OHIW� WKDW�� IRU�PDQ\�RI� WKHP�
MXQLRU� KLJK� VFKRRO� ZDV� WKHLU� ODVW� H[SHULHQFH� RI� EHLQJ� HQJDJHG� LQ� VFKRROLQJ� LQ
HGXFDWLYH�ZD\V��7KH�UHVHDUFKHUV�DOVR�UHDOL]HG�WKDW�WKH\�KDG�OHIW�WKH�SDUWLFLSDQWV�LQ
WKH�PLGVW�RI�WKHLU�OLYHV��7KH\�SURSRVHG�WR�XQGHUWDNH�D�IXUWKHU�LQTXLU\�WR�VHH�KRZ�WKH
SDUWLFLSDQWV¶� H[SHULHQFHV� RI� HDUO\� VFKRRO� OHDYLQJ� DQG� H[SHULHQFHV� RI� EHFRPLQJ
SDUHQWV�PD\�KDYH�VKLIWHG�WKH�VWRULHV�WKH\�OLYH�DQG�WHOO�LQ�UHODWLRQ�WR�VFKRROLQJ�

���(QWHULQJ�,QWR�WKH�0LGVW
1DUUDWLYH�LQTXLUHUV�HQWHU�LQWR�UHVHDUFK�UHODWLRQVKLSV�ZLWK�UHVHDUFK�SDUWLFLSDQWV

LQ�WKH�PLGVW�RI�WKHLU�RZQ�RQJRLQJ�SHUVRQDO�DQG�SURIHVVLRQDO�OLYHV²LQ�WKH�PLGVW�RI
OLYHV� HQDFWHG� ZLWKLQ� SDUWLFXODU� LQVWLWXWLRQDO� QDUUDWLYHV� VXFK� DV� IXQGHG� SURMHFWV�
JUDGXDWH� VWXGHQW� UHVHDUFK�� DQG�RWKHU� RUJDQL]DWLRQDO� QDUUDWLYHV� DQG� LQ� WKH�PLGVW� RI
VRFLDO�� SROLWLFDO�� OLQJXLVWLF�� FXOWXUDO�� DQG� IDPLOLDO�QDUUDWLYHV��3DUWLFLSDQWV� DUH� DOVR
DOZD\V�LQ�WKH�PLGVW�RI�WKHLU� OLYHV��6R�WRR�DUH�WKH�SODFHV�RU�VLWHV�RI�LQTXLU\�ZKHUH
UHVHDUFKHUV�OLYH�DORQJVLGH�DQG�RU�PHHW�ZLWK�SDUWLFLSDQWV��:KHQ�OLYHV�FRPH�WRJHWKHU
LQ� DQ� LQTXLU\� UHODWLRQVKLS�� WKH\� ILQG� WKHPVHOYHV� LQ� WKH� PLGVW� RI� PDQ\� PLGVWV�� ,Q
VKRUW��EHLQJ�LQ�WKH�PLGVW�PHDQV�DWWHQGLQJ�WR�WKH�WHPSRUDO�PLGVW�RI�WKH�SDVW��SUHVHQW�
DQG� IXWXUH�� WR� WKH� SODFH�PLGVW� DV� SDUWLFLSDQWV�PRYH� WR� QHZ� ORFDWLRQV�� DQG� WR� WKH
UHODWLRQDO� PLGVW� DV� WKH� SDUWLFLSDQWV� HQWHU� LQWR� QHZ� UHODWLRQVKLSV�� VXVWDLQ� ROG
UHODWLRQVKLSV��DQG�HQJDJH�LQ�GLIIHUHQW�ZRUN�DQG�VRFLDO�VLWXDWLRQV�

��%HLQJ�LQ�WKH�PLGVW�$WWHQGLQJ�WR�WHPSRUDO��SODFH��DQG�UHODWLRQDO�DVSHFWV�RI



UHDOLW\

8QGHUVWDQGLQJ�WKDW�UHVHDUFKHUV�DQG�SDUWLFLSDQWV�DUH�PHHWLQJ�LQ�WKH�PLGVW�RI�WKHLU
OLYHV� UHYHUEHUDWHV� WKURXJKRXW� WKH� GHVLJQLQJ�� OLYLQJ� RXW�� DQG� UHSUHVHQWLQJ� WKH
QDUUDWLYH� LQTXLU\� ILQGLQJV�� 7KHUH� DUH� UHYHUEHUDWLRQV� IRU� KRZ� ZH� WKLQN� RI� �D�
QHJRWLDWLQJ� HQWU\�� IRU� H[DPSOH�� WKH� WLPHV� DQG� QXPEHU� RI� WLPHV� RI� PHHWLQJ�� �E�
QHJRWLDWLQJ� RU� FR�FRPSRVLQJ� OLYLQJ� DORQJVLGH� RU� VSDFHV� IRU� WHOOLQJ� VWRULHV�� IRU
H[DPSOH�� SODFHV� RI� PHHWLQJ� DQG� WKH� SUHVHQFH� RI� IULHQGV�� VLEOLQJV�� RU� IDPLO\
PHPEHUV� GXULQJ� FRQYHUVDWLRQV�� �F�� QHJRWLDWLQJ� NLQGV� RI� ILHOG� WH[WV�� IRU� H[DPSOH�
ZKHWKHU� SKRWRJUDSKV� RU� VFKRRO�OLIH� DUWLIDFWV� DUH� VKDUHG�� �G�� QHJRWLDWLQJ� RU� FR�
FRPSRVLQJ� UHVHDUFK� WH[WV�� IRU� H[DPSOH�� ZKHWKHU� VRPH� VWRULHV� DUH� LQFOXGHG� DQG
ZKHWKHU�SVHXGRQ\PV� DUH� XVHG�� �H�� DQG� HYHQWXDOO\� QHJRWLDWLQJ� H[LW�� IRU� H[DPSOH�
ZKHWKHU�WKHUH�ZLOO�EH�IXUWKHU�PHHWLQJV�DIWHU�WKH�UHVHDUFK�LV�FRPSOHWHG��:KDW�LV�DOVR
LPSRUWDQW�WR�UHFRJQL]H��DV�SDUW�RI�WKLV�GHVLJQ�IHDWXUH��LV�WKDW�HYHU\RQH�SDUWLFLSDWLQJ
LQ�WKH�UHVHDUFK�VWXG\�PXVW�FRQWLQXDOO\�KROG�EHIRUH�WKHP�WKH�LGHD�WKDW�WKHLU�OLYHV�DUH
DOZD\V�RQ�WKH�ZD\��LQ�WKH�PDNLQJ�

��3VHXGRQ\PV�1HZ�QDPHV�UHVHDUFKHUV�FRQVWUXFW�WR�KLGH�WKH�LGHQWLW\�RI
LQGLYLGXDO�UHVHDUFK�SDUWLFLSDQWV

���)URP�)LHOG�WR�)LHOG�7H[WV
7KH� ILHOG� LQ� D� QDUUDWLYH� LQTXLU\� FDQ� EH� WKH� RQJRLQJ� FRQYHUVDWLRQV� ZLWK

SDUWLFLSDQWV�LQ�ZKLFK�SDUWLFLSDQWV�WHOO�VWRULHV�RU�WKH�OLYLQJ�DORQJVLGH�SDUWLFLSDQWV�LQ
D�SDUWLFXODU�SODFH�RU�SODFHV��%HLQJ�LQ� WKH�ILHOG� LQYROYHV�VHWWOLQJ�LQWR�WKH�WHPSRUDO
XQIROGLQJ� RI� OLYHV� LQ� SODFH� RU� SODFHV�� ,Q� QDUUDWLYH� LQTXLU\�� ZH� QHJRWLDWH� DQG
FRPSRVH�DQG�RU�FRQVWUXFW�ZLWK�SDUWLFLSDQWV�³DQ�RQJRLQJ� UHODWLRQDO� LQTXLU\� VSDFH´
�&ODQGLQLQ�	�&DLQH�� ������� WKDW� LV�� D� UHODWLRQDO� VSDFH� WKDW�ZH� FDOO� WKH� ILHOG�� )RU
H[DPSOH�� LQ� WKH� QDUUDWLYH� LQTXLU\�ZLWK� WKH� HDUO\� VFKRRO� OHDYHUV�� WKH� ILHOG�� IRU� WKH
PRVW� SDUW�� ZDV� WKH� RQJRLQJ� VSDFH� IRU� FRQYHUVDWLRQV�� +RZHYHU�� IRU� VRPH
SDUWLFLSDQWV�ZKR�ZDQWHG�WR�WDNH�UHVHDUFKHUV�WR�PHHW�ZLWK�IDPLO\�PHPEHUV��WR�YLVLW
WKHLU�IRUPHU�MXQLRU�KLJK�VFKRRO��RU�WR�YLVLW�RWKHU�SODFHV�RI�LPSRUWDQFH�WR�WKHP��WKH
ILHOG�EHFDPH�PRUH�WKDQ�WKH�FRQYHUVDWLRQDO�VSDFHV��,Q�QDUUDWLYH�LQTXLU\��UHVHDUFKHUV
PXVW�IROORZ�ZKHUH�SDUWLFLSDQWV�ZDQW�WR�WDNH�WKHP�DV�WKH\�ZRUN�WRJHWKHU�WR�LQTXLUH
LQWR�WKH�SDUWLFLSDQWV¶�H[SHULHQFHV�

��)LHOG�7KH�LQTXLU\�VSDFH�FUHDWHG�EHWZHHQ�UHVHDUFKHUV�DQG�SDUWLFLSDQWV�GXULQJ
FRQGXFW�RI�WKH�UHVHDUFK

7KHUH�DUH�PDQ\�ZD\V�WR�JDWKHU��FRPSRVH��DQG�FUHDWH�ILHOG�WH[WV�DV�ZH�HQWHU�WKH
ILHOG� ZLWK� SDUWLFLSDQWV�� )LHOG� WH[WV� FDQ� EH� ILHOG� QRWHV� RI� DFWLYLWLHV� DQG� HYHQWV�
WUDQVFULSWV� RI� FRQYHUVDWLRQV� RU� LQWHUYLHZV�� DUWLIDFWV� VXFK� DV� PHPRU\� ER[� RU
NHHSVDNH� LWHPV�� SKRWRJUDSKV�� ZRUN� VDPSOHV�� GRFXPHQWV�� SODQV�� SROLFLHV�� DQQDOV�
DQG�FKURQLFOHV��&ODQGLQLQ�	�&RQQHOO\���������&RQQHOO\�DQG�&ODQGLQLQ�EHJDQ�WR�XVH



WKH�WHUP�ILHOG�WH[WV�PDQ\�\HDUV�DJR�UDWKHU�WKDQ�WKH�WHUP�GDWD�LQ�RUGHU�WR�VLJQDO�WKDW
WH[WV� FRPSRVHG� LQ� QDUUDWLYH� LQTXLU\� DUH� H[SHULHQWLDO�� LQWHUVXEMHFWLYH� WH[WV� UDWKHU
WKDQ�REMHFWLYH� WH[WV��)LHOG� WH[WV�DUH�FRPSRVHG�DQG�RU�FR�FRPSRVHG�E\� UHVHDUFKHU
DQG� SDUWLFLSDQWV�� DQG� WKH\� UHIOHFW� ZKDW� WKH� UHODWLRQVKLS� EHWZHHQ� UHVHDUFKHU� DQG
SDUWLFLSDQWV�DOORZV�

��)LHOG�WH[WV�7KH�WHUP�QDUUDWLYH�LQTXLUHUV�XVH�IRU�GDWD

$V�QDUUDWLYH� LQTXLUHUV� QHJRWLDWH� UHODWLRQDO� VSDFHV�ZLWK�SDUWLFLSDQWV�� LQFOXGLQJ
SODFHV�DQG�WLPHV�WR�PHHW��UHVHDUFKHUV�DQG�SDUWLFLSDQWV�DOVR�QHJRWLDWH�DQG�SURGXFH�D
GLYHUVLW\�RI�ILHOG�WH[WV��,W�LV�LPSRUWDQW�WR�VWD\�DZDNH�WR�WKH�SRVVLELOLW\�RI�ZKDW�FRXOG
EH� ILHOG� WH[WV� EHFDXVH� WKH\�ZLOO� HQDEOH� \RX�� DV� WKH� UHVHDUFKHU�� WR� VHH�KRZ�RWKHUV
PDNH� PHDQLQJ� IURP� WKHLU� H[SHULHQFH� DQG� KHOS� \RX� WR� VHH� SRVVLELOLWLHV� IRU� ILQDO
UHVHDUFK�WH[WV��WKDW�LV��ZD\V�\RX�FDQ�UHSUHVHQW�WKH�UHWROG�VWRULHV��)RU�H[DPSOH��LQ�WKH
HDUO\�VFKRRO� OHDYHUV¶�VWXG\��VRPH�SDUWLFLSDQWV�ZHUH�JLIWHG�DUWLVWV�DQG�VKDUHG� WKHLU
GUDZLQJV�ZLWK�WKH�UHVHDUFKHUV��:KHQ�WKH\�VKDUHG�WKH�GUDZLQJV�ZLWK�WKH�UHVHDUFKHUV
DQG�WKHQ�H[SODLQHG�WKH�WLPHV�ZKHQ��WKH�SODFHV�ZKHUH��DQG�WKH�SXUSRVHV�WKH\�KDG�IRU
PDNLQJ� WKH� GUDZLQJV�� WKH� GUDZLQJV� EHFDPH� ILHOG� WH[WV�� $V� WKH� UHVHDUFKHUV
FRPSRVHG�QDUUDWLYH�DFFRXQWV�ZLWK�HDFK�SDUWLFLSDQW��VRPHWLPHV�WKH�GUDZLQJV�ZHUH
LQFOXGHG�LQ�WKH�ILQDO�UHVHDUFK�WH[WV�

���)URP�)LHOG�7H[WV�WR�,QWHULP�DQG�)LQDO�5HVHDUFK�7H[WV
)LHOG�WH[WV�DUH�DOZD\V�HPEHGGHG�ZLWKLQ�UHVHDUFK�UHODWLRQVKLSV��:RUNLQJ�DORQH

RU� ZLWKLQ� WKH� UHODWLRQDO� WKUHH�GLPHQVLRQDO� QDUUDWLYH� LQTXLU\� VSDFH�� UHVHDUFKHUV
VKDSH�ILHOG� WH[WV� ILUVW� LQWR� LQWHULP�UHVHDUFK� WH[WV�DQG� WKHQ� LQWR� ILQDO� UHVHDUFK� WH[WV
�WKH�QDUUDWLYH�ZD\�RI�WKLQNLQJ�RI�GDWD�DQDO\VLV�DQG�LQWHUSUHWDWLRQ���7KLV�PRYH�IURP
ILHOG�WH[WV�WR�UHVHDUFK�WH[WV�LV�DOZD\V�PDUNHG�E\�WHQVLRQV�DQG�XQFHUWDLQWLHV�

$OWKRXJK� LQWHUSUHWDWLRQ� LV� DOZD\V� XQGHUZD\� DV� WKH� LQTXLU\� LV� OLYHG� RXW� ZLWK
SDUWLFLSDQWV� LQ� WKH� ILHOG�� DW� VRPH� SRLQW� WKHUH� LV� D�PRYH� DZD\� IURP� WKH� FORVH
LQWHQVLYH�FRQWDFW�ZLWK�SDUWLFLSDQWV�WR�EHJLQ�ZRUN�ZLWK�WKH�ILHOG�WH[WV��*LYHQ�WKH
TXDQWLW\�RI�ILHOG� WH[WV�� LQFOXGLQJ�WUDQVFULSWV��DUWLIDFWV��GRFXPHQWV��SKRWRJUDSKV�
DQG�ILHOG�QRWHV��DOO�FRPSRVHG�ZLWK�DWWHQWLRQ�WR�WHPSRUDOLW\��VRFLDOLW\��DQG�SODFH�
WKH�WDVN�LV�RIWHQ�GDXQWLQJ���&ODQGLQLQ������D��S�����

,Q�&ODQGLQLQ� �����D�� WKHUH� LV� D�GHWDLOHG�GHVFULSWLRQ�RI�KRZ�&ODQGLQLQ�PRYHG
IURP�ILHOG�WH[WV�WR�UHVHDUFK�WH[WV�ZLWK�RQH�SDUWLFLSDQW��7KHVH�DUH�SURFHVVHV�WKDW�DUH
RIWHQ�FDOOHG�DQDO\VHV�DQG�LQWHUSUHWDWLRQV��7KH�SURFHVV�RI�PRYLQJ�IURP�ILHOG�WH[WV�WR
LQWHULP�DQG�ILQDO�UHVHDUFK�WH[WV�IRFXVHG�RQ�LGHQWLI\LQJ�QDUUDWLYH�WKUHDGV�WKDW�ZRYH
WKURXJK� WKH� SDUWLFLSDQW¶V� OLIH� DQG� WKDW� VKDSHG� KRZ� KH� H[SHULHQFHG� KLV� OHDYLQJ� RI
VFKRRO�HDUO\�

$V�QDUUDWLYH�LQTXLUHUV�ZRUN�WR�LQTXLUH�LQWR�WKH�ILHOG�WH[WV��WKH\�FRQWLQXH�WR�WKLQN
QDUUDWLYHO\�� WKDW� LV�� WR� LQTXLUH� LQWR� WKH� WH[WV� ZLWK� DWWHQWLYHQHVV� WR� WKH� WKUHH�
GLPHQVLRQDO�QDUUDWLYH�LQTXLU\�VSDFH²WR�WHPSRUDOLW\��VRFLDOLW\��DQG�SODFH��0RYLQJ



IURP�ILHOG� WH[WV� WR� LQWHULP�DQG�ILQDO� UHVHDUFK� WH[WV� LV�QRW�D�VWUDLJKWIRUZDUG�� OLQHDU
SURFHVV�� 5DWKHU� LW� LV� PDUNHG� E\� UHIOH[LYLW\� DV� UHVHDUFKHUV� FRQWLQXH� WR� OLYH� LQ
UHODWLRQDO�ZD\V�ZLWK�SDUWLFLSDQWV�DQG�DV�WKH\�QHJRWLDWH�DQG�FR�FRPSRVH�LQWHULP�DQG
ILQDO�UHVHDUFK�WH[WV�ZLWK�WKHP�

$V�SDUW�RI�FRPSRVLQJ�LQWHULP�UHVHDUFK�WH[WV��UHVHDUFKHUV²RU�UHVHDUFKHUV�DQG
SDUWLFLSDQWV� WRJHWKHU²PD\�ZULWH�QDUUDWLYH�DFFRXQWV�RI� WKH� UHWROG�H[SHULHQFH�DV� LW
UHODWHV� WR� WKH� UHVHDUFK� SX]]OH��:KHQ� UHVHDUFKHUV�PRYH� IURP� WKH� LQWHULP� UHVHDUFK
WH[WV� WR� ILQDO� UHVHDUFK� WH[WV�� ERWK� UHVHDUFKHUV� DQG� SDUWLFLSDQWV� EHFRPH� DFXWHO\
DZDUH� WKDW� WH[WV� ZLOO� EH� YLVLEOH� WR� SXEOLF� DXGLHQFHV�� $W� WKLV� SRLQW�� QDUUDWLYH
LQTXLUHUV� EHFRPH� DZDUH� RI� WKH� UHODWLRQDO� HWKLFV� WKDW� JXLGH� QDUUDWLYH� LQTXLULHV�
UHPLQGLQJ�WKHPVHOYHV�WKDW�WKHLU�ILUVW�HWKLFDO�UHVSRQVLELOLW\�LV�WR�SDUWLFLSDQWV��$V�WKH\
FRPSRVH� ILQDO� UHVHDUFK� WH[WV�� WKH\� UHWXUQ� WR� WKH� SHUVRQDO�� SUDFWLFDO�� DQG
VRFLDO�WKHRUHWLFDO�MXVWLILFDWLRQV�RI�WKH�LQTXLU\��UHPLQGLQJ�WKHPVHOYHV�ZK\�WKH\�KDYH
XQGHUWDNHQ�WKH�LQTXLU\�DQG�DWWHQGLQJ�FORVHO\�WR�KRZ�WKH\�DUH�UHVSRQGLQJ�WR�WKH�³6R
ZKDW"´�DQG�³:KR�FDUHV"´�TXHVWLRQV�

��,QWHULP�UHVHDUFK�WH[WV�7KH�HYROYLQJ�UHVHDUFK�UHSRUWV�RU�WH[WV�WKDW�DUH
FRQWLQXDOO\�ZULWWHQ�DQG�UHYLVHG�GXULQJ�WKH�UHVHDUFK�SURMHFW�DV�UHVHDUFKHUV
PRYH�IURP�ILHOG�WH[WV�WR�ILQDO�UHVHDUFK�WH[WV

)LQDO�UHVHDUFK�WH[WV�LQFOXGH�DFDGHPLF�SXEOLFDWLRQV�VXFK�DV�ERRNV�DQG�DUWLFOHV�
GLVVHUWDWLRQV�� WKHVHV�� DQG�SUHVHQWDWLRQV� IRU�DFDGHPLF�DQG�QRQDFDGHPLF�DXGLHQFHV�
$OO� UHVHDUFK� WH[WV� QHHG� WR� UHIOHFW� WHPSRUDOLW\�� VRFLDOLW\�� DQG� SODFH�� $V� QDUUDWLYH
LQTXLUHUV�DWWHQG�VLPXOWDQHRXVO\� WR�DOO� WKUHH�GLPHQVLRQV�� WKH\�XQGHUVWDQG� LQ�GHHSHU
DQG�PRUH�FRPSOH[�ZD\V�WKH�H[SHULHQFHV�UHOHYDQW�WR�WKHLU�UHVHDUFK�SX]]OHV��$V�WKH\
PDNH� YLVLEOH� QDUUDWLYH� WKLQNLQJ� WKURXJK� WKH� WKUHH�GLPHQVLRQDO� QDUUDWLYH� LQTXLU\
VSDFH�� WKH\�PDNH� WKH� FRPSOH[LW\� RI� VWRULHG� OLYHV� YLVLEOH�� %\� QRW� VPRRWKLQJ� RYHU
FRPSOH[LW\�RU�ZULWLQJ�VWRULHV�ZLWK�D�GLVWLQFW�EHJLQQLQJ��PLGGOH��DQG�HQG��WKH\�DOORZ
SHRSOH¶V�H[SHULHQFHV�WR�RSHQ�XS�WKH�SRVVLELOLWLHV�RI�LPDJLQLQJ�RWKHUZLVH��WR�VHHLQJ
VRPHWKLQJ�WKDW�ZDV�XQVHHQ�EHIRUH��³)LQDO�UHVHDUFK�WH[WV�GR�QRW�KDYH�ILQDO�DQVZHUV�
EHFDXVH�QDUUDWLYH�LQTXLUHUV�GR�QRW�FRPH�ZLWK�TXHVWLRQV��7KHVH�WH[WV�DUH�LQWHQGHG�WR
HQJDJH� DXGLHQFHV� WR� UHWKLQN� DQG� UHLPDJLQH� WKH� ZD\V� LQ� ZKLFK� WKH\� SUDFWLFH� DQG
HQJDJH�ZLWK�RWKHUV´��&ODQGLQLQ������D��S������

��)LQDO�UHVHDUFK�WH[WV�)LQDO�UHSUHVHQWDWLRQV�RI�D�QDUUDWLYH�LQTXLU\��VXFK�DV
ERRNV�DQG�DUWLFOHV��GLVVHUWDWLRQV��WKHVHV��DQG�SUHVHQWDWLRQV�IRU�DFDGHPLF�DQG
QRQDFDGHPLF�DXGLHQFHV��WKDW�DUH�PDGH�SXEOLF�IRU�D�ZLGHU�DXGLHQFH

&RPSRVLQJ�/LYHV�LQ�7UDQVLWLRQ��&ODQGLQLQ�HW�DO���������LV�D�ILQDO�UHVHDUFK�WH[W
RI� WKH�QDUUDWLYH� LQTXLU\�ZLWK� WKH�\RXWK�ZKR�OHIW�VFKRRO�HDUO\�� ,Q� WKH�ILQDO� UHVHDUFK
WH[W��WKHUH�LV�D�GHVFULSWLRQ�RI�WKH�UHVHDUFK�SXUSRVHV��WKH�PHWKRGRORJ\��WKH�PHWKRGV�
DQG�D�VHULHV�RI����QDUUDWLYH�DFFRXQWV��WKH�LQWHULP�UHVHDUFK�WH[WV�WKDW�ZHUH�QHJRWLDWHG
ZLWK� HDFK� SDUWLFLSDQW� DQG� UHVHDUFKHU�� 7KHUH� DUH� DOVR� FKDSWHUV� WKDW� SURYLGH� QHZ
WKHRULHV� RI� QDUUDWLYH� FRQFHSWLRQV� RI� LGHQWLW\� DQG� RI� WUDQVLWLRQ� WKDW� HPHUJHG� IURP



ORRNLQJ� DFURVV� WKH� H[SHULHQFHV� RI� WKH� SDUWLFLSDQWV�� 7KH� UHVHDUFKHUV� DOVR� SURYLGH
H[DPSOHV�RI�KRZ�WKH�UHVHDUFK�LPSDFWHG�WKHP�ERWK�SUDFWLFDOO\�DQG�SHUVRQDOO\�

���5HODWLRQDO�(WKLFV�DW�WKH�+HDUW�RI�1DUUDWLYH�,QTXLU\²5HODWLRQDO
5HVSRQVLELOLWLHV

$V�&ODQGLQLQ�DQG�&RQQHOO\��������QRWHG��HWKLFDO�PDWWHUV�QHHG�WR�EH�DWWHQGHG�WR
RYHU�WKH�HQWLUH�QDUUDWLYH�LQTXLU\�SURFHVV��(WKLFDO�PDWWHUV�DUH�QRW�GHDOW�ZLWK�RQFH�DW
WKH�RXWVHW�RI�D�VWXG\��DV�IUHTXHQWO\�LV�VHHQ�WR�KDSSHQ�ZKHQ�HWKLFDO�UHYLHZ�IRUPV�DUH
FRPSOHWHG� DQG� VXEPLWWHG� WR� ,QVWLWXWLRQDO� 5HYLHZ� %RDUGV� IRU� DSSURYDO�� ³(WKLFDO
PDWWHUV�VKLIW�DQG�FKDQJH�DV�ZH�PRYH�WKURXJK�DQ�LQTXLU\��7KH\�DUH�QHYHU�IDU�IURP�WKH
KHDUW�RI�RXU�LQTXLULHV�QR�PDWWHU�ZKHUH�ZH�DUH�LQ�WKH�LQTXLU\�SURFHVV´��&ODQGLQLQ�	
&RQQHOO\��������S��������:KDW�ZH�WHUP�UHODWLRQDO�HWKLFV��WKDW�LV��WKH�HWKLFV�RI�OLYLQJ
LQ�UHODWLRQDO�ZD\V�ZLWK�SDUWLFLSDQWV��QHHG�WR�EH�FRQWLQXDOO\�DW�WKH�KHDUW�RI�QDUUDWLYH
LQTXLULHV��-��+XEHU�	�&ODQGLQLQ���������5HODWLRQDO�HWKLFV�DUH�IRXQGHG�LQ�DQ�HWKLF�RI
FDUH�

��5HODWLRQDO�HWKLFV�&DULQJ�IRU�DQG�DWWHQGLQJ�WR�SDUWLFLSDQWV¶�H[SHULHQFHV�LQ
UHVSRQVLEOH�DQG�UHVSRQVLYH�ZD\V

1DUUDWLYH�LQTXLUHUV�FRPSO\�ZLWK�WKH�OHJDO�DQG�SURFHGXUDO�DVSHFWV�RI�HWKLFV�KHOG
E\� ,QVWLWXWLRQDO� 5HVHDUFK� %RDUGV�� +RZHYHU�� ³WKH� UHTXLUHPHQW� WR� REWDLQ� HWKLFDO
DSSURYDO� RI� RXU� UHVHDUFK� SURSRVDOV� SULRU� WR� EHJLQQLQJ� WR� QHJRWLDWH� RXU� LQTXLULHV
ZRUNV�DJDLQVW�WKH�UHODWLRQDO�QHJRWLDWLRQ�WKDW�LV�SDUW�RI�QDUUDWLYH�LQTXLU\´��&ODQGLQLQ
	�&RQQHOO\��������S��������,VVXHV� WKDW�QDUUDWLYH�LQTXLUHUV�IDFH�ZLWK�HWKLFV�ERDUGV
DUH� DURXQG� WKH� WLPLQJ� RI� REWDLQLQJ� HWKLFDO� DSSURYDO�� ZKDW� LW� PHDQV� WR� REWDLQ
LQIRUPHG�FRQVHQW�LQ�LQVWLWXWLRQDO�VHWWLQJV��DQG�ZKR�UHVHDUFKHUV�DUH�LQ�UHODWLRQ�ZLWK
WKRVH�LQ�WKH�UHVHDUFK��7KLQNLQJ�DERXW�ZKR�QDUUDWLYH�LQTXLUHUV�DUH�KHOSV�WKHP�WKLQN
LQ�UHODWLRQDO�ZD\V�DERXW�LVVXHV�RI�LQIRUPHG�FRQVHQW��SDUWLFXODUO\�DERXW�ZLWK�ZKRP
WKH\�QHHG�WR�HQJDJH�LQ�FRQYHUVDWLRQV�DERXW�JDLQLQJ�FRQVHQW�

:RUNLQJ� ZLWKLQ� ³ILGHOLW\� WR� UHODWLRQVKLSV´� �1RGGLQJV�� ������� WKH� HWKLFDO
FRQVLGHUDWLRQV�LQ�QDUUDWLYH�LQTXLULHV�DUH�UHVSRQVLELOLWLHV�QHJRWLDWHG�E\�SDUWLFLSDQWV
DQG� QDUUDWLYH� LQTXLUHUV� DW� DOO� SKDVHV� RI� DQ� LQTXLU\� �&ODQGLQLQ�	�&RQQHOO\�� �����
������� 7KHVH� HWKLFDO� PDWWHUV� QHHG� WR� EH� OLYHG� RXW� WKURXJKRXW� WKH� LQTXLU\�� 7KHVH
UHODWLRQDO�UHVSRQVLELOLWLHV�DUH�UHVSRQVLELOLWLHV�LQ�WKH�VKRUW�DQG�ORQJ�WHUP��0��+XEHU�
&ODQGLQLQ�� 	� +XEHU�� ������� $V� UHVHDUFKHUV� PRYH� IURP� ILHOG� WH[WV� DQG� WR� FR�
FRPSRVLQJ�RU�QHJRWLDWLQJ�LQWHULP�DQG�ILQDO�UHVHDUFK�WH[WV��UHODWLRQDO�HWKLFV�EHFRPH
HYHQ� PRUH� VKDUSO\� GHILQHG�� DV� HDFK� PRYH� PXVW� EH� FDUHIXOO\� DQG� UHVSHFWIXOO\
QHJRWLDWHG��,VVXHV�RI�DQRQ\PLW\�DQG�FRQILGHQWLDOLW\�WDNH�RQ�DGGHG�LPSRUWDQFH�DV�WKH
FRPSOH[LW\�RI�OLYHV�DUH�PDGH�YLVLEOH�LQ�UHVHDUFK�WH[WV�

7KH�UHODWLRQDO�DVSHFWV�RI�QDUUDWLYH�LQTXLULHV�FRPSHO�QDUUDWLYH�LQTXLUHUV�WR�SD\
DWWHQWLRQ� WR� SDUWLFXODU� HWKLFDO� PDWWHUV� DV� UHVHDUFK� WH[WV� DUH� ZULWWHQ�� 1DUUDWLYH
LQTXLUHUV� XQGHUVWDQG� WKDW� D� SHUVRQ¶V� OLYHG� DQG� WROG� VWRULHV� DUH�ZKR� WKH\� DUH� DQG
ZKR� WKH\� DUH� EHFRPLQJ� DQG� WKDW� D� SHUVRQ¶V� VWRULHV� VXVWDLQ� WKDW� SHUVRQ�� 7KLV



XQGHUVWDQGLQJ� VKDSHV� WKH� QHFHVVLW\� RI� QHJRWLDWLQJ� UHVHDUFK� WH[WV� WKDW� UHVSHFWIXOO\
UHSUHVHQW�SDUWLFLSDQWV¶�OLYHG�DQG�WROG�VWRULHV��:KHQ�SDUWLFLSDQWV�DUH�XQFHUWDLQ�DERXW
EHLQJ� WRR� YLVLEOH� RU� WRR� YXOQHUDEOH� DV� LQWHULP� UHVHDUFK� WH[WV� DUH� QHJRWLDWHG�
VRPHWLPHV�VWUDWHJLHV�VXFK�DV�ILFWLRQDOL]LQJ�DQG�EOXUULQJ�WLPHV��SODFHV��DQG�LGHQWLWLHV
�H�J���SVHXGRQ\PV��EHFRPH�SDUW�RI�WKH�SURFHVV�RI�QHJRWLDWLRQ�

:KLOH�WKH�PRYH�IURP�ILHOG�WH[WV�WR�LQWHULP�UHVHDUFK�WH[WV�WR�ILQDO�UHVHDUFK�WH[WV
LV� SDUW� RI� WKH� DQDO\VLV� DQG� LQWHUSUHWLYH� SURFHVVHV� RI� QDUUDWLYH� LQTXLU\� DV� D
PHWKRGRORJ\�� LW� UHPDLQV�� DW� LWV� KHDUW�� DQ� HWKLFDO� XQGHUWDNLQJ�� 1DUUDWLYH� LQTXLU\
UHPLQGV� XV� WKDW� ZKR� UHVHDUFKHUV� DUH�� DQG� DUH� EHFRPLQJ�� LQ� UHODWLRQVKLSV� ZLWK
SDUWLFLSDQWV�PHDQV� WKH\�QHHG� WR� DWWHQG� WR� WKHLU�RZQ� VWRULHG� OLYHV�� WR�SDUWLFLSDQWV¶
OLYHV�� DQG�� SHUKDSV�� WR� WKH� OLYHV� RI� RWKHUV� LQ� FKDQJHG� ZD\V�� 1R� RQH� OHDYHV� D
QDUUDWLYH�LQTXLU\�XQFKDQJHG�

,,,��1DUUDWLYH�,QTXLU\��6R�0XFK�0RUH�7KDQ�7HOOLQJ�6WRULHV
%XW�GRQ¶W�DOO�TXDOLWDWLYH�UHVHDUFKHUV�XVH�VWRULHV"�'RQ¶W�ZH�DOO�WHOO�VWRULHV�ZLWK

RXU�GDWD"� ,VQ¶W�QDUUDWLYH� LQTXLU\� MXVW� WHOOLQJ� VWRULHV"�7KHVH�TXHVWLRQV�DUH� VRPH�RI
WKRVH�RIWHQ�DVNHG�E\�WKRVH�QHZ�WR�QDUUDWLYH�LQTXLU\�

6WRULHV�RU�QDUUDWLYHV� DUH�RIWHQ� VHHQ� DV� WKH�GDWD� FROOHFWHG�E\�PDQ\�TXDOLWDWLYH
UHVHDUFKHUV�� 3HRSOH� WHOO� WKHLU� VWRULHV� WR� UHVHDUFKHUV� LQ� UHVSRQVH� WR� LQWHUYLHZ
TXHVWLRQV�� LQ� RUDO� KLVWRULHV�� LQ� RSHQ�HQGHG� LQWHUYLHZ� VWXGLHV�� DQG� HYHQ� LQ� RSHQ�
HQGHG�VHFWLRQV�RI�TXHVWLRQQDLUHV��7KHUH�LV�XVXDOO\�DQ�DVVXPSWLRQ�WKDW�WKH�VWRULHV�DUH
ZDLWLQJ� WR� EH� WROG� DQG�� ZKHQ� DVNHG�� SHRSOH� WHOO� WKHP�� XVXDOO\� LQ� WKH� :HVWHUQ
WUDGLWLRQ� RI� D� EHJLQQLQJ�� PLGGOH�� DQG� HQG� ZLWK� D� SORW� OLQH�� FKDUDFWHUV�� DQG
UHVROXWLRQ�� 6RPHWLPHV� WKHVH� VWRULHV� DQG� QDUUDWLYHV� IROORZ� RWKHU� FXOWXUDO� IRUPDWV�
EXW� WKH� XQGHUO\LQJ� DVVXPSWLRQV� DUH� WKH� VDPH�� +RZHYHU�� QRW� DOO� VWXGLHV� WKDW� XVH
VWRULHV� DV� GDWD� DUH� QDUUDWLYH� LQTXLULHV�� ,Q� SKHQRPHQRORJ\�� GLVFXVVHG� LQ� WKH� QH[W
FKDSWHU��WKH�LQWHQW�LV�WR�EH�DEOH�WR�XQGHUVWDQG�WKH�HVVHQFH�RI�D�FRPPRQ�H[SHULHQFH
DFURVV� PXOWLSOH� UHVHDUFK� SDUWLFLSDQWV�� )RU� H[DPSOH�� ZKDW� LV� WKH� HVVHQFH� RI� WKH
H[SHULHQFH�RI�EHLQJ�D�VLQJOH�SDUHQW"�7KHUH�LV�DQ�LQWHQWLRQ�WR�OHDYH�WKH�H[SHULHQFHV
RI� HDFK� SHUVRQ� DVLGH� WR� EH� DEOH� WR� VSHDN� WR� WKH� HVVHQFH� RI� WKH� H[SHULHQFH� RI� D
SDUWLFXODU�SKHQRPHQRQ��6WRULHV�DUH�DOVR�VRPHWLPHV�WROG�LQ�JURXQGHG�WKHRU\�VWXGLHV
ZKHUH�LQWHUYLHZV�DUH�XVHG��+RZHYHU��WKH�LQWHQW�LQ�JURXQGHG�WKHRU\�LV�WR�ORRN�DFURVV
WKH�VWRULHV� WR�GLVFHUQ�FDWHJRULHV�DQG� WKHPHV� WKDW�ZLOO�DOORZ� WKH�GHYHORSPHQW�RI�D
PLGOHYHO�WKHRU\�RU�GHVFULSWLRQ�RI�D�SURFHVV��$�NH\�SRLQW�LV�WKDW�WKH�XVH�RI�VWRULHV�DV
GDWD�GRHV�QRW�QHFHVVDULO\�PDNH�D�VWXG\�D�QDUUDWLYH�LQTXLU\��,Q�WKH�VDPH�ZD\�WKDW�QRW
DOO� VWXGLHV� WKDW� XVH� VWRU\� DV� GDWD� DUH� QDUUDWLYH� LQTXLU\�� QHLWKHU� DUH� DOO� UHVHDUFK
UHSRUWV�WKDW�FRQYH\�ILQGLQJV�LQ�D�VWRU\�IRUPDW�QDUUDWLYH�LQTXLU\�

,Q� VXP�� QDUUDWLYH� LQTXLU\� UHTXLUHV� PRUH� WKDQ� MXVW� WHOOLQJ� VWRULHV�� 1DUUDWLYH
LQTXLU\�LV�D�UHVHDUFK�DSSURDFK�IRU�VWXG\LQJ�WKH�H[SHULHQFH�RI�OLYHG�DQG�WROG�VWRULHV�
VXFK�DV�WKH�SKHQRPHQRQ�RI�H[SHULHQFHV�RI�\RXWK�GURSSLQJ�RXW�RI�VFKRRO��1DUUDWLYH
LQTXLU\�LV�D�ZD\�WR�XQGHUVWDQG�KXPDQ�H[SHULHQFH��,Q�PDQ\�ZD\V��KXPDQ�H[SHULHQFH
LV� IXQGDPHQWDOO\� QDUUDWLYH��1DUUDWLYH� LQTXLU\� KHOSV� XV� WR� VHH� DQG� XQGHUVWDQG� WKDW
ZKR�ZH�DUH�DQG�WKH�VWRULHV�ZH�OLYH�E\�DUH�IXQGDPHQWDOO\�QDUUDWLYH�LQ�QDWXUH��,W�DVNV



XV�WR�VKDUH�DQG�SXEOLVK�RXU�VWRULHV�DQG�LQTXLULHV�LQWR�RXU�VWRULHV�WKDW�PLJKW�HQOLJKWHQ
RU�KHOS�RWKHUV�
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�����:KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�RI�QDUUDWLYH
LQTXLU\"

�����:KDW�DUH�WKH�NH\�WHUPV�XVHG�LQ�QDUUDWLYH
LQTXLU\"

&$6(�678'<�5(6($5&+
)RXQGDWLRQDO�TXHVWLRQ��:KDW�DUH�WKH�FKDUDFWHULVWLFV�RI�WKLV�VLQJOH�FDVH�RU�RI�WKHVH
FRPSDULVRQ�FDVHV"

0HUULDP� ������� WROG� XV� WKDW� ³FDVH� VWXG\� UHVHDUFK� LV� QRWKLQJ� QHZ´� �S�� [L��
SRLQWLQJ�RXW�WKDW�WKH�LGHD�RI�VWXG\LQJ�FDVHV�KDV�EHHQ�DURXQG�IRU�D�ORQJ�WLPH�DQG�XVHG
DFURVV� PDQ\� GLIIHUHQW� GLVFLSOLQHV� �H�J��� PHGLFLQH�� ODZ�� EXVLQHVV�� WKH� VRFLDO
VFLHQFHV���'XULQJ� WKH� ODWH�����V�DQG� WKH�����V��KRZHYHU�� DXWKRUV� VXFK�DV�5REHUW
6WDNH� �������� 5REHUW� <LQ� �������� DQG� 6KDUDQ� 0HUULDP� GHOLQHDWHG� FDVH� VWXG\
UHVHDUFK� DV� D� VSHFLILF� W\SH� RI� UHVHDUFK�� $OWKRXJK� 6WDNH� DQG� 0HUULDP� KDYH� D
TXDOLWDWLYH� RULHQWDWLRQ� WRZDUG� FDVH� VWXG\� UHVHDUFK� �SUHIHUULQJ� DQ� LQGXFWLYH� RU
JHQHUDWLYH�DSSURDFK��DQG�<LQ�KDV�D�PRUH�TXDQWLWDWLYH�RULHQWDWLRQ��SUHIHUULQJ�D�PRUH
GHGXFWLYH�RU�WHVWLQJ�DSSURDFK���ZKDW�WKHVH�FDVH�VWXG\�UHVHDUFKHUV�KDYH�LQ�FRPPRQ
LV� WKDW� WKH\� FKRRVH� WR� FDOO� WKHLU� REMHFWV� RI� VWXG\� ³FDVHV�´� WKH\� FROOHFW� SULPDULO\
TXDOLWDWLYH�GDWD��DQG�WKH\�RUJDQL]H�WKHLU�UHVHDUFK�HIIRUWV�DURXQG�WKH�VWXG\�RI� WKRVH
FDVHV� �H�J��� 0HUULDP�� 6WDNH�� ������ <LQ�� �������:H� GHILQH� FDVH� VWXG\� UHVHDUFK
VLPSO\� DV� UHVHDUFK� WKDW� SURYLGHV� D� GHWDLOHG� DFFRXQW� DQG� DQDO\VLV� RI� RQH� RU�PRUH
FDVHV��

��&DVH�VWXG\�UHVHDUFK�$�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�WKDW�LV�IRFXVHG�RQ
SURYLGLQJ�D�GHWDLOHG�DFFRXQW�RI�RQH�RU�PRUH�FDVHV

:KDW�,V�D�&DVH"
$�FDVH� LV� GHILQHG� DV� D� ERXQGHG� V\VWHP�� ,Q� WKH�ZRUGV� RI� RQH� SURPLQHQW� FDVH

VWXG\� UHVHDUFKHU��5REHUW�6WDNH� �������� ³/RX�6PLWK� XVHG� D� IDQF\�QDPH�� ´ERXQGHG
V\VWHP�¶�WR�LQGLFDWH�WKDW�ZH�DUH�JRLQJ�WR�WU\�WR�ILJXUH�RXW�ZKDW�FRPSOH[�WKLQJV�JR�RQ
ZLWKLQ�WKDW�V\VWHP��7KH�FDVH�VWXG\�WHOOV�D�VWRU\�DERXW�D�ERXQGHG�V\VWHPµ��S�������
1RWH�WKDW�D�V\VWHP� LV�D�VHW�RI� LQWHUUHODWHG�HOHPHQWV� WKDW� IRUP�DQ�RUJDQL]HG�ZKROH�
8VLQJ� WKH� V\VWHP�PHWDSKRU�� FDVHV�DUH� VHHQ�DV�KROLVWLF�HQWLWLHV� WKDW�KDYH�SDUWV�DQG
WKDW�DFW�RU�RSHUDWH�LQ�WKHLU�HQYLURQPHQWV��%RXQGHG� LV�DGGHG�WR�HPSKDVL]H�WKDW�\RX
VKRXOG�LGHQWLI\�WKH�RXWOLQH�RU�ERXQGDULHV�RI� WKH�V\VWHP²\RX�PXVW�GHWHUPLQH�ZKDW
WKH�FDVH�LV�DQG�ZKDW�LW�LV�QRW�



��&DVH�$�ERXQGHG�V\VWHP

7\SLFDO�FDVHV�DUH�D�FKLOG�ZLWK�D�OHDUQLQJ�GLVDELOLW\��D�SXSLO�ZLWK�D�VSHFLDO�QHHG�
D�ODQJXDJH�DUWV�FODVVURRP��D�FKDUWHU�VFKRRO��DQG�D�QDWLRQDO�SURJUDP��H�J���WKH�+HDG
6WDUW�3URJUDP���6RPH�FDVH�VWXG\� UHVHDUFKHUV�DUH�YHU\� LQFOXVLYH� LQ�ZKDW� WKH\�FDOO
FDVHV��H�J���&UHVZHOO��������0HUULDP��������<LQ���������)RU�WKHP��D�FDVH�QRW�RQO\
LV�DQ�REMHFW�RU�HQWLW\�ZLWK�D�FOHDU�LGHQWLW\��H�J���D�JURXS��D�SHUVRQ��D�FODVVURRP��RU
DQ�RUJDQL]DWLRQ��EXW�FDQ�DOVR�LQFOXGH�DQ�HYHQW��H�J���D�FDPSXV�SURWHVW���DQ�DFWLYLW\
�H�J���OHDUQLQJ�WR�SOD\�VRIWEDOO���RU�D�SURFHVV��H�J���EHFRPLQJ�D�SURIHVVLRQDO�WHDFKHU
GXULQJ�RQH¶V�ILUVW�\HDU�RI�WHDFKLQJ���:KHQ�\RX�UHDG�FDVH�VWXG\�DUWLFOHV��\RX�VKRXOG
FKHFN�HDUO\�RQ�WR�VHH�ZKDW�NLQG�RI�FDVH�WKH�DXWKRUV�DUH�H[DPLQLQJ�

)RU� H[DPSOH�� *DOOR� DQG� +RUWRQ� ������� FRQGXFWHG� D� FDVH� VWXG\� RI� RQH� KLJK
VFKRRO� LQ�(DVW�&HQWUDO�)ORULGD��+HUH� WKH� KLJK� VFKRRO�ZDV� WKH� FDVH��7KH� UHVHDUFK
IRFXVHG� RQ� WKH� SURFHVV� DQG� UHVXOWV� RI� KDYLQJ� DFFHVV� WR� WKH� ,QWHUQHW� DW� WKH� KLJK
VFKRRO��7KH�DXWKRUV�FRQFOXGHG�WKDW�,QWHUQHW�DFFHVV�FRXOG�KDYH�PDQ\�SRVLWLYH�HIIHFWV
RQ� WHDFKHUV� �H�J��� LQFRUSRUDWLRQ� RI� WHFKQRORJ\� LQWR� WKH� FODVVURRP�� LQFUHDVHG� VHOI�
HVWHHP�� GHYHORSPHQW� RI� SRVLWLYH� DWWLWXGHV� WRZDUG� FRPSXWHUV��� HVSHFLDOO\� LI� WKH
WHDFKHUV� ZHUH� JLYHQ� DGHTXDWH� WUDLQLQJ� LQ� KRZ� WR� XVH� WKH� ,QWHUQHW� DQG� KRZ� WR
LQFRUSRUDWH� LW� LQWR� WKHLU�FODVVURRPV��9DOHQWLQH�DQG�0F,QWRVK� �������H[DPLQHG� WKH
FKDUDFWHULVWLFV�RI�DQ�RUJDQL]DWLRQ��WKH�FDVH��LQ�ZKLFK�ZRPHQ�KHOG�DOO�WKH�SRVLWLRQV
RI� SRZHU�� 7KH\� IRXQG� WKDW� WKH� RUJDQL]DWLRQ� WRRN� RQ� D� JHPHLQVFKDIW� �D� ORFDO
FRPPXQLW\�� W\SH� RI� FKDUDFWHU� UDWKHU� WKDQ� D� JHVHOOVFKDIW� �FLW\�OLNH�� LPSHUVRQDO�
FKDUDFWHU��9DQ�+DQHJKDQ�DQG�6WRIIOHWW��������FRQGXFWHG�FDVH�VWXGLHV�RI�IRXU�ILIWK�
JUDGH� WHDFKHUV� �IRXU� FDVHV��� 7KH\� GHWHUPLQHG� KRZ� HDFK� WHDFKHU� LPSOHPHQWHG� DQ
LQQRYDWLYH� YLGHRGLVF� FXUULFXOXP� IRFXVHG� RQ� SUREOHP� VROYLQJ�� 7KHVH� DXWKRUV
GHYHORSHG�D�KHXULVWLF�PRGHO�EDVHG�RQ�WKHLU�REVHUYDWLRQV�WKDW�FRXOG�EH�XVHG�WR�WUDLQ
WHDFKHUV�WR�LPSOHPHQW�WKH�QHZ�FXUULFXOXP�LQ�WKHLU�FODVVURRPV�

%HFDXVH�FDVH�VWXG\�UHVHDUFKHUV�GHILQH�D�FDVH�DV�D�ERXQGHG�V\VWHP��LW�VKRXOG�QRW
EH� VXUSULVLQJ� WKDW� WKH\� VWXG\� KRZ� WKH� V\VWHP� RSHUDWHV�� $V� D� UHVXOW�� WKH\� DUH
LQWHUHVWHG�LQ�KROLVWLF�GHVFULSWLRQ��$OPRVW�DOO�V\VWHPV�DUH�PDGH�XS�RI�FRPSRQHQWV�RU
SDUWV��DQG� LW� LV� LPSRUWDQW� WR�XQGHUVWDQG�KRZ�WKH�SDUWV�RSHUDWH� WRJHWKHU� LQ�RUGHU� WR
XQGHUVWDQG� WKH� V\VWHP� �L�H��� WKH� FDVH��� )RU� H[DPSOH�� D� KLJK� VFKRRO� LV�PDGH� XS� RI
WHDFKHUV�� EXLOGLQJV�� VWXGHQWV�� FODVVURRPV�� DQG� ERRNV� �DPRQJ� PDQ\� RWKHU� WKLQJV��
<RX�FDQ�DOVR�YLHZ�DQ�LQGLYLGXDO�DV�EHLQJ�FRPSRVHG�RI�PDQ\�GLIIHUHQW�FRPSRQHQWV
RU� SDUWV� �H�J��� FRJQLWLYH�� HPRWLRQDO�� SK\VLRORJLFDO���+RZ� WKH� SDUWV� FRPH� WRJHWKHU
�L�H���WKHLU�V\QHUJLVP��LV�RI�XWPRVW�LQWHUHVW�WR�D�FDVH�VWXG\�UHVHDUFKHU�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

&DVH� VWXG\� UHVHDUFKHUV� DOVR� YLHZ� HDFK� FDVH� DV� KDYLQJ� DQ� LQWHUQDO� DQG� DQ
H[WHUQDO� FRQWH[W�� 7DNH� D� VFKRRO� DV� DQ� H[DPSOH�� ,QWHUQDOO\�� D� UHVHDUFKHU� PLJKW
H[DPLQH� WKH� RUJDQL]DWLRQDO� FOLPDWH� DW� D� VFKRRO�� WKH� OHDGHUVKLS� VW\OH� XVHG� E\� WKH
SULQFLSDO��DQG�WKH�FRQGLWLRQ�RI�WKH�SK\VLFDO�DQG�LQVWUXFWLRQDO�IDFLOLWLHV��([WHUQDOO\�
WKH� VFKRRO� LV� VLWXDWHG� LQ� D� JHRJUDSKLFDO� DUHD�ZLWK� VSHFLILF� VRFLDO�� HFRQRPLF�� DQG



GHPRJUDSKLF�FKDUDFWHULVWLFV��,I�WKH�VFKRRO�LV�D�SXEOLF�VFKRRO��LW�LV�VLWXDWHG�ZLWKLQ�D
SXEOLF� VFKRRO� V\VWHP�ZLWK� DGGLWLRQDO� FKDUDFWHULVWLFV��7KH�SRLQW� LV� WKDW� FDVH� VWXG\
UHVHDUFKHUV� FDUHIXOO\� H[DPLQH� WKH� FRQWH[WV� RI� WKH� FDVH� WR� GHVFULEH� DQG� H[SODLQ
EHWWHU�WKH�IXQFWLRQLQJ�RI�WKH�FDVH�

7\SHV�RI�&DVH�6WXG\�5HVHDUFK�'HVLJQV
7KHUH�DUH�WKUHH�NLQGV�RI�FDVH�VWXGLHV�DFFRUGLQJ�WR�6WDNH���������LQWULQVLF�FDVH

VWXGLHV��LQVWUXPHQWDO�FDVH�VWXGLHV��DQG�FROOHFWLYH�FDVH�VWXGLHV��,Q�DQ�LQWULQVLF�FDVH
VWXG\� WKH� UHVHDUFKHU¶V� SULPDU\� LQWHUHVW� LV� LQ� XQGHUVWDQGLQJ� D� VSHFLILF� FDVH�� 7KLV
GHVLJQ� LV� WKH�FODVVLF�� VLQJOH�FDVH�GHVLJQ��+HUH� WKH� UHVHDUFKHU�GHVFULEHV�� LQ�GHSWK�
WKH�SDUWLFXODUV�RI�WKH�FDVH�WR�VKHG�OLJKW�RQ�LW��)RU�H[DPSOH��D�UHVHDUFKHU�PLJKW�ZDQW
WR�XQGHUVWDQG�D�VWXGHQW�ZKR�LV�KDYLQJ�GLIILFXOW\�LQ�FODVV��RU�D�UHVHDUFKHU�PLJKW�ZDQW
WR�XQGHUVWDQG�KRZ�WKH�ORFDO�37$�RSHUDWHV��7KH�JRDO�LV�WR�XQGHUVWDQG�WKH�FDVH�DV�D
KROLVWLF�HQWLW\��DV�ZHOO�DV�WR�XQGHUVWDQG�LWV�LQQHU�ZRUNLQJV��$�VHFRQGDU\�JRDO�LV�WR
XQGHUVWDQG�D�PRUH�JHQHUDO�SURFHVV�EDVHG�RQ�DQ�DQDO\VLV�RI�WKH�VLQJOH�FDVH�

��,QWULQVLF�FDVH�VWXG\�,QWHUHVW�LV�LQ�XQGHUVWDQGLQJ�D�VSHFLILF�FDVH

7KH� LQWULQVLF� FDVH� VWXG\� LV� YHU\� SRSXODU� LQ� HGXFDWLRQ�� ,W� LV� DOVR� SRSXODU�ZLWK
SURJUDP� HYDOXDWRUV�� ZKRVH� JRDO� LV� WR� GHVFULEH� D� SURJUDP� DQG� WR� HYDOXDWH� KRZ
HIIHFWLYHO\�LW�LV�RSHUDWLQJ��H�J���DQ�HYDOXDWRU�PLJKW�HYDOXDWH�D�ORFDO�GUXJ�HGXFDWLRQ
SURJUDP� IRU� DW�ULVN� PLGGOH� DQG� KLJK� VFKRRO� VWXGHQWV��� )LQDOO\�� WKH� LQWULQVLF� FDVH
VWXG\�LV�RIWHQ�XVHG�LQ�H[SORUDWRU\�UHVHDUFK�LQ�ZKLFK�WKH�UHVHDUFKHU�DWWHPSWV�WR�OHDUQ
DERXW�D�OLWWOH�NQRZQ�SKHQRPHQRQ�E\�VWXG\LQJ�D�VLQJOH�FDVH�LQ�GHSWK��7KH�DGYDQWDJH
RI� WKH� LQWULQVLF�FDVH� VWXG\� LV� WKDW� UHVHDUFKHUV�FDQ�SXW�DOO� WKHLU� WLPH�DQG� UHVRXUFHV
LQWR�WKH�VWXG\�RI�D�VLQJOH�FDVH�DQG�FDQ�WKHUHIRUH�GHYHORS�DQ�LQ�GHSWK�XQGHUVWDQGLQJ
RI�LW��$�ZHDNQHVV�LV�WKDW�JHQHUDOL]LQJ�IURP�D�VLQJOH�FDVH�FDQ�EH�YHU\�ULVN\�

,Q� DQ� LQVWUXPHQWDO� FDVH� VWXG\�� WKH� UHVHDUFKHU¶V� SULPDU\� LQWHUHVW� LV� LQ
XQGHUVWDQGLQJ� VRPHWKLQJ� RWKHU� WKDQ� WKH� SDUWLFXODU� FDVH�� 7KH� FDVH� LV� VHHQ� DV
LPSRUWDQW�RQO\�DV�D�PHDQV�WR�DQ�HQG��,Q�RWKHU�ZRUGV��WKH�UHVHDUFKHU�VWXGLHV�WKH�FDVH
WR�OHDUQ�DERXW�VRPHWKLQJ�PRUH�JHQHUDO��H�J���WHHQDJH�GUXJ�XVH�LQ�JHQHUDO�UDWKHU�WKDQ
WHHQDJH� GUXJ� XVH� DW� D� SDUWLFXODU� KLJK� VFKRRO�� RU� GLVFLSOLQH� LQ� JHQHUDO� UDWKHU� WKDQ
GLVFLSOLQH� LQ� D� SDUWLFXODU� WHDFKHU¶V� FODVVURRP��� 7KH� JRDO� WHQGV� WR� EH� OHVV
SDUWLFXODULVWLF�DQG�PRUH�XQLYHUVDOLVWLF��7KDW�LV��UHVHDUFKHUV�GRLQJ�LQVWUXPHQWDO�FDVH
VWXGLHV�DUH�OHVV�LQWHUHVWHG�LQ�PDNLQJ�FRQFOXVLRQV�WKDW�DUH�VSHFLILF�WR�WKH�FDVH�DQG�LWV
SDUWLFXODU�VHWWLQJ�WKDQ�WKH\�DUH�LQ�PDNLQJ�FRQFOXVLRQV�WKDW�DSSO\�EH\RQG�D�SDUWLFXODU
FDVH�

��,QVWUXPHQWDO�FDVH�VWXG\�,QWHUHVW�LV�LQ�XQGHUVWDQGLQJ�VRPHWKLQJ�PRUH�JHQHUDO
WKDQ�WKH�SDUWLFXODU�FDVH

,Q�WKH�LQVWUXPHQWDO�FDVH�VWXG\�GHVLJQ��WKH�UHVHDUFKHU�LV�XVXDOO\�LQWHUHVWHG�LQ�KRZ
DQG�ZK\�D�SKHQRPHQRQ�RSHUDWHV�DV�LW�GRHV��7KDW�LV��WKH�UHVHDUFKHU�FKRRVHV�WKH�FDVH



WR� GHYHORS� DQG�RU� WHVW� D� WKHRU\� RU� WR� XQGHUVWDQG� VRPH� LPSRUWDQW� LVVXH� EHWWHU�
([SODQDWLRQ�LV�D�NH\�JRDO��7KH�VSHFLILF�FDVH�FDQ�EH�VHOHFWHG�EHFDXVH�LW�LV�H[WUHPH
RU�XQLTXH�LQ�VRPH�ZD\��DQG�FDQ�EH�XVHG�WR�WHVW�WKHRUHWLFDO�SUHGLFWLRQV��RU�EHFDXVH
LW�LV�W\SLFDO��DQG�FDQ�EH�XVHG�WR�XQGHUVWDQG�WKH�JHQHUDO�FDVH���7KH�LQVWUXPHQWDO�FDVH
VWXG\� LV� SRSXODU� ZLWK� PDQ\� DFDGHPLF� UHVHDUFKHUV� ZKHQ� WKH\� DUH� LQWHUHVWHG� LQ
JHQHUDOL]LQJ�DQG�H[WHQGLQJ�WKH�ILQGLQJV�LQ�UHVHDUFK�OLWHUDWXUHV�RQ�YDULRXV�WRSLFV�

,Q� WKH�FROOHFWLYH� FDVH� VWXG\�� WKH� UHVHDUFKHU� EHOLHYHV� WKDW� KH� RU� VKH� FDQ� JDLQ
JUHDWHU�LQVLJKW�LQWR�D�UHVHDUFK�WRSLF�E\�FRQFXUUHQWO\�VWXG\LQJ�PXOWLSOH�FDVHV�LQ�RQH
RYHUDOO� UHVHDUFK� VWXG\��7KH�FROOHFWLYH�FDVH� VWXG\� LV� DOVR�FDOOHG� WKH�PXOWLSOH�FDVH
GHVLJQ� �H�J��� <LQ�� ������� 6HYHUDO� FDVHV� DUH� XVXDOO\� VWXGLHG� LQ� D� FROOHFWLYH� FDVH
VWXG\��)RU�H[DPSOH��WZR�RU�WKUHH�FDVHV�PLJKW�EH�VWXGLHG�ZKHQ�D�UHODWLYHO\�LQ�GHSWK
DQDO\VLV�RI�HDFK�FDVH�LV�UHTXLUHG�DQG�ZKHQ�UHVRXUFHV�DUH�OLPLWHG��:KHQ�OHVV�GHSWK
LV� UHTXLUHG� DQG�ZKHQ� JUHDWHU� UHVRXUFHV� DUH� DYDLODEOH�� FROOHFWLYH� FDVH� VWXGLHV� RI
DURXQG� ��� FDVHV� DUH� FRPPRQ��7KH� FDVHV� LQ� WKH� FROOHFWLYH� FDVH� VWXG\� DUH� XVXDOO\
VWXGLHG� LQVWUXPHQWDOO\� UDWKHU� WKDQ� LQWULQVLFDOO\�� )RU� H[DPSOH�� D� UHVHDUFKHU� PLJKW
VHOHFW�VHYHUDO�FDVHV�WR�VWXG\�EHFDXVH�KH�RU�VKH�LV�LQWHUHVWHG�LQ�VWXG\LQJ�WKH�HIIHFWV
RI�LQFOXVLRQ�RI�FKLOGUHQ�ZLWK�PLOG�PHQWDO�UHWDUGDWLRQ�LQ�JHQHUDO�HGXFDWLRQ�FODVVHV�
5DWKHU�WKDQ�VWXG\LQJ�WKH�RXWFRPHV�LQ�D�VLQJOH�FODVVURRP��WKH�UHVHDUFKHU�VWXGLHV�WKH
LPSDFW�LQ�VHYHUDO�GLIIHUHQW�FODVVURRPV�

��&ROOHFWLYH�FDVH�VWXG\�6WXG\LQJ�PXOWLSOH�FDVHV�LQ�RQH�UHVHDUFK�VWXG\

7KHUH� DUH� VHYHUDO� DGYDQWDJHV� WR� VWXG\LQJ� PRUH� WKDQ� RQH� FDVH�� )LUVW�� D
FRPSDUDWLYH�W\SH�RI�VWXG\�FDQ�EH�FRQGXFWHG�LQ�ZKLFK�VHYHUDO�FDVHV�DUH�FRPSDUHG
IRU�VLPLODULWLHV�DQG�GLIIHUHQFHV��)RU�H[DPSOH��D�SXEOLF�VFKRRO�PLJKW�EH�VWXGLHG�DQG
FRPSDUHG�ZLWK�D�SULYDWH�VFKRRO��6HFRQG��RQH�FDQ�PRUH�HIIHFWLYHO\�WHVW�D�WKHRU\�E\
REVHUYLQJ� WKH� UHVXOWV� RI� PXOWLSOH� FDVHV�� 7KLUG�� RQH� LV� PRUH� OLNHO\� WR� EH� DEOH� WR
JHQHUDOL]H� WKH� UHVXOWV� IURP� PXOWLSOH� FDVHV� WKDQ� IURP� D� VLQJOH� FDVH�� <LQ� ������
SRLQWHG� RXW� WKDW� UHSOLFDWLRQ� ORJLF� FDQ� EH� XVHG� ZKHQ� RQH� KDV� PXOWLSOH� FDVHV�� ,Q
H[SHULPHQWDO� UHVHDUFK�� ZH� KDYH� PRUH� FRQILGHQFH� LQ� D� ILQGLQJ� ZKHQ� LW� KDV� EHHQ
UHSOLFDWHG�PDQ\�WLPHV��+HUH�LV�ZKDW�<LQ�VDLG�DERXW�WKLV�LGHD�DQG�LWV�UHOHYDQFH�IRU
FDVH�VWXG\�UHVHDUFK�

7KXV�� LI� RQH� KDV� DFFHVV� RQO\� WR� WKUHH� FDVHV� RI� D� UDUH�� FOLQLFDO� V\QGURPH� LQ
SV\FKRORJ\�RU�PHGLFDO�VFLHQFH��WKH�DSSURSULDWH�UHVHDUFK�GHVLJQ�LV�RQH�LQ�ZKLFK
WKH� VDPH� UHVXOWV� DUH� SUHGLFWHG� IRU� HDFK� RI� WKH� WKUHH� FDVHV�� WKHUHE\� SURGXFLQJ
HYLGHQFH�WKDW�WKH�WKUHH�FDVHV�GLG�LQGHHG�LQYROYH�WKH�VDPH�V\QGURPH��,I�VLPLODU
UHVXOWV�DUH�REWDLQHG�IURP�DOO�WKUHH�FDVHV��UHSOLFDWLRQ�LV�VDLG�WR�KDYH�WDNHQ�SODFH�
�S�����

,Q�<LQ¶V� H[DPSOH�PHQWLRQHG� LQ� WKLV� TXRWH�� WKH� WKHRU\� WKDW� SUHGLFWHG� WKH� VDPH
UHVXOW�IRU�HDFK�FDVH�ZDV�VXSSRUWHG��7KHUHIRUH��FRPSDUHG�WR�D�VLQJOH�FDVH�VWXG\��WKH
UHVHDUFKHU�ZRXOG�KDYH�JUHDWHU�FRQILGHQFH�WKDW�D�VLPLODU�UHVXOW�ZRXOG�KDSSHQ�LQ�D
QHZ�FDVH�



$�GLVDGYDQWDJH�RI�VWXG\LQJ�PXOWLSOH�FDVHV�LV�WKDW�GHSWK�RI�DQDO\VLV�ZLOO�XVXDOO\
KDYH� WR� EH� VDFULILFHG� EHFDXVH� RI� WKH� EUHDGWK� RI� DQDO\VLV� REWDLQHG� IURP� VWXG\LQJ
PRUH� WKDQ�RQH�FDVH��7KLV� LV� WKH�FODVVLF�GHSWK�YHUVXV�EUHDGWK� WUDGH�RII��DQG� LW� LV�D
FRPPRQ� WUDGH�RII� LQ� FDVH� VWXG\� UHVHDUFK�� ,Q� RWKHU� ZRUGV�� EHFDXVH� RI� OLPLWHG
UHVRXUFHV� �H�J���PRQH\� DQG� WLPH�� DYDLODEOH� LQ�PRVW� UHVHDUFK� VWXGLHV�� \RX�ZLOO� EH
IRUFHG�WR�PDNH�D�FKRLFH�EHWZHHQ�³GHSWK�DQG�GHWDLO´�DQG�³EUHDGWK�DQG�FRPSDUDWLYH
LQIRUPDWLRQ�´�,W�WDNHV�FRQVLGHUDEOH�WLPH�WR�VWXG\�RQH�FDVH�LQ�GHSWK��EXW�\RX�HQG�XS
ZLWK�D�GHHS�XQGHUVWDQGLQJ�RI�WKH�FDVH��2Q�WKH�RWKHU�KDQG��LI�\RX�DUH�JRLQJ�WR�VWXG\
PXOWLSOH�FDVHV��\RX�ZLOO�KDYH�WR�UHGXFH�WKH�DPRXQW�RI�WLPH�VSHQW�RQ�HDFK�FDVH��EXW
\RX� ZLOO� JHW� LPSRUWDQW� FRPSDUDWLYH� LQIRUPDWLRQ�� $V� \RX� FDQ� VHH�� WKHUH� DUH
DGYDQWDJHV� DQG� GLVDGYDQWDJHV� WR� ERWK� VLGHV� RI� WKLV� WUDGH�RII��<RX�ZLOO� XOWLPDWHO\
KDYH�WR�PDNH�WKH�ILQDO�MXGJPHQW�DERXW�KRZ�WR�GHDO�ZLWK�WKLV�WUDGH�RII�LI�\RX�FRQGXFW
D�UHVHDUFK�VWXG\�

'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ
&DVH�VWXG\�UHVHDUFK�PHWKRGRORJLVWV��WKRVH�UHVHDUFKHUV�ZKR�ZULWH�ERRNV�DERXW

GRLQJ�FDVH�VWXG\�UHVHDUFK�� WHQG� WR�EH�SUDJPDWLF�DQG�DGYRFDWH� WKH�XVH�RI�PXOWLSOH
PHWKRGV� DQG� PXOWLSOH� GDWD� VRXUFHV� �L�H��� PHWKRGV� DQG� GDWD� WULDQJXODWLRQ��� 7KHVH
PHWKRGRORJLVWV�UHFRPPHQG�WKDW�\RX�WDNH�DQ�HFOHFWLF�DSSURDFK�DQG�UHO\�RQ�DQ\�GDWD
WKDW�ZLOO�KHOS�\RX�XQGHUVWDQG�\RXU�FDVH�DQG�DQVZHU�\RXU�UHVHDUFK�TXHVWLRQV��$Q\�RI
WKH� PHWKRGV� RI� GDWD� FROOHFWLRQ� �REVHUYDWLRQ�� LQWHUYLHZV�� TXHVWLRQQDLUHV�� IRFXV
JURXSV��WHVWV��DQG�VHFRQGDU\�GDWD�VXFK�DV�GRFXPHQWV��GLVFXVVHG�LQ�&KDSWHU���FDQ�EH
XVHG�ZKHQ�WKH\�KHOS�DQVZHU�\RXU�UHVHDUFK�TXHVWLRQV��4XDOLWDWLYH�YHUVLRQV�RI�WKHVH
PHWKRGV� �VXFK� DV� SDUWLFLSDQW� REVHUYDWLRQV�� LQ�GHSWK� LQWHUYLHZV�� RSHQ�HQGHG
TXHVWLRQQDLUHV�� GR�� KRZHYHU�� WHQG� WR� EH� WKH� PRVW� SRSXODU� LQ� HGXFDWLRQDO� FDVH
VWXGLHV�

,Q�WKH�ILQDO�UHSRUW��UHVHDUFK�TXHVWLRQV��RU�UHVHDUFK�³LVVXHV�´�DFFRUGLQJ�WR�6WDNH�
������ DQG� WKH� UHOHYDQW� ILQGLQJV� DUH� SUHVHQWHG� IRU� HDFK� TXHVWLRQ��'XULQJ� DQDO\VLV
DQG� ZULWLQJ�� WKH� UHVHDUFKHU� ZLOO� DOZD\V� H[DPLQH� DQG� UHSRUW� RQ� WKH� FDVH� �H�J��� D
VFKRRO�� EHFDXVH� WKH� FDVH� LV� DOZD\V� WKH� SULPDU\� XQLW� RI� DQDO\VLV� LQ� FDVH� VWXG\
UHVHDUFK�� 2WKHU� XQLWV� RI� DQDO\VLV� WKDW� DUH� HPEHGGHG� LQ� WKH� FDVH� PLJKW� DOVR� EH
H[DPLQHG� �H�J��� ZLWKLQ� D� VFKRRO�� VRPH� HPEHGGHG� XQLWV� RI� DQDO\VLV� FRXOG� EH� WKH
FODVVURRPV�� WKH� WHDFKHUV�� DQG� WKH� VWXGHQWV��� ,I�PXOWLSOH� FDVHV� DUH� XVHG�� WKHQ� HDFK
FDVH�LV�XVXDOO\�ILUVW�H[DPLQHG�LQ�WRWDO��DQG�WKHQ�WKH�GLIIHUHQW�FDVHV�DUH�FRPSDUHG�LQ
D�FURVV�FDVH�DQDO\VLV�IRU�VLPLODULWLHV��SDWWHUQV�WKDW�FXW�DFURVV�WKH�FDVHV��DV�ZHOO�DV
GLIIHUHQFHV��:KHQ� SHRSOH� RU� JURXSV� RI� SHRSOH� DUH� VWXGLHG�� DQ� DWWHPSW� LV� XVXDOO\
PDGH�WR�UHFRQVWUXFW� WKH�SDUWLFLSDQWV¶�UHDOLWLHV�DQG�SRUWUD\� WKH�PXOWLSOH�YLHZSRLQWV
H[LVWLQJ�LQ�WKH�FDVH��H�J���\RX�PLJKW�SRUWUD\�WKH�GLIIHUHQW�YLHZSRLQWV�RI�WKH�WHDFKHUV
LQ�D�VFKRRO��

��&URVV�FDVH�DQDO\VLV�6HDUFKLQJ�IRU�VLPLODULWLHV�DQG�GLIIHUHQFHV�DFURVV
PXOWLSOH�FDVHV



7KH� ILQDO� UHSRUW� LV� XVXDOO\� ZULWWHQ� WR� DGGUHVV� WKH� UHVHDUFK� TXHVWLRQV� �RU
³UHVHDUFK� LVVXHV´� DFFRUGLQJ� WR� 6WDNH�� ������� SURYLGH� WKH� UHOHYDQW� ILQGLQJV�� DQG
SUHVHQW� D� ULFK� �YLYLG� DQG�GHWDLOHG�� DQG�KROLVWLF� �L�H��� GHVFULEHV� WKH�ZKROH� DQG� LWV
SDUWV�� GHVFULSWLRQ� RI� WKH� FDVH� DQG� LWV� FRQWH[W��$Q� H[DPSOH� RI� ULFK� GHVFULSWLRQ� LV
JLYHQ� LQ� ([KLELW� ������ 7KH� ILQGLQJV� VKRXOG� EH� UHODWHG� WR� VLPLODU� ILQGLQJV� LQ� WKH
UHVHDUFK�OLWHUDWXUH�ZKHQ�SRVVLEOH��:KHQ�SHRSOH�RU�JURXSV�RI�SHRSOH�DUH�VWXGLHG��DQ
DWWHPSW� LV� XVXDOO\� PDGH� WR� UHFRQVWUXFW� WKH� SDUWLFLSDQWV¶� UHDOLWLHV� DQG� SRUWUD\� WKH
PXOWLSOH� YLHZSRLQWV� H[LVWLQJ� LQ� WKH� FDVH� �H�J��� \RX� PLJKW� SRUWUD\� WKH� GLIIHUHQW
YLHZSRLQWV�RI�WKH�WHDFKHUV�LQ�D�VFKRRO���:KHQ�D�FROOHFWLYH�FDVH�VWXG\�LV�FRQGXFWHG
�L�H���VWXG\LQJ�PXOWLSOH�FDVHV��� WKH�UHSRUW�PLJKW�EH�RUJDQL]HG�FDVH�E\�FDVH��ZLWK�D
VHSDUDWH� VHFWLRQ� LQWHJUDWLQJ� WKH� ILQGLQJV� IURP� DOO� RI� WKH� FDVHV�� 7KURXJK� GDWD
FROOHFWLRQ�� DQDO\VLV�� DQG� UHSRUW� ZULWLQJ�� WKH� UHVHDUFKHU� VKRXOG� XVH� WKH� YDOLGLW\
VWUDWHJLHV�GLVFXVVHG� LQ�&KDSWHU����� VXFK� DV� WKH�GLIIHUHQW� W\SHV�RI� WULDQJXODWLRQ�� WR
KHOS�LQFUHDVH�WKH�YDOLGLW\�RU�WUXVWZRUWKLQHVV�RI�WKH�FDVH�VWXG\�ILQGLQJV�

�(;+,%,7��������$Q�([DPSOH�RI�5LFK�'HVFULSWLRQ�LQ�D�&DVH�6WXG\

7KDW� ILUVW�PRUQLQJ�� ,� UHDFKHG�+DUSHU� >6FKRRO@� D� IHZ�PLQXWHV�DIWHU���D�P��� LQ� WLPH� WR� VHH�PRVW�RI� WKH
VWXGHQWV� DUULYLQJ�� ,W� ZDV� D� QLSS\� PRUQLQJ�� WKH� GD\� IROORZLQJ� 0DUWLQ� /XWKHU� .LQJ¶V� ELUWKGD\�� 0DQ\
\RXQJVWHUV�ZHUH�EXQGOHG�LQ�&KLFDJR�%XOOV�JHDU��$OO�ZHUH�ZDONLQJ��DOPRVW�DOO�IURP�WKH�DGMDFHQW�KLJK�ULVH
KRXVLQJ��5HVLGHQWV�FDOOHG�LW�³7KH�3ODFH�´

$�PLGGOH�VFKRRO�\RXQJVWHU�ZHDULQJ�D�FURVVLQJ�JXDUG�VDVK�FRXUWHRXVO\�HVFRUWHG�PH�WR�DQ�XQPDUNHG
GRRU��$OVR�XQPDUNHG²E\�JUDIILWL�RU�ZHDWKHU²ZDV�WKH�ZKLWH�EULFN�IDFH�RI�WKH�EXLOGLQJ��OHWWHUHG�VLPSO\
)UDQFHV�+DUSHU� 6FKRRO�� -XVW� LQVLGH� WKH� GRRU��0U��&DUWHU�� WKH� VHFXULW\� FDSWDLQ�� SRLQWHG� WKH�ZD\� WR� WKH
RIILFH��$�MDQLWRU�DQG�VHYHUDO�NLGV�WRRN�QRWLFH�RI�P\�DUULYDO�

7KH�RIILFH�FOHUN��ZLWK�D�ODUJH�VPLOH��LQWURGXFHG�PH�WR�³WKH�ERVV�´�3ULQFLSDO�/\GD�+DZNLQV¶V�JUHHWLQJ
DOVR�ZDV�ZDUP��:H�PRYHG�LQWR�KHU�URRP�IRU�D�OHQJWK\�FRQYHUVDWLRQ²LQ�VSLWH�RI�PRXQWLQJ�WUDIILF��)LUVW
ZH� FRPPHQWHG� RQ� \HVWHUGD\¶V� 'HQYHU� FRQIURQWDWLRQ� EHWZHHQ�.LQJ�PDUFKHUV� DQG�.ODQVPHQ�� ,� VDLG�
³+RZ�FRXOG�LW�EH"´�6KH�VDLG��³6RPH�WKLQJV�GRQ¶W�FKDQJH�´

/\GD�+DZNLQV� KDG� WDXJKW� LQ� WKLV� SDUW� RI� &KLFDJR� VLQFH� WKH� ����V� DQG� KDG� EHHQ� SULQFLSDO� RI� WKLV
VFKRRO� IRU� RYHU� ��� \HDUV�� 6KH� NQHZ� KHU� QHLJKERUKRRG��:H� WDONHG� DERXW� FKDQJH�� DERXW� WKH� &KLFDJR
VFKRRO�UHIRUP�SODQ��DERXW�LWV�RULHQWDWLRQ�WR�JRYHUQDQFH�PRUH�WKDQ�WR�WHDFKLQJ�DQG�OHDUQLQJ��³7R�PDQ\��LW
ZDV�OLFHQVH�WR�JHW�WKH�SULQFLSDO�́ �VKH�VDLG�ZLWK�IHHOLQJ��6KH�VSRNH�RI�/RFDO�6FKRRO�&RXQFLOV��QRWLQJ�WKDW
VKH� KDG� D� JRRG� FRXQFLO�� 6KH� VSRNH� RI� XQUHDOLVWLF� H[SHFWDWLRQV� RI� UHIRUP� JURXSV� DERXW� UHDGLQHVV� RI
SDUHQWV� WR� DVVXPH� VFKRRO� JRYHUQDQFH� UHVSRQVLELOLWLHV�� WKH� ODFN� RI� H[SHULHQFH� EHIRUH� HOHFWLRQ�� WKH
LQVXIILFLHQF\� RI� RULHQWDWLRQ� DIWHU�� 2QH� RI� KHU� FRXQFLO� PHPEHUV� KDG� VDLG�� ³+RZ� GR� \RX� H[SHFW� XV� WR
XQGHUVWDQG�D����PLOOLRQ�EXGJHW"�,�FDQ¶W�PDQDJH������D�PRQWK�´

&RPPXQLW\�LQYROYHPHQW�LQ�+DUSHU�6FKRRO�ZDV�QRW�KLJK��2QO\�D�IHZ�SDUHQW�YROXQWHHUV�ZRUNHG�ZLWK
WHDFKHUV��,W�ZDV�HYHQ�GLIILFXOW�WR�JHW�/RFDO�6FKRRO�&RXQFLO�PHPEHUV�WR�FRPH�WR�FRXQFLO�PHHWLQJV��,Q�WKH
ZRUGV� RI� 0DWWLH� 0LWFKHOO�� WHDFKHU� DQG� VFKRRO� FRPPXQLW\� UHSUHVHQWDWLYH�� ³:KR� ZDQWV� WR� PDNH
GHFLVLRQV"�:KR�LV�UHDG\�WR�PDNH�GHFLVLRQV"�1RW�PDQ\�´

6RXUFH��5HSULQWHG�IURP�5��(��6WDNH��7KH�$UW�RI�&DVH�6WXG\�5HVHDUFK��SS�����±�����FRS\ULJKW�������
E\�6DJH�3XEOLFDWLRQV��,QF��5HSULQWHG�E\�SHUPLVVLRQ�RI�6DJH�3XEOLFDWLRQV��,QF�
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�����:KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�RI�FDVH�VWXG\
UHVHDUFK"

�����:KDW�LV�D�FDVH"



�����'HILQH�LQWULQVLF�FDVH�VWXG\��LQVWUXPHQWDO�FDVH
VWXG\��DQG�FROOHFWLYH�FDVH�VWXG\�

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� OLNH� TXDOLWDWLYH� UHVHDUFK� PHWKRGV� EHFDXVH� WKHVH
PHWKRGV� KHOS� WKHP� WR� XQGHUVWDQG� WKH� ZRUOG� IURP� WKHLU� VWXGHQWV¶� RU� SDUWLFLSDQWV¶
SHUVSHFWLYHV�

����:KDW�TXDOLWDWLYH�PHWKRG�V��GLVFXVVHG�LQ�WKLV�FKDSWHU�ZRXOG�\RX�ZDQW�WR�XVH
WR�OHDUQ�DERXW�\RXU�VWXGHQWV�RU�SDUWLFLSDQWV"�:K\�DQG�KRZ"

����:KDW�LQIRUPDWLRQ�PLJKW�QDUUDWLYH�LQTXLU\�DQG�FDVH�VWXG\�UHVHDUFK�SURYLGH
\RX�ZLWK�LQ�UHODWLRQ�WR�\RXU�DFWLRQ�UHVHDUFK�SURMHFW"

����&RQGXFW�D�OLWHUDWXUH�VHDUFK�IRU�LQWHUHVWLQJ�QDUUDWLYH�LQTXLU\�DQG�FDVH�VWXG\
UHVHDUFK�H[DPSOHV�WKDW�DUH�UHOHYDQW�WR�\RXU�QHHGV�DW�\RXU�ZRUNSODFH��:RXOG
\RX�ZDQW�WR�FRQGXFW�RU�H[WHQG�RQH�RI�WKHVH�VWXGLHV�LQ�\RXU�SODFH�RI�ZRUN"

6800$5<

:H� VKRZ� LQ� )LJXUH� ����� WKDW� TXDOLWDWLYH� UHVHDUFK� IROORZV� HLJKW� VWHSV�� DOWKRXJK
UHVHDUFKHUV�RIWHQ�F\FOH�ZLWKLQ�WKHVH�VWHSV�DQG�F\FOH�WKURXJK�WKH�VHW��L�H���WKH�VWHSV
DUH� QRW� IXOO\� OLQHDU��� ,Q� 7DEOH� ����� ZH� VKRZ� 3DWWRQ¶V� ��� FKDUDFWHULVWLFV� RI
TXDOLWDWLYH� UHVHDUFK�� 7KLV� LV� D� JRRG� VHW� WR� UHPHPEHU� LI� \RX� DUH� HYHU� DVNHG� WKH
JHQHUDO�TXHVWLRQ��³:KDW�LV�TXDOLWDWLYH�UHVHDUFK"´�1H[W�ZH��LQ�([KLELW�������H[SODLQ
LQ� VLPSOH� ODQJXDJH�DQG� VLPSOH�GHILQLWLRQV� WKH� VRPHZKDW� FRPSOLFDWHG� FRQFHSWV�RI
VWUXFWXUDOLVP��PRGHUQLVP��SRVLWLYLVP��SRVWVWUXFWXUDOLVP��DQG�SRVWPRGHUQLVP��1H[W
ZH� SRLQW� RXW� WKDW� WKHUH� DUH� ILYH� PDMRU� WUDGLWLRQV� RU� DSSURDFKHV� WR� TXDOLWDWLYH
UHVHDUFK�� DQG� HDFK� KDV� D� GLIIHUHQW� HPSKDVLV� DQG� VHW� RI� FRQFHSWV� DQG� SUHIHUUHG
³ODQJXDJH�´� 7KH� ILYH� PDMRU� DSSURDFKHV� DUH� QDUUDWLYH� LQTXLU\�� FDVH� VWXG\�
SKHQRPHQRORJ\��HWKQRJUDSK\��DQG�JURXQGHG�WKHRU\��,Q�WKH�UHPDLQGHU�RI�WKH�FKDSWHU
ZH�H[SODLQ�WKH�ILUVW�WZR�RI�WKHVH��,Q�WKH�QH[W�FKDSWHU�ZH�H[SODLQ�WKH�RWKHU�WKUHH�

%ULHIO\��QDUUDWLYH�LQTXLU\�RU�1,�UHVHDUFK�SURYLGHV�XV�ZLWK�XQGHUVWDQGLQJ�RI�WKH
SKHQRPHQD�RI�H[SHULHQFH�E\�VWXG\LQJ�SHRSOH¶V� OLYHG�DQG� WROG�VWRULHV��2QH�EHJLQV
ZLWK� WKH� SDUWLFLSDQWV¶� VWRULHV�� EXW� WKH� VWRULHV� DUH� MRLQWO\� SURGXFHG� DQG� UHVWRULHG
WKURXJK� UHODWLRQDO� LQTXLU\� ZLWK� D� QDUUDWLYH� UHVHDUFKHU�� 1,� YDOLGLW\� RU� TXDOLW\� LV
EDVHG�RQ�SHUVRQDO�MXVWLILFDWLRQ��UHVHDUFKHU�VWDWHV�ZK\�KH�RU�VKH�YLHZV�WKH�VWRU\�DV
LPSRUWDQW��� SUDFWLFDO� MXVWLILFDWLRQ� �WKH� UHVHDUFKHU� VWDWHV� ZK\� WKH� VWRU\� VKRXOG
FRQWULEXWH� WR� SUDFWLFH��� DQG� VRFLDO�WKHRUHWLFDO� MXVWLILFDWLRQ� �WKH� UHVHDUFKHU� VWDWHV
ZKDW�FRQWULEXWLRQ�WKH�UHVHDUFK�ZLOO�PDNH�WR�WKHRU\�RU�WR�PDNLQJ�VLWXDWLRQV�LQ�VRFLHW\
PRUH� MXVW��� 'XULQJ� 1,�� WKH� UHVHDUFKHU� HQWHUV� WKH� ILHOG� DQG� SD\V� DWWHQWLRQ� WR
WHPSRUDO�WLPH��SODFH��DQG�UHODWLRQDO�DVSHFWV�RI�SHRSOH¶V�H[SHULHQFHV��WKLV�LV�FDOOHG



EHLQJ� LQ� WKH�PLGVW��:KLOH� LQ� WKH� ILHOG�� WKH� UHVHDUFKHU� FUHDWHV� ILHOG� WH[WV� VXFK� DV
QRWHV� RI� DFWLYLWLHV�� HYHQWV�� FRQYHUVDWLRQV�� DQG� SKRWRV�� $FFRUGLQJ� WR� UHODWLRQDO
HWKLFV��WKH�1,�UHVHDUFKHU�PXVW�FDUH�IRU�DQG�DWWHQG�WR�SDUWLFLSDQWV¶�H[SHULHQFHV�LQ�D
UHVSRQVLEOH�DQG�FDULQJ�ZD\��7KH�UHVXOW�RI�DQ�1,�VWXG\�LV�FDOOHG�D�UHVHDUFK�WH[W�WKDW
SURYLGHV�D�UHSUHVHQWDWLRQ�WR�EH�VKDUHG�SXEOLFDOO\�

1H[W��FDVH� VWXG\� UHVHDUFK� LV� D� JHQHUDO� DQG� LQFOXVLYH� DSSURDFK� WR� TXDOLWDWLYH
UHVHDUFK��:KDW�FDVH�VWXG\�UHVHDUFKHUV�KDYH�LQ�FRPPRQ�LV� WKDW� WKH\�FKRRVH�WR�FDOO
WKHLU� REMHFWV� RI� VWXG\� ³FDVHV´� DQG� WKH\� RUJDQL]H� WKHLU� UHVHDUFK� HIIRUWV� DURXQG� WKH
VWXG\�RI�WKRVH�FDVHV��7KH�IRFXV�LV�XVXDOO\�RQ�GHVFULELQJ�WKH�FKDUDFWHULVWLFV�RI�RQH�RU
PRUH� FDVHV�� GHVFULELQJ� KRZ� WKH� FDVH� RU� FDVHV� RSHUDWH�� DQG� DQVZHULQJ� VSHFLILF
UHVHDUFK�TXHVWLRQV� DERXW� WKH� FDVH�V���7KH�PDMRU� W\SHV�RI� FDVH� VWXG\� UHVHDUFK� DUH
LQWULQVLF�FDVH�VWXG\��WKH�UHVHDUFKHU�LV�LQWHUHVWHG�LQ�D�VSHFLILF�FDVH���LQVWUXPHQWDO
FDVH�VWXG\� �WKH� UHVHDUFKHU� VWXGLHV� D� FDVH� IRU� D� EURDGHU� SXUSRVH��� DQG� FROOHFWLYH
FDVH�VWXG\� �WKH� UHVHDUFKHU� VWXGLHV�PXOWLSOH� FDVHV� IRU� FRPSDULVRQ���:KHQ� WKHUH� LV
PRUH� WKDQ� RQH� FDVH�� FURVV�FDVH� DQDO\VLV� LV� XVHG� WR� LGHQWLI\� VLPLODULWLHV� DQG
GLIIHUHQFHV�DFURVV�WKH�FDVHV�

.(<�7(506

EHLQJ�LQ�WKH�PLGVW��S������
FDVH��S������
FDVH�VWXG\�UHVHDUFK��S������
FROOHFWLYH�FDVH�VWXG\��S������
FURVV�FDVH�DQDO\VLV��S������
ILHOG��S������
ILHOG�WH[WV��S������
ILQDO�UHVHDUFK�WH[WV��S������
LQVWUXPHQWDO�FDVH�VWXG\��S������
LQWHULP�UHVHDUFK�WH[WV��S������
LQWULQVLF�FDVH�VWXG\��S������
OLYLQJ�DQG�WHOOLQJ�VWRULHV��S������
PRGHUQLVP��S������
QDUUDWLYH�LQTXLU\��S������
SHUVRQDO�MXVWLILFDWLRQV��S������
SRVLWLYLVP��S������
SRVWPRGHUQLVP��S������
SRVWVWUXFWXUDOLVP��S������
SUDFWLFDO�MXVWLILFDWLRQV��S������
SVHXGRQ\PV��S������
TXDOLWDWLYH�UHVHDUFK��S������



UHODWLRQDO�HWKLFV��S������
UHOLYLQJ�VWRULHV��S������
UHVHDUFK�SX]]OH��S������
UHWHOOLQJ�VWRULHV��S������
VRFLDO�WKHRUHWLFDO�MXVWLILFDWLRQV��S������
VWUXFWXUDOLVP��S������

',6&866,21�48(67,216

����:KLFK�TXDOLWDWLYH�PHWKRG�RU�PHWKRGV�GLVFXVVHG�LQ�WKLV�FKDSWHU�GR�\RX�WKLQN
ZRXOG�EH�PRVW�DSSURSULDWH�IRU�VWXG\LQJ�D�WHDFKHU�ZKR�FRQVWDQWO\�H[FHOV�DERYH
DOO�RWKHUV�LQ�D�VFKRRO"

����:KDW�FRXOG�ZH�OHDUQ�IURP�D�QDUUDWLYH�LQTXLU\�LQWR�WKH�H[SHULHQFHV�RI�VWXGHQWV
ZKR�OHDYH�VFKRRO�HDUO\�WKDW�ZRXOG�HQULFK�D�ODUJHU�UHVHDUFK�VWXG\�RI�VFKRROV
ZKHUH�WKHUH�LV�D�KLJK�DWWULWLRQ�UDWH"

����:K\�GR�\RX�WKLQN�LW�LV�LPSRUWDQW�WR�VWXG\�WKH�H[SHULHQFHV�RI�WHDFKHUV��FKLOGUHQ�
DQG�SDUHQWV�WKURXJK�QDUUDWLYH�LQTXLULHV"

����:KHQ�ZRXOG�XVH�RI�WKH�FDVH�VWXG\�PHWKRG�EH�DSSURSULDWH"

5(6($5&+�(;(5&,6(6

����5HYLHZ�DQG�FULWLTXH�WKH�TXDOLWDWLYH�UHVHDUFK�DUWLFOH�DW�WKH�FRPSDQLRQ�ZHEVLWH�

����7KLQN�RI�D�K\SRWKHWLFDO�H[DPSOH�RI�D�TXDOLWDWLYH�UHVHDUFK�VWXG\�WKDW�ZRXOG
LQWHUHVW�\RX�IRU�HDFK�RI�WKH�IROORZLQJ�TXDOLWDWLYH�UHVHDUFK�PHWKRGV��:ULWH�D
SDUDJUDSK�RU�WZR�DERXW�HDFK�H[DPSOH�

D���1DUUDWLYH�LQTXLU\

E���&DVH�VWXG\�UHVHDUFK

����6HDUFK�D�GDWDEDVH�DW�\RXU�OLEUDU\��)LQG�DQG�WKHQ�OLVW�WKH�WLWOHV�RI�D�QDUUDWLYH
LQTXLU\�DQG�D�FDVH�VWXG\��$OVR�SURYLGH�D�EULHI��RQH�SDUDJUDSK��VXPPDU\�RI�HDFK
DUWLFOH�

����7KLV�H[HUFLVH�ZLOO�KHOS�\RX�H[SHULHQFH�QDUUDWLYH�LQTXLU\�DQG�WKLQN�QDUUDWLYHO\
DERXW�H[SHULHQFH��7KLQN�DERXW�DQ�H[SHULHQFH�WKDW�\RX�KDYH�KDG�ZLWK�D�FKLOG�DQG
WKHQ�ZULWH�DERXW�WKH�H[SHULHQFH��7KHQ�WU\�WR�WKLQN�DERXW�ZKDW�KDSSHQHG�EHIRUH
WKH�H[SHULHQFH�DQG�ZKDW�KDSSHQHG�GXULQJ�WKH�H[SHULHQFH��:KR�HOVH�ZDV�SUHVHQW
LQ�WKH�VLWXDWLRQ"�+RZ�GLG�\RX�IHHO�LQ�WKH�H[SHULHQFH"

����:H�KDYH�SRLQWHG�RXW�UHSHDWHGO\�WKDW�RQH�RI�WKH�EHVW�ZD\V�WR�OHDUQ�DERXW�UHVHDUFK



LV�WR�UHDG�SXEOLVKHG�UHVHDUFK�DUWLFOHV��+HUH�DUH�VHYHUDO�JRRG�H[DPSOHV�RI
QDUUDWLYH�DQG�FDVH�VWXG\�UHVHDUFK�DUWLFOHV��6HOHFW�RQH�DUWLFOH�WR�UHYLHZ�

1DUUDWLYH�LQTXLU\�H[DPSOH
&KULVWHQVHQ��(���������0LFURSROLWLFDO�VWDIIURRP�VWRULHV��%HJLQQLQJ�KHDOWK�DQG
SK\VLFDO�HGXFDWLRQ�WHDFKHUV¶�H[SHULHQFHV�RI�WKH�VWDIIURRP��7HDFKLQJ�DQG�7HDFKHU
(GXFDWLRQ��������±���

6FKDHIHU��/����������%HJLQQLQJ�WHDFKHU�DWWULWLRQ��$�TXHVWLRQ�RI�LGHQWLW\�PDNLQJ�DQG
LGHQWLW\�VKLIWLQJ��7HDFKHUV�DQG�7HDFKLQJ��7KHRU\�DQG�3UDFWLFH���������±����

&DVH�VWXG\�H[DPSOH
$EHOO��6��.���	�5RWK��0����������&RQVWUXFWLQJ�VFLHQFH�WHDFKLQJ�LQ�WKH�HOHPHQWDU\
VFKRRO��7KH�VRFLDOL]DWLRQ�RI�D�VFLHQFH�HQWKXVLDVW�VWXGHQW�WHDFKHU��-RXUQDO�RI
5HVHDUFK�LQ�6FLHQFH�7HDFKLQJ��������±���

(;(5&,6(�6+((7

3URSRVH� D� TXDOLWDWLYH� VWXG\� WKDW� \RX�ZRXOG� OLNH� WR� FRQGXFW� DQG� DQVZHU� WKH
IROORZLQJ�TXHVWLRQV�

����:KDW�LV�WKH�WHQWDWLYH�WLWOH�RI�\RXU�VWXG\"

����:KDW�GR�\RX�KRSH�WR�OHDUQ�LQ�\RXU�VWXG\"

����:KDW�DUH�\RXU�UHVHDUFK�TXHVWLRQV�RU��LI�LW�LV�D�QDUUDWLYH�LQTXLU\��ZKDW�DUH
\RXU�UHVHDUFK�SX]]OHV"

����:KRP�ZLOO�\RX�VWXG\"�:KHUH�ZLOO�\RX�VWXG\�WKHP"�+RZ�PDQ\�SHRSOH
ZLOO�\RX�VWXG\"�+RZ�ORQJ�ZLOO�\RX�VWXG\�WKHP"

����:KDW�GDWD�FROOHFWLRQ�PHWKRGV�ZLOO�\RX�XVH"

����:KDW�YDOLGLW\�VWUDWHJLHV�ZLOO�\RX�XVH�WR�KHOS�HQVXUH�WKH�WUXVWZRUWKLQHVV�RI
\RXU�GDWD�DQG�FRQFOXVLRQV"��+LQW��6HH�WKH�VWUDWHJLHV�GLVFXVVHG�LQ�&KDSWHU
����

5(/(9$17�,17(51(7�6,7(6

9LVLW�WKLV�VLWH�IRU�JRRG�PDWHULDOV�RQ�TXDOLWDWLYH�UHVHDUFK�
KWWS���ZZZ�QRYD�HGX�VVVV�45�TXDOUHV�KWPO

&DVH�VWXG\�UHVHDUFK�OLQNV
KWWS���ZULWLQJ�FRORVWDWH�HGX�JXLGHV�JXLGH�FIP"JXLGHLG ��

http://www.nova.edu/ssss/QR/qualres.html
http://writing.colostate.edu/guides/guide.cfm?guideid=60


678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

&ODQGLQLQ��'��-����������(QJDJLQJ�LQ�QDUUDWLYH�LQTXLU\��:DOQXW�&UHHN��&$��/HIW
&RDVW�3UHVV�

&ODQGLQLQ��'��-���	�&RQQHOO\��)��0����������1DUUDWLYH�LQTXLU\��([SHULHQFH�DQG
VWRU\�LQ�TXDOLWDWLYH�UHVHDUFK��6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

-RKQVRQ��5��%����������.QRZOHGJH��,Q�/��0��*LYHQ��(G����7KH�6$*(�HQF\FORSHGLD
RI�TXDOLWDWLYH�UHVHDUFK�PHWKRGV��9RO�����SS�����±������7KRXVDQG�2DNV��&$�
6DJH�

6FKZDQGW��7��$����������4XDOLWDWLYH�LQTXLU\��$�GLFWLRQDU\�RI�WHUPV��7KRXVDQG
2DNV��&$��6DJH�

6WDNH��5��(����������7KH�DUW�RI�FDVH�VWXG\�UHVHDUFK��7KRXVDQG�2DNV��&$��6DJH�
<LQ��5��.����������&DVH�VWXG\�UHVHDUFK��'HVLJQ�DQG�PHWKRGV��1HZEXU\�3DUN��&$�
6DJH�

127(

����'RQ¶W�EH�VXUSULVHG�LI�\RX�VHH�MRXUQDO�DUWLFOHV�LQ�ZKLFK�WKH�DXWKRUV�FODLP�WR
EH�SHUIRUPLQJ�FDVH�VWXG\�UHVHDUFK�DV�ZHOO�DV�XVLQJ�DQRWKHU�UHVHDUFK�PHWKRG��7KH
WHUP� FDVH� VWXG\� LV� QRW� XVHG� FRQVLVWHQWO\�� )RU� H[DPSOH�� LW� LV� QRW� XQFRPPRQ� IRU
HWKQRJUDSKHUV� WR� UHIHU� WR� WKHLU� JURXSV� DV� ³FDVHV´� �/H&RPSWH�	� 3UHLVVOH�� ������
6LPLODUO\��RWKHU�TXDOLWDWLYH�UHVHDUFKHUV�PD\�FDOO�WKH�LQGLYLGXDOV�RU�JURXSV�LQ�WKHLU
VWXG\�³FDVHV�´

http://www.sagepub.com/bjohnson5e/


&KDSWHU���

3KHQRPHQRORJ\��(WKQRJUDSK\��DQG�*URXQGHG�7KHRU\

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��&RPSDUH�DQG�FRQWUDVW�WKH�WKUHH�PDMRU�DSSURDFKHV�WR�TXDOLWDWLYH�UHVHDUFK
GLVFXVVHG�LQ�WKLV�FKDSWHU��SKHQRPHQRORJ\��HWKQRJUDSK\��DQG�JURXQGHG�WKHRU\�

��'HILQH�DQG�H[SODLQ�SKHQRPHQRORJ\�
��'HILQH�DQG�H[SODLQ�HWKQRJUDSK\�
��'HILQH�DQG�H[SODLQ�JURXQGHG�WKHRU\�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�4XDOLWDWLYH�5HVHDUFK
$SSURDFKHV

2Q�$SULO�����������'HQYHU�SROLFH�RIILFHU�-RKQ�/LHW]�UHFHLYHG�D
SKRQH�FDOO�VKRUWO\�DIWHU�������D�P��WKDW�ZLOO�VWD\�ZLWK�KLP�IRU�WKH
UHVW� RI� KLV� OLIH�� +H� SLFNHG� XS� WKH� SKRQH� WR� KHDU� 0DWWKHZ
'HSHZ�� WKH� VRQ� RI� D� IHOORZ� SROLFH� RIILFHU�� VD\� WKDW� KH� DQG� ��
RWKHU� &ROXPELQH� +LJK� 6FKRRO� VWXGHQWV� ZHUH� WUDSSHG� LQ� D
VWRUDJH� URRP� RII� WKH� VFKRRO� FDIHWHULD�� KLGLQJ� IURP� NLGV� ZLWK
JXQV�� %XUVWV� RI� JXQILUH� FRXOG� EH� KHDUG� LQ� WKH� EDFNJURXQG� DV
/LHW]� WROG� WKH�NLGV� WR�EDUULFDGH� WKH�GRRU�ZLWK�FKDLUV�DQG�VDFNV
RI� IRRG�� $V� /LHW]� DQG� 'HSHZ� VSRNH�� /LHW]� FRXOG� KHDU� WKH
VKRRWHUV� WU\LQJ� WR�EUHDN� LQ�RQ�VHYHUDO�RFFDVLRQV��$W�RQH�SRLQW�
WKH\�SRXQGHG�RQ�WKH�GRRU��SURPSWLQJ�'HSHZ�WR�WHOO�/LHW]�FDOPO\

WKDW�KH�ZDV�VXUH�KH�ZDV�JRLQJ�WR�GLH�
7KH�VKRRWHUV��(ULF�+DUULV�DQG�'\ODQ�.OHEROG��KDG�VWDUWHG�WKHLU�GD\�DV�WKH\�DOZD\V�GLG��DWWHQGLQJ�D

ERZOLQJ� FODVV� DW� ����� D�P�� :KHQ� HLWKHU� RI� WKHP� KLW� D� VWULNH� RU� VSDUH�� WKH\� VKRXWHG� ³6LHJ� +HLO�´� LQ
FHOHEUDWLRQ�� VRPHWKLQJ� WKH\� KDG� GRQH� LQ� WKH� SDVW�� %\� ������ D�P��� +DUULV� DQG� .OHEROG� ZHUH� ZDONLQJ
WRZDUG� WKH�&ROXPELQH� FDIHWHULD�ZHDULQJ� WKHLU� WUDGHPDUN� EODFN� WUHQFK� FRDWV� DQG�ZUDSDURXQG� VKDGHV�
'HQQ\�5RZH��VLWWLQJ�RQ�D�NQROO�QRW�IDU�IURP�WKH�FDIHWHULD¶V�HQWUDQFH��ZDWFKHG�RQH�RI�WKHP�WDNH�RII�KLV
FRDW�� UHYHDOLQJ� VRPHWKLQJ� WKDW� ORRNHG� OLNH� JUHQDGHV�� 7KH� RWKHU� OLW� VRPH� ILUHFUDFNHUV� DQG� WKUHZ� WKHP
WRZDUG�WKH�VFKRRO�HQWUDQFH��2QH�RI�WKH�ER\V�WKHQ�EUDQGLVKHG�D�VHPLDXWRPDWLF�ULIOH��SRLQWHG�LW�WRZDUG�D
���\HDU�ROG�IUHVKPDQ�PDOH��DQG�VKRW� WKH�IUHVKPDQ�LQ� WKH� WKLJK�DQG�WKHQ�LQ� WKH�EDFN�DV�KH� WULHG� WR�UXQ
DZD\�� 7KH� NLOOHUV� WKHQ� WXUQHG� WRZDUG� 5RZH� DQG� KLV� IULHQGV�� VKRRWLQJ� RQH� RI� WKHP� LQ� WKH� NQHH� DQG
DQRWKHU�LQ�WKH�FKHVW�DV�WKH\�SURFHHGHG�WRZDUG�WKH�FDIHWHULD��ZKHUH�WKHUH�ZHUH�VRPH�����VWXGHQWV��%\



7

WKH�WLPH�WKH�WHUURU�HQGHG�ZLWK�WKH�NLOOHUV�FRPPLWWLQJ�VXLFLGH�����VWXGHQWV�DQG�D�WHDFKHU�ZHUH�GHDG��DQG
���VWXGHQWV�ZHUH�ZRXQGHG��VHYHUDO�FULWLFDOO\�

)ROORZLQJ� VXFK� D� WUDJLF� LQFLGHQW�� WKH� RYHUDUFKLQJ� TXHVWLRQ� LQ� WKH� PLQGV� RI� PDQ\� $PHULFDQV� LV
³:K\"´� (ULF� +DUULV� DQG� '\ODQ� .OHEROG� ZHUH� EULJKW� NLGV� ZKR� FDPH� IURP� VHHPLQJO\� VWDEOH�� DIIOXHQW
KRPHV��$OPRVW�LPPHGLDWHO\��D�YDULHW\�RI�SRVVLEOH�H[SODQDWLRQV�HPHUJHG��9LROHQFH�RQ�QHWZRUN�WHOHYLVLRQ
DQG� LQ� FDUWRRQV�� FRPLF� ERRNV�� PXVLF�� YLGHR� JDPHV�� DQG� PRYLHV� PLJKW� KDYH� EHHQ� D� FRQWULEXWRU�� 7KH
DYDLODELOLW\� RI� LQIRUPDWLRQ� RQ� WKH� ,QWHUQHW� DERXW� VXFK� WKLQJV� DV� KRZ� WR� PDNH� ERPEV� PD\� KDYH
FRQWULEXWHG��7KH�DFFHVV�WKDW�WHHQDJHUV�KDYH�WR�JXQV�LQ�RXU�VRFLHW\�LV�DOVR�VHHQ�DV�D�SRWHQWLDO�FRQWULEXWRU
�'RULW\��������

:LWK� VR�PDQ\� SRVVLELOLWLHV�� KRZ� FDQ� RQH� LGHQWLI\� WKH�PRVW� OLNHO\� FDXVHV� RI�(ULF�+DUULV� DQG�'\ODQ
.OHEROG¶V�NLOOLQJ�VSUHH"�$OWKRXJK�ZH�PLJKW�QHYHU�NQRZ�DOO�RI�WKH�FDXVHV��SV\FKRORJLVWV�ZRXOG�FRQGXFW
H[WHQVLYH�TXDOLWDWLYH�LQWHUYLHZLQJ�RI�WKH�NLOOHUV��VWXG\�WKHLU�OLIH�KLVWRULHV��DQG�LQWHUYLHZ�WKH�NLOOHUV¶�IULHQGV�
FODVVPDWHV�� WHDFKHUV�� DQG� IDPLO\� PHPEHUV� WR� REWDLQ� VRPH� HYLGHQFH�� 2QH� GD\�� WKURXJK� WKH� VWXG\� RI
PXOWLSOH�FDVHV��SHUKDSV�SV\FKRORJLVWV�DQG�HGXFDWRUV�ZLOO�FRPH�XS�ZLWK�D�YLDEOH�WKHRU\�DERXW�ZK\�VXFK
HYHQWV�RFFXU�DQG�ZKDW�SDUHQWV��WHDFKHUV��DQG�VWXGHQWV�FDQ�GR�WR�SUHYHQW�IXWXUH�RXWEUHDNV�RI�YLROHQFH�
4XDOLWDWLYH� UHVHDUFK� DSSURDFKHV� DUH� YHU\� XVHIXO� LQ� H[SORULQJ� VLWXDWLRQV� OLNH� WKLV� DQG� LQ� GHYHORSLQJ
H[SODQDWLRQV�WKDW�FDQ�EH�IXUWKHU�GHYHORSHG�RYHU�WLPH��7KH�SUHYLRXV�FKDSWHU�LQWURGXFHG�\RX�WR�WZR�RI�WKH
PDMRU� W\SHV�RI�TXDOLWDWLYH� UHVHDUFK�� QDUUDWLYH� LQTXLU\� DQG�FDVH� VWXG\��7KLV� FKDSWHU� DFTXDLQWV� \RX�ZLWK
WKUHH�RWKHUV�

KH� SXUSRVH� RI� WKLV� FKDSWHU� LV� WR� LQWURGXFH� \RX� WR� SKHQRPHQRORJ\�
HWKQRJUDSK\�� DQG� JURXQGHG� WKHRU\�� 7KLV� FKDSWHU�� LQ� FRPELQDWLRQ�ZLWK� WKH
SUHYLRXV� FKDSWHU�� SURYLGHV� \RX� ZLWK� DQ� RYHUYLHZ� RI� WKH� ILYH� PDMRU

DSSURDFKHV�WR�TXDOLWDWLYH�UHVHDUFK��$�VXPPDU\�RI�DOO�ILYH�DSSURDFKHV�LV�VKRZQ�LQ
7DEOH� ����� LQ� WKH� SUHYLRXV� FKDSWHU�� $V� ZDV� WKH� FDVH� ZLWK� WKH� WZR� DSSURDFKHV
GLVFXVVHG�LQ�&KDSWHU�����QDUUDWLYH�LQTXLU\�DQG�FDVH�VWXG\���WKH�WKUHH�DSSURDFKHV�LQ
WKLV� FKDSWHU� VKDUH�PDQ\� FRPPRQ� FKDUDFWHULVWLFV� RI� TXDOLWDWLYH� UHVHDUFK�� EXW� HDFK
DSSURDFK�KDV�LWV�RZQ�HPSKDVLV�DQG�VHW�RI�FRQFHSWV�

3+(120(12/2*<
)RXQGDWLRQDO�TXHVWLRQ��:KDW� LV� WKH�PHDQLQJ�� VWUXFWXUH�� DQG� HVVHQFH� RI� WKH� OLYHG
H[SHULHQFH�RI�WKLV�SKHQRPHQRQ�E\�DQ�LQGLYLGXDO�RU�E\�PDQ\�LQGLYLGXDOV"

3KHQRPHQRORJ\� UHIHUV� WR� WKH� GHVFULSWLRQ� RI� RQH� RU� PRUH� LQGLYLGXDOV¶
FRQVFLRXVQHVV�DQG�H[SHULHQFH�RI�D�SKHQRPHQRQ��VXFK�DV�WKH�GHDWK�RI�D�ORYHG�RQH�
YLHZLQJ�RQHVHOI�DV�D�WHDFKHU��WKH�DFW�RI�WHDFKLQJ��WKH�H[SHULHQFH�RI�EHLQJ�D�PLQRULW\
JURXS� PHPEHU�� RU� WKH� H[SHULHQFH� RI� ZLQQLQJ� D� VRFFHU� JDPH�� 7KH� SXUSRVH� RI
SKHQRPHQRORJLFDO�UHVHDUFK�LV�WR�REWDLQ�D�YLHZ�LQWR�\RXU�UHVHDUFK�SDUWLFLSDQWV¶�OLIH�
ZRUOGV� DQG� WR�XQGHUVWDQG� WKHLU�SHUVRQDO�PHDQLQJV� �L�H���ZKDW� VRPHWKLQJ�PHDQV� WR
WKHP��FRQVWUXFWHG�IURP�WKHLU�³OLYHG�H[SHULHQFHV�´�/LIH�ZRUOG� LV� WKH� WUDQVODWLRQ�RI
WKH�*HUPDQ� WHUP�/HEHQVZHOW� XVHG�E\� WKH� IRXQGHU�RI�SKHQRPHQRORJ\�� SKLORVRSKHU
(GPXQG� +XVVHUO� �����±������� WR� UHIHU� WR� WKH� LQGLYLGXDO¶V� ³ZRUOG� RI� LPPHGLDWH
H[SHULHQFH�´� ,W� LV� WKH� LQGLYLGXDO¶V� LQQHU� ZRUOG� RI� FRQVFLRXVQHVV� DQG� H[SHULHQFH�
<RX� DUH� LQ� \RXU� OLIH�ZRUOG� ULJKW� QRZ� DV� \RX� UHDG� WKLV� FKDSWHU� DQG� DV� \RX� H[LVW
ZKHUHYHU� \RX� DUH�� ,Q� RWKHU� ZRUGV�� \RXU� OLIH�ZRUOG� LV� LQ� \RXU� PLQG�� ,W� LV� \RXU
FRPELQDWLRQ�RI� IHHOLQJV�� WKRXJKWV��DQG�VHOI�DZDUHQHVV�DW�DQ\�PRPHQW� LQ� WLPH��7KH
SXUSRVH� RI� SKHQRPHQRORJ\� LV� WR� JDLQ� DFFHVV� WR� LQGLYLGXDOV¶� OLIH�ZRUOGV� DQG� WR



GHVFULEH�WKHLU�H[SHULHQFHV�RI�D�SKHQRPHQRQ�

��3KHQRPHQRORJ\�7KH�GHVFULSWLRQ�RI�RQH�RU�PRUH�LQGLYLGXDOV¶�FRQVFLRXVQHVV
DQG�H[SHULHQFH�RI�D�SKHQRPHQRQ

��/LIH�ZRUOG�$Q�LQGLYLGXDO¶V�LQQHU�ZRUOG�RI�LPPHGLDWH�H[SHULHQFH

7R� H[SHULHQFH� SKHQRPHQRORJ\� ILUVWKDQG�� WU\� GHVFULELQJ� \RXU� RZQ� SHUVRQDO
H[SHULHQFH� RI� D� SKHQRPHQRQ�� 7R� GR� WKLV� HIIHFWLYHO\�� \RX� PXVW� JLYH� LW� \RXU� IXOO
DWWHQWLRQ²WKH�IROORZLQJ�SRHP�E\�0RIILWW��PDNHV�WKLV�SRLQW�TXLWH�HORTXHQWO\��FLWHG
LQ�0RXVWDNDV��������

7R�ORRN�DW�DQ\�WKLQJ
,I�\RX�ZRXOG�NQRZ�WKDW�WKLQJ�
<RX�PXVW�ORRN�DW�LW�ORQJ�
7R�ORRN�DW�WKLV�JUHHQ�DQG�VD\
³,�KDYH�VHHQ�VSULQJ�LQ�WKHVH
:RRGV�´�ZLOO�QRW�GR²\RX�PXVW
%H�WKH�WKLQJ�\RX�VHH�
<RX�PXVW�EH�WKH�GDUN�VQDNHV�RI
6WHPV�DQG�IHUQ\�SOXPHV�RI�OHDYHV�
<RX�PXVW�HQWHU�LQ
7R�WKH�VPDOO�VLOHQFHV�EHWZHHQ
7KH�OHDYHV�
<RX�PXVW�WDNH�\RXU�WLPH
$QG�WRXFK�WKH�YHU\�SODFH
7KH\�LVVXH�IURP�

:KHQ�\RX�ZDQW�WR�H[SHULHQFH�VRPHWKLQJ�WR�LWV�IXOOHVW��\RX�PXVW�VWRS�ZKDW�\RX
DUH� GRLQJ�� IRFXV� RQ� ZKDW� \RX� DUH� H[SHULHQFLQJ� DW� WKDW� PHDQLQJIXO� PRPHQW�� DQG
H[SHULHQFH� WKH� WKRXJKWV�� VHQVDWLRQV�� DQG� IHHOLQJV� DVVRFLDWHG�ZLWK� WKDW� H[SHULHQFH�
7UDGLWLRQDO�SKHQRPHQRORJLVWV�SRLQW�RXW� WKDW�� WR�H[SHULHQFH� VRPHWKLQJ� LQ� LWV�SXUHVW
IRUP��\RX�QHHG�WR�EUDFNHW��RU�VXVSHQG��DQ\�SUHFRQFHSWLRQV�RU�OHDUQHG�IHHOLQJV�WKDW
\RX�KDYH�DERXW� WKH�SKHQRPHQRQ��7KLV� LV�EHFDXVH� WKH\�ZDQW�\RX� WR�H[SHULHQFH� WKH
SKHQRPHQRQ�³DV�LW�LV�´�:KHQ�\RX�EUDFNHW�\RXU�SUHFRQFHSWLRQV��\RX�VHW�DVLGH�\RXU
WDNHQ�IRU�JUDQWHG� RULHQWDWLRQ� WRZDUG� WKH� SKHQRPHQRQ�� DQG� \RXU� H[SHULHQFH� RI� LW
EHFRPHV�SDUW�RI�\RXU�FRQVFLRXVQHVV�

��%UDFNHW�7R�VXVSHQG�\RXU�SUHFRQFHSWLRQV�RU�OHDUQHG�IHHOLQJV�DERXW�D
SKHQRPHQRQ�WR�H[SHULHQFH�LWV�HVVHQFH



�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

([DPSOHV�RI�3KHQRPHQRORJ\
+HUH�DUH�EULHI�GHVFULSWLRQV�RI�D�IHZ�SKHQRPHQRORJLFDO�UHVHDUFK�VWXGLHV��DQ\�RI

ZKLFK�\RX�FDQ�ORRN�XS�DQG�UHDG�LI�\RX�QHHG�WR�OHDUQ�PRUH�DERXW�SKHQRPHQRORJLFDO
UHVHDUFK��2QO\�RQH�RI�WKHVH�DUWLFOHV�ZDV�EDVHG�RQ�D�VLQJOH�LQGLYLGXDO¶V�H[SHULHQFHV
�*UHHQ���������)LUVW��&URVV�DQG�6WHZDUW��������VWXGLHG�ZKDW�LW�LV�OLNH�WR�EH�D�JLIWHG
VWXGHQW� LQ� D� UXUDO� KLJK� VFKRRO� LQ� DQ� DUWLFOH� HQWLWOHG� ³$� 3KHQRPHQRORJLFDO
,QYHVWLJDWLRQ�RI� WKH�/HEHQVZHOW�RI�*LIWHG�6WXGHQWV� LQ�5XUDO�+LJK�6FKRROV�´�&URVV
DQG� 6WHZDUW� DOVR� FRPSDUHG� UXUDO� VWXGHQWV¶� H[SHULHQFHV� ZLWK� WKH� H[SHULHQFHV� RI
XUEDQ� VFKRRO� VWXGHQWV� EDVHG� RQ� SUHYLRXV� UHVHDUFK�� ,I� \RX� ZDQW� WR� UHDG� MXVW� RQH
SKHQRPHQRORJLFDO� UHVHDUFK� DUWLFOH�� WKLV� RQH� LV� H[HPSODU\�� *UHHQ�� LQ� DQ� DUWLFOH
HQWLWOHG�³([SHULHQWLDO�/HDUQLQJ�DQG�7HDFKLQJ�´�VWXGLHG�D�WHDFKHU¶V�PHDQLQJ�IRU�DQG
H[SHULHQFH�RI�XVLQJ�DQ�H[SHULHQWLDO�OHDUQLQJ�DSSURDFK�ZLWK�KHU�VWXGHQWV��7��%URZQ
��������LQ�DQ�DUWLFOH�HQWLWOHG�³7KH�3KHQRPHQRORJ\�RI�WKH�0DWKHPDWLFV�&ODVVURRP�´
H[DPLQHG� FKLOGUHQ¶V� H[SHULHQFHV� RI� EHLQJ� LQ� D� PDWKHPDWLFV� FODVVURRP�� )LQDOO\�
0XOOHU� ������� VWXGLHG� WKH� PHDQLQJ� DQG� H[SHULHQFH� RI� HPSRZHULQJ� RWKHU� SHRSOH
IURP�WKH�SHUVSHFWLYH�RI�WKH�SHUVRQ�GRLQJ�WKH�HPSRZHULQJ�� LQ�WKLV�FDVH�VL[�ZRPHQ
ZKR�KDG�EHHQ�LGHQWLILHG�DV�OHDGHUV��WKH�DUWLFOH�LV�WLWOHG�³7RZDUG�DQ�8QGHUVWDQGLQJ
RI�(PSRZHUPHQW��$�6WXG\�RI�6L[�:RPHQ�/HDGHUV�´�$JDLQ��ZH�UHPLQG�\RX�WKDW�RQH
RI�WKH�EHVW�ZD\V�WR�OHDUQ�DERXW�TXDOLWDWLYH�UHVHDUFK�LV�WR�UHDG�TXDOLWDWLYH�UHVHDUFK
MRXUQDO�DUWLFOHV�

7\SHV�RI�3KHQRPHQRORJ\
3KHQRPHQRORJ\� FDQ� EH� XVHG� WR� IRFXV� RQ� WKH� XQLTXH� FKDUDFWHULVWLFV� RI� DQ

LQGLYLGXDO¶V� H[SHULHQFH� RI� VRPHWKLQJ�� :H� DOO� NQRZ� WKDW� HYHQWV�� REMHFWV�� DQG
H[SHULHQFHV� FDQ�PHDQ� GLIIHUHQW� WKLQJV� WR� GLIIHUHQW� SHRSOH�� )RU� H[DPSOH�� GLIIHUHQW
LQGLYLGXDOV�PD\�YLHZ�D�VLQJOH�HYHQW�GLIIHUHQWO\��7KH�KLULQJ�RI�D�QHZ�SULQFLSDO�DW�D
VFKRRO�PLJKW�PHDQ� WKH�VFKRRO� LV�PRYLQJ� LQ� WKH� ULJKW�GLUHFWLRQ�DQG�RIIHU� VRODFH� WR
RQH� WHDFKHU��ZKLOH� WR�DQRWKHU� WHDFKHU�� WKH�FKDQJH�PLJKW�DURXVH�DQJHU�DQG�UHVXOW� LQ
UHVWOHVVQHVV� EHFDXVH� RI� WKH� XQFHUWDLQW\� LW� EULQJV�� ,Q� FRXQVHOLQJ�� WKH
SKHQRPHQRORJLFDO� PHWKRG� LV� RIWHQ� XVHG� WR� XQGHUVWDQG� HDFK� FOLHQW¶V� XQLTXH
SHUVSHFWLYH�RQ�VRPH�OLIH�HYHQW�RU�SHUVRQDO�FRQGLWLRQ��7KH�FRXQVHORU�DVVXPHV�WKDW
HDFK�FOLHQW¶V�SHUVSHFWLYH�LV�XQLTXH�WR�WKDW�LQGLYLGXDO�DQG�DWWHPSWV�WR�XQGHUVWDQG�WKDW
SHUVSHFWLYH� HPSDWKHWLFDOO\�� ,Q� HGXFDWLRQ�� D� WHQHW� RI� FRQVWUXFWLYLVW� WHDFKLQJ� LV� WKDW
WHDFKHUV�QHHG�WR�XQGHUVWDQG�WKH�XQLTXH�SHUVSHFWLYH�RI�HDFK�VWXGHQW�LQ�RUGHU�WR�EH�LQ
WRXFK�ZLWK�DQG�EHWWHU�XQGHUVWDQG�HDFK�LQGLYLGXDO�VWXGHQW�DQG�KLV�RU�KHU�QHHGV��7KXV�
WKHUH�LV�D�SKHQRPHQRORJLFDO�FRPSRQHQW�WR�WKLV�WKHRU\�

3KHQRPHQRORJLFDO� UHVHDUFKHUV� GR� QRW�� KRZHYHU�� JHQHUDOO\� DVVXPH� WKDW
LQGLYLGXDOV� DUH� FRPSOHWHO\� XQLTXH��0RUH� WHFKQLFDOO\� VSHDNLQJ�� SKHQRPHQRORJLFDO
UHVHDUFKHUV�GR�QRW�VWXG\�MXVW�WKH�YDULDQW�VWUXFWXUHV�RI�DQ�H[SHULHQFH��WKH�XQLTXH�SDUW
RI� DQ� LQGLYLGXDO¶V� H[SHULHQFH� WKDW� YDULHV� IURP� SHUVRQ� WR� SHUVRQ��� ,QVWHDG�



SKHQRPHQRORJLVWV� JHQHUDOO\� DVVXPH� WKDW� WKHUH� LV� VRPH� FRPPRQDOLW\� LQ� KXPDQ
H[SHULHQFH�� DQG� WKH\� VHHN� WR� XQGHUVWDQG� WKLV� FRPPRQDOLW\�� 7KLV� FRPPRQDOLW\� RI
H[SHULHQFH�LV�FDOOHG�DQ�HVVHQFH��RU�LQYDULDQW�VWUXFWXUH��RI�WKH�H[SHULHQFH��D�SDUW�RI
WKH�H[SHULHQFH� WKDW� LV�FRPPRQ�RU�FRQVLVWHQW�DFURVV� WKH� UHVHDUFK�SDUWLFLSDQWV���$Q
HVVHQFH�LV�DQ�HVVHQWLDO�FKDUDFWHULVWLF�RI�DQ�H[SHULHQFH��,W�LV�XQLYHUVDO�DQG�LV�SUHVHQW
LQ� SDUWLFXODU� LQVWDQFHV� RI� D� SKHQRPHQRQ� �YDQ� 0DQHQ�� ������� &RQVLGHU� WKH
H[SHULHQFH� RI� WKH� GHDWK� RI� D� ORYHG� RQH�� &HUWDLQO\�� HDFK� RI� XV� UHDFWV� WR� DQG
H[SHULHQFHV� WKLV� HYHQW� VRPHZKDW� GLIIHUHQWO\� �L�H��� WKH� LGLRV\QFUDWLF� RU� YDULDQW
VWUXFWXUH��� +RZHYHU�� WKHUH� DUH� SUREDEO\� HVVHQFHV� RI� WKLV� H[SHULHQFH� WKDW� DUH
FRPPRQ�WR�HYHU\RQH��L�H���WKH�FRPPRQ�RU�LQYDULDQW�VWUXFWXUHV���)RU�H[DPSOH��LQ�WKH
FDVH�RI�WKH�GHDWK�RI�D�ORYHG�RQH��JULHI�DQG�VRUURZ�ZRXOG�SUREDEO\�EH�HOHPHQWV�RI
WKH� FRPPRQ� H[SHULHQFH�� <RX� FDQ� VHDUFK� IRU� WKH� HVVHQWLDO� VWUXFWXUHV� RI� D
SKHQRPHQRQ� E\� VWXG\LQJ� PXOWLSOH� H[DPSOHV� RI� LW� DQG� ILQGLQJ� ZKDW� H[SHULHQFHV
GLIIHUHQW� SHRSOH� KDYH� LQ� FRPPRQ�� $Q� HVVHQFH� ZLOO� RIWHQ� EH� PRUH� DEVWUDFW� WKDQ
OLWHUDO� GHVFULSWLRQV� RI� WKH� SDUWLFXODU� H[SHULHQFHV� �H�J��� JHQHUDO� VRUURZ� LV� PRUH
DEVWUDFW� WKDQ�EHLQJ�³VDG�WKDW�\RXU�8QFOH�%RE�LV�QR�ORQJHU�DURXQG�WR�SURYLGH�ORYH
DQG�IULHQGVKLS´��

��(VVHQFH�$Q�LQYDULDQW�VWUXFWXUH�RI�DQ�H[SHULHQFH

7KH� VHDUFK� IRU� WKH� HVVHQFHV� RI� D� SKHQRPHQRQ� LV� SUREDEO\� WKH� GHILQLQJ
FKDUDFWHULVWLF� RI� SKHQRPHQRORJ\� DV� D� UHVHDUFK� WHFKQLTXH�� ([KLELW� ����� JLYHV� DQ
H[DPSOH�RI�D�ULFK�GHVFULSWLRQ�RI� WKH�HVVHQFHV�RI� WKH�H[SHULHQFH�RI�JXLOW��$UH�\RXU
H[SHULHQFHV�RI�JXLOW�VLPLODU�WR�WKH�RQHV�GHVFULEHG�LQ�WKH�H[KLELW"�7KH�GHVFULSWLRQ�LV
IURP�<RGHU¶V��������GRFWRUDO�GLVVHUWDWLRQ�

�(;+,%,7��������7KH�(VVHQFH�RI�*XLOW

)HHOLQJV�RI�JXLOW�DUH�VLJQV�RI�VLJQLILFDQW�WXUEXOHQFH��IODULQJ�XS�ZLWKLQ�WKH�SHUVRQ��7KH\�FRPH�OLNH�D�VWRUP
ZLWK� OLJKWQLQJ�DQG�FROG�ZLQGV��³,W� IHOW� OLNH�PLVWV��FROG�ZLQG��GDUN�VWUHHWV��XQFRPIRUWDEOH� WKLQJV��6WRUP\
FORXGV�LQ�WKH�VN\��2FFDVLRQDO�IODVKHV�RI�OLJKWQLQJ��(PSW\�EHDFKHV�RQ�D�FROG�GD\��$�FROG�ZLQG�IURP�WKH
ZDWHU�´

*XLOW�IHHOLQJV�FORVH�LQ��7KH\�DUH�DQ�LPSULVRQPHQW�LQ�ZKLFK�WKHUH�LV�QR�ZD\�RXW��³<RX�IHHO�FORVHG�LQ
ZKHQ� \RX� DUH� UHDOO\� IHHOLQJ� JXLOW\��<RX� IHHO� FUDPSHG�� YHU\� FODXVWURSKRELF�� OLPLWHG�� FRQVWULFWHG��ZDOOHG
LQ�´

7KH� IHHOLQJ�RI�JXLOW� LV� VKDUS�DQG� MDJJHG�� ,W� LV�³EHLQJ�RQ� WKH�KRRN�́ �D�³NQLIH�́ � D�SDLQ�DV�VKDUS�DV�D
VXUJLFDO�LQFLVLRQ��7KH�IHHOLQJ�RI�JXLOW�LV�IDVW��³,¶P�WKLQNLQJ�RI�OLJKWQLQJ�EHFDXVH�LW�LV�D�MDE�´

*XLOW�IHHOLQJV�DUH�³D�KHDY\�ZHLJKW�´�7KH\�DUH�H[SHULHQFHG�DV�D�³FUXVKLQJ�EORZ�´�7KH�IHHOLQJ�RI�JXLOW
SXVKHV�� UHPRYHV�� HYRNHV� ZLWKGUDZDO�� D� VLQNLQJ� HQRUPRXVO\� KHDY\� IHHOLQJ�� ,W� FRPHV� LQ� ZDYHV�� ³7KLV
LQWHQVH�SXVK�WKDW�MROWV�PH�EDFN�´�³,¶P�JRQQD�VLQN�GRZQ��,W¶V�OLNH�WKLV�ZHLJKW�LV�RQ�PH�´

)HHOLQJ�JXLOW\� LV�³EHLQJ� LQ�D� VKHOO�́ � DQ� LQYLVLEOH�DJHQW� LQ�D�³ZRUOG�RI� VWUDQJHUV�´�*XLOW� IHHOLQJV�VHQG
RQH�DGULIW�LQWR�VSDFH�ZKHUH�WLPH�LV�XQHQGLQJ�DQG�WKH�OLQN�ZLWK�RWKHUV�LV�VHYHUHG�DQG�FORVHG��7KHUH�LV�QR
KRSH�RI�UHSDLU��UHQHZDO��EHORQJLQJ��QR�FKDQFH�RI�HYHQ�UHFRJQL]LQJ�D�JHQXLQH�VHOI�

7KH� H[SHULHQFH� RI� IHHOLQJ� JXLOW\� LV� WKH� H[SHULHQFH� RI� EHLQJ� IRUFLEO\� UHPRYHG� IURP� WKH� IORZ� RI
HYHU\GD\�OLIH��IURP�WKH�ZRUOG�RI�RUGLQDU\�KXPDQ�VKDULQJ�DQG�ZDUPWK��:KHQ�ZH�IHHO�JXLOW\��ZH�DUH�FDVW
LQWR�D�SDLQIXO��IUR]HQ��LQQHU�IRFXVHG�ZRUOG�WKDW�WDNHV�RYHU�WKH�VHOI�DQG�FUHDWHV�D�UHDOLW\�RI�LWV�RZQ��*XLOW
IHHOLQJV�VHYHU�RXU�VHQVH�RI�FRQQHFWHGQHVV�ZLWK�HYHU\GD\�WKLQJV��ZLWK�RWKHU�SHRSOH�DQG�ZLWK�RXUVHOYHV�
,Q� WKH� H[SHULHQFH�RI� IHHOLQJ�JXLOW\�� WLPH� VWDQGV� VWLOO��$OO� H[LWV� DUH� FORVHG��:H�DUH� LVRODWHG� DQG� WUDSSHG



ZLWKLQ�RXUVHOYHV�
,Q�JXLOW�IHHOLQJV��VHOI�UHVSHFW�GHWHULRUDWHV��D�VHQVH�RI�SK\VLFDO�XJOLQHVV�RIWHQ�DZDNHQV��5HDO�HPRWLRQV

DUH� KLGGHQ��0DVNHG�ZD\V� RI� EHLQJ� VKRZ� WKHPVHOYHV� LQ� SOHDVLQJ� RWKHUV�� ,Q� HYHU\GD\� DQG� LQ� XOWLPDWH
PRPHQWV��³7KH�UHDO�PH�LV�QRW�JRRG�HQRXJK��1RW�HYHU�´

7LPH� LV� H[SHULHQFHG� DV� VORZHG� GRZQ� DQG� XQFKDQJHDEOH�� &ORFN� WLPH� JRHV� KD\ZLUH�� (YHU\WKLQJ
FKXUQV� DQG� WKHQ� IUHH]HV��2QO\� WKH� FU\VWDOOL]HG�PRPHQW� RI� JXLOW� HQGXUHV��7KH� SDVW� LV� UHOLYHG� RYHU� DQG
RYHU�DJDLQ��DQ�HQGOHVV�UHF\FOLQJ��D�PRYLH�WKDW�UHSHDWV�LWVHOI�ZLWKRXW�DQ\�JHQXLQH�FKDQJH�RU�UHDOL]DWLRQ�

,Q�JXLOW�IHHOLQJV��WKH�UHODWLRQVKLS�WR�WKH�ERG\�LV�DOVR�DIIHFWHG��7KH�ERG\�EHFRPHV�GLVWDQW��PRYHV�OLNH�D
URERW�� ,W� LV� LQ� SDLQ�� DQ[LRXV� WR� PRYH� VRPHKRZ�� \HW�� DW� WKH� VDPH� WLPH�� IHDUIXO� WKDW� DQ\� DFWLRQ� ZLOO
UHDZDNHQ�WKH�VFHQHV�RI�JXLOW�

,Q�VSLWH�RI�WKH�WRUWXURXV�IHHOLQJV�DQG�KHOSOHVV��HQGOHVV��VHQVH�RI�JXLOW��WKHUH�LV�VWLOO�ZLWKLQ�WKH�VHOI��WKH
SRVVLELOLW\� RI� UHFRYHULQJ� RQHVHOI� DQG� UHJDLQLQJ� WKH� VHQVH� RI� KDUPRQLRXV� IORZ� ZLWK� OLIH�� 7KHUH� LV� WKH
SRWHQWLDO�WR�FRPH�WR�WHUPV�ZLWK�WKH�JXLOW��DFFHSW�LW��VKDUH�LW�ZLWK�DQRWKHU�DQG��LQ�WKLV�DFFHSWDQFH��ILQG�D
ZD\�WR�SHDFH��:KDW�LV�UHTXLUHG�LV�WKH�FRXUDJH�WR�WDNH�WKH�ILUVW�VWHS�DQG�ULVN�VFRUQIXO�MXGJPHQW�DQG�WKH
SDLQ�RI�DFNQRZOHGJLQJ�RQH¶V�OLPLWDWLRQV��7KHUH�LV�QR�JXDUDQWHH�WKDW�LI�RQH�IUHHO\�DQG�KRQHVWO\�H[SUHVVHV
WKH� JXLOW�� DQG� UHFRJQL]HV� WKH� YXOQHUDELOLW\� DQG� OLPLWHGQHVV� RI� WKH� VHOI�� WKDW� WKH� JXLOW\� IHHOLQJV� ZLOO� EH
H[FLVHG�SHUPDQHQWO\��EXW� IRU�VRPH�RI�P\�FR�UHVHDUFKHUV� WKLV�DFFHSWDQFH�DQG�VKDULQJ�HQDEOHG� WKHP�WR
UHFODLP�WKHPVHOYHV�DQG�UHHVWDEOLVK�LQQHU�WUDQTXLOLW\�

6RXUFH��5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�<RGHU��������

,Q�FRQWUDVW� WR�WUDGLWLRQDO�RU�FODVVLFDO�SKHQRPHQRORJ\��IRXQGHG�E\�+XVVHUO�DQG
GLVFXVVHG� DERYH��� D� QHZHU� W\SH� RI� SKHQRPHQRORJ\� KDV� UHFHQWO\� FRPH� RQWR� WKH
VFHQH��,W�LV�FDOOHG�LQWHUSUHWDWLYH�SKHQRPHQRORJLFDO�DQDO\VLV�RU�,3$��-��$��6PLWK�
)ORZHUV��	�/DUNLQ��������� ,3$�DOVR� WULHV� WR�JHW�DW� LQGLYLGXDOV¶�H[SHULHQFHV��EXW� LW
FULWLFDOO\� TXHVWLRQV� WKH� FRQFHSW� RI� SDUWLFLSDQWV� EUDFNHWLQJ� RXW� WKHLU� GHPRJUDSKLF�
FXOWXUDO��DQG�SHUVRQDO�FKDUDFWHULVWLFV��,3$�LV�LQWHUHVWHG�LQ�KRZ�SDUWLFXODU�SHRSOH�LQ
SDUWLFXODU�FRQWH[WV�PDNH�PHDQLQJ�DQG�LQWHUSUHW�WKHLU�H[SHULHQFHV��'LIIHUHQW�SHRSOH
PLJKW�H[SHULHQFH�SKHQRPHQD�GLIIHUHQWO\��,3$�LV�LQWHUHVWHG�LQ�UHVHDUFK�SDUWLFLSDQWV¶
SHUVSHFWLYHV� RQ� WKHLU� H[SHULHQFHV� DQG� LQ� WKHLU� VRPHZKDW� GLVWLQFWLYH� H[SHULHQFHV
UDWKHU�WKDQ�DWWHPSWLQJ�WR�GHVFULEH�WKHLU�WUDQVFHQGHQWDO�H[SHULHQFH��L�H���H[SHULHQFH
WKDW� FXWV� DFURVV� DOO� SHRSOH�� XQLYHUVDOO\��� ,3$� VWDUWV� ZLWK� DQG� LV� LQWHUHVWHG� LQ� WKH
SDUWLFXODU� �SDUWLFXODU� SHRSOH¶V� H[SHULHQFHV� DW� SDUWLFXODU� SODFHV� DQG� WLPHV��� LQ
FRQWUDVW� WR� VHDUFKLQJ� IRU� XQLYHUVDO� H[SHULHQFHV��:H� EHOLHYH� WKDW� ERWK� WUDGLWLRQDO
+XVVHUOLDQ�SKHQRPHQRORJ\�DQG�,3$�DUH�XVHIXO�

��,QWHUSUHWDWLYH�SKHQRPHQRORJLFDO�DQDO\VLV��,3$��1HZ�W\SH�RI
SKHQRPHQRORJ\�PRUH�IRFXVHG�RQ�VLWXDWHG��LQWHUSUHWHG��DQG�SDUWLFXODU�OLYHG
H[SHULHQFHV�WKDQ�RQ�WUDQVFHQGHQWDO�H[SHULHQFHV

'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ
,Q�D�W\SLFDO�SKHQRPHQRORJLFDO�UHVHDUFK�VWXG\��WKH�UHVHDUFKHU�FROOHFWV�GDWD�IURP

VHYHUDO�LQGLYLGXDOV�DQG�GHSLFWV�WKHLU�H[SHULHQFH�RI�VRPHWKLQJ��7KH�GDWD�DUH�XVXDOO\
FROOHFWHG� WKURXJK� LQ�GHSWK� LQWHUYLHZV�� 8VLQJ� WKH� LQWHUYLHZ� GDWD�� WKH� UHVHDUFKHU
DWWHPSWV�WR�UHGXFH�WKH�VWDWHPHQWV�WR�WKH�FRPPRQ�FRUH�RU�HVVHQFH�RI�WKH�H[SHULHQFH
DV�GHVFULEHG�E\�WKH�UHVHDUFK�SDUWLFLSDQWV��)RU�UHVHDUFK�SDUWLFLSDQWV�WR�H[SORUH�WKHLU
H[SHULHQFH�� WKH\�PXVW�EH�DEOH�WR�UHOLYH�LW� LQ�WKHLU�PLQGV��DQG�WKH\�PXVW�EH�DEOH�WR



IRFXV�RQ�WKH�H[SHULHQFH�DQG�QRWKLQJ�HOVH��7KLV�LV�ZKDW�\RX�PXVW�JHW�\RXU�UHVHDUFK
SDUWLFLSDQWV�WR�GR�LI�\RX�FRQGXFW�D�SKHQRPHQRORJLFDO�UHVHDUFK�VWXG\�

2QH� HIIHFWLYH� VWUDWHJ\� IRU� HOLFLWLQJ� GDWD� IURP� SDUWLFLSDQWV� LV� WR� WHOO� HDFK
SDUWLFLSDQW� WR� UHFDOO� D� VSHFLILF� H[SHULHQFH� KH� RU� VKH� KDV� KDG�� WR� WKLQN� DERXW� WKDW
VSHFLILF� H[SHULHQFH� FDUHIXOO\�� DQG� WKHQ� WR� GHVFULEH� WKDW� H[SHULHQFH� WR� \RX�� <RX
PLJKW� XVH� WKH� IROORZLQJ� JHQHUDO� TXHVWLRQ� WR� JHW� SDUWLFLSDQWV� WDONLQJ� DERXW� WKHLU
H[SHULHQFH��³3OHDVH�FDUHIXOO\�GHVFULEH�\RXU�H[SHULHQFH�ZLWK�BBBBBBBB�´�<RX�PLJKW
DOVR�VD\��³:KHQ�\RX�WKLQN�RI�\RXU�H[SHULHQFH�ZLWK�BBBBBBBB��ZKDW�FRPHV�LQWR�\RXU
PLQG"´�<RX�PLJKW�ILQG�WKDW�\RX�QHHG�WR�SURPSW�WKH�UHVSRQGHQW�GXULQJ�WKH�LQWHUYLHZ
IRU�JUHDWHU� GHWDLO�� DQG�\RX� VKRXOG�GR� VR��5HPHPEHU� WKDW� \RXU�JRDO� LV� WR� JHW� \RXU
SDUWLFLSDQWV�WR�WKLQN�DERXW�WKHLU�VSHFLILF�H[SHULHQFH�DQG�WR�GHVFULEH�LW�LQ�ULFK�GHWDLO�
5DWKHU�WKDQ�KDYLQJ�UHVHDUFK�SDUWLFLSDQWV�GHVFULEH�WKH�PHDQLQJ�DQG�VWUXFWXUH�RI�WKHLU
H[SHULHQFHV�WR�\RX�LQ�DQ�LQ�SHUVRQ�LQWHUYLHZ��\RX�FDQ�DOVR�KDYH�WKHP�ZULWH�DERXW
WKHLU�H[SHULHQFHV�DQG�WKHQ�JLYH�\RX�WKHLU�ZULWWHQ�QDUUDWLYHV��%RWK�DSSURDFKHV�ZRUN�
EXW�LQWHUYLHZV�DUH�XVXDOO\�EHWWHU�

'XULQJ�GDWD�DQDO\VLV��WKH�UHVHDUFKHU�VHDUFKHV�IRU�VLJQLILFDQW�VWDWHPHQWV��7KHVH
DUH�VWDWHPHQWV��D�IHZ�ZRUGV�RU�D�SKUDVH��D�VHQWHQFH��RU�D�IHZ�VHQWHQFHV��WKDW�KDYH
SDUWLFXODU� UHOHYDQFH� WR� WKH� SKHQRPHQRQ�EHLQJ� VWXGLHG�� )RU� H[DPSOH�� SHUKDSV� \RX
DVNHG� D� NLQGHUJDUWHQ� VWXGHQW� WR� GHVFULEH� ZKDW� VFKRRO� LV� OLNH� DQG� RQH� RI� KHU
VWDWHPHQWV�ZDV�WKDW�³:H�DUH�DOO�OLNH�D�IDPLO\�DW�P\�VFKRRO�´�,I�WKLV�VWDWHPHQW�VHHPHG
WR�ILW�KHU�RWKHU�VWDWHPHQWV��WKHQ�WKH�VWDWHPHQW�LV�SUREDEO\�D�VLJQLILFDQW�VWDWHPHQW��,Q
JHQHUDO�� WR� GHWHUPLQH�ZKHWKHU� D� VWDWHPHQW� LV� VLJQLILFDQW�� \RX� VKRXOG� DVN� \RXUVHOI�
³'RHV�WKH�VWDWHPHQW�VHHP�WR�KDYH�PHDQLQJ�WR�WKH�SDUWLFLSDQW�LQ�GHVFULELQJ�KLV�RU�KHU
H[SHULHQFH"�,V�WKH�VWDWHPHQW�GHVFULSWLYH�RI�WKH�H[SHULHQFH"�'RHV�WKH�VWDWHPHQW�WDS
LQWR�WKH�SDUWLFLSDQW¶V�H[SHULHQFH"´�0DQ\�UHVHDUFKHUV�OLNH�WR�UHFRUG�WKH�VLJQLILFDQW
VWDWHPHQWV�YHUEDWLP��L�H���LQ�WKH�DFWXDO�ZRUGV�RI�WKH�SDUWLFLSDQWV���6RPH�UHVHDUFKHUV
DOVR�OLNH�WR�LQWHUSUHW�DQG�GHVFULEH�WKH�PHDQLQJV�RI�WKH�VLJQLILFDQW�VWDWHPHQWV�DW�WKLV
SRLQW�E\�PDNLQJ�D�OLVW�RI�WKH�PHDQLQJV��)RU�H[DPSOH��LQ�WKH�FDVH�RI�WKH�NLQGHUJDUWHQ
VWXGHQW¶V� VWDWHPHQW��\RX�PLJKW� FRQFOXGH� WKDW� WKH�FKLOG� VHHV� VFKRRO� DV�EHLQJ� OLNH�D
IDPLO\�EHFDXVH�WKHUH�LV�D�WHDFKHU��WKH�KHDG�RI�WKH�IDPLO\��DQG�RWKHU�VWXGHQWV��IDPLO\
PHPEHUV��DW�VFKRRO�DQG�WKH�IDPLO\�GRHV�WKLQJV�WRJHWKHU�DV�D�XQLW��SOD\V��HDWV��WDNHV
QDSV���7KLV�LQWHUSUHWDWLYH�SURFHVV�GRQH�E\�WKH�UHVHDUFKHU�VKRXOG�EH�YHULILHG�E\�WKH
SDUWLFLSDQWV��L�H���XVH�WKH�PHPEHU�FKHFNLQJ�WHFKQLTXH�GLVFXVVHG�LQ�&KDSWHU�����

$IWHU� FRQVWUXFWLQJ� WKH� OLVWV� RI� VLJQLILFDQW� VWDWHPHQWV� DQG� PHDQLQJV�� WKH
UHVHDUFKHU�VHDUFKHV�IRU�WKHPHV�LQ�WKH�GDWD��,Q�RWKHU�ZRUGV��ZKDW�NLQGV�RI�WKLQJV�GLG
WKH�SDUWLFLSDQWV� WHQG�WR�PHQWLRQ�DV�EHLQJ�LPSRUWDQW� WR� WKHP"�7KH�UHVHDUFKHU�PLJKW
ILQG�WKDW�FHUWDLQ�LQGLYLGXDOV�RU�JURXSV��H�J���PDOHV�DQG�IHPDOHV��WHQG�WR�GHVFULEH�DQ
H[SHULHQFH� VRPHZKDW� GLIIHUHQWO\�� 7KLV� LQIRUPDWLRQ� LV� XVHIXO� LQ� XQGHUVWDQGLQJ
LQGLYLGXDO� DQG� JURXS� GLIIHUHQFHV�� +RZHYHU�� WKH� SKHQRPHQRORJLFDO� UHVHDUFKHU� LV
XVXDOO\�PRVW� LQWHUHVWHG� LQ� GHVFULELQJ� WKH� IXQGDPHQWDO� VWUXFWXUH� RI� WKH� H[SHULHQFH
�WKH� HVVHQFH�� IRU� WKH� WRWDO� JURXS�� ,W� LV� KHUH� WKDW� WKH� UHVHDUFKHU� GHVFULEHV� WKH
IXQGDPHQWDO�IHDWXUHV�RI�WKH�H[SHULHQFH�WKDW�DUH�H[SHULHQFHG�LQ�FRPPRQ�E\�YLUWXDOO\
DOO�WKH�SDUWLFLSDQWV��)LQDOO\��UHVHDUFKHUV�VKRXOG�XVH�PHPEHU�FKHFNLQJ�DV�D�YDOLGLW\
FKHFN�ZKHQHYHU� SRVVLEOH� LQ� WKLV� SURFHVV��7KLV�PHDQV� WKDW� WKH� UHVHDUFKHU� VKRXOG



KDYH�WKH�RULJLQDO�SDUWLFLSDQWV�UHYLHZ�WKH�LQWHUSUHWDWLRQV�DQG�GHVFULSWLRQV�RI�WKH
H[SHULHQFH�� HVSHFLDOO\� WKH� VWDWHPHQW� RI� WKH� IXQGDPHQWDO� VWUXFWXUH� RI� WKH
H[SHULHQFH�

,Q�D�GLVVHUWDWLRQ�HQWLWOHG�³7KH�(VVHQWLDO�6WUXFWXUH�RI�D�&DULQJ�,QWHUDFWLRQ��'RLQJ
3KHQRPHQRORJ\�´� 5LHPHQ� ������� UHSRUWHG� KRVSLWDO� SDWLHQWV¶� H[SHULHQFHV� RI
³FDULQJ´� DQG� ³QRQFDULQJ´� QXUVHV��:H� KDYH� LQFOXGHG� 5LHPHQ¶V� GHVFULSWLRQ� RI� WKH
³HVVHQWLDO� VWUXFWXUH´�RI�KHU�KRVSLWDO�SDWLHQWV¶�H[SHULHQFHV�RI�FDULQJ�DQG�QRQFDULQJ
QXUVHV� LQ� ([KLELWV� ����� DQG� ������ 5LHPHQ� DOVR� FRPSDUHG� PDOHV¶� DQG� IHPDOHV¶
VLJQLILFDQW� VWDWHPHQWV� DQG� PHDQLQJV�� 7KLV� LV� DQ� H[FHOOHQW� H[DPSOH� RI
SKHQRPHQRORJLFDO�UHVHDUFK�DQG�D�JRRG�PRGHO�WR�IROORZ�

7KH�ILQDO�UHSRUW�LQ�D�W\SLFDO�SKHQRPHQRORJLFDO�VWXG\�LV�D�QDUUDWLYH�WKDW�LQFOXGHV
D� GHVFULSWLRQ� RI� WKH� SDUWLFLSDQWV� LQ� WKH� VWXG\� DQG� WKH�PHWKRGV� XVHG� WR� REWDLQ� WKH
LQIRUPDWLRQ� IURP� WKH� SDUWLFLSDQWV� �XVXDOO\� LQWHUYLHZV��� D� ULFK� GHVFULSWLRQ� RI� WKH
IXQGDPHQWDO� VWUXFWXUH� RI� WKH� H[SHULHQFH�� DQG� D� GLVFXVVLRQ� RI� WKH� ILQGLQJV�� 7KH
UHVHDUFKHU�PLJKW� DOVR�GHVFULEH� DQ\� LQWHUHVWLQJ� LQGLYLGXDO�RU�JURXS�GLIIHUHQFHV��$
ZHOO�ZULWWHQ� UHSRUW� LV� KLJKO\� GHVFULSWLYH� RI� WKH� SDUWLFLSDQWV¶� H[SHULHQFH� RI� WKH
SKHQRPHQRQ��DQG�LW�ZLOO�HOLFLW�LQ�WKH�UHDGHUV�D�IHHOLQJ�WKDW�WKH\�XQGHUVWDQG�ZKDW�LW
ZRXOG� EH� OLNH� WR� H[SHULHQFH� WKH� SKHQRPHQRQ� WKHPVHOYHV�� 7KLV� NLQG� RI� IHHOLQJ� LV
FDOOHG�D�YLFDULRXV�H[SHULHQFH�

�(;+,%,7��������'HVFULSWLRQ�RI�D�&DULQJ�1XUVH

,Q� D� FDULQJ� LQWHUDFWLRQ�� WKH� QXUVH¶V� H[LVWHQWLDO� SUHVHQFH� LV� SHUFHLYHG�E\� WKH� FOLHQW� DV�PRUH� WKDQ� MXVW� D
SK\VLFDO�SUHVHQFH��7KHUH�LV�WKH�DVSHFW�RI�WKH�QXUVH�JLYLQJ�RI�RQHVHOI�WR�WKH�FOLHQW��7KLV�JLYLQJ�RI�RQHVHOI
PD\�EH�LQ�UHVSRQVH�WR�WKH�FOLHQW¶V�UHTXHVW��EXW�LW�LV�PRUH�RIWHQ�D�YROXQWDU\�HIIRUW�DQG�LV�XQVROLFLWHG�E\�WKH
FOLHQW��7KH�QXUVH¶V�ZLOOLQJQHVV� WR�JLYH�RI�RQHVHOI� LV�SULPDULO\�SHUFHLYHG�E\�WKH�FOLHQW�DV�DQ�DWWLWXGH�DQG
EHKDYLRU�RI�VLWWLQJ�GRZQ�DQG�UHDOO\�OLVWHQLQJ�DQG�UHVSRQGLQJ�WR�WKH�XQLTXH�FRQFHUQV�RI�WKH�LQGLYLGXDO�DV�D
SHUVRQ� RI� YDOXH��7KH� UHOD[DWLRQ�� FRPIRUW�� DQG� VHFXULW\� WKDW� WKH� FOLHQW� H[SHULHQFHV� ERWK� SK\VLFDOO\� DQG
PHQWDOO\�DUH�DQ� LPPHGLDWH�DQG�GLUHFW� UHVXOW�RI� WKH�FOLHQW¶V� VWDWHG�DQG�XQVWDWHG�QHHGV�EHLQJ�KHDUG�DQG
UHVSRQGHG�WR�E\�WKH�QXUVH�

6RXUFH��5LHPHQ���������7KH�HVVHQWLDO�VWUXFWXUH�RI�D�FDULQJ�QXUVH��$�SKHQRPHQRORJLFDO�VWXG\��5HWULHYHG
IURP�3UR4XHVW�'LVVHUWDWLRQV�DQG�7KHVHV�GDWDEDVHV��80,�1R�����������

�(;+,%,7��������'HVFULSWLRQ�RI�D�1RQFDULQJ�1XUVH

7KH�QXUVH¶V�SUHVHQFH�ZLWK�WKH�FOLHQW�LV�SHUFHLYHG�E\�WKH�FOLHQW�DV�D�PLQLPDO�SUHVHQFH�RI�WKH�QXUVH�EHLQJ
SK\VLFDOO\�SUHVHQW�RQO\��7KH�QXUVH�LV�YLHZHG�DV�EHLQJ�WKHUH�RQO\�EHFDXVH�LW�LV�D�MRE�DQG�QRW�WR�DVVLVW�WKH
FOLHQW�RU�DQVZHU�KLV�RU�KHU�QHHGV��$Q\�UHVSRQVH�E\�WKH�QXUVH�LV�GRQH�ZLWK�D�PLQLPDO�DPRXQW�RI�HQHUJ\
H[SHQGLWXUH�DQG�ERXQG�E\�WKH�UXOHV��7KH�FOLHQW�SHUFHLYHV�WKH�QXUVH�ZKR�GRHV�QRW�UHVSRQG�WR�WKLV�UHTXHVW
IRU� DVVLVWDQFH� DV� EHLQJ� QRQFDULQJ�� 7KHUHIRUH�� DQ� LQWHUDFWLRQ� WKDW� QHYHU� KDSSHQHG� LV� ODEHOHG� DV� D
QRQFDULQJ�LQWHUDFWLRQ��7KH�QXUVH�LV�WRR�EXV\�DQG�KXUULHG�WR�VSHQG�WLPH�ZLWK�WKH�FOLHQW�DQG�WKHUHIRUH�GRHV
QRW� VLW� GRZQ� DQG� UHDOO\� OLVWHQ� WR� WKH� FOLHQW¶V� LQGLYLGXDO� FRQFHUQV�� 7KH� FOLHQW� LV� IXUWKHU� GHYDOXHG� DV� D
XQLTXH�SHUVRQ�EHFDXVH�KH�RU� VKH� LV� VFROGHG�� WUHDWHG�DV�D�FKLOG��RU� WUHDWHG�DV�D�QRQKXPDQ�EHLQJ�RU�DQ
REMHFW��%HFDXVH�RI�WKH�GHYDOXLQJ�DQG�ODFN�RI�FRQFHUQ��WKH�FOLHQW¶V�QHHGV�DUH�QRW�PHW�DQG�WKH�FOLHQW�KDV
QHJDWLYH�IHHOLQJV��WKDW�LV��KH�RU�VKH�LV�IUXVWUDWHG��VFDUHG��GHSUHVVHG��DQJU\��DIUDLG��DQG�XSVHW�

6RXUFH��5LHPHQ���������7KH�HVVHQWLDO�VWUXFWXUH�RI�D�FDULQJ�QXUVH��$�SKHQRPHQRORJLFDO�VWXG\��5HWULHYHG



IURP�3UR4XHVW�'LVVHUWDWLRQV�DQG�7KHVHV�GDWDEDVHV��80,�1R�����������
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�����:KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�RI
SKHQRPHQRORJ\"

�����+RZ�GRHV�WKH�UHVHDUFKHU�DQDO\]H�WKH�GDWD
FROOHFWHG�LQ�D�SKHQRPHQRORJ\"

(7+12*5$3+<
)RXQGDWLRQDO� TXHVWLRQ�� :KDW� DUH� WKH� FXOWXUDO� FKDUDFWHULVWLFV� RI� WKLV� JURXS� RI
SHRSOH�RU�RI�WKLV�FXOWXUDO�VFHQH"

(WKQRJUDSK\� LV� DQ� DSSURDFK� WR� TXDOLWDWLYH� UHVHDUFK� WKDW� RULJLQDWHG� LQ� WKH
GLVFLSOLQH� RI� DQWKURSRORJ\� DURXQG� WKH� WXUQ� RI� WKH� ��WK� FHQWXU\�� (WKQRJUDSK\
OLWHUDOO\�PHDQV� ³ZULWLQJ� DERXW� SHRSOH´� �HWKQRV� PHDQV� ³SHRSOH�� UDFH�� RU� FXOWXUDO
JURXS�´� DQG� JUDSKLD� PHDQV� ³ZULWLQJ� RU� UHSUHVHQWLQJ´� �� /H&RPSWH� 	� 3UHLVVOH�
������� %HFDXVH� RI� WKH� LPSRUWDQFH� RI� WKH� FRQFHSW� RI� FXOWXUH� WR� WKH� GLVFLSOLQH� RI
DQWKURSRORJ\��HWKQRJUDSK\�LV�WUDGLWLRQDOO\�RU�FODVVLFDOO\�GHILQHG�DV�WKH�GLVFRYHU\
DQG� FRPSUHKHQVLYH� GHVFULSWLRQ� RI� WKH� FXOWXUH� RI� D� JURXS� RI� SHRSOH�� (GXFDWLRQDO
HWKQRJUDSKHUV� DOVR� IRFXV� RQ� FXOWXUDO� GHVFULSWLRQ�� DV� LV� GRQH� LQ� FODVVLFDO
HWKQRJUDSK\�� 7KH� PDLQ� GLIIHUHQFH� LV� WKDW� DQWKURSRORJLVWV� XVXDOO\� GHVFULEH� VPDOO
FXOWXUHV�DFURVV�WKH�ZRUOG��HVSHFLDOO\�LQ�OHVV�GHYHORSHG�QDWLRQV��ZKLOH�HGXFDWLRQDO
HWKQRJUDSKHUV�XVXDOO\�VWXG\�WKH�FXOWXUDO�FKDUDFWHULVWLFV�RI�VPDOO�JURXSV�RI�SHRSOH�RU
RWKHU�FXOWXUDO�VFHQHV�DV�WKH\�UHODWH�WR�HGXFDWLRQDO�LVVXHV�

��(WKQRJUDSK\�$�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�IRFXVHG�RQ�GLVFRYHULQJ�DQG
GHVFULELQJ�WKH�FXOWXUH�RI�D�JURXS�RI�SHRSOH

7KH�,GHD�RI�&XOWXUH
&XOWXUH� LV� D� V\VWHP� RI� VKDUHG� EHOLHIV�� YDOXHV�� SUDFWLFHV�� SHUVSHFWLYHV�� IRON

NQRZOHGJH�� ODQJXDJH�� QRUPV�� ULWXDOV�� DQG� PDWHULDO� REMHFWV� DQG� DUWLIDFWV� WKDW
PHPEHUV�RI�D�JURXS�XVH�LQ�XQGHUVWDQGLQJ�WKHLU�ZRUOG�DQG�LQ�UHODWLQJ�WR�RWKHUV��6R
WKDW� \RX� FDQ� EHWWHU� XQGHUVWDQG� WKLV� GHILQLWLRQ�� KHUH� DUH� WKH� GHILQLWLRQV� RI� VHYHUDO
LPSRUWDQW� ZRUGV� LQ� LW�� 6KDUHG� EHOLHIV� DUH� WKH� VSHFLILF� FXOWXUDO� FRQYHQWLRQV� RU
VWDWHPHQWV�WKDW�SHRSOH�ZKR�VKDUH�D�FXOWXUH�KROG�WR�EH�WUXH�RU�IDOVH��6KDUHG�YDOXHV
DUH� WKH� FXOWXUDOO\� GHILQHG� VWDQGDUGV� DERXW� ZKDW� LV� JRRG� RU� EDG� RU� GHVLUDEOH� RU
XQGHVLUDEOH��1RUPV� DUH� WKH� ZULWWHQ� DQG� XQZULWWHQ� UXOHV� WKDW� VSHFLI\� DSSURSULDWH
JURXS�EHKDYLRU� �H�J��� ³5DLVH�\RXU�KDQG�ZKHQ�\RX�KDYH�D�TXHVWLRQ�´� LV� D�FRPPRQ
QRUP�LQ�D�FODVVURRP��

��&XOWXUH�$�V\VWHP�RI�VKDUHG�EHOLHIV��YDOXHV��SUDFWLFHV��SHUVSHFWLYHV��IRON
NQRZOHGJH��ODQJXDJH��QRUPV��ULWXDOV��DQG�PDWHULDO�REMHFWV�DQG�DUWLIDFWV�WKDW



PHPEHUV�RI�D�JURXS�XVH�LQ�XQGHUVWDQGLQJ�WKHLU�ZRUOG�DQG�LQ�UHODWLQJ�WR�RWKHUV

��6KDUHG�EHOLHIV�7KH�VSHFLILF�FXOWXUDO�FRQYHQWLRQV�RU�VWDWHPHQWV�WKDW�SHRSOH
ZKR�VKDUH�D�FXOWXUH�KROG�WR�EH�WUXH�RU�IDOVH

��6KDUHG�YDOXHV�7KH�FXOWXUDOO\�GHILQHG�VWDQGDUGV�DERXW�ZKDW�LV�JRRG�RU�EDG�RU
GHVLUDEOH�RU�XQGHVLUDEOH

��1RUPV�7KH�ZULWWHQ�DQG�XQZULWWHQ�UXOHV�WKDW�VSHFLI\�DSSURSULDWH�JURXS
EHKDYLRU

,I�\RX�ORRN�DW�WKH�GHILQLWLRQ�RI�FXOWXUH��\RX�ZLOO�QRWLFH�LW�LQFOXGHV�D�QRQPDWHULDO
FRPSRQHQW� �WKH� VKDUHG� EHOLHIV�� YDOXHV�� QRUPV�� DQG� VR� IRUWK� RI� WKH�PHPEHUV� RI� D
JURXS��DQG�D�PDWHULDO�FRPSRQHQW��WKH�PDWHULDO�WKLQJV�SURGXFHG�E\�JURXS�PHPEHUV�
VXFK� DV� EXLOGLQJV�� ERRNV�� FODVVURRP� EXOOHWLQ� ERDUGV�� DQG� DUW��� (WKQRJUDSKHUV
VRPHWLPHV� UHIHU� WR� WKHVH� WZR� FRPSRQHQWV� DV�PDWHULDO� FXOWXUH� DQG� QRQPDWHULDO
FXOWXUH��$OWKRXJK�HWKQRJUDSKHUV�GR�QRW�XVXDOO\�VSHFLI\�ZKHWKHU�WKH\�DUH�UHIHUULQJ�WR
WKH�PDWHULDO� RU� QRQPDWHULDO� FRPSRQHQW� RI� FXOWXUH� RU� ERWK�� WKH� LQWHQWLRQ� LV� XVXDOO\
FOHDU� IURP�WKH�FRQWH[W�RI� WKH�VWDWHPHQW��:KHQ�RQH� LV�DWWHPSWLQJ� WR�XQGHUVWDQG�DQG
H[SODLQ� KXPDQ� EHKDYLRU�� WKH� QRQPDWHULDO� FRPSRQHQW� LV� XVXDOO\� WKH� IRFXV� RI
DWWHQWLRQ�

,QGLYLGXDOV�EHFRPH�PHPEHUV�RI�D�FXOWXUH�WKURXJK�WKH�VRFLDOL]DWLRQ�SURFHVV�E\
ZKLFK� WKH\� OHDUQ� DQG� DUH� WUDLQHG� DERXW� WKH� IHDWXUHV� RI� WKH� FXOWXUH�� 'XULQJ
VRFLDOL]DWLRQ�� WKH\�XVXDOO\� LQWHUQDOL]H� WKH�FXOWXUH�� WKDW� LV�� WKH\� WDNH� WKH�YDOXHV� DQG
EHOLHIV�WR�EH�WKHLU�RZQ��2YHU�WLPH��SHRSOH�LGHQWLI\�VR�VWURQJO\�ZLWK�WKHLU�FXOWXUH�WKDW
WKH�ZD\V�RI�GRLQJ� WKLQJV� LQ� WKHLU� RZQ�FXOWXUH�PLJKW� VHHP�QDWXUDO� WR� WKHP�DQG� WKH
ZD\V�RI�GRLQJ�WKLQJV�LQ�RWKHU�FXOWXUHV�PLJKW�VHHP�VWUDQJH��<RX�PLJKW�KDYH�KHDUG�WKH
WHUP�FXOWXUH�VKRFN��ZKLFK�UHIHUV�WR�DQ�H[SHULHQFH�SHRSOH�KDYH�ZKHQ�WKH\�REVHUYH
GLIIHUHQW�FXOWXUDO�SUDFWLFHV��&XOWXUHV�DUH�PDLQWDLQHG�RYHU�WLPH�WKURXJK�VRFLDOL]DWLRQ
DQG� D� VRFLDO�VDQFWLRQLQJ� SURFHVV� WKURXJK� ZKLFK�PHPEHUV� RI� D� FXOWXUH� VWLJPDWL]H
SHRSOH� ZKR� EUHDN� JURXS� QRUPV� DQG� SUDLVH� DQG� DVVRFLDWH� ZLWK� WKH� SHRSOH� ZKR
IROORZ� WKH� DSSURSULDWH� FXOWXUDO� QRUPV�� ,Q�JHQHUDO�� DV� SHRSOH�EHFRPH�PHPEHUV�RI
DQ\�QHZ�JURXS�� WKH\� OHDUQ� WKH�FXOWXUH�RI� WKDW�JURXS� VR� WKDW� WKH\�FDQ�EHFRPH� IXOO\
IXQFWLRQLQJ�DQG�DFFHSWHG�PHPEHUV�RI�WKH�JURXS��7KH�SHRSOH�ZKR�IROORZ�WKH�QRUPV
RI� D� JURXS� RU� VRFLHW\� DUH� RIWHQ� FDOOHG� QRUPDO�� DQG� WKRVH� ZKR� GHYLDWH� IURP� WKH
FXOWXUDO�QRUPV�DUH�FDOOHG�GHYLDQW�

$OWKRXJK�ZH�RIWHQ�WKLQN�RI�D�FXOWXUH�DV�EHLQJ�DVVRFLDWHG�ZLWK�D�YHU\�ODUJH�JURXS
VXFK�DV�D�VRFLHW\��H�J���WKH�FXOWXUH�RI�WKH�8QLWHG�6WDWHV���WKH�FRQFHSW�RI�FXOWXUH�FDQ
EH�XVHG�RQ� D�PXFK� VPDOOHU� VFDOH�� ,Q� IDFW�� FXOWXUH� FDQ�EH�YLHZHG�DV�YDU\LQJ�RQ� D
FRQWLQXXP��ZLWK�PDFUR�FXOWXUH�RQ�RQH�HQG�DQG�PLFUR�FXOWXUH�RQ�WKH�RWKHU�HQG��$W�WKH
PDFUR�OHYHO��ZH�PLJKW�VWXG\�WKH�FXOWXUDO�FKDUDFWHULVWLFV��WKH�VKDUHG�YDOXHV��EHOLHIV�
DQG�QRUPV��RI�86�FLWL]HQV�� -DSDQHVH�DGROHVFHQWV�� RU� WKH�2KLR�$PLVK��2Q� D�PRUH
PLFUR�OHYHO��ZH�PLJKW�VWXG\�WKH�FXOWXUDO�FKDUDFWHULVWLFV�RI�D�JURXS�RI�$PHULFDQ�KLJK



VFKRRO� VWXGHQWV� ZKRVH� IDPLOLHV� LPPLJUDWHG� IURP� WKH� 3XQMDE� VWDWH� LQ� ,QGLD� DQG
SUDFWLFH�6LNKLVP��2WKHU�PLFUR�OHYHO�JURXSV�ZH�PLJKW�VWXG\�LQFOXGH�WKH�PHPEHUV�RI
WKH�&KLFDJR�%HDUV�IRRWEDOO�WHDP��WKH�EDQG�PHPEHUV�DW�D�ORFDO�KLJK�VFKRRO��6SDQLVK�
VSHDNLQJ� VWXGHQWV� DW� D� ORFDO�PLGGOH� VFKRRO�� RU� WKH� VWXGHQWV� LQ�0V�� 6PLWK¶V� ILUVW�
JUDGH�FODVVURRP��(GXFDWLRQDO�HWKQRJUDSKHUV�DUH�PRVW�OLNHO\�WR�VWXG\�FXOWXUHV�RU�WKH
FXOWXUDO�FKDUDFWHULVWLFV�RI�JURXSV�PXFK�VPDOOHU�WKDQ�DQ�HQWLUH�QDWLRQ�OLNH�WKH�8QLWHG
6WDWHV� RU� -DSDQ�� 7KDW� LV�� WKH\� XVXDOO\� �EXW� QRW� DOZD\V�� VWXG\� UHODWLYHO\� VPDOO� RU
PLFUR�FXOWXUHV�

,Q�DQ�HGXFDWLRQDO�HWKQRJUDSK\�FRQGXFWHG�DW�D�FOHDUO\�PLFUR�OHYHO��D�UHVHDUFKHU
PLJKW�FKRRVH�WR�VWXG\�D�FODVVURRP�FXOWXUH��)RU�H[DPSOH��WKH�UHVHDUFKHU�PLJKW�ZDQW
WR�VWXG\�WKH�FXOWXUH�RI�RQH�HOHPHQWDU\�VFKRRO�WHDFKHU¶V�KRPHURRP�VWXGHQWV�WR�ILQG
RXW�KRZ�DQG�ZK\�WKH�WHDFKHU�KDV�EHHQ�VXFFHVVIXO�LQ�KHOSLQJ�WKHVH�VWXGHQWV�OHDUQ�WR
UHDG�� (WKQRJUDSKLF� FRQFHSWV� �VKDUHG� YDOXHV�� EHOLHIV�� JURXS� QRUPV�� HWF��� DQG
SURFHGXUHV��REVHUYDWLRQV�DQG�LQWHUYLHZV��ZLOO�EH�YHU\�XVHIXO�LQ�XQGHUVWDQGLQJ�WKLV
FODVVURRP��<RX�PLJKW� DVN� TXHVWLRQV� VXFK� DV��:KDW� QRUPV� GR� WKH� VWXGHQWV� IROORZ
ZKLOH�WKH\�DUH�LQ�WKLV�FODVVURRP"�:KDW�YDOXHV�GR�WKH\�DGRSW�ZKLOH�WKH\�DUH�LQ�WKH
FODVVURRP"�+RZ�GRHV�WKH�WHDFKHU�LQWHUDFW�ZLWK�WKH�VWXGHQWV"�+RZ�GR�WKH�VWXGHQWV
LQWHUDFW�ZLWK�RQH�DQRWKHU"�$UH�DOO�RI� WKH�VWXGHQWV�XVXDOO\�GRLQJ�WKH�VDPH�WKLQJ��RU
DUH�WKHUH�VHYHUDO�FOXVWHUV�RI�LQWHUDFWLQJ�VWXGHQWV�DW�D�WLPH"�:KDW�VHHPV�WR�PRWLYDWH
WKH� VWXGHQWV� WR� ZRUN� VR� KDUG"� :KDW� FODVVURRP� YDOXHV� KDYH� WKH� VWXGHQWV
LQWHUQDOL]HG"�:KDW�WHDFKLQJ�SUDFWLFHV�DQG�VWUDWHJLHV�GRHV�WKH�WHDFKHU�XVH�WR�WHDFK"
7KLV� OLVW� RI� TXHVWLRQV� LV� XQOLPLWHG�EHFDXVH� DQ� HWKQRJUDSK\� VKRXOG�EH� D� UHODWLYHO\
FRPSUHKHQVLYH�GHVFULSWLRQ�RI�WKH�JURXS¶V�FXOWXUH�DQG�WKH�LPSRUWDQW�FXOWXUDO�VFHQHV�

6RPHWLPHV� WKH� WHUP�VXEFXOWXUH� LV� XVHG� WR� UHIHU� WR� D� FXOWXUH� WKDW� LV� HPEHGGHG
ZLWKLQ� D� ODUJHU� FXOWXUH�� )RU� H[DPSOH�� D� KLJK� VFKRRO� FDQ� EH� YLHZHG� DV� FRQWDLQLQJ
VHYHUDO� VXEFXOWXUHV� �H�J��� D� WHDFKHU� FXOWXUH� DQG� YDULRXV� VWXGHQW� JURXS� FXOWXUHV��
+RZHYHU�� UHVHDUFKHUV�XVXDOO\�FRQWLQXH� WR�XVH� WKH�PRUH�JHQHUDO� WHUP�FXOWXUH� HYHQ
IRU�WKHVH�VPDOOHU�JURXSV��L�H���WKH\�VD\�WKH�VFKRRO�LV�FRPSRVHG�RI�VHYHUDO�FXOWXUHV��
UDWKHU�WKDQ�XVLQJ�WKH�PRUH�VSHFLILF�WHUP�VXEFXOWXUH��,I�\RX�ZDQW�WR�PDNH�WKH�SRLQW
WKDW�D�JURXS�RI�SHRSOH�LV�FRPSRVHG�RI�WZR�RU�PRUH�VPDOOHU�EXW�GLVWLQFW�JURXSV��WKHQ
\RX�PD\�XVH�WKH�WHUP�VXEFXOWXUH��2WKHUZLVH��XVLQJ�WKH�PRUH�JHQHUDO�WHUP�FXOWXUH�LV
ILQH�� ,Q� JHQHUDO�� KXPDQV� DUH�PHPEHUV� RI� DQG� DUH� DIIHFWHG�E\�PXOWLSOH� FXOWXUHV� RU
VXEFXOWXUHV� VLPXOWDQHRXVO\�� )RU� H[DPSOH�� WKH� PHPEHUV� RI� WKH� VFKRRO� EDQG� DW� D
VXEXUEDQ� KLJK� VFKRRO� DUH� SUREDEO\� DIIHFWHG� E\� WKH� RYHUDOO� 86� FXOWXUH�� E\� WKH
DGROHVFHQW�FXOWXUH�ZLWKLQ�WKH�8QLWHG�6WDWHV��E\�D�VXEXUEDQ�FXOWXUH��E\�WKHLU�VFKRRO¶V
FXOWXUH��DQG�E\�DQ\�FXOWXUDO�FKDUDFWHULVWLFV�WKH\�VKDUH�E\�YLUWXH�RI�WKHLU�PHPEHUVKLS
LQ�WKH�EDQG�

��6XEFXOWXUH�$�FXOWXUH�HPEHGGHG�ZLWKLQ�D�ODUJHU�FXOWXUH

([DPSOHV�RI�(WKQRJUDSKLF�5HVHDUFK
1RZ� WKDW� \RX� NQRZ� ZKDW� HWKQRJUDSK\� DQG� FXOWXUH� DUH�� ZH� EULHIO\� GHVFULEH

VHYHUDO�SXEOLVKHG�UHVHDUFK�DUWLFOHV�WKDW�XVH�HWKQRJUDSKLF�WHFKQLTXHV��$V�ZLWK�DOO�RI



WKH�TXDOLWDWLYH�UHVHDUFK�DSSURDFKHV�GLVFXVVHG�LQ�WKLV�FKDSWHU��WKH�EHVW�ZD\�WR�OHDUQ
PRUH� DERXW� WKHP� LV� WR� UHDG� VRPH� SXEOLVKHG� DUWLFOHV� RU� ERRN�OHQJWK� H[DPSOHV�� ,Q
³$Q�(WKQRJUDSKLF�6WXG\�RI�1RUPV�RI� ,QFOXVLRQ� DQG�&RRSHUDWLRQ� LQ� D�0XOWLHWKQLF
0LGGOH�6FKRRO�´�'HHULQJ� ������� VWXGLHG� WKH� FXOWXUH� LQ� D�PLGGOH� VFKRRO� WKDW�ZDV
NQRZQ�WR�EH�VXSSRUWLYH�RI� LQFOXVLRQ��'HHULQJ�GHILQHG� LQFOXVLRQ�DV�³WKH�GHJUHH� WR
ZKLFK�DOO�SHUVRQV�DQG�WKHLU�DVSLUDWLRQV�DQG�LQWHUHVWV�DUH�LQFRUSRUDWHG�LQWR�D�JLYHQ
VRFLDO� FRQWH[W´� �S�� ����� 'HHULQJ� VWXGLHG� WKH� VFKRRO� RYHU� D� ��\HDU� SHULRG� E\
REVHUYLQJ� DQG� WDONLQJ� WR� WHDFKHUV�� DGPLQLVWUDWRUV�� VWXGHQWV�� SDUHQWV�� DQG� RWKHU
FRPPXQLW\�PHPEHUV��+H�GHVFULEHG�WKH�VFKRRO�FXOWXUH��WKH�SHHU�FXOWXUH��DQG�SDUHQW
DQG� FRPPXQLW\� LQYROYHPHQW�� ,W�ZDV� UHPDUNDEOH� KRZ�ZHOO� VWXGHQWV� IURP�GLIIHUHQW
JURXSV� JRW� DORQJ� DW� WKLV� SDUWLFXODU� VFKRRO�� 6RPH� UHDVRQV� ZHUH� WKH� OHDGHUVKLS
SURYLGHG�E\�WKH�SULQFLSDO��D�QRUP�RI�UHVSHFW�DSSOLHG�WR�HYHU\RQH�LQ�WKH�VFKRRO��DQG
DQ�H[SHFWDWLRQ�RI�SRVLWLYH�LQYROYHPHQW�E\�DOO�JURXSV�LQ�WKH�VFKRRO�

,Q� ³7KH� &RQWHQW� RI� &RQYHUVDWLRQV� $ERXW� WKH� %RG\� 3DUWV� DQG� %HKDYLRUV� RI
$QLPDOV� 'XULQJ� (OHPHQWDU\� 6FKRRO� 9LVLWV� WR� D� =RR� DQG� WKH� ,PSOLFDWLRQV� IRU
7HDFKHUV� 2UJDQL]LQJ� )LHOG� 7ULSV�´� 7XQQLFOLIIH� ������� REVHUYHG� DQG� OLVWHQHG� WR
FKLOGUHQ�ZKLOH�WKH\�ZHUH�DW�D�]RR��6KH�SURYLGHG�D�GHVFULSWLRQ�RI�ZKDW�WKH�FKLOGUHQ
VDLG��VKH�FODVVLILHG�WKRVH�VWDWHPHQWV�E\�WRSLF��DQG�VKH�SURYLGHG�VRPH�TXRWHV�IURP
WKH�FKLOGUHQ��H�J���³,W¶V�VKRZLQJ�LWV�WHHWK�´�³0LVV�:LFNV��ORRN��7KHLU�KDQGV�DUH�OLNH
RXUV�´�³7KHUH¶V�D�EDE\�RQH�´���7KLV�VWXG\� WRRN� WKH�UHDGHU� LQWR�D�VPDOO�SDUW�RI� WKH
FKLOGUHQ¶V� FXOWXUH� DQG� GHVFULEHG� LW� WR� WKH� UHDGHU�� ,W� LV� DQ� H[DPSOH� RI� D� FXOWXUDO
VFHQH�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

,Q� ³$Q� (WKQRJUDSKLF� 6WXG\� RI� &URVV�&XOWXUDO� &RPPXQLFDWLRQ� :LWK� 3XHUWR
5LFDQ±$PHULFDQ� )DPLOLHV� LQ� WKH� 6SHFLDO� (GXFDWLRQ� 6\VWHP�´� +DUU\� ������
REVHUYHG� DQG� LQWHUYLHZHG� SDUHQWV� IURP� ��� 6SDQLVK�VSHDNLQJ� 3XHUWR� 5LFDQ
$PHULFDQ� IDPLOLHV� ZKR� KDG� FKLOGUHQ� LQ� WKH� VSHFLDO� HGXFDWLRQ� V\VWHP�� 6KH� DOVR
LQWHUYLHZHG�VHYHUDO�HGXFDWRUV��6KH�IRXQG�WKDW�FXOWXUDO�GLIIHUHQFHV�VHHPHG�WR� OHDG
WR� FRPPXQLFDWLRQ� EUHDNGRZQV� EHWZHHQ� WKH� HGXFDWRUV� DQG� WKH� 3XHUWR� 5LFDQ
$PHULFDQ�SDUHQWV��)RU�H[DPSOH��WKH�SDUHQWV�H[SHFWHG�WKH�HGXFDWLRQDO�SURIHVVLRQDOV
WR�WUHDW�WKHP�DV�IULHQGV��L�H���DV�³PL�DPLJD´�RU�³P\�IULHQG´��DV�LQ�3XHUWR�5LFR��EXW
WKH\� GLG� QRW� SHUFHLYH� WKLV� WR� EH� KDSSHQLQJ�� 7KH\� IHOW� WKDW� WKH� $PHULFDQ� VFKRRO
V\VWHP�ZDV�LPSHUVRQDO��DQG�WKH\�GLG�QRW�WUXVW�LW��0XFK�RI�WKH�FRPPXQLFDWLRQ�DERXW
WKHLU�FKLOGUHQ��DV�ZHOO�DV�WKH�,QGLYLGXDO�(GXFDWLRQ�3ODQ��,(3���ZDV�LQ�ZULWWHQ�IRUP�
ZKLFK� WHQGHG� WR� DOLHQDWH� WKH� SDUHQWV� IXUWKHU�� 6RPHWLPHV� WKH� SDUHQWV� GLGQ¶W
XQGHUVWDQG�WKH� ODQJXDJH�DQG�MDUJRQ�XVHG�E\� WKH�HGXFDWRUV��H�J��� WKH� WHUP�,(3�ZDV
VRPHWLPHV�PLVXQGHUVWRRG��� )HHOLQJ� D� ODFN� RI� SRZHU�� WKH� SDUHQWV� RIWHQ� ZLWKGUHZ
IURP�WKH�FRPPXQLFDWLRQ�SURFHVV�DQG�GHIHUUHG�WR�WKH�SURIHVVLRQDOV��ZKR��DV�D�UHVXOW�
IHOW�WKH�SDUHQWV�ZHUH�DSDWKHWLF��,Q�VXP��WKH�HGXFDWRUV�DQG�WKH�SDUHQWV�WHQGHG�WR�FRPH
IURP�GLIIHUHQW�FXOWXUHV��DQG�WKH\�RIWHQ�PLVXQGHUVWRRG�RQH�DQRWKHU�

7\SHV�RI�(WKQRJUDSKLF�5HVHDUFK



7ZR� RWKHU� W\SHV� RI� HWKQRJUDSKLF� ZRUN� DUH� FORVHO\� UHODWHG� WR� FODVVLFDO
HWKQRJUDSK\��HWKQRORJ\�DQG�HWKQRKLVWRU\��$Q�HWKQRORJ\�LV�WKH�FRPSDUDWLYH�VWXG\�RI
FXOWXUDO� JURXSV�� ,W� LQYROYHV� FRQGXFWLQJ� RU� FRPSDULQJ� D� VHULHV� RI� VHSDUDWH
HWKQRJUDSKLF� VWXGLHV� RI� WKH� VDPH� RU� GLIIHUHQW� FXOWXUDO� JURXSV� WR� XQFRYHU� JHQHUDO
SDWWHUQV� DQG� UXOHV� RI� VRFLDO� EHKDYLRU�� )RU� H[DPSOH�� HWKQRORJ\�PLJKW� LQYROYH� WKH
FRPSDULVRQ� RI� IDPLO\� SUDFWLFHV� RU� HGXFDWLRQDO� SUDFWLFHV� LQ� VHYHUDO� GLIIHUHQW
FXOWXUHV�� 7KH� HWKQRORJLVW� ZRXOG� ORRN� IRU� VLPLODULWLHV� DQG� GLIIHUHQFHV� DPRQJ� WKH
JURXSV�� $V� DQ� H[DPSOH�� VRFLRORJLVWV� DQG� DQWKURSRORJLVWV� KDYH� IRXQG� WKDW� DOO
VRFLHWLHV� KDYH� VRPH� IRUP�RI� WKH� IDPLO\� LQVWLWXWLRQ��+RZHYHU�� WKH� H[WHQGHG� IDPLO\
SDWWHUQ��LQ�ZKLFK�SDUHQWV��FKLOGUHQ��DQG�RWKHU�NLQ�VXFK�DV�JUDQGSDUHQWV�DQG�DXQWV�DQG
XQFOHV�LQWHUDFW�D�JUHDW�GHDO��LV�PRUH�FRPPRQ�LQ�WUDGLWLRQDO�DJUDULDQ�VRFLHWLHV��H�J��
(O� 6DOYDGRU� DQG� %DQJODGHVK��� WKH� QXFOHDU� IDPLO\� SDWWHUQ�� LQ� ZKLFK� RQH� RU� WZR
SDUHQWV�DQG�WKHLU�FKLOGUHQ�LQWHUDFW� WKH�PRVW�� LV�PRUH�FRPPRQ�LQ�PRGHUQ�LQGXVWULDO
VRFLHWLHV��H�J���WKH�8QLWHG�6WDWHV�DQG�6ZHGHQ���%HFDXVH�WKHUH�LV�JUHDWHU�LQWHUHVW�LQ
JHQHUDO�SDWWHUQV��ZKDW�PDQ\�SHRSOH�KDYH�LQ�FRPPRQ��LQ�HWKQRORJ\�WKDQ�LQ�SDUWLFXODU
SDWWHUQV� �WKH�XQLTXH�FKDUDFWHULVWLFV�RI� HDFK�JURXS��� WKLV� IRUP�RI� UHVHDUFK� WHQGV� WR
KDYH�JUHDWHU�H[WHUQDO�YDOLGLW\�WKDQ�D�VLQJOH�HWKQRJUDSK\�

��(WKQRORJ\�7KH�FRPSDUDWLYH�VWXG\�RI�FXOWXUDO�JURXSV

$Q� H[DPSOH� RI� DQ� HGXFDWLRQDO� HWKQRORJ\� LV� /H&RPSWH� DQG� 3UHLVVOH¶V� ������
FKDSWHU�HQWLWOHG�³7RZDUG�DQ�(WKQRORJ\�RI�6WXGHQW�/LIH�LQ�6FKRROV�DQG�&ODVVURRPV�
6\QWKHVL]LQJ�WKH�4XDOLWDWLYH�5HVHDUFK�7UDGLWLRQ�´�/H&RPSWH�DQG�3UHLVVOH�KDG�EHHQ
FRQGXFWLQJ�HGXFDWLRQDO�HWKQRJUDSKLHV�IRU�RYHU�WZR�GHFDGHV��DQG�LQ�WKLV�HWKQRORJ\�
WKH\�FRPSDUHG� WKH�ILQGLQJV�IURP�D� ODUJH�QXPEHU�RI�HWKQRJUDSKLF�VWXGLHV�RYHU� WKDW
WLPH�SHULRG��7KHLU�JRDO�ZDV� WR� ILQG� VRPH�FRPPRQ� WKHPHV�DFURVV� WKH� HGXFDWLRQDO
HWKQRJUDSKLHV�� :H� PHQWLRQ� RQO\� WKUHH� RI� WKHLU� ILQGLQJV�� )LUVW�� WKH\� IRXQG� WKDW
FKLOGUHQ¶V� IRFXV� RI� DWWHQWLRQ� FKDQJHV� RYHU� WLPH� �H�J��� IURP� NLQGHUJDUWHQ� WR� KLJK
VFKRRO��� ³<RXQJHU� FKLOGUHQ� FRQFHSWXDOL]H� VFKRRO� H[SHULHQFH� DV� W\SHV� RI� DFWLYLW\
>H�J���ZRUN�DQG�SOD\@�DQG�WKH�VWUXFWXUHV�WKDW�VXSSRUW�WKHP��2OGHU�VWXGHQWV�VKLIW�WKHLU
DWWHQWLRQ� IURP� VWUXFWXUHV�� WDVNV�� DQG� VFKHGXOHV� WR� UHODWLRQVKLSV� ZLWK� SHRSOH´� �S�
������1RW�VXUSULVLQJO\��VWXGHQWV¶�DQG�WHDFKHUV¶�SHUVSHFWLYHV�DERXW�ZKDW�LV�LPSRUWDQW
WHQGHG� WR� EH� GLIIHUHQW�� 6HFRQG�� WKH\� DOVR� IRXQG� WKDW� WHDFKHU� H[SHFWDWLRQV� IRU
GLIIHUHQW�NLQGV�RI�VWXGHQWV�WHQGHG�WR�DIIHFW�VWXGHQW�EHKDYLRU��7KLUG��WKH\�IRXQG�WKDW
³VWXGHQWV�ZKR�DUH�EHWWHU�LQWHJUDWHG�LQWR�WKHLU�KRPH�FXOWXUH�DFKLHYH�KLJKHU�VXFFHVV
LQ�VFKRRO��HYHQ�LI�WKH\�DUH�PHPEHUV�RI�VWLJPDWL]HG�PLQRULW\�JURXSV´��S�������

$QRWKHU� IRUP�RI�HWKQRJUDSKLF� UHVHDUFK� LV�HWKQRKLVWRU\��ZKLFK� LV� WKH� VWXG\�RI
WKH�FXOWXUDO�SDVW�RI�D�JURXS�RI�SHRSOH��$Q�HWKQRKLVWRU\�LV�RIWHQ�GRQH�GXULQJ�WKH�HDUO\
VWDJHV�RI�DQ�HWKQRJUDSK\�WR�XQFRYHU�WKH�JURXS�PHPEHUV¶�FXOWXUDO�URRWV�DQG�WR�VWXG\
KRZ�WKH�JURXS�KDV�FKDQJHG��RU�QRW�FKDQJHG��RYHU�WLPH��7KLV�LQIRUPDWLRQ�SURYLGHV
WKH� UHVHDUFKHU� ZLWK� D� GHHSHU� VHQVH� RI� WKH� SHRSOH� EHLQJ� VWXGLHG�� 7KH� UHVHDUFKHU
UHOLHV�RQ�GDWD�VXFK�DV�RIILFLDO�GRFXPHQWV��RUDO�KLVWRULHV��MRXUQDOV��DQG�QHZVSDSHUV
DQG�RQ�LQIRUPDWLRQ�JDWKHUHG�IURP�WDONLQJ�ZLWK�WKH�ROGHU�SHRSOH�LQ�WKH�JURXS�WR�OHDUQ
DERXW�KRZ�WKLQJV�XVHG�WR�EH�DQG�KRZ�WKLQJV�DUH�GLIIHUHQW�QRZ��7KH�HWKQRKLVWRU\�FDQ



EH�WKH�HQG�SXUSRVH�RI�D�UHVHDUFK�VWXG\��EXW�LW�LV�XVXDOO\�SDUW�RI�D�ODUJHU�HWKQRJUDSKLF
VWXG\��$�ODVW�W\SH�RI�HWKQRJUDSKLF�UHVHDUFK�LV�FDOOHG�DXWRHWKQRJUDSK\��7KLV�LV�OLNH
DQ� DXWRELRJUDSK\� ZULWWHQ� E\� D� TXDOLWDWLYH� UHVHDUFKHU�� 7KH� ZULWHU� HQJDJHV� LQ
H[WHQVLYH� VHOI�H[DPLQDWLRQ� DQG� VHOI�UHIOHFWLRQ�� DQG� SXUSRVLYHO\� WKLQNV� DERXW� DQG
LQFOXGHV�H[WHQVLYH�FXOWXUDO�DQG�FRQWH[WXDO�GHVFULSWLRQ�RI�KLV�RU�KHU�OLIH��,W�ZRXOG�EH
OLNH�\RX�ZULWLQJ�\RXU�SHUVRQDO�DQG�FXOWXUDO�KLVWRU\�

��(WKQRKLVWRU\�7KH�VWXG\�RI�WKH�FXOWXUDO�SDVW�RI�D�JURXS�RI�SHRSOH

��$XWRHWKQRJUDSK\�/LNH�DQ�DXWRELRJUDSK\�ZULWWHQ�E\�D�TXDOLWDWLYH�UHVHDUFKHU�
IRFXVHV�RQ�VHOI�H[DPLQDWLRQ��VHOI�UHIOHFWLRQ��DQG�SXUSRVLYH�LQFOXVLRQ�RI
H[WHQVLYH�FXOWXUDO�DQG�FRQWH[WXDO�GHVFULSWLRQ�DQG�GHWDLO�RI�RQH¶V�OLIH

'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ
(WKQRJUDSK\� UHOLHV� RQ� H[WHQGHG� ILHOGZRUN�� 7KLV� PHDQV� WKDW� WKH� UHVHDUFKHU

VSHQGV� D� ORQJ� WLPH� LQ� WKH� ILHOG� ZLWK� WKH� SHRSOH� EHLQJ� VWXGLHG�� 7KH� UHVHDUFKHU
W\SLFDOO\� EHFRPHV� D� SDUWLFLSDQW� RU� QRQSDUWLFLSDQW� REVHUYHU�� ,Q� IDFW�� H[WHQGHG
ILHOGZRUN� DQG� SDUWLFLSDQW� REVHUYDWLRQ� DUH� WKH� GLVWLQJXLVKLQJ� FKDUDFWHULVWLFV� RI� D
FODVVLFDO�RU�LGHDO�W\SH�HWKQRJUDSK\��6SHQGLQJ���PRQWKV�WR���\HDU�LQ�WKH�ILHOG�LV�QRW
DW�DOO�XQFRPPRQ��$V�\RX�FDQ�VHH��WKLV�W\SH�RI�UHVHDUFK�FDQ�EH�TXLWH�GHPDQGLQJ�

'DWD�FROOHFWLRQ�DQG�GDWD�DQDO\VLV� LQ�HWKQRJUDSK\�DUH� VDLG� WR�EH�FRQFXUUHQW�RU
DOWHUQDWLQJ��7KLV�PHDQV�HWKQRJUDSKHUV�W\SLFDOO\�FROOHFW�VRPH�GDWD�DQG�DQDO\]H�WKRVH
GDWD��WKHQ�UHWXUQ�WR�WKH�ILHOG�WR�FROOHFW�PRUH�GDWD�DQG�DQDO\]H�WKRVH�GDWD��DQG�VR�RQ�
7KLV�SURFHVV�F\FOHV�GXULQJ�PRVW�RI�WKH�WLPH�VSHQW�LQ�WKH�ILHOG��7KH�UHVHDUFKHU�QHHGV
WR�ORRN�DW�WKH�GDWD�DQG�DQDO\]H�WKHP�ZKLOH�KH�RU�VKH�LV�VWLOO�IUHVK�RXW�RI�WKH�ILHOG�DQG
DOVR�WR�NQRZ�ZKDW�NLQGV�RI�GDWD�QHHG�WR�EH�FROOHFWHG�QH[W�DQG�IURP�ZKHUH�

(WKQRJUDSK\� LV� DQ� HPHUJHQW�� IOXLG�� DQG� UHVSRQVLYH� DSSURDFK� WR� TXDOLWDWLYH
UHVHDUFK�EHFDXVH� WKH�RULJLQDO� UHVHDUFK�TXHVWLRQV�VRPHWLPHV�FKDQJH��)RU�H[DPSOH�
+ROODQG� DQG� (LVHQKDUW� ������� VSHQW� VHYHUDO� \HDUV� VWXG\LQJ� IHPDOHV� DWWHQGLQJ
FROOHJH��7KH\�ZHUH�RULJLQDOO\�LQWHUHVWHG�LQ�WKH�LQIOXHQFH�RI�SHHU�JURXSV�RQ�IHPDOHV¶
UROH� LGHQWLWLHV� DQG� KRZ� SHHU� JURXSV� DIIHFWHG� WKH� ZRPHQ¶V� FKRLFHV� RI� FROOHJH
PDMRUV��7KH\�UHDOL]HG�RYHU�WLPH�WKDW�WKH�ZRPHQ¶V�SHHUV�NQHZ�YHU\�OLWWOH�DERXW�KRZ
RU�ZK\� WKHLU� IULHQGV� FKRVH� WKHLU� FROOHJH�PDMRU�� 7KH� UHVHDUFKHUV� GHFLGHG� WKDW� WKH
PRUH� LPSRUWDQW� TXHVWLRQV� HPHUJLQJ� IURP� WKHLU� VWXG\� ZHUH� KRZ� WKH� ZRPHQ
UHVSRQGHG� WR� WKHLU� FROOHJH� FXOWXUH�� KRZ� WKH\� VSHFLILFDOO\� UHVSRQGHG� WR� WKH
SDWULDUFKDO� FRQGLWLRQV� WKDW� WKH\� IDFHG�� DQG�ZKDW� LPSRUWDQW� VXEFXOWXUDO� GLIIHUHQFHV
H[LVWHG�DPRQJ� WKH�ZRPHQ��$OWKRXJK�DQ�HWKQRJUDSKHU�PLJKW� WKLQN�KH�RU�VKH�NQRZV
H[DFWO\�ZKDW�WR�VWXG\�LQ�WKH�ILHOG��LW�LV�DOZD\V�SRVVLEOH�WKDW�H[WHQGHG�ILHOGZRUN�ZLOO
VKRZ�WKH�RULJLQDO�UHVHDUFK�TXHVWLRQV�WR�EH�QDLYH��XQLPSRUWDQW��RU�QRW�UHVHDUFKDEOH
RU�WKDW�RWKHU�LVVXHV�DQG�TXHVWLRQV�ZLOO�HPHUJH�DV�PRUH�LPSRUWDQW�

7KH�UHVHDUFKHU�FROOHFWV�GDWD�GXULQJ�ILHOGZRUN�WKDW�PLJKW�KHOS�LQ�XQGHUVWDQGLQJ
WKH�JURXS�RI�SHRSOH��(WKQRJUDSKHUV�WDON�WR�SHRSOH��REVHUYH�WKHLU�EHKDYLRU�LQ�WKHLU



QDWXUDO� GD\�WR�GD\� HQYLURQPHQWV�� DQG� H[DPLQH� GRFXPHQWV� NHSW� E\� WKH� JURXS
PHPEHUV��7KH\�DOVR�WDNH�H[WHQVLYH�ILHOG�QRWHV�RI�ZKDW�WKH\�VHH�RQ�DQ�RQJRLQJ�EDVLV�
DQG� WKH\�ZULWH�PHPRV� WR� WKHPVHOYHV�� UHFRUGLQJ� WKHLU� WKRXJKWV� DQG� LQWHUSUHWDWLRQV
DERXW�WKH�GHYHORSLQJ�HWKQRJUDSKLF�GHVFULSWLRQ��9LGHR��DQG�DXGLR�UHFRUGLQJ�GHYLFHV
DUH� IUHTXHQWO\� KHOSIXO� EHFDXVH� RI� WKHLU� DFFXUDF\� DQG� EHFDXVH� WKH� WDSHV� FDQ� EH
UHYLHZHG�ODWHU�

2QH� RI� WKH� FDUGLQDO� UXOHV� LQ� GRLQJ� HWKQRJUDSKLF� UHVHDUFK� LV� QRW� WR� EH
HWKQRFHQWULF� WRZDUG� WKH� SHRSOH� \RX� DUH� VWXG\LQJ��(WKQRFHQWULVP� PHDQV� MXGJLQJ
SHRSOH� IURP� D� GLIIHUHQW� FXOWXUH� RU� JURXS� DFFRUGLQJ� WR� WKH� VWDQGDUGV� RI� \RXU� RZQ
FXOWXUH�RU�JURXS��$Q�H[DPSOH�RI�HWKQRFHQWULF�EHKDYLRU�ZRXOG�EH�JRLQJ� WR�DQRWKHU
FRXQWU\� DQG�EHLQJ� MXGJPHQWDO� DERXW�ZKDW� WKH�SHRSOH� WKHUH� HDW� �H�J��� ³:K\�ZRXOG
DQ\RQH�HDW�VQDLOV"�´���:KHQ�ZH�DUH�EHLQJ�HWKQRFHQWULF��ZH�GRQ¶W�WU\�WR�XQGHUVWDQG
SHRSOH�ZKR� DUH� GLIIHUHQW� IURP� XV�� 7KHUHIRUH��ZKHQ� GRLQJ� HWKQRJUDSKLF� UHVHDUFK�
\RX�PXVW� WDNH�D�QRQMXGJPHQWDO� VWDQFH� WRZDUG� WKH�SHRSOH�\RX�DUH� VWXG\LQJ� WR�JDLQ
XVHIXO�LQIRUPDWLRQ�

��(WKQRFHQWULVP�-XGJLQJ�SHRSOH�IURP�D�GLIIHUHQW�FXOWXUH�DFFRUGLQJ�WR�WKH
VWDQGDUGV�RI�\RXU�RZQ�FXOWXUH

(WKQRJUDSKHUV� DOVR� WU\� WR� WDNH� RQ� WKH� HPLF� DQG� HWLF� SHUVSHFWLYHV� GXULQJ� GDWD
FROOHFWLRQ� DQG� DQDO\VLV�� 7KH� HPLF� SHUVSHFWLYH� LV� WKH� LQVLGHU¶V� SHUVSHFWLYH�� ,W
LQFOXGHV� WKH�PHDQLQJV�DQG�YLHZV�RI� WKH�SHRSOH� LQ� WKH�JURXS�EHLQJ�VWXGLHG��7DNLQJ
WKH�HPLF�SHUVSHFWLYH�DOVR�PHDQV�FRQVLGHULQJ�TXHVWLRQV�DQG�LVVXHV�IRU�VWXG\�WKDW�DUH
LPSRUWDQW�WR�LQVLGHUV��7KH�UHVHDUFKHU�GRFXPHQWLQJ�WKH�HPLF�SHUVSHFWLYH�PXVW�WU\�WR
JHW�LQVLGH�RI�WKH�KHDGV�RI�WKH�JURXS�PHPEHUV��7KHUHIRUH��WKLV�DVSHFW�RI�HWKQRJUDSK\
LV�YHU\�SKHQRPHQRORJLFDO�LQ�DSSURDFK��)RU�\RX�WR�XQGHUVWDQG�WKH�HPLF�SHUVSHFWLYH�
LW�LV�YHU\�LPSRUWDQW�WR�OHDUQ�WKH�ORFDO�ODQJXDJH�DQG�IRUPV�RI�H[SUHVVLRQ�XVHG�E\�WKH
SHRSOH�EHLQJ�VWXGLHG��6SHFLDO�ZRUGV�RU�WHUPV�XVHG�E\�WKH�VWXG\�SDUWLFLSDQWV�LQ�WKHLU
QDWXUDO�VHWWLQJV�LQ�WKHLU�VRFLDO�JURXSV�DUH�FDOOHG�HPLF�WHUPV��6RPH�HPLF�WHUPV�XVHG
E\� KLJK� VFKRRO� VWXGHQWV� LQ� D� PLGGOH�VL]HG� 6RXWKHUQ� FLW\� WR� UHIHU� WR� WKH� PRUH
DFDGHPLF�W\SH�VWXGHQWV�ZHUH�EUDLQV��DGYDQFHG��LQWHOOHFWXDOV��QHUGV��JHHNV��GRUNV�
DQG�VPDUWLHV��+��-��6PLWK���������$�ODUJHU�OLVW�RI�HPLF�WHUPV�LGHQWLILHG�E\�6PLWK�IRU
YDULRXV�JURXSV�LQ�KLJK�VFKRROV�LV�VKRZQ�LQ�7DEOH������

��(PLF�SHUVSHFWLYH�7KH�LQVLGHU¶V�SHUVSHFWLYH

��(PLF�WHUPV�6SHFLDO�ZRUGV�RU�WHUPV�XVHG�E\�SHRSOH�LQ�WKHLU�VRFLDO�DQG
FXOWXUDO�JURXSV

(WKQRJUDSKHUV� XVH� WKH� WHUP� HWLF� SHUVSHFWLYH� WR� UHIHU� WR� DQ� H[WHUQDO�� VRFLDO
VFLHQWLILF�YLHZ�RI�UHDOLW\��)HWWHUPDQ���������7KLV�LV�WKH�SHUVSHFWLYH�RI�WKH�REMHFWLYH
UHVHDUFKHU�VWXG\LQJ�D�JURXS�RI�SHRSOH��7KH�JRDO�LV�WR�PRYH�EH\RQG�WKH�SHUVSHFWLYHV
RI� WKH� SHRSOH� EHLQJ� VWXGLHG� DQG� XVH� VRFLDO� VFLHQFH� FRQFHSWV�� WHUPV� �L�H��� HWLF
WHUPV��� DQG� SURFHGXUHV� WR� GHVFULEH� WKH� SHRSOH� DQG� H[SODLQ� WKHLU� EHKDYLRU�



5HVHDUFKHUV�XVLQJ�WKH�HWLF�SHUVSHFWLYH�DOVR�EULQJ�WKHLU�UHVHDUFK�TXHVWLRQV�IURP�WKH
RXWVLGH� �H�J��� LVVXHV� DUH� FRQVLGHUHG� LPSRUWDQW� RQ� WKH� EDVLV� RI� D� UHYLHZ� RI� WKH
UHVHDUFK� OLWHUDWXUH���7KH\� WHQG� WR� WDNH� DQ� LQVWUXPHQWDO� YLHZ��ZDQWLQJ� WR� VWXG\� WKH
SDUWLFLSDQWV�WR�DQVZHU�D�VSHFLILF�TXHVWLRQ�RU�WR�SURGXFH�D�VSHFLILF�SURGXFW�

��(WLF�SHUVSHFWLYH�$Q�H[WHUQDO��VRFLDO�VFLHQWLILF�YLHZ�RI�UHDOLW\

��(WLF�WHUPV�³2EMHFWLYH´�RXWVLGHUV¶�ZRUGV�RU�VSHFLDO�WHUPV�XVHG�E\�VRFLDO
VFLHQWLVWV�WR�GHVFULEH�D�JURXS

(IIHFWLYH�HWKQRJUDSKHUV�DUH�DEOH�WR�XVH�ERWK�SHUVSHFWLYHV��,I�D�UHVHDUFKHU�RQO\
WRRN�WKH�HPLF�SHUVSHFWLYH��KH�RU�VKH�ZRXOG�ULVN�ZKDW�LV�FDOOHG�JRLQJ�QDWLYH��ZKLFK
PHDQV�WKDW�WKH�UHVHDUFKHU�LGHQWLILHV�VR�FRPSOHWHO\�ZLWK�WKH�JURXS�WKDW�KH�RU�VKH�FDQ
QR�ORQJHU�VWHS�EDFN�DQG�WDNH�DQ�REMHFWLYH�SHUVSHFWLYH��6RPHRQH�ZKR�JRHV�QDWLYH
KDV�EDVLFDOO\�EHFRPH�DQ�LQVLGHU��7KDW�SHUVRQ�RYHULGHQWLILHV�ZLWK�WKH�JURXS�DQG�FDQ
YLHZ� WKLQJV� RQO\� IURP� WKH� YLHZSRLQW� RI� WKH� LQVLGHUV�� 2Q� WKH� RWKHU� KDQG�� LI
UHVHDUFKHUV� WRRN� RQO\� WKH� HWLF� YLHZSRLQW�� WKH\� ZRXOG� ULVN� QRW� XQGHUVWDQGLQJ� WKH
SHRSOH� IURP� WKH� QDWLYH� SHUVSHFWLYH�� 7KH\� ZRXOG� DOVR� ULVN� LPSRVLQJ� WKHLU� RZQ
SUHGHWHUPLQHG�EHOLHIV�DQG�FDWHJRULHV�RQ�WKHLU�LQWHUSUHWDWLRQV�DERXW�WKH�SDUWLFLSDQWV�
:H�EHOLHYH�WKDW�HIIHFWLYH�UHVHDUFKHUV�ZDON�WKH�ILQH�OLQH�EHWZHHQ�WKH�HPLF�DQG�HWLF
SHUVSHFWLYHV� DQG� SHULRGLFDOO\� GHOYH� LQWR� WKH� ZRUOG� RI� HDFK� SHUVSHFWLYH
�VWUDWHJLFDOO\� PRYLQJ� EDFN� DQG� IRUWK� RYHU� WLPH�� WR� JDWKHU� XVHIXO� LQVLJKWV� DQG
SURGXFH�D�JRRG�HWKQRJUDSK\�

��*RLQJ�QDWLYH�,GHQWLI\LQJ�VR�FRPSOHWHO\�ZLWK�WKH�JURXS�EHLQJ�VWXGLHG�WKDW�\RX
FDQ�QR�ORQJHU�SURYLGH�DQ�³REMHFWLYH�RXWVLGHU´�RU�HWLF�SHUVSHFWLYH

�7$%/(�������6HOHFWHG�(PLF�7HUPV�8VHG�E\�+LJK�6FKRRO�6WXGHQWV

6RXUFH��)URP�6PLWK��+��-���������7KH�5ROH�RI�6\PEROLVP�LQ�WKH�6WUXFWXUH��0DLQWHQDQFH��DQG�,QWHUDFWLRQ�RI
+LJK�6FKRRO�6RFLDO�*URXSLQJV��0DVWHU¶V� WKHVLV��8QLYHUVLW\�RI�6RXWK�$ODEDPD�'HSDUWPHQW�RI�6RFLRORJ\�DQG
$QWKURSRORJ\��0RELOH�

%HFDXVH� RI� WKH� UHOLDQFH� RQ� REVHUYDWLRQDO� DQG� LQWHUYLHZ� GDWD�� HWKQRJUDSKHUV
VKRXOG� FRQVWDQWO\� WULDQJXODWH� WKHLU� REVHUYDWLRQV� DQG� GDWD� VRXUFHV� WR� FRUURERUDWH
WKHLU� UHVHDUFK� ILQGLQJV��)RU� H[DPSOH�� LI� D�SDUWLFLSDQW�RU� LQIRUPDQW� VD\V� WKDW� VRPH
HYHQW�WRRN�SODFH��WKH�HWKQRJUDSKHU�GRHV�QRW�WDNH�WKDW�VLQJOH�SDUWLFLSDQW¶V�DFFRXQW�DW
IDFH� YDOXH�� ,QVWHDG�� WKH� HWKQRJUDSKHU� VHDUFKHV� IRU� RWKHU� SDUWLFLSDQWV� ZKR



H[SHULHQFHG� �RU� REVHUYHG� RU� KHDUG� DERXW�� WKH� VDPH� HYHQW� DQG� OLVWHQV� WR� WKHLU
DFFRXQWV� DQG� LQWHUSUHWDWLRQV�� ,Q� WKLV� ZD\�� HYLGHQFH� IRU� GHVFULSWLYH� YDOLGLW\� LV
LPSURYHG�� 'XULQJ� WKH� ODWHU� PRQWKV� LQ� WKH� ILHOG�� HWKQRJUDSKHUV� IUHTXHQWO\� EHJLQ
FRPSRVLQJ� DQG� ZULWLQJ� WKHLU� ILQDO� UHSRUW�� 7KLV� ZD\�� WKH� ZULWWHQ� GHVFULSWLRQ� DQG
LQWHUSUHWDWLRQ� FDQ� EH� VKRZQ� WR� WKH� SDUWLFLSDQWV� IRU� WKHLU� UHYLHZ� DQG� YDOLGDWLRQ�
5HFDOO�WKDW�WKLV�SURFHVV�LV�FDOOHG�SDUWLFLSDQW�UHYLHZ�RU�PHPEHU�FKHFNLQJ�

:KHQ�ZULWLQJ�WKH�ILQDO�UHSRUW��HWKQRJUDSKHUV�FRQWH[WXDOL]H�WKHLU�VWXG\��7KDW� LV�
WKH\�FDUHIXOO\�H[DPLQH�WKH�FRQWH[W�LQ�ZKLFK�WKH�JURXS�LV�VLWXDWHG��DQG�WKH\�ZULWH�WKLV
XS�LQ�WKH�UHSRUW��)RU�H[DPSOH��HWKQRJUDSKHUV�GHVFULEH�WKH�SDUWLFXODUV�RI�WKH�SK\VLFDO
DQG�VRFLDO�VHWWLQJV��LQFOXGLQJ�WKH�WLPH��WKH�SODFH��DQG�WKH�VLWXDWLRQ�LQ�ZKLFK�D�VWXG\
ZDV�FRQGXFWHG��&RQWH[WXDOL]DWLRQ�KHOSV�PDNH� WKH�HWKQRJUDSKHU�PRUH�DZDUH�RI� WKH
UHODWLRQVKLS�EHWZHHQ�WKH�FRQWH[W�DQG�WKH�REVHUYHG�EHKDYLRU��DQG�LW�KHOSV�UHDGHUV�RI
WKH�UHVHDUFK�UHSRUW�NQRZ�ZKHUH�DQG�WR�ZKRP�WKH\�FDQ�DSSO\�WKH�UHVHDUFK�UHVXOWV�

:KHQ� GHVFULELQJ� D� JURXS�� HWKQRJUDSKHUV� DOVR� WU\� WR� EH� KROLVWLF��+ROLVP�� RU
KROLVWLF� GHVFULSWLRQ�� ZDV� GLVFXVVHG� EULHIO\� LQ� &KDSWHU� �� DQG� DOVR� LQ� 7DEOH� ����
�FKDUDFWHULVWLF������$OWKRXJK�WKH�FRQFHSW�RI�KROLVP�LV�VXPPHG�XS�LQ� WKH�VWDWHPHQW
³7KH�ZKROH�LV�JUHDWHU�WKDQ�LWV�SDUWV�´�KROLVWLF�GHVFULSWLRQ�GRHV�QRW�LJQRUH�WKH�SDUWV
RI� WKH� ZKROH� EHFDXVH� DQ� DQDO\VLV� RI� WKH� SDUWV� LV� HVVHQWLDO� WR� XQGHUVWDQGLQJ� WKH
ZKROH��7KH�HWKQRJUDSKHU�FRQVFLRXVO\�ZRUNV�EDFN�DQG�IRUWK�EHWZHHQ�WKH�SDUWV�DQG
WKH�ZKROH��XOWLPDWHO\�FUHDWLQJ�D�SLFWXUH�RI�WKH�FXOWXUDO�JURXS�RU�VFHQH��)RU�H[DPSOH�
D� KLJK� VFKRRO� EDQG� LV� FRPSRVHG� RI� LQGLYLGXDOV�ZKR� FRPH� WRJHWKHU� DV� D� XQLW� DQG
FUHDWH� D� KROLVWLF� SURGXFW� �PXVLF��� ,Q� D� W\SLFDO� HWKQRJUDSK\�� KROLVWLF� GHVFULSWLRQ
LQYROYHV�H[DPLQLQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�LQGLYLGXDOV�LQ�D�JURXS��H�J���ZKDW�WKH
LQGLYLGXDOV� DUH� OLNH��� LW� LQYROYHV� H[DPLQLQJ� KRZ� WKH� LQGLYLGXDOV� LQ� WKH� JURXS
LQWHUDFW�ZLWK�RQH�DQRWKHU��H�J���ZKHQ�WKH\�LQWHUDFW�DQG�ZKDW�WKH\�GR���DQG�LW�LQYROYHV
H[DPLQLQJ� KRZ� WKH� LQGLYLGXDOV� FRPH� WRJHWKHU� WR� IRUP� WKH� JURXS� �H�J��� ZKDW� WKH\
KDYH� LQ� FRPPRQ�� ZKDW� WKHLU� JURXS� QRUPV� DQG� ULWXDOV� DUH�� DQG� ZKDW� WKH� JURXS
LGHQWLW\� LV��� ,Q� VKRUW�� ZKHQ� FRPSRVLQJ� D� KROLVWLF� GHVFULSWLRQ�� \RX�PXVW� VWXG\� WKH
SDUWV� RI� WKH� ZKROH� LQ� DGGLWLRQ� WR� GHVFULELQJ� WKH� ZKROH�� 7KH� ILQDO� HWKQRJUDSKLF
UHSRUW� W\SLFDOO\�LQFOXGHV�ULFK�DQG�KROLVWLF�GHVFULSWLRQ�RI�WKH�JURXS��,W�DOVR�XVXDOO\
LQFOXGHV�PDQ\�YHUEDWLPV��GLUHFW�TXRWDWLRQV�IURP�JURXS�PHPEHUV��

��+ROLVP�7KH�LGHD�WKDW�WKH�ZKROH�LV�JUHDWHU�WKDQ�WKH�VXP�RI�LWV�SDUWV
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�����:KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�RI�HWKQRJUDSK\"
�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�PDFUR�FXOWXUH

DQG�D�PLFUR�FXOWXUH"
�����+RZ�GR�SHRSOH�EHFRPH�PHPEHUV�RI�FXOWXUHV"
�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�HPLF

SHUVSHFWLYH�DQG�WKH�HWLF�SHUVSHFWLYH"



*5281'('�7+(25<
)RXQGDWLRQDO�TXHVWLRQ��:KDW� WKHRU\� RU� H[SODQDWLRQ� HPHUJHV� IURP� DQ� DQDO\VLV� RI
WKH�GDWD�FROOHFWHG�DERXW�WKLV�SKHQRPHQRQ"

%DUQH\�*ODVHU�DQG�$QVHOP�6WUDXVV�ZURWH�D�ERRN�LQ������RQ�ZKDW� WKH\�FDOOHG
JURXQGHG� WKHRU\�� 7KHVH� WZR� VRFLRORJLVWV� FRQWHQGHG� WKDW� WKHRU\� VKRXOG� HPHUJH
LQGXFWLYHO\�IURP�HPSLULFDO�GDWD��7KH\�VDLG�ZH�QHHG�WR�³GLVFRYHU�WKHRU\�IURP�GDWD´
�S������$OWKRXJK�WKLV�ZDV�QRW�DQ�HQWLUHO\�QHZ�LGHD�LQ�WKH�ILHOG�RI�UHVHDUFK��*ODVHU
DQG�6WUDXVV�ZDQWHG�WR�FRXQWHU�ZKDW�WKH\�VDZ�DV�D�WHQGHQF\�LQ�WKHLU�ILHOG�WR�IRFXV�RQ
WKHRU\�FRQILUPDWLRQ� �WHVWLQJ�K\SRWKHVHV�GHYHORSHG�IURP�SUHYLRXV� WKHRULHV��UDWKHU
WKDQ�RQ�WKHRU\�JHQHUDWLRQ�DQG�FRQVWUXFWLRQ��GHYHORSLQJ�QHZ�WKHRULHV�JURXQGHG�LQ
QHZ�GDWD���7KH\�WKRXJKW�WKDW�WKH�GLVFLSOLQH�RI�VRFLRORJ\�KDG�VWDJQDWHG�EHFDXVH�RI�D
UHOLDQFH� RQ� ROGHU� WKHRULHV�� 7KH\� DOVR� WKRXJKW� WKDW� FXUUHQW� UHVHDUFK� ZDV� WRR
TXDQWLWDWLYH� DQG� KDG� EHFRPH� WRR� IDU� UHPRYHG� IURP� WKH� HPSLULFDO� UHDOLW\� WKDW� LW
VRXJKW�WR�H[SODLQ��7KH\�EHOLHYHG�WKDW�PDQ\�RI�WKH�SRSXODU�WKHRULHV�DW�WKDW�WLPH�ZHUH
QRW�JURXQGHG�LQ�UHDO�GDWD�EXW�ZHUH��LQVWHDG��EDVHG�RQ�WKH�WKLQNLQJ�RI�D�IHZ�IDPRXV
WKHRULVWV�� 6LQFH� SXEOLFDWLRQ� RI� *ODVHU� DQG� 6WUDXVV¶V� LPSRUWDQW� ERRN� LQ� �����
JURXQGHG� WKHRU\� KDV� EHFRPH� D� SRSXODU� DSSURDFK� WR� TXDOLWDWLYH� UHVHDUFK� LQ�PDQ\
GLIIHUHQW�GLVFLSOLQHV��LQFOXGLQJ�HGXFDWLRQ��FRXQVHOLQJ��DQG�QXUVLQJ�

��*URXQGHG�WKHRU\�$�JHQHUDO�PHWKRGRORJ\�IRU�GHYHORSLQJ�WKHRU\�WKDW�LV
JURXQGHG�LQ�GDWD�V\VWHPDWLFDOO\�JDWKHUHG�DQG�DQDO\]HG

³*URXQGHG� WKHRU\� LV� D� JHQHUDO� PHWKRGRORJ\� IRU� GHYHORSLQJ� WKHRU\� WKDW� LV
JURXQGHG�LQ�GDWD�V\VWHPDWLFDOO\�JDWKHUHG�DQG�DQDO\]HG´��6WUDXVV�	�&RUELQ��������S�
������ 7KH� SURGXFW� RI� WKH� JURXQGHG� WKHRU\� PHWKRGRORJ\� LV� IUHTXHQWO\� FDOOHG� D
JURXQGHG�WKHRU\��7KHUHIRUH��ZKHQ�\RX�GR�JURXQGHG�WKHRU\�UHVHDUFK��\RXU�JRDO�LV�WR
FRQVWUXFW�D�JURXQGHG�WKHRU\��,W�LV�LPSRUWDQW�WR�XQGHUVWDQG�WKDW�D�JURXQGHG�WKHRU\�LV
QRW�JHQHUDWHG�D�SULRUL��L�H���EDVHG�RQO\�RQ�UHDVRQLQJ���5DWKHU��D�JURXQGHG�WKHRU\�LV
EDVHG�RQ�FRQFHSWV�WKDW�DUH�JHQHUDWHG�GLUHFWO\�IURP�WKH�GDWD�WKDW�DUH�FROOHFWHG�LQ�RQH
RU� PRUH� UHVHDUFK� VWXGLHV�� 7KLV� LV� DQRWKHU� ZD\� RI� VD\LQJ� WKDW� WKH� WKHRU\� LV
LQGXFWLYHO\�GHULYHG��)LJXUDWLYHO\� VSHDNLQJ��\RX�FDQ� WKLQN�RI� LQGXFWLYH�DQDO\VLV� DV
³JHWWLQJ� LQWR� \RXU� GDWD´� �GXULQJ� GDWD� FROOHFWLRQ� DQG� DQDO\VLV��� ³OLYLQJ� WKHUH´� RU
³KDQJLQJ� RXW� WKHUH� IRU� D� ZKLOH�´� DQG� GHYHORSLQJ� DQ� XQGHUVWDQGLQJ� RI� WKH
SKHQRPHQRQ� EDVHG� RQ� WKH� GDWD�� )RU� H[DPSOH�� LI� VRPHRQH� RXWVLGH� RI� HGXFDWLRQ
ZDQWHG�WR�OHDUQ�DERXW�WHDFKLQJ��WKLV�SHUVRQ�FRXOG�JR�WR�D�UHDO�FODVVURRP��REVHUYH�D
WHDFKHU� IRU� VHYHUDO�ZHHNV�� DQG� WKHQ�GUDZ� VRPH� WHQWDWLYH�� GDWD�EDVHG� FRQFOXVLRQV
DERXW�WHDFKLQJ��,QGXFWLRQ�LV�D�ERWWRP�XS�DSSURDFK�EDVHG�RQ�RULJLQDO�GDWD��L�H���\RX
VWDUW�ZLWK� WKH�GDWD�DQG� WKHQ�PDNH�\RXU�JHQHUDOL]DWLRQV�DIWHU� ORRNLQJ�DW�\RXU�GDWD��
6WUDXVV� DQG� &RUELQ� ������� SRLQWHG� RXW� WKH� LQGXFWLYH� QDWXUH� RI� JURXQGHG� WKHRU\
UHVHDUFK�ZKHQ�WKH\�ZURWH��³2QH�GRHV�QRW�EHJLQ�ZLWK�D�WKHRU\��WKHQ�SURYH�LW��5DWKHU�
RQH� EHJLQV�ZLWK� DQ� DUHD� RI� VWXG\� DQG�ZKDW� LV� UHOHYDQW� WR� WKDW� DUHD� LV� DOORZHG� WR
HPHUJH´��S�������'XULQJ�D�SDUWLFXODU�JURXQGHG�WKHRU\�UHVHDUFK�VWXG\��VRPH�GDWD�DUH
FROOHFWHG�DQG�DQDO\]HG��DQG�DV� WKH� WKHRU\� LV�EHLQJ�GHYHORSHG��DGGLWLRQDO�GDWD�DUH



FROOHFWHG�DQG�DQDO\]HG�WR�FODULI\��GHYHORS��DQG�YDOLGDWH�WKH�WKHRU\�

&KDUDFWHULVWLFV�RI�D�*URXQGHG�7KHRU\
*ODVHU� DQG�6WUDXVV� ������� OLVWHG� IRXU� LPSRUWDQW� FKDUDFWHULVWLFV�RI� D�JURXQGHG

WKHRU\��ILW��XQGHUVWDQGLQJ��JHQHUDOLW\��DQG�FRQWURO��)LUVW��WKH�WKHRU\�PXVW�ILW�WKH�GDWD
LI�LW�LV�WR�EH�XVHIXO��*ODVHU�DQG�6WUDXVV�PDGH�DQ�LPSRUWDQW�SRLQW�ZKHQ�WKH\�VDLG�WKDW
D�UHVHDUFKHU

RIWHQ�GHYHORSV�D�WKHRU\�WKDW�HPERGLHV��ZLWKRXW�KLV�UHDOL]LQJ�LW��KLV�RZQ�LGHDOV
DQG�WKH�YDOXHV�RI�KLV�RFFXSDWLRQ�DQG�VRFLDO�FODVV��DV�ZHOO�DV�SRSXODU�YLHZV�DQG
P\WKV��DORQJ�ZLWK�KLV�GHOLEHUDWH�HIIRUWV�DW�PDNLQJ�ORJLFDO�GHGXFWLRQV�IURP�VRPH
IRUPDO�WKHRU\�WR�ZKLFK�KH�EHFDPH�FRPPLWWHG�DV�D�JUDGXDWH�VWXGHQW���S������

7KH�SRLQW�LV�WKDW�WKHRU\�PXVW�FRUUHVSRQG�FORVHO\�WR�WKH�UHDO�ZRUOG�GDWD��QRW�WR
RXU�SHUVRQDO�ZLVKHV�RU�ELDVHV�RU�SUHGHWHUPLQHG�FDWHJRULHV�

6HFRQG�� WKH� WKHRU\� VKRXOG� EH� FOHDUO\� VWDWHG� DQG� UHDGLO\� XQGHUVWDQGDEOH� WR
SHRSOH�ZRUNLQJ�LQ�WKH�VXEVWDQWLYH�DUHD��HYHQ�WR�QRQUHVHDUFK�W\SHV��2QH�UHDVRQ�IRU
WKLV�LV�WKDW�SUDFWLWLRQHUV�PLJKW�QHHG�WR�XVH�WKH�WKHRU\�RU�HPSOR\�VRPHRQH�HOVH�WR�XVH
WKH� WKHRU\�RQH�GD\�� ,I� WKH� WKHRU\� LV� QRW� XQGHUVWDQGDEOH� WR� WKHP�� LW�PLJKW� QHYHU� EH
XVHG��*ODVHU�DQG�6WUDXVV��������SRLQWHG�RXW��³7KHLU�XQGHUVWDQGLQJ�WKH�WKHRU\�WHQGV
WR�HQJHQGHU�D� UHDGLQHVV� WR�XVH� LW�� IRU� LW� VKDUSHQV� WKHLU� VHQVLWLYLW\� WR� WKH�SUREOHPV
WKDW� WKH\� IDFH� DQG�JLYHV� WKHP�DQ� LPDJH�RI�KRZ� WKH\� FDQ�SRWHQWLDOO\�PDNH�PDWWHUV
EHWWHU´��S�������

7KLUG�� WKH� WKHRU\� VKRXOG� KDYH� JHQHUDOLW\�� 7KLV� PHDQV� WKDW� WKH� VFRSH� RI� WKH
WKHRU\�DQG�LWV�FRQFHSWXDO�OHYHO�VKRXOG�QRW�EH�VR�VSHFLILF�WKDW�WKH�WKHRU\�RQO\�DSSOLHV
WR�RQH�VPDOO� VHW�RI�SHRSOH�RU� WR�RQO\�RQH�VSHFLILF� VLWXDWLRQ��6XFK�D� WKHRU\�ZRXOG
UDUHO\�EH�RI�XVH��)XUWKHUPRUH��LW�ZRXOG�EH�SUDFWLFDOO\�LPSRVVLEOH�WR�GHYHORS�D�QHZ
WKHRU\�IRU�HYHU\�VLQJOH�SHUVRQ�DQG�VLWXDWLRQ��$�VWUDWHJ\�IRU�DYRLGLQJ�VXFK�VSHFLILFLW\
LV� WR� FRQFHSWXDOL]H� WKH� FRQFHSWV� LQ� WKH� WKHRU\� DW� D� OHYHO� DEVWUDFW� HQRXJK� WR�PRYH
EH\RQG�WKH�VSHFLILFV�LQ�WKH�RULJLQDO�UHVHDUFK�VWXG\�

7KH�IRXUWK�FKDUDFWHULVWLF�RI�D�JRRG�JURXQGHG�WKHRU\�DV�GLVFXVVHG�E\�*ODVHU�DQG
6WUDXVV�LV�FRQWURO��,I�VRPHRQH�XVHV�WKH�WKHRU\��KH�RU�VKH�VKRXOG�KDYH�VRPH�FRQWURO
RYHU� WKH�SKHQRPHQRQ� WKDW� LV� H[SODLQHG�E\� WKH� WKHRU\�� ,Q� WKH�ZRUGV�RI�*ODVHU� DQG
6WUDXVV���������³7KH�VXEVWDQWLYH�WKHRU\�PXVW�HQDEOH�WKH�SHUVRQ�ZKR�XVHV�LW�WR�KDYH
HQRXJK� FRQWURO� LQ� HYHU\GD\� VLWXDWLRQV� WR� PDNH� LWV� DSSOLFDWLRQ� ZRUWK� WU\LQJ´� �S�
������$V�D�UHVXOW��LW�LV�D�JRRG�LGHD�WR�LGHQWLI\�FRQWUROODEOH�YDULDEOHV�DQG�EXLOG�WKHP
LQWR�\RXU�JURXQGHG�WKHRU\�

$V�\RX�FDQ�VHH��PHHWLQJ�WKH�FULWHULD�RI�ILW��XQGHUVWDQGLQJ��JHQHUDOLW\��DQG�FRQWURO
LV�D�ORW�WR�H[SHFW�IURP�D�JURXQGHG�WKHRU\��HVSHFLDOO\�LI�WKH�WKHRU\�LV�GHYHORSHG�IURP
D� VLQJOH� UHVHDUFK� VWXG\�� 7KDW� LV� ZK\� WKH� GHYHORSPHQW� RI� D� JURXQGHG� WKHRU\� LV� D
QHYHU�HQGLQJ�SURFHVV��,Q�D�VLQJOH�UHVHDUFK�VWXG\��WKH�UHVHDUFKHU�VKRXOG�WU\�WR�FROOHFW
DV�H[WHQVLYH�GDWD�DV�LV�IHDVLEOH��'XULQJ�WKH�VWXG\��WKH�UHVHDUFKHU�ZLOO�LQWHUDFW�ZLWK
WKH�GDWD� DQG� FROOHFW� DGGLWLRQDO� GDWD�ZKHQ�TXHVWLRQV� DULVH� DQG�QHHG� DQVZHULQJ��$



JURXQGHG� WKHRU\� VKRXOG� EH� HODERUDWHG� DQG� PRGLILHG� IXUWKHU� LQ� IXWXUH� UHVHDUFK
VWXGLHV��WKH�NH\�VWUDWHJ\��DJDLQ��LV�WKDW�WKH�GHYHORSLQJ�WKHRU\�VKRXOG�EH�JURXQGHG�LQ
WKH� GDWD�� 3UDFWLWLRQHUV�ZKR� DWWHPSW� WR� XVH� WKH� WKHRU\� VKRXOG� DOVR� EH� LQYROYHG� LQ
PDNLQJ� VXJJHVWLRQV� IRU� WKHRU\�PRGLILFDWLRQV��$V�*ODVHU� DQG�6WUDXVV� ������� VDLG�
³7KH�SHUVRQ�ZKR�DSSOLHV�WKH�WKHRU\�EHFRPHV��LQ�HIIHFW��D�JHQHUDWRU�RI�WKHRU\´��S�
�����

([DPSOH�RI�D�*URXQGHG�7KHRU\
7R�JLYH�\RX�D�EHWWHU�LGHD�RI�ZKDW�D�UHDO�JURXQGHG�WKHRU\�UHVHDUFK�VWXG\�ORRNV

OLNH��ZH�QRZ�GHVFULEH�D�VWXG\�FRQGXFWHG�E\�&UHVZHOO�DQG�%URZQ��������HQWLWOHG
³+RZ�&KDLUSHUVRQV�(QKDQFH� )DFXOW\�5HVHDUFK��$�*URXQGHG�7KHRU\� 6WXG\�´�7KH
DUWLFOH� LV�HDV\� WR�UHDG��DQG�LW� LV�D�JRRG�H[DPSOH�RI�D�JURXQGHG�WKHRU\�EDVHG�RQ�D
VLQJOH�UHVHDUFK�VWXG\�

&UHVZHOO� DQG� %URZQ� ������� VWXGLHG� KRZ� FROOHJH� DQG� XQLYHUVLW\� GHSDUWPHQW
FKDLUSHUVRQV�LQWHUDFW�ZLWK�WKHLU�IDFXOW\�PHPEHUV��7KH\�FRQGXFWHG�³VHPL�VWUXFWXUHG
WHOHSKRQH� LQWHUYLHZV�ZLWK� WKLUW\�WKUHH� FKDLUSHUVRQV´� �S�� ����� 7KH\� IRXQG� WKDW� WKH
FKDLUSHUVRQV� SHUIRUPHG�PDQ\� GLIIHUHQW� UROHV�� 6HYHQ� UROHV� ZHUH� LGHQWLILHG� LQ� WKH
GDWD��SURYLGHU��HQDEOHU��DGYRFDWH��PHQWRU��HQFRXUDJHU��FROODERUDWRU��DQG�FKDOOHQJHU�
&UHVZHOO�DQG�%URZQ�DOVR�IRXQG�WKDW�WKH�FKDLUSHUVRQV�SHUIRUPHG�GLIIHUHQW�UROHV�DW
GLIIHUHQW�WLPHV��GHSHQGLQJ�RQ�WKH�OHYHO�RI�WKH�IDFXOW\�PHPEHU�ZLWK�ZKRP�WKH\�ZHUH
LQWHUDFWLQJ�� 7KH� LPSRUWDQW� OHYHOV� LGHQWLILHG� LQ� WKH� VWXG\� ZHUH� EHJLQQLQJ� IDFXOW\
�IDFXOW\� ZKR� KDG� EHHQ� LQ� WKH� GHSDUWPHQW� IURP� �� WR� �� \HDUV��� SUHWHQXUHG� IDFXOW\
�IDFXOW\�ZKR� KDG� EHHQ� LQ� WKH� GHSDUWPHQW� IURP� �� WR� �� \HDUV��� SRVWWHQXUHG� IDFXOW\
�IDFXOW\� ZKR� KDG� QRW� \HW� EHHQ� SURPRWHG� WR� IXOO� SURIHVVRU��� DQG� VHQLRU� IDFXOW\
�IDFXOW\�ZKR�ZHUH�IXOO�SURIHVVRUV���7KH\�IRXQG��IRU�H[DPSOH��WKDW�EHJLQQLQJ�IDFXOW\
QHHGHG�H[WUD� WLPH� IRU�ZULWLQJ�DQG�SXEOLVKLQJ�� DQG� WKH�FKDLUSHUVRQ�ZRXOG�SURYLGH
DGGLWLRQDO�UHVRXUFHV�DQG�WU\�WR�HQDEOH�WKH�IDFXOW\�PHPEHU�E\�SURYLGLQJ�D�IDYRUDEOH
VFKHGXOH� DQG�D� UHGXFWLRQ� LQ� FRPPLWWHH�ZRUN�� ,I� WKLV� VWUDWHJ\�ZHUH� VXFFHVVIXO�� WKH
RXWFRPH�ZRXOG�EH�PRUH�SXEOLFDWLRQV�E\�WKH�IDFXOW\�PHPEHU��ZKLFK�ZRXOG�LPSURYH
WKH�IDFXOW\�PHPEHU¶V�FKDQFH�RI�JHWWLQJ�WHQXUH��<RX�FDQ�VHH�&UHVZHOO�DQG�%URZQ¶V
GHSLFWLRQ� RI� WKHLU� JURXQGHG� WKHRU\� LQ� )LJXUH� ������ $V� VKRZQ� WKHUH�� WKH� W\SH� RI
IDFXOW\�LVVXH�WKDW�D�FKDLUSHUVRQ�LV�FRQFHUQHG�ZLWK�GHSHQGV�RQ�WKH�FDUHHU�VWDJH�RI�WKH
IDFXOW\� PHPEHU� DQG� RWKHU� VLJQV� VXFK� DV� D� ODFN� RI� SURGXFWLYLW\�� *LYHQ� D� IDFXOW\
PHPEHU�ZKR�LV�DW�D�VSHFLILF�VWDJH�DQG�WKH�SUHVHQFH�RI�FHUWDLQ�VLJQV��WKH�GHSDUWPHQW
FKDLUSHUVRQ�SHUIRUPV�FHUWDLQ�UROHV��VWUDWHJLHV��WR�KHOS�WKH�IDFXOW\�PHPEHU�GHYHORS�
7KHVH�DFWLRQV�UHVXOW�LQ�VSHFLILF�RXWFRPHV��H�J���LPSURYHG�SURGXFWLYLW\��DQ�LPSURYHG
DWWLWXGH� WRZDUG� WKH� GHSDUWPHQW��� )LQDOO\�� WKH� JHQHUDO� SURFHVV� RSHUDWHV� ZLWKLQ� D
FRQWH[W��ZKLFK�FDQ�DOVR�DIIHFW�KRZ�WKH�FKDLUSHUVRQ�ZRUNV�ZLWK�WKH�IDFXOW\�PHPEHU�

'DWD�&ROOHFWLRQ��$QDO\VLV��DQG�5HSRUW�:ULWLQJ
'DWD�DQDO\VLV�LQ�JURXQGHG�WKHRU\�VWDUWV�DW�WKH�PRPHQW�RI�LQLWLDO�FRQWDFW�ZLWK�WKH

SKHQRPHQRQ� EHLQJ� VWXGLHG�� DQG� LW� FRQWLQXHV� WKURXJKRXW� WKH� GHYHORSPHQW� RI� D



JURXQGHG� WKHRU\�� ,Q� RWKHU�ZRUGV�� GDWD� FROOHFWLRQ� DQG� DQDO\VLV� LQ� JURXQGHG� WKHRU\
DUH�FRQFXUUHQW�DQG�FRQWLQXDO�DFWLYLWLHV��7KH�PRVW�SRSXODU�GDWD�FROOHFWLRQ�PHWKRG�LQ
JURXQGHG�WKHRU\� LV� WKH�RSHQ�HQGHG�LQWHUYLHZ��DOWKRXJK�RWKHU�VWUDWHJLHV��HVSHFLDOO\
GLUHFW�REVHUYDWLRQV��DUH�RIWHQ�XVHG� WR�FROOHFW�RULJLQDO�GDWD��7HFKQLFDOO\��DQ\�GDWD�
FROOHFWLRQ�PHWKRG�LV�DOORZHG�LQ�GHYHORSLQJ�D�JURXQGHG�WKHRU\��5HPHPEHU�WKDW�ZKDW
LV� DOZD\V� UHTXLUHG� LQ� D� JURXQGHG� WKHRU\� UHVHDUFK� VWXG\� LV� WKDW� WKH� WKHRU\� EH
JURXQGHG�LQ�WKH�GDWD�

'DWD�DQDO\VLV�LQ�JURXQGHG�WKHRU\�LV�FDOOHG�WKH�FRQVWDQW�FRPSDUDWLYH�PHWKRG�



DQG� LW� LQYROYHV� FRQVWDQW� LQWHUSOD\� DPRQJ� WKH� UHVHDUFKHU�� WKH� GDWD�� DQG� WKH
GHYHORSLQJ�WKHRU\��%HFDXVH�RI�WKH�DFWLYH�UROH�RI�WKH�UHVHDUFKHU�LQ�WKLV�SURFHVV��LW�LV
LPSRUWDQW� WKDW� WKH� UHVHDUFKHU� KDYH� WKHRUHWLFDO� VHQVLWLYLW\�� WKLQNLQJ� HIIHFWLYHO\
DERXW� ZKDW� NLQGV� RI� GDWD� QHHG� WR� EH� FROOHFWHG� DQG� ZKDW� DVSHFWV� RI� WKH� DOUHDG\
FROOHFWHG�GDWD�DUH�WKH�PRVW�LPSRUWDQW�IRU�WKH�JURXQGHG�WKHRU\��,W�LQYROYHV�D�PL[WXUH
RI� DQDO\WLF� WKLQNLQJ� DELOLW\�� FXULRVLW\�� DQG� FUHDWLYLW\�� 7KH� WKHRUHWLFDOO\� VHQVLWLYH
UHVHDUFKHU�LV�DEOH�WR�DVN�TXHVWLRQV�FRQWLQXDOO\�RI�WKH�GDWD�WR�GHYHORS�D�GHHSHU�DQG
GHHSHU� XQGHUVWDQGLQJ� RI� WKH� SKHQRPHQRQ�� 2YHU� WLPH�� WKH� WKHRUHWLFDOO\� VHQVLWLYH
UHVHDUFKHU� ZLOO� EH� DEOH� WR� GHYHORS� D� JURXQGHG� WKHRU\� WKDW� PHHWV� WKH� FULWHULD
GLVFXVVHG� HDUOLHU� �L�H��� ILW�� XQGHUVWDQGLQJ�� JHQHUDOLW\�� DQG� FRQWURO��� 7KH� PRUH
UHVHDUFK�H[SHULHQFH�\RX�JHW�� WKH�PRUH� WKHRUHWLFDOO\� VHQVLWLYH�\RX�ZLOO�EHFRPH�� ,I
\RX�OLNH�WR�DVN�TXHVWLRQV��WKHQ�LW�LV�YHU\�SRVVLEOH�WKDW�\RX�KDYH�ZKDW�LW�WDNHV�

��&RQVWDQW�FRPSDUDWLYH�PHWKRG�'DWD�DQDO\VLV�LQ�JURXQGHG�WKHRU\�UHVHDUFK

��7KHRUHWLFDO�VHQVLWLYLW\�7KLQNLQJ�HIIHFWLYHO\�DERXW�ZKDW�NLQGV�RI�GDWD�QHHG�WR
EH�FROOHFWHG�DQG�ZKDW�DVSHFWV�RI�DOUHDG\�FROOHFWHG�GDWD�DUH�WKH�PRVW
LPSRUWDQW�IRU�WKH�JURXQGHG�WKHRU\

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH� WKHRUHWLFDOO\� VHQVLWLYH� UHVHDUFKHU� DWWHPSWV� FRQWLQXDOO\� WR� OHDUQ� E\
REVHUYLQJ� DQG� OLVWHQLQJ� WR� UHVHDUFK� SDUWLFLSDQWV� DQG� E\� H[DPLQLQJ� DQG� WKLQNLQJ
DERXW�WKH�GDWD��$V�ZDV�MXVW�PHQWLRQHG��WKH�UHVHDUFKHU�PXVW�FRQVWDQWO\�DVN�TXHVWLRQV
RI�WKH�GDWD�WR�OHDUQ�ZKDW�WKH�GDWD�DUH�VD\LQJ��'XULQJ�DQDO\VLV��LGHDV�DQG�K\SRWKHVHV
DUH� JHQHUDWHG� DQG� WKHQ� SURYLVLRQDOO\� WHVWHG�� HLWKHU�ZLWK� DGGLWLRQDO� GDWD� WKDW� KDYH
DOUHDG\�EHHQ�FROOHFWHG�RU�E\�FROOHFWLQJ�PRUH�GDWD��:KHQ�D�JURXQGHG�WKHRU\�VWXG\
LQYROYHV� H[WHQGHG� ILHOGZRUN� �VSHQGLQJ� PDQ\�PRQWKV� LQ� WKH� ILHOG��� WKHUH� ZLOO� EH
SOHQW\�RI�WLPH�WR�FROOHFW�DGGLWLRQDO�GDWD�WR�ILOO�LQ�JDSV�LQ�WKH�GHYHORSLQJ�JURXQGHG
WKHRU\��7KHUH�ZLOO�DOVR�EH�WLPH�WR�YHULI\�DQG�WHVW�SURSRVLWLRQV�EDVHG�RQ�WKH�WKHRU\�
$V� \RX� FDQ� VHH�� H[WHQGHG� ILHOGZRUN� LV� DQ� RSWLPDO� VLWXDWLRQ� EHFDXVH� \RX� FDQ
FRQWLQXH�WR�FROOHFW�LPSRUWDQW�GDWD��,I�DOO�WKH�GDWD�KDYH�WR�EH�FROOHFWHG�LQ�RQH�VKRUW
SHULRG�RI�WLPH��WKHQ�WKH�FRQGLWLRQV�IRU�GHYHORSLQJ�D�FRQYLQFLQJ�JURXQGHG�WKHRU\�DUH
QRW�QHDUO\�DV�IDYRUDEOH��1RQHWKHOHVV��\RX�VWLOO�PD\�EH�DEOH� WR�GHYHORS�D� WHQWDWLYH
JURXQGHG�WKHRU\�WKDW�FDQ�EH�IXUWKHU�GHYHORSHG�LQ�ODWHU�UHVHDUFK�

2QH� RI� WKH� XQLTXH� SDUWV� RI� WKH� JURXQGHG� WKHRU\� UHVHDUFK� DSSURDFK� LV� LWV
DSSURDFK�WR�GDWD�DQDO\VLV��7KH�WKUHH�W\SHV�RU�VWDJHV�RI�GDWD�DQDO\VLV�DUH�FDOOHG�RSHQ
FRGLQJ��D[LDO�FRGLQJ��DQG�VHOHFWLYH�FRGLQJ��6WUDXVV�	�&RUELQ���������2SHQ�FRGLQJ
LV�WKH�ILUVW�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV��,W�EHJLQV�DIWHU�VRPH�LQLWLDO�GDWD
KDYH�EHHQ�FROOHFWHG��DQG�LW�LQYROYHV�H[DPLQLQJ�WKH�GDWD��XVXDOO\�UHDGLQJ�WUDQVFULSWV
OLQH� E\� OLQH�� DQG� QDPLQJ� DQG� FDWHJRUL]LQJ� GLVFUHWH� HOHPHQWV� LQ� WKH� GDWD�� ,Q� RWKHU
ZRUGV�� LW� LQYROYHV� ODEHOLQJ� LPSRUWDQW�ZRUGV� DQG� SKUDVHV� LQ� WKH� WUDQVFULEHG� GDWD�
)RU�H[DPSOH��OHW¶V�VD\�WKDW�\RX�KDYH�FROOHFWHG�LQWHUYLHZ�GDWD�IURP����SDUWLFLSDQWV�



<RX�DUH�UHDGLQJ�DQ�LQWHUYLHZ�WUDQVFULSW��DQG�LW�VD\V��³,�EHOLHYH�WKDW�WZR�LPSRUWDQW
SURSHUWLHV�RI�D�JRRG�WHDFKHU�DUH�FDULQJ�DERXW�\RXU�VWXGHQWV�DQG�PRWLYDWLQJ�WKHP�WR
OHDUQ�´� )URP� WKLV� SKUDVH�� \RX� PLJKW� JHQHUDWH� WKH� FRQFHSWV� WHDFKLQJ� WHFKQLTXHV�
FDULQJ� DERXW� VWXGHQWV�� DQG�PRWLYDWLQJ� VWXGHQWV�� 2SHQ� FRGLQJ�PHDQV� ILQGLQJ� WKH
FRQFHSWV�OLNH�WKLV�LQ�\RXU�GDWD��$V�\RX�FRQWLQXH�RSHQ�FRGLQJ��\RX�ZRXOG�FRQWLQXH�WR
VHH�ZKHWKHU�WHDFKLQJ�WHFKQLTXHV�DUH�UHIOHFWHG�DJDLQ�LQ�IXWXUH�FRPPHQWV�E\�WKH�VDPH
SHUVRQ�RU�E\�DQRWKHU�SHUVRQ�LQ�DQRWKHU�LQWHUYLHZ�

��2SHQ�FRGLQJ�7KH�ILUVW�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV

$[LDO� FRGLQJ� IROORZV� RSHQ� FRGLQJ�� 'XULQJ� D[LDO� FRGLQJ�� WKH� UHVHDUFKHU
GHYHORSV� WKH� FRQFHSWV� LQWR� FDWHJRULHV� �L�H��� VOLJKWO\� PRUH� DEVWUDFW� FRQFHSWV�� DQG
RUJDQL]HV�WKH�FDWHJRULHV��7KH�UHVHDUFKHU�WKHQ�ORRNV�WR�VHH�ZKDW�NLQGV�RI�WKLQJV�WKH
SDUWLFLSDQWV� PHQWLRQHG� PDQ\� WLPHV� �L�H��� ZKDW� WKHPHV� DSSHDUHG� DFURVV� WKH
LQWHUYLHZV��� 7KH� UHVHDUFKHU� DOVR� ORRNV� IRU� SRVVLEOH� UHODWLRQVKLSV� DPRQJ� WKH
FDWHJRULHV� LQ� WKH� GDWD�� $� JRDO� LV� WR� VKRZ� KRZ� WKH� SKHQRPHQRQ� RSHUDWHV� �L�H��
VKRZLQJ� LWV� SURFHVV��� 7KH� UHVHDUFKHU� DOVR� DVNV� TXHVWLRQV� OLNH�� +RZ� LV� WKH
SKHQRPHQRQ�PDQLIHVWHG"�:KDW�DUH�LWV�NH\�IHDWXUHV"�:KDW�FRQGLWLRQV�EULQJ�DERXW�WKH
SKHQRPHQRQ"�:KDW� VWUDWHJLHV� GR� SDUWLFLSDQWV� XVH� WR� GHDO� ZLWK� WKH� SKHQRPHQRQ"
:KDW� DUH� WKH� FRQVHTXHQFHV� RI� WKRVH� VWUDWHJLHV"� &UHVZHOO� DQG� %URZQ� ������
DGGUHVVHG�PDQ\�RI�WKHVH�TXHVWLRQV�LQ�WKHLU�JURXQGHG�WKHRU\��)RU�H[DPSOH��ORRNLQJ�DW
)LJXUH�������\RX�ZLOO�VHH�WKDW�WKH�FKDUDFWHULVWLFV�RI�WKH�SKHQRPHQRQ�DUH�OLVWHG�XQGHU
WKH� WLWOH� ³3KHQRPHQD�´�7KH�FRQGLWLRQV� WKDW�EULQJ�DERXW� WKH�SKHQRPHQRQ�DUH� OLVWHG
XQGHU� ³&DXVDO� FRQGLWLRQV�´� 6WUDWHJLHV� DUH� OLVWHG� XQGHU� ³6WUDWHJLHV�´� DQG� WKH
FRQVHTXHQFHV�RI�WKH�VWUDWHJLHV�DUH�OLVWHG�XQGHU�³2XWFRPHV�´

��$[LDO�FRGLQJ�7KH�VHFRQG�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV

6HOHFWLYH�FRGLQJ�LV�WKH�VWDJH�RI�GDWD�DQDO\VLV�LQ�ZKLFK�WKH�UHVHDUFKHU�SXWV�WKH
ILQLVKLQJ�WRXFKHV�RQ�WKH�JURXQGHG�WKHRU\�IRU�WKH�FXUUHQW�UHVHDUFK�VWXG\��,Q�SDUWLFXODU�
WKLV� LV�ZKHUH� WKH�JURXQGHG� WKHRULVW� ORRNV� IRU� WKH� VWRU\� OLQH�RI� WKH� WKHRU\� �L�H��� WKH
PDLQ�LGHD��E\�UHIOHFWLQJ�RQ�WKH�GDWD�DQG�WKH�UHVXOWV�WKDW�ZHUH�SURGXFHG�GXULQJ�RSHQ
FRGLQJ�DQG�D[LDO�FRGLQJ��7KH�UHVHDUFKHU�ZLOO�XVXDOO\�QHHG�WR�FRQWLQXH�WR�DQDO\]H�WKH
GDWD�EXW�ZLWK�PRUH�IRFXV�RQ�WKH�FHQWUDO�LGHD�RI�WKH�GHYHORSLQJ�WKHRU\��8OWLPDWHO\��LW
LV� GXULQJ� VHOHFWLYH� FRGLQJ� WKDW� WKH� UHVHDUFKHU� ZULWHV� WKH� VWRU\�� H[SODLQLQJ� WKH
JURXQGHG�WKHRU\��+HUH�WKH�UHVHDUFKHU�IOHVKHV�RXW�WKH�GHWDLOV�RI�WKH�WKHRU\��6HOHFWLYH
FRGLQJ� DOVR� LQYROYHV� UHFKHFNLQJ� WKH� WKHRU\� ZLWK� WKH� GDWD� WR� PDNH� VXUH� WKDW� QR
PLVWDNHV�ZHUH�PDGH�� 7KH� UHVHDUFKHU� DOVR� JRHV� WR� WKH� SXEOLVKHG� OLWHUDWXUH� GXULQJ
VHOHFWLYH�FRGLQJ�IRU�DGGLWLRQDO�LGHDV�WR�FRQVLGHU�LQ�GHYHORSLQJ�WKH�JURXQGHG�WKHRU\
DQG� LQ� XQGHUVWDQGLQJ� LWV� EURDGHU� VLJQLILFDQFH��7KH� JURXQGHG� WKHRULVW� KDV� ILQLVKHG
DQDO\]LQJ� WKH� GDWD� ZKHQ� WKHRUHWLFDO� VDWXUDWLRQ� RFFXUV�� WKDW� LV�� ZKHQ� QR� QHZ
LQIRUPDWLRQ�RU�FRQFHSWV�DUH�HPHUJLQJ�IURP�WKH�GDWD�DQG�ZKHQ�WKH�JURXQGHG�WKHRU\
KDV�EHHQ�WKRURXJKO\�YDOLGDWHG�ZLWK�WKH�FROOHFWHG�GDWD�



��6HOHFWLYH�FRGLQJ�7KH�ILQDO�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV

��7KHRUHWLFDO�VDWXUDWLRQ�2FFXUV�ZKHQ�QR�QHZ�LQIRUPDWLRQ�RU�FRQFHSWV�DUH
HPHUJLQJ�IURP�WKH�GDWD�DQG�WKH�JURXQGHG�WKHRU\�KDV�EHHQ�YDOLGDWHG

$�JURXQGHG�WKHRU\�UHVHDUFK�UHSRUW�UHIOHFWV�WKH�SURFHVV�RI�JHQHUDWLQJ�D�JURXQGHG
WKHRU\�� 7KH�PDMRU� UHVHDUFK� TXHVWLRQ� RU� WRSLF� LV� GLVFXVVHG� ILUVW�� 7KH� SDUWLFLSDQWV
ZKR�ZHUH� VHOHFWHG� IRU� WKH� VWXG\� DQG�ZK\� WKH\�ZHUH� VHOHFWHG� DUH� DOVR� GLVFXVVHG
HDUO\�LQ�WKH�UHSRUW��7KHQ�WKH�PHWKRGV�RI�GDWD�FROOHFWLRQ�DUH�GLVFXVVHG��$V�\RX�NQRZ�
LQWHUYLHZV� DQG� REVHUYDWLRQV� DUH� WKH� PRVW� SRSXODU� GDWD�FROOHFWLRQ� PHWKRGV� LQ
JURXQGHG� WKHRU\� UHVHDUFK�� 7KH� UHVXOWV� VHFWLRQ� LV� WKH� PRVW� OHQJWK\� VHFWLRQ� LQ� WKH
UHSRUW�EHFDXVH�D�JURXQGHG�WKHRU\�LV�XVXDOO\�EDVHG�RQ�H[WHQVLYH�LQIRUPDWLRQ�OHDUQHG
LQ�D�UHVHDUFK�VWXG\��8OWLPDWHO\��WKH�ILQDO�JURXQGHG�WKHRU\�LV�GLVFXVVHG��*ODVHU�DQG
6WUDXVV��WKH�IRXQGHUV�RI�JURXQGHG�WKHRU\��XVXDOO\�ZURWH�ERRN�OHQJWK�H[SRVLWLRQV�RI
WKHLU�JURXQGHG�WKHRULHV��7RGD\��JURXQGHG�WKHRULHV�DUH�FRPPRQO\�UHSRUWHG�LQ�MRXUQDO
DUWLFOHV��%\�ZD\�RI�VXPPDU\��ZH�KDYH�SURYLGHG�DQ�H[DPSOH�RI�D�JURXQGHG�WKHRU\�LQ
([KLELW������

�(;+,%,7��������$�*URXQGHG�7KHRU\�RI�,QVWUXFWLRQDO�/HDGHUVKLS

+DUFKDU�DQG�+\OH��������ZHUH�LQWHUHVWHG�LQ�WKH�SURFHVV�RI�LQVWUXFWLRQDO�OHDGHUVKLS�E\�DGPLQLVWUDWRUV�LQ
HOHPHQWDU\�VFKRROV��7KH\�VWXGLHG�NQRZQ�OHDGHUV��PRVW�ZHUH�SULQFLSDOV�ZKR�ZHUH�QRPLQDWHG�EHFDXVH�RI
WKHLU�OHDGHUVKLS�DELOLWLHV���DQG�WKH\�GHWHUPLQHG�ZKDW�WKHVH�OHDGHUV�GLG�ZKHQ�WKH\�ZHUH�OHDGLQJ��$OWKRXJK
WKHUH� LV� PXFK� PRUH� WR� WKLV� MRXUQDO� DUWLFOH�� ZH� ILUVW� SURYLGH� D� TXRWH� LQ� ZKLFK� WKH\� GLVFXVVHG� WKHLU
SURFHGXUHV��DQG�WKHQ�ZH�SURYLGH�D�TXRWH�LQ�ZKLFK�WKH\�VXPPDUL]HG�WKHLU�JURXQGHG�WKHRU\�

*URXQGHG� 7KHRU\� VHUYHG� DV� ERWK� WKH� WKHRUHWLFDO� VWUXFWXUH� DQG� UHVHDUFK
GHVLJQ�� 'DWD� FROOHFWLRQ�� DQDO\VLV� DQG� WKHRU\� GHYHORSPHQW� IROORZHG
6WUDXVV�DQG�&RUELQ¶V�*URXQGHG�7KHRU\��/RRVHO\�VWUXFWXUHG��RSHQ�HQGHG
LQWHUYLHZV� VHUYHG� DV� WKH� SULPDU\� GDWD� FROOHFWLRQ� VWUDWHJ\�� )ROORZLQJ
WUDQVFULSWLRQ�� ZH� VXEMHFWHG� WKH� GDWD� WR� WKUHH� FRGLQJ� SURFHGXUHV�� RSHQ�
D[LDO� DQG� VHOHFWLYH�� ,Q� RSHQ� FRGLQJ�� WKH� LQIRUPDWLRQ� ZDV� ODEHOHG�
FODVVLILHG�� DQG� QDPHG�� DQG� FDWHJRULHV� GHYHORSHG� LQ� WHUPV� RI� WKHLU
SURSHUWLHV� DQG� GLPHQVLRQV�� VLPXOWDQHRXVO\� DQG�� DW� WLPHV�� UDQGRPO\�
7KURXJK� D[LDO� FRGLQJ�� WKH� UHVHDUFKHU� DUUDQJHG� WKH� GDWD� LQ� QHZ� ZD\V
WKURXJK� WKH� H[SORUDWLRQ� RI� HOHPHQWV� RI� FRQWH[W�� LQWHUYHQLQJ� FRQGLWLRQV�
DFWLRQ�LQWHUDFWLRQ� VWUDWHJLHV� DQG� FRQVHTXHQFHV� WR� WKRVH� VWUDWHJLHV�
6HOHFWLYH�FRGLQJ��WKH�ODVW�DQDO\WLF�SURFHVV��UHVXOWHG�LQ�WKH�GHYHORSPHQW�RI
D�VWRU\�OLQH��WKH�JLVW�RI�WKH�SKHQRPHQRQ�XQGHU�VWXG\��2Q�WKH�EDVLV�RI�WKHVH
UHODWHG� FRQFHSWV�� D� WKHRU\� ZDV� GHYHORSHG�ZKLFK� GHVFULEHG� HOHPHQWDU\
LQVWUXFWLRQDO�OHDGHUVKLS���S�����

+HUH�LV�+DUFKDU�DQG�+\OH¶V�ILQDO�GHVFULSWLRQ�RI�WKHLU�JURXQGHG�WKHRU\�



7KURXJK� FROODERUDWLYH� SRZHU�� LQVWUXFWLRQDO� OHDGHUV� EDODQFH� SRZHU
LQHTXLWLHV�LQ�WKH�VFKRRO�DQG�VFKRRO�FRPPXQLW\��������6FKRRO�HQYLURQPHQWV
DUH� IUDXJKW� ZLWK� SRZHU� LQHTXLWLHV�� ERWK� H[SHULHQWLDO� DQG� NQRZOHGJH�
EDVHG�� UDQJLQJ� IURP� HGXFDWLRQDO� DQG� GLVWULFW�EXLOGLQJ� H[SHULHQFH� WR
NQRZOHGJH� DQG� SUHSDUDWLRQ� H[SHUWLVH�� :LWKLQ� WKLV� HQYLURQPHQW�� WKH
HOHPHQWDU\� LQVWUXFWLRQDO� OHDGHU� ZRUNV� WR� GHYHORS� D� FRPPRQ� YLVLRQ
DFURVV� VWDII� DQG� WKURXJKRXW� WKH� FRPPXQLW\�� 7KURXJK� YLVLRQLQJ�� HDFK
RUJDQL]DWLRQDO� DQG� FRPPXQLW\� VXSSRUWHU� LV� HPSRZHUHG� ZLWK� GLUHFWLRQ
DQG� SXUSRVH��7KH� SULQFLSDO� UHFRJQL]HV� DQG� VXSSRUWV� SRVLWLYH� EHKDYLRUV
DQG� FRQIURQWV� DQG� GHIXVHV� QHJDWLYH� EHKDYLRUV�� 7UXVW�� UHVSHFW� DQG
FROOHJLDOLW\�IRUP�WKH�IRXQGDWLRQ�RI�WKH�VFKRRO�HQYLURQPHQW�DV�DOO�ZRUN�IRU
WKH�GHYHORSPHQW�RI�D�TXDOLW\�VFKRRO�ZKHUH�VWDII��VWXGHQWV�DQG�FRPPXQLW\
VKDUH� DQG�ZRUN� WRZDUG� FRPPRQ��G\QDPLF�JRDOV��7KH� LPSRUWDQFH�RI� DOO
RUJDQL]DWLRQDO� PHPEHUV� LV� UHFRJQL]HG� DQG� DQ� HYHQ� SOD\LQJ� ILHOG
GHYHORSHG�IURP�ZKLFK�DOO�FDQ�DQG�PXVW�FRQWULEXWH��&RQVLVWHQF\��KRQHVW\�
DQG� YLVLELOLW\� DUH� NH\� FRQVWDQWV�� 7KH� SULQFLSDO� PXVW� GHPDQG� WKDW� DOO
WHDFKHUV�YRLFH� WKHLU�RSLQLRQV�DQG� LGHDV�� WKXV�IRVWHULQJ�SUREOHP�VROYLQJ�
FRQVWUXFWLYH� GLVFRXUVH� DQG� RZQHUVKLS� LQ� DQ� HTXLWDEOH� VFKRRO
HQYLURQPHQW��(YHQ�WKRXJK�DOO�SULQFLSDOV�GLG�QRW�XVH�WKH�VDPH�VWUDWHJLHV�
WKHUH�ZHUH�JHQHUDO�WDFWLFV�XVHG�WR�EDODQFH�SRZHU��7KH�VWUDWHJLHV�DUH�QRW
OLQHDU�� WKH\�RFFXU�ERWK�VLPXOWDQHRXVO\�DQG�DW�YDU\LQJ� WLPHV��EXLOGLQJ�RQ
HDFK�RWKHU���SS����±���

5(9,(:
48(67 ,21 6

�����:KDW�DUH�WKH�NH\�FKDUDFWHULVWLFV�RI�JURXQGHG
WKHRU\"

�����:KDW�DUH�WKH�IRXU�LPSRUWDQW�FKDUDFWHULVWLFV�RI
JURXQGHG�WKHRU\�DFFRUGLQJ�WR�*ODVHU�DQG
6WUDXVV"

�����:KHQ�GRHV�WKH�UHVHDUFKHU�VWRS�FROOHFWLQJ�GDWD�LQ
JURXQGHG�WKHRU\�UHVHDUFK"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ� UHVHDUFKHUV� HVSHFLDOO\� OLNH� TXDOLWDWLYH� UHVHDUFK�PHWKRGV� EHFDXVH
WKHVH� PHWKRGV� KHOS� WKHP� WR� XQGHUVWDQG� WKH� ZRUOG� IURP� WKHLU� VWXGHQWV¶� RU
SDUWLFLSDQWV¶�SHUVSHFWLYHV�

����:KDW�TXDOLWDWLYH�PHWKRG�V��GLVFXVVHG�LQ�WKLV�FKDSWHU��SKHQRPHQRORJ\�
HWKQRJUDSK\��JURXQGHG�WKHRU\��ZRXOG�\RX�PRVW�ZDQW�WR�XVH�WR�OHDUQ�DERXW�\RXU
VWXGHQWV�RU�SDUWLFLSDQWV"



����:KDW�LQIRUPDWLRQ�PLJKW�HDFK�RI�WKHVH�WKUHH�PDMRU�PHWKRGV�SURYLGH�\RX�ZLWK�LQ
UHODWLRQ�WR�VRPHWKLQJ�\RX�PLJKW�OLNH�WR�VWXG\"

����7KLQN�DERXW�WKH�GLVWLQFWLRQ�ZH�PDGH�HDUOLHU�DERXW�QRPRWKHWLF�YHUVXV�LGLRJUDSKLF
FDXVDWLRQ��H�J���VHH�&KDSWHU����DFWLRQ�UHVHDUFK�MRXUQDOLQJ�LQVLJKW�RQ�SDJH�����
+RZ�PLJKW�D�EURDGHQHG�YLHZ�DQG�XVH�RI�JURXQGHG�WKHRU\�KHOS�FRQQHFW�WKHVH�WZR
OHYHOV�RI�JHQHUDO�DQG�ORFDO�FDXVDWLRQ�DQG�KHOS�SURGXFH�D�³SUDFWLFDO�WKHRU\´�"
�+LQW��+RZ�ZRXOG�D�PL[HG�UHVHDUFKHU�XVH�JURXQGHG�WKHRU\"�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

6800$5<

,Q� WKLV� FKDSWHU� ZH� GLVFXVVHG� WKUHH� PDMRU� DSSURDFKHV� WR� TXDOLWDWLYH� UHVHDUFK�
VSHFLILFDOO\� SKHQRPHQRORJ\�� HWKQRJUDSK\�� DQG� JURXQGHG� WKHRU\�� $OWKRXJK� HDFK
DSSURDFK�IROORZV�WKH�TXDOLWDWLYH�UHVHDUFK�SDUDGLJP��WKH�IRFXV�RI�HDFK�DSSURDFK�LV
GLIIHUHQW� IURP� WKH� RWKHUV� LQ� LWV� SDUWLFXODU� HPSKDVLV� DQG� ODQJXDJH�� ,Q� D
SKHQRPHQRORJ\�� WKH� UHVHDUFKHU� LV� LQWHUHVWHG� LQ� REWDLQLQJ� D� YLYLG� GHVFULSWLRQ� RI
LQGLYLGXDOV¶� H[SHULHQFHV� RI� VRPH� SKHQRPHQRQ�� ,Q� HWKQRJUDSK\�� WKH� UHVHDUFKHU� LV
DOVR� LQWHUHVWHG� LQ� JHWWLQJ� LQWR� WKH� KHDGV� RI� WKH� SHRSOH� EHLQJ� VWXGLHG�� +RZHYHU�
HWKQRJUDSKHUV�DUH�VSHFLILFDOO\�LQWHUHVWHG�LQ�VWXG\LQJ�FXOWXUDO�JURXSV��DQG�IRFXV�RQ
FXOWXUDO� GHVFULSWLRQ� DQG�RQ� UHODWLQJ� FXOWXUDO� FKDUDFWHULVWLFV� WR� KXPDQ�EHKDYLRU�� ,Q
JURXQGHG�WKHRU\��WKH�UHVHDUFKHU�IRFXVHV�RQ�LQGXFWLYHO\�JHQHUDWLQJ�D�WKHRU\�JURXQGHG
LQ� WKH� GDWD� WR� H[SODLQ� KRZ� DQG� ZK\� VRPH� SKHQRPHQRQ� RSHUDWHV�� ,PSRUWDQW
FKDUDFWHULVWLFV� RI� D� JRRG� JURXQGHG� WKHRU\� DUH� ILW�� XQGHUVWDQGLQJ�� JHQHUDOLW\�� DQG
FRQWURO�

.(<�7(506

DXWRHWKQRJUDSK\��S�����
D[LDO�FRGLQJ��S������
EUDFNHW��S������
FRQVWDQW�FRPSDUDWLYH�PHWKRG��S������
FXOWXUH��S������
HPLF�SHUVSHFWLYH��S������
HPLF�WHUPV��S������
HVVHQFH��S������
HWKQRFHQWULVP��S������
HWKQRJUDSK\��S������
HWKQRKLVWRU\��S������
HWKQRORJ\��S������



HWLF�SHUVSHFWLYH��S������
HWLF�WHUPV��S������
JRLQJ�QDWLYH��S������
JURXQGHG�WKHRU\��S������
KROLVP��S������
LQWHUSUHWDWLYH�SKHQRPHQRORJLFDO�DQDO\VLV��,3$���S������
OLIH�ZRUOG��S������
QRUPV��S������
RSHQ�FRGLQJ��S������
SKHQRPHQRORJ\��S������
VHOHFWLYH�FRGLQJ��S������
VKDUHG�EHOLHIV��S������
VKDUHG�YDOXHV��S������
VXEFXOWXUH��S������
WKHRUHWLFDO�VDWXUDWLRQ��S������
WKHRUHWLFDO�VHQVLWLYLW\��S������

',6&866,21�48(67,216

����:KLFK�TXDOLWDWLYH�PHWKRG�RU�PHWKRGV�GLVFXVVHG�LQ�WKLV�FKDSWHU�GR�\RX�WKLQN
ZRXOG�EH�PRVW�DSSURSULDWH�IRU�VWXG\LQJ�D�WHDFKHU�ZKR�FRQVWDQWO\�H[FHOV�DERYH
DOO�RWKHUV�LQ�D�VFKRRO"

����:KDW�DUH�VRPH�H[DPSOHV�RI�D�PDFUR�FXOWXUH"�:KDW�DUH�VRPH�H[DPSOHV�RI�D
PLFUR�FXOWXUH"

����'R�\RX�WKLQN�\RX�KDYH�DQ\�WHQGHQF\�WRZDUG�HWKQRFHQWULVP"�&DQ�\RX�WKLQN�RI�DQ
H[DPSOH"

����,I�\RX�DUH�D�WHDFKHU��ZKDW�DUH�VRPH�HPLF�WHUPV�XVHG�E\�VWXGHQWV�DW�\RXU�VFKRRO"

����,I�\RX�ZHUH�LQWHUHVWHG�LQ�FRQGXFWLQJ�DQ�H[SODQDWRU\�TXDOLWDWLYH�UHVHDUFK�VWXG\
DQG�\RX�ZDQWHG�WR�SUREH�WKH�LVVXH�RI�FDXVH�DQG�HIIHFW��ZKLFK�TXDOLWDWLYH�PHWKRG
ZRXOG�\RX�VHOHFW"�:K\"

5(6($5&+�(;(5&,6(6

����5HYLHZ�DQG�FULWLTXH�WKH�TXDOLWDWLYH�UHVHDUFK�DUWLFOH�DW�WKH�FRPSDQLRQ�ZHEVLWH�

����7KLQN�RI�D�K\SRWKHWLFDO�H[DPSOH�RI�D�TXDOLWDWLYH�UHVHDUFK�VWXG\�WKDW�ZRXOG
LQWHUHVW�\RX�LQ�XVLQJ�HDFK�RI�WKH�IROORZLQJ�TXDOLWDWLYH�UHVHDUFK�PHWKRGV��:ULWH�D
SDUDJUDSK�RU�WZR�DERXW�HDFK�H[DPSOH�



D���3KHQRPHQRORJ\

E���(WKQRJUDSK\

F���*URXQGHG�WKHRU\

����6HDUFK�D�GDWDEDVH�DW�\RXU�OLEUDU\��)LQG�DQG�WKHQ�OLVW�WKH�WLWOHV�RI�D
SKHQRPHQRORJ\��DQ�HWKQRJUDSK\��DQG�D�JURXQGHG�WKHRU\�VWXG\��$OVR�SURYLGH�D
EULHI��RQH�SDUDJUDSK��VXPPDU\�RI�HDFK�DUWLFOH�

����7KLV�H[HUFLVH�ZLOO�KHOS�\RX�H[SHULHQFH�SKHQRPHQRORJ\��7KLQN�DERXW�D�WLPH�LQ
\RXU�SDVW�ZKHQ�\RX�ZHUH�DIUDLG��)RU�H[DPSOH��\RX�PLJKW�KDYH�EHHQ�DIUDLG�RI�WKH
GDUN�ZKHQ�\RX�ZHUH�D�FKLOG��<RX�PLJKW�KDYH�EHHQ�DFFRVWHG�E\�D�VWUDQJHU��<RX
PLJKW�KDYH�EHHQ�LQ�DQ�DFFLGHQW��7U\�WR�UHPHPEHU�KRZ�\RX�IHOW�DQG�ZULWH�WKLV
GRZQ�LQ�ULFK�GHWDLO��&RPSDUH�\RXU�GHVFULSWLRQ�ZLWK�VRPH�RWKHUV�DQG�VHDUFK�IRU
WKH�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�SKHQRPHQRQ�RI�EHLQJ�DIUDLG�

����:H�KDYH�SRLQWHG�RXW�UHSHDWHGO\�WKDW�RQH�RI�WKH�EHVW�ZD\V�WR�OHDUQ�DERXW�UHVHDUFK
LV�WR�UHDG�SXEOLVKHG�UHVHDUFK�DUWLFOHV��+HUH�DUH�VHYHUDO�JRRG�H[DPSOHV�RI
TXDOLWDWLYH�UHVHDUFK�DUWLFOHV��*R�WR�WKH�OLEUDU\�DQG�ORRN�DW�HDFK�DUWLFOH��7KHQ
FKRRVH�RQH�DUWLFOH�WR�UHYLHZ�

(WKQRJUDSK\�H[DPSOH
'HHULQJ��3��'����������$Q�HWKQRJUDSKLF�VWXG\�RI�QRUPV�RI�LQFOXVLRQ�DQG�FRRSHUDWLRQ
LQ�D�PXOWLHWKQLF�PLGGOH�VFKRRO��7KH�8UEDQ�5HYLHZ�����������±���

3KHQRPHQRORJ\�H[DPSOH
&URVV��7��/���	�6WHZDUW��5��$����������$�SKHQRPHQRORJLFDO�LQYHVWLJDWLRQ�RI�WKH
/HEHQVZHOW�RI�JLIWHG�VWXGHQWV�LQ�UXUDO�KLJK�VFKRROV��-RXUQDO�RI�6HFRQGDU\�*LIWHG
(GXFDWLRQ�����������±����

*URXQGHG�WKHRU\�H[DPSOH
1HXIHOGW��6��$���.DUQR��0��3���	�1HOVRQ��0��/����������$�TXDOLWDWLYH�VWXG\�RI
H[SHUWV¶�FRQFHSWXDOL]DWLRQ�RI�VXSHUYLVHH�UHIOHFWLYLW\��-RXUQDO�RI�&RXQVHOLQJ
3V\FKRORJ\����������±��

(;(5&,6(�6+((7

,I�\RX�DUH�SURSRVLQJ�RU�FRQGXFWLQJ�D�TXDOLWDWLYH�VWXG\��DQVZHU�WKH�IROORZLQJ
TXHVWLRQV�

����:KDW�LV�WKH�WHQWDWLYH�WLWOH�RI�\RXU�VWXG\"

����:KDW�GR�\RX�KRSH�WR�OHDUQ�LQ�\RXU�VWXG\"

����:KDW�DUH�\RXU�UHVHDUFK�TXHVWLRQV"



����:KRP�ZLOO�\RX�VWXG\"�:KHUH�ZLOO�\RX�VWXG\�WKHP"�+RZ�PDQ\�SHRSOH
ZLOO�\RX�VWXG\"�+RZ�ORQJ�ZLOO�\RX�VWXG\�WKHP"

����:KDW�GDWD�FROOHFWLRQ�PHWKRGV�ZLOO�\RX�XVH"

����:KDW�YDOLGLW\�VWUDWHJLHV�ZLOO�\RX�XVH�WR�KHOS�HQVXUH�WKH
WUXVWZRUWKLQHVV�RI�\RXU�GDWD�DQG�FRQFOXVLRQV"��+LQW��6HH�7DEOH�����
DQG�WKH�W\SHV�RI�YDOLGLW\�LQ�TXDOLWDWLYH�UHVHDUFK�GLVFXVVHG�LQ�&KDSWHU
����

5(/(9$17�,17(51(7�6,7(6

9LVLW�WKLV�VLWH�IRU�JRRG�PDWHULDOV�RQ�TXDOLWDWLYH�UHVHDUFK�
KWWS���ZZZ�QRYD�HGX�VVVV�45�TXDOUHV�KWPO

:HEVLWH�RI�WKH�*URXQGHG�7KHRU\�,QVWLWXWH
KWWS���ZZZ�JURXQGHGWKHRU\�FRP

/LEUDU\� RI� &RQJUHVV� )RONOLIH� 6RXUFHERRN�� D� GDWDEDVH� RI� HWKQRJUDSKLF� UHVRXUFHV
UHODWHG�WR�IRONORUH��DQWKURSRORJ\��HWKQRPXVLFRORJ\��DQG�WKH�KXPDQLWLHV
KWWS���ZZZ�ORF�JRY�IRONOLIH�VRXUFH�LQGH[�SKS

:HE�SDJH�RI�DQ�LPSRUWDQW�ZULWHU�LQ�SKHQRPHQRORJ\��0D[�9DQ�0DQHQ
KWWS���ZZZ�PD[YDQPDQHQ�FRP

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

0RXVWDNDV��&����������3KHQRPHQRORJLFDO�UHVHDUFK�PHWKRGV��7KRXVDQG�2DNV��&$�
6DJH�

http://www.nova.edu/ssss/QR/qualres.html
http://www.groundedtheory.com
http://www.loc.gov/folklife/source/index.php
http://www.maxvanmanen.com
http://www.sagepub.com/bjohnson5e/


/H&RPSWH��0��'���	�3UHLVVOH��-����������(WKQRJUDSK\�DQG�TXDOLWDWLYH�GHVLJQ�LQ
HGXFDWLRQDO�UHVHDUFK��1HZ�<RUN��1<��$FDGHPLF�3UHVV�

6FKZDQGW��7��$����������4XDOLWDWLYH�LQTXLU\��$�GLFWLRQDU\�RI�WHUPV��7KRXVDQG
2DNV��&$��6DJH�

&RUELQ��-���	�6WUDXVV��$��/����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK��7HFKQLTXHV
DQG�SURFHGXUHV�IRU�GHYHORSLQJ�JURXQGHG�WKHRU\��1HZEXU\�3DUN��&$��6DJH�

9DQ�0DQHQ��0����������5HVHDUFKLQJ�WKH�OLYHG�H[SHULHQFH��/RQGRQ��&DQDGD�
8QLYHUVLW\�RI�:HVWHUQ�2QWDULR�

127(

��� � 5HSULQWHG� E\� SHUPLVVLRQ� RI� -RKQ� 0RIILWW� 3DSHUV�� 6SHFLDO� &ROOHFWLRQV�
8QLYHUVLW\�RI�9LUJLQLD�/LEUDU\�



&KDSWHU���

+LVWRULFDO�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�ZKDW�LV�PHDQW�E\�KLVWRULFDO�UHVHDUFK�
��([SODLQ�WKH�YDULRXV�UHDVRQV�IRU�FRQGXFWLQJ�KLVWRULFDO�UHVHDUFK�
��([SODLQ�KRZ�KLVWRULFDO�UHVHDUFK�LV�FRQGXFWHG�
��'LIIHUHQWLDWH�EHWZHHQ�SULPDU\�DQG�VHFRQGDU\�VRXUFHV�
��([SODLQ�WKH�PHDQLQJ�RI�H[WHUQDO�DQG�LQWHUQDO�FULWLFLVP�DQG�ZK\�WKH\�DUH
LPSRUWDQW�ZKHQ�FRQGXFWLQJ�KLVWRULFDO�UHVHDUFK�

��'LIIHUHQWLDWH�EHWZHHQ�SRVLWLYH�DQG�QHJDWLYH�FULWLFLVP�
��5HFRJQL]H�DQG�H[SODLQ�WKH�PHWKRGRORJLFDO�SUREOHPV�WKDW�PXVW�EH�DYRLGHG
ZKHQ�V\QWKHVL]LQJ�WKH�KLVWRULFDO�GDWD�FROOHFWHG�DQG�SUHSDULQJ�WKH�QDUUDWLYH
DFFRXQW�RI�WKLV�GDWD�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�*DLQLQJ�8QGHUVWDQGLQJ�:LWK�D
+LVWRULFDO�3HUVSHFWLYH

,Q�WKH�8QLWHG�6WDWHV��ZH�IUHTXHQWO\�YLHZ�DGROHVFHQFH�DV�DQ
H[FLWLQJ�EXW� FKDOOHQJLQJ� VWDJH� IRU� WKH� DGROHVFHQW� DQG�KLV� RU
KHU� IDPLO\�� 7KLV� VWDJH� VSDQV� QHDUO\� D� GHFDGH� DQG� LQYROYHV
DWWDLQLQJ� LQGHSHQGHQFH� IURP� WKH� IDPLO\�� TXHVWLRQLQJ� DQG�RU
IRUPLQJ�RQH¶V�LGHQWLW\��DQG�PDNLQJ�LPSRUWDQW�GHFLVLRQV�DERXW
WKH�SDWKV�WR�EH�SXUVXHG�LQ�DGXOWKRRG��2IWHQ��LW�LV�DOVR�D�WLPH
ZKHQ�ULVN\�EHKDYLRUV�VXFK�DV�GUXJ�XVH�DQG�XQSURWHFWHG�VH[
RFFXU�

+RZ� KDV� RXU� GHILQLWLRQ� RI� WKLV� VWDJH� FKDQJHG� WKURXJK
KLVWRU\"� 7KLQN� EDFN� WR� \RXU� RZQ� IDPLO\�� :KDW� ZHUH� \RXU

JUHDW�JUDQGSDUHQWV� GRLQJ� ZKHQ� WKH\� ZHUH� ��� \HDUV� ROG"� +RZ� GRHV� WKH� DGROHVFHQFH� RI� \RXU� JUHDW�
JUDQGSDUHQWV�FRPSDUH�WR�\RXU�RZQ�DGROHVFHQFH"

,Q� WKH� 8QLWHG� 6WDWHV�� WKH� ��WK� FHQWXU\� XVKHUHG� LQ� VHYHUDO� FKDQJHV� LQ� RXU� FXOWXUH� WKDW� KDG� DQ
LPPHDVXUDEOH�LPSDFW�RQ�WKH�VWDJH�RI�DGROHVFHQFH��)LUVW��VHFRQGDU\�HGXFDWLRQ�EHFDPH�WKH�QRUP��DQG�WKH
ODZ��UDWKHU�WKDQ�WKH�H[FHSWLRQ��,Q�WKH�ODWH�����V��RQO\�DERXW����RI�����WR����\HDU�ROGV�ZHUH�HQUROOHG�LQ



,

VFKRRO��2EYLRXVO\�� WKDW�KDV�FKDQJHG�GUDPDWLFDOO\��ZLWK�DOO� VWDWHV�QRZ�KDYLQJ� ODZV� UHTXLULQJ�PDQGDWRU\
VHFRQGDU\�HGXFDWLRQ��XVXDOO\� WR�DJH�����6HFRQG�� MXYHQLOH� MXVWLFH�V\VWHPV�ZHUH�IRUPHG��7KH\� LGHQWLILHG
MXYHQLOHV� DV� GLVWLQFW� IURP� DGXOWV� DQG� LQ� QHHG� RI� GLIIHUHQWLDO� WUHDWPHQW�� )LQDOO\�� LQ� ������ WKH� )DLU� /DERU
6WDQGDUGV�$FW�ZDV�SDVVHG� WKDW�SUHYHQWHG�PDQ\� W\SHV�RI� FKLOG� ODERU�� ,Q� IDFW�� IRU� VRPH� W\SHV�RI�ZRUN
�KD]DUGRXV�ZRUN���WKH�ZRUNHU�KDV�WR�EH�DW�OHDVW����\HDUV�RI�DJH�

$V� WKHVH� OHJDO� DQG� FXOWXUDO� FKDQJHV�ZHUH� H[SDQGLQJ� WKH� WLPH� IRU� DGROHVFHQFH�� SXEHUW\�ZDV� DOVR
RFFXUULQJ�HDUOLHU�DQG� OHQJWKHQLQJ� WKLV� OLIH�VWDJH�� ,Q�HIIHFW��FKLOGKRRG�ZDV�HQGLQJ�VRRQHU��DQG�DGXOWKRRG
ZDV�EHJLQQLQJ�ODWHU��6R�DGROHVFHQFH�DV�ZH�NQRZ�LW�LV�D�UHODWLYHO\�QHZ�SKHQRPHQRQ�

+DYLQJ� WKLV� NQRZOHGJH� LV� LPSRUWDQW� IRU� VHYHUDO� UHDVRQV�� +DYLQJ� D� KLVWRULFDO� SHUVSHFWLYH� RQ
DGROHVFHQFH��DV�WKLV�H[DPSOH�LOOXVWUDWHV��JLYHV�XV�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKLV�GHYHORSPHQWDO�VWDJH�DQG
VKRZV�KRZ�LW�KDV�FKDQJHG�DQG�GHYHORSHG�RYHU�WLPH��,W�DOVR�GHPRQVWUDWHV�WKH�LPSRUWDQFH�RI�VRFLDO�DQG
FXOWXUDO� IDFWRUV� LQ� FRQVWUXFWLQJ� LGHDV� RU� FRQFHSWV� �VXFK� DV� DGROHVFHQFH�� WKDW� DUH� LPSRUWDQW� WR� XV�
+LVWRULFDO�SHUVSHFWLYHV�VXFK�DV� WKLV�RQH�DUH�SURYLGHG�E\� LQGLYLGXDOV�ZKR�HQJDJH� LQ�KLVWRULFDO� UHVHDUFK�
7KHVH� LQGLYLGXDOV� DUH� LQWHUHVWHG� LQ� ORRNLQJ� DW� RXU� SDVW� WR� SURYLGH� XV�ZLWK� D� SHUVSHFWLYH� RQ�ZKHUH�ZH
KDYH� EHHQ� DQG� RQ� KRZ�PDQ\� WKLQJV� ZH� WDNH� IRU� JUDQWHG� FKDQJH� RYHU� WLPH�� $V� \RX� JR� WKURXJK� WKLV
FKDSWHU��\RX�ZLOO�JDLQ�LQIRUPDWLRQ�DERXW�WKH�ZD\�LQ�ZKLFK�KLVWRULFDO�UHVHDUFK�LV�FRQGXFWHG�DV�ZHOO�DV�WKH
LPSRUWDQFH�RI�KLVWRULFDO�UHVHDUFK�

Q� UHDGLQJ� WKH� WLWOH� RI� WKLV� FKDSWHU�� \RX� PLJKW� ZRQGHU� ZK\� D� FKDSWHU� RQ
KLVWRULFDO�UHVHDUFK�LV�LQFOXGHG�LQ�D�WH[WERRN�RQ�HGXFDWLRQDO�UHVHDUFK�PHWKRGV�
+LVWRULFDO�UHVHDUFK�REYLRXVO\�KDV�WR�IRFXV�RQ�HYHQWV�RFFXUULQJ�LQ�WKH�SDVW��DQG

RXU�SULPDU\�FRQFHUQ�LV�ZLWK�LPSURYLQJ�WKH�FXUUHQW�DQG�IXWXUH�HGXFDWLRQDO�SURFHVV�
)XUWKHUPRUH�� WKURXJKRXW� WKLV�ERRN��ZH�GLVFXVV� UHVHDUFK�PHWKRGV� WKDW�HQDEOH�XV� WR
DQVZHU�UHVHDUFK�TXHVWLRQV�WKDW�IRFXV�RQ�FXUUHQW�HGXFDWLRQDO�LVVXHV��+RZHYHU��DV�ZH
GLVFXVV�ODWHU�LQ�WKLV�FKDSWHU��WKH�SDVW�KDV�VLJQLILFDQFH�IRU�SUHVHQW�DQG�IXWXUH�HYHQWV�
DQG� KLVWRULFDO� UHVHDUFK� SURYLGHV� D� PHDQV� IRU� FDSLWDOL]LQJ� RQ� WKH� SDVW�� ,Q� WKLV
FKDSWHU�� ZH� GLVFXVV� WKH� PHWKRGRORJ\� RI� KLVWRULFDO� UHVHDUFK�� KRZ� LW� LV� XVHIXO� WR
SURIHVVLRQDO�HGXFDWRUV��DQG�LWV�UHOHYDQFH�WR�FXUUHQW�HGXFDWLRQDO�SUREOHPV�

:+$7�,6�+,6725,&$/�5(6($5&+"
+LVWRULFDO� UHVHDUFK� LV� WKH� SURFHVV� RI� V\VWHPDWLFDOO\� H[DPLQLQJ� SDVW� HYHQWV� RU
FRPELQDWLRQV� RI� HYHQWV� WR� DUULYH� DW� DQ� DFFRXQW� RI�ZKDW� KDV� KDSSHQHG� LQ� WKH� SDVW
�%HUJ��������� ,Q�FRQVWUXFWLQJ� WKLV�DFFRXQW�� LW� LV� LPSRUWDQW� WR�UHDOL]H� WKDW�KLVWRULFDO
UHVHDUFK� LQYROYHV� PXFK� PRUH� WKDQ� DQ� DFFXPXODWLRQ� RI� IDFWV�� GDWHV�� ILJXUHV�� RU
GHVFULSWLRQV� RI� SDVW� HYHQWV�� SHRSOH�� RU� GHYHORSPHQWV�� +LVWRULFDO� UHVHDUFK� LV
LQWHUSUHWDWLYH�� 0XFK� PRUH� WKDQ� WKH� PHUH� UHWHOOLQJ� RI� SDVW� IDFWV�� LW� LV� LQVWHDG� D
IORZLQJ�� IOXLG�� G\QDPLF� DFFRXQW� RI� SDVW� HYHQWV� WKDW� DWWHPSWV� WR� UHFDSWXUH� WKH
FRPSOH[� QXDQFHV�� LQGLYLGXDO� SHUVRQDOLWLHV�� DQG� LGHDV� WKDW� LQIOXHQFHG� WKH� HYHQWV
EHLQJ�LQYHVWLJDWHG��%HUJ���7KH�KLVWRULFDO�UHVHDUFKHU�GRHV�XVH�LQFLGHQWV��IDFWV��GDWHV�
DQG� ILJXUHV�� EXW� WKH� KLVWRULFDO� UHVHDUFKHU� DOVR� DWWHPSWV� WR� UHFRQVWUXFW� DQG�SUHVHQW
IDFWV�DQG� ILJXUHV� LQ�D�ZD\� WKDW�FRPPXQLFDWHV�DQ�XQGHUVWDQGLQJ�RI� WKH�HYHQWV� IURP
WKH�PXOWLSOH�SRLQWV�RI�YLHZ�RI� WKRVH�ZKR�SDUWLFLSDWHG�LQ� WKHP��,Q�SUHVHQWLQJ�WKHVH
PXOWLSOH�SRLQWV�RI�YLHZ��WKH�KLVWRULDQ¶V�RZQ�LQWHUSUHWDWLRQ�LV�DOVR�YHU\�PXFK�D�SDUW
RI� KLVWRU\�� ,Q� IDFW�� WKDW� LV� WKH� YHU\� KHDUW� RI� KLVWRULFDO� LQWHUSUHWDWLRQ�� +LVWRULDQV
RSHQO\�DFNQRZOHGJH�WKHLU�RZQ�ELDVHV�LQ�D�ZD\�IHZ�RWKHU�VFKRODUV�GR��:KHWKHU�WKH
KLVWRULDQ�LV�OLEHUDO�RU�FRQVHUYDWLYH��EODFN�RU�ZKLWH��PDOH�RU�IHPDOH�PDWWHUV�D�JUHDW



GHDO�LQ�WKH�DFFRXQW�RI�WKH�KLVWRULFDO�HYHQW�EHLQJ�LQYHVWLJDWHG�DQG�WKH�LQWHUSUHWDWLRQ
RI�WKH�IDFWV�DQG�LQFLGHQWV�VXUURXQGLQJ�WKDW�HYHQW�

��+LVWRULFDO�UHVHDUFK�7KH�SURFHVV�RI�V\VWHPDWLFDOO\�H[DPLQLQJ�SDVW�HYHQWV�RU
FRPELQDWLRQV�RI�HYHQWV�WR�DUULYH�DW�DQ�DFFRXQW�RI�ZKDW�KDSSHQHG�LQ�WKH�SDVW

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

$V�DQ� LOOXVWUDWLRQ�RI� D�KLVWRULFDO�XVH�RI� IDFWV� DQG�GDWD�� ORRN�DW�)XOW]¶V� ������
DFFRXQW�RI�WKH�$IULFDQ�$PHULFDQ�VFKRROV�LQ�WKH�6RXWK�IURP������WR������

�����SHUFHQW�RI�WKH��������$IULFDQ�$PHULFDQ�VFKRROV�LQ�IRXUWHHQ�VRXWKHUQ�VWDWHV
LQ�����±���ZHUH�UXUDO��2I�WKH�WRWDO��PRUH�WKDQ�WKUHH�IRXUWKV�������SHUFHQW��ZHUH
RQH�WHDFKHU�������SHUFHQW��RU� WZR�WHDFKHU�������SHUFHQW��IDFLOLWLHV��0RUHRYHU�
DOPRVW� WKUHH�IRXUWKV� ������SHUFHQW�� RI� WKH�$IULFDQ�$PHULFDQ� WHDFKHUV� LQ� WKHVH
VWDWHV�WDXJKW�LQ�UXUDO�VFKRROV���S������

1RZ�ORRN�DW�WKH�ZD\�LQ�ZKLFK�)XOW]��������FRQWLQXHG�WKLV�GLVFXVVLRQ�RI�$IULFDQ
$PHULFDQ�VFKRROV�E\�PRYLQJ�LQWR�WKH�LQWHUSUHWDWLYH�SKDVH��SURYLGLQJ�D�G\QDPLF�DQG
IOXLG�DFFRXQW�QRW�RQO\�RI�WKH�FRQGLWLRQ�RI�WKH�VFKRROV�EXW�DOVR�RI�WKH�HIIHFW�WKDW�WKHVH
FRQGLWLRQV�KDG�RQ�WKH�GHOLYHU\�RI�LQVWUXFWLRQDO�VHUYLFHV�

,Q�DGGLWLRQ��WKH�OLWHUDWXUH�LV�UHSOHWH�ZLWK�UHIHUHQFHV�WR�WKH�GHSORUDEOH�SK\VLFDO
FRQGLWLRQ�RI�PDQ\�$IULFDQ�$PHULFDQ�VFKRROV��D�SHUYDVLYH�VWDWH�RI�GLVUHSDLU�WKDW
SRWHQWLDOO\�XQGHUPLQHG�WKH�GHOLYHU\�RI�LQVWUXFWLRQDO�VHUYLFHV��$PRQJ�WKH�VLJQV
RI�QHJOHFW�ZHUH�ULFNHW\�EHQFKHV�ZLWK�DQG�ZLWKRXW�EDFNV��KROHV�LQ�WKH�IORRU�DQG
WKH�URRI�� LQDGHTXDWH�KHDWLQJ��SRRU� OLJKWLQJ��XQSDLQWHG�ZDOOV��GLODSLGDWHG�VWHSV�
XQNHPSW�VXUURXQGLQJV��DQG�D� ODFN�RI�GHVNV�DQG�RWKHU�HGXFDWLRQDO�VXSSOLHV�DQG
PDWHULDOV���S������

7KLV�QDUUDWLYH�DFFRXQW�RI�HYHQWV�DQG�DFFRPSDQ\LQJ�LQWHUSUHWDWLRQV�SUHVHQWHG�DV
D�VWRU\�SURYLGHV�IDU�PRUH�WKDQ�MXVW�D�UHWHOOLQJ�RI�WKH�IDFWV��,W�SURYLGHV�D�ULFK�DFFRXQW
RI� WKH� GHYHORSPHQW� RI� KLVWRULFDO� HYHQWV� DQG� JLYHV� WKH� UHDGHU� DQ� LGHD� RI� WKH
FLUFXPVWDQFHV�WKDW�VKDSHG�WKHVH�HYHQWV�

6,*1,),&$1&(�2)�+,6725,&$/�5(6($5&+
:K\�VKRXOG�ZH�ZDQW�WR�VWXG\�WKH�KLVWRU\�RI�HGXFDWLRQ"�2QH�UHDVRQ�LV�WKDW��LI�\RX�DUH
D� KLVWRU\� EXII�� HYHQWV� WKDW� KDSSHQHG� LQ� WKH� SDVW� DUH� RIWHQ� YHU\� LQWHUHVWLQJ�� )RU
H[DPSOH�� LW� LV�YHU\�LQWHUHVWLQJ� WR� UHDG�DQ�DFFRXQW�GHWDLOLQJ� WKH�HGXFDWLRQDO�V\VWHP
WKDW� H[LVWHG� LQ� UXUDO� $PHULFD� LQ� WKH� ����V� DQG� WKH� GLIILFXOWLHV� WKDW� FKLOGUHQ� DQG
IDPLOLHV� RI� WKDW� WLPH� KDG� WR� HQGXUH� WR� UHFHLYH� HYHQ� D� PLQLPDO� HGXFDWLRQ�� %HUJ
�������KDV�LGHQWLILHG�ILYH�UHDVRQV�IRU�FRQGXFWLQJ�KLVWRULFDO�UHVHDUFK�



����7R�XQFRYHU�WKH�XQNQRZQ

����7R�DQVZHU�TXHVWLRQV

����7R�LGHQWLI\�WKH�UHODWLRQVKLS�WKDW�WKH�SDVW�KDV�WR�WKH�SUHVHQW

����7R�UHFRUG�DQG�HYDOXDWH�WKH�DFFRPSOLVKPHQWV�RI�LQGLYLGXDOV��DJHQFLHV��RU
LQVWLWXWLRQV

����7R�DLG�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�FXOWXUH�LQ�ZKLFK�ZH�OLYH

6RPH�RI�WKHVH�UHDVRQV�PLJKW�VHHP�YHU\�DSSDUHQW�DQG�ORJLFDO��DQG�RWKHUV�PLJKW
QRW��)RU�H[DPSOH��XQFRYHULQJ� WKH�XQNQRZQ�PLJKW�VHHP�VRPHZKDW�VWUDQJH�EHFDXVH
KLVWRULFDO� UHVHDUFK� IRFXVHV� RQ� SDVW� HYHQWV�� DQG� SDVW� HYHQWV� VKRXOG� DOUHDG\� EH
NQRZQ�� )RU� DQ\� RI� D� YDULHW\� RI� UHDVRQV�� KRZHYHU�� VLJQLILFDQW� HYHQWV� RIWHQ� JR
XQUHFRUGHG�� )RU� H[DPSOH�� )XOW]� ������� REVHUYHG� WKDW� WKH� FRQWHQW� RI� WKH� MRXUQDOV
GHYRWHG� WR� LQIRUPDWLRQ� DERXW� $IULFDQ� $PHULFDQV� LQ� WKH� HDUO\� ����V� YLUWXDOO\
LJQRUHG� DQ\� GLVFXVVLRQ� RI� EODFN� WHDFKHUV� DQG� WKHLU� VRFLDO� UROHV� DQG� FRPPXQLW\
FRQWULEXWLRQV�� :LWKRXW� WKH� V\VWHPDWLF� LQYHVWLJDWLRQ� DQG� GRFXPHQWDWLRQ� RI� WKHVH
HYHQWV� DQG� UROHV�� ZH� ZRXOG� KDYH� OLWWOH� NQRZOHGJH� RU� DSSUHFLDWLRQ� RI� WKH
FRQWULEXWLRQV�PDGH�E\�EODFN�WHDFKHUV�LQ�WKH�HDUO\�SDUW�RI�WKH���WK�FHQWXU\�

3URYLGLQJ� DQVZHUV� WR� TXHVWLRQV� LV� SUREDEO\� RQH� RI� WKH� PRVW� ORJLFDO� DQG
DSSDUHQW� UHDVRQV� IRU� FRQGXFWLQJ� KLVWRULFDO� UHVHDUFK��$V� D� WHDFKHU� RU� VWXGHQW�� \RX
PLJKW� KDYH�ZRQGHUHG�ZKDW� LW�ZDV� OLNH� WR� JR� WR� VFKRRO� LQ� WKH� ����V� RU� MXVW� KRZ
VHYHUHO\� WHDFKHUV�GLVFLSOLQHG�FKLOGUHQ� LQ� WKH�HDUO\�SDUW�RI� WKH���WK�FHQWXU\��7KHVH
DUH� REYLRXVO\� TXHVWLRQV� WKDW� UHTXLUH� KLVWRULFDO� UHVHDUFK�� 0DQ\� RWKHU� TXHVWLRQV
FRXOG�EH�DVNHG�DERXW�SDVW�HGXFDWLRQDO�SUDFWLFHV��SROLFLHV��RU�HYHQWV�

+LVWRULFDO� UHVHDUFK� LV� DOVR� FRQGXFWHG� WR� LGHQWLI\� WKH� UHODWLRQVKLS� WKDW� WKH�SDVW
KDV�WR�WKH�SUHVHQW��,W�PLJKW�VHHP�VWUDQJH�WKDW�ZH�VKRXOG�FRQGXFW�KLVWRULFDO�UHVHDUFK
WR�ILQG�RXW�VRPHWKLQJ�DERXW�WKH�SUHVHQW��+RZHYHU��WKH�SDVW�FDQ�JLYH�XV�D�SHUVSHFWLYH
IRU�FXUUHQW�GHFLVLRQ�PDNLQJ�DQG�KHOS�XV�DYRLG�UHLQYHQWLQJ�WKH�ZKHHO��7KH�SDVW�FDQ
DOVR�SURYLGH�LQIRUPDWLRQ�DERXW�ZKDW�VWUDWHJLHV�KDYH�DQG�KDYH�QRW�ZRUNHG��,Q�RWKHU
ZRUGV��LW�DOORZV�XV�WR�GLVFRYHU�WKRVH�WKLQJV�WKDW�KDYH�EHHQ�WULHG�DQG�IRXQG�ZDQWLQJ
DQG� WKRVH� WKLQJV� WKDW� KDYH� EHHQ� LQDGHTXDWHO\� WULHG� DQG� VWLOO� PLJKW� ZRUN�� )RU
H[DPSOH��D�QHLJKERU�RI�RQH�RI�WKH�DXWKRUV��&KULVWHQVHQ��ZDV�D�KLVWRULDQ�HQJDJHG�LQ
GRFXPHQWLQJ� WKH�KLVWRU\�RI�RQH�RI� WKH�EDQNV� LQ�+RXVWRQ��7H[DV��&KULVWHQVHQ�DVNHG
ZK\� WKH�EDQN�ZRXOG�ZDQW� VRPHRQH� WR� UHFRUG� LWV�KLVWRU\��7KH�QHLJKERU�VWDWHG� WKDW
SULRU�KLVWRULFDO�DQDO\VLV�RI�YDULRXV�EDQNV�KDV� LQGLFDWHG� WKDW�EDQN�RIILFLDOV� WHQG� WR
UHSHDW�PLVWDNHV�DQG�WKDW�KDYLQJ�D�UHFRUG�RI� WKLV�EDQN¶V�KLVWRU\�DQG�WKH�PLVWDNHV�LW
KDG�SUHYLRXVO\�PDGH�VKRXOG�KHOS�LWV�FXUUHQW�GHFLVLRQ�PDNHUV�DYRLG�VXFK�PLVWDNHV�LQ
WKH�IXWXUH�

.DHVWOH���������LQ�KLV�GLVFXVVLRQ�RI�WKH�KLVWRU\�RI�$PHULFDQ�HGXFDWLRQ��SRLQWHG
RXW�WKDW�VFKRRO�GHFHQWUDOL]DWLRQ²PDNLQJ�FRPPXQLW\�ERDUGV�UHVSRQVLEOH�IRU�PDNLQJ
PDQ\� RI� WKH� GHFLVLRQV� LQYROYHG� LQ� WKH� RSHUDWLRQ� RI� UHJXODU� HOHPHQWDU\� DQG
VHFRQGDU\�HGXFDWLRQ�UDWKHU�WKDQ�KDYLQJ�WKHVH�GHFLVLRQV�PDGH�DW�D�FHQWUDO�HGXFDWLRQ
DJHQF\²ZDV�GHEDWHG�YLJRURXVO\�LQ�WKH�����V��$GYRFDWHV�RI�GHFHQWUDOL]DWLRQ�XVHG



LQIRUPDWLRQ� IURP� WKH� SDVW� WR� SRLQW� RXW� WKDW� FHQWUDOL]DWLRQ�ZDV� XVHG� E\� WKH� VRFLDO
HOLWHV� LQ� WKH� HDUO\� ��WK� FHQWXU\� WR� FRQWURO� XUEDQ� HGXFDWLRQ�� SURWHFW� WKH� VRFLDO
VWUXFWXUH��DQG�LPSRVH�FHUWDLQ�YDOXHV�RQ�WKH�FKLOGUHQ�RI�WKDW�WLPH��&HQWUDOL]DWLRQ��LW
ZDV�DUJXHG��ZDV�DQ�XQGHPRFUDWLF�PHDQV�RI�VRFLDO�FRQWURO��7KLV�LV�MXVW�RQH�H[DPSOH
RI� LQGLYLGXDOV� XVLQJ� SDVW� H[SHULHQFH� LQ� WKH� GHEDWH� RYHU� SUHVHQW� SROLF\� RQ� WKH
DVVXPSWLRQ� WKDW� WKH� H[SHULHQFH� RI� WKH� SDVW�ZRXOG� EH� UHSHDWHG� LI� VLPLODU� SROLFLHV
ZHUH� LPSOHPHQWHG� DJDLQ�� 7KRVH� UHVSRQVLEOH� IRU� HGXFDWLRQDO� SROLF\� DQG� SODQQLQJ
PLJKW� EH� DEOH� WR� SURILW� IURP� NQRZLQJ�ZKDW� KDV� DQG� KDV� QRW� ZRUNHG� LQ� WKH� SDVW�
)UHTXHQWO\�� SDVW� HYHQWV� FDQ� EH� XVHG� LQ� WKH� IRUPXODWLRQ� RI� FXUUHQW� SROLF\� DQG
SURFHGXUH� E\� DOORZLQJ� LQGLYLGXDOV� WR� FDSLWDOL]H� RQ� ZKDW� KDV� DQG� KDV� QRW� EHHQ
HIIHFWLYH�

+LVWRULFDO�UHVHDUFK�LV�IUHTXHQWO\�FRQGXFWHG�WR�UHFRUG�WKH�DFFRPSOLVKPHQWV�RI�D
QRWHG� LQGLYLGXDO� RU� WKH� KLVWRU\� RI� DQ� DJHQF\� RU� LQVWLWXWLRQ�� )RU� H[DPSOH�� DQ
HGXFDWLRQDO� UHVHDUFKHU� PLJKW� EH� LQWHUHVWHG� LQ� GRFXPHQWLQJ� WKH� GHYHORSPHQW� DQG
JURZWK�RI�SULYDWH��FKXUFK�VXSSRUWHG�VFKRROV��+LVWRULFDOO\��&DWKROLF�FKXUFKHV�KDYH
RSHUDWHG� VFKRROV� DQG� SURYLGHG� HGXFDWLRQ� SULPDULO\� IRU� FKLOGUHQ� RI� WKH� &DWKROLF
IDLWK��+RZHYHU��RWKHU�GHQRPLQDWLRQV�KDYH�LQFUHDVLQJO\�PRYHG�LQWR�WKH�HGXFDWLRQDO
ILHOG� DQG� SDUWLFLSDWHG� LQ� WKH� HGXFDWLRQ� RI� WKH� \RXWK� RI� WKH� 8QLWHG� 6WDWHV�� 2WKHU
HGXFDWLRQDO� UHVHDUFKHUV�PD\�EH� LQWHUHVWHG� LQ� UHFRUGLQJ� WKH� DFFRPSOLVKPHQWV� RI� D
QRWHG�LQGLYLGXDO�LQ�WKH�ILHOG�RI�HGXFDWLRQ��-RQDWKDQ�0HVVHUOL���������IRU�H[DPSOH�
SURILOHG� WKH� OLIH� RI� +RUDFH� 0DQQ�� WKH� LQGLYLGXDO� ZKR� KDV� EHHQ� YLHZHG� DV� WKH
IRXQGHU�RI�SXEOLF�HGXFDWLRQ�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

+LVWRULFDO�UHVHDUFK�LV�DOVR�FRQGXFWHG�WR�DVVLVW�XV�LQ�XQGHUVWDQGLQJ�WKH�FXOWXUH�LQ
ZKLFK�ZH�OLYH��(GXFDWLRQ�KDV�DOZD\V�EHHQ�D�SDUW�RI�RXU�KLVWRU\��,W�LV�DV�PXFK�D�SDUW
RI�RXU�FXOWXUH�DV�DQ\WKLQJ�HOVH�ZH�FRXOG�SRVVLEO\�LPDJLQH��,Q�GLVFXVVLQJ�WKH�KLVWRU\
RI� 86� HGXFDWLRQ�� .DHVWOH� ������� SRLQWHG� RXW� WKDW� EHIRUH� WKH� ����V�� LQGLYLGXDOV
ZULWLQJ� DERXW� WKH� KLVWRU\� RI� $PHULFDQ� HGXFDWLRQ� IRFXVHG� DOPRVW� HQWLUHO\� RQ� WKH
SXEOLF�VFKRRO�V\VWHP��+RZHYHU��WKH�KLVWRU\�RI�HGXFDWLRQ�LV�D�EURDGHU�SKHQRPHQRQ
WKDW�PXVW� LQFOXGH� WKH� KLVWRU\� RI� VFKRROLQJ��ZKLFK� LQFOXGHV� DJHQFLHV� RI� LQVWUXFWLRQ
RWKHU� WKDQ� VFKRROV� VXFK�DV� WKH� IDPLO\�� WKH�ZRUNSODFH�� DQG� WKH�FKXUFKHV� �.DHVWOH��
7KH�EURDGHVW�GHILQLWLRQ�RI�HGXFDWLRQ�LQFOXGHV�HYHU\�DVSHFW�RI�VRFLDOL]DWLRQ��ZKLFK
PHDQV�LW�LV�D�FXOWXUDO�HYHQW�
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�����:KDW�LV�KLVWRULFDO�UHVHDUFK"
�����:K\�ZRXOG�VRPHRQH�ZDQW�WR�GR�KLVWRULFDO

UHVHDUFK"
�����+RZ�FDQ�KLVWRULFDO�UHVHDUFK�WHOO�XV�DQ\WKLQJ

DERXW�WKH�SUHVHQW"



+,6725,&$/�5(6($5&+�0(7+2'2/2*<
+RZ� LV� KLVWRULFDO� UHVHDUFK� FRQGXFWHG"�7KH�XQLQIRUPHG� LQGLYLGXDO� VHHPV� WR� WKLQN
WKDW� KLVWRULFDO� UHVHDUFK� LV� GLYLGHG� LQWR� WZR� SKDVHV� �&DUU�� ������� FROOHFWLQJ� DQG
UHDGLQJ�PDWHULDO�UHODWHG�WR�WKH�WRSLF�RI�WKH�UHVHDUFK�DQG�ZULWLQJ�WKH�PDQXVFULSW�RU
ERRN�IURP�WKH�QRWHV�WDNHQ�RQ�WKH�PDWHULDO�WKDW�ZDV�FROOHFWHG��&DUU�SRLQWHG�RXW�WKDW
WKLV� LV� D� YHU\� XQUHDOLVWLF� SLFWXUH� RI� WKH� PHWKRGRORJ\� IROORZHG� E\� KLVWRULFDO
UHVHDUFKHUV��)RU�&DUU��WKH�SURFHVV�ZDV�RQH�RI�JRLQJ�EDFN�DQG�IRUWK�EHWZHHQ�UHDGLQJ
DQG�ZULWLQJ��$IWHU�UHDGLQJ�VRPH�RI� WKH�SULPDU\�VRXUFHV��&DUU�EHJDQ�ZULWLQJ²DQG
QRW�QHFHVVDULO\�DW� WKH�FKURQRORJLFDO�EHJLQQLQJ��$IWHU�ZULWLQJ�D�FHUWDLQ�DPRXQW��KH
UHWXUQHG�WR�UHDGLQJ�DERXW�DGGLWLRQDO�VRXUFHV�UHODWLQJ�WR�KLV�FKRVHQ�WRSLF��&DUU�IRXQG
WKDW� WKH�ZULWLQJ�KHOSHG�GLUHFW� WKH�UHDGLQJ�EHFDXVH�WKH�PRUH�KH�ZURWH�� WKH�PRUH�KH
NQHZ�ZKDW�KH�ZDV�ORRNLQJ�IRU�DQG�ZKDW�KH�QHHGHG�WR�UHDG�

7KLV�LV�DQ�RYHUYLHZ�RI�MXVW�RQH�SHUVRQ¶V�DSSURDFK��DQG�&DUU�DFNQRZOHGJHG�WKDW
RWKHUV�SUREDEO\�XVH�D�VRPHZKDW�GLIIHUHQW�DSSURDFK��6RPH�LQGLYLGXDOV�FRQGXFW�DQ
H[KDXVWLYH� VHDUFK� IRU� KLVWRULFDO� LQIRUPDWLRQ� DQG� UHDG� DQG� GLJHVW� WKLV� LQIRUPDWLRQ
EHIRUH�RUJDQL]LQJ�DQG�ZULWLQJ�WKH�KLVWRULFDO�DFFRXQW��.DHVWOH��������������KDV�HYHQ
VWDWHG� WKDW� WKHUH� LV� QR� DJUHHG�RQ�PHWKRGRORJ\� IRU� FRQGXFWLQJ� KLVWRULFDO� UHVHDUFK�
DQG�KLVWRULDQV�DUH�FRQVWDQWO\� ORRNLQJ� WR�RWKHU�GLVFLSOLQHV� IRU�PHWKRGV�RU� WKHRULHV�
7KLV� GRHV� QRW� PHDQ� WKDW� WKHUH� LV� QR� FRQVLVWHQF\� LQ� WKH� ZD\� LQ� ZKLFK� KLVWRULFDO
UHVHDUFK�LV�FRQGXFWHG��,WV�JHQHUDO�PHWKRGRORJ\�KDV�PXFK�LQ�FRPPRQ�ZLWK�WKH�RWKHU
UHVHDUFK�PHWKRGV�ZH�KDYH�GLVFXVVHG� LQ� WKLV� ERRN�� ,Q� JHQHUDO�� KLVWRULFDO� UHVHDUFK
DGKHUHV�WR�WKH�IROORZLQJ�VWHSV��DOWKRXJK�WKHUH�LV�RYHUODS�DQG�D�PRYHPHQW�EDFN�DQG
IRUWK�EHWZHHQ�WKHVH�VWHSV�

����,GHQWLILFDWLRQ�RI�WKH�UHVHDUFK�WRSLF�DQG�IRUPXODWLRQ�RI�WKH�UHVHDUFK�SUREOHP
RU�TXHVWLRQ

����'DWD�FROOHFWLRQ�RU�OLWHUDWXUH�UHYLHZ

����(YDOXDWLRQ�RI�PDWHULDOV

����'DWD�V\QWKHVLV

����5HSRUW�SUHSDUDWLRQ�RU�SUHSDUDWLRQ�RI�WKH�QDUUDWLYH�H[SRVLWLRQ

:H�GLVFXVV�HDFK�RI�WKHVH�VWHSV�LQ�VRPH�GHWDLO�

,'(17,),&$7,21�2)�7+(�5(6($5&+�723,&�$1'�)2508/$7,21
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$V�ZLWK� DQ\� W\SH�RI� HGXFDWLRQDO� UHVHDUFK�� WKH� ILUVW� VWHS� LV� WR� LGHQWLI\� D� WRSLF�\RX
ZLVK�WR�LQYHVWLJDWH�DQG�WKHQ�IRUPXODWH�WKH�UHVHDUFK�SUREOHP�RU�TXHVWLRQ�\RX�ZLVK�WR
DQVZHU��7KH�UHVHDUFK�WRSLFV�FKRVHQ�E\�LQYHVWLJDWRUV�FDQ�EH�VWLPXODWHG�E\�DQ\�RI�D
YDULHW\� RI� VRXUFHV�� &XUUHQW� LVVXHV� LQ� HGXFDWLRQ� DUH� IUHTXHQWO\� WKH� VWLPXOXV� IRU� D
UHVHDUFK� VWXG\�� )RU� H[DPSOH�� VWDUWLQJ� LQ� WKH� ����V�� WKHUH� ZDV� D�PRYHPHQW� DZD\



IURP� DIILUPDWLYH� DFWLRQ� SROLFLHV� LQ� FROOHJH� DGPLVVLRQ�� <RX� PLJKW� ZDQW� WR� NQRZ
ZKDW� OHG� WR� WKH� DIILUPDWLYH� DFWLRQ� SROLF\� LQ� WKH� ILUVW� SODFH� DQG� ZK\� WKLV� SROLF\�
ZKLFK�ZDV�LPSOHPHQWHG�IRU�GHFDGHV��LV�QRZ�EHLQJ�UHYHUVHG�

$�UHVHDUFK� WRSLF�FRXOG�DOVR�UHVXOW� IURP�DQ� LQWHUHVW� LQ� WKH� LPSDFW�RI�D�VSHFLILF
LQGLYLGXDO�� LQVWLWXWLRQ�� RU� VRFLDO� PRYHPHQW� RQ� HGXFDWLRQDO� SROLF\� DQG�RU� UHIRUP�
)RU�H[DPSOH��\RX�PLJKW�NQRZ�RI�VRPHRQH�ZKR�KDV�VSHQW�KLV�RU�KHU�SURIHVVLRQDO�OLIH
ZRUNLQJ�IRU�WKH�LPSURYHPHQW�RI�WKH�HGXFDWLRQ�RI�FKLOGUHQ�IURP�LQQHU�FLWLHV��,I�WKLV
LQGLYLGXDO� PDGH� VLJQLILFDQW� VWULGHV� LQ� WKLV� GLUHFWLRQ� LQ� WKH� IDFH� RI� FRQWLQXHG
DGYHUVLW\��D�UHFRUG�RI�KLV�RU�KHU�DFFRPSOLVKPHQWV�DQG�WKH�SURFHVV�RI�JDLQLQJ�WKHVH
DFFRPSOLVKPHQWV�PD\� EH� RI� VLJQLILFDQFH� WR� WKH� ILHOG� RI� HGXFDWLRQ� DQG�ZRUWK\� RI
LQYHVWLJDWLRQ�

<RX� PLJKW� DOVR� EH� LQWHUHVWHG� LQ� H[SORULQJ� WKH� UHODWLRQVKLS� DPRQJ� GLIIHUHQW
HYHQWV�� )RU� H[DPSOH�� GXULQJ� WKH� ����V�� EXVLQJ²PRYLQJ� FKLOGUHQ� IURP� RQH
QHLJKERUKRRG�VFKRRO�WR�DQRWKHU�LQ�DQ�DWWHPSW�WR�FUHDWH�D�VSHFLILF�UDFLDO�HWKQLF�PL[
RI�FKLOGUHQ�LQ�HDFK�SXEOLF�VFKRRO²ZDV�LQLWLDWHG��$�QXPEHU�RI�TXHVWLRQV�FRXOG�EH
DVNHG�DERXW�WKH�HIIHFW�RI�LPSOHPHQWLQJ�WKLV�SROLF\��:KDW�HIIHFW�GLG�EXVLQJ�KDYH�RQ
WKH�TXDOLW\�RI�HGXFDWLRQ�WKDW� WKH�FKLOGUHQ�UHFHLYHG"�'LG�EXVLQJ�KDYH�DQ\�HIIHFW�RQ
WKH�GHFLVLRQV� WKDW�PDQ\�SDUHQWV�PDGH� DERXW�ZKHUH� WKHLU� FKLOGUHQ�ZHUH� HGXFDWHG"
3DUHQWV�FRXOG�JR�DORQJ�ZLWK� WKH�EXVLQJ�GHFLVLRQ�� IRU�H[DPSOH��RU� WKH\�FRXOG�VHQG
WKHLU�FKLOGUHQ�WR�SULYDWH�VFKRRO��:K\�LV�EXVLQJ�QR�ORQJHU�EHLQJ�LPSOHPHQWHG"

<RX�PLJKW�HYHQ� WKLQN� WKDW�SDVW�HYHQWV� WKDW�KDYH�EHHQ�SUHVHQWHG�E\�HGXFDWLRQDO
KLVWRULDQV� FDQ� EH� LQWHUSUHWHG� LQ� D� GLIIHUHQW� DQG� PRUH� DSSURSULDWH� ZD\�� .DHVWOH
�������� IRU� H[DPSOH�� KDV� REVHUYHG� WKDW� GXULQJ� WKH� SDVW� ��� WR� ��� \HDUV�� WKH
WUDGLWLRQDO� PHWKRGV� DQG� DVVXPSWLRQV� RI� $PHULFDQ� KLVWRULDQV� KDYH� LQFUHDVLQJO\
FRPH� XQGHU� DWWDFN�� 8QWLO� DERXW� ������ PRVW� $PHULFDQ� HGXFDWLRQDO� KLVWRULDQV
DVVXPHG�WKDW�WKH�KLVWRU\�RI�HGXFDWLRQ�ZDV�DOPRVW�H[FOXVLYHO\�UHODWHG�WR�WKH�KLVWRU\
RI� SXEOLF� VFKRRO� V\VWHPV� DQG� WKDW� SXEOLF� XQLYHUVDO� VFKRROLQJ� ZDV� D� JRRG� WKLQJ�
6LQFH�WKDW�WLPH��WKLV�YLHZ�KDV�EHHQ�TXHVWLRQHG�DV�PRUH�UHFHQW�$PHULFDQ�HGXFDWLRQDO
KLVWRULDQV� KDYH� IRFXVHG� RQ� HGXFDWLRQ� EHLQJ� GHOLYHUHG� E\� DJHQFLHV� �H�J��� FKXUFK�
IDPLO\�� RWKHU� WKDQ� WKH� SXEOLF� VFKRRO�� $GGLWLRQDOO\�� VRPH� $PHULFDQ� HGXFDWLRQDO
KLVWRULDQV�KDYH�TXHVWLRQHG�WKH�QRWLRQ�WKDW�SXEOLF�HGXFDWLRQ�LV�XQLYHUVDOO\�JRRG�

5HVHDUFK� WRSLFV� OHDGLQJ� WR� KLVWRULFDO� UHVHDUFK� FDQ� FRPH� IURP� D� YDULHW\� RI
VRXUFHV� DQG� FDQ� IRFXV� RQ� PDQ\� GLIIHUHQW� WRSLFV� DQG� HYHQWV�� 7DEOH� ����� OLVWV
H[DPSOHV�RI�UHVHDUFK�VWXGLHV�FRQGXFWHG�E\�HGXFDWLRQDO�KLVWRULDQV��$V�\RX�FDQ�VHH�
WKHVH�WRSLFV�FRYHU�PDQ\�GLYHUVH�DUHDV�LQ�WKH�ILHOG�RI�HGXFDWLRQ�

�7$%/(�������([DPSOHV�RI�5HVHDUFK�6WXGLHV�&RQGXFWHG�E\�(GXFDWLRQDO
+LVWRULDQV

����&OHYHUO\��-����������7KH�VFKRROLQJ�RI�&KLQD��7UDGLWLRQ�DQG�PRGHUQLW\�LQ�&KLQHVH�HGXFDWLRQ��1RUWK
6\GQH\��$XVWUDOLD��$OOHQ�DQG�8QZLQ�

����)XOW]��0����������$IULFDQ�$PHULFDQ�WHDFKHUV�LQ�WKH�VRXWK������±������3RZHUOHVVQHVV�DQG�WKH�LURQLHV�RI
H[SHFWDWLRQV�DQG�SURWHVW��+LVWRU\�RI�(GXFDWLRQ�4XDUWHUO\���������±����

����*DOHQVRQ��'��:����������'HWHUPLQDQWV�RI�WKH�VFKRRO�DWWHQGDQFH�RI�ER\V�LQ�HDUO\�&KLFDJR��+LVWRU\�RI



(GXFDWLRQ�4XDUWHUO\���������±����

����0LWFK��'��)����������7KH�ULVH�RI�SRSXODU�OLWHUDF\�LQ�9LFWRULDQ�(QJODQG��7KH�LQIOXHQFH�RI�SULYDWH�FKRLFH
DQG�SXEOLF�SROLF\��3KLODGHOSKLD��3$��8QLYHUVLW\�RI�3HQQV\OYDQLD�3UHVV�

����2VJRRG��5��/����������8QGHUPLQLQJ�WKH�FRPPRQ�VFKRRO�LGHDO��,QWHUPHGLDWH�VFKRROV�DQG�XQJUDGHG�FODVVHV�LQ
%RVWRQ������±������+LVWRU\�RI�(GXFDWLRQ�4XDUWHUO\���������±����

����5HXEHQ��-��$����������%H\RQG�SROLWLFV��&RPPXQLW\�FLYLFV�DQG�WKH�UHGHILQLWLRQ�RI�FLWL]HQVKLS�LQ�WKH�SURJUHVVLYH
HUD��+LVWRU\�RI�(GXFDWLRQ�4XDUWHUO\���������±����

����5RVQHU��/����������0HGLFDO�HGXFDWLRQ�LQ�WKH�DJH�RI�LPSURYHPHQW��(GLQEXUJK�VWXGHQWV�DQG�DSSUHQWLFHV�
����±������(GLQEXUJK��8.��(GLQEXUJK�8QLYHUVLW\�3UHVV�

����7RPLDN��-���(G������������6FKRROLQJ��HGXFDWLRQDO�SROLF\��DQG�HWKQLF�LGHQWLW\��&RPSDUDWLYH�VWXGLHV�RQ
JRYHUQPHQWV�DQG�QRQ�GRPLQDQW�HWKQLF�JURXSV�LQ�(XURSH������±������9RO������1HZ�<RUN��1HZ�<RUN
8QLYHUVLW\�3UHVV�

'$7$�&2//(&7,21�25�/,7(5$785(�5(9,(:
2QFH�\RX�KDYH�GHFLGHG�RQ�D�UHVHDUFK�WRSLF��WKH�QH[W�VWHS�LV�WR�LGHQWLI\�WKH�VRXUFHV
WKDW�ZLOO� FRQWDLQ� LQIRUPDWLRQ� DERXW� \RXU� WRSLF� DQG� WKHQ� ORFDWH� WKHVH� VRXUFHV��7KH
LGHQWLILFDWLRQ�� ORFDWLRQ�� DQG� FROOHFWLRQ� RI� UHODWHG� LQIRUPDWLRQ� PDNH� XS� WKH� GDWD�
FROOHFWLRQ�RU�OLWHUDWXUH�UHYLHZ�VWDJH�RI�KLVWRULFDO�UHVHDUFK��7KLV�VWDJH�LV�VLPLODU�WR
WKH�OLWHUDWXUH�UHYLHZ�\RX�ZRXOG�FRQGXFW�IRU�RWKHU�W\SHV�RI�HGXFDWLRQDO�UHVHDUFK��,Q
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�VWXGLHV��\RX�GR�D�OLWHUDWXUH�UHYLHZ�WR�ORFDWH�VWXGLHV�WKDW
KDYH�EHHQ�FRQGXFWHG� LQ� WKH�SDVW�� WKHVH�VWXGLHV� WHOO�\RX�ZKDW� LV�NQRZQ�DERXW�\RXU
JLYHQ� UHVHDUFK� WRSLF�� ,Q� KLVWRULFDO� UHVHDUFK�� D� VLPLODU� SURFHVV� WDNHV� SODFH�
+RZHYHU��WKH�VRXUFHV�FRQWDLQLQJ�WKH�LQIRUPDWLRQ�\RX�QHHG�DUH�TXLWH�GLIIHUHQW�IURP
WKRVH�RI�RWKHU�W\SHV�RI�HGXFDWLRQDO�UHVHDUFK��,Q�KLVWRULFDO�UHVHDUFK��WKH� LQIRUPDWLRQ
\RX� VHHN� PD\� EH� FRQWDLQHG� LQ� GRFXPHQWV�� UHFRUGV�� SKRWRJUDSKV�� UHOLFV�� DQG
LQWHUYLHZV�UDWKHU�WKDQ�LQ�SURIHVVLRQDO�MRXUQDOV�DQG�ERRNV�

'RFXPHQWV�DQG�2WKHU�:ULWWHQ�5HFRUGV
7KH� GRFXPHQWV� RU� UHFRUGV� WKDW� DUH� RI� LQWHUHVW� WR� WKH� HGXFDWLRQDO� KLVWRULDQ

W\SLFDOO\�FRQVLVW�RI�ZULWWHQ�RU�SULQWHG�PDWHULDOV�VXFK�DV�GLSORPDV��FDUWRRQV��GLDULHV�
PHPRLUV�� QHZVSDSHUV�� \HDUERRNV�� PHPRV�� SHULRGLFDOV�� UHSRUWV�� ILOHV�� DWWHQGDQFH
UHFRUGV��FHQVXV�UHSRUWV��EXGJHWV��PDSV��DQG�WHVWV��$FWXDOO\��MXVW�DERXW�DQ\WKLQJ�WKDW
LV� SULQWHG� RU� ZULWWHQ� GRZQ� DQG� UHODWLQJ� WR� WKH� FKRVHQ� UHVHDUFK� WRSLF� ZRXOG
UHSUHVHQW�D�GRFXPHQW�RU�UHFRUG�WKDW�\RX�ZRXOG�ZDQW�WR�REWDLQ�DQG��SHUKDSV��XVH�LQ
\RXU�ILQDO�QDUUDWLYH�DFFRXQW�RI�\RXU�FKRVHQ�WRSLF�

3KRWRJUDSKV
%HIRUH�WKH�LQYHQWLRQ�RI�WKH�FDPHUD�DQG�LWV�LQFUHDVLQJO\�FRPPRQ�XVH�GXULQJ�WKH

VHFRQG� KDOI� RI� WKH� ��WK� FHQWXU\�� GUDZLQJV� DQG� SDLQWLQJV� SURYLGHG� WKH� RQO\� YLVXDO
GHSLFWLRQV�RI�WKH�SDVW��)RU�H[DPSOH��/HZLV�DQG�&ODUN�GUHZ�PDQ\�SLFWXUHV�RI�ZKDW
WKH\�VDZ��DQLPDOV��ODQGIRUPV��1DWLYH�$PHULFDQV��SK\VLFDO�VWUXFWXUHV��RQ�WKHLU�HSLF
MRXUQH\� IURP�6DLQW� /RXLV��0LVVRXUL�� WR� WKH� 3DFLILF�&RDVW� DQG� EDFN� IURP� ����� WR



������ &KDUOHV� 'DUZLQ� GUHZ� SLFWXUHV� RI� QHZ� VSHFLHV� KH� VDZ� GXULQJ� KLV� MRXUQH\
DURXQG�6RXWK�$PHULFD�RQ�WKH�+06�%HDJOH� IURP������WR�������6LQFH�WKH�FDPHUD�
KRZHYHU��SKRWRJUDSKV�KDYH�SURYLGHG�DQ�H[FHOOHQW�VRXUFH�RI�KLVWRULFDO�LQIRUPDWLRQ�
6QDSVKRWV�DOORZ�\RX�WR�VHH�ZKDW�ZDV�VHHQ�DW�D�SDUWLFXODU�WLPH�LQ�KLVWRU\��<RX�PXVW
EH� FDUHIXO�� KRZHYHU�� QRW� WR� LQWHUSUHW� SKRWRJUDSKV� RQO\� IURP� \RXU� PRGHUQ�GD\
SHUVSHFWLYH�

5HOLFV
5HOLFV� FDQ� DOVR� EH� XVHG� DV� D� VRXUFH� RI� KLVWRULFDO� LQIRUPDWLRQ��$� UHOLF� LV� DQ\

REMHFW�ZKRVH�SK\VLFDO�RU�YLVXDO�FKDUDFWHULVWLFV�FDQ�SURYLGH�LQIRUPDWLRQ�DERXW� WKH
SDVW�� 5HOLFV� FDQ� EH� DUWLFOHV� RI� FORWKLQJ�� EXLOGLQJV�� ERRNV�� VWDWXHV�� DUFKLWHFWXUDO
SODQV�� GHVNV�� DUFKDHRORJLFDO� UHPDLQV�� RU� DQ\� RWKHU� REMHFW� WKDW� PLJKW� SURYLGH
LQIRUPDWLRQ�DERXW�WKH�SDVW�

2UDO�+LVWRULHV
2UDO�KLVWRULHV�RU�RUDO�UHFRUGV�DUH�DQRWKHU�VRXUFH�RI�LQIRUPDWLRQ�WKH�HGXFDWLRQDO

KLVWRULDQ�PLJKW�ZDQW�WR�XVH��2UDO�KLVWRULHV�RU�UHFRUGV�FRQVLVW�RI�LQWHUYLHZV�WKDW�WKH
HGXFDWLRQDO� KLVWRULDQ�PD\� FRQGXFW� ZLWK� D� SHUVRQ�ZKR� KDV� KDG� GLUHFW� RU� LQGLUHFW
H[SHULHQFH�ZLWK� RU� NQRZOHGJH� RI� WKH� FKRVHQ� WRSLF��5DQG�(YDQV�� D� SV\FKRORJLFDO
KLVWRULDQ�ZKR�ZDV�JDWKHULQJ�LQIRUPDWLRQ�RQ�(��%��7LWFKHQHU��DQ�LQGLYLGXDO�ZKR�ZDV
LQIOXHQWLDO�LQ�WKH�GHYHORSPHQW�RI�WKH�ILHOG�RI�SV\FKRORJ\��KDG�JDWKHUHG�D�ZHDOWK�RI
LQIRUPDWLRQ� IURP� DYDLODEOH� UHFRUGV� DQG� GRFXPHQWV�� +RZHYHU�� KH� DOVR�ZDQWHG� WR
WDON� WR� VRPHRQH� ZKR� NQHZ� 7LWFKHQHU� SHUVRQDOO\�� VR� KH� FRQWDFWHG� D� UHODWLYH� DQG
SURFHHGHG�WR�VHW�XS�D�WLPH�DQG�SODFH�WR�LQWHUYLHZ�WKLV�LQGLYLGXDO�DQG�REWDLQ�DQ�RUDO
UHFRUG� RI� LQIRUPDWLRQ� DERXW� 7LWFKHQHU��2UDO� UHFRUGV� DUH� QRW�� KRZHYHU�� OLPLWHG� WR
LQWHUYLHZV� ZLWK� SHRSOH�� 7KH\�PD\� DOVR� FRQVLVW� RI� VWRULHV�� WDOHV�� VRQJV�� RU� RWKHU
IRUPV�RI�RUDO�H[SUHVVLRQ�

��2UDO�KLVWRULHV�,QWHUYLHZV�ZLWK�D�SHUVRQ�ZKR�KDV�KDG�GLUHFW�RU�LQGLUHFW
H[SHULHQFH�ZLWK�RU�NQRZOHGJH�RI�WKH�FKRVHQ�WRSLF

2UDO� KLVWRULHV� RU� RUDO� UHFRUGV� DUH� QRW� OLPLWHG� WR� WKH� ORQJ� GHDG� EXW� DUH� DOVR
REWDLQHG� IURP� WKH� UHFHQW� SDVW�� ,Q� IDFW�� LW� KDV� EHHQ� HVWLPDWHG� WKDW� WKH�PDMRULW\� RI
UHFHQW�UHFLSLHQWV�RI�WKH�3K'�LQ�KLVWRU\�VSHFLDOL]H�LQ�VRPH�DVSHFW�RI�86�KLVWRU\�WKDW
KDV�RFFXUUHG�LQ�WKH�SDVW�����\HDUV��+RZDUG���������7KLV�WUHQG�WRZDUG�D�IRFXV�RQ
WKH� UHFHQW� SDVW� KDV� EHHQ� VWLPXODWHG� E\� VXFK� HYHQWV� DV� WKH� ZDUV� LQ� ,UDT� DQG
$IJKDQLVWDQ��+XUULFDQH�.DWULQD��DQG�WKH�DWWDFN�RQ�WKH�7ZLQ�7RZHUV�DQG�3HQWDJRQ�RQ
6HSWHPEHU�����������DV�LQGLYLGXDOV�VHHN�QRW�RQO\�WR�UHFRUG�VXFK�HYHQWV�EXW�DOVR�WR
XQGHUVWDQG�WKHP��7KLV�IRFXV�RQ�WKH�UHFHQW�SDVW�KDV�DOVR�UHVXOWHG�LQ�LQFUHDVHG�QHHG
IRU�RYHUVLJKW�E\�,5%V��DOWKRXJK�VRPH�LQGLYLGXDOV�FRQGXFWLQJ�RUDO�KLVWRULHV�GR�QRW
VHH� WKH� QHHG� IRU� VXFK� RYHUVLJKW� �+RZDUG��� 'HVSLWH� WKHVH� REMHFWLRQV�� PRVW
XQLYHUVLWLHV�UHTXLUH�,5%�RYHUVLJKW�EHFDXVH�UHFHQW�KLVWRULFDO�UHVHDUFK�FDQ�GHDO�ZLWK
VHQVLWLYH�VXEMHFWV�ZLWK�WKH�SRWHQWLDO�WR�LQYRNH�VWURQJ�HPRWLRQDO�UHVSRQVHV�LQ�VWXG\



SDUWLFLSDQWV�DQG�SRWHQWLDOO\�SV\FKRORJLFDOO\�KDUP�WKHP�VXFK�DV��IRU�H[DPSOH��ZKHQ
DQ�RUDO�KLVWRU\�LV�FRQGXFWHG�ZLWK�YHWHUDQV�RI�WKH�ZDU�LQ�,UDT�

2UDO�KLVWRULHV�FDQ�SURYLGH�LQVLJKW�LQWR�DQG�DQ�XQGHUVWDQGLQJ�RI�WKH�FDXVH�RI�RU
PRWLYH� IRU� DQ� HYHQW� WKDW� PLJKW� QRW� EH� DFFHVVLEOH� LQ� DQ\� RWKHU� IRUP� EHFDXVH� WKH
LQIRUPDWLRQ�ZDV� QRW� UHFRUGHG��+RZHYHU�� WKHUH� DUH� OLPLWDWLRQV� RQ� WKH� XVH� RI� RUDO
KLVWRULHV� WR�PDNH�FODLPV�RI�FDXVH�DQG�HIIHFW�EH\RQG� WKH� WLPH��HYHQW��DQG�VLWXDWLRQ
VWXGLHG��2UDO�KLVWRULHV�WHQG�WR�IRFXV�RQ�SHUVRQDO�H[SHULHQFHV��EXW�WKHVH�H[SHULHQFHV
WDNH�SODFH�LQ�WKH�ODUJHU�FRQWH[W�RI�D�VSHFLILF�VRFLRSROLWLFDO�FOLPDWH��,W�LV�LPSRUWDQW
WR�FRQVLGHU�WKH�ORFDO��QDWLRQDO��RU�LQWHUQDWLRQDO�WUHQGV�WDNLQJ�SODFH�DW�WKH�WLPH�RI�WKH
WDUJHWHG�HYHQW�DQG�FRQVLGHU�WKH�UHODWLRQVKLS�EHWZHHQ�WKHVH�HYHQWV�DQG�WKH�SHUVRQDO
H[SHULHQFHV�UHSRUWHG�E\�WKH�LQGLYLGXDO�RU�LQGLYLGXDOV�SURYLGLQJ�WKH�RUDO�KLVWRU\�

2UDO�KLVWRULHV�DUH�QDWXUDOO\�OLPLWHG�WR�LQGLYLGXDOV�ZKR�DUH�VWLOO�DOLYH��DQG�WKHVH
LQGLYLGXDOV� WHQG� WR�EH�ROGHU�SHRSOH��7KH�RUDO�KLVWRU\� LV� WKHUHIRUH� FRQILQHG� WR� WKH
H[SHULHQFHV��PHPRU\�� DQG� LQWHUSUHWDWLRQV� RI� D� VHOHFWHG� JURXS� RI� LQGLYLGXDOV�ZKR
PXVW�UHO\�RQ�WKHLU�PHPRU\�WR�UHOD\�SDVW�HYHQWV��5HFDOO�RI�HYHQWV�FKDQJHV�ZLWK�WKH
SDVVDJH� RI� WLPH�� DQG� HYHU\� LQGLYLGXDO� VHOHFWLYHO\� UHPHPEHUV� SDVW� HYHQWV�� 7R
RYHUFRPH�VRPH�RI�WKHVH�ELDVHV��<RZ��������UHFRPPHQGHG�LQWHUYLHZLQJ�D�UDQJH�RI
LQGLYLGXDOV� IURP� WKH� PRVW� FRQILGHQW� DQG� DUWLFXODWH� WR� WKRVH� ZLWK� FRPSURPLVHG
YHUEDO� VNLOOV��:KHQ� \RX� FRQGXFW� WKLV� LQWHUYLHZ�� <RZ� VXJJHVWHG� WKDW� \RX� LQFOXGH
TXHVWLRQV�VXFK�DV�WKH�IROORZLQJ�

���,I�\RX�ZHUH�ZULWLQJ�WKLV�VWXG\��ZKDW�ZRXOG�\RX�LQFOXGH"
���:KRP�ZRXOG�\RX�UHFRPPHQG�,�LQWHUYLHZ"
���,I�\RX�ZHUH�ZULWLQJ�WKLV�KLVWRU\��ZKDW�ZRXOG�\RX�FRQVLGHU�LPSRUWDQW"
���:KR�ZDV�SUHVHQW�DW�WKDW�HYHQW"
���:KR�ZDV�LQVWUXPHQWDO�LQ�PDNLQJ�WKLV�KDSSHQ"
���:KR�ZDV�DIIHFWHG�E\�WKLV"

$OWKRXJK�WKHVH�DUH�REYLRXVO\�QRW�DOO�WKH�TXHVWLRQV�\RX�ZRXOG�ZDQW�WR�DVN��WKH\
UHSUHVHQW� VRPH� WKDW�FDQ�KHOS�\RX� IRFXV�RQ� LPSRUWDQW� LVVXHV�DQG� OHDG�\RX� WR�RWKHU
LQGLYLGXDOV�ZKR�PD\�SURYLGH�LPSRUWDQW�LQVLJKWV�DQG�LQIRUPDWLRQ�

+2:�72�/2&$7(�+,6725,&$/�,1)250$7,21
/LEUDULHV�� SDUWLFXODUO\� WKH� ODUJHU� XQLYHUVLW\� OLEUDULHV�� DUH� JRRG� VRXUFHV� RI
LQIRUPDWLRQ� EHFDXVH� WKH\� W\SLFDOO\� KDYH� FROOHFWLRQV� RI� UDUH� ERRNV�� OHWWHUV�
SHULRGLFDOV��SHUVRQDO�SDSHUV��DQG�ROG�PDSV��2QFH�LQ�VXFK�D�OLEUDU\��\RX�FDQ�PDNH
XVH� RI� UHIHUHQFH� ERRNV� VXFK� DV�5HIHUHQFH� 6RXUFHV� LQ� +LVWRU\�� $Q� ,QWURGXFWRU\
*XLGH� E\� )ULW]H�� &RXWWV�� DQG� 9\KQDQHN� �������� 7KH� $PHULFDQ� +LVWRULFDO
$VVRFLDWLRQ¶V�*XLGH�WR�+LVWRULFDO�/LWHUDWXUH�E\�1RUWRQ���������DQG�%LRJUDSKLFDO
'LFWLRQDU\�RI�$PHULFDQ�(GXFDWRUV�E\�2KOHV��������WR�ORFDWH�UHOHYDQW�LQIRUPDWLRQ�

,I�\RX�DUH�QRW�FORVH�WR�D�ODUJH�OLEUDU\��\RX�PD\�ILUVW�ZDQW�WR�LGHQWLI\�D�UHSRVLWRU\
WKDW�PLJKW�FRQWDLQ�WKH�LQIRUPDWLRQ�\RX�GHVLUH��7KH�1DWLRQDO�+LVWRULFDO�3XEOLFDWLRQV



DQG� 5HFRUGV� &RPPLVVLRQ� SXEOLVKHV� WKH�'LUHFWRU\� RI� $UFKLYHV� DQG� 0DQXVFULSW
5HSRVLWRULHV�LQ�WKH�8QLWHG�6WDWHV� ��������ZKLFK�FRQWDLQV�D�OLVW�RI�UHSRVLWRULHV�LQ
WKH�8QLWHG�6WDWHV��$GGLWLRQDOO\��WKH�1DWLRQDO�,QYHQWRU\�RI�'RFXPHQWDU\�6RXUFHV�LQ
WKH�8QLWHG�6WDWHV��D�UHJXODUO\�XSGDWHG�LQGH[HG�UHIHUHQFH�WR�FROOHFWLRQV�DQG�VHWV�RI
UHFRUGV��SURYLGHV�D�OLVW�RI�IHGHUDO�GRFXPHQWV�DQG�OLEUDULHV�

2QH� YHU\� JRRG� VRXUFH� RI� KLVWRULFDO� LQIRUPDWLRQ� LV� WKH� 1DWLRQDO� $UFKLYHV
�ZZZ�DUFKLYHV�JRY��� ZKLFK� KRXVHV� UHFRUGV� RI� WKH� 86� JRYHUQPHQW�� ,W� FRQWDLQV
GRFXPHQWV��FDUWRJUDSKLF�LWHPV��YLGHR�DQG�VRXQG�UHFRUGLQJV��SKRWRJUDSKV��DQG�UHHOV
RI�PRWLRQ�SLFWXUH�ILOP�FUHDWHG�E\�YDULRXV�JRYHUQPHQW�DJHQFLHV�VLQFH�WKH�FUHDWLRQ�RI
RXU� QDWLRQ�� 7KHVH� GRFXPHQWV� DQG� RWKHU� KLVWRULFDO� LWHPV� H[LVW� LQ� YDULRXV� UHFRUG
FHQWHUV��SUHVLGHQWLDO�OLEUDULHV��DQG�UHJLRQDO�DUFKLYHV�

,Q�ORFDWLQJ�KLVWRULFDO�LQIRUPDWLRQ�DERXW�D�JLYHQ�WRSLF��\RX�VKRXOG�DOVR�FRQVLGHU
ORFDO�FRXUWKRXVHV�DQG�VFKRRO�ERDUG�FHQWUDO�RIILFHV�DV�ZHOO�DV�LQGLYLGXDO�VFKRROV�DV
SRVVLEOH� LQIRUPDWLRQ�VRXUFHV��$GGLWLRQDOO\��RUDO�KLVWRULHV�VKRXOG�QRW�EH�IRUJRWWHQ�
EHFDXVH� WKH\� FDQ� SURYLGH� LQIRUPDWLRQ� WKDW� IUHTXHQWO\� FDQQRW� EH� REWDLQHG� LQ� DQ\
RWKHU�ZD\��<RZ���������$W� WKH�HQG�RI� WKLV�FKDSWHU�DQG�DW� WKH�FRPSDQLRQ�ZHEVLWH�
ZH�SURYLGH�OLQNV�WR�VRPH�VRXUFHV�IRU�RUDO�KLVWRULHV�

3ULPDU\�9HUVXV�6HFRQGDU\�6RXUFHV
$V� \RX� ORFDWH� DQG� DFTXLUH� WKH� GRFXPHQWV�� UHFRUGV�� RUDO� KLVWRULHV�� RU� RWKHU

VRXUFHV�QHHGHG�WR�SUHSDUH�\RXU�QDUUDWLYH�RI�WKH�WRSLF�RU�HYHQW�\RX�KDYH�VHOHFWHG�WR
UHVHDUFK��\RX�QHHG� WR� FODVVLI\� WKHVH� VRXUFHV� DV�SULPDU\�RU� VHFRQGDU\��$�SULPDU\
VRXUFH� LV� RQH� LQ� ZKLFK� WKH� FUHDWRU� ZDV� D� GLUHFW� ZLWQHVV� RU� LQ� VRPH� RWKHU� ZD\
GLUHFWO\� LQYROYHG� LQ� RU� UHODWHG� WR� WKH� HYHQW�� ([DPSOHV� RI� SULPDU\� VRXUFHV� DUH� D
GLDU\��DQ�RULJLQDO�PDS��D�VRQJ�RU�EDOODG��D�WUDQVFULSW�RI�DQ�RUDO�LQWHUYLHZ�FRQGXFWHG
ZLWK�D�SHUVRQ�ZKR�SDUWLFLSDWHG�LQ�DQ�HYHQW�� WKH�PLQXWHV�RI�D�ERDUG�PHHWLQJ��FRXUW
GHFLVLRQV�DQG�WKH�DUJXPHQWV�WKDW�DFFRPSDQ\�WKHP��DQG�D�SKRWRJUDSK�RI�D�:RUOG�:DU
,,�EDWWOH�VFHQH��$�VHFRQGDU\�VRXUFH�LV�RQH�WKDW�ZDV�FUHDWHG�IURP�SULPDU\�VRXUFHV�
RWKHU�VHFRQGDU\�VRXUFHV��RU�VRPH�FRPELQDWLRQ�RI�SULPDU\�DQG�VHFRQGDU\�VRXUFHV��$
VHFRQGDU\� VRXUFH� LV� WKHUHIRUH� DW� OHDVW� RQH� VWHS� UHPRYHG� IURP� GLUHFW� FRQWDFW�
LQYROYHPHQW��RU�UHODWLRQVKLS�ZLWK�WKH�HYHQW�EHLQJ�UHVHDUFKHG��7KH�PRVW�XVHIXO�DQG
DFFXUDWH�VHFRQGDU\�VRXUFHV�DUH�SUREDEO\�WKRVH�WKDW�KDYH�EHHQ�FUHDWHG�E\�VFKRODUO\
KLVWRULDQV� XVLQJ� SULPDU\� VRXUFHV�� 6FKRODUO\� KLVWRULDQV� KDYH� ZULWWHQ� DUWLFOHV� DQG
ERRNV�DERXW�DOO�W\SHV�RI�HYHQWV�UDQJLQJ�IURP�EDWWOHV�DQG�FRXUW�GHFLVLRQV�WR�DFFRXQWV
RI� HWKLFDO� YLRODWLRQV�� VXFK� DV� WKH� 7XVNHJHH� H[SHULPHQWV� WKDW� ZH� GLVFXVVHG� LQ
&KDSWHU� �� RQ� HWKLFV�� 2WKHU� VHFRQGDU\� VRXUFHV� DUH� KLVWRU\� WH[WERRNV� RU
HQF\FORSHGLDV�� +RZHYHU�� KLVWRU\� WH[WERRNV� DQG� HQF\FORSHGLDV� DUH� HYHQ� PRUH
UHPRYHG� IURP� WKH� DFWXDO� HYHQW� EHLQJ�GHVFULEHG� DQG� DUH� IUHTXHQWO\� YLHZHG� DV� WKH
OHDVW�XVHIXO�VRXUFHV�RI�LQIRUPDWLRQ�

��3ULPDU\�VRXUFH�$�VRXUFH�LQ�ZKLFK�WKH�FUHDWRU�ZDV�D�GLUHFW�ZLWQHVV�RU�LQ
VRPH�RWKHU�ZD\�GLUHFWO\�LQYROYHG�LQ�RU�UHODWHG�WR�WKH�HYHQW
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��6HFRQGDU\�VRXUFH�$�VRXUFH�WKDW�ZDV�FUHDWHG�IURP�SULPDU\�VRXUFHV�
VHFRQGDU\�VRXUFHV��RU�VRPH�FRPELQDWLRQ�RI�WKH�WZR

5(9,(:
48(67 ,21 6

�����:KDW�VWHSV�DUH�LQYROYHG�LQ�WKH�FRQGXFW�RI
KLVWRULFDO�UHVHDUFK"

�����:KDW�DUH�WKH�VRXUFHV�RI�KLVWRULFDO�UHVHDUFK
WRSLFV"

�����:KDW�W\SH�RI�LQIRUPDWLRQ�LV�XVHG�ZKHQ
FRQGXFWLQJ�D�KLVWRULFDO�UHVHDUFK�VWXG\"

�����:KHUH�ZRXOG�\RX�ILQG�WKH�LQIRUPDWLRQ�QHHGHG
IRU�D�KLVWRULFDO�VWXG\"

�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�SULPDU\�VRXUFH
DQG�D�VHFRQGDU\�VRXUFH"

(9$/8$7,21�2)�+,6725,&$/�6285&(6
$Q�HGXFDWLRQDO�UHVHDUFKHU�ZKR�LV�HQJDJHG�LQ�D�KLVWRULFDO�VWXG\�PXVW�HYDOXDWH�HYHU\
VRXUFH� RI� LQIRUPDWLRQ� REWDLQHG� IRU� LWV� DXWKHQWLFLW\� DQG� DFFXUDF\�� UHJDUGOHVV� RI
ZKHWKHU�WKDW�VRXUFH�LV�D�GRFXPHQW��PDS��SKRWRJUDSK��RU�RUDO�KLVWRU\��(YHU\�SLHFH�RI
PDWHULDO�KDV�WR�EH�WHVWHG�IRU�LWV�WUXWKIXOQHVV�EHFDXVH�DQ\�VRXUFH�FDQ�EH�DIIHFWHG�E\
VXFK� IDFWRUV� DV� SUHMXGLFH�� VRFLDO� RU� HFRQRPLF� FRQGLWLRQV�� SROLWLFDO� FOLPDWH�� DQG
UHOLJLRXV� EDFNJURXQG�� 7KHVH� DUH� WKH� NLQGV� RI� ELDVHV� WKDW� FRORU� HYHU\� KLVWRULDQ¶V
LQWHUSUHWDWLRQ�� DQG� D� GRFXPHQW�PLJKW� EH� VODQWHG� WR� UHIOHFW� D� SDUWLFXODU� ELDV� RI� LWV
DXWKRU�� $Q� ROG� SKRWRJUDSK� RU� GRFXPHQW�PLJKW� DSSHDU� WR� UHSUHVHQW� D� JLYHQ� HYHQW
ZKHQ��LQ�IDFW��LW�KDV�EHHQ�IRUJHG��GHOLEHUDWHO\�DOWHUHG��RU�HYHQ�IDOVLILHG��(YHQ�LI�D
GRFXPHQW�KDV�QRW�EHHQ�GHOLEHUDWHO\�DOWHUHG�RU�IDOVLILHG��LW�FRXOG�EH�DIIHFWHG�E\�WKH
SDUWLFXODU�ELDV�D�SHUVRQ�PD\�KDYH�RU�WKH�SROLWLFDO�RU�HFRQRPLF�FOLPDWH�H[LVWLQJ�DW
WKH�WLPH��)RU�H[DPSOH��DQ�HGXFDWLRQDO�KLVWRULDQ�ZULWLQJ�DERXW�DQ�HGXFDWLRQDO�HYHQW
GXULQJ� WKH�'HSUHVVLRQ�ZRXOG�SUREDEO\�KDYH�KLV�RU�KHU�YLHZ�DQG� LQWHUSUHWDWLRQ�RI
WKH� HYHQW� FRORUHG� E\� WKH� GHSUHVVHG� HFRQRP\� RI� WKDW� WLPH�� (GXFDWLRQDO� KLVWRULDQV
PXVW� WKHUHIRUH�YLHZ�HYHU\�VRXUFH�ZLWK�D�FULWLFDO�H\H��DQG�HYHU\�VRXUFH�PXVW�SDVV
LQWHUQDO� DQG� H[WHUQDO� FULWLFLVP� EHIRUH� LW� LV� XVHG� WR� FRQVWUXFW� WKH� QDUUDWLRQ� RI� WKH
HYHQW�EHLQJ�UHVHDUFKHG�

([WHUQDO�&ULWLFLVP
([WHUQDO�FULWLFLVP�HYDOXDWHV�WKH�YDOLGLW\��WUXVWZRUWKLQHVV��RU�DXWKHQWLFLW\�RI�WKH

VRXUFH¶V�RULJLQ��,Q�RWKHU�ZRUGV��ZDV�WKH�GRFXPHQW��GLDU\��RU�PHPR�UHDOO\�FUHDWHG�E\
WKH�DXWKRU�WR�ZKRP�LW�ZDV�DWWULEXWHG"�:DV�WKH�SKRWRJUDSK�RU�PDS�UHDOO\�SURGXFHG�DW
WKH� WLPH� VSHFLILHG�� DQG� GRHV� LW� GHSLFW� WKH� HYHQWV� RFFXUULQJ� DW� WKDW� WLPH"� ,Q� RWKHU
ZRUGV��WKH�KLVWRULDQ�KDV�WR�GHWHUPLQH�ZKHWKHU�WKH�GRFXPHQW��UHFRUG��RU�RWKHU�VRXUFH



LV�ZKDW�LW�FODLPV�WR�EH�RU�KDV�EHHQ�IDOVLILHG�LQ�VRPH�ZD\��8QIRUWXQDWHO\��WKHUH�KDYH
EHHQ� QRWDEOH� H[DPSOHV� RI� KRD[HV� WKURXJKRXW� KLVWRU\�� )RU� H[DPSOH�� LQ� WKH� HDUO\
����V�� WZR� PHQ� VROG� ��� YROXPHV� RI� ZKDW� ZHUH� VXSSRVHG� WR� EH� $GROI� +LWOHU¶V
GLDULHV�WR�WKH�*HUPDQ�PDJD]LQH�6WHUQ�IRU�WKH�WLG\�VXP�RI����PLOOLRQ��6HYHUDO�\HDUV
ODWHU��6WHUQ�GLVFRYHUHG�WKDW�WKH�GLDULHV�ZHUH�IDOVH�DQG�VXHG�WKH�VHOOHUV��UHVXOWLQJ�LQ
WKHLU�UHWXUQLQJ�WKH�PRQH\�DQG�EHLQJ�VHQW�WR�SULVRQ��0DUNKDP���������2EYLRXVO\��LI
6WHUQ� KDG� EHHQ� PRUH� GLOLJHQW� DERXW� FKHFNLQJ� WKH� DXWKHQWLFLW\� RI� WKH� YROXPHV�� LW
ZRXOG�QHYHU�KDYH�SXUFKDVHG�WKH�IRUJHG�GLDULHV��+RD[HV�VXFK�DV�WKLV�DUH�TXLWH�UDUH
DQG�� DV� LV� HYLGHQW� IURP� WKH� FDVH� MXVW�PHQWLRQHG�� W\SLFDOO\�PRWLYDWHG� E\� ILQDQFLDO
JDLQ�

��([WHUQDO�FULWLFLVP�(YDOXDWLRQ�RI�WKH�YDOLGLW\��WUXVWZRUWKLQHVV��RU�DXWKHQWLFLW\
RI�D�VRXUFH¶V�RULJLQ

6RPHWLPHV�WKH�YDOLGLW\�RI�GRFXPHQWV�RU�RWKHU�VRXUFHV�FDQ�EH�HDVLO\�HVWDEOLVKHG
E\� KDQGZULWLQJ�� E\� WKH� DJH� RI� WKH� SDSHU� RQ�ZKLFK� WKH� GRFXPHQWV� DUH�ZULWWHQ�� E\
VLJQDWXUHV�� DQG²SDUWLFXODUO\²LI� WKH\� KDYH� EHHQ� ILOHG�� FROOHFWHG�� DQG� DUFKLYHG
XQGHU� WKH� QDPH� RI� WKH� DXWKRU�V�� �&KULVW\�� ������� ,Q� RWKHU� LQVWDQFHV�� LW� LV� PRUH
GLIILFXOW� WR� YDOLGDWH� D� VRXUFH� EHFDXVH�� IRU� H[DPSOH�� D� GRFXPHQW� FRXOG� EH
JKRVWZULWWHQ��$OWKRXJK� \RX� FDQ� QHYHU� EH� FRPSOHWHO\� FHUWDLQ� DERXW� WKH� YDOLGLW\� RI
\RXU� VRXUFHV�� \RX� FDQ� DWWHPSW� WR� DFTXLUH� LQIRUPDWLRQ� WKDW� ZLOO� PD[LPL]H� WKH
SUREDELOLW\� WKDW� WKH� VRXUFHV� XVHG� DUH� YDOLG�� )RU� H[DPSOH�� \RX� FDQ� DWWHPSW� WR� JHW
DQVZHUV�WR�TXHVWLRQV�VXFK�DV�ZKR�ZURWH�D�SDUWLFXODU�GRFXPHQW��ZKHQ�WKH�GRFXPHQW
ZDV�ZULWWHQ��DQG�ZKHWKHU�GLIIHUHQW�YHUVLRQV�RI�WKH�GRFXPHQW�H[LVW��$W�WLPHV��LW�PLJKW
EH� QHFHVVDU\� WR� REWDLQ� WKH� VHUYLFHV� RI� VSHFLDOLVWV� VXFK� DV� KDQGZULWLQJ� H[SHUWV� RU
OLQJXLVWV� ZKR� DUH� NQRZOHGJHDEOH� DERXW� WKH� GLDOHFWV� RU� ZULWLQJ� VW\OH� RI� D� JLYHQ
SHULRG��<RX�PLJKW�HYHQ�ZDQW�WR�FDUERQ�GDWH�D�SDUWLFXODU�VRXUFH�WR�HQVXUH�WKDW�LW�ZDV
SURGXFHG� GXULQJ� D� JLYHQ� HUD�� ,Q�PRVW� LQVWDQFHV�� LW� LV� QRW� QHFHVVDU\� WR� JR� WR� VXFK
H[WUHPHV�EHFDXVH��DV�ZLWK�RWKHU�DUHDV�RI�UHVHDUFK��DXWKRUV�DWWHPSW�WR�EH�DV�DFFXUDWH
DQG� YDOLG� DV� SRVVLEOH�� ,Q� PRVW� LQVWDQFHV�� WKH� GRFXPHQWV� DQG� RWKHU� LQIRUPDWLRQ
VRXUFHV� XVHG� E\� WKH� HGXFDWLRQDO� KLVWRULDQ� DUH� DXWKHQWLF�� VR� KLVWRULDQV� W\SLFDOO\
VSHQG�OLWWOH�WLPH�IRFXVLQJ�RQ�WKH�SKDVH�RI�H[WHUQDO�FULWLFLVP�

,QWHUQDO�&ULWLFLVP
$IWHU� WKH�HGXFDWLRQDO�KLVWRULDQ�KDV�GRQH�HYHU\WKLQJ�SRVVLEOH� WR�HQVXUH� WKDW�KLV

RU� KHU� GRFXPHQWV� DQG� RWKHU� VRXUFHV� DUH� YDOLG� DQG� DXWKHQWLF� DQG�� LI� VHFRQGDU\
VRXUFHV�DUH�XVHG�� WKDW� WKH\�DUH� WUXH� WR� WKH�RULJLQDO�� WKH�UHVHDUFKHU� LV� UHDG\�IRU� WKH
SURFHVV� RI� LQWHUQDO� FULWLFLVP�� ,QWHUQDO� FULWLFLVP� HYDOXDWHV� WKH� UHOLDELOLW\� RU
DFFXUDF\� RI� WKH� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH� VRXUFHV� FROOHFWHG�� ,Q� PDNLQJ� DQ
DVVHVVPHQW�RI�UHOLDELOLW\�RU�DFFXUDF\��WKH�HGXFDWLRQDO�KLVWRULDQ�PXVW�ILUVW�HQJDJH�LQ
SRVLWLYH� FULWLFLVP� �&KULVW\�� ������� %\� SRVLWLYH� FULWLFLVP�� ZH� PHDQ� WKDW� WKH
HGXFDWLRQDO�KLVWRULDQ�PXVW�EH�VXUH�WKDW�KH�RU�VKH�XQGHUVWDQGV�WKH�VWDWHPHQWV�PDGH�RU
WKH� PHDQLQJ� FRQYH\HG� LQ� WKH� YDULRXV� VRXUFHV�� )RU� H[DPSOH�� D� 6XSUHPH� &RXUW



GHFLVLRQ�PXVW�IUHTXHQWO\�EH�FRQYHUWHG�LQWR�SROLF\�DW�WKH�ORFDO�OHYHO��7KLV�PHDQV�WKDW
WKH�DJHQFLHV�DQG�SHRSOH�DIIHFWHG�E\�D�GHFLVLRQ�PXVW�LQWHUSUHW�LWV�ZRUGV��WHUPV��DQG
SKUDVHV� SURSHUO\� WR� FDUU\� LW� RXW� DSSURSULDWHO\�� ,QWHUSUHWDWLRQ� EHFRPHV� HYHQ�PRUH
GLIILFXOW� IRU� WKH� KLVWRULDQ� EHFDXVH� ZRUGV� DQG� FROORTXLDOLVPV� PD\� WDNH� RQ� QHZ
PHDQLQJV� RYHU� WLPH� RU� EH� IRUHLJQ� WR� WKH� LQYHVWLJDWRU�� .DHVWOH� ������� VWDWHG� WKDW
GLIILFXOW\�LQ�LQWHUSUHWDWLRQ�LV�D�SUREOHP�RI�YDJXHQHVV�DQG�SUHVHQWLVP�

��,QWHUQDO�FULWLFLVP�(YDOXDWLRQ�RI�WKH�UHOLDELOLW\�RU�DFFXUDF\�RI�WKH�LQIRUPDWLRQ
FRQWDLQHG�LQ�WKH�VRXUFHV�FROOHFWHG

��3RVLWLYH�FULWLFLVP�(YDOXDWLRQ�RI�\RXU�XQGHUVWDQGLQJ�RI�WKH�VWDWHPHQWV�PDGH
DQG�WKH�PHDQLQJ�FRQYH\HG�LQ�VRXUFH�PDWHULDO

9DJXHQHVV�UHIHUV�WR�XQFHUWDLQW\�DERXW�WKH�PHDQLQJ�RI�ZRUGV�RU�SKUDVHV��$V�DQ
H[DPSOH� RI� YDJXHQHVV��.DHVWOH� ������� SRLQWHG� RXW� WKDW� D� FRPPRQSODFH� QRWLRQ� LQ
HGXFDWLRQDO� KLVWRU\� LV� WKDW� LQGXVWULDOL]DWLRQ� FDXVHG� HGXFDWLRQDO� UHIRUP��+RZHYHU�
WKLV�VWDWHPHQW�KDV�WKH�SRWHQWLDO� WR�FRPPXQLFDWH�GLIIHUHQW�WKLQJV�WR�GLIIHUHQW�SHRSOH
XQOHVV� WKH� WHUPV� LQGXVWULDOL]DWLRQ� DQG� HGXFDWLRQDO� UHIRUP� DUH� GHILQHG�
$GGLWLRQDOO\�� LW� LV� GLIILFXOW� WR� DVVHVV� DQG� GRFXPHQW� WKH� UHODWLRQVKLS� EHWZHHQ
LQGXVWULDOL]DWLRQ�DQG�HGXFDWLRQDO�UHIRUP�ZLWKRXW�D�VWULFW�GHILQLWLRQ�RI�WKHVH�WHUPV�

��9DJXHQHVV�8QFHUWDLQW\�DERXW�WKH�PHDQLQJ�RI�ZRUGV�RU�SKUDVHV

3UHVHQWLVP�UHIHUV�WR�WKH�DVVXPSWLRQ�WKDW�WKH�SUHVHQW�GD\�FRQQRWDWLRQV�RI�WHUPV
DOVR�H[LVWHG�LQ�WKH�SDVW��,W�LV�QRW�XQFRPPRQ�IRU�WKH�PHDQLQJ�RI�WHUPV�WR�FKDQJH�RYHU
WLPH��6RPH�WHUPV�KDYH�D�VSHFLILF�SUHVHQW�GD\�PHDQLQJ�RU�FRQQRWDWLRQ�WKDW�HLWKHU�GLG
QRW�H[LVW�LQ�WKH�SDVW�RU�ZDV�VRPHWKLQJ�WRWDOO\�GLIIHUHQW��)RU�H[DPSOH��D�SHUVRQ�ZKR
ZDV� FDOOHG� ³VTXDUH´� LQ� WKH� HDUO\� ����V�ZDV� FRQVLGHUHG� WR� EH� KRQHVW�� XSULJKW�� RU
WUXVWZRUWK\�� )LIW\� \HDUV� ODWHU�� WKH� FRQQRWDWLRQ�ZDV� WKDW� D� ³VTXDUH´� SHUVRQ� ODFNHG
VRSKLVWLFDWLRQ� RU� KDG� FRQVHUYDWLYH� WDVWHV� �&KULVW\�� ������� 6LPLODUO\�� LQ� WKH� ��WK
FHQWXU\��D�SXEOLF�HGXFDWLRQDO� LQVWLWXWLRQ�ZDV�DQ� LQVWLWXWLRQ�ZKHUH�FKLOGUHQ� OHDUQHG
FROOHFWLYHO\�DQG� WKH�HGXFDWLRQDO�HQGHDYRU�ZDV� IRU� WKH�SXEOLF�JRRG�DV�RSSRVHG� WR
VHOILVK�JDLQ��7KH�HGXFDWLRQDO� LQVWLWXWLRQV�RI� WKDW� WLPH�ZHUH� ILQDQFHG�E\� WXLWLRQ�EXW
ZHUH� FRQVLGHUHG� DQG� FDOOHG� ³SXEOLF´� LQVWLWXWLRQV��3UHVHQW�GD\� WHUPLQRORJ\�ZRXOG
KDYH� ODEHOHG� WKHP� ³SULYDWH´� LQVWLWXWLRQV� �.DHVWOH�� ������ EHFDXVH� WKH\� ZHUH
ILQDQFHG�E\�WXLWLRQ�UDWKHU�WKDQ�EHLQJ�VWDWH�VXSSRUWHG�

��3UHVHQWLVP�7KH�DVVXPSWLRQ�WKDW�WHUPV�XVHG�LQ�WKH�SDVW�KDG�WKHLU�SUHVHQW�GD\
FRQQRWDWLRQV

2QFH�WKH�UHVHDUFKHU�KDV�VDWLVILHG� WKH�FULWHULRQ�RI�SRVLWLYH�FULWLFLVP��KH�RU�VKH
PRYHV� WR� WKH� SKDVH� RI� QHJDWLYH� FULWLFLVP� �&KULVW\�� ������� 1HJDWLYH� FULWLFLVP
HVWDEOLVKHV� WKH� UHOLDELOLW\� RU� DXWKHQWLFLW\� DQG� DFFXUDF\� RI� WKH� FRQWHQW� LQ� WKH
GRFXPHQWV�DQG�RWKHU�VRXUFHV�XVHG�E\�HGXFDWLRQDO�KLVWRULDQV��7KH�QHJDWLYH�FULWLFLVP



SKDVH�LV� WKH�PRUH�GLIILFXOW�EHFDXVH�LW�UHTXLUHV�WKH�HGXFDWLRQDO�KLVWRULDQ�WR�PDNH�D
MXGJPHQW� DERXW� WKH� DXWKHQWLFLW\� DQG� DFFXUDF\� RI�ZKDW� LV� FRQWDLQHG� LQ� WKH� VRXUFH�
$OWKRXJK�PRVW�DXWKRUV�DWWHPSW�WR�EH�DV�DFFXUDWH�DV�SRVVLEOH�LQ�WKHLU�SURGXFWLRQ�RI
GRFXPHQWV��SKRWRJUDSKV��PDSV��RU�RWKHU�VRXUFHV�RI�HYLGHQFH��WKHUH�DUH�WLPHV�ZKHQ
LQDFFXUDWH� VWDWHPHQWV� DUH� PDGH�� )RU� H[DPSOH�� LQ� -XQH� ����� �³+RO\� +RUDWLR�´
�������D�EULHI�DUWLFOH�DSSHDUHG�LQ�7LPH�PDJD]LQH�UHYHDOLQJ�WKDW�WKH�ELRJUDSK\�WKDW
+HUEHUW� 0D\HV� KDG� ZULWWHQ� RI� +RUDWLR� $OJHU� LQ� WKH� ����V� ZDV� ILOOHG� ZLWK
FRQWUDGLFWLRQV�� DEVXUG� IDEULFDWLRQV�� DQG� LQYHQWHG� HYHQWV� DQG� RFFXUUHQFHV� GHULYHG
WRWDOO\� IURP�KLV� LPDJLQDWLRQ��7KLV�ELRJUDSK\�KDG�VHUYHG�DV� WKH�VWDQGDUG�UHIHUHQFH
ZRUN�RQ�$OJHU� DQG�KDG�EHHQ�TXRWHG�E\�KLVWRULDQV� DQG� VFKRODUV� IRU�PRUH� WKDQ���
\HDUV��)RUWXQDWHO\��VXFK�LQDFFXUDWH�VWDWHPHQWV�DUH�UDUH�EHFDXVH�KLVWRULDQV�W\SLFDOO\
PDNH�HYHU\�HIIRUW�SRVVLEOH�WR�DYRLG�PDNLQJ�LQDFFXUDWH�VWDWHPHQWV�

��1HJDWLYH�FULWLFLVP�(VWDEOLVKLQJ�WKH�UHOLDELOLW\�RU�DXWKHQWLFLW\�DQG�DFFXUDF\
RI�WKH�FRQWHQW�LQ�WKH�VRXUFH�PDWHULDOV

)LUVWKDQG�DFFRXQWV�E\�ZLWQHVVHV� WR� DQ� HYHQW� DUH� IUHTXHQWO\� DVVXPHG� WR�EH� WKH
PRVW�UHOLDEOH�DQG�DFFXUDWH��+RZHYHU��H\HZLWQHVV�DFFRXQWV�FDQ�EH�ELDVHG��DQG�WKHUH
LV�D�WHQGHQF\�IRU�PHPRU\�WR�IDGH�RYHU�WLPH�DQG�WKH�JDSV�LQ�PHPRU\�WR�EH�ILOOHG�LQ
ZLWK� SODXVLEOH� GHWDLOV�� 7R� JHW� DQ� H[DPSOH� RI� WKH� GLIIHUHQFHV� WKDW� FDQ� H[LVW� LQ
PHPRU\��DOO�\RX�KDYH�WR�GR�LV�DVN�WZR�RU�PRUH�SHRSOH�WR�UHFDOO�WKH�GHWDLOV�RI�VRPH
HYHQW�� VXFK� DV� DQ� DXWRPRELOH� DFFLGHQW� RU� D� VFKRRO� ERDUG�PHHWLQJ�� 7KLV� GRHV� QRW
PHDQ� WKDW� WKHUH� LV� DQ\� GHOLEHUDWH� DWWHPSW� WR� GLVWRUW� WKH� HYHQW� WKDW�ZDV�ZLWQHVVHG�
5DWKHU��HDFK�SHUVRQ�KDV�GLIIHUHQW�PRWLYDWLRQV�DQG�DWWHQGV�WR�GLIIHUHQW�FRPSRQHQWV�RI
DQ�HYHQW�

-XVW� WKLQN� RI� D� SK\VLFLDQ�� D� ODZ� HQIRUFHPHQW� RIILFHU�� DQG� DQ� LQVXUDQFH� DJHQW
ZLWQHVVLQJ� D� FDU� DFFLGHQW� DQG� WKHQ� PDNLQJ� UHSRUWV� RQ� LW�� 7KH� SK\VLFLDQ� ZLOO
SUREDEO\�IRFXV�RQ�WKH�VHYHULW\�RI�WKH�LQMXULHV�VXVWDLQHG�E\�WKH�SDVVHQJHUV��7KH�ODZ
HQIRUFHPHQW�RIILFHU�ZLOO�PRVW�OLNHO\�IRFXV�RQ�WKH�VSHHG�WKH�FDU�ZDV�WUDYHOLQJ��URDG
FRQGLWLRQV��DQG�WUDIILF�FRQGLWLRQV��7KH� LQVXUDQFH�DJHQW�ZLOO�SUREDEO\�IRFXV�RQ� WKH
DPRXQW� RI� GDPDJH� WKH� DXWRPRELOHV� VXVWDLQHG�� %HFDXVH� RI� KLV� RU� KHU� WUDLQLQJ�
SUHMXGLFHV��RU�SULRU�H[SHULHQFH��HDFK�SHUVRQ�ZLOO�IRFXV�RQ�GLIIHUHQW�DVSHFWV�RI�WKH
HYHQW��ZKLFK�ZLOO�OHDG�WR�YHU\�GLIIHUHQW�UHSRUWV��7KH�HGXFDWLRQDO�KLVWRULDQ�DWWHPSWV
WR�WDNH�LQWR�DFFRXQW�WKH�EDFNJURXQG�DQG�SULRU�H[SHULHQFH�WKDW�FRORU�D�UHSRUW�RI�DQ
HYHQW�ZKHQ�HVWDEOLVKLQJ�WKH�DFFXUDF\�RI�WKH�FRQWHQWV�RI�D�GRFXPHQW�

,I�H\HZLWQHVV�DFFRXQWV�DUH�ELDVHG�RU�UHIOHFW�D�SDUWLFXODU�SHUVSHFWLYH��KRZ�GRHV
WKH� HGXFDWLRQDO� KLVWRULDQ� HVWDEOLVK� WKH� DFFXUDF\� RI� KLV� RU� KHU� VRXUFH� PDWHULDO"
:LQHEXUJ��������� LQ�KLV�DQDO\VLV�RI� WKH�ZD\�LQ�ZKLFK�KLVWRULDQV�KDQGOH�HYLGHQFH�
FRQFOXGHG� WKDW� WKUHH� KHXULVWLFV� RU� SURFHGXUHV²FRUURERUDWLRQ�� VRXUFLQJ�� DQG
FRQWH[WXDOL]DWLRQ²ZHUH� XVHG� LQ� HYDOXDWLQJ� GRFXPHQWV�� &RUURERUDWLRQ� UHIHUV� WR
FRPSDULQJ� GRFXPHQWV� WR� HDFK� RWKHU� WR� GHWHUPLQH�ZKHWKHU� WKH\� SURYLGH� WKH� VDPH
LQIRUPDWLRQ�RU�UHDFK�WKH�VDPH�FRQFOXVLRQV��)RU�H[DPSOH��VHYHUDO�RI�WKH�GRFXPHQWV
XVHG� LQ� :LQHEXUJ¶V� ������� VWXG\� IRFXVHG� RQ� WKH� VL]H� RI� WKH� FRORQLDO� IRUFH� WKDW
DVVHPEOHG�RQ�/H[LQJWRQ�*UHHQ� LQ�0DVVDFKXVHWWV��2QH�GRFXPHQW� OLVWHG� WKH� VL]H�RI



WKH� IRUFH� DW� ���� WR� ���� PHQ�� EXW� WKLV� GRFXPHQW� ZDV� FRPSDUHG� ZLWK� RWKHUV� WKDW
SURYLGHG�LQGLUHFW�LQIRUPDWLRQ�WKDW�VXJJHVWHG�D�FRQVLGHUDEO\�VPDOOHU�IRUFH�

��&RUURERUDWLRQ�&RPSDULQJ�GRFXPHQWV�WR�GHWHUPLQH�ZKHWKHU�WKH\�SURYLGH�WKH
VDPH�LQIRUPDWLRQ�RU�UHDFK�WKH�VDPH�FRQFOXVLRQ

6RXUFLQJ�� WKH� VHFRQG� KHXULVWLF� LGHQWLILHG� E\� :LQHEXUJ� �������� UHIHUV� WR
LQIRUPDWLRQ� WKDW� LGHQWLILHV� ³WKH� VRXUFH� RU� DWWULEXWLRQ� RI� WKH� GRFXPHQW´� �S�� ����� ,Q
RWKHU�ZRUGV�� VRXUFLQJ� UHIHUV� WR� LGHQWLI\LQJ� WKH� DXWKRU�� WKH� GDWH� RI� FUHDWLRQ� RI� WKH
GRFXPHQW�� DQG� WKH� SODFH� LW�ZDV� FUHDWHG�� 7KLV� LQIRUPDWLRQ� DOORZV� WKH� KLVWRULDQ� WR
GLVFRXQW� LQIRUPDWLRQ� FUHDWHG� E\� D� QRYHOLVW� RU� IURP�D� VHFRQGDU\� VRXUFH� VXFK� DV� D
WH[WERRN�ZULWWHQ�ORQJ�DIWHU�WKH�HYHQW�RFFXUUHG��$GGLWLRQDOO\��LW�DOORZV�WKH�KLVWRULDQ
WR�LGHQWLI\�WKH�GLVWDQFH�LQ�WLPH�EHWZHHQ�WKH�GRFXPHQWDWLRQ�RI�DQ�HYHQW�DQG�WKH�HYHQW
LWVHOI��)RU�H[DPSOH��D�KLVWRULDQ�PLJKW�ZHOO�FRQVLGHU�DQ�DFFRXQW�RI�D�EDWWOH�UHFRUGHG
DV� WKH� EDWWOH� ZDV� EHLQJ� IRXJKW� WR� EH� PRUH� DFFXUDWH� WKDQ� D� SDUWLFLSDQW¶V� DFFRXQW
VHYHUDO�GD\V�ODWHU��6RXUFLQJ�WKHUHIRUH�SURYLGHV�LQIRUPDWLRQ�WKDW�LV�XVHG�LQ�MXGJLQJ
WKH�WUXVWZRUWKLQHVV�DQG�DFFXUDF\�RI�WKH�FRQWHQW�RI�D�GRFXPHQW�

��6RXUFLQJ�,QIRUPDWLRQ�WKDW�LGHQWLILHV�WKH�VRXUFH�RU�DWWULEXWLRQ�RI�WKH�GRFXPHQW

&RQWH[WXDOL]DWLRQ��WKH�WKLUG�KHXULVWLF�LGHQWLILHG�E\�:LQHEXUJ���������UHIHUV�WR
WKH�LGHQWLILFDWLRQ�RI�ZKHQ�DQG�ZKHUH�DQ�HYHQW�WRRN�SODFH��7KH�³ZKHQ´�FRPSRQHQW
RI� WKLV� KHXULVWLF� LQYROYHV� SODFLQJ� HYHQWV� LQ� FKURQRORJLFDO� RUGHU� DQG� UHTXLUHV
KLVWRULDQV� WR�IRFXV�RQ� WKH�VHTXHQFLQJ�RI�HYHQWV��7KH�³ZKHUH´�FRPSRQHQW� LQYROYHV
LGHQWLI\LQJ�ZKHUH�DQ�HYHQW�WRRN�SODFH�DV�ZHOO�DV�WKH�FRQGLWLRQV�WKDW�H[LVWHG�DW� WKH
WLPH��VXFK�DV� WKH�ZHDWKHU�� ODQGVFDSH��DQG�JHRJUDSK\�RI� WKH�VXUURXQGLQJ�DUHD��7KH
FRQWH[WXDOL]DWLRQ�KHXULVWLF�LV�YHU\�LPSRUWDQW�EHFDXVH�LW�QRW�RQO\�LGHQWLILHV�WKH�RUGHU
RI� WKH� HYHQWV� WKDW� WRRN� SODFH� EXW� DOVR� DVVLVWV� LQ� WKH� LQWHUSUHWDWLYH� SKDVH� RI� WKH
QDUUDWLRQ�RI�WKH�HYHQW��)RU�H[DPSOH��RQH�RI�WKH�KLVWRULDQV�LQ�:LQHEXUJ¶V�VWXG\�XVHG
LQIRUPDWLRQ�DERXW� WKH� WLPH�RI�RFFXUUHQFH�RI�DQ�HYHQW� LQ�RQH�RI� WKH�GRFXPHQWV�³WR
UHFRQVWUXFW� WKH� LQWHOOLJHQFH� QHWZRUN� RI� WKH� 0LQXWHPHQ�� PDNLQJ� LQIHUHQFHV� DERXW
ZKHQ�WKH�FRORQLVWV�PXVW�KDYH�OHDUQHG�WKDW�WKH�%ULWLVK�ZHUH�VHWWLQJ�RXW�IURP�%RVWRQ´
�S������

��&RQWH[WXDOL]DWLRQ�7KH�LGHQWLILFDWLRQ�RI�ZKHQ�DQG�ZKHUH�DQ�HYHQW�WRRN�SODFH

$OWKRXJK�KLVWRULDQV� SUREDEO\�PDNH�XVH�RI�PHWKRGV� DQG�SURFHGXUHV� RWKHU� WKDQ
WKRVH� LGHQWLILHG� E\� :LQHEXUJ� �������� KLV� VWXG\� LGHQWLILHG� WKUHH� LPSRUWDQW
FKDUDFWHULVWLFV� RI� WKH� KLVWRULFDO� PHWKRG�� ,Q� HYDOXDWLQJ� GRFXPHQWV�� KLVWRULDQV
FRPSDUH� LQIRUPDWLRQ� VRXUFHV�� JLYH� FULWLFDO� DWWHQWLRQ� WR� WKH� VRXUFHV� RI� WKHLU
GRFXPHQWV��DQG�DWWHQG� WR� WKH�FKURQRORJLFDO�DQG�JHRJUDSKLFDO�FRQWH[W� LQ�ZKLFK� WKH
HYHQW�WRRN�SODFH�

'$7$�6<17+(6,6�$1'�5(3257�35(3$5$7,21



7KH� ODVW� WDVN� WKH�HGXFDWLRQDO�KLVWRULDQ�PXVW�DFFRPSOLVK� LV� V\QWKHVL]LQJ��RU�SXWWLQJ
WRJHWKHU� WKH�PDWHULDOV� FROOHFWHG�� DQG�ZULWLQJ� WKH�QDUUDWLYH�DFFRXQW�RI� WKH� WRSLF�RU
HYHQW� VHOHFWHG�� 6\QWKHVLV�� WKHUHIRUH�� UHIHUV� WR� WKH� VHOHFWLRQ�� RUJDQL]DWLRQ�� DQG
DQDO\VLV� RI� WKH� PDWHULDOV� FROOHFWHG�� 7KH� LQIRUPDWLRQ� WKDW� KDV� SDVVHG� WKH� WHVW� RI
LQWHUQDO� DQG� H[WHUQDO� FULWLFLVP� LV� VRUWHG� DQG� FDWHJRUL]HG� LQWR� WRSLFDO� WKHPHV� DQG
FHQWUDO�LGHDV�RU�FRQFHSWV��7KHVH�WKHPHV�DQG�LGHDV�DUH�WKHQ�SXOOHG�WRJHWKHU�VR�WKDW
FRQWLQXLW\� H[LVWV� DPRQJ� WKHP�� $� FKURQRORJLFDO� RUGHULQJ� RI� HYHQWV� LV� IUHTXHQWO\
KHOSIXO�

��6\QWKHVLV�7KH�VHOHFWLRQ��RUJDQL]DWLRQ��DQG�DQDO\VLV�RI�WKH�PDWHULDOV�FROOHFWHG

$V�WKH�UHVHDUFKHU�LV�V\QWKHVL]LQJ�WKH�PDWHULDO�FROOHFWHG��KH�RU�VKH�ZLOO�W\SLFDOO\
EHJLQ� WKH� QDUUDWLYH� DFFRXQW� RI� WKH� WRSLF� RU� HYHQW� VHOHFWHG�� 7KH� QDUUDWLRQ� ZLOO
LQFOXGH� WKH� SDWWHUQV�� FRQQHFWLRQV�� DQG� LQVLJKWV� XQFRYHUHG� IURP� WKH� V\QWKHVLV� RI
GRFXPHQWV� DQG� RWKHU� VRXUFH�PDWHULDOV�� ,Q� V\QWKHVL]LQJ� WKH�PDWHULDO� DQG� SUHSDULQJ
WKH�QDUUDWLYH�DFFRXQW�� WKH�HGXFDWLRQDO� UHVHDUFKHU� VKRXOG�DOZD\V�EH�DZDUH�RI� IRXU
PHWKRGRORJLFDO�SUREOHPV�WKDW�PXVW�EH�DYRLGHG��.DHVWOH���������7KH�ILUVW�SUREOHP
LV� WKH� FRQIXVLRQ� RI� FRUUHODWLRQ� DQG� FDXVDWLRQ�� ,Q� VWDWLVWLFV� FRXUVHV� DQG� PHWKRGV
FRXUVHV�VXFK�DV�WKLV�RQH��\RX�ZLOO�UHSHDWHGO\�KHDU�WKH�DGPRQLWLRQ�WR�PDNH�VXUH�WKDW
\RX� GR� QRW� WU\� WR� LQIHU� FDXVDWLRQ� IURP� FRUUHODWLRQDO� HYLGHQFH�� -XVW� EHFDXVH� WZR
SKHQRPHQD�RFFXU�WRJHWKHU�RU�RQH�SUHFHGHV�DQRWKHU�GRHV�QRW�PHDQ�WKDW�RQH�FDXVHG
WKH�RWKHU��)RU�H[DPSOH��XUEDQ� ,ULVK� IDPLOLHV� LQ� WKH�8QLWHG�6WDWHV�GXULQJ� WKH�����V
GLG�QRW�VHQG�WKHLU�FKLOGUHQ�WR�VFKRRO�DV�RIWHQ�DV�GLG�SDUHQWV�RI�RWKHU�HWKQLF�JURXSV
�.DHVWOH��� +RZHYHU�� WKLV� GRHV� QRW� PHDQ� WKDW� QDWLRQDO� LGHQWLW\� �H�J��� EHLQJ� ,ULVK�
FDXVHV�ORZ�VFKRRO�DWWHQGDQFH��$OWKRXJK�LW�PLJKW�KDYH�EHHQ�D�FRQWULEXWLQJ�IDFWRU�LQ
WKLV� SDUWLFXODU� LQVWDQFH�� REYLRXVO\� PDQ\� RWKHU� IDFWRUV�� VXFK� DV� VRFLRHFRQRPLF
VWDWXV��FRXOG�KDYH�FRQWULEXWHG�WR�ORZ�DWWHQGDQFH��:KHQHYHU�ZH�GHDO�ZLWK�OLPLWHG�
FRUUHODWLRQDO�HYLGHQFH��ZH�PXVW�DYRLG�WKH�WHPSWDWLRQ�WR�LQIHU�FDXVDWLRQ��)RU�PDQ\
KLVWRULFDO�UHVHDUFKHUV��KRZHYHU��WKLV�LV�QRW�D�VHULRXV�OLPLWDWLRQ�EHFDXVH�WKHLU�IRFXV
LV�PRUH�RQ� LGLRJUDSKLF�NQRZOHGJH� �NQRZOHGJH�RI� VSHFLILF� SHRSOH� DQG�SDUWLFXODU
HYHQWV��DQG� LGLRJUDSKLF�FDXVDWLRQ� �L�H��� FRQWULEXWLQJ� IDFWRUV�RU�FDXVHV�RI� VSHFLILF
ORFDO�DFWLRQV�DQG�HYHQWV�� WKDQ�RQ�QRPRWKHWLF�NQRZOHGJH� �NQRZOHGJH�RI�KRZ� WKH
ZRUOG� LV� LQ� JHQHUDO�� DQG� QRPRWKHWLF� FDXVDWLRQ� �L�H��� XQLYHUVDO� FDXVHV� VWDWHG� DV
JHQHUDO� VFLHQWLILF� RU� FDXVDO� ODZV��� +LVWRULFDO� UHVHDUFK� LV� PRUH� OLNH� TXDOLWDWLYH
UHVHDUFK�WKDQ�TXDQWLWDWLYH�UHVHDUFK�EHFDXVH�RI�LWV�IRFXV�RQ�XQGHUVWDQGLQJ�LQGLYLGXDO
HYHQWV��SHRSOH��DQG�JURXSV�

��,GLRJUDSKLF�NQRZOHGJH�8QGHUVWDQGLQJ�RI�SDUWLFXODU�HYHQWV��SHRSOH��DQG
JURXSV

��,GLRJUDSKLF�FDXVDWLRQ�3DUWLFXODU�FDXVHV��LQFOXGLQJ�LQWHQWLRQV��RI�VSHFLILF�RU
ORFDO�DWWLWXGHV��FRQGLWLRQV��DQG�HYHQWV



��1RPRWKHWLF�NQRZOHGJH�8QGHUVWDQGLQJ�RI�JHQHUDO�VFLHQWLILF�RU�FDXVDO�ODZV

��1RPRWKHWLF�FDXVDWLRQ�7KH�VWDQGDUG�YLHZ�RI�FDXVDWLRQ�LQ�VFLHQFH��UHIHUV�WR
FDXVDWLRQ�DPRQJ�YDULDEOHV

$�VHFRQG�SUREOHP�WKDW�PXVW�EH�DWWHQGHG� WR� LV� WKDW�RI�GHILQLQJ�DQG� LQWHUSUHWLQJ
NH\�ZRUGV�� WHUPV��DQG�SKUDVHV��$V�ZH�GLVFXVVHG�HDUOLHU� LQ�WKLV�FKDSWHU�� WKLV�ERLOV
GRZQ� WR� WKH� GXDO� LVVXHV� RI� YDJXHQHVV� DQG� SUHVHQWLVP�� 1RW� RQO\� PXVW� WHUPV� EH
GHILQHG� VR� DV� WR� DYRLG� DPELJXLW\�� EXW� DOVR� FORVH� DWWHQWLRQ� VKRXOG� EH� SDLG� WR� WKH
FRQQRWDWLRQ�RI�WHUPV�DV�WKH\�ZHUH�XVHG�ZKHQ�WKH�KLVWRULFDO�HYHQW�WRRN�SODFH�

$� WKLUG� SUREOHP� LGHQWLILHG� E\� .DHVWOH� ������� LV� WKDW� HGXFDWLRQDO� KLVWRULDQV
VKRXOG�PDNH� VXUH� WKDW� WKH\�GLIIHUHQWLDWH� EHWZHHQ� HYLGHQFH� LQGLFDWLQJ�KRZ�SHRSOH
VKRXOG�EHKDYH�DQG�HYLGHQFH�LQGLFDWLQJ�KRZ�WKH\�GLG�LQ�IDFW�EHKDYH��)RU�H[DPSOH�
.DHVWOH� SRLQWHG� RXW� WKDW� HGXFDWRUV� DQG� SK\VLFLDQV� LQ� WKH� ODWH� ����V� LQ� WKH
QRUWKHDVWHUQ�SDUW�RI�WKH�8QLWHG�6WDWHV�HQFRXUDJHG�SDUHQWV�WR�NHHS�FKLOGUHQ�XQGHU�DJH
��RU���DW�KRPH��7KHVH�SURIHVVLRQDOV�EHOLHYHG�WKDW�IRU�FKLOGUHQ�RI�WKLV�DJH��DWWHQGLQJ
VFKRRO� ZDV� XQZLVH�� GDQJHURXV� WR� WKHLU� KHDOWK�� DQG� D� QXLVDQFH� WR� WHDFKHUV�� 7KLV
HYLGHQFH�PLJKW�OHDG�RQH�WR�LQIHU�WKDW�FKLOGUHQ�EHJDQ�VFKRRO�DW�DJH���RU����+RZHYHU�
VXFK� DQ� LQIHUHQFH�ZRXOG� EH� LQFRUUHFW�� EHFDXVH� FHQVXV� GDWD� DQG� VWDWLVWLFDO� VFKRRO
UHSRUWV� UHYHDO� WKDW� SDUHQWV� VHQW� ��� DQG� ��\HDU�ROG� FKLOGUHQ� WR� VFKRRO� XQWLO� ORFDO
UHJXODWLRQV�HQDFWHG� LQ� WKH�����V�DQG�����V� IRUFHG� WKHP�WR�NHHS� WKHVH�FKLOGUHQ�DW
KRPH��7KLV�H[DPSOH�GHPRQVWUDWHV�WKDW�WKHUH�ZDV�D�JDS�EHWZHHQ�WKH�RSLQLRQ�RI�WKH
SURIHVVLRQDOV� DQG� SRSXODU� EHKDYLRU�� DQG� HGXFDWLRQDO� KLVWRULDQV� PXVW� EH� DOHUW� WR
VXFK�GLIIHUHQFHV�

7KH� ILQDO� SUREOHP� WKDW� HGXFDWLRQDO� KLVWRULDQV� PXVW� DYRLG� ZKHQ� FRQVWUXFWLQJ
WKHLU� QDUUDWLYH� DFFRXQW� LV� PDLQWDLQLQJ� D� GLVWLQFWLRQ� EHWZHHQ� LQWHQW� DQG
FRQVHTXHQFHV�� +LVWRULDQV�� EHFDXVH� WKH\� FRQGXFW� WKHLU� UHVHDUFK� DIWHU� HYHQWV� KDYH
WDNHQ�SODFH��UXQ�WKH�ULVN�RI�DVVXPLQJ�WKDW�WKH�KLVWRULFDO�DFWRUV�ZHUH�DZDUH�RI�WKH�IXOO
FRQVHTXHQFHV� RI� WKHLU� LGHDV� DQG� DFWLRQV� DQG� LQWHQGHG� IRU� WKHVH� FRQVHTXHQFHV� WR
KDSSHQ��)RU�H[DPSOH��VFKRRO�EXVLQJ�IRU�UDFLDO�EDODQFH��ZKLFK�ZDV�LPSOHPHQWHG�LQ
WKH�����V��OHG�WR�WKH�JURZWK�RI�SULYDWH�VFKRROV�LQ�PDQ\�SDUWV�RI�WKH�8QLWHG�6WDWHV�
EXW� WR� DVVXPH� WKDW� WKLV� FRQVHTXHQFH� ZDV� RQH� RI� WKH� LQWHQWV� RI� EXVLQJ� ZRXOG� EH
WRWDOO\�LQDFFXUDWH��7KLV�LV�WKH�W\SH�RI�LQDSSURSULDWH�FRQQHFWLRQ�WKDW�PXVW�EH�DYRLGHG
E\�WKH�HGXFDWLRQDO�KLVWRULDQ�

&RQVWUXFWLQJ� WKH� QDUUDWLYH� DFFRXQW� RI� D� KLVWRULFDO� HYHQW� LV� D� GLIILFXOW� SURFHVV
UHTXLULQJ�WKH�V\QWKHVLV�RI�D�ZHDOWK�RI�LQIRUPDWLRQ��,Q�UHDGLQJ�DQG�V\QWKHVL]LQJ�WKLV
LQIRUPDWLRQ�� WKH�HGXFDWLRQDO�KLVWRULDQ�PXVW�QRW�RQO\�PDNH�MXGJPHQWV�UHJDUGLQJ� WKH
DFFXUDF\� DQG� DXWKHQWLFLW\� RI� WKH� LQIRUPDWLRQ� EXW� DOVR� DYRLG� PDNLQJ� FHUWDLQ
DVVXPSWLRQV��VXFK�DV�WKRVH�MXVW�GLVFXVVHG�

:KHQ�ZULWLQJ�WKH�QDUUDWLYH�DFFRXQW�RI�D�KLVWRULFDO�HYHQW��\RX�VKRXOG�DGKHUH�WR
WKH�JXLGHOLQHV�SUHVHQWHG�LQ�7KH�&KLFDJR�0DQXDO�RI�6W\OH���������0RVW�TXDQWLWDWLYH
DQG� TXDOLWDWLYH� UHVHDUFK� UHSRUWV� PDNH� XVH� RI� WKH� ZULWLQJ� VW\OH� SUHVHQWHG� LQ� WKH
3XEOLFDWLRQ�0DQXDO�RI�WKH�$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ���������DOWKRXJK



VRPH� MRXUQDOV� ZLOO� DFFHSW� UHVHDUFK� UHSRUWV� SUHSDUHG� DFFRUGLQJ� WR� HLWKHU� VW\OH�
+LVWRULFDO�VWXGLHV��KRZHYHU��DUH�XVXDOO\�SUHSDUHG�IROORZLQJ�7KH�&KLFDJR�0DQXDO
RI�6W\OH�
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�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�H[WHUQDO
FULWLFLVP�DQG�LQWHUQDO�FULWLFLVP"

������:KDW�LV�PHDQW�E\�SRVLWLYH�FULWLFLVP"
������:KDW�LV�PHDQW�E\�YDJXHQHVV�DQG�SUHVHQWLVP��DQG

KRZ�GR�WKHVH�UHODWH�WR�SRVLWLYH�FULWLFLVP"
������ :KDW� LV� PHDQW� E\� QHJDWLYH� FULWLFLVP�� DQG� KRZ

GRHV� D� SHUVRQ� FRQGXFWLQJ� D� KLVWRULFDO� VWXG\
HQJDJH�LQ�QHJDWLYH�FULWLFLVP"

������:KDW� PHWKRGRORJLFDO� SUREOHPV� PLJKW� D� SHUVRQ
HQFRXQWHU� ZKHQ� V\QWKHVL]LQJ� PDWHULDO� DQG
SUHSDULQJ�WKH�QDUUDWLYH�UHSRUW"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ� UHVHDUFKHUV� VKRXOG� FRQGXFW� FDVH� KLVWRU\� UHVHDUFK� EHFDXVH� LI� WKH\
DUH�WR�KHOS�IDFLOLWDWH�FKDQJH�LQ�D�SDUWLFXODU�FODVVURRP�RU�D�SDUWLFXODU�SHUVRQ��WKH\
QHHG� WR� XQGHUVWDQG� WKH� FRPSOH[� KLVWRU\� RI� WKDW� SDUWLFXODU� VFKRRO�� FODVVURRP�� RU
VWXGHQW�V��

����:KDW�ZRXOG�\RX�DWWHPSW�WR�ILQG�RXW�ZKHQ�FRQGXFWLQJ�D�FDVH�KLVWRU\�RI�\RXU
FODVVURRP�RU�VFKRRO�RU�SDUWLFLSDQWV"�7KDW�LV��ZKDW�FKDUDFWHULVWLFV��HYHQWV�
DQG�SDVW�LQIOXHQFHV�DUH�PRVW�SURPLQHQW�LQ�DIIHFWLQJ�WKHLU�FXUUHQW�WKLQNLQJ�DQG
EHKDYLRU"

����+RZ�PLJKW�\RX�LQWHUYHQH��JLYHQ�WKH�FDXVDO�FRQGLWLRQV�DQG�WUDMHFWRULHV�WKDW
KDYH�EURXJKW�\RXU�SDUWLFLSDQWV�WR�WKH�SUHVHQW��LQ�D�ZD\�WKDW�ZLOO�KHOS�WKHP�WR
PHHW�QHZ�GHVLUHG�HQGV�DQG�RXWFRPHV"

6800$5<

+LVWRULFDO� UHVHDUFK� DWWHPSWV� WR� DUULYH� DW� DQ� DFFRXQW� RI�ZKDW� KDV� KDSSHQHG� LQ� WKH
SDVW� E\� V\VWHPDWLFDOO\� H[DPLQLQJ� SDVW� HYHQWV� RU� FRPELQDWLRQV� RI� HYHQWV�� 7KLV
DFFRXQW� UHSUHVHQWV� D� IORZLQJ�� IOXLG�� DQG� G\QDPLF� DFFRXQW� RI� IDFWV�� GDWHV�� SHRSOH�
DQG� ILJXUHV� DV� ZHOO� DV� DQ� LQWHUSUHWDWLRQ� RI� WKHP� WR� FDSWXUH� WKH� QXDQFHV�
SHUVRQDOLWLHV��DQG�LGHDV�WKDW�LQIOXHQFHG�WKH�HYHQWV�EHLQJ�LQYHVWLJDWHG�

+LVWRULFDO� UHVHDUFK� LV� FRQGXFWHG� IRU� PXOWLSOH� UHDVRQV�� ,W� LV� FRQGXFWHG� WR
XQFRYHU�WKH�XQNQRZQ��WR�DQVZHU�TXHVWLRQV��WR�LGHQWLI\�WKH�UHODWLRQVKLS�WKDW�WKH�SDVW



KDV� WR� WKH� SUHVHQW�� WR� UHFRUG� DQG� HYDOXDWH� WKH� DFFRPSOLVKPHQWV� RI� LQGLYLGXDOV�
DJHQFLHV��RU�LQVWLWXWLRQV��DQG�WR�DLG�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�FXOWXUH�LQ�ZKLFK�ZH
OLYH�� &RQGXFWLQJ� KLVWRULFDO� UHVHDUFK� LQYROYHV� D� VHULHV� RI� DFWLYLWLHV�� LQFOXGLQJ
LGHQWLI\LQJ� WKH� UHVHDUFK� WRSLF� DQG� IRUPXODWLQJ� WKH� UHVHDUFK� SUREOHP� RU� UHVHDUFK
TXHVWLRQ��UHYLHZLQJ�WKH�DYDLODEOH�OLWHUDWXUH�RU�FROOHFWLQJ�WKH�LQIRUPDWLRQ�UHODWHG�WR
WKH� UHVHDUFK� WRSLF�� HYDOXDWLQJ� WKH� FROOHFWHG� LQIRUPDWLRQ�� V\QWKHVL]LQJ� WKH
LQIRUPDWLRQ��DQG�SUHSDULQJ�WKH�QDUUDWLYH�H[SRVLWLRQ�

+LVWRULFDO�UHVHDUFK�WRSLFV�FDQ�RULJLQDWH�IURP�DQ\�RI�D�YDULHW\�RI�VRXUFHV��VXFK
DV�D�FXUUHQW�HGXFDWLRQDO�LVVXH�RU�WKH�LPSDFW�RI�DQ�LQGLYLGXDO�� LQVWLWXWLRQ��RU�VRFLDO
PRYHPHQW� RQ� WKH� ILHOG� RI� HGXFDWLRQ�� 5HVHDUFK� WRSLFV� FDQ� DOVR� RULJLQDWH� IURP� DQ
LQWHUHVW�LQ�LQYHVWLJDWLQJ�WKH�UHODWLRQVKLS�DPRQJ�VHYHUDO�KLVWRULFDO�HYHQWV�RU�IURP�D
GHVLUH�WR�LQWHUSUHW�D�KLVWRULFDO�HYHQW�LQ�D�GLIIHUHQW�ZD\��7KH�SRLQW�LV�WKDW�KLVWRULFDO
UHVHDUFK�WRSLFV�FDQ�RULJLQDWH�IURP�PDQ\�VRXUFHV�

&ROOHFWLQJ� LQIRUPDWLRQ� RQ� D� KLVWRULFDO� WRSLF� LQYROYHV� ORFDWLQJ� GRFXPHQWV�
UHFRUGV��DQG�UHOLFV��7KLV�LQIRUPDWLRQ�FDQ�JHQHUDOO\�EH�IRXQG�LQ�XQLYHUVLW\�OLEUDULHV
RU� UHSRVLWRULHV� VXFK� DV� WKH� 1DWLRQDO� $UFKLYHV�� 2UDO� KLVWRULHV� DUH� DOVR� YDOXDEOH
VRXUFHV�RI�LQIRUPDWLRQ�DERXW�PDQ\�KLVWRULFDO�WRSLFV��7KH\�FDQ�SURYLGH�LQVLJKW�DQG
DQ�XQGHUVWDQGLQJ�RI�WKH�FDXVH�RI�RU�PRWLYH�IRU�DQ�HYHQW� WKDW�PD\�QRW�EH�DYDLODEOH
IURP� RWKHU� VRXUFHV�� 2UDO� KLVWRULHV� DUH�� KRZHYHU�� FRQILQHG� WR� WKH� H[SHULHQFHV�
PHPRU\�� DQG� LQWHUSUHWDWLRQV� RI� WKH� LQGLYLGXDOV� ZKR� SURYLGH� WKHP� DQG� PLJKW� EH
ELDVHG�E\�WKH�SDVVDJH�RI�WLPH�DQG�D�VHOHFWLYH�PHPRU\�IRU�HYHQWV�

7KH� LQIRUPDWLRQ� VRXUFHV� FROOHFWHG� DUH� FODVVLILHG� DV� SULPDU\� RU� VHFRQGDU\�
3ULPDU\�VRXUFHV�DUH�WKRVH�LQ�ZKLFK�WKH�FUHDWRU�ZDV�D�GLUHFW�ZLWQHVV�RU�ZDV�LQ�VRPH
RWKHU� ZD\� GLUHFWO\� LQYROYHG� LQ� RU� UHODWHG� WR� WKH� HYHQW�� $� VHFRQGDU\� VRXUFH� ZDV
FUHDWHG� IURP�SULPDU\�VRXUFHV��3ULPDU\�VRXUFHV�DUH�JHQHUDOO\�YLHZHG�DV� WKH�PRUH
YDOXDEOH�VRXUFHV�RI�LQIRUPDWLRQ�

5HJDUGOHVV�RI�ZKHWKHU�DQ� LQIRUPDWLRQ�VRXUFH� LV�SULPDU\�RU�VHFRQGDU\�� LW�PXVW
EH� HYDOXDWHG� IRU� LWV� DFFXUDF\� DQG� DXWKHQWLFLW\�� 7KLV� PHDQV� WKDW� HDFK� LQIRUPDWLRQ
VRXUFH� PXVW� SDVV� WKH� WHVW� RI� H[WHUQDO� FULWLFLVP� DQG� LQWHUQDO� FULWLFLVP�� ([WHUQDO
FULWLFLVP� HYDOXDWHV� WKH� YDOLGLW\�� WUXVWZRUWKLQHVV�� DQG� DXWKHQWLFLW\� RI� WKH� VRXUFH¶V
RULJLQ�� ,QWHUQDO� FULWLFLVP� HYDOXDWHV� WKH� UHOLDELOLW\� RU� DFFXUDF\� RI� WKH� LQIRUPDWLRQ
FRQWDLQHG�LQ� WKH�PDWHULDO�� ,Q�DGGLWLRQ�� LQ�PDNLQJ�WKLV�DVVHVVPHQW�RI�UHOLDELOLW\�DQG
DFFXUDF\��WKH�HGXFDWLRQDO�KLVWRULDQ�PXVW�HQJDJH�LQ�SRVLWLYH�DQG�QHJDWLYH�FULWLFLVP�
3RVLWLYH� FULWLFLVP� PHDQV� WKDW� WKH� HGXFDWLRQDO� KLVWRULDQ� PXVW� EH� VXUH� KH� RU� VKH
XQGHUVWDQGV�WKH�VWDWHPHQWV�PDGH�DQG�WKH�PHDQLQJ�FRQYH\HG�LQ�WKH�VRXUFH�PDWHULDO�
1HJDWLYH�FULWLFLVP�UHIHUV�WR�HYDOXDWLQJ�WKH�DFFXUDF\�RU�DXWKHQWLFLW\�RI�WKH�VWDWHPHQWV
PDGH�RU� WKH�FRQWHQW� LQ� WKH�VRXUFH�PDWHULDO�� ,Q�HVWDEOLVKLQJ� WKH�DFFXUDF\�RI�VRXUFH
PDWHULDO�� KLVWRULDQV� XVH� WKH� WKUHH� KHXULVWLFV� RI� FRUURERUDWLRQ�� VRXUFLQJ�� DQG
FRQWH[WXDOL]DWLRQ�

7KH�ILQDO�WDVN�RI�WKH�HGXFDWLRQDO�KLVWRULDQ�LV�WR�V\QWKHVL]H�WKH�GDWD�FROOHFWHG�DQG
ZULWH�WKH�QDUUDWLYH�DFFRXQW�RI�WKH�KLVWRULFDO�HYHQW�RU�LVVXH�UHVHDUFKHG��,Q�SUHSDULQJ
WKLV� QDUUDWLYH� DFFRXQW�� WKH� HGXFDWLRQDO� KLVWRULDQ� PXVW� DYRLG� WKH� PHWKRGRORJLFDO
SUREOHPV�RI�FRQIXVLQJ�FRUUHODWLRQ�DQG�FDXVDWLRQ��PLVLQWHUSUHWLQJ�NH\�WHUPV��ZRUGV�
DQG�SKUDVHV��IDLOLQJ�WR�GLIIHUHQWLDWH�EHWZHHQ�HYLGHQFH�LQGLFDWLQJ�KRZ�SHRSOH�VKRXOG



EHKDYH� DQG� KRZ� WKH\� GLG� EHKDYH�� DQG� IDLOLQJ� WR� PDLQWDLQ� D� GLVWLQFWLRQ� EHWZHHQ
LQWHQW�DQG�FRQVHTXHQFHV�

.(<�7(506

FRQWH[WXDOL]DWLRQ��S������
FRUURERUDWLRQ��S������
H[WHUQDO�FULWLFLVP��S������
KLVWRULFDO�UHVHDUFK��S������
LGLRJUDSKLF�FDXVDWLRQ��S������
LGLRJUDSKLF�NQRZOHGJH��S������
LQWHUQDO�FULWLFLVP��S������
QHJDWLYH�FULWLFLVP��S������
QRPRWKHWLF�FDXVDWLRQ��S������
QRPRWKHWLF�NQRZOHGJH��S������
RUDO�KLVWRULHV��S������
SRVLWLYH�FULWLFLVP��S������
SUHVHQWLVP��S������
SULPDU\�VRXUFH��S������
VHFRQGDU\�VRXUFH��S������
VRXUFLQJ��S������
V\QWKHVLV��S������
YDJXHQHVV��S������

',6&866,21�48(67,216

����+RZ�GR�\RX�EHOLHYH�KLVWRULFDO�UHVHDUFKHUV�DSSURDFK�RU�VKRXOG�DSSURDFK�WKH
LVVXH�RI�FDXVH�DQG�HIIHFW�LQ�KLVWRU\"

����:KDW�GR�\RX�VHH�DV�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�SULPDU\�VRXUFHV"

����:KDW�GR�\RX�VHH�DV�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�VHFRQGDU\�VRXUFHV"

����:KLFK�GR�\RX�WUXVW�PRUH��H[WHUQDO�RU�LQWHUQDO�FULWLFLVP"�:K\"

����+RZ�VWURQJO\�GR�\RX�EHOLHYH�KLVWRULFDO�ZULWLQJV�DUH�LQIOXHQFHG�E\�WKH�KLVWRULDQ
GRLQJ�WKH�ZULWLQJ"�:KDW�NLQGV�RI�FKHFNV�DQG�EDODQFHV�DUH�LQ�SODFH"�6KRXOG
RWKHUV�EH�DGGHG"

5(6($5&+�(;(5&,6(6



����7KH�IROORZLQJ�DUWLFOH�LV�RQH�WKDW�LV�UHSUHVHQWDWLYH�RI�WKH�W\SH�RI�UHVHDUFK
FRQGXFWHG�E\�HGXFDWLRQDO�KLVWRULDQV��*HW�WKLV�DUWLFOH�IURP�WKH�OLEUDU\�DQG�UHDG�LW
WR�JDLQ�VRPH�LGHD�RI�KLVWRULFDO�UHVHDUFK�FRQGXFWHG�LQ�WKH�ILHOG�RI�HGXFDWLRQ�

0XUSK\��0��)����������8QPDNLQJ�DQG�UHPDNLQJ�WKH�³2QH�%HVW�6\VWHP´��
/RQGRQ��2QWDULR������±������+LVWRU\�RI�(GXFDWLRQ�4XDUWHUO\���������±����

$IWHU�UHDGLQJ�WKLV�DUWLFOH��DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

D���:KDW�ZDV�WKH�DXWKRU¶V�SXUSRVH�LQ�FRQGXFWLQJ�WKLV�KLVWRULFDO�UHVHDUFK"

E���+RZ�GRHV�WKH�SUHVHQWDWLRQ�RI�WKLV�KLVWRULFDO�UHVHDUFK�GLIIHU�IURP�WKH
SUHVHQWDWLRQ�RI�TXDQWLWDWLYH�UHVHDUFK"

F���,GHQWLI\�DW�OHDVW�RQH�SULPDU\�DQG�RQH�VHFRQGDU\�VRXUFH�XVHG�E\�WKH�DXWKRU�

����8VLQJ�(5,&��ORFDWH�DQ�HGXFDWLRQDO�KLVWRU\�MRXUQDO�DUWLFOH�DQG�DQVZHU�WKH
IROORZLQJ�TXHVWLRQV�

D���:KDW�ZHUH�WKH�WRSLF�DQG�SXUSRVH�RI�WKH�UHVHDUFK"

E���:KDW�NLQGV�RI�GDWD�ZHUH�FROOHFWHG"

F���%ULHIO\�VXPPDUL]H�WKH�QDUUDWLYH�ILQGLQJV�

G���/RFDWH�DQ�H[DPSOH�LQ�ZKLFK�WKH�ZULWHU�SURYLGHV�HYLGHQFH�RI�WKH
WUXVWZRUWKLQHVV�RI�WKH�GDWD�EDVHG�RQ�H[WHUQDO�FULWLFLVP�DQG�EDVHG�RQ�LQWHUQDO
FULWLFLVP�

H���:KDW�LV�\RXU�RYHUDOO�HYDOXDWLRQ�RI�WKLV�PDQXVFULSW"

����5HYLHZ�DQG�FULWLTXH�WKH�KLVWRULFDO�UHVHDUFK�DUWLFOH�DW�WKH�FRPSDQLRQ�ZHEVLWH�

5(/(9$17�,17(51(7�6,7(6

$ZDUG�ZLQQLQJ�VLWH�RQ�GRLQJ�KLVWRULFDO�UHVHDUFK
KWWS���ZZZ�GRKLVWRU\�RUJ

([FHOOHQW�RUDO�KLVWRU\�OLQNV
KWWS���VWRULHGOLYHV�ZRUGSUHVV�FRP�
KWWS���VWRU\FRUSV�RUJ�
KWWS���ZZZ�FROXPELD�HGX�FX�OZHE�LQGLY�RUDO�
KWWS���ZZZ�IRONOLIH�VL�HGX�HGXFDWLRQBH[KLELWV�UHVRXUFHV�JXLGH�LQWURGXFWLRQ�DVS[
KWWS���ZZZ�QFVPO�RUJ�&RQWHQW�2UDO�+LVWRULHV�DVS[

678'(17�678'<�6,7(

http://www.dohistory.org
http://storiedlives.wordpress.com/
http://storycorps.org/
http://www.columbia.edu/cu/lweb/indiv/oral/
http://www.folklife.si.edu/education_exhibits/resources/guide/introduction.aspx
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9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

%HQWOH\��0����������0RGHUQ�KLVWRULRJUDSK\��$Q�LQWURGXFWLRQ��/RQGRQ��(QJODQG�
5RXWOHGJH�

*UHHQ��$���	�7URXS��.����������7KH�KRXVHV�RI�KLVWRU\��$�FULWLFDO�UHDGHU�LQ
WZHQWLHWK�FHQWXU\�KLVWRU\�DQG�WKHRU\��1HZ�<RUN��1HZ�<RUN�8QLYHUVLW\�3UHVV�

+RZHOO��0���	�3UHYHQLHU��:����������)URP�UHOLDEOH�VRXUFHV��$Q�KLVWRULFDO
PHWKRG��,WKDFD��1<��&RUQHOO�8QLYHUVLW\�3UHVV�

,JJHUV��*����������+LVWRULRJUDSK\�LQ�WKH�WZHQWLHWK�FHQWXU\��)URP�VFLHQWLILF
REMHFWLYLW\�WR�WKH�SRVWPRGHUQ�FKDOOHQJH��0LGGOHWRZQ��&7��:HVOH\DQ�8QLYHUVLW\
3UHVV�

3UHYHQLHU��:���	�+RZHOO��0�&����������)URP�UHOLDEOH�VRXUFHV��$Q�LQWURGXFWLRQ�WR
KLVWRULFDO�PHWKRGV��,WKDFD��1<��&RUQHOO�8QLYHUVLW\�3UHVV�

http://www.sagepub.com/bjohnson5e/


6HFWLRQ�&��0L[HG�0HWKRGV�5HVHDUFK��0DQ\
$SSURDFKHV

&KDSWHU���

0L[HG�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��/LVW�WKH�PDMRU�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�TXDOLWDWLYH�UHVHDUFK�
��/LVW�WKH�PDMRU�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�TXDQWLWDWLYH�UHVHDUFK�
��'HILQH�PL[HG�UHVHDUFK��L�H���LW¶V�DOVR�FDOOHG�PL[HG�PHWKRGV�UHVHDUFK��
��/LVW�VHYHUDO�V\QRQ\PV�IRU�WKH�WHUP�PL[HG�UHVHDUFK�
��([SODLQ�KRZ�WR�XVH�WKH�QRWDWLRQDO�V\VWHP�WKDW�LV�XVHG�WR�GHSLFW�PL[HG�UHVHDUFK
GHVLJQV�

��&RPSDUH�DQG�FRQWUDVW�WKH�QLQH�PL[HG�PHWKRGV�UHVHDUFK�GHVLJQV�
��/LVW�DQG�H[SODLQ�*UHHQH��&DUDFHOOL��DQG�*UDKDP¶V��������ILYH�SXUSRVHV�RU
UDWLRQDOHV�IRU�FRQGXFWLQJ�PL[HG�UHVHDUFK�

��'HVFULEH�WKH�HLJKW�PDMRU�VWHSV�LQ�WKH�PL[HG�UHVHDUFK�SURFHVV�
��([SODLQ�WKH�VWUHQJWKV�DQG�OLPLWDWLRQV�RI�PL[HG�UHVHDUFK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�,PSURYLQJ�5HVHDUFK�:LWK
0L[HG�0HWKRGV

2QH� HYHQLQJ� LQ� 'HFHPEHU� ������ *DUP]DEDQ� ZDV� ZLWK� WZR� RI� KLV� IULHQGV� LQ� D� PDOO� IRRG� FRXUW� LQ
%DOWLPRUH��0DU\ODQG��ZKHQ�WKH\�ZHUH�DSSURDFKHG�E\����\HDU�ROG�&KULVWRSKHU�:LOOLDPV�DQG����\HDU�ROG
5LFKDUG� 5RGULJXH]�� :LOOLDPV� DQG� 5RGULJXH]� WROG� *DUP]DEDQ� WKDW� WKH\� ZDQWHG� WR� SXUFKDVH� VRPH
PDULMXDQD��$OWKRXJK�*DUP]DEDQ�GLG�QRW�NQRZ�HLWKHU�RI�WKHP��KH�DJUHHG�WR�VHOO�:LOOLDPV�DQG�5RGULJXH]
VRPH�PDULMXDQD��:LOOLDPV�VDLG�WKDW�KLV�FDU�ZDV�RQ�WKH�VRXWK�VLGH�RI�WKH�PDOO�DQG�WKH�PRQH\�KH�QHHGHG�WR
SD\�IRU�WKH�PDULMXDQD�ZDV�LQ�WKH�FDU��*DUP]DEDQ�DJUHHG�WR�GULYH�:LOOLDPV�WR�KLV�FDU��:KHQ�WKH\�DUULYHG
DW�KLV�FDU��:LOOLDPV�SXOOHG�RXW�D�JXQ�DQG� WROG�*DUP]DEDQ� WR�KDQG�RYHU� WKH�PDULMXDQD�KH�ZDV�FDUU\LQJ�
*DUP]DEDQ�� D� IRUPHU� KLJK� VFKRRO�ZUHVWOHU�� VWDUWHG� WR� ILJKW�ZLWK�:LOOLDPV��+RZHYHU��:LOOLDPV� KDG� WKH



,

JXQ��DQG�KH�IDWDOO\�VKRW�*DUP]DEDQ�LQ�WKH�FKHVW��2¶%ULHQ��������
'UXJ�UHODWHG� GHDWKV� VXFK� DV� WKLV� RQH� DUH� QRW� XQFRPPRQ�� DV

7KRPDVLQD� 3LHUF\� NQRZV� ILUVWKDQG�� +HU� ROGHVW� VRQ� GLHG� RI� D� KHURLQ
RYHUGRVH��VWLPXODWLQJ�KHU�WR�DFWLRQ��,Q�������VKH�VWDUWHG�D�GUXJ�DZDUHQHVV
SURJUDP�� WKH� 3LHUF\� 'UXJ� 3URJUDP�� DW� DOO� RI� WKH� VFKRROV� LQ� WKH� FRXQW\
ZKHUH�VKH�OLYHV��0F0HQDPLQ���������6KH�VHW�XS�D����KRXU�FULVLV�KRWOLQH
IRU� VWXGHQWV�DQG�DQ�DPELWLRXV�SURJUDP�RI�SDUHQW�SUHVHQWDWLRQV�� VKH�DOVR
DPDVVHG� DQ� HQF\FORSHGLF� YROXPH� RI� VXEVWDQFH� DEXVH� LQIRUPDWLRQ� DQG
SXEOLVKHV� H[FHUSWV� LQ� VFKRRO�QHZVOHWWHUV� HDFK�PRQWK��6KH�DQG�KHU� WHDP
RI�FRPPXQLW\� OHDGHUV�DOVR�SUHSDUHG� VNLWV�GHVLJQHG� WR� VKRFN�FRPSODFHQW
SDUHQWV�ZKR� WKRXJKW� WKDW� GUXJ� DEXVH�ZRXOG� QHYHU� DIIOLFW� WKHLU� FKLOGUHQ�
$V�\RX�FDQ�VHH��WKH�3LHUF\�'UXJ�3URJUDP�KDV�VHYHUDO�FRPSRQHQWV�

$V� RI� ������ WKH� 3LHUF\� 'UXJ� 3URJUDP� KDG� QRW� EHHQ� IRUPDOO\
H[DPLQHG� IRU� LWV� HIIHFWLYHQHVV�� 6RPH� HYLGHQFH� RI� HIIHFWLYHQHVV� KDG
FRPH� IURP�SDUWLFLSDQWV�ZKR� KDG� VHHQ� WKH� VNLWV� �ZKLFK� EURXJKW� WHDUV� WR

WKH�H\HV�RI�VRPH�SDUHQWV���OHWWHUV�IURP�SDUHQWV��DQG�FRXQWLQJ�WKH�QXPEHU�RI�SDUHQWV�ZKR�KDG�SLFNHG�XS
1RW�0\�.LG�EURFKXUHV��0F0HQDPLQ���������7KLV�LQIRUPDWLRQ��WKRXJK�XVHIXO��ZDV�OLPLWHG�

,I�\RX�ZDQWHG�VRPH�HYLGHQFH� WKDW� WKLV�SURJUDP�ZDV�ZRUNLQJ��\RX�FRXOG� WDNH�VHYHUDO�DSSURDFKHV�
)RU�H[DPSOH��LI�\RX�ZHUH�OXFN\��\RX�PLJKW�ILQG�VHFRQGDU\�GDWD�WKDW�SURYLGH�HVWLPDWHV�RI�WKH�SHUFHQWDJH
RI�VWXGHQWV�DW�WKH�FRXQW\�VFKRROV�ZKR�ZHUH�LQYROYHG�ZLWK�GUXJV�EHIRUH�DQG�DIWHU�WKH�LQWURGXFWLRQ�RI�WKH
SURJUDP��L�H���TXDQWLWDWLYH�DSSURDFK���<RX�FRXOG�KDYH�FKLOGUHQ�DQG�SDUHQWV�UDWH�WKH�SURJUDP�XVLQJ�UDWLQJ
VFDOHV��L�H���TXDQWLWDWLYH�DSSURDFK���<RX�FRXOG�LQWHUYLHZ�SDUHQWV�WR�ILQG�RXW�KRZ�WKHLU�OLYHV�KDYH�FKDQJHG
DQG�ZKDW�FKDQJHV� WKH\�KDYH�PDGH� LQ� WKHLU� UHODWLRQVKLSV�ZLWK� WKHLU� FKLOGUHQ�DIWHU�EHLQJ� LQYROYHG� LQ� WKH
SURJUDP��L�H���TXDOLWDWLYH�DSSURDFK���<RX�FRXOG� LQWHUYLHZ�FKLOGUHQ� WR�GHWHUPLQH� WKHLU� DZDUHQHVV�RI� WKH
ULVNV�RI�VXEVWDQFH�DEXVH�DQG�DVN�WKHP�DERXW�WKH�SURJUDP�DQG�WKHLU�UHODWLRQVKLS�ZLWK�WKHLU�SDUHQWV��L�H��
TXDOLWDWLYH� DSSURDFK��� $OWKRXJK� \RX� FRXOG� WDNH� HLWKHU� D� TXDOLWDWLYH� RU� D� TXDQWLWDWLYH� DSSURDFK� WR
DVVHVVLQJ� WKH� HIIHFW� RI� WKH� SURJUDP�� LW� ZRXOG� EH�ZLVH� WR� WDNH� D� FRPELQHG� �L�H��� PL[HG�� DSSURDFK� E\
FROOHFWLQJ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GDWD�� 2IWHQ�� DV� \RX� ZLOO� OHDUQ� LQ� WKLV� FKDSWHU�� WKH� XVH� RI� ERWK
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DSSURDFKHV�LV�D�PRUH�FRPSOHWH�ZD\�WR�OHDUQ�DERXW�SKHQRPHQD�LQ�ZKLFK�ZH
DUH�LQWHUHVWHG��VXFK�DV�WKH�3LHUF\�'UXJ�3URJUDP�

Q�&KDSWHU����ZH�LQWURGXFHG�\RX�WR�WKH�WKUHH�PDMRU�UHVHDUFK�SDUDGLJPV�WKDW�DUH
FXUUHQWO\� XVHG� LQ� HGXFDWLRQ�� TXDQWLWDWLYH� UHVHDUFK�� TXDOLWDWLYH� UHVHDUFK�� DQG
PL[HG� UHVHDUFK�� ,Q� WKH� SUHYLRXV� FKDSWHUV��ZH� H[WHQVLYHO\� GLVFXVVHG� WKH� WZR

PDMRU� PHWKRGV� RI� TXDQWLWDWLYH� UHVHDUFK� �H[SHULPHQWDO� DQG� QRQH[SHULPHQWDO
UHVHDUFK�� DQG� WKH� ILYH� PDMRU� PHWKRGV� RI� TXDOLWDWLYH� UHVHDUFK� �SKHQRPHQRORJ\�
HWKQRJUDSK\��FDVH�VWXG\��JURXQGHG�WKHRU\��DQG�KLVWRULFDO�UHVHDUFK��

:H�QRZ�PRYH�WR�WKH�PL[HG�UHVHDUFK�SDUDGLJP��D�SDUDGLJP�WKDW�V\VWHPDWLFDOO\
FRPELQHV�RU�PL[HV�LGHDV�IURP�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK��7R�JHW�\RX
RULHQWHG��WDNH�D�PRPHQW��\HV��ULJKW�QRZ�SOHDVH��DQG�UHYLHZ�7DEOH������RQ�SDJH�����
<RX�QHHG�WR�UHYLHZ�WKH�PDLQ�FKDUDFWHULVWLFV�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK
VR�WKDW�\RX�FDQ�EHJLQ�WR�WKLQN�DERXW�PL[LQJ�WKH�GLIIHUHQW�UHVHDUFK�DSSURDFKHV��%\�WKH
ZD\��VR�WKDW�\RX�GRQ¶W�JHW�FRQIXVHG�ZKHQ�\RX�UHDG�SXEOLVKHG�UHVHDUFK�DUWLFOHV��QRWH
WKDW� YDULRXV� DXWKRUV� UHIHU� WR� PL[HG� UHVHDUFK� DV�PL[HG� PHWKRGV� UHVHDUFK�� PL[HG
PHWKRG� UHVHDUFK�� PL[HG� PHWKRGRORJ\�� PXOWLPHWKRG� UHVHDUFK�� PHWKRGRORJLFDO
SOXUDOLVP��DQG�PXOWLSOLVP��<RX�ZLOO�EH�JODG�WR�NQRZ�WKDW�\RX�FDQ�WUHDW�DOO�RI�WKHVH
WHUPV� DV� V\QRQ\PV�� 7KH� PRVW� FRPPRQO\� XVHG� WHUP� WRGD\� LV� PL[HG� PHWKRGV
UHVHDUFK��ZKLFK�ZH�XVH�LQWHUFKDQJHDEO\�ZLWK�PL[HG�UHVHDUFK�LQ�WKLV�FKDSWHU�

�7$%/(�������6WUHQJWKV�DQG�:HDNQHVVHV�RI�4XDQWLWDWLYH�5HVHDUFK



6WUHQJWKV

����,V�XVHIXO�IRU�WHVWLQJ�DQG�YDOLGDWLQJ�DOUHDG\�FRQVWUXFWHG�WKHRULHV�DERXW�KRZ�DQG�ZK\�SKHQRPHQD�RFFXU�

����,V�XVHIXO�IRU�WHVWLQJ�K\SRWKHVHV�WKDW�DUH�FRQVWUXFWHG�EHIRUH�WKH�GDWD�DUH�FROOHFWHG�

����2QH�FDQ�JHQHUDOL]H�UHVHDUFK�ILQGLQJV�ZKHQ�WKH�GDWD�DUH�EDVHG�RQ�UDQGRP�VDPSOHV�RI�VXIILFLHQW�VL]H�

����2QH�FDQ�JHQHUDOL]H�D�UHVHDUFK�ILQGLQJ�ZKHQ�LW�KDV�EHHQ�UHSOLFDWHG�RQ�PDQ\�GLIIHUHQW�SRSXODWLRQV�DQG
VXESRSXODWLRQV�

����,V�XVHIXO�IRU�REWDLQLQJ�GDWD�WKDW�DOORZ�TXDQWLWDWLYH�SUHGLFWLRQV�WR�EH�PDGH�

����,V�XVHIXO�IRU�GHWHUPLQLQJ�QRPRWKHWLF�FDXVDWLRQ��L�H���JHQHUDO�VFLHQWLILF�FDXVDO�UHODWLRQVKLSV�RU�VFLHQWLILF�ODZV��

����7KH�UHVHDUFKHU�PD\�FRQVWUXFW�D�VLWXDWLRQ�WKDW�HOLPLQDWHV�WKH�FRQIRXQGLQJ�LQIOXHQFH�RI�PDQ\�YDULDEOHV�
DOORZLQJ�RQH�PRUH�FUHGLEO\�WR�HVWDEOLVK�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV�

����'DWD�FROOHFWLRQ�XVLQJ�VRPH�TXDQWLWDWLYH�PHWKRGV�LV�UHODWLYHO\�TXLFN��H�J���WHOHSKRQH�LQWHUYLHZV��

����3URYLGHV�SUHFLVH��TXDQWLWDWLYH��QXPHULFDO�GDWD�

����'DWD�DQDO\VLV�LV�UHODWLYHO\�OHVV�WLPH�FRQVXPLQJ��XVLQJ�VWDWLVWLFDO�VRIWZDUH��

����7KH�UHVHDUFK�UHVXOWV�DUH�UHODWLYHO\�LQGHSHQGHQW�RI�WKH�UHVHDUFKHU��H�J���VWDWLVWLFDO�VLJQLILFDQFH��

����6WXG\�PD\�KDYH�PRUH�FUHGLELOLW\�ZLWK�PDQ\�SHRSOH�LQ�SRZHU��H�J���DGPLQLVWUDWRUV��SROLWLFLDQV��SHRSOH�ZKR
IXQG�SURJUDPV��

����,V�XVHIXO�IRU�VWXG\LQJ�ODUJH�QXPEHUV�RI�SHRSOH�

:HDNQHVVHV

����7KH�UHVHDUFKHU¶V�FDWHJRULHV�PLJKW�QRW�UHIOHFW�ORFDO�FRQVWLWXHQFLHV¶�XQGHUVWDQGLQJV�

����7KH�UHVHDUFKHU¶V�WKHRULHV�PLJKW�QRW�UHIOHFW�ORFDO�FRQVWLWXHQFLHV¶�XQGHUVWDQGLQJV�

����7KH�UHVHDUFKHU�PLJKW�PLVV�REVHUYLQJ�SKHQRPHQD�EHFDXVH�RI�D�IRFXV�RQ�WKHRU\�RU�K\SRWKHVLV�WHVWLQJ�UDWKHU
WKDQ�RQ�WKHRU\�RU�K\SRWKHVLV�JHQHUDWLRQ��FDOOHG�WKH�FRQILUPDWLRQ�ELDV��

����.QRZOHGJH�SURGXFHG�PLJKW�EH�WRR�DEVWUDFW�DQG�JHQHUDO�IRU�GLUHFW�DSSOLFDWLRQ�WR�VSHFLILF�ORFDO�VLWXDWLRQV�
FRQWH[WV��DQG�LQGLYLGXDOV�

$V�7DEOHV������DQG������VKRZ��ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�KDYH
VWUHQJWKV� DQG� ZHDNQHVVHV�� )RU� H[DPSOH�� TXDQWLWDWLYH� UHVHDUFK�� HVSHFLDOO\
H[SHULPHQWDO�UHVHDUFK��LV�YHU\�XVHIXO�IRU�HVWDEOLVKLQJ�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV
�VWUHQJWK��� :KHQ� EDVHG� RQ� UDQGRP� VDPSOHV� �VXFK� DV� LQ� VXUYH\� UHVHDUFK��
TXDQWLWDWLYH� UHVHDUFK� LV� YHU\� XVHIXO� IRU� PDNLQJ� VWDWLVWLFDO� JHQHUDOL]DWLRQV� DERXW
SRSXODWLRQV� �VWUHQJWK��� 4XDQWLWDWLYH� UHVHDUFK� LV� OHVV� XVHIXO� IRU� H[SORULQJ� QHZ
SKHQRPHQD� RU� IRU� GRFXPHQWLQJ� SDUWLFLSDQWV¶� SHUVRQDO� SHUVSHFWLYHV� DQG� SHUVRQDO
PHDQLQJV�DERXW�SKHQRPHQD�LQ�WKHLU�OLYHV��ZHDNQHVV���2Q�WKH�RWKHU�KDQG��TXDOLWDWLYH
UHVHDUFK�VWXGLHV�EHKDYLRU� LQ�QDWXUDOLVWLF� VHWWLQJV��ZKLFK�KHOSV�\LHOG�PRUH�KROLVWLF
LQVLJKWV� LQWR� HGXFDWLRQDO� SURFHVVHV� WKDW� RFFXU� LQ� SDUWLFXODU� VHWWLQJV� �VWUHQJWK��
4XDOLWDWLYH� UHVHDUFK� SURYLGHV� LQ�GHSWK� DQG� ULFK� LQIRUPDWLRQ� DERXW� SDUWLFLSDQWV¶
ZRUOGYLHZV� DQG� WKHLU� SHUVRQDO� SHUVSHFWLYHV� DQG� VXEMHFWLYH� PHDQLQJV� �VWUHQJWK��
4XDOLWDWLYH� UHVHDUFK� DOVR� FDQ� SURYLGH� GHWDLOHG� LQIRUPDWLRQ� DERXW� ZK\� D
SKHQRPHQRQ�RFFXUV��VWUHQJWK���+RZHYHU��TXDOLWDWLYH�UHVHDUFK�LV�W\SLFDOO\�EDVHG�RQ
VPDOO��QRQUDQGRP��L�H���SXUSRVLYH��VDPSOHV�DQG�RIWHQ�LV�XVHG�PRUH�IRU�H[SORUDWRU\
RU�GLVFRYHU\�SXUSRVHV� WKDQ� IRU�K\SRWKHVLV� WHVWLQJ�DQG�YDOLGDWLRQ�SXUSRVHV��ZKLFK



PHDQV�WKDW�TXDOLWDWLYH�UHVHDUFK�ILQGLQJV�DUH�RIWHQ�QRW�YHU\�JHQHUDOL]DEOH�EH\RQG�WKH
ORFDO�UHVHDUFK�SDUWLFLSDQWV��ZHDNQHVV��

�7$%/(�������6WUHQJWKV�DQG�:HDNQHVVHV�RI�4XDOLWDWLYH�5HVHDUFK

6WUHQJWKV

����'DWD�DUH�EDVHG�RQ�WKH�SDUWLFLSDQWV¶�RZQ�FDWHJRULHV�RI�PHDQLQJ�

����,V�XVHIXO�IRU�VWXG\LQJ�D�OLPLWHG�QXPEHU�RI�FDVHV�LQ�GHSWK�

����,V�XVHIXO�IRU�GHVFULELQJ�FRPSOH[�SKHQRPHQD�

����3URYLGHV�LQGLYLGXDO�FDVH�LQIRUPDWLRQ�

����2QH�FDQ�FRQGXFW�FURVV�FDVH�FRPSDULVRQV�DQG�DQDO\VLV�

����3URYLGHV�XQGHUVWDQGLQJ�DQG�GHVFULSWLRQ�RI�SHRSOH¶V�SHUVRQDO�H[SHULHQFHV�RI�SKHQRPHQD��L�H���WKH�HPLF�RU
LQVLGHU¶V�YLHZSRLQW��

����&DQ�GHVFULEH�LQ�ULFK�GHWDLO�SKHQRPHQD�DV�WKH\�DUH�VLWXDWHG�DQG�HPEHGGHG�LQ�ORFDO�FRQWH[WV�

����7KH�UHVHDUFKHU�DOPRVW�DOZD\V�LGHQWLILHV�FRQWH[WXDO�DQG�VHWWLQJ�IDFWRUV�DV�WKH\�UHODWH�WR�WKH�SKHQRPHQRQ�RI
LQWHUHVW�

����7KH�UHVHDUFKHU�FDQ�VWXG\�G\QDPLF�SURFHVVHV��L�H���GRFXPHQWLQJ�VHTXHQWLDO�SDWWHUQV�DQG�FKDQJH��

����7KH�UHVHDUFKHU�FDQ�XVH�WKH�SULPDULO\�TXDOLWDWLYH�PHWKRG�RI�JURXQGHG�WKHRU\�WR�JHQHUDWH�LQGXFWLYHO\�D
WHQWDWLYH�EXW�H[SODQDWRU\�WKHRU\�DERXW�D�SKHQRPHQRQ�

����&DQ�GHWHUPLQH�KRZ�SDUWLFLSDQWV�LQWHUSUHW�FRQVWUXFWV��H�J���VHOI�HVWHHP��,4��

����'DWD�DUH�XVXDOO\�FROOHFWHG�LQ�QDWXUDOLVWLF�VHWWLQJV�LQ�TXDOLWDWLYH�UHVHDUFK�

����4XDOLWDWLYH�DSSURDFKHV�DUH�HVSHFLDOO\�UHVSRQVLYH�WR�ORFDO�VLWXDWLRQV��FRQGLWLRQV��DQG�VWDNHKROGHUV¶�QHHGV�

����4XDOLWDWLYH�UHVHDUFKHUV�DUH�HVSHFLDOO\�UHVSRQVLYH�WR�FKDQJHV�WKDW�RFFXU�GXULQJ�WKH�FRQGXFW�RI�D�VWXG\
�HVSHFLDOO\�GXULQJ�H[WHQGHG�ILHOGZRUN��DQG�PD\�VKLIW�WKH�IRFXV�RI�WKHLU�VWXGLHV�DV�D�UHVXOW�

����4XDOLWDWLYH�GDWD�LQ�WKH�ZRUGV�DQG�FDWHJRULHV�RI�SDUWLFLSDQWV�OHQG�WKHPVHOYHV�WR�H[SORULQJ�KRZ�DQG�ZK\
SKHQRPHQD�RFFXU�

����2QH�FDQ�XVH�DQ�LPSRUWDQW�FDVH�WR�GHPRQVWUDWH�D�SKHQRPHQRQ�YLYLGO\�WR�WKH�UHDGHUV�RI�D�UHSRUW�

����,V�XVHIXO�IRU�GHWHUPLQLQJ�LGLRJUDSKLF�FDXVDWLRQ��L�H���FDXVHV�WKDW�ZH�VHH��H[SHULHQFH��DQG�LQWHQWLRQDOO\
SURGXFH�LQ�RXU�OLYHV��FDXVHV�RI�SDUWLFXODU�HYHQWV��

:HDNQHVVHV

����.QRZOHGJH�SURGXFHG�PLJKW�QRW�JHQHUDOL]H�WR�RWKHU�SHRSOH�RU�RWKHU�VHWWLQJV��L�H���ILQGLQJV�PLJKW�EH�XQLTXH�WR
WKH�UHODWLYHO\�IHZ�SHRSOH�LQFOXGHG�LQ�WKH�UHVHDUFK�VWXG\��

����,W�LV�GLIILFXOW�WR�PDNH�TXDQWLWDWLYH�SUHGLFWLRQV�

����,W�LV�PRUH�GLIILFXOW�WR�WHVW�K\SRWKHVHV�DQG�WKHRULHV�ZLWK�ODUJH�SDUWLFLSDQW�SRROV�

����7KH�VWXG\�PLJKW�KDYH�OHVV�FUHGLELOLW\�ZLWK�VRPH�DGPLQLVWUDWRUV�DQG�FRPPLVVLRQHUV�RI�SURJUDPV�

����&ROOHFWLQJ�GDWD�JHQHUDOO\�WDNHV�PRUH�WLPH�WKDQ�ZLWK�TXDQWLWDWLYH�UHVHDUFK�

����'DWD�DQDO\VLV�LV�RIWHQ�WLPH�FRQVXPLQJ�

����7KH�UHVXOWV�DUH�PRUH�HDVLO\�LQIOXHQFHG�E\�WKH�UHVHDUFKHU¶V�SHUVRQDO�ELDVHV�DQG�LGLRV\QFUDVLHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

%HFDXVH� RI� WKH� VWUHQJWKV� DQG�ZHDNQHVVHV� RI� ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH



UHVHDUFK��PRUH�DQG�PRUH�UHVHDUFKHUV�DUH�DGYRFDWLQJ�WKDW�VWXGLHV�EH�FRQGXFWHG�WKDW
FRPELQH� WKHVH� UHVHDUFK� WUDGLWLRQV�ZLWKLQ� WKH� VDPH� LQYHVWLJDWLRQ��7KHVH� LQWHJUDWHG
VWXGLHV� UHSUHVHQW�ZKDW� LV� FDOOHG�PL[HG� UHVHDUFK��0L[HG�UHVHDUFK� LV� WKH� FODVV� RI
UHVHDUFK� VWXGLHV� LQ� ZKLFK� D� UHVHDUFKHU� PL[HV� RU� FRPELQHV� TXDQWLWDWLYH� DQG
TXDOLWDWLYH� UHVHDUFK� DSSURDFKHV� DQG� WHFKQLTXHV� LQ� D� VLQJOH� UHVHDUFK� VWXG\�
3URSRQHQWV� EHOLHYH� WKDW� PL[HG� UHVHDUFK� KHOSV� LPSURYH� WKH� RYHUDOO� TXDOLW\� RI
UHVHDUFK��3URSRQHQWV�DGYRFDWH�D�FRPSDWLELOLW\�WKHVLV��ZKLFK�VD\V�WKDW�TXDQWLWDWLYH
DQG�TXDOLWDWLYH�DSSURDFKHV�FDQ�EH�XVHG�WRJHWKHU�LQ�D�VLQJOH�UHVHDUFK�VWXG\�DV�ORQJ
DV�\RX�UHVSHFW�WKH�DVVXPSWLRQV�DVVRFLDWHG�ZLWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK
�7DEOH� ����� DQG� FRQVWUXFW� D� WKRXJKWIXO� FRPELQDWLRQ� WKDW�ZLOO� KHOS� \RX� WR� DGGUHVV
\RXU� UHVHDUFK� TXHVWLRQ�V�� �H�J��� %UHZHU� 	� +XQWHU�� ������ 0RUJDQ�� �����
2QZXHJEX]LH�	�-RKQVRQ��������3ULQJ��������5HLFKDUGW�	�&RRN��������5HLFKDUGW�	
5DOOLV��������7HGGOLH�	�7DVKDNNRUL��������

��0L[HG�UHVHDUFK�5HVHDUFK�WKDW�LQYROYHV�WKH�PL[LQJ�RI�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�PHWKRGV�RU�RWKHU�SDUDGLJP�FKDUDFWHULVWLFV

��&RPSDWLELOLW\�WKHVLV�7KH�LGHD�WKDW�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DSSURDFKHV
FDQ�EH�WKRXJKWIXOO\�FRPELQHG�LQ�D�UHVHDUFK�VWXG\

5HVHDUFKHUV�ZKR�FRQGXFW�PL[HG�UHVHDUFK�VWXGLHV�RIWHQ�DGKHUH�WR�WKH�SKLORVRSK\
RI�SUDJPDWLVP��$�VXPPDU\�RI�WKH�WHQHWV�RI�WKH�SKLORVRSK\�RI�SUDJPDWLVP�DFFRUGLQJ
WR�LWV�WKUHH�IRXQGHUV²&KDUOHV�6DQGHUV�3HLUFH��:LOOLDP�-DPHV��DQG�-RKQ�'HZH\²
LV� SURYLGHG� LQ�7DEOH�������$SSOLHG� WR� UHVHDUFK�� WKH�SUDJPDWLVW� SKLORVRSK\� LV� WR
PL[� UHVHDUFK� FRPSRQHQWV� LQ� D�ZD\� WKDW� \RX� EHOLHYH�ZLOO�ZRUN� IRU� \RXU� UHVHDUFK
SUREOHP��UHVHDUFK�TXHVWLRQ��DQG�UHVHDUFK�FLUFXPVWDQFH��7KH�SUDJPDWLVW�UHVHDUFKHU
FDUHIXOO\� WKLQNV� DERXW� WKH� SHUVSHFWLYHV� SURYLGHG� E\� TXDOLWDWLYH� DQG� TXDQWLWDWLYH
UHVHDUFK��DQG�WKHQ�KH�RU�VKH�FRQVWUXFWV�D�FRPELQHG�RU�PL[HG�DSSURDFK�WR�DGGUHVV
WKH�UHVHDUFK�TXHVWLRQ�RU�TXHVWLRQV��,��5��%��-RKQVRQ��������5��%��-RKQVRQ�	�*UD\�
������FDOO� WKH�YHUVLRQ�RI�SUDJPDWLVP�VSHFLILFDOO\�IRFXVHG�RQ�OLVWHQLQJ�WR�PXOWLSOH
SDUDGLJPV� DQG� LQWHUGLVFLSOLQDU\� SHUVSHFWLYHV� GLDOHFWLFDO� SUDJPDWLVP�� 7KH
DGMHFWLYH� GLDOHFWLFDO� VKRXOG� UHPLQG� \RX� RI� WKH� LPSRUWDQFH� RI� D� EDFN�DQG�IRUWK
OLVWHQLQJ� DQG� V\QWKHVLV� RI� PXOWLSOH� SHUVSHFWLYHV�� $FFRUGLQJ� WR� D� SUDJPDWLF
SKLORVRSK\�� \RX� DOVR� QHHG� WR� PDNH� \RXU� YDOXH� SRVLWLRQV� DQG� GHVLUHG� RXWFRPHV
H[SOLFLW�

��3UDJPDWLVW�SKLORVRSK\�$�SKLORVRSK\�WKDW�VD\V�WR�XVH�ZKDW�ZRUNV�LQ
SDUWLFXODU�VLWXDWLRQV�DQG�FRQWH[WV

��'LDOHFWLFDO�SUDJPDWLVP�7KH�YHUVLRQ�RI�SUDJPDWLVP�VSHFLILFDOO\�IRFXVHG�RQ
OLVWHQLQJ�WR�PXOWLSOH�SDUDGLJPV�DQG�LQWHUGLVFLSOLQDU\�SHUVSHFWLYHV

�7$%/(�������*HQHUDO�&KDUDFWHULVWLFV�RI�3UDJPDWLVP



����7KH�SURMHFW�RI�SUDJPDWLVP�LV�WR�ILQG�D�PLGGOH�JURXQG�EHWZHHQ�SKLORVRSKLFDO�GRJPDWLVPV�DQG�VNHSWLFLVP�DQG
WR�ILQG�D�ZRUNDEOH�VROXWLRQ��VRPHWLPHV�LQFOXGLQJ�RXWULJKW�UHMHFWLRQ��WR�PDQ\�ORQJ�VWDQGLQJ�SKLORVRSKLFDO
GXDOLVPV�DERXW�ZKLFK�DJUHHPHQW�KDV�QRW�EHHQ�KLVWRULFDOO\�IRUWKFRPLQJ�

����5HMHFWV�WUDGLWLRQDO�GXDOLVPV��H�J���UDWLRQDOLVP�YV��HPSLULFLVP��UHDOLVP�YV��DQWLUHDOLVP��IUHH�ZLOO�YV�
GHWHUPLQLVP��3ODWRQLF�DSSHDUDQFH�YV��UHDOLW\��IDFWV�YV��YDOXHV��VXEMHFWLYLVP�YV��REMHFWLYLVP��DQG�JHQHUDOO\
SUHIHUV�PRUH�PRGHUDWH�DQG�FRPPRQVHQVH�YHUVLRQV�RI�SKLORVRSKLFDO�GXDOLVPV�EDVHG�RQ�KRZ�ZHOO�WKH\�ZRUN
WR�VROYH�SUREOHPV�

����5HFRJQL]HV�WKH�H[LVWHQFH�DQG�LPSRUWDQFH�RI�WKH�QDWXUDO�RU�SK\VLFDO�ZRUOG�DV�ZHOO�DV�WKH�HPHUJHQW�VRFLDO�DQG
SV\FKRORJLFDO�ZRUOG��ZKLFK�LQFOXGHV�ODQJXDJH��FXOWXUH��KXPDQ�LQVWLWXWLRQV��DQG�VXEMHFWLYH�WKRXJKWV�

����+ROGV�LQ�KLJK�UHJDUG�WKH�UHDOLW\�DQG�LQIOXHQFH�RI�WKH�LQQHU�ZRUOG�RI�KXPDQ�H[SHULHQFH�LQ�DFWLRQ�

����.QRZOHGJH�LV�YLHZHG�DV�EHLQJ�ERWK�FRQVWUXFWHG�DQG�EDVHG�RQ�WKH�UHDOLW\�RI�WKH�ZRUOG�ZH�H[SHULHQFH�DQG
OLYH�LQ�

����5HSODFHV�WKH�KLVWRULFDOO\�SRSXODU�HSLVWHPLF�GLVWLQFWLRQ�EHWZHHQ�VXEMHFW�DQG�H[WHUQDO�REMHFW�ZLWK�WKH
QDWXUDOLVWLF�DQG�SURFHVV�RULHQWHG�RUJDQLVP�HQYLURQPHQW�WUDQVDFWLRQ�

����(QGRUVHV�IDOOLELOLVP��WKDW�LV��FXUUHQW�EHOLHIV�DQG�UHVHDUFK�FRQFOXVLRQV�DUH�UDUHO\��LI�HYHU��YLHZHG�DV�SHUIHFW�
FHUWDLQ��RU�DEVROXWH�

����-XVWLILFDWLRQ�FRPHV�LQ�WKH�IRUP�RI�ZKDW�'HZH\�FDOOHG�³ZDUUDQWHG�DVVHUWDELOLW\�´

����$FFRUGLQJ�WR�3HLUFH��³UHDVRQLQJ�VKRXOG�QRW�IRUP�D�FKDLQ�ZKLFK�LV�QR�VWURQJHU�WKDQ�LWV�ZHDNHVW�OLQN��EXW�D
FDEOH�ZKRVH�ILEHUV�PD\�EH�HYHU�VR�VOHQGHU��SURYLGHG�WKH\�DUH�VXIILFLHQWO\�QXPHURXV�DQG�LQWLPDWHO\
FRQQHFWHG´�������������SS���±���

����7KHRULHV�DUH�YLHZHG�LQVWUXPHQWDOO\��7KH\�EHFRPH�WUXH�DQG�WKH\�DUH�WUXH�WR�GLIIHUHQW�GHJUHHV�EDVHG�RQ�KRZ
ZHOO�WKH\�FXUUHQWO\�ZRUN��ZRUNDELOLW\�LV�MXGJHG�HVSHFLDOO\�RQ�WKH�FULWHULD�RI�SUHGLFWDELOLW\�DQG�DSSOLFDELOLW\�

����(QGRUVHV�HFOHFWLFLVP�DQG�SOXUDOLVP��)RU�H[DPSOH��GLIIHUHQW��HYHQ�FRQIOLFWLQJ��WKHRULHV�DQG�SHUVSHFWLYHV�FDQ
EH�XVHIXO�DQG�WUXH��2EVHUYDWLRQ��H[SHULHQFH��DQG�H[SHULPHQWV�DUH�DOO�XVHIXO�ZD\V�WR�JDLQ�DQ�XQGHUVWDQGLQJ�RI
SHRSOH�DQG�WKH�ZRUOG�

����+XPDQ�LQTXLU\��L�H���ZKDW�ZH�GR�LQ�RXU�GD\�WR�GD\�OLYHV�DV�ZH�LQWHUDFW�ZLWK�RXU�HQYLURQPHQWV��LV�YLHZHG�DV
EHLQJ�DQDORJRXV�WR�H[SHULPHQWDO�DQG�VFLHQWLILF�LQTXLU\��:H�DOO�WU\�RXW�WKLQJV�WR�VHH�ZKDW�ZRUNV��ZKDW�VROYHV
SUREOHPV��DQG�ZKDW�KHOSV�XV�WR�VXUYLYH��:H�REWDLQ�ZDUUDQWHG�HYLGHQFH�WKDW�SURYLGHV�XV�ZLWK�DQVZHUV�WKDW
DUH�XOWLPDWHO\�WHQWDWLYH��L�H���LQTXLU\�SURYLGHV�WKH�EHVW�DQVZHUV�ZH�FDQ�FXUUHQWO\�PXVWHU���EXW�LQ�WKH�ORQJ�UXQ�
XVH�RI�WKLV�³VFLHQWLILF´�RU�HYROXWLRQDU\�RU�SUDFWLFDO�HSLVWHPRORJ\�PRYHV�XV�WRZDUG�VRPH�ODUJHU�7UXWKV�

����(QGRUVHV�D�VWURQJ�DQG�SUDFWLFDO�HPSLULFLVP�DV�WKH�SDWK�WR�GHWHUPLQH�ZKDW�ZRUNV�

����9LHZV�FXUUHQW�WUXWK��PHDQLQJ��DQG�NQRZOHGJH�DV�WHQWDWLYH�DQG�DV�FKDQJLQJ�RYHU�WLPH��:KDW�ZH�REWDLQ�RQ�D
GDLO\�EDVLV�LQ�RXU�OLYHV�DQG�LQ�RXU�UHVHDUFK�VKRXOG�EH�YLHZHG�DV�SURYLVLRQDO�WUXWKV�

����&DSLWDO�7�7UXWK��L�H���DEVROXWH�7UXWK��LV�ZKDW�ZLOO�EH�WKH�³ILQDO�RSLQLRQ�́ �SHUKDSV�DW�WKH�HQG�RI�KLVWRU\�
/RZHUFDVH�W�WUXWKV��L�H���WKH�LQVWUXPHQWDO�DQG�SURYLVLRQDO�WUXWKV�WKDW�ZH�REWDLQ�DQG�OLYH�E\�LQ�WKH�PHDQWLPH�
DUH�JLYHQ�WKURXJK�H[SHULHQFH�DQG�H[SHULPHQWLQJ�

����,QVWUXPHQWDO�WUXWKV�DUH�D�PDWWHU�RI�GHJUHH��L�H���VRPH�HVWLPDWHV�DUH�PRUH�WUXH�WKDQ�RWKHUV���,QVWUXPHQWDO
WUXWK�LV�QRW�³VWDJQDQW�́ �DQG�WKHUHIRUH�-DPHV�������������VWDWHG�WKDW�ZH�PXVW�³EH�UHDG\�WR�PRUURZ�WR�FDOO�LW
IDOVHKRRG´��S�������

����3UHIHUV�DFWLRQ�WR�SKLORVRSKL]LQJ��SUDJPDWLVP�LV��LQ�D�VHQVH��DQ�DQWL�SKLORVRSK\��

����7DNHV�DQ�H[SOLFLWO\�YDOXH�RULHQWHG�DSSURDFK�WR�UHVHDUFK�WKDW�LV�GHULYHG�IURP�FXOWXUDO�YDOXHV��VSHFLILFDOO\
HQGRUVHV�VKDUHG�YDOXHV�VXFK�DV�GHPRFUDF\��IUHHGRP��HTXDOLW\��DQG�SURJUHVV�

����(QGRUVHV�SUDFWLFDO�WKHRU\��WKHRU\�WKDW�LQIRUPV�HIIHFWLYH�SUDFWLFH��SUD[LV��

����2UJDQLVPV�DUH�FRQVWDQWO\�DGDSWLQJ�WR�QHZ�VLWXDWLRQV�DQG�HQYLURQPHQWV��2XU�WKLQNLQJ�IROORZV�D�G\QDPLF
KRPHRVWDWLF�SURFHVV�RI�EHOLHI��GRXEW��LQTXLU\��PRGLILHG�EHOLHI��QHZ�GRXEW��QHZ�LQTXLU\��������LQ�DQ�LQILQLWH�ORRS��LQ
ZKLFK�WKH�SHUVRQ�RU�UHVHDUFKHU��DQG�UHVHDUFK�FRPPXQLW\��FRQVWDQWO\�WULHV�WR�LPSURYH�XSRQ�SDVW



XQGHUVWDQGLQJV�LQ�D�ZD\�WKDW�ILWV�DQG�ZRUNV�LQ�WKH�ZRUOG�LQ�ZKLFK�KH�RU�VKH�RSHUDWHV��7KH�SUHVHQW�LV�DOZD\V
D�QHZ�VWDUWLQJ�SRLQW�

����*HQHUDOO\�UHMHFWV�UHGXFWLRQLVP��H�J���UHGXFLQJ�FXOWXUH��WKRXJKWV��DQG�EHOLHIV�WR�QRWKLQJ�PRUH�WKDQ
QHXURELRORJLFDO�SURFHVVHV��

����2IIHUV�WKH�³SUDJPDWLF�PHWKRG´�IRU�VROYLQJ�WUDGLWLRQDO�SKLORVRSKLFDO�GXDOLVPV�DV�ZHOO�DV�IRU�PDNLQJ
PHWKRGRORJLFDO�FKRLFHV�

)RU�H[DPSOH��\RX�PLJKW�VWDWH�WKDW�\RX�ZLOO�FRQVLGHU�WKH�UHVHDUFK�JRRG�LI�LW�OHDGV
WR� H[SODQDWLRQ�� SUHGLFWLRQ�� ULFK� GHVFULSWLRQ�� VRFLDO� MXVWLFH�� DQG�RU� IHZHU
LQHTXDOLWLHV��H�J���EDVHG�RQ�JHQGHU��FODVV��RU�HWKQLFLW\���:H�FRQWHQG�WKDW�GLDOHFWLFDO
SUDJPDWLVP��KHQFHIRUWK�FDOOHG�SUDJPDWLVP��RIIHUV�WKH�SKLORVRSK\�WKDW�EHVW�VXSSRUWV
PL[HG�UHVHDUFK�

5HFHQWO\�� -RKQVRQ� DQG� FROOHDJXHV� KDYH� H[WHQGHG� DQG� WUDQVIRUPHG� GLDOHFWLFDO
SUDJPDWLVP�LQWR�D�IXOO�SKLORVRSK\�NQRZQ�DV�GLDOHFWLFDO�SOXUDOLVP��5��%��-RKQVRQ�
������ ������ 5�� %�� -RKQVRQ� 	� 6WHIXUDN�� �������'LDOHFWLFDO� SOXUDOLVP� LV� D� IXOO\
GHYHORSHG�SKLORVRSK\�DQG�PHWDSDUDGLJP� WKDW� �D�� DVVXPHV� UHDOLW\� LQ�RXU�ZRUOG� LV
PXOWLIDFHWHG�DQG�SOXUDO� �FI�� VXEMHFWLYH�� LQWHUVXEMHFWLYH��REMHFWLYH�UHDOLW\��GLIIHUHQW
GLVFLSOLQDU\�UHDOLWLHV��GLIIHUHQW�OHYHOV�RI�UHDOLW\��HWF���DQG��E��UHOLHV�RQ�GLDOHFWLFDO�
GLDORJLFDO��DQG�KHUPHQHXWLFDO�DSSURDFKHV�WR�GLVFXVVLRQ��OHDUQLQJ�IURP�GLIIHUHQFHV�
DQG�ZRUNLQJ�WRJHWKHU�WR�SURGXFH�VKDUHG�WHDP�EDVHG�SURGXFWV��,I�\RX�HYHU�ZRUN�LQ�D
UHVHDUFK�WHDP��\RX�VKRXOG�H[DPLQH�WKLV�SKLORVRSK\�LQ�PRUH�GHSWK��VKDUH�LW�ZLWK�\RXU
FROOHDJXHV��DQG�XVH�LW� LQ�\RXU�WHDP�SURFHVV��7KH�IROORZLQJ�FKDSWHU�LQ�7KH�2[IRUG
+DQGERRN� RI� 4XDOLWDWLYH� 5HVHDUFK� H[SODLQV� WKH� VRFLDO�SV\FKRORJLFDO� VWUDWHJLHV
XVHG� ZLWK� GLDOHFWLFDO� SOXUDOLVP�� -RKQVRQ�� 2QZXHJEX]LH�� 7XFNHU�� DQG� ,FHQRJOH
�������

��'LDOHFWLFDO�SOXUDOLVP�$�PHWDSDUDGLJP�DQG�SKLORVRSK\�WKDW�DVVXPHV�UHDOLW\�LV
SOXUDO�DQG�UHOLHV�RQ�GLDOHFWLFDO��GLDORJLFDO��DQG�KHUPHQHXWLFDO�DSSURDFKHV�WR
OHDUQ�IURP�RWKHUV�DQG�SURGXFH�WHDP�EDVHG�UHVHDUFK�SURGXFWV

7KH� SUDJPDWLVW� WDNHV� VHULRXVO\� EXW� LV� QRW�RYHUO\� FRQFHUQHG� DERXW�PDQ\� ORQJ�
VWDQGLQJ� SKLORVRSKLFDO� GLYLGHV� WKDW� H[LVW� DPRQJ� VRPH� UHVHDUFKHUV� ZKR� FRQVLGHU
WKHPVHOYHV� HLWKHU� TXDQWLWDWLYH� RU� TXDOLWDWLYH� UHVHDUFKHUV�� 7KH� SUDJPDWLVW� LV�PXFK
PRUH�FRQFHUQHG�DERXW�GRLQJ�³ZKDW�ZRUNV´��L�H���FRQGXFWLQJ�UHVHDUFK�WKDW�SURYLGHV
XVHIXO�DQVZHUV�WR�LPSRUWDQW�UHVHDUFK�TXHVWLRQV�DQG�SURYLGHV�³SUDFWLFDO�WKHRU\´�WKDW
ZRUNV� ORFDOO\���5DWKHU� WKDQ� H[SHFWLQJ� WR� ILQG� ILQDO� SURRI� �ZKLFK�ZH� FDQ¶W� REWDLQ
DQ\ZD\� LQ� HPSLULFDO� UHVHDUFK�� DV� VHHQ� LQ� &KDSWHU� ���� WKH� SUDJPDWLVW� UHVHDUFKHU
DWWHPSWV�WR�SURYLGH�HYLGHQFH�WKDW�PHHWV�WKH�HSLVWHPRORJLFDO�VWDQGDUG�RI�ZKDW�-RKQ
'HZH\� FDOOHG� ZDUUDQWHG� DVVHUWDELOLW\�� ,I� DQ� HGXFDWLRQDO� UHVHDUFKHU� SURYLGHV
VWURQJ�HYLGHQFH� IRU�KLV�RU�KHU�FODLPV�DERXW�ZKDW�SUDFWLFHV�DUH�HIIHFWLYH�� WKHQ� WKH
UHVHDUFKHU�KDV�PHW�WKLV�VWDQGDUG�

��:DUUDQWHG�DVVHUWDELOLW\�7KH�VWDQGDUG�\RX�PHHW�ZKHQ�\RX�SURYLGH�YHU\
JRRG�HYLGHQFH



0L[HG�UHVHDUFKHUV�YLHZ�WKH�XVH�RI�PXOWLSOH�SHUVSHFWLYHV��WKHRULHV��DQG�UHVHDUFK
PHWKRGV�DV�D�VWUHQJWK�LQ�HGXFDWLRQDO�UHVHDUFK��7KLV�ILWV�ZHOO�ZLWK�ZKDW�LV�D�FDUGLQDO
UXOH�LQ�YLUWXDOO\�DOO�NLQGV�RI�UHVHDUFK��8VH�PXOWLSOH�VRXUFHV�RI�HYLGHQFH�WR�ZDUUDQW
RU�MXVWLI\�\RXU�FODLPV��0L[HG�UHVHDUFKHUV�EHOLHYH�WKDW�PL[HG�UHVHDUFK�FDQ�XVXDOO\
SURGXFH�D�VWXG\�WKDW�LV�VXSHULRU�WR�RQH�SURGXFHG�E\�HLWKHU�TXDQWLWDWLYH�UHVHDUFK�RU
TXDOLWDWLYH� UHVHDUFK� DORQH��$V�ZDV� QRWHG� LQ�&KDSWHU����ZKHQ�PL[LQJ� UHVHDUFK� RU
ZKHQ�\RX�UHDG�DQG�HYDOXDWH� UHVHDUFK� WKDW� LQYROYHV�PL[LQJ��\RX�VKRXOG�DOZD\V�EH
VXUH�WR�FRQVLGHU�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK��$FFRUGLQJ� WR� WKLV
SULQFLSOH�� UHVHDUFKHUV� VKRXOG� WKRXJKWIXOO\� DQG� VWUDWHJLFDOO\� PL[� RU� FRPELQH
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV��DSSURDFKHV��SURFHGXUHV��FRQFHSWV��DQG�RWKHU
SDUDGLJP� FKDUDFWHULVWLFV� LQ� D�ZD\� WKDW� SURGXFHV� DQ� RYHUDOO� GHVLJQ�ZLWK�PXOWLSOH
�GLYHUJHQW� DQG� FRQYHUJHQW�� DQG� FRPSOHPHQWDU\� VWUHQJWKV� �EURDGO\� YLHZHG�� DQG
QRQRYHUODSSLQJ� ZHDNQHVVHV� �%UHZHU� 	� +XQWHU�� ������ 5�� %�� -RKQVRQ� 	� 7XUQHU�
������ :HEE�� &DPSEHOO�� 6FKZDUW]�� 6HFKUHVW�� 	� *URYH�� ������� 7KH� IXQGDPHQWDO
SULQFLSOH�RIIHUV�D�³ORJLF´� IRU�PL[HG�UHVHDUFK�� LW� VKRXOG�KHOS�\RX� WKLQN�DERXW�KRZ
\RX� VKRXOG� PL[� RU� FRPELQH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� DSSURDFKHV� LQ� D� VLQJOH
UHVHDUFK� VWXG\� WR� DQVZHU� \RXU� UHVHDUFK� TXHVWLRQ�V�� �-RKQVRQ�� 2QZXHJEX]LH�� 	
7XUQHU�� ������� 7R� JHW� VWDUWHG�� XVH� 7DEOH� ����� �VWUHQJWKV� DQG� ZHDNQHVVHV� RI
TXDQWLWDWLYH� UHVHDUFK�� DORQJ� ZLWK� 7DEOH� ����� �VWUHQJWKV� DQG� ZHDNQHVVHV� RI
TXDOLWDWLYH�UHVHDUFK��DV�\RX�WKLQN�DERXW�KRZ�\RX�ZDQW� WR�FRPELQH�TXDOLWDWLYH�DQG
TXDQWLWDWLYH�UHVHDUFK�LQ�\RXU�UHVHDUFK�VWXG\�VR�WKDW�\RX�PHHW�WKH�UHTXLUHPHQWV�RI�WKH
IXQGDPHQWDO�SULQFLSOH�

��)XQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK�$GYLVHV�UHVHDUFKHUV�WR
WKRXJKWIXOO\�DQG�VWUDWHJLFDOO\�PL[�RU�FRPELQH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH
UHVHDUFK�PHWKRGV��DSSURDFKHV��SURFHGXUHV��FRQFHSWV��DQG�RWKHU�SDUDGLJP
FKDUDFWHULVWLFV�LQ�D�ZD\�WKDW�SURGXFHV�DQ�RYHUDOO�GHVLJQ�ZLWK�PXOWLSOH
�GLYHUJHQW�DQG�FRQYHUJHQW��DQG�FRPSOHPHQWDU\�VWUHQJWKV��EURDGO\�YLHZHG�
DQG�QRQRYHUODSSLQJ�ZHDNQHVVHV

)RU� H[DPSOH�� \RX� KDYH� OHDUQHG� WKDW� H[SHULPHQWV� FDQ� SURYLGH� YHU\� VWURQJ
FRQFOXVLRQV� DERXW� WKH� SUHVHQFH� RI� D� FDXVH�DQG�HIIHFW� UHODWLRQVKLS�� ([SHULPHQWV�
KRZHYHU��DUH�XVXDOO\�EDVHG�RQ�FRQYHQLHQFH��L�H���QRQUDQGRP��VDPSOHV��7KH\�WHQG�WR
EH�VWURQJ�RQ�LQWHUQDO�YDOLGLW\��L�H���FDXVDO�YDOLGLW\��EXW�ZHDNHU�RQ�H[WHUQDO�YDOLGLW\
�JHQHUDOL]LQJ� YDOLGLW\��� <RX� PLJKW� GHFLGH� WR� FKHFN� \RXU� H[SHULPHQWDO� UHVHDUFK
ILQGLQJ�XVLQJ�D�VXUYH\�EDVHG�RQ�D�SUREDELOLW\�VDPSOH��LI�WKH�UHVHDUFK�TXHVWLRQ�FDQ
EH�VWXGLHG�WKLV�ZD\���,I�WKH�ILQGLQJ�LV�FRUURERUDWHG��L�H���WKH�VDPH�UHVHDUFK�ILQGLQJ
LV�REWDLQHG�LQ�ERWK�WKH�H[SHULPHQWDO�GDWD�DQG�WKH�VXUYH\�GDWD���WKHQ�\RX�ZLOO�KDYH
LQFUHDVHG� WKH� JHQHUDOL]DELOLW\� RI� WKH� UHVHDUFK� ILQGLQJ�� <RX� FDQ� RIWHQ� LPSURYH
H[SHULPHQWV�HYHQ�IXUWKHU�E\�FRQGXFWLQJ�LQ�GHSWK�LQWHUYLHZV�DQG�IRFXV�JURXSV��L�H��
FROOHFWLQJ� VRPH� TXDOLWDWLYH� GDWD�� WR� JHW� DW� WKH� UHVHDUFK� SDUWLFLSDQWV¶� SHUVSHFWLYHV
DQG�PHDQLQJV� WKDW� OLH�EHKLQG� WKH�H[SHULPHQWDO� UHVHDUFK� ILQGLQJV�DQG�QXPEHUV��:H
KDYH�SURYLGHG� D� OLVW� RI� WKH� VWUHQJWKV� DQG�ZHDNQHVVHV� RI�PL[HG� UHVHDUFK� LQ�7DEOH
������ ,Q�DGGLWLRQ�� LQ�([KLELW������ZH� VKRZ�KRZ�PL[HG� UHVHDUFK� FDQ� LPSURYH� WKH



WUDGLWLRQDO�JROG�VWDQGDUG�IRU�HVWDEOLVKLQJ�FDXVH�DQG�HIIHFW�LQ�H[SHULPHQWDO�UHVHDUFK�
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�����:KDW�SRVLWLRQ�GRHV�WKH�PL[HG�UHVHDUFKHU�WDNH�RQ
WKH�FRPSDWLELOLW\�WKHVLV�DQG�SUDJPDWLVW
SKLORVRSK\"

�����:K\�LV�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG
UHVHDUFK�LPSRUWDQW"

�7$%/(�������6WUHQJWKV�DQG�:HDNQHVVHV�RI�0L[HG�5HVHDUFK

6WUHQJWKV

����:RUGV��SLFWXUHV��DQG�QDUUDWLYH�FDQ�EH�XVHG�WR�DGG�PHDQLQJ�WR�QXPEHUV�

����1XPEHUV�FDQ�EH�XVHG�WR�DGG�SUHFLVLRQ�WR�ZRUGV��SLFWXUHV��DQG�QDUUDWLYH�

����&DQ�VWUDWHJLFDOO\�FRPELQH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�VWUHQJWKV�LQ�D�VLQJOH�VWXG\�WR�FRYHU�D�VLQJOH
SXUSRVH�EHWWHU�RU�WR�FRYHU�PXOWLSOH�SXUSRVHV�ZHOO�LQ�D�VLQJOH�VWXG\���7KLV�LV�WKH�SULQFLSOH�RI�FRPSOHPHQWDU\
VWUHQJWKV��

����5HVHDUFKHU�FDQ�JHQHUDWH�DQG�WHVW�D�PL[HG�PHWKRGV�JURXQGHG�WKHRU\�

����&DQ�DQVZHU�D�EURDGHU�DQG�PRUH�FRPSOHWH�UDQJH�RI�UHVHDUFK�TXHVWLRQV�EHFDXVH�WKH�UHVHDUFKHU�LV�QRW
FRQILQHG�WR�D�VLQJOH�PHWKRG�RU�UHVHDUFK�DSSURDFK�

����&DQ�SURYLGH�IXOOHU��GHHSHU��PRUH�PHDQLQJIXO�DQVZHUV�WR�D�VLQJOH�UHVHDUFK�TXHVWLRQ�

����&DQ�FRQFXUUHQWO\�VWXG\�DQG�OLQN�QRPRWKHWLF��JHQHUDO��DQG�LGLRJUDSKLF��SDUWLFXODULVWLF��FDXVDWLRQ��OLQN�WKHRU\
DQG�SUDFWLFH��DQG�SURGXFH�³SUDFWLFDO�WKHRU\�´

����7KH�PL[HG�UHVHDUFK�GHVLJQV�GLVFXVVHG�LQ�WKLV�FKDSWHU�KDYH�VSHFLILF�VWUHQJWKV�DQG�ZHDNQHVVHV�WKDW�VKRXOG�EH
FRQVLGHUHG��)RU�H[DPSOH��LQ�D�WZR�SKDVH�VHTXHQWLDO�GHVLJQ��WKH�SKDVH���UHVXOWV�FDQ�EH�XVHG�WR�GHYHORS�DQG
LQIRUP�WKH�SXUSRVH�DQG�GHVLJQ�RI�WKH�SKDVH���FRPSRQHQW�

����$�UHVHDUFKHU�FDQ�XVH�WKH�VWUHQJWKV�RI�DQ�DGGLWLRQDO�PHWKRG�WR�RYHUFRPH�WKH�ZHDNQHVVHV�LQ�DQRWKHU�PHWKRG
E\�XVLQJ�ERWK�LQ�D�UHVHDUFK�VWXG\���7KLV�LV�WKH�SULQFLSOH�RI�QRQRYHUODSSLQJ�ZHDNQHVVHV��

����&DQ�SURYLGH�VWURQJHU�HYLGHQFH�IRU�D�FRQFOXVLRQ�WKURXJK�FRQYHUJHQFH�DQG�FRUURERUDWLRQ�RI�ILQGLQJV���7KLV�LV
WKH�SULQFLSOH�RI�WULDQJXODWLRQ��

����&DQ�DGG�LQVLJKWV�DQG�XQGHUVWDQGLQJ�WKDW�PLJKW�EH�PLVVHG�ZKHQ�RQO\�D�VLQJOH�PHWKRG�LV�XVHG�

����4XDOLWDWLYH�GDWD�FDQ�LGHQWLI\�TXDQWLWDWLYH�PHDVXUHPHQW�SUREOHPV�DQG�KHOS�WKH�UHVHDUFKHU�UHFWLI\�VXFK
SUREOHPV�

����4XDOLWDWLYH�FRPSRQHQWV�FDQ�LQVHUW�DQ�H[SORUDWRU\�DQG�IHHGEDFN�ORRS�LQWR�RWKHUZLVH�TXDQWLWDWLYH�VWXGLHV�

����4XDQWLWDWLYH�GDWD�FDQ�LQVHUW�XQGHUVWDQGLQJ�RI�DPRXQW�DQG�IUHTXHQF\�LQWR�RWKHUZLVH�TXDOLWDWLYH�VWXGLHV�

����4XDQWLWDWLYH�VDPSOLQJ�DSSURDFKHV�FDQ�EH�XVHG�WR�LQFUHDVH�WKH�JHQHUDOL]DELOLW\�RI�TXDOLWDWLYH�UHVXOWV�

����&RPELQLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK�SURGXFHV�LQWHJUDWHG�NQRZOHGJH�WKDW�EHVW�LQIRUPV�WKHRU\�DQG
SUDFWLFH�

:HDNQHVVHV

����,W�FDQ�EH�GLIILFXOW�IRU�D�VLQJOH�UHVHDUFKHU�WR�FDUU\�RXW�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK��HVSHFLDOO\�LI
WZR�RU�PRUH�DSSURDFKHV�DUH�H[SHFWHG�WR�EH�GRQH�FRQFXUUHQWO\��L�H���WKH�VWXG\�PLJKW�UHTXLUH�D�UHVHDUFK
WHDP��

����7KH�UHVHDUFKHU�KDV�WR�OHDUQ�DERXW�PXOWLSOH�PHWKRGV�DQG�DSSURDFKHV�DQG�XQGHUVWDQG�KRZ�WR�PL[�WKHP



DSSURSULDWHO\�

����0HWKRGRORJLFDO�SXULVWV�FRQWHQG�WKDW�RQH�VKRXOG�DOZD\V�ZRUN�ZLWKLQ�HLWKHU�D�TXDOLWDWLYH�RU�TXDQWLWDWLYH
SDUDGLJP�

����,W�LV�PRUH�H[SHQVLYH�

����,W�LV�PRUH�WLPH�FRQVXPLQJ�

����6RPH�RI�WKH�GHWDLOV�RI�PL[HG�UHVHDUFK�UHPDLQ�WR�EH�ZRUNHG�RXW�IXOO\�E\�UHVHDUFK�PHWKRGRORJLVWV��H�J��
SUREOHPV�RI�SDUDGLJP�PL[LQJ��WHFKQLTXHV�IRU�TXDOLWDWLYHO\�DQDO\]LQJ�TXDQWLWDWLYH�GDWD��KRZ�WR�LQWHJUDWH�GDWD
DQG�LQIHUHQFHV��DQG�KRZ�WR�LQWHUSUHW�FRQIOLFWLQJ�UHVXOWV��

�(;+,%,7��������7KH�%HQHILWV�RI�WKH�0L[HG�5HVHDUFK�$SSURDFK�WR�,PSURYH�WKH
³*ROG�6WDQGDUG´�IRU�&DXVDWLRQ

0DQ\� UHVHDUFK� PHWKRGRORJLVWV� DUJXH� WKDW� WKH� 5&7� �UDQGRPL]HG� FRQWUROOHG�FOLQLFDO� WULDO�� LV� WKH� ³JROG
VWDQGDUG´� IRU� HVWDEOLVKLQJ� HYLGHQFH� RI� FDXVH� DQG� HIIHFW�� $V� VWDWHG� LQ� &KDSWHU� ���� DQ� 5&7� LV� DQ
H[SHULPHQWDO� GHVLJQ� ZLWK� UDQGRP� DVVLJQPHQW� RI� SDUWLFLSDQWV� WR� WZR� JURXSV�� D� WUHDWPHQW� JURXS� WKDW
UHFHLYHV�ZKDW� LV� H[SHFWHG� WR� SURGXFH� WKH� GHVLUHG� RXWFRPH� �VXFK� DV� D� QHZ�PHGLFLQH�� DQ� HGXFDWLRQDO
SURJUDP��HWF���DQG�D�QR�WUHDWPHQW�FRQWURO�JURXS��ZKLFK�UHFHLYHV�WKH�³SODFHER´�RU�GRHV�QRW�SDUWLFLSDWH�LQ
WKH� HGXFDWLRQDO� SURJUDP���:KHQ�SRVVLEOH�� GRXEOH�EOLQG�SURFHGXUHV� DOVR� VKRXOG�EH�XVHG� VR� WKDW� QHLWKHU
WKH� UHVHDUFKHU� QRU� WKH� SDUWLFLSDQW� NQRZV� WKH� VSHFLILF� FRQGLWLRQ� �H[SHULPHQWDO� RU� FRQWURO�� WKDW� WKH
SDUWLFLSDQW�LV�LQ��$V�\RX�OHDUQHG�LQ�&KDSWHU�����WKLV�NLQG�RI�VWURQJ�H[SHULPHQWDO�GHVLJQ�PHHWV�WKH�WKUHH
UHTXLUHG�FRQGLWLRQV� IRU�FDXVDWLRQ�TXLWH�ZHOO� �UHODWLRQVKLS�EHWZHHQ� ,9�DQG�'9��SURSHU� WLPH�RUGHU��ZLWK
FKDQJHV� LQ� WKH� ,9� FRPLQJ� EHIRUH� FKDQJHV� LQ� WKH� '9�� DQG� UXOLQJ� RXW� RI� DOO� SODXVLEOH� DOWHUQDWLYH
H[SODQDWLRQV�RU�ULYDO�K\SRWKHVHV��

0L[HG� PHWKRGV� UHVHDUFKHUV� KDYH� PDGH� D� VWURQJ� DUJXPHQW� WKDW� WKLV� WUDGLWLRQDO� ³JROG
VWDQGDUG´�GHVLJQ� FDQ�EH�PDGH�HYHQ�EHWWHU� WKURXJK� WKH�XVH�RI� D�PL[HG� UHVHDUFK�DSSURDFK�� 7KH
IROORZLQJ�VWUDWHJLHV�RXWOLQH�ZKHQ�DQG�KRZ�PL[HG� UHVHDUFK�FDQ�SURYLGH�DQ�DGYDQWDJH�DQG� LPSURYH� WKH
5&7��:H� ODEHO� WKLV� DSSURDFK� WKH�00�5&7� DSSURDFK� �ZKHUH�00�5&7� VWDQGV� IRU�PL[HG�PHWKRGV�
UDQGRPL]HG�FRQWUROOHG�WULDO��

,��6WUDWHJLHV�WR�8VH�%HIRUH�WKH�5&7

0DNH�GHFLVLRQV�DERXW�FRQFHSWXDO��FXOWXUDO��DQG�FRQWH[WXDO�IDFWRUV�

�� �'HWHUPLQH� ILW� RI� FRQFHSWXDO� IUDPHZRUN� �WKHRU\�� IRU� SRSXODWLRQ� DQG
VHWWLQJ�

���'HWHUPLQH�SURJUDP�QHHG�ILW�DQG�IDFWRUV�QHHGLQJ�PHDVXUHPHQW�
�� �'HWHUPLQH� WKH�QDWXUH�RI� WKH� FRQWH[W� �H�J��� VRFLDO�� SROLWLFDO�� FXOWXUDO�
HQYLURQPHQW��SURJUDP��H�J���UHVRXUFHV��VWDIILQJ���DQG�SDUWLFLSDQWV�

�� �'HWHUPLQH� UHOHYDQFH�RI� FRQVWUXFWV� �FRQVLGHU� FXOWXUDO� UHOHYDQFH� DQG
VRFLDO� YDOLGLW\�� DQG� XQGHUO\LQJ� WKHRU\� WKDW� ZLOO� JXLGH� SURJUDP
GHYHORSPHQW�

�� � %HJLQ� FKHFNLQJ� DX[LOLDU\� DQG� EDFNJURXQG� DVVXPSWLRQV� WKDW� ZLOO� EH
QHFHVVDU\�WR�FRQGXFW�WKH�SODQQHG�5&7�DQG�LQWHUSUHW�WKH�UHVXOWV�

0DNH� GHFLVLRQV� DERXW� GDWD�FROOHFWLRQ� LQVWUXPHQWV�RXWFRPH
PHDVXUHPHQW�



�� � 'HYHORS� GDWD�FROOHFWLRQ� LQVWUXPHQWV� WKDW� DUH� PHDQLQJIXO� WR
SDUWLFLSDQWV�

�� �0DNH� VXUH� WKH� FRQVWUXFWV� RI� LQWHUHVW�ZLOO� EH�PHDVXUHG� DQG�ZLOO� EH
PHDVXUHG�DSSURSULDWHO\��FRQVLGHU�ERWK�SUR[LPDO�DQG�GLVWDO�PHDVXUHV�

���2EWDLQ�WKLFN��³PHDQLQJIXO´�TXDOLWDWLYH�GDWD�DW�EDVHOLQH�WR�VXSSOHPHQW
TXDQWLWDWLYH�GDWD�

(QJDJH�VWDNHKROGHUV�

�� � )DFLOLWDWH� SDUWLFLSDWRU\� SURFHVV� IRU� HQJDJLQJ� VWDNHKROGHUV� LQ
LGHQWLI\LQJ�IRFL�IRU�FKDQJH�

���'HWHUPLQH�KRZ�WR�SURPRWH�WKH�HYDOXDWLRQ�DQG�REWDLQ�SDUWLFLSDWLRQ�

,,��6WUDWHJLHV�WR�8VH�'XULQJ�WKH�5&7

([DPLQH�DFFHSWDELOLW\�DQG�FRQWURO�JURXS�SHUFHSWLRQV�

���'HWHUPLQH�DFFHSWDELOLW\�RI�SURJUDP�WR�VWDNHKROGHUV�
���8VH�LQVLGHU�NQRZOHGJH�WR�KHOS�H[SODLQ�UHDVRQV�IRU�DWWULWLRQ��WKLV�FDQ
KHOS� LQIRUP� GLDJQRVHV� RI� PLVVLQJ� GDWD� SDWWHUQV�� VXSSRUW� FRUUHFWLYH
VWDWLVWLFDO� SURFHGXUHV�� DQG� KHOS� GHWHUPLQH� ZKHWKHU� VDPSOH� ORVV� LV
GLUHFWO\�UHODWHG�WR�WUHDWPHQW�FRQGLWLRQ��L�H���DFFHSWDELOLW\�DV�LW�UHODWHV
WR�WUHDWPHQW�FRQGLWLRQ��

'RFXPHQW�LQWHJULW\�

�� �'HWHUPLQH�ZKHWKHU� DQG�KRZ�ZHOO� WKH� HGXFDWLRQDO�SURJUDP� LV�EHLQJ
LPSOHPHQWHG�LQ�WKH�ILHOG�DQG�LGHQWLI\�SRWHQWLDO�SUREOHPV�DV�WKH\�DULVH�

�� � 3URYLGH� GDWD� IRU� GHFLVLRQ� PDNLQJ� DERXW� QHHGHG� DGDSWDWLRQV� WR
HQYLURQPHQWDO�FRQGLWLRQV�VLWXDWLRQV�DQG�FRQWH[WV�

���,GHQWLI\�FKDOOHQJHV�HQFRXQWHUHG�GXULQJ�LPSOHPHQWDWLRQ�

6WUHQJWKHQ�LQWHUQDO��FDXVDWLRQ��YDOLGLW\�

�� � 2EWDLQ� DGGLWLRQDO� FDVH� GDWD� WR� KHOS� UXOH� RXW� ULYDO� K\SRWKHVHV� DQG
VWUHQJWKHQ� LQWHUQDO� YDOLGLW\� �H�J��� LQWHQVHO\� H[DPLQH� FDVHV�ZKHUH� WKH
LQWHUYHQWLRQ� ZRUNHG� ZHOO� DQG� WKRVH� WKDW� GLG� QRW� WR� VXSSOHPHQW
QRPRORJLFDO�FDXVDOLW\�ZLWK�LGLRJUDSKLF�FDXVDOLW\��

�� � ,GHQWLI\� ³RWKHU´� IDFWRUV�YDULDEOHV� RSHUDWLQJ� LQ� WKH� ILHOG� WKDW� PD\
LQIOXHQFH�RXWFRPHV�

�� � ,GHQWLI\� WKUHDWV� WR� LQWHUQDO�YDOLGLW\� VXFK�DV�SRWHQWLDO�KLVWRU\� HIIHFWV�
ZKHWKHU� PDWXUDWLRQ� DSSHDUV� WR� RFFXU�� SRWHQWLDO� FHLOLQJ� DQG� IORRU
HIIHFWV��GLIIHUHQWLDO�VHOHFWLRQ��DQG�RWKHU�VHOHFWLRQ�LQWHUDFWLRQV�



([SORUH�FDXVDO�K\SRWKHVHV�WKHRU\�JHQHUDWLRQ�

���,GHQWLI\�QHZ�DGGLWLRQDO�PRGHUDWLQJ�YDULDEOHV�WKDW�ZHUH�QRW�LGHQWLILHG
DW�WKH�RXWVHW�RI�WKH�VWXG\�

�� � ,GHQWLI\� LQWHUYHQLQJ� RU� PHGLDWLQJ� YDULDEOHV� RSHUDWLQJ� EHWZHHQ� WKH
LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�

���'HVFULEH�WKH�SURFHVV�RI�FKDQJH�DV�LW�RFFXUV�LQ�FRQWH[W�DQG�DWWHPSW�WR
REVHUYH�WHPSRUDO�RUGHULQJ�RI�YDULDEOHV�LQ�FDXVDO�FKDLQV�RI�RXWFRPHV�

���*HQHUDWH�JURXQGHG�WKHRULHV�
���$GG�XQGHUVWDQGLQJ�RI�H[SODQDWRU\�FDXVDWLRQ�LQ�DGGLWLRQ�WR�WUDGLWLRQDO
GHVFULSWLYH�FDXVDWLRQ�

�� � &ROOHFW� KDUG�WR�TXDQWLI\� GDWD� RQ� FRQWH[WV�� FXOWXUHV�� DQG� FKDQJLQJ
FRQGLWLRQV�WKDW�DSSHDU�WR�IDFLOLWDWH�RU�LQKLELW�SURJUDP�LPSDFW�

�� � &ROOHFW� GDWD� DERXW� PRWLYHV�� HPRWLRQV�� DQG� UHDVRQV� WKDW� RIWHQ� DUH
QHJOHFWHG� LQ� WUDGLWLRQDO� PHDVXUHPHQW� DQG� DQDO\VHV� RI� KXPDQ�VRFLDO
FDXVDWLRQ�

�� � ([SORUH� VXFFHVV� FDVHV� DQG� QRQ�VXFFHVV� FDVHV� WR� H[SORUH� FDXVDO
IDFWRUV�LQ�RSHUDWLRQ�

�� �,GHQWLI\�XQLQWHQGHG�RXWFRPHV��ZKDW�0LFKDHO�6FULYHQ�FDOOV�JRDO�IUHH
HYDOXDWLRQ��

�� � ,GHQWLI\� RPLWWHG� YDULDEOHV� WR� LPSURYH� VSHFLILFLW\� RI� WKH� WKHRUHWLFDO
DQG�PRGHO�WR�EH�WHVWHG�VWDWLVWLFDOO\�

�� � $GG� D� GLVFRYHU\�JHQHUDWLYH� GLPHQVLRQ� WR� DQ� RWKHUZLVH
WHVWLQJ�MXVWLILFDWLRQ�DSSURDFK�WR�UHVHDUFK�

�� �6WXG\� LQGLYLGXDOV� �LQ�DGGLWLRQ� WR�JURXSV�� WR� OHDUQ�ZKDW�KDSSHQV� IRU
HDFK�LQGLYLGXDO�

)DFLOLWDWH�WUDQVIHUDELOLW\�H[WHUQDO��JHQHUDOL]LQJ��YDOLGLW\�

�� � &ROOHFW� ³PHDQLQJIXO�� WKLFN�� FRQWH[WXDO´� GDWD� WR� KHOS� FRQVXPHUV
XQGHUVWDQG� WKH� VXEWOHWLHV� RI� WKH� LQWHUYHQWLRQ�FRQWH[W� LQWHUDFWLRQ� DQG
DLG�LQ�JHQHUDOL]LQJ�WKH�UHSRUW�ILQGLQJV�

�� �'RFXPHQW� FRPSOH[LW\� WKURXJK� LQGLYLGXDO� FDVH� DQDO\VHV� WR� IDFLOLWDWH
XQGHUVWDQGLQJ�RI�ZKDW� RFFXUV� LQ� UHDO� WLPH� DW� DQ� LQGLYLGXDO� OHYHO�� LQ
FRQWUDVW�WR�FRPSDULQJ�DJJUHJDWH�PHDQV�

,,,��6WUDWHJLHV�WR�8VH�$IWHU�WKH�5&7

([SORUH�DFFHSWDELOLW\�DQG�VRFLDO�FXOWXUDO�YDOLGLW\�

�� � *DLQ� EHWWHU� XQGHUVWDQGLQJ� RI� SUDFWLFDO� DQG� FOLQLFDO� VLJQLILFDQFH� E\
VHHLQJ� ZKDW� D� SURJUDP� PHDQV� LQ� LQGLYLGXDOV¶� OLYHV� �L�H��� VRFLDO



YDOLGLW\��� FRQVLGHU� WDNLQJ� WKH� LPSDFW� HVWLPDWH� LQWR� DFFRXQW� �H�J��
VWURQJ�HIIHFW��QR�HIIHFW��QHJDWLYH�HIIHFW��GXULQJ�WKLV�SURFHVV�

�� � 5HWURVSHFWLYHO\� H[SORUH� WKH� DFFHSWDELOLW\� RI� WKH� SURJUDP� IURP
SDUWLFLSDQWV¶�SHUVSHFWLYHV�

([DPLQH�LQWHJULW\�DQG�LQWHUQDO�YDOLGLW\�

�� � &ROOHFW� GDWD� IURP� SDUWLFLSDWLRQ� DV� D� PDQLSXODWLRQ� FKHFN�� +RZ� GR
SDUWLFLSDQWV�GHVFULEH�WKH�LQWHUYHQWLRQ"

���'HWHUPLQH�ZKLFK�ZD\V�XVHG�WR�WDLORU�WKH�LQWHUYHQWLRQ�ZRUNHG�
�� � &ROOHFW� RSHQ�HQGHG� UHWURVSHFWLYH� GDWD� IURP� SDUWLFLSDQWV� DERXW
SURFHVV�DQG�LPSOHPHQWDWLRQ�

���+DYH�PXOWLSOH�SDUWLFLSDQWV�WHOO�WKHLU�VWRULHV�DERXW�ZKDW�KDSSHQHG�
�� � 8VH� WUDGLWLRQDO� TXDOLWDWLYH� VWUDWHJLHV� IRU� SURPRWLQJ� YDOLGLW\� �RU
WUXVWZRUWKLQHVV� RU� OHJLWLPDWLRQ��� LQFOXGLQJ� UHVHDUFKHU�DV�GHWHFWLYH�
WULDQJXODWLRQ�� SHHU� UHYLHZ� RU� LQWHUSUHWDWLRQV��PHPEHU� FKHFNLQJ�� DQG
QHJDWLYH�FDVH�VDPSOLQJ�

([DPLQH�WUDQVIHUDELOLW\�DQG�H[WHUQDO�YDOLGLW\�

�� � &RQWLQXH� WR� GRFXPHQW� WKH� PHDQLQJV�� WKH� FKDUDFWHULVWLFV� RI� WKH
SDUWLFLSDQWV�� DQG� WKH� FRQWH[W� WR� LPSURYH� H[WHUQDO� �JHQHUDOL]LQJ�
YDOLGLW\�

�� � 'HWHUPLQH� SDUWLFLSDQWV¶� YLHZV� DERXW� XVHIXO� IXWXUH� GLUHFWLRQV� IRU
LPSURYLQJ�SURJUDP�DQG�HYDOXDWLRQ�SURFHGXUHV�

6WUHQJWKHQ�RXWFRPH�HYLGHQFH�DQG�SURFHVV�RXWFRPH�OLQNV�

�� � &ROOHFW� RSHQ�HQGHG� UHWURVSHFWLYH� GDWD� IURP� SDUWLFLSDQWV� DERXW� WKH
SURJUDP¶V�LPSDFW��XQLQWHQGHG�LQIOXHQFHV��DQG�RXWFRPHV�

�� � &RQGXFW� PHDVXUHPHQW� FKHFNV�� 'LG� WKH� PHDVXUHV� PHDQ� ZKDW� WKH
UHVHDUFKHUV� DVVXPHG� WKH\� PHDQW"� :HUH� LPSRUWDQW� RXWFRPHV� DQG
QXDQFHV�PLVVHG�E\�WKH�TXDQWLWDWLYH�PHDVXUHV"

�� � +DYH� SDUWLFLSDQWV� UHDFW� WR� FRQFOXVLRQV� DERXW� WKHP� DQG� RIIHU� WKHLU
HPLF�LQWHUSUHWDWLRQV�

�� � 0DNH� SUH�WR�SRVW� FRPSDULVRQV� RQ� TXDOLWDWLYH� GDWD� DV� ZHOO� DV
H[SHULPHQWDO�WR�FRQWURO�JURXS�FRPSDULVRQV�

���([SORUH�SURFHVV�RXWFRPH�OLQNV�
���&RPSDUH�GURSRXWV�WR�QRQ�GURSRXWV�
�� �([SORUH�GDWD�RU�FROOHFW�DGGLWLRQDO� LQ�GHSWK�TXDOLWDWLYH�GDWD�ZLWK�DQ
H\H�WRZDUG�XQGHUVWDQGLQJ�QXOO�UHVXOWV�



1RWH�� ,GHDV� LQ� WKLV� H[KLELW� DUH� DGDSWHG� IURP�+LWFKFRFN�� -��� -RKQVRQ�� 5�� %���	�1DVWDVL�� %��.�� ������
1RYHPEHU��� 5&7�00� GHVLJQV�� $Q� DWWHPSW� WR� LPSURYH� XSRQ� WKH� FDXVDO� ³JROG� VWDQGDUG�´� 3DSHU
SUHVHQWHG�DW�WKH�$PHULFDQ�(YDOXDWLRQ�$VVRFLDWLRQ�&RQIHUHQFH��2UODQGR��)/�

7+(�5(6($5&+�&217,1880
0L[HG� UHVHDUFK� SURYLGHV� D� IUDPHZRUN� IRU� FRQGXFWLQJ� D� VWXG\� WKDW� LQFRUSRUDWHV
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK�DSSURDFKHV��7\SLFDOO\��LQ�HDFK�PL[HG�UHVHDUFK
VWXG\�� D� FRPELQDWLRQ� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� GDWD� LV� FROOHFWHG�� DQDO\]HG�
YDOLGDWHG�� DQG� LQWHUSUHWHG� XVLQJ� V\VWHPDWLF� SULQFLSOHV��$V� VKRZQ� LQ� )LJXUH� �����
PL[HG�UHVHDUFK�WDNHV�PRVW�RI�WKH�VSDFH�RQ�WKH�UHVHDUFK�FRQWLQXXP�WKDW�YDULHV�IURP
QRW� PL[HG� �L�H��� ZKDW� LV� FDOOHG� PRQRPHWKRG�� WR� IXOO\� PL[HG�� $� PRQRPHWKRG
UHVHDUFK�VWXG\��DW�WKH�IDU�OHIW�RI�WKH�FRQWLQXXP��LQYROYHV�WKH�H[FOXVLYH�XVH�RI�HLWKHU�D
TXDQWLWDWLYH� RU� TXDOLWDWLYH� UHVHDUFK� DSSURDFK�� $V� ORQJ� DV� ERWK� TXDQWLWDWLYH� DQG
TXDOLWDWLYH� UHVHDUFK� DSSURDFKHV� DUH� XVHG�ZLWKLQ� WKH� VDPH� LQYHVWLJDWLRQ�� WKH� VWXG\
PRYHV�IURP�EHLQJ�PRQRPHWKRG�WR�DW�OHDVW�D�SDUWLDOO\�PL[HG�PHWKRG��HYHQ�LI�RQH�RI
WKH� UHVHDUFK� DSSURDFKHV� LV� XVHG�RQO\�PLQLPDOO\��$V�\RX�PRYH� WR� WKH� ULJKW�RQ� WKH
UHVHDUFK� FRQWLQXXP�� WKH� PL[LQJ� RU� LQWHJUDWLRQ� RI� HOHPHQWV� RI� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�UHVHDUFK�EHFRPHV�JUHDWHU�DQG�JUHDWHU�

�),*85(����������7KH�UHVHDUFK�FRQWLQXXP

)RU�H[DPSOH��WKH�IROORZLQJ�VWXG\�ZRXOG�EH�VLWXDWHG�UHODWLYHO\�IDU�WR�WKH�OHIW�RQ
WKH� UHVHDUFK� FRQWLQXXP� �L�H��� QRW� VWURQJO\� PL[HG��� 7KH� UHVHDUFKHU� FRQGXFWV� D
SULPDULO\�TXDQWLWDWLYH�UHVHDUFK�VWXG\�XVLQJ�D�TXHVWLRQQDLUH�LQ�ZKLFK�WKH�SDUWLFLSDQWV
XVH� ��SRLQW� VFDOHV� WR� VKRZ� DJUHHPHQW� ZLWK� PDQ\� VWDWHPHQWV� PHDVXULQJ� VHYHUDO
IDFWRUV�� EXW� WKH� UHVHDUFKHU� DOVR� LQFOXGHV� RQH� RSHQ�HQGHG� TXHVWLRQ� RQ� WKDW
TXHVWLRQQDLUH�WR�SURYLGH�VRPH�OLPLWHG�TXDOLWDWLYH�GDWD��)RU�LQVWDQFH��DW�WKH�HQG�RI
WKH� VWUXFWXUHG� TXHVWLRQQDLUH� EDVHG� RQ� UDWLQJ� VFDOHV�� LW� LV� FRPPRQ� IRU� VXUYH\
UHVHDUFKHUV�WR�LQFOXGH�DQ�RSHQ�HQGHG�TXHVWLRQ�WKDW�VD\V��³3OHDVH�OLVW�DQ\�DGGLWLRQDO
WKRXJKWV� WKDW� \RX� KDYH� KHUH�´� ,Q� FRQWUDVW��PRUH� VWURQJO\�PL[HG� UHVHDUFK� LQYROYHV
PRUH� H[WHQVLYH�PL[LQJ� RI� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� DSSURDFKHV� �H�J��� LQGXFWLYH
DQG� GHGXFWLYH��� UHVHDUFK� PHWKRGV� �H�J��� H[SHULPHQWV� DQG� JURXQGHG� WKHRU\��� GDWD
DQDO\VLV��H�J���FRPELQLQJ�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�LQWR�RQH�RYHUDOO�VHW�RI
GDWD��� DQG� LQWHUSUHWDWLRQ� �H�J��� FRQVLGHULQJ� WKH� ILQGLQJV� IURP� WKH� SHUVSHFWLYH� RI� D
TXDOLWDWLYH� UHVHDUFKHU� DQG� IURP� WKH� SHUVSHFWLYH� RI� D� TXDQWLWDWLYH� UHVHDUFKHU��� ,Q
VKRUW��PL[LQJ�FDQ�WDNH�SODFH�LQ�PDQ\�GLIIHUHQW�ZD\V�DQG�WR�YDU\LQJ�GHJUHHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�



,Q�PL[HG� UHVHDUFK�� WKH� UHVHDUFKHU� VKRXOG�� DW� D�PLQLPXP�� LQWHJUDWH� WKH� UHVXOWV
GXULQJ�GDWD�DQDO\VLV�DQG�LQWHUSUHWDWLRQ�WR�SURYLGH�D�IXOO�SLFWXUH�RI�WKH�SKHQRPHQRQ
EHLQJ�VWXGLHG��7KHUH�DUH�SUREDEO\�DQ�LQILQLWH�QXPEHU�RI�ZD\V�LQ�ZKLFK�TXDOLWDWLYH
DQG�TXDQWLWDWLYH� WHFKQLTXHV�FDQ�EH�PL[HG��EXW�HDFK�VLQJOH�VWXG\�FDQ�EH�SODFHG�RQ
WKH� UHVHDUFK� FRQWLQXXP� VKRZLQJ� WKH� GHJUHH� RI� PL[LQJ�� ,Q� WKH� QH[W� VHFWLRQ�� ZH
LQWURGXFH�\RX�WR�VRPH�VSHFLILF�PL[HG�PHWKRGV�UHVHDUFK�GHVLJQV�

7<3(6�2)�0,;('�5(6($5&+�'(6,*16
0L[HG� UHVHDUFK� LV� D� UDSLGO\� GHYHORSLQJ� ILHOG�� $V� VXFK�� PDQ\� PL[HG� UHVHDUFK
GHVLJQV�DUH�VWLOO�EHLQJ�GHYHORSHG��7KHUH�DUH�VHYHUDO�FRPSHWLQJ�W\SRORJLHV�RI�PL[HG
UHVHDUFK� �L�H��� OLVWV� RI� W\SHV�RI� GHVLJQV���:H�SURYLGH�ZKDW�ZH� FRQVLGHU� WR� EH� WKH
EHVW�LQWURGXFWRU\�W\SRORJ\�LQ�WKLV�FKDSWHU�

,Q� RXU� SUDFWLFDO� W\SRORJ\� RI�PL[HG� GHVLJQV��ZH� FRQFHSWXDOL]H�PL[HG�PHWKRGV
UHVHDUFK�DV�D� IXQFWLRQ�RI� WZR� IXQGDPHQWDO�GLPHQVLRQV�� ���� WLPH�RULHQWDWLRQ�RI� WKH
TXDOLWDWLYH� DQG� TXDQWLWDWLYH� FRPSRQHQWV� �FRQFXUUHQW� YV�� VHTXHQWLDO�� DQG� ���
SDUDGLJP�UHVHDUFK�DSSURDFK� HPSKDVLV� �HTXDO� HPSKDVLV� YV�� SULPDU\�FRUH�
FRPSRQHQW� HPSKDVLV� ZLWK� D� VXSSOHPHQWDO� FRPSRQHQW� DGGHG�� FI�� 0RUVH�� �����
0RUJDQ�� ������ ������� 7LPH� RULHQWDWLRQ� UHIHUV� WR� ZKHWKHU� WKH� TXDOLWDWLYH� DQG
TXDQWLWDWLYH� FRPSRQHQWV� RU� SKDVHV� RI� WKH� VWXG\� RFFXU� DW� DSSUR[LPDWHO\� WKH� VDPH
SRLQW� LQ� WLPH� �L�H��� FRQFXUUHQWO\�� RU�ZKHWKHU� WKH\� DUH� RUJDQL]HG� LQWR� SKDVHV� RYHU
WLPH� �L�H��� VHTXHQWLDOO\��� 3DUDGLJP� �UHVHDUFK�DSSURDFK�� HPSKDVLV� UHIHUV� WR
ZKHWKHU�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SDUWV�RI�WKH�VWXG\�DUH�JLYHQ�DSSUR[LPDWHO\
HTXDO�HPSKDVLV��L�H���HTXDO�HPSKDVLV�LQWHUDFWLYH�GHVLJQ��ZLWK�UHJDUG�WR�DQVZHULQJ
WKH� UHVHDUFK� TXHVWLRQ�V�� DQG� LQWHUSUHWLQJ� WKH� UHVXOWV� RU� ZKHWKHU� RQH� SDUDGLJP
FOHDUO\� KDV� PRUH� ZHLJKW� WKDQ� WKH� RWKHU� �L�H��� D� TXDOLWDWLYHO\� GULYHQ� GHVLJQ� RU
TXDQWLWDWLYHO\�GULYHQ�GHVLJQ���,I�\RX�XVH�RXU�W\SRORJ\�WR�VHOHFW�D�GHVLJQ��\RX�PDNH
WZR�PDMRU�GHFLVLRQV��)LUVW��GHFLGH�ZKHWKHU�\RX�ZDQW�WR�RSHUDWH�ODUJHO\�ZLWKLQ�RQH
SULPDU\� SDUDGLJP� RU� QRW� DQG�� VHFRQG�� GHFLGH� ZKHWKHU� \RX� ZDQW� WR� FRQGXFW� WKH
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�FRPSRQHQWV�FRQFXUUHQWO\�RU�VHTXHQWLDOO\�

&URVVLQJ� WKH� WZR�GLPHQVLRQV�ZH� MXVW�PHQWLRQHG� �L�H��� SDUDGLJP�HPSKDVLV� DQG
WLPH� RUGHU�� SURGXFHV� D� �� �HTXDO� HPSKDVLV� YV�� SULPDU\�FRUH� HPSKDVLV�� E\� �
�FRQFXUUHQW�YV��VHTXHQWLDO��PDWUL[�ZLWK���FHOOV��7KLV�PDWUL[�LV�VKRZQ�LQ�)LJXUH������
7R� XQGHUVWDQG� WKH� VSHFLILF� GHVLJQV� VKRZQ� LQ� WKHVH� IRXU� FHOOV�� KRZHYHU�� \RX�PXVW
EHFRPH� IDPLOLDU� ZLWK� VRPH� QRWDWLRQ� WKDW� LV� FRPPRQO\� XVHG� LQ� PL[HG� PHWKRGV
UHVHDUFK��0RUVH���������7KH�V\PERO�V\VWHP�ZRUNV�OLNH�WKLV�

���7KH�OHWWHUV�TXDO�RU�48$/�VWDQG�IRU�TXDOLWDWLYH�UHVHDUFK�
���7KH�OHWWHUV�TXDQ�RU�48$1�VWDQG�IRU�TXDQWLWDWLYH�UHVHDUFK�
�� � &DSLWDO� OHWWHUV� GHQRWH� SULRULW\� RU� LQFUHDVHG�ZHLJKW� RU� D� FRUH� UROH� LQ� WKH
VWXG\�

�� �/RZHUFDVH�OHWWHUV�GHQRWH�ORZHU�SULRULW\�RU�ZHLJKW�RU�VXSSOHPHQWDO�UROH�LQ
WKH�VWXG\�



���$�SOXV�VLJQ�����UHSUHVHQWV�D�FRQFXUUHQW�FROOHFWLRQ�RI�GDWD�
���$Q�DUURZ��ĺ��UHSUHVHQWV�D�VHTXHQWLDO�FROOHFWLRQ�RI�GDWD�

)RU�H[DPSOH��WKH�FRPELQDWLRQ�RI�V\PEROV�48$/���48$1�LQGLFDWHV�D�GHVLJQ�LQ
ZKLFK� WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SDUDGLJPV�DUH�JLYHQ�HTXDO�ZHLJKW�RU�HTXDO
SULRULW\��ERWK�DUH�LQ�FDSV��DQG�DUH�FRQGXFWHG�FRQFXUUHQWO\��VHH�WKH�SOXV�VLJQ���7KH
FRPELQDWLRQ�RI�WKH�V\PEROV�48$/�ĺ�TXDQ�LQGLFDWHV�WKDW�WKH�TXDOLWDWLYH�SDUDGLJP
LV� HPSKDVL]HG� LQ� WKH� UHVHDUFK� VWXG\� �48$/� LV� LQ� FDSLWDO� OHWWHUV�� DQG� TXDQ� LV
ORZHUFDVH��DQG�D�IROORZ�XS�TXDQWLWDWLYH�FRPSRQHQW� LV� LQFOXGHG�WR�VXSSOHPHQW� WKH
VWXG\��VHH�WKH�DUURZ�EHWZHHQ�48$/�DQG�TXDQ���1RZ�\RX� WU\� LW��:KDW�ZRXOG� WKLV
VHW�RI�V\PEROV�LQGLFDWH��TXDO�ĺ�48$1"��$QVZHU��,W�LQGLFDWHV�WKDW�WKH�TXDQWLWDWLYH
SDUDGLJP�LV�HPSKDVL]HG�DQG�WKDW�D�TXDOLWDWLYH�SKDVH�LV�IROORZHG�VHTXHQWLDOO\�E\�WKH
TXDQWLWDWLYH�SKDVH���1RZ�\RX�NQRZ�D�QHZ�V\PERO�V\VWHP��'RQ¶W�IRUJHW�WR�VKDUH�LW
ZLWK�\RXU�IULHQGV�

1RZ�WDNH�D�PRPHQW�WR�H[DPLQH�WKH�QLQH�GHVLJQV�VKRZQ�LQ�)LJXUH�������$V�\RX
FDQ�VHH��VRPH�RI�WKH�FHOOV�LQFOXGH�PRUH�GHVLJQV�WKDQ�RWKHUV��H�J���WKHUH�LV�RQO\�RQH
HTXDO�HPSKDVLV�FRQFXUUHQW�GHVLJQ��EXW� WKHUH�DUH� IRXU�SULPDU\�HPSKDVLV�VHTXHQWLDO
GHVLJQV��� ,Q�DFWXDO� UHVHDUFK�SUDFWLFH��VRPH�GHVLJQV�DUH�PRUH�FRPPRQO\�XVHG� WKDQ
RWKHUV��)RU�H[DPSOH��PDQ\� UHVHDUFKHUV�DUH� WUDLQHG� LQ�D� VLQJOH� UHVHDUFK�SDUDGLJP�
DQG� LI� WKH\� FRQGXFW� PL[HG� UHVHDUFK�� WKH\� WHQG� WR� XVH� RQH� FRUH� DSSURDFK� �HLWKHU
48$/� RU� 48$1�� DQG� VXSSOHPHQW� LW� ZLWK� WKH� RWKHU� DSSURDFK� �TXDQ� RU� TXDO��
SURGXFLQJ� D� TXDOLWDWLYHO\� GULYHQ� GHVLJQ� RU� DTXDQWLWDWLYHO\� GULYHQ� GHVLJQ�� )RU
H[DPSOH��SUHGRPLQDQWO\�TXDOLWDWLYH�UHVHDUFKHUV�RIWHQ�ZLOO�LQFOXGH�D�VXSSOHPHQWDU\
TXDQWLWDWLYH�FRPSRQHQW�LQ�WKHLU�UHVHDUFK�ZLWKRXW�FKDQJLQJ�WKHLU�RYHUDOO�SDUDGLJP�RU
DSSURDFK�WR�UHVHDUFK��/LNHZLVH��SUHGRPLQDQWO\�TXDQWLWDWLYH�UHVHDUFKHUV�RIWHQ�ZLOO
LQFOXGH� D� VXSSOHPHQWDU\� TXDOLWDWLYH� FRPSRQHQW� ZLWKRXW� FKDQJLQJ� WKHLU� RYHUDOO
SDUDGLJP� RU� DSSURDFK� WR� UHVHDUFK�� $V� PL[HG� UHVHDUFK� JURZV� RYHU� WLPH� DV� D
UHVHDUFK� SDUDGLJP�� ZH� H[SHFW� WR� VHH� PRUH� DQG� PRUH� HTXDO�HPSKDVLV� RU� IXOO\
LQWHUDFWLYH�GHVLJQV��6XFK�GHVLJQV�DUH�PRVW�HDVLO\�FDUULHG�RXW� WKURXJK� WKH�XVH�RI�D
UHVHDUFK� WHDP� FRPSRVHG� RI� UHVHDUFKHUV� ZLWK� GLIIHUHQW� VWUHQJWKV� �-RKQVRQ� HW� DO��
������

��4XDOLWDWLYHO\�GULYHQ�GHVLJQ�0L[HG�UHVHDUFK�GHVLJQ�LQ�ZKLFK�WKH�TXDOLWDWLYH
SHUVSHFWLYH�RU�ZD\�RI�WKLQNLQJ�LV�HPSKDVL]HG�DQG�VRPH�TXDQWLWDWLYH�GDWD�DUH
DGGHG�WR�WKH�VWXG\

��4XDQWLWDWLYHO\�GULYHQ�GHVLJQ�0L[HG�UHVHDUFK�GHVLJQ�LQ�ZKLFK�WKH
TXDQWLWDWLYH�SHUVSHFWLYH�RU�ZD\�RI�WKLQNLQJ�LV�HPSKDVL]HG�DQG�VRPH
TXDOLWDWLYH�GDWD�DUH�DGGHG�WR�WKH�VWXG\

�),*85(����������0L[HG�PHWKRGV�GHVLJQ�PDWUL[



,Q�DGGLWLRQ� WR�VHOHFWLQJ�RQH�RI� WKH�QLQH�PL[HG�GHVLJQV� LQ�RXU��î��PDWUL[��\RX
DOVR�FDQ�VWDUW�WKLQNLQJ�DERXW�KRZ�WR�FRQVWUXFW�\RXU�RZQ�GHVLJQ��3OHDVH�UHPHPEHU
WKLV� SRLQW�� 5HVHDUFK� TXHVWLRQV� FRPH� EHIRUH� UHVHDUFK� PHWKRGV²PHWKRGV� DUH� WKH
WRROV� \RX� XVH� WR� KHOS� REWDLQ� DQVZHUV� \RXU� UHVHDUFK� TXHVWLRQV�� 7KHUHIRUH�� LI� D
VWDQGDUG�GHVLJQ�LV�QRW�DYDLODEOH�WKDW�ILWV�\RXU�UHVHDUFK�TXHVWLRQV�DQG�QHHGV��\RX�FDQ
XVH� WKH� FRPSRQHQWV�SURYLGHG� DERYH� WR� FRQVWUXFW� \RXU�RZQ�GHVLJQ� �IRU� DGGLWLRQDO
FRPSRQHQWV�� VHH� ([KLELW� ������� <RX� FDQ� LQGLFDWH� VHYHUDO� FKDUDFWHULVWLFV� RI� \RXU
PL[HG� UHVHDUFK� VWXG\� XVLQJ� WKH� V\PEROV� LQ� WKH� QRWDWLRQ� V\VWHP� SURYLGHG� DERYH�
)LUVW��\RX�FDQ�LQGLFDWH�LI�\RXU�VWXG\�LV�FRQFXUUHQW��H�J���48$/���TXDQ���VHTXHQWLDO
�H�J���48$/�ĺ�TXDQ���RU�D�FRPELQDWLRQ�RI�FRQFXUUHQW�DQG�VHTXHQWLDO��H�J���>48$/
��TXDQ@�ĺ�48$/��� 6HFRQG�� LQ� VHTXHQWLDO� GHVLJQV�� \RX� FDQ� LQGLFDWH� WKH� RUGHU� RI
TXDOLWDWLYH� DQG� TXDQWLWDWLYH� SDUWV�� IRU� H[DPSOH�� LQ� D� 48$/� ĺ� TXDQ� ĺ� 48$/
GHVLJQ�� D� TXDOLWDWLYH� SKDVH� LV� FRQGXFWHG� ILUVW�� D� TXDQWLWDWLYH� SKDVH� LV� FRQGXFWHG
VHFRQG��EXLOGLQJ�RQ�WKH�SULRU�SKDVH���DQG�D�VHFRQG�TXDOLWDWLYH�SKDVH�LV�FRQGXFWHG
ODVW� �EXLOGLQJ�RQ� WKH�SULRU�SKDVHV���7KLUG��\RX�FDQ� LQGLFDWH�ZKHWKHU�\RXU�VWXG\� LV
TXDOLWDWLYHO\� GULYHQ�RU� LV� TXDQWLWDWLYHO\� GULYHQ�RU�ZKHWKHU� ERWK� W\SHV� RI� UHVHDUFK
DUH�JLYHQ�HTXDO�SULRULW\��)LQDOO\��IRU�WKH�LQWHUHVWHG�UHDGHU��ZH�KDYH�LQFOXGHG�VRPH
DGGLWLRQDO� GHVLJQ� GLPHQVLRQV� IRU� FRQVLGHUDWLRQ� LQ� ([KLELW������ DW� WKH� HQG� RI� WKLV
FKDSWHU�

([DPSOHV�RI�4XDOLWDWLYHO\�'ULYHQ��4XDQWLWDWLYHO\�'ULYHQ��DQG
(TXDO�(PSKDVLV�RU�,QWHUDFWLYH�6WXGLHV

$Q�H[DPSOH�RI�D�VWXG\�EDVHG�RQ�D�TXDOLWDWLYHO\�GULYHQ�FRQFXUUHQW�GHVLJQ�ZDV
FRQGXFWHG� E\� 0F9HD� HW� DO�� �������� WKH� WLWOH� RI� WKLV� DUWLFOH� LV� ³$Q� 2XQFH� RI
3UHYHQWLRQ"�(YDOXDWLRQ�RI�´3XW�3UHYHQWLRQ�LQWR�3UDFWLFH¶�3URJUDP�µ�7KH�UHVHDUFKHUV
HYDOXDWHG� WKH� HIIHFWLYHQHVV� RI� WKH� 3XW� 3UHYHQWLRQ� LQWR� 3UDFWLFH� SURJUDP� E\
H[DPLQLQJ�KRZ�ZHOO� LW�ZRUNHG�ZLWK� IDPLO\�SK\VLFLDQV�� WKHLU� VWDII�� DQG�SDWLHQWV� LQ
HLJKW�SULYDWH�SUDFWLFH�VHWWLQJV��7KH�VSHFLILF�GHVLJQ�ZDV�D�48$/���TXDQ�GHVLJQ��7KH
TXDQWLWDWLYH� FRPSRQHQW� �WKH� FRPSRQHQW� ZLWK� OHVV� ZHLJKW�� LQYROYHG� FROOHFWLRQ� RI
RIILFH� HQYLURQPHQW� DQG� FOLQLFDO� HQFRXQWHUV� FKHFNOLVW� GDWD�� 7KH� TXDOLWDWLYH
FRPSRQHQW��ZKLFK�WRRN�SODFH�FRQFXUUHQWO\��KDG�WKH�SULPDU\�HPSKDVLV�EHFDXVH�PRUH
TXDOLWDWLYH�GDWD�ZHUH�FROOHFWHG�WKDQ�TXDQWLWDWLYH�GDWD�DQG�WKH�TXDOLWDWLYH�GDWD�ZHUH



FROOHFWHG� IRU� D� ORQJHU� SHULRG� RI� WLPH� WKDQ� ZHUH� WKH� TXDQWLWDWLYH� GDWD�� 7KH
TXDOLWDWLYH�SKDVH�LQYROYHG�SDUWLFLSDQW�REVHUYDWLRQV�RI�FOLQLF�RSHUDWLRQV�DQG�SDWLHQW
HQFRXQWHUV��LQ�GHSWK�LQWHUYLHZV�ZLWK�SK\VLFLDQV�DQG�VWDII�PHPEHUV��DQG�HQFRXQWHUV
ZLWK�SDWLHQWV�DIWHU� WKHLU�FDUH��2EWDLQLQJ� WKH� LQVLGHUV¶�YLHZV�ZDV�D�NH\�SDUW�RI� WKH
VWXG\��7KH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�ZHUH�DQDO\]HG�VHSDUDWHO\�EHIRUH�EHLQJ
FRPSDUHG�QHDU�WKH�HQG�RI�WKH�VWXG\�

$Q�H[DPSOH�RI�D�VWXG\�EDVHG�RQ�D�TXDQWLWDWLYHO\�GULYHQ�VHTXHQWLDO�GHVLJQ�ZDV
FRQGXFWHG� E\�:D\�� 6WDXEHU��1DNNXOD�� DQG�/RQGRQ� ������� DQG� SXEOLVKHG�ZLWK� WKH
WLWOH� ³'HSUHVVLRQ� DQG� 6XEVWDQFH�8VH� LQ� 7ZR�'LYHUJHQW�+LJK� 6FKRRO�&XOWXUHV��$
4XDQWLWDWLYH� DQG�4XDOLWDWLYH�$QDO\VLV�´� 7KH\� VSHFLILFDOO\� XVHG� D�48$1�ĺ�TXDO
GHVLJQ��)LUVW��D� VWUXFWXUHG�TXHVWLRQQDLUH�ZDV�DGPLQLVWHUHG� WR�VWXGHQWV� LQ�VXEXUEDQ
DQG�XUEDQ�KLJK�VFKRROV��7KH�TXHVWLRQQDLUHV�PHDVXUHG�VWXGHQW�GHSUHVVLRQ��VXEVWDQFH
DEXVH�� DQG� VHYHUDO� GHPRJUDSKLF� YDULDEOHV�� 'XULQJ� GDWD� DQDO\VLV�� WKH� UHVHDUFKHUV
IRXQG� D� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ� GHSUHVVLRQ� DQG� VXEVWDQFH� DEXVH� �L�H��� WKH
KLJKHU�WKH�GHSUHVVLRQ��WKH�KLJKHU�WKH�VXEVWDQFH�DEXVH��IRU�VWXGHQWV�LQ�WKH�VXEXUEDQ
KLJK�VFKRROV�EXW�QRW�IRU�VWXGHQWV�LQ�WKH�XUEDQ�KLJK�VFKRROV��,Q�WKH�VHFRQG�SKDVH��WKH
UHVHDUFKHUV� FRQGXFWHG� IROORZ�XS� TXDOLWDWLYH� LQWHUYLHZV� ZLWK� WKH� PRVW� GHSUHVVHG
VWXGHQWV�IURP�ERWK�XUEDQ�DQG�VXEXUEDQ�KLJK�VFKRROV�WR�H[SORUH�ZK\�WKH�UHODWLRQVKLS
ZDV� SUHVHQW� RQO\� IRU� VXEXUEDQ� VWXGHQWV�� 7KH\� IRXQG� WKDW� VXEXUEDQ� VWXGHQWV� VDZ
GUXJV�DV�D�ZD\�WR�HVFDSH�SUREOHPV��,Q�FRQWUDVW��WKH�XUEDQ�VWXGHQWV�VDZ�GUXJV�PRUH
DV� D� FDXVH� RI� WKHLU� SUREOHPV�� 3KDVH� �� ZDV� XVHG� LQ� D� FRPSOHPHQWDU\� ZD\�
VSHFLILFDOO\��SKDVH���GDWD�DQG�UHVXOWV�KHOSHG�FODULI\� WKH�SKDVH���ILQGLQJ�DERXW� WKH
UHODWLRQVKLS�EHWZHHQ�GHSUHVVLRQ�DQG�VXEVWDQFH�DEXVH�

8S�WR� WKLV�SRLQW�� WKH�H[DPSOHV�RI�PL[HG�UHVHDUFK� WKDW�ZH�KDYH�SURYLGHG�ZHUH
FDUULHG�RXW�LQ�D�VLQJOH�UHVHDUFK�VWXG\��$OWKRXJK�WHFKQLFDOO\�D�PL[HG�GHVLJQ�UHTXLUHV
WKDW�\RXU�VWXG\�EH�D�VLQJOH�UHVHDUFK�VWXG\��WKH�ZRUG�VWXG\�FDQ�EH�YLHZHG�EURDGO\
EHFDXVH� \RX� PLJKW� KDYH� WR� SXEOLVK� WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� UHVXOWV� LQ
VHSDUDWH� SXEOLFDWLRQV� DQG�RU� \RXU� UHVHDUFK� SURJUDP�PLJKW� SXUSRVLYHO\� VKLIW� IURP
RQH� DSSURDFK� WR� DQRWKHU� EHFDXVH� RI� WKH� QHHG� IRU� TXDOLWDWLYH� DQG� TXDQWLWDWLYH
DSSURDFKHV�WR�KHOS�DFKLHYH�\RXU�UHVHDUFK�DLPV��7KHUHIRUH��ZH�YLHZ�WKH�ZRUG�VWXG\
EURDGO\� LQ� WKLV� H[DPSOH�� )RU� WKH� IROORZLQJ� HYDOXDWLYH� VWXG\� RI� DQ� DQWLSRYHUW\
SURJUDP�� WKH� UHVHDUFKHUV� IRUPHG� D� WHDP�� EXW� WKH\� SXEOLVKHG� WKH� UHVXOWV� RI� WKHLU
HTXDO�VWDWXV�VHTXHQWLDO�GHVLJQ��48$1�ĺ�48$/��LQ�WZR�UHSRUWV��7KH�ILUVW�SDUW�RI
WKLV�VWXG\�ZDV�SXEOLVKHG�E\�%RV�HW�DO���������ZLWK�WKH�WLWOH�1HZ�+RSH�IRU�3HRSOH
:LWK� /RZ� ,QFRPHV�� 7ZR�<HDU� 5HVXOWV� RI� D� 3URJUDP� WR� 5HGXFH� 3RYHUW\� DQG
5HIRUP�:HOIDUH��7KHVH�UHVHDUFKHUV�FRQGXFWHG�SKDVH���RI�DQ�HYDOXDWLRQ�RI�WKH�1HZ
+RSH�SURJUDP�

1HZ� +RSH� ZDV� D� ��\HDU� YROXQWDU\� DQWLSRYHUW\� LQLWLDWLYH� WKDW� WRRN� SODFH� LQ
VHOHFWHG� LQQHU�FLW\� QHLJKERUKRRGV� LQ� 0LOZDXNHH�� :LVFRQVLQ�� ,Q� WKLV� SURJUDP�
UHVLGHQWV� IURP� WKHVH� QHLJKERUKRRGV� ZKR�ZRUNHG� IRU� ��� KRXUV� D� ZHHN� UHFHLYHG�
ZKHQ�DSSURSULDWH��D�ZDJH�VXEVLG\��KHDOWK�LQVXUDQFH��DQG�FKLOG�FDUH�EHQHILWV��%RV�HW
DO�� ������� HYDOXDWHG� WKLV� ILUVW� SKDVH� RI� WKH� SURMHFW� XVLQJ� TXDQWLWDWLYH� UHVHDUFK
WHFKQLTXHV�� 6SHFLILFDOO\�� WKH\� XVHG� D� UDQGRPL]HG� H[SHULPHQW�� IRFXVLQJ� RQ� FDXVDO
H[SODQDWLRQV� RI� WDUJHWHG� SURJUDP� RXWFRPHV�� 7KHVH� WDUJHWHG� RXWFRPHV� LQFOXGHG



SRYHUW\� UHGXFWLRQ�� IXOO�WLPH�HPSOR\PHQW��DQG�FKLOG�DQG� IDPLO\�ZHOO�EHLQJ��%RV�HW
DO��FROOHFWHG�DGPLQLVWUDWLYH�UHFRUGV�DQG�IDPLO\�DQG�WHDFKHU�VXUYH\V�ERWK�DW�EDVHOLQH
DQG� DW� WKH� HQG�RI� WKH���\HDU�SURJUDP��7KH� H[SHULPHQWDO� DQG� FRQWURO� JURXSV�ZHUH
FRPSDUHG�RQ�WKH�TXDQWLWDWLYH�GDWD�

7KH�TXDOLWDWLYH�SKDVH�RI� WKLV�VWXG\�ZDV�VWDUWHG�DW� WKH���\HDU�SRLQW�RI� WKH�1HZ
+RSH�SURJUDP��DIWHU�WKH�TXDQWLWDWLYH�SKDVH�MXVW�GHVFULEHG���7KLV�SDUW�FRQVLVWHG�RI
DQ�HWKQRJUDSKLF� VWXG\�ZLWK� WKH�JRDO�RI�REWDLQLQJ�DQ� LQ�GHSWK�XQGHUVWDQGLQJ�RI� WKH
PHDQLQJIXOQHVV�RI�WKH�SDUWLFLSDQWV¶�H[SHULHQFHV�RYHU�WKH�ILUVW���\HDUV�RI�WKH�SURJUDP
�:HLVQHU�� ������� $SSUR[LPDWHO\� RQH� KDOI� RI� WKH� WUHDWPHQW� DQG� FRQWURO� JURXS
PHPEHUV�ZHUH�LQWHUYLHZHG��DQG�WKHLU�UHVSRQVHV�ZHUH�FRPSDUHG��,Q�WKLV�VHTXHQWLDO
VWXG\��L�H���SKDVHV���DQG�����WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�VHWV�ZHUH�DQDO\]HG
VHSDUDWHO\�� DQG� PL[LQJ� WRRN� SODFH� LQ� LQWHUSUHWLQJ� WKH� ILQDO� UHVXOWV�� ,Q� WKLV� VWXG\�
SXEOLVKHG� ZLWK� WKH� WLWOH� ³8QGHUVWDQGLQJ� %HWWHU� WKH� /LYHV� RI� 3RRU� )DPLOLHV�
(WKQRJUDSKLF� DQG�6XUYH\�6WXGLHV� LQ� WKH�1HZ�+RSH�([SHULPHQW�´� WKH� TXDQWLWDWLYH
GDWD�DQG�GHVLJQ�SURYLGHG�HYLGHQFH�WKDW�WKH�1HZ�+RSH�SURJUDP�ZDV�ZRUNLQJ��7KH
TXDOLWDWLYH��HWKQRJUDSKLF�GDWD�SURYLGHG�LQVLJKWV�LQWR�KRZ�PHPEHUV�RI�WKH�GLIIHUHQW
JURXSV�YLHZHG�WKHLU�SDUWLFLSDWLRQ�DQG�WKHLU�FLUFXPVWDQFHV��ERWK�FRPSOHPHQWLQJ�DQG
FRUURERUDWLQJ�WKH�TXDQWLWDWLYH�GDWD�

5(9,(:
48(67 ,21

�����:KDW�LV�PL[HG�PHWKRGV�UHVHDUFK"
�����:KDW�NLQG�RI�VWXG\�GRHV�WKLV�QRWDWLRQ�LPSO\�

TXDO�ĺ�48$1���TXDO��&DQ�\RX�WKLQN�RI�ZK\�D
UHVHDUFKHU�PLJKW�XVH�VXFK�D�GHVLJQ"

�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�VHTXHQWLDO�DQG
D�FRQFXUUHQW�GHVLJQ�IHDWXUH"

67$*(6�2)�7+(�0,;('�5(6($5&+�352&(66
7KH�PL[HG�UHVHDUFK�SURFHVV�GLVFXVVHG�LQ�WKLV�FKDSWHU�IROORZV�HLJKW�LWHUDWLYH�VWHSV�

����'HWHUPLQH�ZKHWKHU�D�PL[HG�GHVLJQ�LV�DSSURSULDWH�

����'HWHUPLQH�WKH�UDWLRQDOH�IRU�XVLQJ�D�PL[HG�GHVLJQ�

����6HOHFW�RU�FRQVWUXFW�D�PL[HG�UHVHDUFK�GHVLJQ�DQG�PL[HG�VDPSOLQJ�GHVLJQ�

����&ROOHFW�GDWD�

����$QDO\]H�WKH�GDWD�

����&RQWLQXDOO\�YDOLGDWH�WKH�GDWD�

����&RQWLQXDOO\�LQWHUSUHW�WKH�GDWD�DQG�ILQGLQJV�

����:ULWH�WKH�UHVHDUFK�UHSRUW�



�),*85(����������,PSRUWDQW�VWHSV�LQ�D�PL[HG�UHVHDUFK�VWXG\�ZLWK�\RXU�UHVHDUFK
TXHVWLRQV�DW�WKH�FRUH�RI�WKH�VWXG\�

1RWH�� $OWKRXJK� WKH� VWHSV� DUH� QXPEHUHG�� UHVHDUFKHUV� RIWHQ� PRYH� DURXQG� LQ� WKH� FLUFOH� LQ� PXOWLSOH� GLUHFWLRQV
�HVSHFLDOO\�LQ�VWHSV���WKURXJK�����)HHGEDFN�ORRSV�FDQ�RFFXU�DW�DQ\�SODFH�

7KHVH�VWHSV�DUH�VKRZQ�LQ�)LJXUH�������$OWKRXJK�DOO�UHVHDUFK�VWDUWV�ZLWK�RQH�RU
PRUH�UHVHDUFK�TXHVWLRQV�� WKH�UHVW�RI� WKH�VWHSV�FDQ�YDU\� LQ�RUGHU� �L�H��� WKH\�DUH�QRW
QHFHVVDULO\� OLQHDU� DV� LPSOLHG� E\� WKH� ILJXUH��� )RU� H[DPSOH�� LQWHUSUHWDWLRQ� DQG
YDOLGDWLRQ�DUH�RQJRLQJ�SURFHVVHV��$OVR��ZULWLQJ�WKH�UHVHDUFK�UHSRUW�LV�VKRZQ�DV�WKH
ODVW�VWHS�LQ�WKH�UHVHDUFK�SURFHVV��DOWKRXJK�VRPH�SUHOLPLQDU\�ZULWLQJ�RU�WKH�ZULWLQJ
RI�VRPH�VHFWLRQV�RI�D�UHSRUW�RIWHQ�RFFXUV�EHIRUH�WKH�HQG�RI�D�UHVHDUFK�SURMHFW��7KH
DUURZ� OHDGLQJ� EDFN� WR� WKH� ILUVW� VWHS� VKRZV� WKDW� WKH� UHVHDUFK� TXHVWLRQ�V�� RU
REMHFWLYH�V��FDQ�HYHQ�EH�UHIRUPXODWHG�GXULQJ�D�VLQJOH�UHVHDUFK�VWXG\�RU�VXEVHTXHQW
VWXGLHV��(DFK�RI�WKHVH�VWHSV�LV�GLVFXVVHG�LQ�PRUH�GHWDLO�EHORZ�

6WHS����'HWHUPLQH�:KHWKHU�D�0L[HG�'HVLJQ�,V�$SSURSULDWH
<RX� OHDUQHG� LQ� &KDSWHU� �� WKDW� DOO� HPSLULFDO� UHVHDUFK� VWDUWV� E\� VHOHFWLQJ� D

UHVHDUFK�WRSLF��L�H���WKH�EURDG�VXEMHFW�PDWWHU�DUHD�WR�EH�LQYHVWLJDWHG���LGHQWLI\LQJ�D
UHVHDUFK� SUREOHP� �WKH� HGXFDWLRQDO� LVVXH� RU� SUREOHP�ZLWKLQ� D� EURDG� WRSLF� DUHD��
GHWHUPLQLQJ�WKH�UHVHDUFK�SXUSRVH��L�H���D�VWDWHPHQW�RI�WKH�LQWHQW�RU�REMHFWLYH�RI�WKH
VWXG\���DQG�ILQDOO\�FRPLQJ�XS�ZLWK�WKH�UHVHDUFK�TXHVWLRQ�V���L�H��� WKH�YHU\�VSHFLILF
TXHVWLRQ�WKDW�\RX�KDYH�GHWHUPLQHG�QHHGV�WR�EH�DQVZHUHG���6RPHWLPHV��HVSHFLDOO\�LQ
TXDQWLWDWLYH�UHVHDUFK��D�VWDWHPHQW�RI�WKH�K\SRWKHVLV�LV�DOVR�PDGH��L�H���WKH�UHVHDUFKHU
PDNHV�D�SUHGLFWLRQ�DERXW�WKH�UHVHDUFK�RXWFRPH��

2QFH�\RX�KDYH�LGHQWLILHG�\RXU�UHVHDUFK�TXHVWLRQV��LW�LV�KHOSIXO�WR�GHWHUPLQH�WKH
REMHFWLYH� RI� \RXU� UHVHDUFK�� $V�ZH� GLVFXVVHG� LQ� &KDSWHU� ��� WKHUH� DUH� ILYH� PDMRU
UHVHDUFK�REMHFWLYHV�LQ�HGXFDWLRQDO�UHVHDUFK��H[SORUDWLRQ��GHVFULSWLRQ��H[SODQDWLRQ�



SUHGLFWLRQ�� DQG� LQIOXHQFH�� 7KHVH� ILYH� REMHFWLYHV� DUH� MXVW� DV� UHOHYDQW� ZKHQ
FRQGXFWLQJ�PL[HG�UHVHDUFK�DV�WKH\�DUH�ZKHQ�XVLQJ�PRQRPHWKRGV��)XUWKHUPRUH��LW�LV
FRPPRQ�LQ�PL[HG�UHVHDUFK�WR�KDYH�PRUH�WKDQ�RQH�REMHFWLYH�IRU�\RXU�UHVHDUFK�VWXG\�

:KDW�LV�XQLTXH�LQ�PL[HG�UHVHDUFK�LV�WKDW�WKH�UHVHDUFK�SUREOHP�DQG�\RXU�UHVHDUFK
TXHVWLRQ�RU�VHW�RI�TXHVWLRQV�VXJJHVW�WR�\RX�WKDW�D�PL[HG�GHVLJQ�LV�DSSURSULDWH��)RU
H[DPSOH�� \RX�PLJKW� QHHG� WR� H[SORUH� WKH� ODQJXDJH� RI� D� JURXS� RI� SHRSOH� DQG� WKHQ
GHYHORS�D�VWDQGDUGL]HG�TXHVWLRQQDLUH�WKDW�ZLOO�ZRUN�IRU�WKHP��2U�SHUKDSV�\RX�ZDQW
WR�GHYHORS�D�JURXQGHG� WKHRU\��EXW� DIWHU�GHYHORSLQJ� LW��\RX�ZDQW� WR� WHVW� WKH� WKHRU\
HPSLULFDOO\� RQ� DQ� LQGHSHQGHQW� JURXS� RI� SHRSOH� WR� DVVHVV� WKH� HPHUJHQW� WKHRU\¶V
JHQHUDOL]DELOLW\�RU� WUDQVIHUDELOLW\��%RWK�RI� WKHVH�H[DPSOHV� LPSO\�D�PL[HG�UHVHDUFK
VWXG\�

,I� \RX� DUH�ZLOOLQJ� WR� JR� WKH� URXWH� RI�PL[HG� UHVHDUFK�� WKLV�PHDQV� WKDW� \RX� DUH
ZLOOLQJ�WR�WDNH�D�SUDJPDWLF�SRVLWLRQ�WRZDUG�\RXU�UHVHDUFK�DQG�WKDW�\RX�GR�QRW�YLHZ
DQ\�VLQJOH�PHWKRG�GRJPDWLFDOO\��<RX�DUH�RSHQ�PLQGHG��IOH[LEOH�LQ�D�WKRXJKWIXO�ZD\�
DQG� FUHDWLYH�� <RX� SUREDEO\� DGKHUH� WR� WKH� FRPSDWLELOLW\� WKHVLV� UDWKHU� WKDQ� WKH
LQFRPSDWLELOLW\�WKHVLV��$OWKRXJK�\RX�PLJKW�IHHO�WKDW�RQH�SDUDGLJP�WHQGV�WR�KDYH�WKH
EHVW�RYHUDOO�DSSURDFK�IRU�VWXG\LQJ�HGXFDWLRQDO�SUREOHPV��LI�\RX�XVH�D�PL[HG�GHVLJQ�
LW�LV�DSSDUHQW�WKDW�\RX�DUH�RSHQ�WR�FROOHFWLQJ�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD
WR�KHOS�DQVZHU�\RXU�UHVHDUFK�TXHVWLRQ�V��

$Q�LPSRUWDQW�FRQVLGHUDWLRQ��EHIRUH�PDNLQJ�WKH�ILQDO�GHFLVLRQ�WR�GHVLJQ�D�PL[HG
VWXG\�� LV� WR�PDNH� VXUH� WKDW� WKH� VWXG\� \RX� DUH� SODQQLQJ� LV� IHDVLEOH��0L[HG� GHVLJQV
PLJKW� EH� QHZ� LQ� WKH� UHVHDUFK� OLWHUDWXUH� RQ� \RXU� WRSLF� DQG�PLJKW� QRW� \HW� EH�ZHOO
HVWDEOLVKHG�LQ�SUDFWLFH��0L[HG�PHWKRGV�VWXGLHV�DUH�W\SLFDOO\�PRUH�H[SHQVLYH��VR�LI
H[SHQVH� LV�D�PDMRU� LVVXH��\RX�PLJKW�GHFLGH� WR�GR� MXVW�RQH�SDUW�RI�\RXU�VWXG\�QRZ
DQG�ZDLW�XQWLO�ODWHU�WR�GR�DQRWKHU�SDUW��L�H���\RX�PLJKW�GHFLGH�WR�PL[�PHWKRGV�DFURVV
\RXU�UHVHDUFK�SURJUDP��UDWKHU�WKDQ�PL[LQJ�PHWKRGV�LQ�D�VLQJOH�VWXG\��

6WHS����'HWHUPLQH�WKH�5DWLRQDOH�IRU�8VLQJ�D�0L[HG�'HVLJQ
2QFH�\RX�KDYH�GHFLGHG�WKDW�D�PL[HG�GHVLJQ�LV�QHHGHG�IRU�\RXU�UHVHDUFK��WKH�QH[W

VWHS�LV�WR�GHWHUPLQH�\RXU�UDWLRQDOH�IRU�XVLQJ�D�PL[HG�GHVLJQ��:KDW�GR�\RX�ZDQW�WR
DFKLHYH� E\� PL[LQJ� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� DSSURDFKHV"� +RZ� ZLOO� PL[LQJ
DSSURDFKHV� KHOS� \RX� LQ� DQVZHULQJ� \RXU� UHVHDUFK� TXHVWLRQV"� ,Q� DQVZHULQJ� WKHVH
TXHVWLRQV�� ZH� UHFRPPHQG� WKDW� \RX� FRQVLGHU� *UHHQH� DQG� FROOHDJXHV¶� ������
IUDPHZRUN� �VHH� 7DEOH� ������� 7KHLU� IUDPHZRUN� LV� EDVHG� RQ� XVLQJ� RQH� RI� WKH
IROORZLQJ� ILYH�EURDG� UDWLRQDOHV� IRU� D�PL[HG� UHVHDUFK� VWXG\�� ���� WULDQJXODWLRQ�� ���
FRPSOHPHQWDULW\������GHYHORSPHQW������LQLWLDWLRQ��DQG�����H[SDQVLRQ�

���7ULDQJXODWLRQ�LV�WKH�WHUP�JLYHQ�ZKHQ�WKH�UHVHDUFKHU�KRSHV�IRU�FRQYHUJHQFH�
FRUUHVSRQGHQFH�� DQG� FRUURERUDWLRQ�RI� UHVXOWV� IURP�GLIIHUHQW�PHWKRGV� VWXG\LQJ� WKH
VDPH�SKHQRPHQRQ��:KHQ�\RX�ZDQW�WR�PDNH�D�VWDWHPHQW�ZLWK�FRQILGHQFH��\RX�ZDQW
\RXU� SLHFHV� RI� HYLGHQFH� WR� OHDG� WR� WKH� VDPH� RYHUDOO� FRQFOXVLRQ� RU� LQIHUHQFHV�
7ULDQJXODWLRQ� FDQ� VXEVWDQWLDOO\� LQFUHDVH� WKH� FUHGLELOLW\� RU� WUXVWZRUWKLQHVV� RI� D
UHVHDUFK�ILQGLQJ�



��� 7KH� SXUSRVH� LV� VDLG� WR� EH� FRPSOHPHQWDULW\� ZKHQ� WKH� LQYHVWLJDWRU� VHHNV
HODERUDWLRQ�� HQKDQFHPHQW�� LOOXVWUDWLRQ�� DQG� FODULILFDWLRQ� RI� WKH� UHVXOWV� IURP� RQH
PHWKRG� ZLWK� UHVXOWV� IURP� WKH� RWKHU� PHWKRG�� 7KLV� KHOSV� \RX� LQ� XQGHUVWDQGLQJ� WKH
RYHUODSSLQJ�DQG�GLIIHUHQW�IDFHWV�RI�D�SKHQRPHQRQ�

���'HYHORSPHQW�LV�WKH�QDPH�JLYHQ�ZKHQ�WKH�UHVHDUFKHU�XVHV�WKH�UHVXOWV�IURP�RQH
PHWKRG�WR�KHOS�LQIRUP�WKH�RWKHU�PHWKRG�

��� ,QLWLDWLRQ� UHIHUV� WR� GLVFRYHULQJ� SDUDGR[HV� DQG� FRQWUDGLFWLRQV� DV� ZHOO� DV
SURYLGLQJ� GLIIHUHQW� SHUVSHFWLYHV� WKDW� PD\� OHDG� WR� D� UHIUDPLQJ� RI� WKH� UHVHDUFK
TXHVWLRQ�RU�UHVXOWV�

��� )LQDOO\�� WKH�SXUSRVH�RI� UHVHDUFK� LV� FDOOHG�H[SDQVLRQ�ZKHQ� WKH� LQYHVWLJDWRU
DWWHPSWV�WR�H[SDQG�WKH�EUHDGWK�DQG�UDQJH�RI�LQTXLU\�E\�XVLQJ�GLIIHUHQW�PHWKRGV�IRU
GLIIHUHQW� LQTXLU\� FRPSRQHQWV�� )RU� H[DPSOH�� \RX�PLJKW� XVH� TXDOLWDWLYH� UHVHDUFK� WR
VWXG\� DQ� HGXFDWLRQDO� SURJUDP¶V� SURFHVV� �L�H��� KRZ� LW�ZRUNV�� DQG� XVH� TXDQWLWDWLYH
UHVHDUFK�WR�VWXG\�WKH�SURJUDP¶V�RXWFRPHV�

�7$%/(�������*UHHQH��&DUDFHOOL��DQG�*UDKDP¶V�/LVW�RI�3XUSRVHV�IRU�0L[HG
5HVHDUFK

6RXUFH��%DVHG�RQ�*UHHQH��&DUDFHOOL��DQG�*UDKDP��������
'HWHUPLQLQJ� WKH� PL[HG� UHVHDUFK� SXUSRVH� XVLQJ� *UHHQH� HW� DO�¶V� ������

IUDPHZRUN�KHOSV�IXUWKHU�WR�IRUP�RU�VHOHFW�D�PL[HG�UHVHDUFK�GHVLJQ��)RU�H[DPSOH��LI
WKH� SXUSRVH� DQG� HPSLULFDO� RXWFRPH� RI� WKH� UHVHDUFK� DUH� WULDQJXODWLRQ�� WKHQ�� DW� WKH
YHU\�OHDVW��PL[LQJ�VKRXOG�RFFXU�GXULQJ�GDWD�LQWHUSUHWDWLRQ�DQG�UHSRUW�ZULWLQJ��,I�WKH
SXUSRVH�LV�GHYHORSPHQW��WKHQ�D�VHTXHQWLDO�GHVLJQ�LV�QHHGHG���)RU�DQ�DGGLWLRQDO�VHW
RI�UDWLRQDOHV�IRU�PL[HG�UHVHDUFK��VHH�&ROOLQV��2QZXHJEX]LH��	�6XWWRQ��������

6WHS����6HOHFW�RU�&RQVWUXFW�WKH�0L[HG�5HVHDUFK�'HVLJQ�DQG
0L[HG�6DPSOLQJ�'HVLJQ

:KHQ�FRQVWUXFWLQJ�D�PL[HG�GHVLJQ��UHVHDUFKHUV�KDYH�DOO� WKH�UHVHDUFK�PHWKRGV�
UHVHDUFK�GHVLJQV��DQG�UHVHDUFK�VWUDWHJLHV�DW�WKHLU�GLVSRVDO�WKDW�DUH�GLVFXVVHG�LQ�WKH
RWKHU�FKDSWHUV�RI�WKLV�ERRN��7KDW¶V�SDUW�RI�WKH�EHDXW\�RI�PL[LQJ��<RX�DUH�QRW�ERXQG
E\�DQ\�SDUWLFXODU�SKLORVRSK\��VW\OH��RU�PHWKRG��<RX�DUH�IUHH�WR�EH�FUHDWLYH��DV�ORQJ



DV� WKH� GHVLJQ� WKDW� \RX� FUHDWH� LV� XVHIXO� DQG� LV� DSSURSULDWH� IRU� \RXU� UHVHDUFK
TXHVWLRQV�� )RU� H[DPSOH�� DQ� H[SHULPHQWDO� DSSURDFK� LQ� D� TXDQWLWDWLYH� SKDVH� RI� D
PL[HG�UHVHDUFK�VWXG\�FRXOG�EH�IROORZHG�XS�ZLWK�TXDOLWDWLYH�LQWHUYLHZV�WR�JHW�DW�WKH
SDUWLFLSDQWV¶� LQVLJKWV� DQG� H[SHULHQFHV� UHJDUGLQJ� WKHLU� SDUWLFLSDWLRQ� LQ� WKH
H[SHULPHQW� �DV� D� PDQLSXODWLRQ� FKHFN� RU� YDOLGLW\� FKHFN��� ,Q� WKH� PL[HG� UHVHDUFK
ZRUOG��RQH�FRXOG�HYHQ�FRQGXFW�DQ�H[SHULPHQW��D�TXDQWLWDWLYH�UHVHDUFK�PHWKRG��E\
FROOHFWLQJ� TXDOLWDWLYH� GDWD�� DOWKRXJK� VXFK� D� VWXG\� PLJKW� EH� GLIILFXOW� DQG� WLPH�
FRQVXPLQJ�LQ�SUDFWLFH�

2QFH� \RX� KDYH� GHFLGHG� WKDW� D�PL[HG� UHVHDUFK� GHVLJQ� LV� QHHGHG�� \RX� QHHG� WR
FUDIW�\RXU�VSHFLILF�PL[HG�GHVLJQ��<RX�ZLOO�QHHG�WR�DQVZHU�WKHVH�WZR�TXHVWLRQV�

����,V�WKH�TXDOLWDWLYH�RU�TXDQWLWDWLYH�SDUDGLJP�JRLQJ�WR�EH�JLYHQ�SULRULW\��RU�ZLOO
ERWK�EH�JLYHQ�HTXDO�VWDWXV�LQ�\RXU�VWXG\"

����6KRXOG�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�FRPSRQHQWV�EH�FDUULHG�RXW
FRQFXUUHQWO\�RU�VHTXHQWLDOO\"

<RXU�DQVZHU�WR�WKRVH�WZR�TXHVWLRQV�OHDGV�\RX�WR�RQH�RI�WKH�IRXU�FHOOV�VKRZQ�LQ
)LJXUH�������<RX� FDQ� FKHFN� WR� VHH�ZKHWKHU� RQH� RI� WKH�PL[HG�PHWKRGV� GHVLJQV� LQ
)LJXUH������ LV� DSSURSULDWH� IRU�\RXU� VWXG\�� ,I� \RXU� VWXG\� UHTXLUHV� D�PRUH� FRPSOH[
GHVLJQ�� WKHQ�\RX�FDQ�VWLOO�XVH�WKH�GHVLJQV�VKRZQ�LQ�)LJXUH������DV�D�VWDUWLQJ�SRLQW
IRU�FRQILJXULQJ�\RXU�GHVLJQ��)RU�H[DPSOH��\RX�PLJKW�GHFLGH� WKDW�\RX� ILUVW�QHHG� WR
FROOHFW� VRPH� H[SORUDWRU\� TXDOLWDWLYH� GDWD�� WKHQ� FRQGXFW� DQ� H[SODQDWRU\� DQG
FRQILUPDWRU\� TXDQWLWDWLYH� VWDJH�� DQG� WKHQ� IROORZ� WKLV� SKDVH� ZLWK� DGGLWLRQDO
TXDOLWDWLYH�LQWHUYLHZV�WR�H[SORUH�DQG�KHOS�LQWHUSUHW�WKH�HDUOLHU�ILQGLQJV��,Q�WKLV�FDVH�
\RX�ZRXOG�XVH�D�TXDO�ĺ�48$1�ĺ�TXDO�GHVLJQ��,Q�DGGLWLRQ�WR�VHOHFWLQJ�WKH�PL[HG
UHVHDUFK�GHVLJQ��\RX�ZLOO�QHHG�WR�GHWHUPLQH�ZKLFK�PL[HG�VDPSOLQJ�GHVLJQ�ILWV�\RXU
UHVHDUFK�QHHGV��:H�VKRZHG�KRZ�WR�VHOHFW�RQH�RI�HLJKW�PL[HG�VDPSOLQJ�GHVLJQV�LQ
WKH�ODVW�VHFWLRQ�LQ�&KDSWHU�����7KH�GHVLJQ�RI�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�SDUWV�RI
\RXU� VWXG\�DOVR� VKRXOG� IROORZ�JRRG�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GHVLJQ�SULQFLSOHV
�H�J���WKH�TXDQWLWDWLYH�FRPSRQHQW�PLJKW�XVH�D�UDQGRPL]HG�H[SHULPHQW���<RX�FDQ�DOVR
PRGLI\�SDUW�RI�\RXU�VWXG\�GHVLJQ��LI�QHHGHG��GXULQJ�WKH�FRQGXFW�RI�D�PL[HG�UHVHDUFK
VWXG\��)RU�H[DPSOH��SHUKDSV�\RXU�HDUO\�ILQGLQJV�SURYLGH�D�VHUHQGLSLWRXV�LQVLJKW�DQG
VXJJHVW� D� FKDQJH� LQ� WKH� NLQG� RI� GDWD� \RX� QHHG� WR� FROOHFW� RU� WKH� VHTXHQFH� RI� \RXU
DFWLYLWLHV�

)RU�DQ�DGYDQFHG�DSSURDFK�WR�FRQVWUXFWLQJ�D�PL[HG�GHVLJQ��VHH�([KLELW�������,Q
FRQWUDVW� WR� RXU� W\SRORJ\� EDVHG� RQ� WZR� NH\� GLPHQVLRQV�� WKH� DGYDQFHG� DSSURDFK
LQFOXGHV�PXOWLSOH� GLPHQVLRQV� IRU� \RXU� FRQVLGHUDWLRQ��:H� LQFOXGH� ([KLELW� ����� LQ
FDVH�\RX�DUH�HVSHFLDOO\�LQWHUHVWHG�LQ�PL[HG�UHVHDUFK�DQG�ZDQW�D�IHZ�PRUH�LGHDV�IRU
FRQVLGHUDWLRQ��5LJKW� QRZ�� \RX� NQRZ� DERXW� QLQH� GHVLJQV�� DQG� \RX� FDQ� EXLOG�PRUH
GHVLJQV�ZLWK�WKH�V\VWHP�DOUHDG\�SURYLGHG�

6WHS����&ROOHFW�'DWD
'DWD� LQ� PL[HG� UHVHDUFK� GHVLJQV� FDQ� EH� FROOHFWHG� RQ� WKH� VDPH� VDPSOH� RU� RQ



GLIIHUHQW� VDPSOHV�� <RX� FDQ� XVH� DQ\� RI� WKH� YDULRXV� ZD\V� RI� VHOHFWLQJ� VDPSOHV� LQ
TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFK�� ZKLFK� DUH� FODVVLILHG� �VHH� &KDSWHU� ���� DV
UDQGRP� VDPSOLQJ� �L�H��� VLPSOH�� VWUDWLILHG�� V\VWHPDWLF�� DQG� FOXVWHU�� DQG� QRQUDQGRP
VDPSOLQJ� �L�H��� FRQYHQLHQFH�� TXRWD�� SXUSRVLYH�� VQRZEDOO�QHWZRUN�� FRPSUHKHQVLYH�
PD[LPXP�YDULDWLRQ��KRPRJHQRXV�VDPSOH��H[WUHPH�FDVH��W\SLFDO�FDVH��FULWLFDO�FDVH�
QHJDWLYH�FDVH��RSSRUWXQLVWLF��WHFKQLTXHV��$Q\�FRPELQDWLRQ�RI�UDQGRP�VDPSOLQJ�DQG
QRQUDQGRP�VDPSOLQJ�FDQ�EH�XVHG�LQ�PL[HG�UHVHDUFK��)RU�H[DPSOH��UDQGRP�VDPSOLQJ
FDQ� EH� XVHG� LQ� WKH� TXDQWLWDWLYH� SKDVH� DQG� QRQUDQGRP� VDPSOLQJ� LQ� WKH� TXDOLWDWLYH
SKDVH�

0L[HG�UHVHDUFKHUV�DOVR�KDYH�WKH�IXOO�FRPSOHPHQW�RI�GDWD�FROOHFWLRQ�PHWKRGV�DW
WKHLU� GLVSRVDO�� 6SHFLILFDOO\�� DV� SUHVHQWHG� LQ� &KDSWHU� ��� DOO� VL[�PDMRU�PHWKRGV� RI
GDWD�FROOHFWLRQ� �L�H��� WHVWV��TXHVWLRQQDLUHV�� IRFXV�JURXSV��REVHUYDWLRQV�� LQWHUYLHZV�
DQG�VHFRQGDU\�RU�H[LVWLQJ�GDWD��VKRXOG�EH�FRQVLGHUHG��<RX�PXVW�GHWHUPLQH�WKH�PRVW
DSSURSULDWH� FRPELQDWLRQ� RI� GDWD�FROOHFWLRQ� PHWKRGV� GHSHQGLQJ� RQ� \RXU� UHVHDUFK
TXHVWLRQV��\RXU�UHVHDUFK�REMHFWLYH�V���DQG�\RXU�UDWLRQDOH�IRU�XVLQJ�PL[HG�UHVHDUFK�

6WHS����$QDO\]H�WKH�'DWD
:KHQ�DQDO\]LQJ�TXDQWLWDWLYH�GDWD��PL[HG�UHVHDUFKHUV�FDQ�VHOHFW�IURP�WKH�ZKROH

UDQJH�RI�WHFKQLTXHV�DYDLODEOH��0L[HG�UHVHDUFKHUV�FDQ�XVH�TXDQWLWDWLYH�GDWD�DQDO\VLV
SURFHGXUHV��ZKLFK�\RX�ZLOO�OHDUQ�DERXW�LQ�&KDSWHUV���������DV�ZHOO�DV�TXDOLWDWLYH
GDWD�DQDO\VLV�SURFHGXUHV��GLVFXVVHG�LQ�&KDSWHU�����7KH�FRPELQDWLRQ�RI�DSSURDFKHV
XVXDOO\�ZLOO�ILW�LQWR�RQH�RI�WKH�W\SHV�RI�PL[HG�GDWD�DQDO\VLV�GLVFXVVHG�LQ�&KDSWHU����
<RXU� FKRLFH� RI� DQDO\VLV� VKRXOG� EH� GULYHQ� E\� WKH� UHVHDUFK� REMHFWLYH�V��� UHVHDUFK
SXUSRVH��UHVHDUFK�TXHVWLRQV�K\SRWKHVHV��DQG�W\SH�RI�GDWD�FROOHFWHG�

,Q� PL[HG� UHVHDUFK�� UHVHDUFKHUV� VRPHWLPHV� FRQGXFW� TXDQWLWDWLYH� DQDO\VHV� RI
TXDOLWDWLYH� GDWD� DQG�RU� SHUIRUP� TXDOLWDWLYH� DQDO\VHV� RI� TXDQWLWDWLYH� GDWD�� 7KH
IRUPHU� FDQ� EH� DFFRPSOLVKHG� E\� XQGHUWDNLQJ�ZKDW�7DVKDNNRUL� DQG�7HGGOLH� ������
FDOOHG�TXDQWLWL]LQJ�GDWD��4XDQWLWL]LQJ�GDWD�LQYROYHV�FRQYHUWLQJ�TXDOLWDWLYH�GDWD�LQWR
QXPHULFDO� FRGHV� DQG� WKHQ�XVLQJ� VWDWLVWLFDO� DQDO\VLV� WHFKQLTXHV�ZLWK� WKH�GDWD��7KLV
W\SLFDOO\�LQYROYHV�VRPH�IRUP�RI�FRXQWLQJ�RU�QXPHULFDO�UHSUHVHQWDWLRQ��)RU�H[DPSOH�
D� UHVHDUFKHU� ZKR� LV� LQWHUYLHZLQJ� VWXGHQWV� WR� ILQG� RXW� WKHLU� H[SHULHQFHV� LQ� DQ
HGXFDWLRQDO�UHVHDUFK�FODVV�FRXOG�FRQVWUXFW�D�IUHTXHQF\�GLVWULEXWLRQ�WKDW�VKRZV�WKH
QXPEHU� RI� WLPHV�ZRUGV� VXFK� DV�DQ[LHW\� DQG� IXQ� DUH� XVHG� GXULQJ� WKH� LQWHUYLHZV�
7KXV�� ZRUGV� RU� WKHPHV� DUH� FRQYHUWHG� WR� QXPEHUV�� <RX�PLJKW� DOVR� GHWHUPLQH� WKH
SHUFHQWDJH�RI�SDUWLFLSDQWV�ZKR�FRQWULEXWH�WR�D�WKHPH�\RX�VHH�LQ�\RXU�GDWD��WKH�LGHD
LV� WR�JLYH�VRPH�HYLGHQFH�RI�DPRXQW�RU�KRZ�RIWHQ�TXDOLWDWLYH�VWDWHPHQWV�RU�UHVXOWV
RFFXU�

��4XDQWLWL]LQJ�&RQYHUWLQJ�TXDOLWDWLYH�GDWD�LQWR�TXDQWLWDWLYH�GDWD

&RQYHUVHO\�� TXDOLWDWLYH� DQDO\VHV� RI� TXDQWLWDWLYH� GDWD� FDQ� EH� XQGHUWDNHQ� E\
FRQYHUWLQJ� TXDQWLWDWLYH� GDWD� LQWR� QDUUDWLYH� UHSUHVHQWDWLRQV� WKDW� FDQ� EH� DQDO\]HG
TXDOLWDWLYHO\�� RU� TXDOLWL]LQJ� �7DVKDNNRUL� 	� 7HGGOLH�� ������� )RU� LQVWDQFH�



TXDQWLWDWLYH�VFDOHV�FDQ�EH�FRQYHUWHG�WR�FDWHJRULHV�EDVHG�RQ�WKH�QXPHULF�VFRUHV��<RX
PLJKW�WDNH�VFRUHV�EDVHG�RQ�D���SRLQW�VFDOH²����VWURQJO\�GLVDJUHH�� ����VRPHZKDW
GLVDJUHH������VRPHZKDW�DJUHH������VWURQJO\�DJUHH²DQG�GHFLGH�WR�PHUJH�RSWLRQV��
DQG� �� DQG� PHUJH� RSWLRQV� �� DQG� ��� FDWHJRUL]LQJ� SDUWLFLSDQWV¶� UHVSRQVHV� LQWR
³GLVDJUHH´�RU�³DJUHH�´�$QRWKHU�SRSXODU�ZD\�RI�TXDOLWL]LQJ�GDWD�LV�WKURXJK�QDUUDWLYH
SURILOH� IRUPDWLRQ� �H�J��� PRGDO� SURILOHV�� DYHUDJH� SURILOHV�� FRPSDUDWLYH� SURILOHV�
KROLVWLF�SURILOHV��QRUPDWLYH�SURILOHV���7KH� LGHD� LV� WR�FUHDWH�QDUUDWLYH�GHVFULSWLRQV
IURP�QXPHULF�GDWD��)RU�H[DPSOH��7HGGOLH�DQG�6WULQJILHOG� �������VWXGLHG�HIIHFWLYH
VFKRROV� DQG� TXDOLWL]HG� QXPHULF� SHUIRUPDQFH� GDWD� LQWR� WKH� IROORZLQJ� TXDOLWDWLYHO\
GHILQHG� VFKRRO� SURILOHV�� �D�� VWDEOH� PRUH� HIIHFWLYH�� �E�� VWDEOH� OHVV� HIIHFWLYH�� �F�
LPSURYLQJ��DQG��G��GHFOLQLQJ��7KH�SURILOHV�ZHUH�XVHG� WR�DGG�PHDQLQJ� WR�HYROYLQJ
SHUVSHFWLYHV� RQ� WKH� VFKRROV�� )RU� DGGLWLRQDO� LQIRUPDWLRQ� RQ� FRQGXFWLQJ� PL[HG
UHVHDUFK�GDWD�DQDO\VLV��VHH�2QZXHJEX]LH�DQG�7HGGOLH��������

��4XDOLWL]LQJ�&RQYHUWLQJ�TXDQWLWDWLYH�GDWD�LQWR�TXDOLWDWLYH�GDWD

6WHS����&RQWLQXDOO\�9DOLGDWH�WKH�'DWD
,Q�&KDSWHU� ���� ZH� LQWURGXFHG� \RX� WR� WKH� NH\� YDOLGLW\� LVVXHV� LQ� TXDQWLWDWLYH�

TXDOLWDWLYH�� DQG�PL[HG� UHVHDUFK��$V� GLVFXVVHG� LQ� WKDW� FKDSWHU�� WKH� SULPDU\�PL[HG
UHVHDUFK� W\SHV� RI� OHJLWLPDWLRQ� RU� YDOLGLW\� DUH� VDPSOH� LQWHJUDWLRQ�� LQVLGH�RXWVLGH�
ZHDNQHVV� PLQLPL]DWLRQ�� VHTXHQWLDO�� FRQYHUVLRQ�� SDUDGLJPDWLF� PL[LQJ�
FRPPHQVXUDELOLW\��SROLWLFDO��DQG�PXOWLSOH�YDOLGLWLHV��7KH�ODVW�W\SH�RI�OHJLWLPDWLRQ�RU
YDOLGLW\�IRU�PL[HG�UHVHDUFK��L�H���PXOWLSOH�YDOLGLWLHV��WHOOV�\RX�WR�LGHQWLI\�DQG�XVH�D
FRPELQDWLRQ� RI� WKH� UHOHYDQW� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� YDOLGLW\� W\SHV� IRU� \RXU
PL[HG�VWXG\��$V�D�UHPLQGHU��WKH�SULPDU\�TXDQWLWDWLYH�UHVHDUFK�W\SHV�RI�YDOLGLW\�DUH
LQWHUQDO�� H[WHUQDO�� FRQVWUXFW�� DQG� VWDWLVWLFDO� FRQFOXVLRQ� YDOLGLW\�� DQG� WKH� SULPDU\
TXDOLWDWLYH�UHVHDUFK�W\SHV�RI�YDOLGLW\�DUH�GHVFULSWLYH��LQWHUSUHWDWLYH��DQG�WKHRUHWLFDO
YDOLGLW\�� ,Q� PL[HG� UHVHDUFK�� HVWDEOLVKLQJ� DQG� DVVHVVLQJ� UHVHDUFK� YDOLGLW\� LV� D
F\FOLFDO�DQG�RQJRLQJ�SURFHVV��$Q�LQLWLDO�DVVHVVPHQW�RI�GDWD�DQG�FRQFOXVLRQ�YDOLGLW\
PD\� OHDG� WR�PRUH� GDWD� EHLQJ� FROOHFWHG� �H�J��� H[WHQGHG� ILHOGZRUN� DQG� SDUWLFLSDQW
IHHGEDFN��

6WHS����&RQWLQXDOO\�,QWHUSUHW�WKH�'DWD�DQG�)LQGLQJV
,W� LV� LPSRUWDQW� WR�UHPHPEHU�WKDW�GDWD� LQWHUSUHWDWLRQ�EHJLQV�DV�VRRQ�DV� WKH�YHU\

ILUVW�GDWD�DUH�FROOHFWHG�DQG�LW�FRQWLQXHV�WKURXJKRXW�D�UHVHDUFK�VWXG\��2QFH�PRVW�RU
DOO�RI�WKH�GDWD�KDYH�EHHQ�FROOHFWHG��DQDO\]HG��DQG�YDOLGDWHG��WKH�PL[HG�UHVHDUFKHU�LV
LQ� D� SRVLWLRQ� WR� EHJLQ� WKH� IRUPDO� SURFHVV� RI� LQWHUSUHWLQJ� WKH� GDWD�� ,Q� D� VHTXHQWLDO
VWXG\��WKH�GDWD�FROOHFWHG�LQ�SKDVH���DUH�LQWHUSUHWHG�EHIRUH�WKH�UHVHDUFKHU�PRYHV�RQ
WR�SKDVH����)RU�H[DPSOH��LQWHUSUHWDWLRQV�PDGH�KHUH�PLJKW�EH�XVHG�GHYHORSPHQWDOO\
WR�KHOS� LQIRUP�SKDVH���GDWD�FROOHFWLRQ�DQG� LQWHUSUHWDWLRQ��3KDVH���GDWD�FROOHFWLRQ
DQG� LQWHUSUHWDWLRQV� LQ� D� VHTXHQWLDO� GHVLJQ�PD\� DOVR� EH� XQGHUWDNHQ� IRU� RQH� RI� WKH
DGGLWLRQDO�UDWLRQDOHV�GLVFXVVHG�HDUOLHU��VXFK�DV�FROOHFWLQJ�PRUH�GDWD�IRU�WKH�SXUSRVH



RI�WULDQJXODWLRQ��FRPSOHPHQWDULW\��LQLWLDWLRQ��DQG�RU�H[SDQVLRQ�
,Q�D�FRQFXUUHQW�PL[HG�UHVHDUFK�VWXG\�� WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�FDQ

EH� LQWHUSUHWHG� VHSDUDWHO\� RU� WRJHWKHU�� GHSHQGLQJ� RQ� WKH� UHVHDUFK� SXUSRVH� DQG
UDWLRQDOH�� +RZHYHU��PRUH� RIWHQ� WKDQ� QRW�� VRPH� LQWHJUDWLRQ� RU� FRPSDULVRQ� RFFXUV
GXULQJ�GDWD� LQWHUSUHWDWLRQ��7KLV� LQWHJUDWLRQ�SURGXFHV�PHWD�LQIHUHQFHV�EHFDXVH� WKLV
W\SH� RI� PL[LQJ� FDQ� KHOS� WKH� UHVHDUFKHU� LGHQWLI\� FRQYHUJHQFH�� LQFRQVLVWHQF\�� DQG
FRQWUDGLFWLRQ� LQ� WKH� GDWD�� 7KH� XOWLPDWH� JRDO� RI� WKH� PL[HG� UHVHDUFKHU�� DV� ZLWK
PRQRPHWKRG� UHVHDUFKHUV�� LV� WR� IRUP� WUXVWZRUWK\� FRQFOXVLRQV� DIWHU� UXOLQJ� RXW� DV
PDQ\� ULYDO� K\SRWKHVHV� DV� SRVVLEOH�� 7KHUHIRUH�� GDWD� YDOLGDWLRQ� DQG� GDWD
LQWHUSUHWDWLRQ� DUH� H[WUHPHO\� LQWHUDFWLYH�� UHFLSURFDO�� DQG� LPSRUWDQW� WR� IRUPLQJ
DFFXUDWH�DQG�GHIHQVLEOH�FRQFOXVLRQV�

6WHS����:ULWH�WKH�5HVHDUFK�5HSRUW
2QFH� FRQFOXVLRQV� KDYH� EHHQ� IRUPXODWHG� DQG� DVVHVVHG� IRU� YDOLGLW\�� WKH�PL[HG

UHVHDUFKHU� LV� UHDG\� WR� ZULWH� WKH� ILQDO� UHSRUW�� 7KH� UHVHDUFKHU� FDQ� ZULWH� VHSDUDWH
UHSRUWV�IRU�WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�SKDVHV��)RU�H[DPSOH��LQ�WKH�1HZ�+RSH
VWXG\��WKH�TXDQWLWDWLYH�GDWD��%RV�HW�DO���������DQG�TXDOLWDWLYH�GDWD��:HLVQHU�������
ZHUH� ZULWWHQ� XS� VHSDUDWHO\�� +RZHYHU�� WKH� WZR� SKDVHV� DUH� PRUH� OLNHO\� WR� EH
LQWHJUDWHG� LQ� RQH� UHSRUW�� HLWKHU� E\� SUHVHQWLQJ� WKH� WZR� VHWV� RI� ILQGLQJV� DQG
LQWHUSUHWDWLRQV�LQ�VHSDUDWH�VHFWLRQV�RU�E\�IXOO\�LQWHJUDWLQJ�WKHP�LQ�WKH�VDPH�VHFWLRQ�
,Q� DQ\� FDVH�� PL[HG� UHVHDUFK� UHSRUWV� FRQWDLQ� WKH� VDPH� IHDWXUHV� DV� GR� PRVW
PRQRPHWKRG� UHSRUWV�� LQFOXGLQJ� UHYLHZ� RI� WKH� UHODWHG� OLWHUDWXUH��PHWKRGV�� UHVXOWV�
DQG� GLVFXVVLRQ�� 7\SLFDOO\�� WKH�5HVXOWV� VHFWLRQ� LV� WKH� ORQJHVW� VHFWLRQ� LQ� WKH� UHSRUW
EHFDXVH� LW� FRQWDLQV� ERWK� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� ILQGLQJV��$�ZHOO�ZULWWHQ
UHSRUW�ZLOO�EH�KLJKO\�GHVFULSWLYH�RI�DOO�HLJKW�SKDVHV�RI�WKH�PL[HG�UHVHDUFK�SURFHVV�
(YHQ�ZKHQ�WKH�TXDQWLWDWLYH�SKDVH�LV�HPSKDVL]HG��PL[HG�UHVHDUFKHUV�VKRXOG�DOZD\V
FRQWH[WXDOL]H�WKHLU�UHSRUWV��WKDW�LV��WKH\�VKRXOG�FDUHIXOO\�FRPPXQLFDWH�WKH�FRQWH[W�LQ
ZKLFK� WKH�PL[HG� UHVHDUFK� VWXG\� WRRN� SODFH�� &RQWH[WXDOL]DWLRQ� QRW� RQO\� KHOSV� WKH
PL[HG� UHVHDUFKHU� H[DPLQH� KRZ� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� ILQGLQJV� UHODWH� WR
RQH�DQRWKHU�EXW�DOVR�KHOSV�UHDGHUV�NQRZ�WKH�H[WHQW�WR�ZKLFK�WKH\�FDQ�JHQHUDOL]H�WKH
ILQGLQJV�� $OVR�� ZKHUH� SRVVLEOH�� PL[HG� UHVHDUFK� UHSRUWV� VKRXOG� EH� KROLVWLF�� ZLWK
ERWK�WKH�SDUWV�RI�WKH�ZKROH�DQG�WKH�ZKROH�EHLQJ�GHVFULEHG�DGHTXDWHO\�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

,Q� ZULWLQJ� D� UHSRUW�� WKH� PL[HG� UHVHDUFKHU� VKRXOG� DOZD\V� EH� DZDUH� RI� DQG
DGGUHVV� IRXU� SRWHQWLDO� SUREOHPV�� 7KH� ILUVW� SUREOHP� VWHPV� IURP� WKH� IDFW� WKDW
TXDQWLWDWLYH� UHVHDUFK� DQG� TXDOLWDWLYH� UHVHDUFK� WUDGLWLRQDOO\� KDYH� \LHOGHG� GLIIHUHQW
VW\OHV� RI� ZULWLQJ�� ,Q� SDUWLFXODU�� TXDQWLWDWLYH� UHSRUWV� KDYH� WUDGLWLRQDOO\� EHHQ
UHODWLYHO\� LPSHUVRQDO� DQG� IRUPDO�� ZKHUHDV� TXDOLWDWLYH� UHSRUWV� WHQG� WR� EH� PRUH
SHUVRQDO�DQG�LQIRUPDO��7KXV��D�FKDOOHQJH�WR�PL[HG�UHVHDUFKHUV�LV�WR�VWULNH�D�EDODQFH
EHWZHHQ�WKH�WZR�IRUPV�RI�ZULWLQJ�ZLWKRXW�FRPSURPLVLQJ�WKH�LQWHJULW\�RI�HLWKHU�WKH
TXDQWLWDWLYH�RU�WKH�TXDOLWDWLYH�VHFWLRQV�RI�WKH�UHSRUW�



$�VHFRQG�SUREOHP�LV�WKDW�RI�ZULWLQJ�WR�DXGLHQFHV�WKDW�OLNHO\�DUH�QRW�VXIILFLHQWO\
YHUVHG� LQ� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� WHFKQLTXHV�� 7KHUHIRUH�� WKH� PL[HG
UHVHDUFKHU� VKRXOG� QRW� WDNH� KLJKO\� VSHFLDOL]HG� TXDQWLWDWLYH�� TXDOLWDWLYH�� RU� PL[HG
UHVHDUFK�WHUPV�IRU�JUDQWHG�DQG�VKRXOG�GHILQH�DQ\�UHVHDUFK�WHUPV�WKDW�DUH�OLNHO\�WR�EH
XQNQRZQ� WR� WKH� DXGLHQFH�� WKH� UHVHDUFKHU� VKRXOG� SURYLGH� XVHIXO� UHIHUHQFHV� IRU
UHDGHUV�ZKR�ZDQW�WR�H[SDQG�WKHLU�XQGHUVWDQGLQJ�RI�WKH�UHODWHG�FRQFHSWV��(QGQRWHV
FDQ�SOD\�D�XVHIXO�UROH�KHUH�

$�WKLUG�SUREOHP�SHUWDLQV�WR�WKH�OHQJWK�RI�PL[HG�UHVHDUFK�VWXGLHV��%HFDXVH�PL[HG
VWXGLHV� LQYROYH� WZR�RU�PRUH�FRPSRQHQWV�RU�SKDVHV�� WKH� UHSRUWV� WHQG� WR�EH� ORQJHU
WKDQ� WKRVH� VWHPPLQJ� IURP� PRQRPHWKRG� VWXGLHV�� 7KLV� LV� D� SUREOHP� ZKHQ� PL[HG
UHVHDUFKHUV�DWWHPSW�WR�SXEOLVK�WKHLU�UHSRUWV�EHFDXVH�PRVW�MRXUQDOV�KDYH�VWULFW�SDJH
OLPLWV��)RUWXQDWHO\��PRUH�DQG�PRUH� UHSXWDEOH�RQOLQH� MRXUQDOV�DUH�HPHUJLQJ��ZKLFK
RIWHQ� DUH� PRUH� OLEHUDO� LQ� WKH� QXPEHU� RI� SDJHV� DOORZHG��0L[HG� UHVHDUFKHUV� DOVR
VKRXOG�FRQVLGHU�SXEOLVKLQJ�WKHLU�UHSRUWV�DV�PRQRJUDSKV��ERRN�FKDSWHUV��DQG�ERRNV
WR�KDYH�PRUH�SDJH�VSDFH�DYDLODEOH��$GGLWLRQDOO\��LW�PLJKW�EH�DSSURSULDWH�IRU�PL[HG
UHVHDUFKHUV�WR�SXEOLVK�WKH�GLIIHUHQW�SKDVHV�RI�WKHLU�VWXGLHV�VHSDUDWHO\��HVSHFLDOO\�LI
WKH�SKDVHV�DUH�VHTXHQWLDO�RYHU�D� ORQJ�SHULRG�RI� WLPH��DV�ZDV� WKH�FDVH� LQ� WKH�1HZ
+RSH�HYDOXDWLRQ�VWXG\��%RV�HW�DO���������:HLVQHU��������

7KH� ILQDO� SUREOHP� WKDW� PL[HG� UHVHDUFKHUV� PD\� IDFH� LV� WKH� IDFW� WKDW� PL[HG
UHVHDUFK�LV�VWLOO�DQ�HPHUJLQJ�ILHOG��0L[HG�UHVHDUFK�QRZ�DSSHDUV�WR�EH�DFFHSWHG�E\
PRVW�DV�WKH�WKLUG�PDMRU�UHVHDUFK�RU�PHWKRGRORJLFDO�SDUDGLJP��DQG�PL[HG�UHVHDUFK
VWXGLHV�DUH� LQFUHDVLQJ�GUDPDWLFDOO\� LQ� WKH� OLWHUDWXUH��+RZHYHU��RFFDVLRQDOO\��VRPH
UHDGHUV��HVSHFLDOO\�SXUH�TXDOLWDWLYH�RU�SXUH�TXDQWLWDWLYH�UHVHDUFKHUV��PLJKW�QRW�EH
YHU\�RSHQ�WR�PL[HG�UHVHDUFK�UHSRUWV�DQG�PLJKW�UHDG�WKHP�ZLWK�QHJDWLYH�ELDVHV��7KLV
LV� D�SDUWLFXODU�SUREOHP�ZLWK�PDQXVFULSWV� WKDW� DUH�EHLQJ� UHDG�E\� VNHSWLFDO� MRXUQDO
HGLWRUV� DQG� UHYLHZHUV�� ZKR� PLJKW� UHMHFW� WKHP� EHFDXVH� RI� WKHLU� SKLORVRSKLFDO
RULHQWDWLRQ��UHJDUGOHVV�RI�WKHLU�TXDOLW\��(QFRXUDJLQJO\��PDQ\�MRXUQDOV�WKDW�URXWLQHO\
SXEOLVK� PL[HG� UHVHDUFK� DUH� QRZ� DYDLODEOH� �H�J��� )LHOG� 0HWKRGV�� 4XDOLW\� DQG
4XDQWLW\�� (YDOXDWLRQ�� (YDOXDWLRQ� 3UDFWLFH�� (GXFDWLRQDO� (YDOXDWLRQ� 	� 3ROLF\
$QDO\VLV��5HVHDUFK� LQ�1XUVLQJ�	�+HDOWK��DQG�5HVHDUFK� LQ� WKH�6FKRROV��� DQG� WKH
OLVW�LV�JURZLQJ��$OVR��VHYHUDO�VSHFLDO�LVVXHV�RQ�PL[HG�PHWKRGV�KDYH�EHHQ�SXEOLVKHG
�L�H���,QWHUQDWLRQDO�-RXUQDO�RI�6RFLDO�5HVHDUFK�0HWKRGRORJ\��7KHRU\�	�3UDFWLFH�
(YDOXDWLRQ� DQG� 5HVHDUFK� LQ� (GXFDWLRQ�� -RXUQDO� RI� 5HVHDUFK� LQ� 1XUVLQJ�
5HVHDUFK� LQ� WKH� 6FKRROV�� RU� SODQQHG� IRU� SXEOLFDWLRQ� �L�H���4XDOLW\� 	� 4XDQWLW\�
,QWHUQDWLRQDO�-RXUQDO�RI�0HWKRGRORJ\���,Q�IDFW��WZR�UHODWLYHO\�QHZ�MRXUQDOV�KDYH
EHHQ�IRXQGHG�WKDW�IRFXV�RQ�PL[HG�UHVHDUFK��WKH\�DUH�WKH�-RXUQDO�RI�0L[HG�0HWKRGV
5HVHDUFK�DQG� WKH� ,QWHUQDWLRQDO�-RXUQDO�RI�0XOWLSOH�5HVHDUFK�$SSURDFKHV�� ,Q� DQ
HIIRUW� WR� JDLQ� PRUH� FUHGLELOLW\�� LW� LV� HVVHQWLDO� WKDW� PL[HG� UHVHDUFKHUV� VKRZ� WKH
KLJKHVW� GHJUHH� RI� RUJDQL]DWLRQ� DQG� ULJRU�� :H� EHOLHYH� WKDW� XVLQJ� PL[HG� UHVHDUFK
IUDPHZRUNV�VXFK�DV�WKRVH�RXWOLQHG�LQ�WKLV�FKDSWHU�ZLOO�KHOS�LQ�WKLV�TXHVW�

�����:KDW�DUH�WKH�HLJKW�VWDJHV�RI�WKH�PL[HG�UHVHDUFK
SURFHVV"
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�����([SODLQ�HDFK�RI�*UHHQH��&DUDFHOOL��DQG
*UDKDP¶V��������ILYH�UDWLRQDOHV�IRU�FRQGXFWLQJ
D�PL[HG�UHVHDUFK�VWXG\�

�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�TXDQWLWL]LQJ�DQG
TXDOLWL]LQJ"

�����:KDW�NLQGV�RI�YDOLGLW\�PLJKW�EH�UHOHYDQW�LQ�D
PL[HG�GHVLJQ"

/,0,7$7,216�2)�0,;('�5(6($5&+
$OWKRXJK�PL[HG� UHVHDUFK�VWXGLHV�KDYH�JUHDW�SRWHQWLDO� IRU�HQKDQFLQJ�XQGHUVWDQGLQJ
RI� WKH� LVVXHV� IDFLQJ� HGXFDWLRQDO� UHVHDUFK�� WKHUH� DUH� VHYHUDO� OLPLWDWLRQV�� )LUVW� DQG
IRUHPRVW��EHFDXVH�WKH\�XVH�PRUH�FRPSOH[�GHVLJQV�WKDQ�GR�PRQRPHWKRG�VWXGLHV��WKH\
WHQG�WR�UHTXLUH�PRUH�WLPH�DQG�UHVRXUFHV�WR�XQGHUWDNH�

6HFRQG�� PL[HG� PHWKRGV� UHVHDUFK� UHTXLUHV� H[SHUWLVH� LQ� GHVLJQLQJ� DQG
LPSOHPHQWLQJ� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� SKDVHV�� )RU� WKLV� UHDVRQ�� VHYHUDO
SUDJPDWLVW�UHVHDUFKHUV��H�J���5RVVPDQ�	�:LOVRQ��������UHFRPPHQG�WKDW�PRUH�WKDQ
RQH� UHVHDUFKHU� EH� HQJDJHG� LQ� D� PL[HG� UHVHDUFK� VWXG\�� HDFK� EULQJLQJ� D� XQLTXH
PHWKRGRORJLFDO�H[SHUWLVH�WR�WKH�WHDP�

7KLUG�� VRPH� PL[HG� UHVHDUFK� VWXGLHV� \LHOG� FRQWUDGLFWRU\� ILQGLQJV�� HVSHFLDOO\
EHWZHHQ� WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�SKDVHV��$OWKRXJK�VRPHWLPHV�YLHZHG�DV�D
ZHDNQHVV�� WKLV� DOVR� LV� D� YHU\� LPSRUWDQW� VWUHQJWK�EHFDXVH�ZLWK� WKH�XVH�RI� D� VLQJOH
DSSURDFK��WKH�UHVHDUFKHU�ZRXOG�EH�EOLQG�WR�WKH�GLIIHUHQW�ZD\V�WKH�SKHQRPHQRQ�FDQ
EH�XQGHUVWRRG��&RQIOLFWLQJ�ILQGLQJV� FDQ�PRWLYDWH� DGGLWLRQDO� GDWD� FROOHFWLRQ� LQ� WKH
RULJLQDO� VWXG\� RU� QHZ� VWXGLHV� LQ� ZKLFK� WKH� UHVHDUFK� REMHFWLYH�� SXUSRVH�� DQG�RU
TXHVWLRQV�DUH� UHIUDPHG� WR� UHIOHFW�EHWWHU� WKH�FXUUHQW� VWDWH�RI�NQRZOHGJH��+RZHYHU�
VXFK� H[WHQVLRQV� UHTXLUH� DGGLWLRQDO� LQYHVWPHQW� RI� WLPH�� H[SHUWLVH�� UHVRXUFHV�� DQG
HIIRUW��0RUHRYHU��ZKHQ� VWDNHKROGHUV� DQG�SROLF\PDNHUV� DUH�GHSHQGHQW�RQ� D� VLQJOH
PL[HG�UHVHDUFK�VWXG\�WR�VHW�SROLF\��FRQIOLFWLQJ�ILQGLQJV�QRW�RQO\�PDNH�LW�GLIILFXOW�WR
IRUP� ILUP� UHFRPPHQGDWLRQV� EXW� DOVR� FDQ� SRWHQWLDOO\� SURPRWH� GLYLVLRQ� DPRQJ
LQWHUHVWHG� SDUWLHV�� 7KHUHIRUH�� PL[HG� UHVHDUFKHUV� PXVW� GHOLEHUDWH� FDUHIXOO\� DERXW
KRZ�WR�UHSRUW�FRQWUDGLFWRU\�ILQGLQJV�WR�XVHUV�RI�WKH�UHVXOWV�

)RXUWK��OLWWOH�LV�NQRZQ�DERXW�WKH�UHODWLYH�PHULWV�RI�WKH�GLIIHUHQW�W\SHV�RI�PL[HG
UHVHDUFK�GHVLJQV�SURSRVHG�LQ�WKLV�FKDSWHU�DQG�HOVHZKHUH��5HVHDUFK�PHWKRGRORJLVWV
QHHG� WR� V\VWHPDWL]H� WKLV� NQRZOHGJH� DQG� PDNH� LW� UHDGLO\� DYDLODEOH� WR� RWKHU
UHVHDUFKHUV��6XFK�LQIRUPDWLRQ�LV�QHHGHG�VR�WKDW�UHVHDUFKHUV�ZLOO�EH�LQ�D�SRVLWLRQ�WR
FKRRVH� D� GHVLJQ� WKDW� KDV� WKH� PRVW� SRWHQWLDO� WR� DGGUHVV� WKHLU� PL[HG� UHVHDUFK
REMHFWLYH�V���1HYHUWKHOHVV��DV�WKH�QXPEHU�RI�PL[HG�UHVHDUFK�VWXGLHV�LQFUHDVHV��WKLV
LQIRUPDWLRQ�ZLOO�EHFRPH�DYDLODEOH�
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������:KDW�DUH�WKH�IRXU�SRWHQWLDO�SUREOHPV�LQYROYHG�LQ
ZULWLQJ� DQG� DWWHPSWLQJ� WR� SXEOLVK� D� PL[HG



UHVHDUFK�UHSRUW"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��0L[HG�UHVHDUFK�LV�WKH�DFWLRQ�UHVHDUFKHU¶V�IDYRULWH�UHVHDUFK�DSSURDFK�

����:K\�GR�DFWLRQ�UHVHDUFKHUV�WHQG�WR�IDYRU�PL[HG�UHVHDUFK�DSSURDFKHV"

����:KRP�FDQ�\RX�GUDZ�XSRQ�IRU�GLIIHUHQW�EXW�ZRUWKZKLOH�SHUVSHFWLYHV�RQ�\RXU
DFWLRQ�UHVHDUFK�SURFHGXUHV�DQG�UHVXOWV"

����,I�\RX�ZHUH�WR�FRQGXFW�DQ�HTXDO�VWDWXV�PL[HG�PHWKRGV�VWXG\��GR�\RX�WKLQN�\RX
FRXOG�GR�LW�E\�\RXUVHOI��RU�ZRXOG�\RX�XVH�D�WHDP�RI�UHVHDUFKHUV�ZLWK�GLIIHUHQW
SHUVSHFWLYHV"�,I�\RX�QHHG�D�WHDP��ZKRP�ZRXOG�\RX�FKRRVH�WR�ZRUN�ZLWK"�:K\"

����:KDW�PL[HG�GHVLJQ�EHVW�ILWV�\RXU�DFWLRQ�UHVHDUFK�SODQ"

�(;+,%,7��������$�0XOWLSOH�'LPHQVLRQ�$SSURDFK�WR�0L[HG�'HVLJQ

,Q�&KDSWHU�����ZH�SURYLGH�D�EDVLF� WZR�GLPHQVLRQ� W\SRORJ\� IRU�JHWWLQJ�\RX�VWDUWHG�ZLWK�GHVLJQLQJ�\RXU
PL[HG�UHVHDUFK�VWXG\��7KH�WH[W�DVNV�\RX�WR�WKLQN�DERXW

D����ZKHWKHU�\RX�ZDQW�WR�HPSKDVL]H�RQH�SULPDU\�DSSURDFK��48$/�RU�48$1��ZLWK�WKH�RWKHU
DSSURDFK�DFWLQJ�DV�D�VXSSOHPHQW�WR�WKH�FRUH�DSSURDFK�RU�LI�\RX�ZDQW�WR�JLYH�HTXDO�SULRULW\�WR
TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK�DSSURDFKHV��RIWHQ�WKLV�UHTXLUHV�D�UHVHDUFK�WHDP���DQG

E����LI�\RX�QHHG�D�FRQFXUUHQW�GHVLJQ�WR�DQVZHU�\RXU�TXHVWLRQV��L�H���TXDOLWDWLYH�DQG�TXDQWLWDWLYH
DSSURDFKHV�XVHG�DW�DSSUR[LPDWHO\�WKH�VDPH�WLPH���D�VHTXHQWLDO�GHVLJQ��L�H���TXDOLWDWLYH�ILUVW�RU
TXDQWLWDWLYH�ILUVW��ZLWK�WKH�VHFRQG�VWDJH�EXLOGLQJ�RQ�DQG�RU�VXSSOHPHQWLQJ�WKH�ILUVW�VWDJH���RU�D
PRUH�FRPSOH[�GHVLJQ�EDVHG�RQ�WKH�SLHFHV�SURYLGHG��H�J���D�FRQFXUUHQW�GHVLJQ�ZLWK�SULRU�RU
VXEVHTXHQW�VHTXHQWLDO�FRPSRQHQWV�DGGHG��

,Q� WKH� FKDSWHU��ZH� VKRZHG� QLQH� GHVLJQV� �UHVXOWLQJ� IURP� WKH� WZR� GLPHQVLRQV�� DQG� SRLQWHG� RXW� WKDW
WKH\�FDQ�EH�SXW�WRJHWKHU�LQ�PRUH�FRPSOH[�DUUDQJHPHQWV��:H�EHOLHYH�WKLV�DSSURDFK�WR�GHVLJQ�LV�KHOSIXO
IRU� EHJLQQLQJ� UHVHDUFKHUV� EXW�� XOWLPDWHO\�� IDOOV� VKRUW� LQ�PRUH� DGYDQFHG� UHVHDUFK��$� UHFHQW� WH[WERRN� LV
EXLOW�DURXQG�D�VLPLODU�WZR�GLPHQVLRQDO�W\SRORJ\��H[FHSW�WKDW�WKH�DXWKRU�GLVPLVVHG�WKH�HTXDO�VWDWXV�GHVLJQV
�0RUJDQ���������ZH�GLVDJUHH�ZLWK�WKLV�FRQFOXVLRQ�

)RU� UHDGHUV� LQWHUHVWHG� LQ� EXLOGLQJ� RQ� WKHLU� NQRZOHGJH� DQG� OHDUQLQJ� D� PRUH� DGYDQFHG� DQG� PRUH
IOH[LEOH�DSSURDFK�GHVLJQ��ZH�UHFRPPHQG�WKDW�\RX�FRQVLGHU�PXOWLSOH�GLPHQVLRQV�DQG�FRQVWUXFW�\RXU�RZQ
GHVLJQ��$OO�FXUUHQW�GHVLJQ�W\SRORJLHV�DUH�EDVHG�RQ�D�VPDOO�QXPEHU�RI�GLPHQVLRQV��W\SLFDOO\�WZR�WR�IRXU
GLPHQVLRQV��DQG�DUH��WKHUHIRUH��OLPLWHG��7R�KHOS�\RX�UHPHPEHU�RXU�PRUH�DGYDQFHG�DSSURDFK��ZH�FDOO�LW
WKH�PXOWLSOH�GLPHQVLRQ�SURFHVV�DSSURDFK��0'3$��WR�PL[HG�GHVLJQ�

$V�ZLWK�RXU�WZR�GLPHQVLRQ�DSSURDFK��WKH�ILUVW�NH\�SRLQW�RI�WKH�0'3$�DSSURDFK�LV�WR�VWDUW�ZLWK�\RXU
UHVHDUFK� TXHVWLRQV�� 8VLQJ�0'3$�� KRZHYHU�� DVNV� \RX� WR� WKLQN� QH[W� DERXW� ZKDW� FRPELQDWLRQ� RI� GDWD�
PHWKRGV��DQG�PDQ\�DGGLWLRQDO�GLPHQVLRQV�ZLOO�SURYLGH�\RX�ZLWK� WKH�EHVW�FKDQFH�RI�REWDLQLQJ�DFFXUDWH�
UHODWLYHO\�FRPSOHWH��DQG�XVHIXO�DQVZHUV�WR�\RXU�UHVHDUFK�TXHVWLRQV�

0'3$�ILOOV�D�YRLG� LQ� WKH�FXUUHQW�PL[HG�PHWKRGV� OLWHUDWXUH�DERXW�GHVLJQLQJ�D�VWXG\�RQ�D�SRWHQWLDOO\
ODUJH� QXPEHU� RI� GLPHQVLRQV� WKDW� \RX� VKRXOG� FRQVLGHU� DQG� PLJKW� XVH� IRU� ³PL[LQJ´� GXULQJ� SODQQLQJ�
GHVLJQLQJ�� FRQGXFWLQJ�� DQG�XVLQJ�PL[HG� UHVHDUFK��2XU� OLVW� DQG� ORJLF� DUH� VLPLODU� WR� WKRVH� LQ� DQG� VWDUWHG
ZLWK� WKH� ZRUNV� RI� *UHHQH� ������� DQG� 7HGGOLH� DQG� 7DVKDNNRUL� �������� ,� �-RKQVRQ�� DP� DWWHPSWLQJ� WR
H[SDQG�XSRQ�DQG�H[WHQG�WKHLU�LPSRUWDQW�LGHDV�ZLWK�WKH�0'3$�

%HIRUH� H[DPLQLQJ� WKH� GLPHQVLRQV�� LW� LV� LPSRUWDQW� WKDW� \RX� XQGHUVWDQG� WKDW� WKH� IROORZLQJ� OLVW� LV� QRW
H[KDXVWLYH�� \RX�ZLOO� OLNHO\� QHYHU� XVH� DOO� RI� WKH� GLPHQVLRQV�� DQG� WKH� OLVW� LV� IOXLG� LQ� WKH� VHQVH� WKDW� RWKHU



UHVHDUFKHUV� VKRXOG� FRQWLQXDOO\� EXLOG� DGGLWLRQDO� GLPHQVLRQV� LQWR� WKH� ³PXOWLSOH�GLPHQVLRQ� SURFHVV
DSSURDFK�´�)URP�D�SUDFWLFDO�VWDQGSRLQW��H[DPLQH�DQG�WKLQN�DERXW�RXU�GLPHQVLRQV�EHIRUH�\RX�VWDUW�\RXU
VWXG\�DQG�FDUHIXOO\�DGGUHVV�WKH�GLPHQVLRQV�WKDW�\RX�ZLOO�QHHG�WR�EXLOG�LQWR�\RXU�GHVLJQ�DQG�VWXG\�

)ROORZLQJ� DUH� WKH� FXUUHQW� GLPHQVLRQV� LQ� RXU�PXOWLSOH�GLPHQVLRQV� DSSURDFK� WR�PL[HG�GHVLJQ�� ,I� \RX
FRPH� XS� ZLWK� DGGLWLRQDO� GLPHQVLRQV�� SOHDVH� EH� VXUH� WR� OHW� XV� NQRZ� DQG� VHQG� XV� DQ� HPDLO�
EMRKQVRQ#VRXWKDODEDPD�HGX�

���3KHQRPHQRQ�

�,���:LOO�\RX�EH��D��DGGUHVVLQJ�WKH�VDPH�SDUW�RU�GLIIHUHQW�SDUWV�DVSHFWV�RI�RQH�SKHQRPHQRQ�
�E��DGGUHVVLQJ�GLIIHUHQW�SKHQRPHQD��DQG�RU��F��DGGUHVVLQJ�SKHQRPHQRQ�SKHQRPHQD�IURP
GLIIHUHQW�SHUVSHFWLYHV"

,,���,V�WKH�SKHQRPHQRQ��D��VRPHWKLQJ�WKDW�LV�H[SHFWHG�WR�EH�XQLTXH��VXFK�DV�D�KLVWRULFDO�HYHQW
RU�WKH�FKDUDFWHULVWLFV�RI�D�SDUWLFXODU�SODFH�RU�JURXS����E��VRPHWKLQJ�WKDW�LV�H[SHFWHG�WR�EH
SDUW�RI�D�PRUH�UHJXODU�DQG�SUHGLFWDEOH�SKHQRPHQRQ��RU��F��D�FRPSOH[�PL[WXUH�RI�WKHVH"

����5HVHDUFK�TXHVWLRQV��'R�\RXU�TXHVWLRQV�VXJJHVW��D��D�TXDQWLWDWLYH�HPSKDVLV��H�J���GHWHUPLQH
WKH�DPRXQW�RI�����������E��VXJJHVW�D�TXDOLWDWLYH�HPSKDVLV��H�J���H[DPLQH�WKH�HPLF�SHUVSHFWLYH�RI��
������RU��F���DV�GR�PRVW�UHVHDUFK�TXHVWLRQV��DOORZ�IRU�D�PRUH�FRPSOHWH��FRPSOH[��DQG�GHHSHU
XQGHUVWDQGLQJ�WR�EH�REWDLQHG�YLD�PL[HG�UHVHDUFK��H�J���XQGHUVWDQG�KRZ�WR�FUHDWH�D�VXFFHVVIXO
HGXFDWLRQ�V\VWHP�"

����6RFLDO�VFLHQWLILF�WKHRU\��$UH�\RX��WKH�UHVHDUFKHU���SODQQLQJ�WR�JHQHUDWH�D�QHZ�VXEVWDQWLYH
WKHRU\��WHVW�DQ�DOUHDG\�FRQVWUXFWHG�WKHRU\��RU�DFKLHYH�ERWK�LQ�D�VHTXHQWLDO�DUUDQJHPHQW��H�J��
GHYHORS�WKHRU\�LQ�SKDVH���DQG�WHVW�UHILQH�WKHRU\�RQ�QHZ�GDWD�LQ�SKDVH���"�2U�DUH�\RX�QRW
LQWHUHVWHG�LQ�VXEVWDQWLYH�WKHRU\�EDVHG�RQ�HPSLULFDO�GDWD"

����3XUSRVH�RI�PL[LQJ��:K\�ZLOO�\RX�FRQGXFW�PL[HG�UHVHDUFK"�*UHHQH�KDV�SURYLGHG�DQ�H[FHOOHQW
VHW�RI�SXUSRVHV��GLVFXVVHG�LQ�7DEOH��������LQFOXGLQJ�WULDQJXODWLRQ��FRPSOHPHQWDULW\�
GHYHORSPHQW��LQLWLDWLRQ��DQG�H[SDQVLRQ��0DQ\�DGGLWLRQDO�DQG�PRUH�VSHFLILF�NLQGV�RI�SXUSRVHV�VWLOO
QHHG�WR�EH�LGHQWLILHG��+HUH�DUH�D�IHZ�WKDW�VKRXOG�EH�QDPHG�DQG�FRQGXFWHG��H[SODLQLQJ
FRPSOH[LW\��MX[WDSRVLWLRQ�GLDORJXH�FRPSDULVRQ�V\QWKHVLV��H[SODLQLQJ�LQWHUDFWLRQ�EHWZHHQ�DPRQJ
QDWXUDO�DQG�KXPDQ�V\VWHPV��GHWHUPLQLQJ�ZKDW�ZRUNV�IRU�ZKRP�DQG�WKH�UHOHYDQFH�LPSRUWDQFH
RI�FRQWH[W��GHVFULELQJ�H[SODLQLQJ�SURFHVV�DQG�RXWFRPHV��VHTXHQWLDOO\�JHQHUDWLQJ�DQG�WHVWLQJ
WKHRU\��SURGXFLQJ�LQWHUGLVFLSOLQDU\�VXEVWDQWLYH�WKHRU\��LQFOXGLQJ�FRPSDULQJ�PXOWLSOH�SHUVSHFWLYHV
DQG�GDWD�UHJDUGLQJ�D�SKHQRPHQRQ��EUHDNLQJ�GRZQ�LQFRPPHQVXUDELOLW\�WHQGHQFLHV�
LWHUDWLYHO\�VHTXHQWLDOO\�FRQQHFWLQJ�ORFDO�LGLRJUDSKLF�NQRZOHGJH�ZLWK�QDWLRQDO�JHQHUDO�QRPRWKHWLF
NQRZOHGJH��SURGXFLQJ�QHZ�PHQWDO�PRGHOV�DQG�SDUDGLJPV��OHDUQLQJ�IURP�GLIIHUHQW�SHUVSHFWLYHV
RQ�WHDPV�DQG�LQ�WKH�ILHOG�DQG�OLWHUDWXUH��DFKLHYLQJ�PXOWLSOH�SDUWLFLSDWLRQ��VRFLDO�MXVWLFH��DQG
DFWLRQ�������DQG�WKH�OLVW�FRQWLQXHV��,W�LV�\RXU�WDVN�WR�H[WHQG�WKLV�OLVW�DV�WKH�QHHG�DULVHV�LQ�\RXU
UHVHDUFK�DQG�VKDUH�\RXU�LGHDV�DQG�HPSLULFDO�UHVXOWV�ZLWK�RWKHUV�

����&RPELQDWLRQ�RI�VDPSOLQJ�PHWKRGV��:KDW�VSHFLILF�TXDQWLWDWLYH�VDPSOLQJ�PHWKRG�V��DQG�ZKDW
VSHFLILF�TXDOLWDWLYH�VDPSOLQJ�PHWKRG�V��ZLOO�\RX�XVH��DQG�KRZ�ZLOO�WKHVH�EH�UHODWHG"

����'HJUHH�WR�ZKLFK�SDUWLFLSDQWV�DUH�VLPLODU�RU�GLIIHUHQW��$�VWXG\�DW�RQH�XQLYHUVLW\�ZLWK�MXVW
FROOHJH�VRSKRPRUHV�ZRXOG�KDYH�UHODWLYHO\�VLPLODU�SDUWLFLSDQWV�FRPSDUHG�WR�D�VWXG\�WKDW�LQFOXGHV
VWXGHQWV��SDUHQWV��WHDFKHUV��DQG�DGPLQLVWUDWRUV�IURP�PXOWLSOH�VFKRRO�GLVWULFWV�YDU\LQJ�LQ�LQFRPH
DQG�RWKHU�GHPRJUDSKLF�FKDUDFWHULVWLFV��&URVV�FXOWXUDO�DQG�FURVV�QDWLRQDO�VHWV�RI�SDUWLFLSDQWV
ZRXOG�EH�GLIIHUHQW��)LQDOO\��SDUWLFLSDQWV�RU�VWDNHKROGHUV�ZLWK�NQRZQ�GLIIHUHQFHV�RI�SHUVSHFWLYH
ZRXOG�SURYLGH�SDUWLFLSDQWV�WKDW�DUH�GLIIHUHQW�

����'HJUHH�WR�ZKLFK�UHVHDUFKHUV�DUH�VLPLODU�RU�GLIIHUHQW��$Q�H[SHULPHQW�FRQGXFWHG�E\�RQH
UHVHDUFKHU�ZRXOG�EH�KLJK�RQ�VLPLODULW\��WKH�XVH�RI�D�UHVHDUFK�WHDP�ZRXOG�LQWURGXFH�VRPH
GLIIHUHQFH��WKH�XVH�RI�D�KHWHURJHQHRXV�DQG�SDUWLFLSDWRU\�UHVHDUFK�WHDP��LQFOXGLQJ�ORFDO�FLWL]HQV
DQG�PXOWLSOH�VWDNHKROGHUV��ZRXOG�LQWURGXFH�DGGLWLRQDO�GLIIHUHQFHV�

����,PSOHPHQWDWLRQ�WLPLQJ���D��&RQFXUUHQW���E��VHTXHQWLDO��RU��F��D�PRUH�FRPSOH[�FRPELQDWLRQ�LV
XVHG�

����,PSOHPHQWDWLRQ�SURFHVV���D��3DUDOOHO��VDPH�DV�FRQFXUUHQW����E��VHTXHQWLDO���F��FRQYHUVLRQ

mailto://bjohnson@southalabama.edu


�GDWD�IURP�RQH�DSSURDFK�DUH�FRQYHUWHG�LQWR�WKH�RWKHU����G��PXOWLOHYHO��L�H���GDWD�DUH�FROOHFWHG
IRU�PXOWLSOH�XQLWV�RU�OHYHOV�RI�DQDO\VLV�VXFK�DV�VFKRRO��FODVVURRP��DQG�VWXGHQW���RU��H��D
FRPELQDWLRQ�LV�XVHG�

������,PSOHPHQWDWLRQ�VHWWLQJ��:LOO�\RX�VWXG\�WKH�SKHQRPHQRQ��D��QDWXUDOLVWLFDOO\��L�H���ZLWKRXW
LQWHUYHQWLRQ�DV�LW�QDWXUDOO\�KDSSHQV�LQ�WKH�ZRUOG����E��H[SHULPHQWDOO\��L�H���E\�LQWURGXFLQJ�D
PDQLSXODWLRQ�LQ�WKH�ODE�RU�ILHOG���RU��F��WKURXJK�D�FRPELQDWLRQ�RI�WKHVH"

������1XPEHU�RI�PHWKRGRORJLFDO�DSSURDFKHV��'R�\RX�XVH�RQH�PHWKRG��PRQRPHWKRG���PXOWLSOH
�WZR�RU�PRUH�PHWKRGV���RU�PL[HG�PHWKRGV��VSHFLILFDOO\�LQFOXGLQJ�D�FRPELQDWLRQ�RI�TXDQWLWDWLYH
DQG�TXDOLWDWLYH�PHWKRGV�"

������'HJUHH�WR�ZKLFK�PHWKRGV�DUH�VLPLODU�RU�GLIIHUHQW��$�VWUXFWXUHG�LQWHUYLHZ�DQG�TXHVWLRQQDLUH
DUH�IDLUO\�VLPLODU�PHWKRGV��EXW�DGPLQLVWUDWLRQ�RI�D�VWDQGDUGL]HG�WHVW�DQG�SDUWLFLSDQW�REVHUYDWLRQ
LQ�WKH�ILHOG�DUH�TXLWH�GLIIHUHQW�

������,PSOHPHQWDWLRQ�RI�DSSURDFKHV��$UH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DSSURDFKHV�FRQFHSWXDOL]HG
DQG�LPSOHPHQWHG�LQGHSHQGHQWO\�LQ�WKH�VWXG\��RU�DUH�WKHVH�VWHSV�RU�SDUWV�FRQGXFWHG
LQWHUDFWLYHO\"

������&RPELQDWLRQ�RI�VWDQGDUG�UHVHDUFK�GHVLJQV��$UH�\RX�VXSSOHPHQWLQJ�D�UHODWLYHO\�VWDQGDUG
TXDQWLWDWLYH�GHVLJQ��H�J���SUHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ��IDFWRULDO�GHVLJQ��ZLWK�TXDOLWDWLYH
GDWD�DQG�GHVLJQ�IHDWXUHV"�+RZ�VR"�$UH�\RX�VXSSOHPHQWLQJ�D�UHODWLYHO\�VWDQGDUG�TXDOLWDWLYH
GHVLJQ��H�J���D�SKHQRPHQRORJ\�RU�FRQVWUXFWLYLVW�JURXQGHG�WKHRU\��ZLWK�TXDQWLWDWLYH�GDWD�DQG
GHVLJQ�IHDWXUHV"�+RZ�VR"�$UH�\RX�FRQVWUXFWLQJ�D�QHZ�FRPELQDWLRQ�RI�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�GHVLJQV"�+RZ�VR"�,I�\RX�XVLQJ�RQH�RI�WKH�QDPHG�PL[HG�PHWKRGV�GHVLJQV��GRHV�LW
QHHG�WR�EH�PRGLILHG�WR�ILW�\RXU�UHVHDUFK�TXHVWLRQV�DQG�SXUSRVHV"�+RZ�VR"�,Q�DOO�FDVHV��KRZ
ZLOO�\RX�DFKLHYH�LQWHJUDWLRQ�DQG�PDNH�PHWD�LQIHUHQFHV�IURP�\RXU�GHVLJQ�FRPELQDWLRQ"

������:HLJKW�HPSKDVLV�SULRULW\�RI�GDWD���D��&RUH�TXDQWLWDWLYH�GDWD�DUH�VXSSOHPHQWHG�ZLWK
TXDOLWDWLYH�GDWD���E��FRUH�TXDOLWDWLYH�GDWD�DUH�VXSSOHPHQWHG�ZLWK�TXDQWLWDWLYH�GDWD���F��DERXW
WKH�VDPH�DPRXQW�RI�DWWHQWLRQ�DQG�WLPH�LV�VSHQW�RQ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD
FROOHFWLRQ�DQDO\VLV��DQG�RU�QHLWKHU�LV�JLYHQ�VSHFLDO�SULRULW\�

������:HLJKW�HPSKDVLV�SULRULW\�IUDPLQJ�RI�UHVHDUFK�SDUDGLJP�RU�PHQWDO�PRGHO��,V�WKH�UHVHDUFK
�D��TXDOLWDWLYHO\�GULYHQ��L�H���FRQVWUXFWLYLVP�RU�VRPH�RWKHU�TXDOLWDWLYH�SDUDGLJP����E�
TXDQWLWDWLYHO\�GULYHQ��L�H���SRVWSRVLWLYLVP��WUDGLWLRQDO�VFLHQWLILF�SDUDGLJP����F��GULYHQ�E\�DQ
LQWHUDFWLRQ�RI�WZR�RU�PRUH�SDUDGLJPV��RU��G��QRQSDUDGLJPDWLF��L�H���QR�DWWHQWLRQ�LV�JLYHQ�WR
SDUDGLJPV��

������,GHRORJLFDO�GULYH���D��$�IHZ�W\SHV�ZLWK�DQ�H[SOLFLW�LGHRORJLFDO�GULYH�DUH�WUDQVIRUPDWLYH
UHVHDUFK��FULWLFDO�UHVHDUFK��DFWLRQ�UHVHDUFK��HWKQLF�UHVHDUFK��VH[XDO�LGHQWLW\�UHVHDUFK��GLVDELOLW\
UHVHDUFK��IHPLQLVW�UHVHDUFK��DQG�SRVWFRORQLDO�UHVHDUFK���E��7KHUH�FDQ�DOVR�EH�QR�DUWLFXODWHG
LGHRORJ\��RU��F��7KH�UHVHDUFKHU�FDQ�DGYRFDWH�D�QHXWUDO�VWDQFH�

������,QWHJUDWLRQ��+RZ�DQG�ZKHUH�ZLOO�LQWHJUDWLRQ�RFFXU�LQ�\RXU�VWXG\"�:LOO�LW�RFFXU�DFURVV�DQG�RU
ZLWKLQ�VWDJHV"�)RU�H[DPSOH��ZLOO�LQWHJUDWLRQ�RFFXU�GXULQJ�SODQQLQJ��GXULQJ�GDWD�FROOHFWLRQ�
GXULQJ�LQWHUDFWLRQ�EHWZHHQ�VHTXHQFHV��GXULQJ�GDWD�DQDO\VLV��GXULQJ�LQWHUSUHWDWLRQ�DW�DQ\�SRLQW�
GXULQJ�UHSRUW�ZULWLQJ��RU�GXULQJ�UHVHDUFK�DFWLRQ�XVH�DSSOLFDWLRQ�RI�UHVHDUFK
WKHRU\�VWUDWHJ\�WUHDWPHQW"�,QWHJUDWLRQ�FDQ�DOVR�RFFXU�LWHUDWLYHO\�GXULQJ�D�UHVHDUFK�VWXG\��IRU
H[DPSOH��ZKHQ�WKH�UHVHDUFKHU�FROOHFWV�DQG�DQDO\]HV�LQWHUSUHWV�GDWD�DQG�WKHQ�FROOHFWV�PRUH
GDWD�DQG�DQDO\]HV�LQWHUSUHWV�WKRVH�GDWD��DQG�VR�IRUWK�

������9DOLGLW\�FULWHULD�DQG�VWUDWHJLHV��:KDW�LGHDV�UHJDUGLQJ�WKH�GHIHQVLELOLW\�RI�\RXU�VWXG\�DQG�LWV
FRQFOXVLRQV�ZLOO�\RX�GUDZ�IURP��D��TXDQWLWDWLYH�UHVHDUFK�YDOLGLW\�FULWHULD�DQG�VWUDWHJLHV���E�
TXDOLWDWLYH�UHVHDUFK�YDOLGLW\�FULWHULD�DQG�VWUDWHJLHV��DQG��F��PL[HG�UHVHDUFK�YDOLGLW\�FULWHULD�DQG
VWUDWHJLHV"�2QH�HVSHFLDOO\�LPSRUWDQW�PL[HG�FULWHULRQ�SURYLGHG�E\�2QZXHJEX]LH�DQG�-RKQVRQ
�������LV�PXOWLSOH�YDOLGLWLHV��GHILQHG�DV�DGGUHVVLQJ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK
YDOLGLW\�VWUDWHJLHV�DV�ZHOO�DV�WKRVH�LGHQWLILHG�LQ�PL[HG�UHVHDUFK�

������6WXG\��/RRNLQJ�EDFN��GR�\RX�KDYH�HVVHQWLDOO\�RQH�UHVHDUFK�VWXG\��WZR��RU�PRUH"�:LOO�\RX�ZULWH
WKH�UHSRUW�DV�D�PL[HG�VWXG\"�+RZ�ZLOO�\RX�VWUXFWXUH�\RXU�UHSRUW��H�J���E\�UHVHDUFK�TXHVWLRQV�



E\�GHVLJQ�SKDVHV�RU�VHTXHQFLQJ��E\�VWULYLQJ�IRU�D�IXOO\�PL[HG�LQWHJUDWHG�UHSRUW��RU�VHSDUDWLRQ
E\�PHWKRGV��GDWD��VXESRSXODWLRQ��HWF��"�1RWH��,QWHJUDWLRQ�RI�VRPH�VRUW�LV�VWURQJO\
UHFRPPHQGHG�

������7UDGLWLRQDO�GXDOLVPV��:LOO�\RX�DGGUHVV��D��DQ\�RI�WKH�PDQ\�WUDGLWLRQDO�GXDOLVPV��DQG�SHUKDSV
WDNH�D�EDODQFHG�DSSURDFK����E��RQO\�LVVXHV�WKDW�VHHP�GLUHFWO\�UHOHYDQW�WR�DQVZHULQJ�\RXU
TXHVWLRQV��RU��F��ERWK��D��DQG��E�"�$�IHZ�WUDGLWLRQDO�GXDOLVPV�DUH�PLFUR�PDFUR��VXEMHFWLYH�
REMHFWLYH��HPLF�HWLF��FDWHJRULHV�YDULDEOHV��IDFWV�YDOXHV��YDOXH�HPEHGGHG±YDOXH�QHXWUDO�
DJHQF\�VWUXFWXUH��FKDQJH�RUGHU��FRQVWUXFWLYLVP�UHDOLVP��SHUVSHFWLYH�WUXWK��KXPDQ�VFLHQFH±
QDWXUDO�VFLHQFH��LGHDOLVP�SK\VLFDOLVP�PDWHULDOLVP��NQRZOHGJH�ZLVGRP��XQLYHUVDOV�SDUWLFXODUV�
UDWLRQDOLVP�HPSLULFLVP��UHODWLYLVP�DEVROXWLVP��VFLHQWLILF�QDWXUDOLVP±KXPDQLVP��IUHHGRP�
HTXDOLW\��UHDVRQ±FUHDWLYH�³LPDJLQDWLRQ´���ORFDO�QHHGV±QDWLRQDO�QHHGV��PHDQV�HQGV��VLPLODULW\�
GLIIHUHQFH��DQG�PXOWLSOH�ORJLFV�VXFK�DV�LQGXFWLRQ��GHGXFWLRQ��DEGXFWLRQ��GLDOHFWLF��GLDORJLF��DQG
FULWLFDO��1RWH�WKDW�WKH�PXOWLSOH�DQG�PL[HG�SHUVSHFWLYH�WDNHV�DQ�LQWHUDFWLYH�DSSURDFK�WR�GXDOLVPV
DQG�UHMHFWV�HLWKHU�RU�UHGXFWLRQV��/DVW��VRPH�UHVHDUFKHUV�ZLOO�DGGUHVV�SDUDGLJPDWLF�GLPHQVLRQV
XQGHU�WKH�ODEHOV�RI�RQWRORJ\��HSLVWHPRORJ\��HWKLFV�D[LRORJ\��DQG�PHWKRGRORJ\�PHWKRGV�

6800$5<

7KLV�FKDSWHU�KDV�SURYLGHG�D�IUDPHZRUN�IRU�FRQGXFWLQJ�PL[HG�UHVHDUFK��:H�EULHIO\
VXPPDUL]HG� WKH�SKLORVRSK\�RI�SUDJPDWLVP��ZKLFK� VD\V� WR�XVH� DQ\�FRPELQDWLRQ�RI
PHWKRG�RU�UHVHDUFK�WHFKQLTXHV�WKDW�ZRUNV�LQ�DQVZHULQJ�\RXU�UHVHDUFK�TXHVWLRQ�V��
$OVR��ZH�UHYLHZHG�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK��ZKLFK�SUHVFULEHV
WKDW� \RX� XVH� D� PL[WXUH� RU� FRPELQDWLRQ� WKDW� KDV� FRPSOHPHQWDU\� VWUHQJWKV� DQG
QRQRYHUODSSLQJ�ZHDNQHVVHV�� 7R� KHOS� \RX� LQ� XVLQJ� WKH� IXQGDPHQWDO� SULQFLSOH�� \RX
FDQ� XVH� 7DEOHV� ����� DQG� ������ ZKLFK� VKRZ� WKH� VWUHQJWKV� DQG� ZHDNQHVVHV� RI
TXDQWLWDWLYH�DQG�TXDOLWDWLYH� UHVHDUFK�� UHVSHFWLYHO\��<RX�VKRXOG�DOVR�XVH� WKH� WDEOHV
VKRZLQJ� WKH� VWUHQJWKV� DQG�ZHDNQHVVHV�RI� WKH�GLIIHUHQW�PHWKRGV�RI� GDWD� FROOHFWLRQ
WKDW�DUH�SURYLGHG�LQ�WKH�&KDSWHU���OHFWXUH�DW�WKH�FRPSDQLRQ�ZHEVLWH�

:H� SRLQWHG� RXW� WKDW� LQ� PL[HG� UHVHDUFK�� D� FRPELQDWLRQ� RI� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�GDWD�LV�FROOHFWHG��DQDO\]HG��YDOLGDWHG��DQG�LQWHUSUHWHG�XVLQJ�V\VWHPDWLF
WHFKQLTXHV�� :H� QRWHG� WKDW� XVLQJ� VRPH� FRPELQDWLRQ� RI� ERWK� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�UHVHDUFK�DSSURDFKHV�ZLWKLQ�WKH�VDPH�LQTXLU\�PDNHV�WKDW�LQTXLU\�D�PL[HG
UHVHDUFK�LQYHVWLJDWLRQ��1H[W��ZH�GHVFULEHG�RXU�W\SRORJ\�RI�PL[HG�UHVHDUFK�GHVLJQV�
7KLV�W\SRORJ\��VKRZQ�LQ�)LJXUH�������LV�EDVHG�RQ�FRQVLGHUDWLRQ�RI�WLPH�RULHQWDWLRQ
�L�H���FRQFXUUHQW�YV��VHTXHQWLDO��DQG�SDUDGLJP�HPSKDVLV��L�H���HTXDO�VWDWXV�GHVLJQ�YV�
HLWKHU� D� TXDOLWDWLYHO\� GULYHQ� GHVLJQ� RU� D� TXDQWLWDWLYHO\� GULYHQ� GHVLJQ� VWDWXV��
\LHOGLQJ� QLQH� GLVWLQFW�PL[HG� UHVHDUFK� GHVLJQV��:H� VKRZHG� \RX� KRZ� WR� XVH� EDVLF
QRWDWLRQ� WR� V\PEROL]H� HDFK� RI� WKHVH� GHVLJQV�� DQG�ZH�SURYLGHG� VRPH� H[DPSOHV� RI
PL[HG�GHVLJQV�IURP�WKH�SXEOLVKHG�OLWHUDWXUH�

:H�QH[W�VSHFLILHG�DQG�GHVFULEHG�WKH�HLJKW�VWHSV�LQ�WKH�PL[HG�UHVHDUFK�SURFHVV�
'HWHUPLQH�ZKHWKHU�D�PL[HG�GHVLJQ�LV�DSSURSULDWH��GHWHUPLQH�WKH�UDWLRQDOH�IRU�XVLQJ
D� PL[HG� GHVLJQ�� VHOHFW� WKH� PL[HG� UHVHDUFK� GHVLJQ� DQG� PL[HG� VDPSOLQJ� GHVLJQ�
FROOHFW� GDWD�� DQDO\]H� WKH� GDWD�� YDOLGDWH� WKH� GDWD�� LQWHUSUHW� WKH� GDWD�� DQG�ZULWH� WKH
UHVHDUFK�UHSRUW�

7KH� ILQDO� VHFWLRQ� RI� WKH� FKDSWHU� SUHVHQWHG� WKH� PDMRU� OLPLWDWLRQV� RI� PL[HG



UHVHDUFK��,Q�WKLV�VHFWLRQ��ZH�QRWHG�WKDW�PL[HG�UHVHDUFKHUV�PXVW�EH�FRJQL]DQW�RI�WKHVH
OLPLWDWLRQV�� HVSHFLDOO\� WKRVH� WKDW� SHUWDLQ� WR� WLPH�� H[SHUWLVH�� UHVRXUFHV�� DQG� HIIRUW
H[SHQGHG��&OHDUO\��D�QXPEHU�RI�PHWKRGRORJLFDO� LVVXHV�PXVW�EH�FRQVLGHUHG�EHIRUH
FRQGXFWLQJ� D�PL[HG� UHVHDUFK� VWXG\��1HYHUWKHOHVV�� WKH�SRWHQWLDO� JDLQV� DFKLHYHG�E\
PL[LQJ�PHWKRGV� DUH� JUHDW�� JUHDWHU� GLYHUVLW\� DQG� FROODERUDWLRQ� DPRQJ� UHVHDUFKHUV
ZLWK�GLIIHUHQW�RULHQWDWLRQV��PRUH�FRPSUHKHQVLYH�ILQGLQJV�� LQFUHDVHG�FRQILGHQFH� LQ
UHVXOWV�� LQFUHDVHG� FRQFOXVLRQ� YDOLGLW\�� PRUH� LQVLJKWIXO� XQGHUVWDQGLQJ� RI� WKH
XQGHUO\LQJ�SKHQRPHQRQ��SURPRWLRQ�RI�PRUH�FUHDWLYH�ZD\V�RI�FROOHFWLQJ�GDWD�� DQG
LQFUHDVHG� V\QWKHVLV�RU� LQWHJUDWLRQ�RI� WKHRULHV��7KHUHIRUH�� WKH� OLPLWDWLRQV�RI�PL[HG
UHVHDUFK� VKRXOG� EH� ZHLJKHG� DJDLQVW� WKH� QXPHURXV� SRWHQWLDO� EHQHILWV� RI� WKLV
DSSURDFK�

.(<�7(506

FRPSDWLELOLW\�WKHVLV��S������
GLDOHFWLFDO�SOXUDOLVP��S������
GLDOHFWLFDO�SUDJPDWLVP��S������
IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK��S������
PL[HG�UHVHDUFK��S������
SUDJPDWLVW�SKLORVRSK\��S������
TXDOLWDWLYHO\�GULYHQ�GHVLJQ��S������
TXDQWLWDWLYHO\�GULYHQ�GHVLJQ��S������
TXDOLWL]LQJ��S������
TXDQWLWL]LQJ��S������
ZDUUDQWHG�DVVHUWDELOLW\��S������

',6&866,21�48(67,216

����:KLFK�RI�WKH�IROORZLQJ�GR�\RX�WHQG�WR�OLNH�WKH�EHVW��TXDOLWDWLYH�UHVHDUFK�
TXDQWLWDWLYH�UHVHDUFK��RU�PL[HG�UHVHDUFK"�:K\"

����+RZ�FRXOG�\RX�DSSO\�WKH�IXQGDPHQWDO�SULQFLSOH�RI�PL[HG�UHVHDUFK"�*LYH�DQ
H[DPSOH�

����:KLFK�RI�WKH�UDWLRQDOHV�IRU�FRQGXFWLQJ�PL[HG�UHVHDUFK�GR�\RX�WKLQN�LV�WKH�PRVW
LPSRUWDQW�LQ�WKH�DUHD�RI�UHVHDUFK�WKDW�LV�PRVW�LPSRUWDQW�WR�\RX��WULDQJXODWLRQ�
FRPSOHPHQWDULW\��GHYHORSPHQW��LQLWLDWLRQ��RU�H[SDQVLRQ�"�:K\"

����7U\�WR�WKLQN�RI�D�K\SRWKHWLFDO�VWXG\�GHVLJQ�WKDW�LQFOXGHV�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�FRPSRQHQWV��:KDW�ZRXOG�\RX�FDOO�WKH�GHVLJQ"



5(6($5&+�(;(5&,6(6

����,I�\RX�DUH�SURSRVLQJ�RU�FRQGXFWLQJ�D�PL[HG�UHVHDUFK�VWXG\��DQVZHU�WKH�IROORZLQJ
TXHVWLRQV�WR�KHOS�FODULI\�\RXU�WKLQNLQJ�

D���:KDW�DUH�\RXU�UHVHDUFK�TXHVWLRQV�DQG�RU�K\SRWKHVHV"

E���:KDW�LV�WKH�UDWLRQDOH�IRU�XVLQJ�D�PL[HG�GHVLJQ�LQ�\RXU�UHVHDUFK�VWXG\"

F���:KDW�PL[HG�UHVHDUFK�GHVLJQ�ZLOO�\RX�XVH"

G���:KDW�PHWKRGV�RI�GDWD�FROOHFWLRQ�ZLOO�\RX�XVH"�,I�WKHUH�LV�DQ�RUGHULQJ��L�H��
VHTXHQFH��WR�\RXU�GDWD�FROOHFWLRQ��SOHDVH�H[SODLQ�LW�

H���+RZ�ZLOO�\RX�DQDO\]H�\RXU�GDWD"

I���+RZ�ZLOO�\RX�YDOLGDWH�\RXU�GDWD"

J���+RZ�DQG�ZKHQ�ZLOO�\RX�LQWHUSUHW�\RXU�GDWD"

K���:ULWH�RXW�\RXU�DQWLFLSDWHG�WDEOH�RI�FRQWHQWV��L�H���WKH�LPSRUWDQW�KHDGLQJV�\RX
H[SHFW�WR�XVH�LQ�\RXU�UHSRUW��

����/RFDWH�D�SXEOLVKHG�DUWLFOH�WKDW�LV�EDVHG�RQ�PL[HG�UHVHDUFK��([SODLQ�KRZ�WKH
VWXG\�UHODWHV�WR�HDFK�RI�WKH�HLJKW�VWHSV�RI�PL[HG�UHVHDUFK�

D���:DV�D�PL[HG�GHVLJQ�DSSURSULDWH��JLYHQ�WKH�UHVHDUFK�TXHVWLRQV�DQG
REMHFWLYHV"

E���:KLFK�RI�WKH�ILYH�UDWLRQDOHV�IRU�XVLQJ�D�PL[HG�GHVLJQ��VKRZQ�LQ�7DEOH������
EHVW�ILWV�\RXU�UHVHDUFK�DUWLFOH"

F���:KDW�PL[HG�UHVHDUFK�GHVLJQ�GLG�WKH�UHVHDUFKHU�XVH"

G���:KDW�NLQG�RI�GDWD�ZHUH�FROOHFWHG"

H���+RZ�GLG�WKH�UHVHDUFKHUV�DQDO\]H�WKH�GDWD"

I���+RZ�GLG�WKH�UHVHDUFKHUV�YDOLGDWH�WKH�GDWD"

J���:KHQ�DQG�KRZ�GR�\RX�VXVSHFW�WKH�UHVHDUFKHUV�LQWHUSUHWHG�WKH�GDWD"

K���+RZ�ZDV�WKH�MRXUQDO�DUWLFOH�RUJDQL]HG�DQG�ZULWWHQ"

����8VLQJ�WKH�FULWHULD�LQ�WKH�SUHYLRXV�TXHVWLRQ��UHYLHZ�DQG�FULWLTXH�WKH�PL[HG
UHVHDUFK�DUWLFOH�DW�WKH�FRPSDQLRQ�ZHEVLWH�

����:ULWH�D�IRXU�SDJH�SDSHU�FRPSDULQJ�DQG�FRQWUDVWLQJ�WKH�WKUHH�PDMRU�W\SRORJLHV�RI
PL[HG�PHWKRGV�UHVHDUFK��2QH�LV�SURYLGHG�LQ�WKLV�FKDSWHU��7KH�7HGGOLH�DQG
7DVKDNNRUL��������W\SRORJ\�LV�DYDLODEOH�DW�WKLV
KWWS���ZZZ�PVHUD�RUJ�5LWVB����7HGGOLHB7DVKDNNRULB����SGI��7KH�WKLUG
W\SRORJ\�LV�LQ�&UHVZHOO�DQG�3ODQR�&ODUN��������

http://www.msera.org/Rits_131/Teddlie_Tashakkori_131.pdf
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0L[HG�0HWKRGV�,QWHUQDWLRQDO�5HVHDUFK�$VVRFLDWLRQ
KWWS���PPLUD�RUJ

7KH�UHDGHU�PD\�ILQG�XVHIXO�DOO�RI�WKH�DUWLFOHV�LQ�WKLV�VSHFLDO�LVVXH�RQ�PL[HG�PHWKRGV
UHVHDUFK��JXHVW�HGLWHG�E\�%XUNH�-RKQVRQ���7KH�DUWLFOHV�DUH�ZULWWHQ�E\�OHDGHUV�LQ�WKH
ILHOG�RI�PL[HG�UHVHDUFK�
KWWS���ZZZ�PVHUD�RUJ�ULWVB����KWP

%ULGJHV��0L[HG�0HWKRGV�1HWZRUN�IRU�%HKDYLRUDO��6RFLDO��DQG�+HDOWK�6FLHQFHV
KWWS���ZZZ�ILX�HGX�aEULGJHV�

$�IUHH�ERRN�HQWLWOHG�7KH������8VHU�)ULHQGO\�+DQGERRN�IRU�3URMHFW�(YDOXDWLRQ
KWS���ZZZ�QVI�JRY�SXEV������QVI������QVI�����B��SGI

*ORVVDU\�RI�PL[HG�PHWKRGV�WHUPV�DQG�FRQFHSWV
KWWS���ZZZ�ILX�HGX�aEULGJHV�JORVVDU\�KWP

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

*UHHQH��-��&���	�&DUDFHOOL��9��-���(GV������������$GYDQFHV�LQ�PL[HG�PHWKRG
HYDOXDWLRQ��7KH�FKDOOHQJHV�DQG�EHQHILWV�RI�LQWHJUDWLQJ�GLYHUVH�SDUDGLJPV
�1HZ�'LUHFWLRQV�IRU�(YDOXDWLRQ��QR�������6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

-RKQVRQ��5��%���2QZXHJEX]LH��$��-���	�7XUQHU��/��$����������7RZDUG�D�GHILQLWLRQ�RI
PL[HG�PHWKRGV�UHVHDUFK��-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK���������±���

3ULQJ��5����������7KH�³IDOVH�GXDOLVP´�RI�HGXFDWLRQDO�UHVHDUFK��-RXUQDO�RI
3KLORVRSK\�RI�(GXFDWLRQ������������±����

7DVKDNNRUL��$���	�7HGGOLH��&���(GV������������+DQGERRN�RI�PL[HG�PHWKRGV�LQ
VRFLDO�DQG�EHKDYLRUDO�UHVHDUFK���QG�HG����7KRXVDQG�2DNV��&$��6DJH�

http://mmira.org
http://www.msera.org/rits_131.htm
http://www.fiu.edu/~bridges/
http://www.nsf.gov/pubs/2002/nsf02057/nsf02057_1.pdf
http://www.fiu.edu/~bridges/glossary.htm
http://www.sagepub.com/bjohnson5e/
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$QDO\]LQJ�WKH�'DWD

&KDSWHU���
'HVFULSWLYH�6WDWLVWLFV

&KDSWHU���
,QIHUHQWLDO�6WDWLVWLFV

&KDSWHU���
'DWD�$QDO\VLV�LQ�4XDOLWDWLYH�DQG�0L[HG�5HVHDUFK



&KDSWHU���

'HVFULSWLYH�6WDWLVWLFV

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��([SODLQ�WKH�SXUSRVH�RI�GHVFULSWLYH�VWDWLVWLFV�
��'LVWLQJXLVK�EHWZHHQ�LQIHUHQWLDO�DQG�GHVFULSWLYH�VWDWLVWLFV�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�IUHTXHQF\�GLVWULEXWLRQ�DQG�D�JURXSHG
IUHTXHQF\�GLVWULEXWLRQ�

��5HDG�DQG�LQWHUSUHW�EDU�JUDSKV��OLQH�JUDSKV��DQG�VFDWWHU�SORWV�
��&DOFXODWH�WKH�PRGH��PHGLDQ��DQG�PHDQ�
��/LVW�WKH�VWUHQJWKV�DQG�ZHDNQHVVHV�RI�WKH�PRGH��PHGLDQ��DQG�PHDQ�
��([SODLQ�SRVLWLYH�VNHZ�DQG�QHJDWLYH�VNHZ�
��([SODLQ�WKH�LPSDFW�RI�VNHZQHVV�RQ�WKH�PHDVXUHV�RI�FHQWUDO�WHQGHQF\�
��'HVFULEH�DQG�LQWHUSUHW�WKH�GLIIHUHQW�PHDVXUHV�RI�YDULDELOLW\�
��&DOFXODWH�WKH�UDQJH��YDULDQFH��DQG�VWDQGDUG�GHYLDWLRQ�
��([SODLQ�SHUFHQWLOH�UDQNV�DQG�]�VFRUHV�
��([SODLQ�KRZ�WR�FRQVWUXFW�DQG�LQWHUSUHW�D�FRQWLQJHQF\�WDEOH�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�VLPSOH�DQG�PXOWLSOH�UHJUHVVLRQ�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�\�LQWHUFHSW�DQG�WKH�UHJUHVVLRQ�FRHIILFLHQW�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�'HVFULELQJ�'DWD�$FFXUDWHO\

'XULQJ� WKH� ����V� DQG� ����V� DQG� FRQWLQXLQJ� LQWR� WKLV� FHQWXU\�� WKHUH� KDV� EHHQ� FRQFHUQ� DERXW
GLVFULPLQDWLRQ�DQG�HQVXULQJ�WKDW�LW�GRHV�QRW�RFFXU��7KH�IROORZLQJ�YLJQHWWH�LV�D�VLPSOLILHG�YHUVLRQ�RI�ZKDW
KDSSHQHG�DW� WKH�8QLYHUVLW\�RI�&DOLIRUQLD±%HUNHOH\� LQ�������7KH�DGPLVVLRQV�GDWD� VXJJHVWHG� WKDW� WKHUH
ZDV� JHQGHU� GLVFULPLQDWLRQ� LQ� DGPLVVLRQV� WR� JUDGXDWH� SURJUDPV� DW� %HUNHOH\�� EXW� ZKHQ� WKH� GDWD� ZHUH
H[DPLQHG�PRUH�FDUHIXOO\��LW�ZDV�FOHDU�WKDW�GLVFULPLQDWLRQ�GLG�QRW�H[LVW��,Q�WKLV�H[DPSOH��ZH�VKRZ�\RX�WKH
NLQG�RI�GDWD�WKDW�VXJJHVWHG�GLVFULPLQDWLRQ�DQG�WKH�NLQG�WKDW�GLG�QRW��7KLV�FDVH�ZDV�ZULWWHQ�XS�LQ�6FLHQFH
�%LFNHO���������DQG�WKH�UHVXOWV�DUH�GXH�WR�ZKDW�LV�FDOOHG�6LPSVRQ¶V�SDUDGR[�

$VVXPH� WKDW�\RX�ZRUN� LQ� WKH�&ROOHJH�RI�(GXFDWLRQ�DGPLVVLRQV�RIILFH�DW�\RXU� ORFDO�XQLYHUVLW\��<RX
ILQG� WKDW� WKH� DFFHSWDQFH� UDWH� IRU� PHQ� LV� ���� �L�H��� ���� RI� WKH� PHQ� ZKR� DSSO\� WR� \RXU� VFKRRO� DUH
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DFFHSWHG�� DQG� WKH� DFFHSWDQFH� UDWH� IRU� ZRPHQ� LV� �����:KDW
ZRXOG� \RX� FRQFOXGH"� :RXOG� \RX� FRQFOXGH� WKDW� JHQGHU
GLVFULPLQDWLRQ� PLJKW� EH� RFFXUULQJ"� $IWHU� DOO�� PHQ� DUH� EHLQJ
DFFHSWHG�DW�D�VLJQLILFDQWO\�KLJKHU�UDWH�WKDQ�DUH�ZRPHQ�

/HW¶V�VD\�WKDW�WKH�QXPEHUV�IRU�\RXU�XQLYHUVLW\�DUH�VKRZQ�LQ
WKH�IROORZLQJ�WDEOH�

<RX��KRZHYHU��NQRZ�D�OLWWOH�ELW�DERXW�VWDWLVWLFV�DQG�GHFLGH�WR�GHOYH�IXUWKHU�LQWR�WKH�GDWD��7KHUH�RQO\
DUH� WZR� GHSDUWPHQWV� LQ� \RXU�&ROOHJH� RI�(GXFDWLRQ�� VR� \RX� GHFLGH� WR� ORRN� DW� WKH� DGPLVVLRQV� UDWHV� IRU
HDFK�RI�WKH�WZR�GHSDUWPHQWV��7KHVH�UHVXOWV�DUH�VKRZQ�EHORZ��+HUH�LV�ZKDW�\RX�ILQG�ZKHQ�\RX�ORRN�DW
WKH� DFFHSWDQFH� UDWH� IRU� ERWK� GHSDUWPHQWV��:RPHQ� �QRW�PHQ�� DUH�PRUH� OLNHO\� WR� EH� DGPLWWHG� LQ� ERWK
GHSDUWPHQWV�

,Q�RWKHU�ZRUGV��ZKHQ�\RX�ORRN�DW�\RXU�GDWD�PRUH�FDUHIXOO\��\RX�ILQG�RXW�WKDW�ZRPHQ�DUH�PRUH�OLNHO\
WR� EH� DGPLWWHG�� DQG� LW� LV� FOHDU� QRZ� WKDW� WKH� FODLP� RI� GLVFULPLQDWLRQ� DJDLQVW�ZRPHQ� LV� XQOLNHO\�� ,Q� WKLV
H[DPSOH�� WKH� RYHUDOO� GDWD� VXJJHVWHG� RQH� WKLQJ�� EXW� ZKHQ� WKH� GDWD� ZHUH� H[DPLQHG� PRUH� FDUHIXOO\�� D
FRPSOHWHO\� GLIIHUHQW� FRQFOXVLRQ�ZDV� DSSDUHQW��2QH� UHDVRQ� IRU� WKH� VXUSULVLQJ� UHVXOW� LV� WKDW�PHQ�ZHUH
PRUH�OLNHO\�WR�DSSO\�WR�WKH�GHSDUWPHQW�WKDW�ZDV�HDV\�WR�JHW�LQWR�ZKLOH�ZRPHQ�ZHUH�PRUH�OLNHO\�WR�DSSO\
WR�WKH�GHSDUWPHQW�WKDW�ZDV�KDUGHU�WR�JHW�LQWR��2XU�SXUSRVH�IRU�WKLV�FKDSWHU�LV�WR�VKRZ�KRZ�WR�GHVFULEH
\RXU�GDWD�DFFXUDWHO\�VR�WKDW�\RX�FDQ�LQIRUP�\RXU�DXGLHQFH�DQG�QRW�PLVOHDG�WKHP�

KH�ILHOG�RI�VWDWLVWLFV�LV�D�EUDQFK�RI�PDWKHPDWLFV�WKDW�GHDOV�ZLWK�WKH�DQDO\VLV
RI� QXPHULFDO� GDWD�� ,W� FDQ� EH� GLYLGHG� LQWR� WZR� EURDG� FDWHJRULHV� FDOOHG
GHVFULSWLYH�VWDWLVWLFV�DQG�LQIHUHQWLDO�VWDWLVWLFV��,Q�GHVFULSWLYH�VWDWLVWLFV��WKH

JRDO�LV�WR�GHVFULEH��VXPPDUL]H��RU�PDNH�VHQVH�RI�D�SDUWLFXODU�VHW�RI�GDWD��7KH�JRDO
RI� LQIHUHQWLDO� VWDWLVWLFV� LV� WR� JR� EH\RQG� WKH� LPPHGLDWH� GDWD� DQG� WR� LQIHU� WKH
FKDUDFWHULVWLFV� RI� SRSXODWLRQV� EDVHG� RQ� VDPSOHV��$V� \RX� FDQ� VHH� LQ� )LJXUH� �����
LQIHUHQWLDO�VWDWLVWLFV�PD\�EH�VXEGLYLGHG�LQWR�HVWLPDWLRQ�DQG�K\SRWKHVLV�WHVWLQJ��DQG
HVWLPDWLRQ�PD\� EH� GLYLGHG� LQWR� SRLQW� DQG� LQWHUYDO� HVWLPDWLRQ�� ,Q� WKLV� FKDSWHU��ZH
IRFXV� RQ� GHVFULSWLYH� VWDWLVWLFV�� DQG� LQ� WKH� QH[W� FKDSWHU�� ZH� IRFXV� RQ� LQIHUHQWLDO
VWDWLVWLFV�� 2XU� GLVFXVVLRQ� UHTXLUHV� YHU\� OLWWOH� PDWKHPDWLFDO� EDFNJURXQG�� VR� GRQ¶W
ZRUU\��:H�IRFXV�PRUH�RQ�LQWHUSUHWDWLRQ�WKDQ�RQ�FDOFXODWLRQ��:H�GR��KRZHYHU��VKRZ
\RX�KRZ�WR�SHUIRUP�D�IHZ�EDVLF�FDOFXODWLRQV��VR�JHW�\RXU�FDOFXODWRU�KDQG\�

��'HVFULSWLYH�VWDWLVWLFV�6WDWLVWLFV�WKDW�IRFXV�RQ�GHVFULELQJ��VXPPDUL]LQJ��RU
H[SODLQLQJ�GDWD



��,QIHUHQWLDO�VWDWLVWLFV�6WDWLVWLFV�WKDW�JR�EH\RQG�WKH�LPPHGLDWH�GDWD�DQG�LQIHU
WKH�FKDUDFWHULVWLFV�RI�SRSXODWLRQV�EDVHG�RQ�VDPSOHV

�),*85(����������0DMRU�GLYLVLRQV�LQ�WKH�ILHOG�RI�VWDWLVWLFV

'(6&5,37,9(�67$7,67,&6
'HVFULSWLYH� VWDWLVWLFV� VWDUWV�ZLWK� D� VHW� RI� GDWD�� VRPHWLPHV� FDOOHG� D�GDWD� VHW�� 7KH
UHVHDUFKHU�DWWHPSWV�WR�FRQYH\�WKH�HVVHQWLDO�FKDUDFWHULVWLFV�RI�WKH�GDWD�E\�DUUDQJLQJ
WKH�GDWD�LQWR�D�PRUH�LQWHUSUHWDEOH�IRUP��H�J���E\�IRUPLQJ�IUHTXHQF\�GLVWULEXWLRQV�DQG
JHQHUDWLQJ� JUDSKLFDO� GLVSOD\V�� DQG� E\� FDOFXODWLQJ� QXPHULFDO� LQGH[HV�� VXFK� DV
DYHUDJHV��SHUFHQWLOH�UDQNV��DQG�PHDVXUHV�RI�VSUHDG��7KH�UHVHDUFKHU�FDQ�VXPPDUL]H
WKH� YDULDEOHV� LQ� D� GDWD� VHW� RQH� DW� D� WLPH�� +H� RU� VKH� FDQ� DOVR� H[DPLQH� KRZ� WKH
YDULDEOHV� DUH� LQWHUUHODWHG� �H�J��� E\� H[DPLQLQJ� FRUUHODWLRQV��� 7KH� NH\� TXHVWLRQ� LQ
GHVFULSWLYH� VWDWLVWLFV� LV� KRZ�ZH� FDQ� FRPPXQLFDWH� WKH� HVVHQWLDO� FKDUDFWHULVWLFV� RI
WKH�GDWD��$Q�REYLRXV�ZD\�ZRXOG�EH�WR�VXSSO\�D�SULQWRXW�RI�WKH�FRPSOHWH�VHW�RI�GDWD�
+RZHYHU��ZH�FDQ�GR�PXFK�EHWWHU�WKDQ�WKDW�

��'DWD�VHW�$�VHW�RI�GDWD

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

:H�KDYH� LQFOXGHG�D�GDWD� VHW� LQ�7DEOH������ WKDW�ZH�ZLOO� XVH� LQ� VHYHUDO�RI�RXU
H[DPSOHV� LQ� WKLV� FKDSWHU� DQG� WKH� QH[W��:H� UHIHU� WR� WKLV� GDWD� VHW� DV� WKH� ³FROOHJH
VWXGHQW�GDWD� VHW�´�7KH�K\SRWKHWLFDO�GDWD�DUH� IRU���� UHFHQW�FROOHJH�JUDGXDWHV��'DWD



YDOXHV� DUH� SURYLGHG� IRU� WKUHH� TXDQWLWDWLYH� YDULDEOHV²VWDUWLQJ� VDODU\�� JUDGH� SRLQW
DYHUDJH�� DQG� *5(� 9HUEDO� VFRUHV²DQG� IRU� WZR� FDWHJRULFDO� YDULDEOHV²FROOHJH
PDMRU�DQG�JHQGHU��7DNH�D�ORRN�DW�7DEOH������QRZ�WR�VHH�ZKDW�D�GDWD�VHW�ORRNV�OLNH�
1RWLFH� WKDW� WKH� GDWD� VHW� LV� VWUXFWXUHG� VR� WKDW� WKH� FDVHV� �L�H��� LQGLYLGXDOV�� DUH
UHSUHVHQWHG�LQ�URZV�DQG�WKH�YDULDEOHV�DUH�UHSUHVHQWHG�LQ�FROXPQV��7KLV�FDVHV�E\�
YDULDEOHV�DUUDQJHPHQW�LV�WKH�VWDQGDUG�ZD\�RI�RUJDQL]LQJ�GDWD�DIWHU�GDWD�FROOHFWLRQ
KDV� EHHQ� FRPSOHWHG�� �7KH� 6366� ILOH� IRU� RXU� GDWD� VHW� LV� SURYLGHG� DW� WKH� VWXGHQW
FRPSDQLRQ�ZHEVLWH��

�7$%/(�������+\SRWKHWLFDO�6HW�RI�'DWD�IRU����5HFHQW�&ROOHJH�*UDGXDWHV

1RWH��)RU�WKH�FDWHJRULFDO�YDULDEOH�FROOHJH�PDMRU��WKH�YDOXH�ODEHOV�DUH��� �HGXFDWLRQ���� �DUWV�DQG�VFLHQFHV���� 
EXVLQHVV��)RU�WKH�FDWHJRULFDO�YDULDEOH�JHQGHU��WKH�YDOXH�ODEHOV�DUH��� �PDOH�DQG��� �IHPDOH�

5(9,(:
48(67 ,21 6

�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�GHVFULSWLYH
VWDWLVWLFV�DQG�LQIHUHQWLDO�VWDWLVWLFV"

)5(48(1&<�',675,%87,216
2QH�RI�WKH�PRVW�EDVLF�ZD\V�WR�GHVFULEH�WKH�GDWD�YDOXHV�RI�D�YDULDEOH�LV�WR�FRQVWUXFW
D�IUHTXHQF\�GLVWULEXWLRQ��$�IUHTXHQF\�GLVWULEXWLRQ� LV�D�V\VWHPDWLF�DUUDQJHPHQW�RI
GDWD�YDOXHV�LQ�ZKLFK�WKH�GDWD�DUH�UDQN�RUGHUHG�DQG�WKH�IUHTXHQFLHV�RI�HDFK�XQLTXH
GDWD�YDOXH�DUH� VKRZQ�� -XVW� IROORZ� WKHVH� VWHSV�� DQG�\RX�FDQ�FRQVWUXFW� D� IUHTXHQF\



GLVWULEXWLRQ�IRU�WKH�GDWD�YDOXHV�RI�DQ\�YDULDEOH�

��)UHTXHQF\�GLVWULEXWLRQ�$UUDQJHPHQW�LQ�ZKLFK�WKH�IUHTXHQFLHV�RI�HDFK�XQLTXH
GDWD�YDOXH�DUH�VKRZQ

����/LVW�HDFK�XQLTXH�QXPEHU�LQ�DVFHQGLQJ�RU�GHVFHQGLQJ�RUGHU�LQ�FROXPQ����,I�D
SDUWLFXODU�QXPEHU�DSSHDUV�PRUH�WKDQ�RQFH��UHPHPEHU�WR�OLVW�LW�RQO\�RQFH��)RU
H[DPSOH��HYHQ�LI�WKH�QXPEHU���DSSHDUV�ILYH�WLPHV��OLVW�LW�RQO\�RQFH��,I�D
QXPEHU�GRHV�QRW�DSSHDU�LQ�WKH�GDWD��GR�QRW�OLVW�LW�

����&RXQW�WKH�QXPEHU�RI�WLPHV�HDFK�QXPEHU�OLVWHG�LQ�FROXPQ���RFFXUV�DQG�SODFH
WKH�UHVXOWV�LQ�FROXPQ���

�����2SWLRQDO��&RQVWUXFW�D�WKLUG�FROXPQ�E\�FRQYHUWLQJ�FROXPQ���LQWR�SHUFHQWDJHV
E\�GLYLGLQJ�HDFK�QXPEHU�LQ�FROXPQ���E\�WKH�WRWDO�QXPEHU�RI�QXPEHUV�

7KXV��WKH�ILUVW�FROXPQ�VKRZV�WKH�XQLTXH�GDWD�YDOXHV��WKH�VHFRQG�FROXPQ�VKRZV
WKH�IUHTXHQFLHV��DQG�WKH�WKLUG�FROXPQ�VKRZV�WKH�SHUFHQWDJHV�

)RU�H[DPSOH��ORRN�DW�7DEOH�������7KLV�IUHTXHQF\�GLVWULEXWLRQ�LV�IRU�WKH�YDULDEOH
VWDUWLQJ�VDODU\� IURP�WKH�FROOHJH�VWXGHQW�GDWD�VHW�SURYLGHG�LQ�7DEOH�������<RX�FDQ
VHH�LQ�FROXPQ���WKDW�WKH�ORZHVW�VWDUWLQJ�LQFRPH�LV���������DQG�WKH�KLJKHVW�VWDUWLQJ
LQFRPH�LV����������7KH�IUHTXHQFLHV�DUH�VKRZQ�LQ�FROXPQ����)RU�H[DPSOH��WKH�PRVW
IUHTXHQWO\�RFFXUULQJ�VWDUWLQJ�LQFRPH�IRU�RXU�UHFHQW�FROOHJH�JUDGXDWHV�ZDV���������
3HUFHQWDJHV� DUH� VKRZQ� LQ� FROXPQ����)RU� H[DPSOH�� ����RI� WKH� VWXGHQWV� VWDUWHG� DW
��������SHU�\HDU��DQG����VWDUWHG�DW���������SHU�\HDU�

�7$%/(�������)UHTXHQF\�'LVWULEXWLRQ�RI�6WDUWLQJ�6DODU\

1RWH��&ROXPQ���VKRZV�WKH�IUHTXHQF\�GLVWULEXWLRQ��&ROXPQ���VKRZV�WKH�SHUFHQWDJH�GLVWULEXWLRQ�

:KHQ� D� YDULDEOH� KDV� D� ZLGH� UDQJH� RI� GDWD� YDOXHV�� LQWHUSUHWDWLRQ� PD\� EH
IDFLOLWDWHG� E\� FROODSVLQJ� WKH� YDOXHV� RI� WKH� YDULDEOH� LQWR� LQWHUYDOV�� 7KH� UHVXOW� LV



FDOOHG�D�JURXSHG�IUHTXHQF\�GLVWULEXWLRQ�EHFDXVH�WKH�GDWD�YDOXHV�DUH�FOXVWHUHG��RU
JURXSHG��LQWR�LQWHUYDOV��5HVHDUFKHUV�W\SLFDOO\�FRQVWUXFW�DURXQG�ILYH�WR�HLJKW�HTXDO�
VL]HG� LQWHUYDOV�� :H� FRQVWUXFWHG� D� JURXSHG� IUHTXHQF\� GLVWULEXWLRQ� IRU� VWDUWLQJ
LQFRPH��ZKLFK�\RX�FDQ�VHH�LQ�7DEOH�������&ROXPQ���VKRZV�WKH�LQWHUYDOV��$V�EHIRUH�
WKH�IUHTXHQFLHV�DUH�VKRZQ�LQ�FROXPQ����DQG�WKH�SHUFHQWDJHV�DUH�VKRZQ�LQ�FROXPQ���
<RX� FDQ� VHH� WKDW� WKH� PRVW� IUHTXHQW� LQWHUYDO� LV� �������±��������� 7KLV� LQWHUYDO
LQFOXGHV� ��� RI� WKH� GDWD� YDOXHV�� ZKLFK�PDNH� XS� ���� RI� DOO� VWDUWLQJ� LQFRPH� GDWD
YDOXHV�

��*URXSHG�IUHTXHQF\�GLVWULEXWLRQ�7KH�GDWD�YDOXHV�DUH�FOXVWHUHG�RU�JURXSHG
LQWR�LQWHUYDOV��DQG�WKH�IUHTXHQFLHV�RI�HDFK�LQWHUYDO�DUH�JLYHQ

,Q� FRQVWUXFWLQJ� D� JURXSHG� IUHTXHQF\� GLVWULEXWLRQ�� LW� LV� LPSRUWDQW� WKDW� WKH
LQWHUYDOV� EH�PXWXDOO\� H[FOXVLYH�� 7KLV� PHDQV� WKDW� WKHUH� LV� QR� RYHUODS� DPRQJ� WKH
LQWHUYDOV�� �7KH� LQWHUYDOV��������±��������DQG��������±��������DUH�QRW�PXWXDOO\
H[FOXVLYH�EHFDXVH�D�SHUVRQ�HDUQLQJ���������FDQ�EH�SODFHG�LQWR�WZR�LQWHUYDOV���,W�LV
DOVR� LPSRUWDQW� WKDW� WKH� LQWHUYDOV� EH� H[KDXVWLYH�� $� VHW� RI� LQWHUYDOV� LV� H[KDXVWLYH
ZKHQ�LW�FRYHUV�WKH�FRPSOHWH�UDQJH�RI�GDWD�YDOXHV��,I�DOO�WKH�GDWD�YDOXHV�IDOO�LQWR�WKH
VHW�RI�LQWHUYDOV��WKH�LQWHUYDOV�DUH�H[KDXVWLYH�

��0XWXDOO\�H[FOXVLYH�7KH�SURSHUW\�WKDW�LQWHUYDOV�GR�QRW�RYHUODS

��([KDXVWLYH�7KH�SURSHUW\�WKDW�D�VHW�RI�LQWHUYDOV�FRYHUV�WKH�FRPSOHWH�UDQJH�RI
GDWD�YDOXHV

*5$3+,&�5(35(6(17$7,216�2)�'$7$
*UDSKV� DUH� SLFWRULDO� UHSUHVHQWDWLRQV� RI� GDWD� LQ� WZR�GLPHQVLRQDO� VSDFH�� 0DQ\
JUDSKV�GLVSOD\�WKH�GDWD�RQ�WZR�GLPHQVLRQV�RU�D[HV��7KHVH�WZR�D[HV�DUH�WKH�[��DQG
\�D[HV��ZKHUH�WKH�[�D[LV��DOVR�FDOOHG�WKH�DEVFLVVD��LV�WKH�KRUL]RQWDO�GLPHQVLRQ�DQG
WKH�\�D[LV��DOVR�FDOOHG�WKH�RUGLQDWH�� LV� WKH�YHUWLFDO�GLPHQVLRQ��,I�\RX�DUH�JUDSKLQJ
WKH�GDWD�IRU�D�VLQJOH�YDULDEOH��WKH�YDOXHV�RI�WKLV�YDULDEOH�DUH�UHSUHVHQWHG�RQ�WKH�[�
D[LV�� DQG� WKH� IUHTXHQFLHV�RU�SHUFHQWDJHV�DUH� UHSUHVHQWHG�RQ� WKH�\�D[LV�� ,I�\RX�DUH
H[DPLQLQJ� WZR�YDULDEOHV�� WKH�YDOXHV�RI� WKH� LQGHSHQGHQW�YDULDEOH�DUH�SXW�RQ� WKH�[�
D[LV��DQG�WKH�YDOXHV�RI�WKH�GHSHQGHQW�YDULDEOH�DUH�SXW�RQ�WKH�\�D[LV��*UDSKV�FDQ�DOVR
EH�FRQVWUXFWHG�IRU�PRUH�WKDQ�WZR�YDULDEOHV�

%DU�*UDSKV
$�EDU�JUDSK�LV�D�JUDSK�WKDW�XVHV�YHUWLFDO�EDUV�WR�UHSUHVHQW�WKH�GDWD��<RX�FDQ�VHH

D� EDU� JUDSK� RI� FROOHJH�PDMRU� LQ� )LJXUH� ������ 7KH� GDWD� DUH� IURP�7DEOH� ������ RXU
FROOHJH� VWXGHQW� GDWD� VHW�� 1RWLFH� WKDW� WKH� [�D[LV� UHSUHVHQWV� WKH� YDULDEOH� FDOOHG
FROOHJH�PDMRU�DQG�WKH�\�D[LV�UHSUHVHQWV�IUHTXHQF\�RI�RFFXUUHQFH��7KH�EDUV�SURYLGH



JUDSKLFDO� UHSUHVHQWDWLRQV�RI� WKH� IUHTXHQFLHV�RI� WKH� WKUHH�GLIIHUHQW� FROOHJH�PDMRUV�
$UWV�DQG�VFLHQFHV�ZDV�WKH�PRVW�FRPPRQ�PDMRU��Q� ������HGXFDWLRQ�ZDV�WKH�VHFRQG
PRVW�FRPPRQ��Q� �����DQG�EXVLQHVV�ZDV�WKH�OHDVW�FRPPRQ��Q� ����

��%DU�JUDSK�$�JUDSK�WKDW�XVHV�YHUWLFDO�EDUV�WR�UHSUHVHQW�WKH�GDWD

�7$%/(�������*URXSHG�)UHTXHQF\�'LVWULEXWLRQ�RI�6WDUWLQJ�6DODU\

�),*85(����������$�EDU�JUDSK�RI�FROOHJH�PDMRU

+LVWRJUDPV
%DU�JUDSKV�DUH�XVHG�ZKHQ�\RXU�YDULDEOH�LV�D�FDWHJRULFDO�YDULDEOH��+RZHYHU��LI

\RXU�YDULDEOH�LV�D�TXDQWLWDWLYH�YDULDEOH��D�KLVWRJUDP�LV�SUHIHUUHG��$�KLVWRJUDP�LV�D
JUDSKLF�SUHVHQWDWLRQ�RI�D�IUHTXHQF\�GLVWULEXWLRQ�� ,W� LV�HVSHFLDOO\�XVHIXO��FRPSDUHG
WR�D�IUHTXHQF\�GLVWULEXWLRQ��EHFDXVH�LW�VKRZV�WKH�VKDSH�RI�WKH�GLVWULEXWLRQ�RI�YDOXHV�
:H�XVHG� WKH� FRPSXWHU�SURJUDP�FDOOHG�6366� WR�JHQHUDWH� WKH�KLVWRJUDP�RI� VWDUWLQJ
VDODU\� �VKRZQ� LQ� )LJXUH��������1RWLFH� WKDW�� LQ� FRQWUDVW� WR� EDU� JUDSKV�� WKH� EDUV� LQ
KLVWRJUDPV�DUH�VHW�QH[W�WR�HDFK�RWKHU�ZLWK�QR�VSDFH�LQ�EHWZHHQ�

��+LVWRJUDP�$�JUDSKLF�WKDW�VKRZV�WKH�IUHTXHQFLHV�DQG�VKDSH�WKDW�FKDUDFWHUL]H
D�TXDQWLWDWLYH�YDULDEOH

�),*85(����������$�KLVWRJUDP�RI�VWDUWLQJ�VDODU\



/LQH�*UDSKV
2QH�XVHIXO�ZD\�WR�GUDZ�D�JUDSKLFDO�SLFWXUH�RI�WKH�GLVWULEXWLRQ�RI�D�YDULDEOH�LV

WR�FRQVWUXFW�D�OLQH�JUDSK��$�OLQH�JUDSK�LV�D�IRUPDW�IRU�LOOXVWUDWLQJ�GDWD�WKDW�UHOLHV�RQ
WKH�GUDZLQJ�RI�RQH�RU�PRUH�OLQHV��<RX�FDQ�VHH�D�OLQH�JUDSK�RI�JUDGH�SRLQW�DYHUDJH
�IURP�WKH�FROOHJH�VWXGHQW�GDWD�VHW��LQ�)LJXUH�������*3$�GDWD�YDOXHV�DURXQG�����DUH
QHDU� WKH�FHQWHU�RI� WKH�GLVWULEXWLRQ��DQG�WKH\�RFFXU� WKH�PRVW�IUHTXHQWO\��L�H��� ORZ�%
JUDGHV� RFFXU� WKH� PRVW� IUHTXHQWO\��� <RX� FDQ� DOVR� VHH� WKDW� TXLWH� D� IHZ� *3$� GDWD
YDOXHV� DUH� KLJKHU� DQG� ORZHU� WKDQ� ����� ,Q� RWKHU� ZRUGV�� WKH� *3$� GDWD� YDOXHV� DUH
VRPHZKDW�VSUHDG�RXW�

��/LQH�JUDSK�$�JUDSK�WKDW�UHOLHV�RQ�WKH�GUDZLQJ�RI�RQH�RU�PRUH�OLQHV

,Q�WKH�SUHYLRXV�H[DPSOH��WKH�OLQH�JUDSK�ZDV�JLYHQ�IRU�D�VLQJOH�YDULDEOH��JUDGH
SRLQW� DYHUDJH�� /LQH� JUDSKV� FDQ� DOVR� EH� XVHG� ZLWK� PRUH� WKDQ� RQH� YDULDEOH�� )RU
H[DPSOH��ORRN�EDFN�DW�)LJXUH������E��SDJH�������DQG�\RX�ZLOO�VHH�WKH�W\SH�RI�OLQH
JUDSK� WKDW� LV� FRPPRQO\� FRQVWUXFWHG� LQ� IDFWRULDO� UHVHDUFK� GHVLJQV�� 7KH� GHSHQGHQW
YDULDEOH�LV�SODFHG�RQ�WKH�YHUWLFDO�D[LV��RQH�RI�WKH�LQGHSHQGHQW�YDULDEOHV�LV�SODFHG
RQ� WKH� KRUL]RQWDO� D[LV�� DQG� WKH� FDWHJRULHV� RI� D� VHFRQG� LQGHSHQGHQW� YDULDEOH� DUH
UHSUHVHQWHG�E\�VHSDUDWH�OLQHV�

$QRWKHU�FRPPRQ�XVH�RI�OLQH�JUDSKV�LV�WR�VKRZ�WUHQGV�RYHU�WLPH��,Q�WKLV�FDVH��WKH
YDULDEOH�WKDW�\RX�ZLVK�WR�REVHUYH�FKDQJLQJ�RYHU�WLPH�LV�SODFHG�RQ�WKH�YHUWLFDO�D[LV�
DQG�WLPH�LV�SODFHG�RQ�WKH�KRUL]RQWDO�D[LV��7KH�NH\�SRLQW�LV�WKDW�WKHUH�LV�QRW�MXVW�RQH
W\SH�RI�OLQH�JUDSK��/LQH�JUDSKLQJ�LV�D�YHUVDWLOH�WRRO�WKDW�\RX�PLJKW�ZDQW�WR�XVH�LQ�WKH
IXWXUH�

6FDWWHU�3ORWV
$� VFDWWHU� SORW�� RU� VFDWWHU� GLDJUDP�� LV� D� YHU\� XVHIXO� ZD\� WR� YLVXDOL]H� WKH

UHODWLRQVKLS� EHWZHHQ� WZR� TXDQWLWDWLYH� YDULDEOHV�� 7KH� GHSHQGHQW� YDULDEOH� LV



UHSUHVHQWHG�RQ�WKH�YHUWLFDO�D[LV��DQG�WKH�LQGHSHQGHQW�YDULDEOH�LV�UHSUHVHQWHG�RQ�WKH
KRUL]RQWDO� D[LV�� 'RWV� DUH� SORWWHG� ZLWKLQ� WKH� JUDSK� WR� UHSUHVHQW� WKH� FDVHV� �L�H��
LQGLYLGXDOV��

��6FDWWHU�SORW�$�JUDSK�XVHG�WR�GHSLFW�WKH�UHODWLRQVKLS�EHWZHHQ�WZR
TXDQWLWDWLYH�YDULDEOHV

�),*85(����������$�OLQH�JUDSK�RI�JUDGH�SRLQW�DYHUDJH

$�VFDWWHU�SORW�RI�JUDGH�SRLQW�DYHUDJH�E\�VWDUWLQJ�VDODU\�LV�VKRZQ�LQ�)LJXUH������
7KHVH�TXDQWLWDWLYH�YDULDEOHV�DUH�IURP�RXU�FROOHJH�VWXGHQW�GDWD�VHW��7KHUH�DUH�D�WRWDO
RI����GDWD�SRLQWV�LQ�WKH�JUDSK��L�H�����GDWD�SRLQW�IRU�HDFK�RI�WKH����LQGLYLGXDOV�LQ�WKH
GDWD�VHW���,I�\RX�H[DPLQH�WKH�JUDSK�LQ�)LJXUH�������\RX�ZLOO�FOHDUO\�VHH�WKDW�WKHUH�LV
D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� *3$� DQG� VWDUWLQJ� VDODU\�� :H� FDOFXODWHG� WKH
FRUUHODWLRQ�FRHIILFLHQW�DQG�IRXQG�WKDW�LW�LV�HTXDO�WR��������7KLV�PRGHUDWHO\�VWURQJ�
SRVLWLYH� FRUUHODWLRQ� FRHIILFLHQW� FRQILUPV� RXU� REVHUYDWLRQ� WKDW� DV� *3$� LQFUHDVHV�
VWDUWLQJ�VDODU\�DOVR� WHQGV� WR� LQFUHDVH�� ,Q�VKRUW�� WKHUH� LV�D�FOHDU� OLQHDU� UHODWLRQVKLS
EHWZHHQ�*3$�DQG�VWDUWLQJ�VDODU\�

:KHQ� \RX� H[DPLQH� D� VFDWWHU� SORW�� LW� LV� KHOSIXO� WR� FRQVLGHU� WKH� IROORZLQJ
TXHVWLRQV�

���'RHV�WKHUH�DSSHDU�WR�EH�D�UHODWLRQVKLS�EHWZHHQ�WKH�WZR�YDULDEOHV"
�� � ,V� LW� D� OLQHDU� UHODWLRQVKLS� �D� VWUDLJKW� OLQH��RU� D� FXUYLOLQHDU� UHODWLRQVKLS� �D
FXUYHG�OLQH�"��/LQHDU�UHODWLRQVKLSV�DUH�PXFK�PRUH�FRPPRQ�WKDQ�FXUYLOLQHDU
UHODWLRQVKLSV��

���,I�D�OLQHDU�UHODWLRQVKLS�LV�SUHVHQW��LV�LW�D�SRVLWLYH�UHODWLRQVKLS�RU�D�QHJDWLYH
UHODWLRQVKLS"� 7KH� UHODWLRQVKLS� LV� SRVLWLYH� LI� WKH� GDWD� SRLQWV� PRYH� LQ� D
VRXWKZHVW�WR�QRUWKHDVW� GLUHFWLRQ�� 7KH� UHODWLRQVKLS� LV� QHJDWLYH� LI� WKH� GDWD



SRLQWV�PRYH�LQ�D�QRUWKZHVW�WR�VRXWKHDVW�GLUHFWLRQ�
���,I�WKHUH�LV�D�UHODWLRQVKLS��KRZ�VWURQJ�GRHV�LW�DSSHDU�WR�EH"�7KH�PRUH�WKH�GDWD
SRLQWV� ORRN� OLNH� D� VWUDLJKW� OLQH�� WKH� VWURQJHU� LV� WKH� UHODWLRQVKLS��7KH�PRUH
WKH\�ORRN�OLNH�D�FLUFOH�RU�WKH�PRUH�GLVSHUVHG�WKH�GDWD�DUH��WKH�ZHDNHU�LV�WKH
UHODWLRQVKLS�

�),*85(����������$�VFDWWHU�SORW�RI�VWDUWLQJ�VDODU\�E\�JUDGH�SRLQW�DYHUDJH

5(9,(:
48(67 ,21 6

�����/LVW�WKH�WKUHH�VWHSV�LQ�FRQVWUXFWLQJ�D�IUHTXHQF\
GLVWULEXWLRQ�

�����:KDW�W\SHV�RI�JUDSKLFDO�UHSUHVHQWDWLRQV�RI�GDWD
ZHUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ"

�����:KLFK�JUDSKLFDO�UHSUHVHQWDWLRQ�LV�XVHG�WR
H[DPLQH�WKH�FRUUHODWLRQ�EHWZHHQ�WZR
TXDQWLWDWLYH�YDULDEOHV"

0($685(6�2)�&(175$/�7(1'(1&<
$�PHDVXUH�RI�FHQWUDO�WHQGHQF\�LV�WKH�VLQJOH�QXPHULFDO�YDOXH�WKDW�LV�FRQVLGHUHG�WKH
PRVW�W\SLFDO�RI�WKH�YDOXHV�RI�D�TXDQWLWDWLYH�YDULDEOH��)RU�H[DPSOH��LI�VRPHRQH�DVNHG
D�WHDFKHU�KRZ�ZHOO�KLV�RU�KHU�VWXGHQWV�GLG�RQ�WKHLU�ODVW�H[DP��D�PHDVXUH�RI�FHQWUDO
WHQGHQF\� ZRXOG� SURYLGH� DQ� LQGLFDWLRQ� RI� ZKDW� VFRUH� ZDV� W\SLFDO�� ,I� VRPHRQH
ZDQWHG�WR�NQRZ�KRZ�PXFK�PRQH\�SHRSOH�WHQG�WR�HDUQ�DQQXDOO\�LQ�WKH�8QLWHG�6WDWHV�
D�PHDVXUH�RI�FHQWUDO�WHQGHQF\�ZRXOG�DJDLQ�EH�FDOOHG�IRU��)LQDOO\��LQ�DQ�H[SHULPHQW�
D�UHVHDUFKHU�PLJKW�EH�LQWHUHVWHG�LQ�FRPSDULQJ�WKH�DYHUDJH�SHUIRUPDQFH��ZKLFK�LV�D
PHDVXUH� RI� FHQWUDO� WHQGHQF\�� RI� WKH� H[SHULPHQWDO� JURXS� ZLWK� WKH� DYHUDJH
SHUIRUPDQFH�RI� WKH�FRQWURO�JURXS��:H�QRZ�GLVFXVV� WKH� WKUHH�PRVW�FRPPRQO\�XVHG
PHDVXUHV�RI�FHQWUDO�WHQGHQF\��WKH�PRGH��WKH�PHGLDQ��DQG�WKH�PHDQ�



��0HDVXUH�RI�FHQWUDO�WHQGHQF\�7KH�VLQJOH�QXPHULFDO�YDOXH�FRQVLGHUHG�PRVW
W\SLFDO�RI�WKH�YDOXHV�RI�D�TXDQWLWDWLYH�YDULDEOH

0RGH
7KH�PRGH�LV�WKH�PRVW�IUHTXHQWO\�RFFXUULQJ�QXPEHU��)RU�H[DPSOH��LI�\RX�KDG�WKH

QXPEHUV

��0RGH�7KH�PRVW�IUHTXHQWO\�RFFXUULQJ�QXPEHU

�������������

WKH�PRGH� LV���EHFDXVH� WKH�QXPEHU���RFFXUV� WZLFH�DQG� WKH�RWKHU�QXPEHUV�RQO\
RFFXU� RQFH�� 7KHUHIRUH�� WKH� QXPEHU� �� LV� WKH� PRVW� IUHTXHQWO\� RFFXUULQJ� QXPEHU�
6XSSRVH�\RX�KDG�WKLV�VHW�RI�QXPEHUV�

�������������

,Q�WKLV�FDVH��\RX�KDYH�WZR�PRGHV����DQG����:KHQ�\RX�KDYH�WZR�PRGHV�OLNH�WKLV�
\RX� FDQ� XVH� WKH� WHUP� ELPRGDO� WR� GHVFULEH� WKH� GDWD�� �,I� \RX� KDYH� WKUHH� RU� PRUH
PRGHV��VRPH�UHVHDUFKHUV�XVH�WKH�WHUP�PXOWLPRGDO�DV�D�GHVFULSWRU���,I�\RX�KDG�WKLV
VHW�RI�QXPEHUV�

����������

\RX�FRXOG�FRQFOXGH�WKDW�\RX�KDYH�PXOWLSOH�PRGHV�EHFDXVH�DOO�WKH�QXPEHUV�RFFXU
DQ�HTXDO�QXPEHU�RI�WLPHV��DOWHUQDWLYHO\��\RX�FRXOG�FRQFOXGH�WKDW�\RX�KDYH�QR�PRGH�
)RU�SUDFWLFH��GHWHUPLQH�WKH�PRGH�LQ�WKLV�VHW�RI�QXPEHUV�

����������������������������������

7KH�PRGH�LV���EHFDXVH���LV�WKH�PRVW�IUHTXHQWO\�RFFXUULQJ�QXPEHU��)RU�D�PRUH
FKDOOHQJLQJ�H[HUFLVH��ILQG�WKH�PRGH�RI�WKH�YDULDEOH�FDOOHG�VWDUWLQJ�VDODU\�LQ�RXU�GDWD
VHW�LQ�7DEOH�������<RX�ZLOO�VHH�WKDW�WKH�PRGH�LV�HTXDO�WR���������

0HGLDQ
7KH�PHGLDQ��RU���WK�SHUFHQWLOH��LV�WKH�PLGGOH�SRLQW�LQ�D�VHW�RI�QXPEHUV�WKDW�KDV

EHHQ�DUUDQJHG�LQ�RUGHU�RI�PDJQLWXGH��HLWKHU�DVFHQGLQJ�RUGHU�RU�GHVFHQGLQJ�RUGHU��
,I�\RX�KDYH�DQ�RGG�QXPEHU�RI�QXPEHUV��WKH�PHGLDQ�LV�GHILQHG�DV�WKH�PLGGOH�QXPEHU�
+HUH�LV�D�VLPSOH�H[DPSOH��,I�\RX�KDG�WKH�QXPEHUV

��0HGLDQ�7KH���WK�SHUFHQWLOH



��������������

\RX�ZRXOG�ILUVW�SXW�WKHP�LQ�DVFHQGLQJ�RUGHU�RI�PDJQLWXGH�DV�IROORZV�

��������������

1RZ�\RX�FDQ�HDVLO\�VHH�WKDW� WKH�PHGLDQ�LV�HTXDO�WR���EHFDXVH���LV� WKH�PLGGOH
QXPEHU���,I�\RX�³VOLFH´�WKH�QXPEHU���GRZQ�WKH�FHQWHU��\RX�KDYH�WKH�PLGGOH�SRLQW��

,I�\RX�KDYH�DQ�HYHQ�QXPEHU�RI�QXPEHUV��WKH�PHGLDQ�LV�GHILQHG�DV�WKH�DYHUDJH�RI
WKH�WZR�LQQHUPRVW�QXPEHUV��)RU�H[DPSOH��LI�\RX�KDG�WKH�QXPEHUV

�����������

\RX�ZRXOG�ILUVW�SXW�WKHP�LQ�DVFHQGLQJ�RUGHU�

�����������

%HFDXVH� WKHUH� LV�QR�FHQWHU�QXPEHU��\RX� WDNH� WKH�DYHUDJH�RI� WKH� WZR� LQQHUPRVW
QXPEHUV��L�H���WDNH�WKH�DYHUDJH�RI�WKH�QXPEHUV���DQG�����<RX�FDQ�VHH�WKDW�WKH�PHGLDQ
LV�����EHFDXVH� WKDW� LV� WKH�DYHUDJH�RI� WKH� WZR�LQQHUPRVW�QXPEHUV�>L�H��� ���������� 
���@�

%HIRUH�PRYLQJ�RQ��FKHFN�WR�PDNH�VXUH�WKDW�\RX�FDQ�ILQG�WKH�PHGLDQ�LQ�D�VHW�RI
QXPEHUV��+HUH�LV�DQ�HDV\�RQH��:KDW�LV�WKH�PHGLDQ�RI���DQG��"�5LJKW��LW�LV������1RZ
ILQG�WKH�PHGLDQ�IRU�WKLV�VHW�RI�QXPEHUV�����������������7KH�PHGLDQ�LV����EHFDXVH���LV
WKH�PLGGOH� QXPEHU��$V� D�PRUH� FKDOOHQJLQJ� FKHFN� RQ� \RXU� XQGHUVWDQGLQJ�� ILQG� WKH
PHGLDQ�RI�VWDUWLQJ�VDODU\�LQ�WKH�FROOHJH�VWXGHQW�GDWD�VHW��7DEOH��������7KH�PHGLDQ�LV
HTXDO�WR���������

0HDQ
7KH�PHDQ�LV�WKH�DULWKPHWLF�DYHUDJH��RU�ZKDW�PRVW�SHRSOH�FDOO�WKH�DYHUDJH��<RX

SUREDEO\�DOUHDG\�NQRZ�KRZ� WR�JHW� WKH�DYHUDJH��)RU�H[DPSOH�� ILQG� WKH�DYHUDJH�RI
WKHVH�WKUHH�QXPEHUV��������DQG����7KH�DYHUDJH�LV����7KDW�ZDVQ¶W�KDUG��ZDV�LW"�+HUH
LV�ZKDW�\RX�GLG��DFFRUGLQJ�WR�WKH�IRUPXOD�IRU�WKH�PHDQ�

��0HDQ�7KH�DULWKPHWLF�DYHUDJH

7KLV�IRUPXOD�LV�QRW�KDUG�WR�XVH�RQFH�\RX�OHDUQ�ZKDW�WKH�V\PEROV�VWDQG�IRU��7KH
V\PERO�;� VWDQGV� IRU� WKH� YDULDEOH�ZKRVH� REVHUYHG� YDOXHV� DUH� ��� ��� DQG� �� LQ� RXU
H[DPSOH�� 7KH� V\PERO� �WKH� *UHHN� OHWWHU� VLJPD�� PHDQV� ³VXP� ZKDW� IROORZV�´
7KHUHIRUH��WKH�QXPHUDWRU��WKH�WRS�SDUW��LQ�WKH�IRUPXOD�VD\V�³VXP�WKH�;�YDOXHV�´�7KH
Q�LQ�WKH�IRUPXOD�VWDQGV�IRU�WKH�QXPEHU�RI�QXPEHUV��<RX�JHW�WKH�DYHUDJH�E\�VXPPLQJ
WKH� REVHUYHG� YDOXHV� RI� \RXU� YDULDEOH� DQG� GLYLGLQJ� WKDW� VXP� E\� WKH� QXPEHU� RI



QXPEHUV��,I�WKH�QXPEHUV�DUH�������DQG����\RX�ZRXOG�XVH�WKH�IRUPXOD�DV�IROORZV�

1RZ�GRQ¶W�VD\�WKDW�\RX�FDQ¶W�GR�WKLV�EHFDXVH�\RX�DOUHDG\�NQRZ�KRZ�WR�JHW�WKH
DYHUDJH�RI�WKHVH�WKUHH�QXPEHUV��<RX�GR�QHHG�WR�QRWH�FDUHIXOO\�WKH�V\PEROV�WKDW�DUH
XVHG��KRZHYHU��VLQFH�WKH\�DUH�SUREDEO\�QHZ�WR�\RX��)RU�SUDFWLFH��XVH� WKH�IRUPXOD
QRZ� WR� JHW� WKH� DYHUDJH� RI� ��� ��� ��� ��� DQG� ��� �7KH� DYHUDJH� LV� ����<RX� FRXOG� DOVR
FDOFXODWH� WKH�PHDQ� RI� WKH� VWDUWLQJ� VDODU\� IURP� WKH� FROOHJH� VWXGHQW� GDWD� VHW� �7DEOH
�������,I�\RX�DGG�XS�DOO�WKH�QXPEHUV�DQG�GLYLGH�E\�WKH�WRWDO�QXPEHU�RI�QXPEHUV��\RX
ZLOO�ILQG�WKDW�WKH�PHDQ�VWDUWLQJ�VDODU\�LV�HTXDO�WR���������

$�&RPSDULVRQ�RI�WKH�0HDQ��0HGLDQ��DQG�0RGH
,Q� WKLV� VHFWLRQ�� ZH� DUH� JRLQJ� WR� LQWURGXFH� WKH� QRUPDO� GLVWULEXWLRQ� DQG� WKH

FRQFHSW� FDOOHG� VNHZQHVV�� $IWHUZDUG� ZH� VKRZ� WKH� LPSDFW� WKDW� WKH� VKDSH� RI� D
GLVWULEXWLRQ�RI�VFRUHV�KDV�RQ�WKH�PHDQ��PHGLDQ��DQG�PRGH��:H�DOVR�SURYLGH�VRPH
FRPPHQWDU\�RQ�WKH�SURSHUWLHV�RI� WKH�PHDQ��PHGLDQ��DQG�PRGH��/HW¶V�VWDUW�ZLWK�WKH
LGHD�RI�WKH�QRUPDO�FXUYH�

7KH�QRUPDO� GLVWULEXWLRQ�� RU� QRUPDO� FXUYH�� LV� D� XQLPRGDO�� V\PPHWULFDO�� EHOO�
VKDSHG� GLVWULEXWLRQ� WKDW� LV� WKH� WKHRUHWLFDO�PRGHO� XVHG� WR� GHVFULEH�PDQ\� SK\VLFDO�
SV\FKRORJLFDO��DQG�HGXFDWLRQDO�YDULDEOHV��<RX�FDQ�VHH�DQ�H[DPSOH�LQ�)LJXUH�����E�
7KH�QRUPDO�GLVWULEXWLRQ�LV�XQLPRGDO�EHFDXVH�LW�KDV�RQO\�RQH�PRGH��,W�LV�V\PPHWULFDO
EHFDXVH� WKH� WZR� VLGHV� RI� WKH� GLVWULEXWLRQ� DUH�PLUURU� LPDJHV�� ,W� LV� VDLG� WR� EH� EHOO
VKDSHG�EHFDXVH�LW� LV�VKDSHG�VRPHZKDW� OLNH�D�EHOO� �L�H��� WKH�FXUYH�LV�KLJKHVW�DW� WKH
FHQWHU�DQG� WDSHUV�RII�DV�\RX�PRYH�DZD\�IURP�WKH�FHQWHU���7KH�KHLJKW�RI� WKH�FXUYH
VKRZV� WKH�IUHTXHQF\�RU�GHQVLW\�RI� WKH�GDWD�YDOXHV��1RZ��UHPHPEHU� WKLV� LPSRUWDQW
FKDUDFWHULVWLF�RI�WKH�QRUPDO�GLVWULEXWLRQ��7KH�PHDQ��WKH�PHGLDQ��DQG�WKH�PRGH�DUH
WKH�VDPH�QXPEHU�

��1RUPDO�GLVWULEXWLRQ�$�XQLPRGDO��V\PPHWULFDO��EHOO�VKDSHG�GLVWULEXWLRQ�WKDW
LV�WKH�WKHRUHWLFDO�PRGHO�RI�PDQ\�YDULDEOHV

7KH�RWKHU�WZR�GLVWULEXWLRQV�VKRZQ�LQ�)LJXUH������DUH�QRW�QRUPDOO\�GLVWULEXWHG
>VHH� WKH� GLVWULEXWLRQV� LQ� SDUWV� �D�� DQG� �F�@�� 7KHVH� WZR� GLVWULEXWLRQV� DUH� VNHZHG�
ZKLFK�PHDQV�WKDW�WKH\�DUH�QRW�V\PPHWULFDO��$�GLVWULEXWLRQ�LV�VNHZHG�ZKHQ�RQH�WDLO
LV�VWUHWFKHG�RXW�ORQJHU�WKDQ�WKH�RWKHU�WDLO��PDNLQJ�WKH�GLVWULEXWLRQ�DV\PPHWULFDO��7KH
QXPEHUV�LQ�WKH�ORQJHU�WDLO�RFFXU�OHVV�IUHTXHQWO\�WKDQ�WKH�QXPEHUV�LQ�WKH�³PRXQG´�RI
WKH� GLVWULEXWLRQ�� ,I� RQH� WDLO� DSSHDUV� WR� EH� VWUHWFKHG� RU� SXOOHG� WRZDUG� WKH� OHIW�� WKH
GLVWULEXWLRQ�LV�VDLG�WR�EH�VNHZHG�WR�WKH�OHIW��RU�QHJDWLYHO\�VNHZHG� �L�H��� VWUHWFKHG
LQ� WKH�QHJDWLYH�GLUHFWLRQ��ZKHUH�QXPEHUV�DUH�GHFUHDVLQJ� LQ�QXPHULFDO�YDOXH���7KH
VFRUHV� RQ� DQ� HDV\� WHVW�ZLOO� WHQG� WR� EH� QHJDWLYHO\� VNHZHG�� ,I� D� WDLO� DSSHDUV� WR� EH
VWUHWFKHG� RU� SXOOHG� WRZDUG� WKH� ULJKW�� WKH� GLVWULEXWLRQ� LV� VDLG� WR� EH� VNHZHG� WR� WKH
ULJKW��RU�SRVLWLYHO\�VNHZHG��L�H���VWUHWFKHG�LQ�WKH�SRVLWLYH�GLUHFWLRQ��ZKHUH�QXPEHUV



DUH�LQFUHDVLQJ�LQ�QXPHULFDO�YDOXH���7KH�VFRUHV�RQ�D�YHU\�GLIILFXOW�WHVW�ZLOO�WHQG�WR
EH�SRVLWLYHO\�VNHZHG�

��6NHZHG�1RW�V\PPHWULFDO

��1HJDWLYHO\�VNHZHG�6NHZHG�WR�WKH�OHIW

��3RVLWLYHO\�VNHZHG�6NHZHG�WR�WKH�ULJKW

6RPHWKLQJ�LQWHUHVWLQJ�KDSSHQV�ZKHQ�D�GLVWULEXWLRQ�LV�VNHZHG��,Q�SDUWLFXODU��WKH
PHDQ��WKH�PHGLDQ��DQG�WKH�PRGH�DUH�GLIIHUHQW�ZKHQ�D�GLVWULEXWLRQ�LV�VNHZHG��,Q�WKH
QHJDWLYHO\�VNHZHG�GLVWULEXWLRQ�VKRZQ�LQ�)LJXUH�����D�� WKH�QXPHULFDO�YDOXH�RI� WKH
PHDQ�LV�OHVV�WKDQ�WKH�PHGLDQ��DQG�WKH�QXPHULFDO�YDOXH�RI�WKH�PHGLDQ�LV�OHVV�WKDQ�WKH
PRGH��L�H���PHDQ���PHGLDQ���PRGH���,Q�WKH�SRVLWLYHO\�VNHZHG�GLVWULEXWLRQ�VKRZQ�LQ
)LJXUH�����F��WKH�QXPHULFDO�YDOXH�RI�WKH�PHDQ�LV�JUHDWHU�WKDQ�WKH�PHGLDQ��ZKLFK�LV
JUHDWHU�WKDQ�WKH�PRGH��L�H���PHDQ�!�PHGLDQ�!�PRGH��

:K\�GRHV�WKH�PHDQ�FKDQJH�PRUH�WKDQ�WKH�RWKHU�PHDVXUHV�RI�FHQWUDO�WHQGHQF\�LQ
WKH� SUHVHQFH� RI� D� VNHZHG� GLVWULEXWLRQ"� 7KH� DQVZHU� LV� WKDW� WKH� PHDQ� WDNHV� LQWR
DFFRXQW�WKH�PDJQLWXGH�RI�DOO�RI�WKH�VFRUHV��,Q�FRQWUDVW��WKH�PHGLDQ�WDNHV�LQWR�DFFRXQW
RQO\�WKH�QXPEHU�RI�VFRUHV�DQG�WKH�YDOXHV�RI�WKH�PLGGOH�VFRUHV�

+HUH�LV�D�GHPRQVWUDWLRQ��,I�\RX�KDYH�WKHVH�ILYH�QXPEHUV�

�),*85(����������([DPSOHV�RI�QRUPDO�DQG�VNHZHG�GLVWULEXWLRQV

�������������

\RX�FDQ�VHH�WKDW�WKH�PHGLDQ�DQG�WKH�PHDQ�DUH�ERWK�HTXDO�WR����+RZHYHU��ORRN�DW
ZKDW� KDSSHQV� LI� WKH� ODVW� QXPEHU� LV� FKDQJHG� IURP� �� WR� ������� +HUH� DUH� WKH� QHZ
QXPEHUV�

����������������



7KLV�WLPH��WKH�PHDQ�LV�����UDWKHU�WKDQ����7KDW�LV�D�GUDPDWLF�FKDQJH��7KH�PHGLDQ�
KRZHYHU�� LV�XQFKDQJHG��7KH�PHGLDQ� LV�VWLOO����7KH�SRLQW� LV� WKDW� WKH�PHDQ�XVHV� WKH
PDJQLWXGH�RI�DOO�WKH�VFRUHV�DQG�LV�DIIHFWHG�E\�WKH�VFRUHV�LQ�WKH�WDLOV�RI�D�GLVWULEXWLRQ
�L�H��� E\� WKH� ODUJH� QXPEHUV� DQG� E\� WKH� VPDOO� QXPEHUV��� ZKHUHDV� WKH� PHGLDQ� LV
DIIHFWHG�RQO\�E\�WKH�PLGGOHPRVW�VFRUHV��7KLV�PHDQV�WKDW�WKH�PHDQ�LV�SXOOHG�PRUH�WR
WKH�OHIW�LQ�D�QHJDWLYHO\�VNHZHG�GLVWULEXWLRQ��WKH�VPDOO�YDOXHV�SXOO�WKH�PHDQ�GRZQ��
DQG� WKH�PHDQ� LV� SXOOHG�PRUH� WR� WKH� ULJKW� LQ� D� SRVLWLYHO\� VNHZHG�GLVWULEXWLRQ� �WKH
ODUJH�YDOXHV�SXOO�WKH�PHDQ�XS���%HFDXVH�RI�WKLV�SDWWHUQ��\RX�VKRXOG�UHPHPEHU�WKLV
JHQHUDO�UXOH�

���,I�WKH�PHDQ�LV�OHVV�WKDQ�WKH�PHGLDQ��WKH�GDWD�DUH�VNHZHG�WR�WKH�OHIW�
���,I�WKH�PHDQ�LV�JUHDWHU�WKDQ�WKH�PHGLDQ��WKH�GDWD�DUH�VNHZHG�WR�WKH�ULJKW�

7KLV� UXOH� LV� KHOSIXO� EHFDXVH� LW� DOORZV� \RX� WR� REWDLQ� D� URXJK� LQGLFDWLRQ� RI
VNHZQHVV�VLPSO\�E\�FRPSDULQJ�WKH�PHDQ�DQG�WKH�PHGLDQ��,I�WKH\�DUH�YHU\�GLIIHUHQW�
WKH�GDWD�DUH�SUREDEO\�VNHZHG��

<RX�PLJKW�ZRQGHU�ZKLFK�PHDVXUH�RI�FHQWUDO�WHQGHQF\�LV�WKH�EHVW��$V�D�JHQHUDO
UXOH�� WKH�PHDQ�LV� WKH�EHVW�PHDVXUH�EHFDXVH� LW� LV� WKH�PRVW�SUHFLVH��7KH�PHDQ�WDNHV
LQWR�DFFRXQW�WKH�PDJQLWXGH�RI�DOO�VFRUHV��7KH�PHGLDQ�DQG�WKH�PRGH�GR�QRW�GR�WKLV�
7KH�PHDQ�LV�DOVR�WKH�PRVW�VWDEOH�IURP�VDPSOH�WR�VDPSOH��$V�\RX�NQRZ��WKH�PHGLDQ
WDNHV� LQWR�DFFRXQW�RQO\� WKH�QXPEHU�RI�VFRUHV�DQG�WKH�YDOXHV�RI� WKH�PLGGOH�VFRUHV�
7KH�PRGH�LV�XVXDOO\�WKH�OHDVW�GHVLUDEOH�EHFDXVH�LW�SURYLGHV�LQIRUPDWLRQ�RQO\�DERXW
ZKDW� GDWD� YDOXH� RFFXUV� WKH�PRVW� RIWHQ��7KHUHIRUH�� \RX� VKRXOG� XVH� WKH�PRGH� RQO\
ZKHQ�\RX�EHOLHYH� WKDW� LW� LV� LPSRUWDQW� WR�H[SUHVV�ZKLFK�VLQJOH�QXPEHU�RU�FDWHJRU\
RFFXUV� WKH� PRVW� IUHTXHQWO\�� 2WKHUZLVH�� WKH� PHDQ� RU� WKH� PHGLDQ� LV� XVXDOO\� WKH
SUHIHUUHG�PHDVXUH�RI�FHQWUDO�WHQGHQF\�

7KHUH� LV� RQH� VLWXDWLRQ� LQ� ZKLFK� WKH� PHGLDQ� LV� SUHIHUUHG� RYHU� WKH� PHDQ�� 7KH
PHGLDQ�LV�XVXDOO\�SUHIHUUHG�ZKHQ�\RXU�GDWD�DUH�KLJKO\�VNHZHG��7KLV�LV�EHFDXVH�WKH
PHGLDQ� LV� OHVV� DIIHFWHG� E\� H[WUHPH� VFRUHV� DQG� ZH� ZDQW� RXU� PHDVXUH� RI� FHQWUDO
WHQGHQF\�WR�GHVFULEH�ZKDW�LV�W\SLFDO�IRU�D�VHW�RI�QXPEHUV�

+HUH�LV�DQ�H[DPSOH�LQ�ZKLFK�WKH�PHGLDQ�ZRXOG�EH�SUHIHUUHG��$VVXPH�WKDW� WKH
DQQXDO�LQFRPHV�IRU�WKH����IDPLOLHV�OLYLQJ�LQ�D�VPDOO�UHVLGHQWLDO�QHLJKERUKRRG�DUH�DV
IROORZV�

�������
�������
�������
�������
�������
�������
�������
�������



�������
��������

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

1LQH�RI�WKH�IDPLOLHV�HDUQ�VRPHZKHUH�EHWZHHQ���������DQG����������7KHUH�LV�
KRZHYHU�� DQ� RXWOLHU�� D� QXPEHU� WKDW� LV� YHU\� DW\SLFDO� RI� WKH� RWKHU� QXPEHUV� LQ� D
GLVWULEXWLRQ��2QH�IDPLO\�LQ�WKH�QHLJKERUKRRG�HDUQV������������7KLQN�RI�LW�OLNH�WKLV�
,I�%LOO�*DWHV�OLYHG�LQ�\RXU�QHLJKERUKRRG��KLV�LQFRPH�ZRXOG�FHUWDLQO\�EH�DQ�RXWOLHU��
7KH�PHGLDQ� LQFRPH�LQ� WKLV�H[DPSOH� LV����������DQG� WKH�PHDQ�LQFRPH�LV���������
:KLFK� RI� WKHVH� WZR� QXPEHUV� GR� \RX� EHOLHYH� EHVW� GHVFULEHV� WKH� ³W\SLFDO� IDPLO\
LQFRPH´�"�0DQ\�ZRXOG�DUJXH� WKDW� WKH�PHGLDQ�EHWWHU� UHSUHVHQWV� WKHVH���� IDPLOLHV�
7KH�PHGLDQ� LV�PXFK�FORVHU� WKDQ� LV� WKH�PHDQ� WR� WKH�DFWXDO� LQFRPHV�RI�����RI� WKH
SHRSOH� LQ� WKLV�H[DPSOH��1LQHW\�SHUFHQW�RI� WKHVH�IDPLOLHV�DUH�XQGHU�VRPH�ILQDQFLDO
FRQVWUDLQWV�EHFDXVH�RI�ORZ�LQFRPH�OHYHOV��7KH�PHDQ�SURYLGHV�DQ�RYHUO\�RSWLPLVWLF
DVVHVVPHQW� RI� WKH� LQFRPH� OHYHOV� E\� VXJJHVWLQJ� WKDW� WKH� DYHUDJH� RU� W\SLFDO� IDPLO\
LQFRPH�LV����������7KLV�LV�ZK\�UHVHDUFKHUV�XVXDOO\�XVH�WKH�PHGLDQ�UDWKHU�WKDQ�WKH
PHDQ�ZKHQ�WKH\�DUH�UHSRUWLQJ�DQQXDO� LQFRPH�DQG��PRUH� LPSRUWDQW��ZK\�WKH\�RIWHQ
XVH� WKH� PHGLDQ� ZKHQ� WKHLU� GDWD� DUH� KLJKO\� VNHZHG�� �6HH� ERQXV� PDWHULDO� DW� WKH
VWXGHQW�FRPSDQLRQ�ZHEVLWH�IRU�DQRWKHU�FRPSDULVRQ�RI�WKH�PHDQ�DQG�PHGLDQ��

��2XWOLHU�$�QXPEHU�WKDW�LV�YHU\�DW\SLFDO�RI�WKH�RWKHU�QXPEHUV�LQ�D�GLVWULEXWLRQ
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�����:KDW�LV�D�PHDVXUH�RI�FHQWUDO�WHQGHQF\��DQG�ZKDW
DUH�WKH�FRPPRQ�PHDVXUHV�RI�FHQWUDO�WHQGHQF\"

�����:KHQ�LV�WKH�PHGLDQ�SUHIHUUHG�RYHU�WKH�PHDQ"
�����,I�WKH�PHDQ�LV�PXFK�JUHDWHU�WKDQ�WKH�PHGLDQ��DUH

WKH�GDWD�VNHZHG�WR�WKH�ULJKW�RU�VNHZHG�WR�WKH
OHIW"

0($685(6�2)�9$5,$%,/,7<

$�PHDVXUH�RI�YDULDELOLW\�LV�D�QXPHULFDO�LQGH[�WKDW�SURYLGHV�LQIRUPDWLRQ�DERXW�KRZ
VSUHDG�RXW�RU�GLVSHUVHG� WKH�GDWD�YDOXHV� DUH�RU�KRZ�PXFK�YDULDWLRQ� LV�SUHVHQW�� ,Q
RWKHU�ZRUGV��PHDVXUHV�RI�YDULDELOLW\� WHOO�\RX�KRZ�VLPLODU�RU�GLIIHUHQW�SHRSOH�DUH
ZLWK�UHVSHFW�WR�D�YDULDEOH��)RU�H[DPSOH��GR�WKH�LQGLYLGXDOV�LQ�RXU�HDUOLHU�GDWD�VHW
WHQG�WR�KDYH�YHU\�VLPLODU�RU�YHU\�GLIIHUHQW�JUDGH�SRLQW�DYHUDJHV"�7KH�YDULDELOLW\�LQ
JUDGH�SRLQW�DYHUDJH�LQ�RXU�GDWD�VHW�ZDV�YLVXDOO\�VKRZQ�E\�WKH� OLQH�SORW� LQ�)LJXUH
������ 0HDVXUHV� RI� YDULDELOLW\� SURYLGH� D� QXPHULFDO� LQGLFDWLRQ� RI� WKH� DPRXQW� RI
YDULDWLRQ�DQG�WKHUHIRUH�SURYLGH�DQRWKHU�W\SH�RI�LQIRUPDWLRQ�\RX�FDQ�XVH�WR�GHVFULEH
D�VHW�RI�QXPEHUV�



��0HDVXUH�RI�YDULDELOLW\�$�QXPHULFDO�LQGH[�WKDW�SURYLGHV�LQIRUPDWLRQ�DERXW
KRZ�VSUHDG�RXW�WKH�GDWD�YDOXHV�DUH�RU�KRZ�PXFK�YDULDWLRQ�LV�SUHVHQW

,I� DOO� WKH� QXPEHUV� ZHUH� WKH� VDPH�� WKHUH� ZRXOG� EH� QR� YDULDELOLW\� DW� DOO�� )RU
H[DPSOH��LI�WKH�VHW�RI�QXPEHUV�ZDV

����������������������

\RX� ZRXOG� FRQFOXGH� WKDW� WKHUH� ZDV� QR� YDULDELOLW\� IRU� WKH� VLPSOH� UHDVRQ� WKDW
WKHUH� LV�QR�YDULDWLRQ� LQ� WKH�GDWD��2Q� WKH�RWKHU�KDQG�� WKH� IROORZLQJ�VHW�RI�QXPEHUV
GRHV�KDYH�VRPH�YDULDELOLW\�

���������������������������

:KHQ�WKHUH�LV�YHU\�OLWWOH�YDULDELOLW\�LQ�D�VHW�RI�QXPEHUV��ZH�VRPHWLPHV�VD\�WKDW
WKH� QXPEHUV� DUH� KRPRJHQHRXV�� ,I�� RQ� WKH� RWKHU� KDQG�� WKHUH� LV� D� JUHDW� GHDO� RI
YDULDELOLW\�� ZH� GHVFULEH� WKH� QXPEHUV� DV� EHLQJ� KHWHURJHQHRXV�� :KHQ� D� VHW� RI
QXPEHUV� LV� UHODWLYHO\� KRPRJHQHRXV�� \RX� FDQ� SODFH� PRUH� WUXVW� LQ� WKH� PHDVXUH� RI
FHQWUDO�WHQGHQF\��PHDQ��PHGLDQ��RU�PRGH��DV�EHLQJ�W\SLFDO��&RQYHUVHO\��ZKHQ�D�VHW
RI� QXPEHUV� LV� UHODWLYHO\� KHWHURJHQHRXV�� \RX� VKRXOG� YLHZ� WKH� PHDVXUH� RI� FHQWUDO
WHQGHQF\�DV�EHLQJ�OHVV�W\SLFDO�RU�UHSUHVHQWDWLYH�RI�WKH�GDWD�YDOXHV�

��+RPRJHQHRXV�$�VHW�RI�QXPEHUV�ZLWK�OLWWOH�YDULDELOLW\

��+HWHURJHQHRXV�$�VHW�RI�QXPEHUV�ZLWK�D�JUHDW�GHDO�RI�YDULDELOLW\

)ROORZLQJ� DUH� H[DPSOHV� RI� UHODWLYHO\� ORZ� YDULDELOLW\� DQG� UHODWLYHO\� KLJK
YDULDELOLW\�

'DWD�IRU�JURXS�$����������������������������������������

'DWD�IRU�JURXS�%���������������������������������������

<RX�FDQ�VHH�WKDW�WKH�QXPEHUV�IRU�JURXS�%�DUH�PRUH�VSUHDG�RXW��DQG�KDYH�KLJKHU
YDULDELOLW\��WKDQ�WKH�QXPEHUV�IRU�JURXS�$��<RX�PLJKW�EH�VXUSULVHG�WR�OHDUQ�WKDW�WKH
PHDQ� LV�DFWXDOO\� WKH� VDPH� LQ�ERWK�RI� WKHVH� VHWV�RI�GDWD��7KH�PHDQ� LV���� IRU�ERWK�
:KHQ�WKH�QXPEHUV�DUH�QRW�YHU\�VSUHDG�RXW��WKH�PHDQ�LV�PRUH�UHSUHVHQWDWLYH�RI�WKH
VHW�RI�QXPEHUV�WKDQ�ZKHQ�WKH�QXPEHUV�DUH�TXLWH�VSUHDG�RXW��7KHUHIRUH��D�PHDVXUH�RI
YDULDELOLW\� VKRXOG� XVXDOO\� DFFRPSDQ\� PHDVXUHV� RI� FHQWUDO� WHQGHQF\�� :H� QRZ
GLVFXVV� WKH� WKUHH� PRVW� FRPPRQO\� XVHG� LQGH[HV� RI� YDULDELOLW\�� WKH� UDQJH�� WKH
YDULDQFH��DQG�WKH�VWDQGDUG�GHYLDWLRQ�

5DQJH



7KH�UDQJH�LV�VLPSO\�WKH�GLIIHUHQFH�EHWZHHQ�WKH�KLJKHVW�DQG�ORZHVW�QXPEHUV��,Q
WKH� IROORZLQJ� IRUPXOD�� WKH� UDQJH� LV� WKH� KLJKHVW� �L�H��� ODUJHVW�� QXPEHU� PLQXV� WKH
ORZHVW��L�H���VPDOOHVW��QXPEHU�LQ�D�VHW�RI�QXPEHUV�

��5DQJH�7KH�GLIIHUHQFH�EHWZHHQ�WKH�KLJKHVW�DQG�ORZHVW�QXPEHUV

5DQJH� �+�±�/

ZKHUH

+�LV�WKH�KLJKHVW�QXPEHU��DQG

/�LV�WKH�ORZHVW�QXPEHU�

)LQG� WKH� UDQJH� IRU� WKH� GLVWULEXWLRQV� IRU� JURXS� $� DQG� JURXS� %� VKRZQ� LQ� WKH
SUHYLRXV�VHFWLRQ��7KH�UDQJH�LQ�GLVWULEXWLRQ�$�LV����L�H������±���� �����7KH�UDQJH�LQ
GLVWULEXWLRQ�%�LV�����L�H�������±��� ������7KH�UDQJH�ZRUNV�WR�FRQYH\�YDULDELOLW\�LQ
WKLV�FDVH�EHFDXVH�GLVWULEXWLRQ�%�KDV�PRUH�YDULDELOLW\�WKDQ�GLVWULEXWLRQ�$��$OWKRXJK
WKH�UDQJH�LV�YHU\�HDV\�WR�FDOFXODWH��LWV�XVH�LV�OLPLWHG��,Q�IDFW��UHVHDUFKHUV�GR�QRW�XVH
WKH�UDQJH�YHU\�RIWHQ��2QH�SUREOHP�ZLWK�WKH�UDQJH�LV�WKDW�LW�WDNHV�LQWR�DFFRXQW�RQO\
WKH�WZR�PRVW�H[WUHPH�QXPEHUV��$�UHODWHG�SUREOHP�LV�WKDW�LW�LV�VHYHUHO\�DIIHFWHG�E\
WKH�SUHVHQFH�RI�D� VLQJOH�H[WUHPH�QXPEHU��7R�VHH� WKLV�SUREOHP��FKDQJH� WKH�KLJKHVW
QXPEHU� LQ� GLVWULEXWLRQ� $� IURP� ��� WR� ����� 7KH� UDQJH� FKDQJHV� IURP� �� WR� ���� LW
EHFRPHV���WLPHV�ODUJHU�RQ�WKH�EDVLV�RI�FKDQJLQJ�D�VLQJOH�QXPEHU�

9DULDQFH�DQG�6WDQGDUG�'HYLDWLRQ
7KH� WZR� PRVW� SRSXODU� PHDVXUHV� RI� YDULDELOLW\� DPRQJ� UHVHDUFKHUV� DUH� WKH

YDULDQFH�DQG�VWDQGDUG�GHYLDWLRQ�EHFDXVH�WKHVH�PHDVXUHV�DUH�WKH�PRVW�VWDEOH�DQG�DUH
WKH� IRXQGDWLRQV� RI� PRUH� DGYDQFHG� VWDWLVWLFDO� DQDO\VLV�� 7KHVH� PHDVXUHV� DUH� DOVR
EDVHG� RQ� DOO� WKH� GDWD� YDOXHV� RI� D� YDULDEOH� DQG� QRW� MXVW� WKH� KLJKHVW� DQG� ORZHVW
QXPEHUV��DV�LV�WKH�FDVH�ZLWK�WKH�UDQJH��7KH\�DUH�HVVHQWLDOO\�PHDVXUHV�RI�WKH�DPRXQW
RI�GLVSHUVLRQ�RU�YDULDWLRQ�DURXQG�WKH�PHDQ�RI�D�YDULDEOH�

7KH�YDULDQFH�LV�D�PHDVXUH�RI�WKH�DYHUDJH�GHYLDWLRQ�RI�DOO�WKH�QXPEHUV�IURP�WKH
PHDQ�LQ�VTXDUHG�XQLWV��7R�WXUQ�WKH�YDULDQFH�LQWR�PRUH�DSSHDOLQJ�XQLWV��\RX�MXVW�WDNH
WKH� VTXDUH� URRW�� :KHQ� \RX� WDNH� WKH� VTXDUH� URRW� RI� WKH� YDULDQFH�� \RX� REWDLQ� WKH
VWDQGDUG� GHYLDWLRQ�� <RX� FDQ� YLHZ� WKH� VWDQGDUG� GHYLDWLRQ� DV� DQ� DSSUR[LPDWH
LQGLFDWRU� RI� KRZ� IDU� WKH� QXPEHUV� WHQG� WR� YDU\� IURP� WKH�PHDQ�� 7KH� YDULDQFH� DQG
VWDQGDUG�GHYLDWLRQ�ZLOO�EH�ODUJHU�ZKHQ�WKH�GDWD�DUH�VSUHDG�RXW��KHWHURJHQHRXV��DQG
VPDOOHU�ZKHQ�WKH�GDWD�DUH�QRW�YHU\�VSUHDG�RXW��KRPRJHQHRXV��

��9DULDQFH�$�PHDVXUH�RI�WKH�DYHUDJH�GHYLDWLRQ�RI�GDWD�SRLQWV�IURP�WKH�PHDQ�LQ
VTXDUHG�XQLWV



��6WDQGDUG�GHYLDWLRQ�7KH�VTXDUH�URRW�RI�WKH�YDULDQFH

:H� VKRZ� \RX� KRZ� WR� FDOFXODWH� WKH� YDULDQFH� DQG� VWDQGDUG� GHYLDWLRQ� LQ� 7DEOH
������ :H� DOVR� H[SODLQ� LW� WR� \RX� LQ� ZRUGV� KHUH�� 7R� FDOFXODWH� WKH� YDULDQFH� DQG
VWDQGDUG�GHYLDWLRQ��IROORZ�WKHVH�ILYH�VWHSV�

����)LQG�WKH�PHDQ�RI�D�VHW�RI�QXPEHUV��$V�LOOXVWUDWHG�LQ�7DEOH�������DGG�WKH
QXPEHUV�LQ�FROXPQ���DQG�GLYLGH�E\�WKH�QXPEHU�RI�QXPEHUV���1RWH�WKDW�ZH
XVH�WKH�V\PERO�³;�EDU´��L�H���;±��WR�VWDQG�IRU�WKH�PHDQ��

����6XEWUDFW�WKH�PHDQ�IURP�HDFK�QXPEHU��$V�LOOXVWUDWHG�LQ�7DEOH�������VXEWUDFW
WKH�PHDQ�IURP�HDFK�QXPEHU�LQ�FROXPQ���DQG�SODFH�WKH�UHVXOW�LQ�FROXPQ���

����6TXDUH�HDFK�RI�WKH�QXPEHUV�\RX�REWDLQHG�LQ�WKH�ODVW�VWHS��$V�LOOXVWUDWHG�LQ
7DEOH�������VTXDUH�HDFK�QXPEHU�LQ�FROXPQ���DQG�SODFH�WKH�UHVXOW�LQ�FROXPQ
����7R�VTXDUH�D�QXPEHU��PXOWLSO\�WKH�QXPEHU�E\�LWVHOI��)RU�H[DPSOH���
VTXDUHG�LV���î����ZKLFK�LV�HTXDO�WR����

����3XW�WKH�DSSURSULDWH�QXPEHUV�LQWR�WKH�YDULDQFH�IRUPXOD��$V�LOOXVWUDWHG�LQ
7DEOH�������LQVHUW�WKH�VXP�RI�WKH�QXPEHUV�LQ�FROXPQ���LQWR�WKH�QXPHUDWRU��WKH
WRS�SDUW��RI�WKH�YDULDQFH�IRUPXOD��7KH�GHQRPLQDWRU��WKH�ERWWRP�SDUW��RI�WKH
YDULDQFH�IRUPXOD�LV�WKH�QXPEHU�RI�QXPEHUV�LQ�FROXPQ����1RZ�GLYLGH�WKH
QXPHUDWRU�E\�WKH�GHQRPLQDWRU��DQG�\RX�KDYH�WKH�YDULDQFH�

����<RX�REWDLQHG�WKH�YDULDQFH�LQ�WKH�SUHYLRXV�VWHS��1RZ�WDNH�WKH�VTXDUH�URRW�RI
WKH�YDULDQFH��DQG�\RX�KDYH�WKH�VWDQGDUG�GHYLDWLRQ���7R�JHW�WKH�VTXDUH�URRW�
W\SH�WKH�QXPEHU�LQWR�\RXU�FDOFXODWRU�DQG�SUHVV�WKH�VTXDUH�URRW�>俵@�NH\��

�7$%/(�������&DOFXODWLQJ�WKH�9DULDQFH�DQG�6WDQGDUG�'HYLDWLRQ


7KH�PHDQ�RI�FROXPQ��� 



,I�WKH�YDULDQFH�LV�XVHG�LQ�LQIHUHQWLDO�VWDWLVWLFV��L�H���ZKHUH�WKH�VDPSOH�YDULDQFH�LV�XVHG�DV�WKH�HVWLPDWH�RI�WKH
SRSXODWLRQ�YDULDQFH���WKHQ�\RX�QHHG�WR�XVH�Q�±���UDWKHU�WKDQ�Q� LQ�WKH�GHQRPLQDWRU�IRU�WHFKQLFDO�UHDVRQV��:KHQ



\RX�XVH�Q�±����WKH�YDULDQFH�LV�UHIHUUHG�WR�DV�WKH�VDPSOH�YDULDQFH�

6WDQGDUG�'HYLDWLRQ�DQG�WKH�1RUPDO�'LVWULEXWLRQ
1RZ� WKDW� \RX� XQGHUVWDQG� WKH� LGHD� RI� VWDQGDUG� GHYLDWLRQ�� ZH� FDQ� SRLQW� RXW

DQRWKHU�LPSRUWDQW�FKDUDFWHULVWLF�RI�WKH�QRUPDO�GLVWULEXWLRQ�WKDW�ZH�GLG�QRW�PHQWLRQ
HDUOLHU�� 7KH� IROORZLQJ� ZLOO� DOZD\V� EH� WUXH� LI� WKH� GDWD� IXOO\� IROORZ� D� QRUPDO
GLVWULEXWLRQ�

����������RI�WKH�FDVHV�IDOO�ZLWKLQ���VWDQGDUG�GHYLDWLRQ�
����������IDOO�ZLWKLQ������VWDQGDUG�GHYLDWLRQV�
����������IDOO�ZLWKLQ���VWDQGDUG�GHYLDWLRQV�
����������IDOO�ZLWKLQ���VWDQGDUG�GHYLDWLRQV�

$�JRRG�UXOH�IRU�DSSUR[LPDWLQJ�WKH�DUHD�ZLWKLQ�������DQG���VWDQGDUG�GHYLDWLRQV�LV
ZKDW�ZH�FDOO�WKH�³�������������SHUFHQW�UXOH´��)LJXUH��������'RQ¶W�IRUJHW��KRZHYHU�
WKDW�\RX�FDQ�RQO\�XVH�WKLV�UXOH�ZKHQ�\RX�NQRZ�WKDW�WKH�GDWD�DUH�QRUPDOO\�GLVWULEXWHG�
7KH�UXOH�LV�D�XVHIXO�DSSUR[LPDWLRQ��IRU�H[DPSOH��ZKHQ�\RX�DUH�WDONLQJ�DERXW�WKLQJV
OLNH� KHLJKW�� ZHLJKW�� DQG� ,4�� <RX� VKRXOG� EH� FDUHIXO�� KRZHYHU�� ZKHQ� \RX� KDYH
FROOHFWHG�\RXU�RZQ�GDWD��EHFDXVH�D�GLVWULEXWLRQ�XVXDOO\�GRHV�QRW�EHFRPH�QRUPDOO\
GLVWULEXWHG� �HYHQ� LI� WKH� XQGHUO\LQJ� SRSXODWLRQ� GLVWULEXWLRQ� LV� QRUPDO�� XQWLO� PDQ\�
PDQ\�FDVHV�KDYH�EHHQ�FROOHFWHG��,I�\RX�ZDQW�WR�DSSO\�WKH��������������SHUFHQW�UXOH�
FKHFN�WR�VHH�WKDW�WKH�GDWD�DUH�QRUPDOO\�GLVWULEXWHG��'R�QRW�DXWRPDWLFDOO\�DVVXPH�WKDW
WKH�UXOH�LV�DSSOLFDEOH�

�),*85(����������$UHDV�XQGHU�WKH�QRUPDO�FXUYH��6'� �VWDQGDUG�GHYLDWLRQ�
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�����:KDW�LV�D�PHDVXUH�RI�YDULDELOLW\��DQG�ZKDW�DUH
WKH�FRPPRQ�PHDVXUHV�RI�YDULDELOLW\"

�����+RZ�DUH�WKH�YDULDQFH�DQG�VWDQGDUG�GHYLDWLRQ
PDWKHPDWLFDOO\�UHODWHG"

������,I�D�VHW�RI�GDWD�LV�QRUPDOO\�GLVWULEXWHG��KRZ�PDQ\



RI� WKH� FDVHV� IDOO� ZLWKLQ� �� VWDQGDUG� GHYLDWLRQ"
+RZ� PDQ\� IDOO� ZLWKLQ� �� VWDQGDUG� GHYLDWLRQV"
+RZ�PDQ\�IDOO�ZLWKLQ���VWDQGDUG�GHYLDWLRQV"

0($685(6�2)�5(/$7,9(�67$1',1*
7KH� UDZ� VFRUHV� RI� PDQ\� UHVHDUFK� DQG� DVVHVVPHQW� LQVWUXPHQWV� DUH� QRW� LQKHUHQWO\
PHDQLQJIXO��+RZ�ZRXOG�\RX�IHHO�� IRU�H[DPSOH�� LI�VRPHRQH�WROG�\RX�WKDW�\RXU�UDZ
VFKRODVWLF�DSWLWXGH�VFRUH�ZDV����"�/LNHZLVH��KRZ�ZRXOG�\RX�FRPSDUH�\RXU�VFRUH
WR� D� VFRUH� RI� ���"� :LWKRXW� PRUH� LQIRUPDWLRQ�� \RX� REYLRXVO\� ZRXOG� QRW� NQRZ
H[DFWO\� KRZ� WR� LQWHUSUHW� \RXU� UDZ� VFRUH� RI� ����� 7KLV� LV� ZK\� VWDQGDUGL]HG� WHVW
PDNHUV�UDUHO\�UHSRUW�UDZ�VFRUHV��,QVWHDG��WKH\�UHSRUW�YDULRXV�PHDVXUHV�RI�UHODWLYH
VWDQGLQJ��ZKLFK� SURYLGH� LQIRUPDWLRQ� DERXW�ZKHUH� D� VFRUH� IDOOV� LQ� UHODWLRQ� WR� WKH
RWKHU�VFRUHV�LQ�WKH�GLVWULEXWLRQ�RI�GDWD��:H�IRFXV�RQ�WZR�W\SHV�RI�UHODWLYH�VWDQGLQJ�
SHUFHQWLOH� UDQNV� �VFRUHV� WKDW� GLYLGH� D� GLVWULEXWLRQ� LQWR� ���� HTXDO� SDUWV�� DQG
VWDQGDUG�VFRUHV��VFRUHV�WKDW�KDYH�EHHQ�FRQYHUWHG�IURP�RQH�VFDOH�WR�DQRWKHU�VR�WKDW
WKH\� KDYH� D� SDUWLFXODU�PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� WKDW� DUH� EHOLHYHG� WR� EH�PRUH
LQWHUSUHWDEOH���2XU� IROORZLQJ� GLVFXVVLRQ� RI� VWDQGDUG� VFRUHV� IRFXVHV� RQ� ]� VFRUHV�
DOWKRXJK�WZR�DGGLWLRQDO�W\SHV�RI�VWDQGDUG�VFRUHV�DUH�VKRZQ�LQ�)LJXUH�������:H�KDYH
LQFOXGHG�,4�VFRUHV��ZKLFK�XVXDOO\�KDYH�D�PHDQ�RI�����DQG�D�VWDQGDUG�GHYLDWLRQ�RI
����DQG�6$7�VFRUHV��ZKLFK�KDYH�D�PHDQ�RI�����DQG�D�VWDQGDUG�GHYLDWLRQ�RI�����
IRU�\RXU�FRPSDULVRQ�

��0HDVXUHV�RI�UHODWLYH�VWDQGLQJ�3URYLGH�LQIRUPDWLRQ�DERXW�ZKHUH�D�VFRUH
IDOOV�LQ�UHODWLRQ�WR�WKH�RWKHU�VFRUHV�LQ�WKH�GLVWULEXWLRQ�RI�GDWD

��3HUFHQWLOH�UDQNV�6FRUHV�WKDW�GLYLGH�D�GLVWULEXWLRQ�LQWR�����HTXDO�SDUWV

��6WDQGDUG�VFRUHV�6FRUHV�WKDW�KDYH�EHHQ�FRQYHUWHG�IURP�RQH�VFDOH�WR�DQRWKHU
WR�KDYH�D�SDUWLFXODU�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ

3HUFHQWLOH�5DQNV
$�SHUFHQWLOH� UDQN� LV� LQWHUSUHWHG� DV� WKH� SHUFHQWDJH� RI� VFRUHV� LQ� D� UHIHUHQFH

JURXS�WKDW�IDOO�EHORZ�D�SDUWLFXODU�UDZ�VFRUH��&URFNHU�	�$OJLQD��������&URQEDFK�
������ (GXFDWLRQDO� 7HVWLQJ� 6HUYLFH�� ������� 3HUFHQWLOH� UDQNV� KHOS� LQGLYLGXDOV
LQWHUSUHW� WKHLU� WHVW�VFRUHV� LQ�FRPSDULVRQ� WR� WKRVH�RI�RWKHUV��$�UHIHUHQFH�JURXS� LV
WKH� JURXS�RI� SHRSOH� WKDW� LV� XVHG� WR� GHWHUPLQH� WKH� SHUFHQWLOH� UDQNV��7KH� UHIHUHQFH
JURXS� LV� RIWHQ� UHIHUUHG� WR� DV� WKH� QRUP� JURXS� RU� WKH� VWDQGDUGL]DWLRQ� VDPSOH�� $
UHIHUHQFH�JURXS�PLJKW� EH� D� QDWLRQDO� VDPSOH�� D� VDPSOH� RI� FKLOGUHQ�RI� D� SDUWLFXODU
DJH��RU�DOO�RI� WKH�VWXGHQWV� LQ�D�VFKRRO�GLVWULFW��$V�D�JHQHUDO� UXOH��SHUFHQWLOH� UDQNV
VKRXOG� EH� XVHG� ZKHQ� WKH� UHIHUHQFH� JURXS� LV� TXLWH� ODUJH� DQG� UHSUHVHQWDWLYH� RI� D



JURXS�RI�LQWHUHVW�WR�\RX�

��3HUFHQWLOH�UDQN�7KH�SHUFHQWDJH�RI�VFRUHV�LQ�D�UHIHUHQFH�JURXS�WKDW�IDOO
EHORZ�D�SDUWLFXODU�UDZ�VFRUH

��5HIHUHQFH�JURXS�7KH�QRUP�JURXS�WKDW�LV�XVHG�WR�GHWHUPLQH�WKH�SHUFHQWLOH
UDQNV

7R� LQWHUSUHW� WKH�PHDQLQJ�RI� D� VFRUH�XVLQJ�D�SHUFHQWLOH� UDQN�� OHW¶V� VD\� WKDW�\RX
PDGH�D� UDZ�VFRUH�RI�����RQ� WKH�*UDGXDWH�5HFRUG�([DPLQDWLRQ�9HUEDO�5HDVRQLQJ
7HVW��7KLV�VFRUH�RI�����FRUUHVSRQGV� WR�D�SHUFHQWLOH� UDQN�RI�����ZKLFK�PHDQV� WKDW
����RI�WKH�LQGLYLGXDOV�LQ�WKH�QRUP�JURXS�PDGH�VFRUHV�ORZHU�WKDQ�\RXU�VFRUH��)RU
DQRWKHU�H[DPSOH��DVVXPH�WKDW�D�IULHQG�RI�\RXUV�JRW�D�9HUEDO�VFRUH�RI������%HFDXVH
WKLV�VFRUH�FRUUHVSRQGV�WR�D�SHUFHQWLOH�UDQN�RI�����RQO\�����RI�WKH�LQGLYLGXDOV�JRW�D
VFRUH�ORZHU�WKDQ�WKDW�RI�\RXU�IULHQG��<RX�FDQ�VHH�WKH�OLVW�RI�RWKHU�*5(�9HUEDO�WHVW
VWDQGDUG� VFRUHV� DQG� WKH� FRUUHVSRQGLQJ�SHUFHQWLOH� UDQNV� LQ�7DEOH�������$V� D� ILQDO
H[DPSOH��KRZ�ZRXOG�\RX�LQWHUSUHW�D�9HUEDO�VFRUH�RI����"�$V�\RX�FDQ�VHH�LQ�7DEOH
������WKLV�VFRUH�FRUUHVSRQGV�WR�WKH�SHUFHQWLOH�UDQN�RI����

�),*85(����������3HUFHQWLOH�UDQNV�DQG�VWDQGDUG�VFRUHV�LQ�UHODWLRQ�WR�WKH�QRUPDO
FXUYH��6'� �VWDQGDUG�GHYLDWLRQ�

�7$%/(�������*5(�*HQHUDO�7HVW�,QWHUSUHWLYH�'DWD



6RXUFH�� (GXFDWLRQDO� 7HVWLQJ� 6HUYLFH�� �������� *5(� *XLGH� WR� WKH� 8VH� RI� 6FRUHV�� ����±���� S�� ���
KWWS���ZZZ�HWV�RUJ�V�JUH�SGI�JUHBJXLGH�SGI�


%DVHG�RQ�WKH�SHUIRUPDQFH�RI�DOO�*5(�H[DPLQHHV�ZKR�ZHUH�WHVWHG�EHWZHHQ�$XJXVW����������DQG�$SULO����������
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3HUFHQWLOH�UDQNV�DUH�XSGDWHG�\HDUO\�

]�6FRUHV
$�]� VFRUH� LV� GHILQHG� DV� D� UDZ� VFRUH� WKDW� KDV� EHHQ� WUDQVIRUPHG� LQWR� VWDQGDUG

GHYLDWLRQ�XQLWV��7KLV�PHDQV�WKDW�D�]�VFRUH�WHOOV�\RX�KRZ�PDQ\�VWDQGDUG�GHYLDWLRQV
D�UDZ�VFRUH�LV�IURP�WKH�PHDQ��,I�D�UDZ�VFRUH�LV�DERYH�WKH�PHDQ��WKH�]�VFRUH�ZLOO�EH
SRVLWLYH�� LI�D�UDZ�VFRUH�LV�EHORZ�WKH�PHDQ�� WKH�]� VFRUH�ZLOO�EH�QHJDWLYH��DQG� LI�D
UDZ�VFRUH�LV�HTXDO�WR�WKH�PHDQ��WKH�]�VFRUH�ZLOO�HTXDO�]HUR��EHFDXVH�WKH�PHDQ�RI�D
VHW�RI�]�VFRUHV�ZLOO�DOZD\V�EH�]HUR��

��]�VFRUH�$�UDZ�VFRUH�WKDW�KDV�EHHQ�WUDQVIRUPHG�LQWR�VWDQGDUG�GHYLDWLRQ�XQLWV

7KH�]�VFRUH�VWDQGDUGL]DWLRQ�WUDQVIRUPV�DQ\�VHW�RI�UDZ�VFRUHV�LQWR�D�QHZ�VHW�RI
VFRUHV� WKDW� KDV� D� PHDQ� RI� �� DQG� D� VWDQGDUG� GHYLDWLRQ� RI� ��� 7KH� ]� VFRUH
WUDQVIRUPDWLRQ�GRHV�QRW�DIIHFW� WKH�RYHUDOO� VKDSH�RI� WKH�GDWD�GLVWULEXWLRQ�� ,I� WKH
GDWD�DUH�QRUPDO��QRW�VNHZHG��EHIRUH�WKH�]�VFRUH�WUDQVIRUPDWLRQ��WKHQ�WKH\�ZLOO�VWLOO
EH�QRUPDO�DIWHU�WKH�]�VFRUH�WUDQVIRUPDWLRQ��DQG�LI�WKH�GDWD�DUH�VNHZHG�EHIRUH�WKH�]
VFRUH�WUDQVIRUPDWLRQ��WKHQ�WKH\�ZLOO�VWLOO�EH�VNHZHG�DIWHU�WKH�]�VFRUH�WUDQVIRUPDWLRQ�
7KH�QHZ��WUDQVIRUPHG�VFRUHV�DUH�FDOOHG�³]�VFRUHV�´

)RU�H[DPSOH��OHW¶V�VD\�WKDW�-HQQ\�KDV�D�]�VFRUH�RI�������RQ�VRPH�VWDQGDUGL]HG
WHVW��H�J���WKH�*5(��WKH�0$7��RU�WKH�6$7���7KLV�PHDQV�WKDW�-HQQ\�VFRUHG���VWDQGDUG
GHYLDWLRQV� DERYH� WKH�PHDQ��5HPHPEHU�� ]� VFRUHV� WHOO� \RX�ZKHUH� D� SHUVRQ¶V� VFRUH
VWDQGV�LQ�UHODWLRQ�WR�WKH�PHDQ��-HQQ\�REYLRXVO\�GLG�EHWWHU�WKDQ�WKH�DYHUDJH�SHUVRQ�
/HW¶V�VD\�WKDW�-D\�KDV�D�]�VFRUH�RI�±������WKHUHIRUH��-D\�VFRUHG���VWDQGDUG�GHYLDWLRQV
EHORZ�WKH�PHDQ�� ,Q�RWKHU�ZRUGV��-D\�GLG�ZRUVH� WKDQ� WKH�DYHUDJH�SHUVRQ��-RKQ¶V�]
VFRUH� LV� ��� WKHUHIRUH�� -RKQ¶V� UDZ� VFRUH� LV� HTXDO� WR� WKH� PHDQ� �L�H��� WKH� RYHUDOO
DYHUDJH���-RKQ�ZDV�H[DFWO\�DYHUDJH��-HDQ¶V�]�VFRUH�LV��������-HDQ¶V�UDZ�VFRUH�IDOOV
�ò� GHYLDWLRQV� DERYH� WKH� PHDQ�� ZKLFK� LV� IDU� DERYH� WKH� DYHUDJH� DQG� EHWWHU� WKDQ
-HQQ\¶V�VFRUH��ZKLFK�ZDV���VWDQGDUG�GHYLDWLRQV�DERYH�WKH�PHDQ�

,I� WKH� XQGHUO\LQJ� GDWD� DUH� QRUPDOO\� GLVWULEXWHG�� WKHQ� ]� VFRUHV� FRPPXQLFDWH
DGGLWLRQDO�LQIRUPDWLRQ��,Q�)LJXUH�������ZH�VKRZ�WKH�QRUPDO�GLVWULEXWLRQ�DORQJ�ZLWK
SHUFHQWLOH�UDQNV�DQG�VHYHUDO�VWDQGDUG�VFRUHV��]�VFRUHV��,4�VFRUHV��DQG�6$7�VFRUHV��
%HFDXVH�ZH� DUH� QRZ�DVVXPLQJ� WKDW� WKH� VFRUHV� DUH� QRUPDOO\� GLVWULEXWHG��ZH�KDYH
DGGLWLRQDO� LQIRUPDWLRQ� DERXW� -HQQ\¶V� VFRUH�RI��������%HFDXVH� D� ]� VFRUH�RI������
KDV�D�SHUFHQWLOH� UDQN�RI����ZKHQ� WKH�GDWD�DUH�QRUPDOO\�GLVWULEXWHG��ZH�NQRZ�WKDW
-HQQ\¶V�VFRUH�LV�EHWWHU�WKDQ�WKH�VFRUHV�RI�����RI�WKH�SHRSOH�WDNLQJ�WKH�VWDQGDUGL]HG
WHVW��-D\¶V�VFRUH�KDV�D�SHUFHQWLOH�UDQN�RI����ZKLFK�PHDQV�WKDW�KH�GLG�EHWWHU�WKDQ�RQO\
���RI�WKH�SHRSOH��-RKQ�ZDV�ULJKW�DW�WKH�PHGLDQ��L�H���WKH���WK�SHUFHQWLOH���-HDQ�GLG
EHWWHU�WKDQ�YLUWXDOO\�HYHU\ERG\��LQFOXGLQJ�-HQQ\�

<RX�FDQ�FRPSXWH�D�]� VFRUH�E\� WDNLQJ� WKH�GLIIHUHQFH�EHWZHHQ�D�SDUWLFXODU� UDZ
VFRUH�DQG�WKH�RYHUDOO�PHDQ�DQG�WKHQ�GLYLGLQJ�E\�WKH�VWDQGDUG�GHYLDWLRQ��<RX�ZRXOG
XVH�WKLV�IRUPXOD�



7R�XVH�WKLV�IRUPXOD��\RX�QHHG�WKH�UDZ�VFRUH�WKDW�\RX�ZLVK�WR�WUDQVIRUP�LQWR�D�]
VFRUH��DQG�\RX�QHHG�WR�NQRZ�WKH�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ�RI�DOO�RI�WKH�VFRUHV�
0RVW�,4�WHVWV�KDYH�D�PHDQ�RI�����DQG�D�VWDQGDUG�GHYLDWLRQ�RI�����7KHUHIRUH��WKH�]
VFRUH�IRU�0DULD��ZKR�VFRUHG�����RQ�DQ�,4�WHVW��ZRXOG�EH�GHWHUPLQHG�DV�IROORZV�

:H�SXW�0DULD¶V�,4�RI�����LQWR�WKH�IRUPXOD��DORQJ�ZLWK�WKH�,4�PHDQ�������DQG
VWDQGDUG�GHYLDWLRQ�������7KH�UHVXOWLQJ�]�VFRUH�LV�HTXDO�WR������������ZKLFK�PHDQV
0DULD¶V�,4�LV���VWDQGDUG�GHYLDWLRQ�DERYH�WKH�PHDQ��7KDW¶V�DOO�\RX�GR�LI�\RX�ZDQW�WR
XVH�WKH�]�VFRUH�IRUPXOD�

$Q� DGYDQWDJH� RI� ]� VFRUHV� LV� WKDW� WKH\� FDQ� EH� XVHG� WR� FRPSDUH� UDZ� VFRUHV
EHWZHHQ� WZR�GLIIHUHQW� WHVWV� WKDW�KDYH�GLIIHUHQW�PHDQV�DQG�VWDQGDUG�GHYLDWLRQV��7R
FRPSDUH�D�SHUVRQ¶V�VFRUHV�RQ�WZR�GLIIHUHQW�WHVWV��\RX�VLPSO\�FRQYHUW�WKH�WZR�UDZ
VFRUHV�LQWR�]�VFRUHV�DQG�FRPSDUH�WKHP��)RU�H[DPSOH��DVVXPH�WKDW�0DULD�JRW�DQ�6$7
VFRUH�RI������'LG�0DULD�GR�EHWWHU�RQ�WKH�6$7�RU�RQ�WKH�,4�WHVW"�<RX�DOUHDG\�NQRZ
WKDW�0DULD¶V�,4�VFRUH�UHVXOWV�LQ�D�]�VFRUH�RI��������$Q�6$7�VFRUH�RI�����UHVXOWV�LQ�D
]�VFRUH�RI���������,I�\RX�ZDQW�WR�FDOFXODWH�WKH�]�VFRUH�IRU�DQ�6$7�VFRUH�RI������SXW
WKHVH�YDOXHV�LQWR�WKH�IRUPXOD��UDZ�VFRUH� ������PHDQ� ������DQG�VWDQGDUG�GHYLDWLRQ
 � �����7KH� UHVXOW�ZLOO� EH� D� ]� VFRUH� RI� ��������2EYLRXVO\�� D� ]� VFRUH� RI� ������ LV
EHWWHU�WKDQ�D�]�VFRUH�RI��������ZKLFK�PHDQV�WKDW�0DULD�GLG�EHWWHU�RQ�WKH�6$7�WKDQ
VKH�GLG�RQ�WKH�,4�WHVW�

5(9,(:
48(67 ,21 6

������:KDW�LV�D�PHDVXUH�RI�UHODWLYH�VWDQGLQJ��DQG�ZKDW
DUH�WKH�FRPPRQ�PHDVXUHV�RI�UHODWLYH�VWDQGLQJ"

������+RZ�GR�\RX�FDOFXODWH�D�]�VFRUH"

(;$0,1,1*�5(/$7,216+,36�$021*�9$5,$%/(6
7KURXJKRXW� WKLV�ERRN��ZH�KDYH�EHHQ� WDONLQJ�DERXW� UHODWLRQVKLSV�DPRQJ�YDULDEOHV�
7KLV�LV�EHFDXVH�UHVHDUFKHUV�DUH�VHOGRP�VDWLVILHG�ZLWK�GHVFULELQJ�WKH�FKDUDFWHULVWLFV
RI� VLQJOH� YDULDEOHV�� 5HVHDUFK� EHFRPHV� PXFK� PRUH� LQWHUHVWLQJ� ZKHQ� WKH
UHODWLRQVKLSV� DPRQJ� YDULDEOHV� DUH� DOVR� GHVFULEHG��:H� KDYH� DOUHDG\� WDONHG� DERXW
FRPSDULQJ�PHDQV� LQ� HDUOLHU� FKDSWHUV� �H�J��� LQ�&KDSWHUV��������� DQG� ���PHDQV� DUH
FRPSDUHG� IRU� WKH� GLIIHUHQW� WUHDWPHQW� FRQGLWLRQV� LQ� DQ� H[SHULPHQW�� DQG� DERXW
LQWHUSUHWLQJ�FRUUHODWLRQ�FRHIILFLHQWV��H�J���VHH�GLVFXVVLRQ�RI�FRUUHODWLRQ�FRHIILFLHQWV
LQ�&KDSWHU�����7KHUH�DUH� WZR�PRUH� WRSLFV��KRZHYHU�� WKDW�\RX�QHHG� WR�NQRZ�DERXW�
7KHVH�WRSLFV�DUH�FRQWLQJHQF\�WDEOHV�DQG�UHJUHVVLRQ�

&RQWLQJHQF\�7DEOHV



$�FRQWLQJHQF\� WDEOH� �DOVR� FDOOHG� D� FURVV�WDEXODWLRQ�� GLVSOD\V� LQIRUPDWLRQ� LQ
FHOOV� IRUPHG� E\� WKH� LQWHUVHFWLRQ� RI� WZR� RU�PRUH� FDWHJRULFDO� YDULDEOHV�� ,Q� D� WZR�
GLPHQVLRQDO�FRQWLQJHQF\� WDEOH�� WKH� URZV� UHSUHVHQW� WKH�FDWHJRULHV�RI�RQH�YDULDEOH�
DQG� WKH� FROXPQV� UHSUHVHQW� WKH� FDWHJRULHV� RI� WKH� RWKHU� YDULDEOH�� 9DULRXV� NLQGV� RI
LQIRUPDWLRQ� FDQ� EH� SXW� LQWR� WKH� FHOOV� RI� D� FRQWLQJHQF\� WDEOH� �H�J��� REVHUYHG� FHOO
IUHTXHQFLHV�� URZ� SHUFHQWDJHV�� FROXPQ� SHUFHQWDJHV��� <RX� FDQ� VHH� D� FRQWLQJHQF\
WDEOH�ZLWK� FHOO� IUHTXHQFLHV� LQ�7DEOH�����D��<RX� FDQ� VHH� D� FRQWLQJHQF\� WDEOH�ZLWK
FROXPQ�SHUFHQWDJHV�LQ�7DEOH�����E�

��&RQWLQJHQF\�WDEOH�$�WDEOH�GLVSOD\LQJ�LQIRUPDWLRQ�LQ�FHOOV�IRUPHG�E\�WKH
LQWHUVHFWLRQ�RI�WZR�RU�PRUH�FDWHJRULFDO�YDULDEOHV

/RRN�DW�WKH�FRQWLQJHQF\�WDEOH�LQ�7DEOH�����D��<RX�FDQ�VHH�WKDW�WKH�URZ�YDULDEOH
LV�SROLWLFDO�SDUW\�LGHQWLILFDWLRQ�DQG�WKH�FROXPQ�YDULDEOH�LV�JHQGHU��7KH�QXPEHUV�LQ
WKH�FHOOV�DUH�WKH�REVHUYHG�FHOO�IUHTXHQFLHV��ZKLFK�LQGLFDWH�WKH�QXPEHU�RI�SHRSOH�LQ
HDFK�FHOO��)RU�H[DPSOH�����SHRSOH�LQ�WKH�K\SRWKHWLFDO�VHW�RI�GDWD�ZHUH�'HPRFUDWLF
DQG�PDOH��DQG�����ZHUH�'HPRFUDWLF�DQG�IHPDOH��$�WDEOH�ZLWK�FHOO�IUHTXHQFLHV�LV�D
JRRG�VWDUWLQJ�SRLQW�LQ�FRQVWUXFWLQJ�D�FRQWLQJHQF\�WDEOH��EXW�\RX�VKRXOG�QRW�VWRS�WKHUH
EHFDXVH�LW�LV�YHU\�GLIILFXOW�WR�GHWHFW�D�UHODWLRQVKLS�EHWZHHQ�WKH�YDULDEOHV�ZKHQ�\RX
H[DPLQH�RQO\�WKH�FHOO�IUHTXHQFLHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

/RRN�DW�WKH�FRQWLQJHQF\�WDEOH�LQ�7DEOH�����E��7KLV�WDEOH�ZDV�FRQVWUXFWHG�LQ�WKH
IROORZLQJ� ZD\�� :H� PDGH� WKH� LQGHSHQGHQW� RU� SUHGLFWRU� YDULDEOH� WKH� FROXPQ
YDULDEOH�� ZH� PDGH� WKH� GHSHQGHQW� YDULDEOH� WKH� URZ� YDULDEOH�� DQG� ZH� REWDLQHG
FROXPQ� SHUFHQWDJHV� E\� FDOFXODWLQJ� WKH� SHUFHQWDJHV� GRZQ� WKH� FROXPQV��7KLV� LV� DQ
DSSURSULDWH�WDEOH�FRQVWUXFWLRQ�EHFDXVH�LW�DOORZV�XV�WR�PDNH�RXU�FRPSDULVRQV�DFURVV
WKH� OHYHOV� RI� WKH� LQGHSHQGHQW� YDULDEOH� �JHQGHU��� :H� H[SODLQ� H[DFWO\� ZKHUH� WKH
QXPEHUV� FDPH� IURP� LQ� D� IRRWQRWH� WR� WKH� WDEOH�� :KHQHYHU� \RX� REWDLQ� FROXPQ
SHUFHQWDJHV��HDFK�FROXPQ�ZLOO�VXP�WR�����SHUFHQW�� MXVW�DV� WKH�FROXPQV�GR� LQ�SDUW
�E���$IWHU�\RX�FRQVWUXFW�\RXU�WDEOH�LQ�WKLV�ZD\��\RX�VKRXOG�PDNH�\RXU�FRPSDULVRQV
DFURVV�WKH�URZV�

:KHQ� \RX� FRQYHUW� \RXU� GDWD� WR� FROXPQ� SHUFHQWDJHV� OLNH� WKLV�� WKH� WDEOH� LV
FRPSRVHG�RI�UDWHV��ZKLFK�\RX�VKRXOG�XVH�IRU�FRPSDULVRQ�SXUSRVHV��$�UDWH� VKRZV
WKH� SHUFHQWDJH� �RU� SURSRUWLRQ�� RI� SHRSOH� LQ� D� JURXS� ZKR� KDYH� D� VSHFLILF
FKDUDFWHULVWLF��)RU�H[DPSOH��LQ�7DEOH�����E��\RX�FDQ�VHH�WKDW�WKH�UDWH�RI�PHPEHUVKLS
LQ�WKH�'HPRFUDWLF�3DUW\�IRU�PDOHV�LV�������DQG�WKDW�IRU�IHPDOHV�LV��������,Q�VKRUW�
PDOHV�KDYH�D�KLJKHU�UDWH�RI�PHPEHUVKLS�LQ�WKH�'HPRFUDWLF�3DUW\�WKDQ�GR�IHPDOHV�
�5HPHPEHU�WKDW�RXU�GDWD�DUH�K\SRWKHWLFDO��

��5DWH�7KH�SHUFHQWDJH�RI�SHRSOH�LQ�D�JURXS�ZKR�KDYH�D�VSHFLILF�FKDUDFWHULVWLF

:KHQ�JURXS�FRPSDULVRQV�DUH�SUHVHQWHG�LQ�WKH�QHZV��WKH\�DUH�XVXDOO\�FDOFXODWHG



LQ�WKLV�ZD\��WKDW�LV��\RX�ZLOO�RIWHQ�KHDU�WKDW�PHPEHUV�RI�RQH�JURXS�DUH�PRUH�OLNHO\
WKDQ� PHPEHUV� RI� DQRWKHU� JURXS� WR� KDYH� VRPH� FKDUDFWHULVWLF�� )RU� H[DPSOH�� WKH
SRYHUW\�UDWH�LV�KLJKHU�IRU�XQZHG�PRWKHUV�WKDQ�IRU�PRWKHUV�ZKR�DUH�PDUULHG��WKH�UDWH
RI�OXQJ�FDQFHU�LV�KLJKHU�IRU�VPRNHUV�WKDQ�IRU�QRQVPRNHUV��WKH�UDWH�RI�FLUUKRVLV�RI�WKH
OLYHU� LV�KLJKHU�IRU�KHDY\�GULQNHUV� WKDQ�IRU� OLJKW�GULQNHUV��DQG�VR�IRUWK��&RPSDULQJ
DFURVV�FHOOV�KHOSV�WKH�UHVHDUFKHU�GHWHUPLQH�ZKHWKHU�D�UHODWLRQVKLS�H[LVWV�EHWZHHQ
WKH� WZR� FDWHJRULFDO� YDULDEOHV� LQ� WKH� FRQWLQJHQF\� WDEOH� �H�J��� PDUULDJH� VWDWXV� LV
UHODWHG� WR� SRYHUW\�� VPRNLQJ� LV� UHODWHG� WR� FDQFHU�� JHWWLQJ� FLUUKRVLV� RI� WKH� OLYHU� LV
UHODWHG� WR� WKH� DPRXQW� SHRSOH� GULQN�� DQG�� LQ� RXU� K\SRWKHWLFDO� H[DPSOH�� JHQGHU� LV
UHODWHG� WR� SROLWLFDO� SDUW\���� ,I� WKHUH� LV� QR� UHODWLRQVKLS� EHWZHHQ� WKH� YDULDEOHV�� WKH
UDWHV�ZLOO�EH�WKH�VDPH�

�7$%/(�������3DUW\�,GHQWLILFDWLRQ�E\�*HQGHU�&RQWLQJHQF\�7DEOHV


7KH�FROXPQ�SHUFHQWDJH�������ZDV�REWDLQHG�E\�GLYLGLQJ����E\������DQG�PXOWLSO\LQJ�E\�����WR�JHW�D�SHUFHQWDJH��
������ZDV�REWDLQHG�E\�GLYLGLQJ����E\������������ZDV�REWDLQHG�E\�GLYLGLQJ�����E\������������ZDV�REWDLQHG�E\
GLYLGLQJ�����E\������1RWH�WKDW�ERWK�FROXPQV�LQ�SDUW��E��VXP�WR�������>,I�\RX�ZDQW�WR�REWDLQ�URZ�SHUFHQWDJHV�
MXVW�GLYLGH�WKH�QXPEHU�RI�FDVHV�LQ�HDFK�FHOO�LQ�SDUW��D��E\�WKH�FRUUHVSRQGLQJ�URZ�WRWDO��7KHQ�HDFK�URZ�ZLOO�VXP�WR
�����@

+HUH�LV�D�VLPSOH�UXOH�IRU�\RX�WR�XVH�ZKHQHYHU�\RX�ZDQW�WR�GHWHUPLQH�ZKHWKHU
WKH�YDULDEOHV�LQ�D�FRQWLQJHQF\�WDEOH�DUH�UHODWHG�

�� � ,I� WKH� SHUFHQWDJHV� DUH� FDOFXODWHG� GRZQ� WKH� FROXPQV�� FRPSDUH� DFURVV� WKH
URZV�

�� � ,I� WKH� SHUFHQWDJHV� DUH� FDOFXODWHG� DFURVV� WKH� URZV�� FRPSDUH� GRZQ� WKH
FROXPQV�

7KLV�VLPSOH�UXOH�ZLOO�KHOS�\RX�VHH�YHU\�TXLFNO\�ZKHWKHU�WKHUH�LV�D�UHODWLRQVKLS
EHWZHHQ�WZR�YDULDEOHV�LQ�D�FRQWLQJHQF\�WDEOH��,W�LV�DOVR�HDV\�WR�PHPRUL]H�

<RX�FDQ�H[WHQG�WKH�LGHDV�SUHVHQWHG�KHUH�E\�DGGLQJ�PRUH�FDWHJRULFDO�YDULDEOHV
WR� WKH�PL[�� ,I� \RX� KDYH� WKUHH� FDWHJRULFDO� YDULDEOHV�� WKH� DSSURSULDWH� VWUDWHJ\� LV� WR
H[DPLQH� WKH�RULJLQDO� WZR�GLPHQVLRQDO� WDEOH� VHSDUDWHO\� IRU� HDFK� OHYHO� RI� WKH� WKLUG



FDWHJRULFDO�YDULDEOH��,I�\RX�ZDQW� WR�VHH�DQ�H[DPSOH�RI� WKLV�SURFHVV�RU� OHDUQ�PRUH
DERXW� KLJKHU�OHYHO� FRQWLQJHQF\� WDEOHV� �L�H��� WDEOHV� EDVHG� RQ� WKUHH� RU� PRUH
YDULDEOHV���ZH� UHFRPPHQG� UHDGLQJ�%DEELH� ������� SS�� ���±���� DQG�&KDSWHU� ���
DQG� )UDQNIRUW�1DFKPLDV� DQG� 1DFKPLDV� ������� SS�� ���±������ :H� DOVR� KDYH� DQ
H[DPSOH� DW� WKH�ERRN¶V� FRPSDQLRQ�ZHEVLWH��1RZ�ZH� LQWURGXFH�D� WHFKQLTXH�FDOOHG
UHJUHVVLRQ�DQDO\VLV�

5HJUHVVLRQ�$QDO\VLV
5HJUHVVLRQ�DQDO\VLV�LV�D�VHW�RI�VWDWLVWLFDO�SURFHGXUHV�XVHG�WR�H[SODLQ�RU�SUHGLFW

WKH�YDOXHV�RI�D�GHSHQGHQW�YDULDEOH�EDVHG�RQ�WKH�YDOXHV�RI�RQH�RU�PRUH�LQGHSHQGHQW
YDULDEOHV�� ,Q� UHJUHVVLRQ� DQDO\VLV�� WKHUH� LV� DOZD\V� D� VLQJOH� TXDQWLWDWLYH� GHSHQGHQW
YDULDEOH�� $OWKRXJK� WKH� LQGHSHQGHQW� YDULDEOHV� FDQ� EH� HLWKHU� FDWHJRULFDO� RU
TXDQWLWDWLYH�� ZH� GLVFXVV� RQO\� WKH� FDVH� LQ� ZKLFK� WKH� LQGHSHQGHQW� YDULDEOHV� DUH
TXDQWLWDWLYH�� 7KH� WZR�PDLQ� W\SHV� RI� UHJUHVVLRQ� DUH� FDOOHG� VLPSOH� UHJUHVVLRQ�� LQ
ZKLFK� WKHUH� LV� D� VLQJOH� LQGHSHQGHQW� YDULDEOH�� DQG�PXOWLSOH� UHJUHVVLRQ�� LQ�ZKLFK
WKHUH�DUH�WZR�RU�PRUH�LQGHSHQGHQW�YDULDEOHV�

��5HJUHVVLRQ�DQDO\VLV�$�VHW�RI�VWDWLVWLFDO�SURFHGXUHV�WKDW�DUH�XVHG�WR�H[SODLQ
RU�SUHGLFW�WKH�YDOXHV�RI�D�GHSHQGHQW�YDULDEOH�RQ�WKH�EDVLV�RI�WKH�YDOXHV�RI
RQH�RU�PRUH�LQGHSHQGHQW�YDULDEOHV

��6LPSOH�UHJUHVVLRQ�5HJUHVVLRQ�EDVHG�RQ�RQH�GHSHQGHQW�YDULDEOH�DQG�RQH
LQGHSHQGHQW�YDULDEOH

��0XOWLSOH�UHJUHVVLRQ�5HJUHVVLRQ�EDVHG�RQ�RQH�GHSHQGHQW�YDULDEOH�DQG�WZR�RU
PRUH�LQGHSHQGHQW�YDULDEOHV

6LPSOH�5HJUHVVLRQ

7KH�EDVLF�LGHD�RI�VLPSOH�UHJUHVVLRQ�LV�WKDW�\RX�REWDLQ�D�UHJUHVVLRQ�HTXDWLRQ�
7KH� UHJUHVVLRQ� HTXDWLRQ� GHILQHV� WKH� UHJUHVVLRQ� OLQH� WKDW� EHVW� ILWV� D� SDWWHUQ� RI
REVHUYDWLRQV��7KH�WZR�LPSRUWDQW�FKDUDFWHULVWLFV�RI�DQ\�OLQH��LQFOXGLQJ�D�UHJUHVVLRQ
OLQH�� DUH� WKH� VORSH�RI� WKH� OLQH� DQG� WKH�\�LQWHUFHSW�RI� WKH� OLQH��7KH� VORSH�RI� D� OLQH
EDVLFDOO\� WHOOV�\RX�KRZ�VWHHS� WKH� OLQH� LV��7KH�\�LQWHUFHSW� WHOOV�\RX�ZKHUH� WKH� OLQH
FURVVHV�WKH�\�D[LV�

��5HJUHVVLRQ�HTXDWLRQ�7KH�HTXDWLRQ�WKDW�GHILQHV�WKH�UHJUHVVLRQ�OLQH

��5HJUHVVLRQ�OLQH�7KH�OLQH�WKDW�EHVW�ILWV�D�SDWWHUQ�RI�REVHUYDWLRQV

+HUH�LV�WKH�VLPSOH�UHJUHVVLRQ�HTXDWLRQ�IRUPXOD�

� �D���E;



ZKHUH

��FDOOHG�<�KDW��LV�WKH�SUHGLFWHG�YDOXH�RI�WKH�GHSHQGHQW�YDULDEOH�

D�LV�WKH�\�LQWHUFHSW�

E�LV�WKH�UHJUHVVLRQ�FRHIILFLHQW�RU�VORSH��DQG

;�LV�WKH�VLQJOH�LQGHSHQGHQW�YDULDEOH�

5HVHDUFKHUV� UDUHO\� FDOFXODWH� UHJUHVVLRQ� HTXDWLRQV� E\� KDQG��0RVW� UHVHDUFKHUV
XVH�D�FRPSXWHU�SURJUDP�VXFK�DV�6366�RU�6$6��$OO�RI�WKLV�PLJKW�VHHP�FRPSOLFDWHG�
EXW�LW�ZLOO�EHFRPH�FOHDUHU�ZLWK�DQ�H[DPSOH��/HW¶V�XVH�RXU�FROOHJH�VWXGHQW�GDWD�VHW
�7DEOH�������WR�VHH�ZKHWKHU�ZH�FDQ�SUHGLFW�VWDUWLQJ�VDODU\�XVLQJ�RXU�NQRZOHGJH�RI
JUDGH�SRLQW�DYHUDJH��,I�\RX�ORRN�DW�)LJXUH�������\RX�FDQ�VHH�WKH�UHJUHVVLRQ�OLQH�WKDW
UHVXOWHG�ZKHQ�ZH�XVHG�WKH�FRPSXWHU�SURJUDP�6366�WR�ILW�WKH�UHJUHVVLRQ�OLQH�WR�WKH
GDWD��7KH�UHJUHVVLRQ�OLQH�VKRZV�WKDW�WKH�UHODWLRQVKLS�LV�SRVLWLYH��L�H���DV�JUDGH�SRLQW
DYHUDJH�LQFUHDVHV��VWDUWLQJ�VDODU\�LQFUHDVHV��

<RX�FDQ�DOVR�XVH�WKH�UHJUHVVLRQ�OLQH�WR�PDNH�DSSUR[LPDWH�SUHGLFWLRQV��+HUH�LV
KRZ�WR�GR�WKLV��<RX�FDQ�YLVXDOO\�H[DPLQH�WKH�UHJUHVVLRQ�OLQH�WR�VHH�ZKDW�YDOXH�RI�<
�WKH�GHSHQGHQW�YDULDEOH�� FRUUHVSRQGV� WR� D�SDUWLFXODU� YDOXH�RI�;� �WKH� LQGHSHQGHQW
YDULDEOH��� )RU� H[DPSOH�� ILUVW� ILQG� WKH� YDOXH� ����� IRU� JUDGH� SRLQW� DYHUDJH� RQ� WKH
KRUL]RQWDO�D[LV��7KHQ�PDUN�WKH�SRLQW�RQ�WKH�UHJUHVVLRQ�OLQH�WKDW�FRUUHVSRQGV�WR�WKLV
JUDGH�SRLQW�DYHUDJH�RI�������7KLUG��GHWHUPLQH�ZKDW�VWDUWLQJ�VDODU\��L�H���ZKDW�SRLQW
RQ� WKH� YHUWLFDO� D[LV�� FRUUHVSRQGV� WR� WKLV� SRLQW� RQ� WKH� UHJUHVVLRQ� OLQH�� ,W� ORRNV� DV
WKRXJK�WKH�SUHGLFWHG�VWDUWLQJ�VDODU\�LV�DERXW�KDOIZD\�EHWZHHQ���������DQG���������
VR�RXU�JXHVV�LV�WKDW�WKH�SUHGLFWHG�VWDUWLQJ�VDODU\�LV�DERXW���������

�),*85(����������7KH�UHJUHVVLRQ�OLQH�VKRZLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�VWDUWLQJ
VDODU\�DQG�*3$



5DWKHU� WKDQ�PDNLQJ�SUHGLFWLRQV�E\�YLVXDOO\� H[DPLQLQJ� WKH� UHJUHVVLRQ� OLQH��ZH
XVXDOO\� REWDLQ� WKH� UHJUHVVLRQ� HTXDWLRQ� DQG� LQVHUW� YDOXHV� RI� ;� DQG� REWDLQ� WKH
SUHGLFWHG�YDOXHV�RI�<��:H�ZLOO�VKRZ�\RX�KRZ�WR�LQVHUW�YDOXHV�LQ�D�PRPHQW��1RZ
ORRN�DW�WKH�UHJUHVVLRQ�HTXDWLRQ�WKDW�ZDV�SURYLGHG�E\�WKH�FRPSXWHU�SURJUDP�

� ����������������������;�

7KH�\�LQWHUFHSW� LV�HTXDO� WR������������7KH�\�LQWHUFHSW� LV�GHILQHG�DV� WKH�SRLQW
ZKHUH� WKH� UHJUHVVLRQ� OLQH� FURVVHV� WKH� \�D[LV�� ,Q� )LJXUH� ������ WKH� [�D[LV� LV� JUDGH
SRLQW�DYHUDJH��DQG�WKH�\�D[LV�LV�VWDUWLQJ�VDODU\��7KH�YDOXH�RI�<�DW�WKH�SRLQW�ZKHUH�WKH
UHJUHVVLRQ�OLQH�WRXFKHV�WKH�\�D[LV�LV������������,W�LV�WKH�YDOXH�RI�WKH�<�YDULDEOH��WKH
GHSHQGHQW�YDULDEOH��WKDW�ZRXOG�EH�SUHGLFWHG�LI�WKH�LQGHSHQGHQW�YDULDEOH��;��ZHUH
HTXDO�WR�]HUR�

��\�LQWHUFHSW�7KH�SRLQW�ZKHUH�WKH�UHJUHVVLRQ�OLQH�FURVVHV�WKH�\�D[LV

7KH�UHJUHVVLRQ�FRHIILFLHQW�LQ�WKH�UHJUHVVLRQ�HTXDWLRQ�LV�HTXDO�WR������������7KH
UHJUHVVLRQ� FRHIILFLHQW�� RU� VORSH�� WHOOV� \RX� KRZ� VWHHS� WKH� UHJUHVVLRQ� OLQH� LV�� 7KH
UHJUHVVLRQ�FRHIILFLHQW�LV�PRUH�IRUPDOO\�GHILQHG�DV�WKH�SUHGLFWHG�FKDQJH�LQ�<�JLYHQ
D���XQLW�FKDQJH� LQ�;��$� ODUJH� UHJUHVVLRQ�FRHIILFLHQW� LPSOLHV�D� VWHHS� OLQH��DQG� LI�D
OLQH� LV� YHU\� VWHHS��<�ZLOO� FKDQJH�TXLWH� D� ORW� JLYHQ� D� ��XQLW� FKDQJH� LQ�;�� $� VPDOO
UHJUHVVLRQ�FRHIILFLHQW�LPSOLHV�D�OLQH�WKDW�LV�QRW�YHU\�VWHHS��DQG�LI�D�OLQH�LV�QRW�YHU\
VWHHS��<� ZLOO� QRW� FKDQJH� PXFK� JLYHQ� D� ��XQLW� FKDQJH� LQ� ;�� ,Q� RXU� H[DPSOH�� WKH
UHJUHVVLRQ�HTXDWLRQ�WHOOV�XV�WKDW�LI�VRPHRQH¶V�*3$�LQFUHDVHG�E\���IXOO�XQLW��LW�ZHQW
IURP�D�&� WR� D�%�RU� LW�ZHQW� IURP�D�%� WR� DQ�$��� WKHQ�ZH�ZRXOG� H[SHFW� KLV� RU� KHU
VWDUWLQJ�VDODU\�WR�LQFUHDVH�E\������������,Q�VXP��\RX�FDQ�VHH�LQ�)LJXUH������WKDW�WKH
YDULDEOHV� VWDUWLQJ� VDODU\� DQG� JUDGH� SRLQW� DYHUDJH� DUH� UHODWHG�� DQG� WKH� UHJUHVVLRQ
FRHIILFLHQW�WHOOV�\RX�KRZ�PXFK��RQ�DYHUDJH��VWDUWLQJ�VDODU\�LQFUHDVHV�JLYHQ�D���XQLW



LQFUHDVH�LQ�JUDGH�SRLQW�DYHUDJH�

��5HJUHVVLRQ�FRHIILFLHQW�7KH�SUHGLFWHG�FKDQJH�LQ�<�JLYHQ�D���XQLW�FKDQJH�LQ�;

1RZ�ZH�ZLOO�VKRZ�\RX�VRPHWKLQJ�\RX�ZLOO�SUREDEO\�ILQG�LQWHUHVWLQJ��<RX�FDQ
XVH� D� VLPSOH� UHJUHVVLRQ� HTXDWLRQ� WR� PDNH� SUHGLFWLRQV�� ,Q� RXU� H[DPSOH�� WKH
GHSHQGHQW�YDULDEOH�<�LV�VWDUWLQJ�VDODU\��:H�FDQ�REWDLQ�D�SUHGLFWHG�YDOXH�RI�VWDUWLQJ
VDODU\�E\�LQVHUWLQJ�D�YDOXH�IRU�JUDGH�SRLQW�DYHUDJH�LQWR�WKH�HTXDWLRQ�DQG�VROYLQJ�IRU
LW�� /HW¶V� ILQG� WKH� SUHGLFWHG� VWDUWLQJ� VDODU\� IRU� VRPHRQH�ZKR� KDV� D� %� JUDGH� SRLQW
DYHUDJH��IRU�VRPHRQH�ZKRVH�JUDGH�SRLQW�DYHUDJH�LV��������)LUVW�ZH�ZULWH�GRZQ�WKH
HTXDWLRQ�

� ����������������������;�

1RZ�ZH� LQVHUW� WKH�YDOXH� IRU�;� �JUDGH�SRLQW� DYHUDJH�� DQG� VHH�ZKDW�SUHGLFWHG
YDOXH�IRU�<��ZH�REWDLQ�

2XU�SUHGLFWHG�YDOXH�RI�VWDUWLQJ�VDODU\�LV������������ZKHQ�JUDGH�SRLQW�DYHUDJH
LV�D�������L�H���%���,Q�VKRUW��RQ�WKH�EDVLV�RI�RXU�K\SRWKHWLFDO�FROOHJH�VWXGHQW�GDWD��ZH
H[SHFW�%�VWXGHQWV� WR�KDYH�D�VWDUWLQJ�VDODU\�RI�������������:H�KDYH�QRZ�XVHG�RXU
UHJUHVVLRQ�HTXDWLRQ�WR�PDNH�D�SUHGLFWLRQ�

<RX� VKRXOG� WU\� WR�PDNH�D�SUHGLFWLRQ�QRZ��'HWHUPLQH�ZKDW� VWDUWLQJ� VDODU\�\RX
ZRXOG� SUHGLFW� FROOHJH� VWXGHQWV�ZLWK� D� JUDGH� SRLQW� DYHUDJH� RI� ���� WR� KDYH� RQ� WKH
EDVLV�RI�RXU�GDWD��$OO�\RX�QHHG�WR�GR�LV�WDNH�WKH�HTXDWLRQ� ���������������������;�
DQG� LQVHUW� WKH� YDOXH� RI� ����ZKHUH� LW� VD\V�;�� 7KHQ� GR� WKH� DULWKPHWLF� DQG� ILQG� WKH
UHVXOW��<RX�ZLOO� ILQG� WKDW� WKH�SUHGLFWHG�YDOXH� LV�������������<RX�FDQ� LQVHUW� RWKHU
JUDGH�SRLQW�DYHUDJHV�LQWR�WKH�HTXDWLRQ�WR�ILQG�RWKHU�SUHGLFWHG�VWDUWLQJ�VDODULHV�

:KHQ� \RX� XVH� D� UHJUHVVLRQ� HTXDWLRQ� VXFK� DV� WKH� RQH� ZH� MXVW� XVHG� IURP� RXU
FROOHJH�VWXGHQW�GDWD�VHW��\RX�QHHG�WR�UHPHPEHU�WKDW�\RX�VKRXOG�XVH�LW�RQO\�IRU�YDOXHV
RI�;�WKDW�DUH�LQ�WKH�UDQJH�RI�WKH�;�YDOXHV�LQ�\RXU�GDWD�VHW��,Q�RXU�FDVH��ZH�VKRXOG�QRW
XVH�RXU�HTXDWLRQ�IRU�JUDGH�SRLQW�DYHUDJHV�WKDW�DUH�EHORZ�D�&�RU�KLJKHU� WKDQ�DQ�$
EHFDXVH�ZH�GR�QRW�KDYH�DQ\�GDWD�RQ�WKHVH�JUDGH�OHYHOV��$OO�WKH�VWXGHQWV�LQ�RXU�GDWD
VHW�KDG�JUDGHV� LQ� WKH�&� WR�$�UDQJH�� ,Q� IDFW�� LW� LV� LPSRVVLEOH� IRU�D� VWXGHQW� WR�JHW�D
JUDGH�KLJKHU�WKDQ�DQ�$��VR�\RX�ZRXOG�QHYHU�LQVHUW�D�YDOXH�JUHDWHU�WKDQ������LQWR�WKH
HTXDWLRQ�� 5HVHDUFKHUV�PXVW� EH� YHU\� FDUHIXO� ZKHQ� XVLQJ� D� UHJUHVVLRQ� HTXDWLRQ� WR
PDNH�SUHGLFWLRQV�

0XOWLSOH�5HJUHVVLRQ
0XOWLSOH�UHJUHVVLRQ�LV�VLPLODU�WR�VLPSOH�UHJUHVVLRQ�H[FHSW�WKDW�WKHUH�DUH�WZR�RU



PRUH�LQGHSHQGHQW�YDULDEOHV��7KH�PDLQ�GLIIHUHQFH�LV�WKDW�WKH�UHJUHVVLRQ�FRHIILFLHQWV
LQ�PXOWLSOH�UHJUHVVLRQ�DUH�FDOOHG�SDUWLDO�UHJUHVVLRQ�FRHIILFLHQWV��DQG�WKH\�VKRZ�WKH
SUHGLFWHG� FKDQJH� LQ� <� JLYHQ� D� ��XQLW� FKDQJH� LQ� WKH� LQGHSHQGHQW� YDULDEOH� ZKLOH
FRQWUROOLQJ�IRU�WKH�RWKHU�LQGHSHQGHQW�YDULDEOH�V��LQ�WKH�HTXDWLRQ��7KH�UHJUHVVLRQ
FRHIILFLHQWV� VWLOO� VKRZ� WKH� UHODWLRQVKLS� EHWZHHQ� DQ� LQGHSHQGHQW� YDULDEOH� DQG� WKH
GHSHQGHQW� YDULDEOH�� +RZHYHU�� WKH�PXOWLSOH� UHJUHVVLRQ� FRHIILFLHQWV� DOVR� WDNH� LQWR
DFFRXQW� WKH� IDFW� WKDW� RWKHU� LQGHSHQGHQW� YDULDEOHV� DUH� LQFOXGHG� LQ� WKH� UHJUHVVLRQ
HTXDWLRQ�� 0XOWLSOH� UHJUHVVLRQ� FRHIILFLHQWV� DUH� VLPLODU� WR� SDUWLDO� FRUUHODWLRQ
FRHIILFLHQWV��GLVFXVVHG�LQ�&KDSWHU����

��3DUWLDO�UHJUHVVLRQ�FRHIILFLHQW�$�UHJUHVVLRQ�FRHIILFLHQW�REWDLQHG�LQ�PXOWLSOH
UHJUHVVLRQ

/HW¶V� XVH� RXU� FROOHJH� VWXGHQW� GDWD� VHW� DJDLQ�� :H� OHW� VWDUWLQJ� VDODU\� EH� RXU
GHSHQGHQW� YDULDEOH�� DQG�ZH� XVH� WZR� LQGHSHQGHQW� YDULDEOHV�� JUDGH� SRLQW� DYHUDJH
DQG�*5(�9HUEDO�VFRUHV��+HUH�LV�WKH�PXOWLSOH�UHJUHVVLRQ�HTXDWLRQ�WKDW�ZDV�SURYLGHG
E\�RXU�VWDWLVWLFDO�SURJUDP��6366�

� ������������������������;�������������;��

ZKHUH

;��LV�JUDGH�SRLQW�DYHUDJH��DQG
;��LV�WKH�*5(�9HUEDO�VFRUH�

$FFRUGLQJ�WR�WKLV�HTXDWLRQ��VWDUWLQJ�VDODU\�LQFUHDVHV�E\�����������IRU�D���XQLW
LQFUHDVH� LQ� JUDGH� SRLQW� DYHUDJH�ZKHQ� \RX� FRQWURO� IRU�*5(�9HUEDO� SHUIRUPDQFH�
$OVR�� VWDUWLQJ� VDODU\� LQFUHDVHV� E\� �������� IRU� D� ��XQLW� LQFUHDVH� LQ� *5(� 9HUEDO
SHUIRUPDQFH�ZKHQ�\RX�FRQWURO�IRU�JUDGH�SRLQW�DYHUDJH�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

<RX�FDQ�DOVR�XVH�WKH�PXOWLSOH�UHJUHVVLRQ�HTXDWLRQ�WR�ILQG�WKH�SUHGLFWHG�VWDUWLQJ
VDODU\�IRU�D�VHW�RI�YDOXHV�IRU�WKH�WZR�LQGHSHQGHQW�YDULDEOHV�WKDW�\RX�FKRRVH��/HW¶V
VD\�\RX�ZDQW� WR�NQRZ� WKH�SUHGLFWHG� VWDUWLQJ� VDODU\�ZKHQ�D� VWXGHQW� LV� D�%�VWXGHQW
�L�H��� WKH� VWXGHQW¶V�*3$� LV�������DQG� WKH� VWXGHQW� HDUQHG�D�����RQ� WKH�*5(�YHUEDO
WHVW��$OO�\RX�KDYH� WR�GR� LV� LQVHUW������IRU�*3$�DQG�����IRU�*5(�9HUEDO�DQG� WKHQ
ILQG�WKH�SUHGLFWHG�YDOXH�IRU�<��WKH�SUHGLFWHG�VWDUWLQJ�LQFRPH�



,I�D�UHFHQW�FROOHJH�JUDGXDWH�KDV�D�JUDGH�SRLQW�DYHUDJH�RI������DQG�D�*5(�9HUEDO
VFRUH�RI������ZH�SUHGLFW�WKDW�KLV�RU�KHU�VWDUWLQJ�VDODU\�ZLOO�EH�������������<RX�FDQ
SXW� DQ\� RWKHU� YDOLG� YDOXHV� LQWR� WKH� UHJUHVVLRQ� HTXDWLRQ� DQG� REWDLQ� WKH� SUHGLFWHG
VWDUWLQJ�VDODU\��)RU�H[DPSOH��\RX�PLJKW�ZDQW�WR�NQRZ�WKH�SUHGLFWHG�VWDUWLQJ�VDODU\
IRU�VRPHRQH�ZLWK�D�*3$�RI�����DQG�D�*5(�9HUEDO�VFRUH�RI������$OO�\RX�QHHG�WR�GR
LV�LQVHUW�WKHVH�WZR�YDOXHV�LQWR�WKH�HTXDWLRQ�DQG�JHW�WKH�SUHGLFWHG�VDODU\�

5(9,(:
48(67 ,21 6

������:KDW�DUH�VRPH�RI�WKH�GLIIHUHQW�ZD\V�WR�H[DPLQH
WKH�UHODWLRQVKLSV�DPRQJ�YDULDEOHV"

������,I�\RX�FDOFXODWH�SHUFHQWDJHV�GRZQ�D�FRQWLQJHQF\
WDEOH�� WKHQ� VKRXOG� \RX� PDNH� \RXU� FRPSDULVRQV
GRZQ�WKH�FROXPQV�RU�DFURVV�WKH�URZV"

������:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�VLPSOH�UHJUHVVLRQ
DQG�PXOWLSOH�UHJUHVVLRQ"

������+RZ� LV� WKH� UHJUHVVLRQ� FRHIILFLHQW� LQWHUSUHWHG� LQ
VLPSOH�UHJUHVVLRQ"

������+RZ� LV� WKH� UHJUHVVLRQ� FRHIILFLHQW� LQWHUSUHWHG� LQ
PXOWLSOH�UHJUHVVLRQ"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� EHOLHYH� LQ� FRXQWLQJ� ZKDW� FRXQWV� DV� WKH\� DWWHPSW� WR
LPSOHPHQW�FKDQJH�DQG�SURGXFH�GHVLUHG�RXWFRPHV�

����+RZ�PLJKW�D�PHDVXUH�RI�FHQWUDO�WHQGHQF\�EH�XVHIXO�LQ�DFWLRQ�UHVHDUFK"
:KLFK�PHDVXUH�V���PRGH��PHGLDQ��PHDQ��GR�\RX�SUHIHU�DQG�ZK\"

����:KDW�FDQ�\RX�JDLQ�E\�XVLQJ�D�PHDVXUH�RI�YDULDELOLW\��LQ�DGGLWLRQ�WR�PHDVXUHV
RI�FHQWUDO�WHQGHQF\��DV�\RX�DWWHPSW�WR�XQGHUVWDQG�DQG�GHVFULEH�\RXU�VWXGHQWV
RU�SDUWLFLSDQWV"

����:K\�LV�LW�LPSRUWDQW�WR�XQGHUVWDQG�ERWK�VLPLODULW\�DQG�GLIIHUHQFH�ZLWKLQ�\RXU
GDWD�DQG�DFURVV�SDUWLFLSDQWV"

����+RZ�FDQ�\RX�XVH�WKH�LGHD�RI�UDWHV��H�J���VHHQ�LQ�WKH�FROXPQ�SHUFHQWDJHV�LQ�D



FRQWLQJHQF\�WDEOH���DQG�ZK\�DUH�UDWHV�XVHIXO"

6800$5<

7KH� JRDO� RI� GHVFULSWLYH� VWDWLVWLFV� LV� WR� GHVFULEH� RU� VXPPDUL]H� D� VHW� RI� GDWD�
7\SLFDOO\��YDULDEOHV�DUH�VXPPDUL]HG�RQH�DW�D�WLPH��6RPH�FRPPRQ�ZD\V�WR�GHVFULEH
WKH� YDOXHV� RI� D� YDULDEOH� DUH� WR� FRQVWUXFW� D� IUHTXHQF\� GLVWULEXWLRQ� RU� D� JURXSHG
IUHTXHQF\�GLVWULEXWLRQ��*UDSKLFDO�UHSUHVHQWDWLRQV²VXFK�DV�EDU�JUDSKV��KLVWRJUDPV�
DQG�OLQH�JUDSKV²DUH�DOVR�XVHIXO� LQ�GHVFULELQJ�GDWD��6FDWWHU�SORWV�DUH�XVHIXO�ZKHQ
\RX�ZDQW�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�TXDQWLWDWLYH�YDULDEOHV��0HDVXUHV
RI�FHQWUDO�WHQGHQF\��PHDQ��PHGLDQ��DQG�PRGH��SURYLGH�WKH�QXPHULFDO�YDOXH�WKDW�LV
FRQVLGHUHG�PRVW� W\SLFDO� RI� WKH� YDOXHV� RI� D� TXDQWLWDWLYH� YDULDEOH�� 7KH�PHDQ� WDNHV
LQWR�DFFRXQW�WKH�PDJQLWXGH�RI�WKH�VFRUHV�DQG�LV�XVXDOO\�FRQVLGHUHG�WKH�EHVW�PHDVXUH
RI� FHQWUDO� WHQGHQF\��+RZHYHU�� WKH�PHGLDQ� LV� VRPHWLPHV� WKH� SUHIHUUHG�PHDVXUH� RI
FHQWUDO� WHQGHQF\� LI� WKH� GDWD� DUH� VHYHUHO\� VNHZHG� �QRW� V\PPHWULFDO���0HDVXUHV� RI
YDULDELOLW\� WHOO� \RX� KRZ� VSUHDG� RXW� RU� GLVSHUVHG� WKH� GDWD� YDOXHV� DUH�� 7KH� PRVW
XVHIXO� PHDVXUHV� DUH� WKH� YDULDQFH� DQG� WKH� VWDQGDUG� GHYLDWLRQ�� :KHQ� GDWD� DUH
QRUPDOO\� GLVWULEXWHG�� \RX� FDQ� DSSO\� WKH� IROORZLQJ� DSSUR[LPDWH� UXOH�� ���� RI� WKH
FDVHV�ZLOO� IDOO� ZLWKLQ� �� VWDQGDUG� GHYLDWLRQ�� ���� RI� WKH� FDVHV�ZLOO� IDOO� ZLWKLQ� �
VWDQGDUG�GHYLDWLRQV��DQG�������RI�WKH�FDVHV�ZLOO�IDOO�ZLWKLQ���VWDQGDUG�GHYLDWLRQV�
0HDVXUHV� RI� UHODWLYH� VWDQGLQJ� WHOO� \RX� ZKHUH� D� VFRUH� IDOOV� LQ� UHODWLRQ� WR� RWKHU
VFRUHV��7KH�PRVW�LPSRUWDQW�PHDVXUHV�RI�UHODWLYH�VWDQGLQJ�DUH�SHUFHQWLOH�UDQNV�DQG�]
VFRUHV�� 6RPH� LPSRUWDQW� ZD\V� WR� H[DPLQH� DQG� GHVFULEH� WKH� UHODWLRQVKLSV� DPRQJ
YDULDEOHV�DUH�VFDWWHU�SORWV��FRQWLQJHQF\�WDEOHV��DQG�UHJUHVVLRQ�DQDO\VLV�

.(<�7(506

EDU�JUDSK��S������
FRQWLQJHQF\�WDEOH��S������
GDWD�VHW��S������
GHVFULSWLYH�VWDWLVWLFV��S������
H[KDXVWLYH��S������
IUHTXHQF\�GLVWULEXWLRQ��S������
JURXSHG�IUHTXHQF\�GLVWULEXWLRQ��S������
KHWHURJHQHRXV��S������
KLVWRJUDP��S������
KRPRJHQHRXV��S������
LQIHUHQWLDO�VWDWLVWLFV��S������
OLQH�JUDSK��S������
PHDQ��S������



PHDVXUH�RI�FHQWUDO�WHQGHQF\��S������
PHDVXUH�RI�YDULDELOLW\��S������
PHDVXUHV�RI�UHODWLYH�VWDQGLQJ��S������
PHGLDQ��S������
PRGH��S������
PXOWLSOH�UHJUHVVLRQ��S������
PXWXDOO\�H[FOXVLYH��S������
QHJDWLYHO\�VNHZHG��S������
QRUPDO�GLVWULEXWLRQ��S������
RXWOLHU��S������
SDUWLDO�UHJUHVVLRQ�FRHIILFLHQW��S������
SHUFHQWLOH�UDQN��S������
SHUFHQWLOH�UDQNV��S������
SRVLWLYHO\�VNHZHG��S������
UDQJH��S������
UDWH��S������
UHIHUHQFH�JURXS��S������
UHJUHVVLRQ�DQDO\VLV��S������
UHJUHVVLRQ�FRHIILFLHQW��S������
UHJUHVVLRQ�HTXDWLRQ��S������
UHJUHVVLRQ�OLQH��S������
VFDWWHU�SORW��S������
VLPSOH�UHJUHVVLRQ��S������
VNHZHG��S������
VWDQGDUG�GHYLDWLRQ��S������
VWDQGDUG�VFRUHV��S������
YDULDQFH��S������
\�LQWHUFHSW��S������
]�VFRUH��S������

',6&866,21�48(67,216

����:KHQ�GR�\RX�WKLQN�WKH�XVH�RI�GHVFULSWLYH�VWDWLVWLFV�LV�LPSRUWDQW"

����6RPH�VWDWLVWLFLDQV�VD\�WKDW�D�PHDVXUH�RI�FHQWUDO�WHQGHQF\�VXFK�DV�WKH�PHDQ
VKRXOG�EH�DFFRPSDQLHG�E\�D�PHDVXUH�RI�YDULDELOLW\��:K\�GR�\RX�WKLQN�WKH\�VD\
WKLV"

����:KLFK�PHDVXUH��RU�PHDVXUHV��RI�UHODWLYH�VWDQGLQJ�VKRXOG�WHDFKHUV�XVH�ZKHQ



FRPPXQLFDWLQJ�VWXGHQWV¶�WHVW�VFRUHV�WR�SDUHQWV"�:K\"

����1DPH�D�YDULDEOH�WKDW�\RX�WKLQN�LV�QRUPDOO\�GLVWULEXWHG��'RHV�LW�KDYH�DOO�WKH
FKDUDFWHULVWLFV�RI�WKH�QRUPDO�FXUYH"�)RU�H[DPSOH��GRHV�LW�SUHFLVHO\�IROORZ�WKH
�������������SHUFHQW�UXOH"�'R�WKH�WDLOV�RI�WKH�FXUYH�HYHU�FRPSOHWHO\�WRXFK�WKH
ERWWRP�D[LV��ZKLFK�LV�DOVR�D�FKDUDFWHULVWLF�RI�D�QRUPDO�FXUYH�"

����)RU�HDFK�RI�WKH�IROORZLQJ�FDVHV��OLVW�WKH�SURFHGXUH�VKRZQ�LQ�WKLV�FKDSWHU�WKDW�LV
XVHG�WR�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV�

D���<RX�KDYH�WZR�FDWHJRULFDO�YDULDEOHV�

E���<RX�KDYH�WZR�TXDQWLWDWLYH�YDULDEOHV�

F���<RX�KDYH�D�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH�DQG�RQH�RU�PRUH�TXDQWLWDWLYH
LQGHSHQGHQW�YDULDEOHV�

G���7R�IRUHVKDGRZ�ZKDW�LV�FRPLQJ�XS�LQ�WKH�QH[W�FKDSWHU��QRWH�WKH�IROORZLQJ�
:KHQ�\RX�KDYH�D�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH�DQG�RQH�FDWHJRULFDO
LQGHSHQGHQW�YDULDEOH��WKH�SURFHGXUH�LV�FDOOHG�D�RQH�ZD\�DQDO\VLV�RI
YDULDQFH��:KHQ�\RX�KDYH�RQH�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH�DQG�WZR
FDWHJRULFDO�LQGHSHQGHQW�YDULDEOHV��LW�LV�FDOOHG�D�WZR�ZD\�DQDO\VLV�RI
YDULDQFH�

5(6($5&+�(;(5&,6(6

����'HWHUPLQH�WKH�PHDQ��PHGLDQ��DQG�PRGH�RI�WKH�IROORZLQJ�QXPEHUV����������������
���������������������������$UH�WKHVH�GDWD�VNHZHG�WR�WKH�OHIW��QHJDWLYHO\�VNHZHG��RU
VNHZHG�WR�WKH�ULJKW��SRVLWLYHO\�VNHZHG�"�:KLFK�PHDVXUH�RI�FHQWUDO�WHQGHQF\�GR
\RX�WKLQN�EHVW�UHSUHVHQWV�WKH�FHQWUDO�WHQGHQF\�RI�WKH�GDWD"

����,Q�7DEOH�������ZH�FDOFXODWHG�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�IROORZLQJ�VHW�RI
QXPEHUV�����������������1RZ�FDOFXODWH�WKH�]�VFRUH�IRU�HDFK�RI�WKH�ILYH�QXPEHUV�
<RX�ZLOO�UHFDOO�WKDW�ZH�FODLPHG�WKDW�WKH�PHDQ�LV�]HUR�DQG�WKH�VWDQGDUG�GHYLDWLRQ
LV���IRU�DQ\�FRPSOHWH�VHW�RI�]�VFRUHV��,V�WKLV�WUXH�IRU�\RXU�VHW�RI�]�VFRUHV"

����,I�VRPHRQH�WHOOV�\RX�WKDW�KLV�RU�KHU�,4�LV������KRZ�UDUH�LV�WKLV�HYHQW"��+LQW�
&DOFXODWH�WKH�]�VFRUH�DQG�LQWHUSUHW�LW�LQ�UHODWLRQ�WR�WKH�QRUPDO�FXUYH��

����,Q�WKH�FKDSWHU��ZH�SURYLGHG�D�VLPSOH�UHJUHVVLRQ�HTXDWLRQ�VKRZLQJ�WKH
UHODWLRQVKLS�EHWZHHQ�JUDGH�SRLQW�DYHUDJH�DQG�VWDUWLQJ�VDODU\��7KH�UHJUHVVLRQ
HTXDWLRQ�LV� ��:KDW�VWDUWLQJ�VDODU\�ZRXOG�\RX�SUHGLFW��XVLQJ
WKH�UHJUHVVLRQ�HTXDWLRQ��IRU�VRPHRQH�ZKR�KDV�D�*3$�RI�������D�VWXGHQW�ZKR�KDV
DOO�$V�"

����,Q�7DEOH�����D��ZH�VKRZHG�D�FRQWLQJHQF\�WDEOH�ZLWK�FHOO�IUHTXHQFLHV��,Q�7DEOH
����E��ZH�VKRZHG�D�FRQWLQJHQF\�WDEOH�LQ�ZKLFK�SHUFHQWDJHV�KDG�EHHQ�FDOFXODWHG
LQ�HDFK�FROXPQ��7KH�WDEOH�WKDW�IROORZV�VKRZV�D�QHZ�VHW�RI�FHOO�IUHTXHQFLHV�



&DOFXODWH�SHUFHQWDJHV�LQ�WKLV�QHZ�WDEOH�GRZQ�WKH�FROXPQV�DQG�LQWHUSUHW�WKH�UHVXOWV�

5(/(9$17�,17(51(7�6,7(6

2QOLQH�VWDWLVWLFV�WH[WERRNV
KWWS���GDYLGPODQH�FRP�K\SHUVWDW�
KWWS���ZZZ�SV\FKVWDW�PLVVRXULVWDWH�HGX�VEN���KWP

$QRWKHU�YHU\�XVHIXO�VLWH�IRU�H[SODLQLQJ�DQG�OHDUQLQJ�DERXW�VWDWLVWLFDO�DQDO\VLV
KWWS���ZZZ�VWDW�WDPX�HGX�aZHVW�DSSOHWV

/RWV�RI�VWDWLVWLFV�UHODWHG�OHDUQLQJ�PDWHULDOV�WKDW�GHPRQVWUDWH�VWDWLVWLFV
KWWS���ZLVH�FJX�HGX

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
6366�'DWD�6HW
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

+HQU\��*��7����������$SSOLHG�VRFLDO�UHVHDUFK�PHWKRGV�VHULHV��9RO������*UDSKLQJ
GDWD��7HFKQLTXHV�IRU�GLVSOD\�DQG�DQDO\VLV��7KRXVDQG�2DNV��&$��6DJH�

+XII��'����������+RZ�WR�OLH�ZLWK�VWDWLVWLFV��1HZ�<RUN��1<��1RUWRQ���2ULJLQDO�ZRUN
SXEOLVKHG������

.RRPH\��-��*����������7XUQLQJ�QXPEHUV�LQWR�NQRZOHGJH��0DVWHULQJ�WKH�DUW�RI
SUREOHP�VROYLQJ��2DNODQG��&$��$QDO\WLFV�3UHVV�

http://davidmlane.com/hyperstat/
http://www.psychstat.missouristate.edu/sbk00.htm
http://www.stat.tamu.edu/~west/applets
http://wise.cgu.edu
http://www.sagepub.com/bjohnson5e/


9RJW��:��3���	�-RKQVRQ��5��%����������'LFWLRQDU\�RI�VWDWLVWLFV�DQG�PHWKRGRORJ\��$
QRQWHFKQLFDO�JXLGH�IRU�WKH�VRFLDO�VFLHQFHV���WK�HG����7KRXVDQG�2DNV��&$��6DJH�

127(6

����<RX�FDQQRW�QHFHVVDULO\�FRQFOXGH�WKDW�WKH�GDWD�DUH�QRUPDO�ZKHQ�WKH�PHDQ�DQG
WKH�PHGLDQ�DUH�WKH�VDPH�

����,I�\RX�IRUP�WKH�UDWLR�RI�WKH�UDWHV��\RX�FDQ�REWDLQ�ZKDW�LV�FDOOHG�WKH�UHODWLYH
ULVN�� ZKLFK� LV� DOVR� IUHTXHQWO\� JLYHQ� RQ� WKH� QDWLRQDO� QHZV�� ,Q� RXU� H[DPSOH�� WKH
UHODWLYH�UDWH�LV����������� �������7KLV�UDWH�RI������PHDQV�WKDW�PDOHV�DUH�����PRUH
OLNHO\� WKDQ� IHPDOHV� WR� EH� 'HPRFUDWV�� ,I� WKH� UHODWLYH� UDWH� ZHUH� ������ WKHQ� PDOHV
ZRXOG�EH�WZLFH�DV�OLNHO\�WR�EH�'HPRFUDWV��LI�WKH�UDWH�ZHUH��������PDOHV�ZRXOG�EH
���WLPHV�DV�OLNHO\�WR�EH�'HPRFUDWV�



&KDSWHU���

,QIHUHQWLDO�6WDWLVWLFV

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��'HILQH�LQIHUHQWLDO�VWDWLVWLFV�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�VDPSOH�DQG�D�SRSXODWLRQ�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�VWDWLVWLF�DQG�D�SDUDPHWHU�
��5HFRJQL]H�WKH�V\PEROV�XVHG�IRU�WKH�PHDQ��YDULDQFH��VWDQGDUG�GHYLDWLRQ�
FRUUHODWLRQ�FRHIILFLHQW��SURSRUWLRQ��DQG�UHJUHVVLRQ�FRHIILFLHQW�

��3URYLGH�WKH�GHILQLWLRQ�RI�VDPSOLQJ�GLVWULEXWLRQ�
��&RPSDUH�DQG�FRQWUDVW�SRLQW�HVWLPDWLRQ�DQG�LQWHUYDO�HVWLPDWLRQ�
��([SODLQ�KRZ�FRQILGHQFH�LQWHUYDOV�ZRUN�RYHU�UHSHDWHG�VDPSOLQJ�
��/LVW�DQG�H[SODLQ�WKH�VWHSV�LQ�K\SRWKHVLV�WHVWLQJ�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�0DNLQJ�*HQHUDOL]DWLRQV�:LWK
,QIHUHQWLDO�6WDWLVWLFV

2YHU� WKH�SDVW���� WR����\HDUV��PDQ\�VWXGLHV�KDYH�FRPSDUHG
VPDOOHU�VFKRROV�ZLWK�ODUJHU�VFKRROV�DQG�IRXQG�WKDW�VWXGHQWV�LQ
VPDOOHU� VFKRROV� ³FRPH� WR� FODVV� PRUH� RIWHQ�� GURS� RXW� OHVV�
HDUQ�EHWWHU� JUDGHV�� SDUWLFLSDWH�PRUH�RIWHQ� LQ� H[WUDFXUULFXODU
DFWLYLWLHV�� IHHO� VDIHU�� DQG� VKRZ� IHZHU� EHKDYLRU� SUREOHPV´
�9LDGHUR�� ������� 2QH� RI� WKH� VWXGLHV� FRQWULEXWLQJ� WR� WKLV
FRQFOXVLRQ� ZDV� IXQGHG� E\� WKH� &KLFDJR�EDVHG� -R\FH
)RXQGDWLRQ� �:DVOH\� HW� DO��� ������� ,Q� WKLV� ��\HDU� VWXG\�� WKH
&KLFDJR� SXEOLF� VFKRROV� ZHUH� FODVVLILHG� LQWR� GLIIHUHQW� W\SHV�
WKH� SULPDU\� GLVWLQFWLRQ� EHLQJ� VPDOO� VFKRROV�ZLWK� IHZHU� WKDQ

���� VWXGHQWV�YHUVXV� ODUJHU� VFKRROV�ZLWK�PRUH� WKDQ����� VWXGHQWV��7KH� UHVHDUFKHUV� FROOHFWHG�GDWD�RQ�D
YDULHW\� RI� LQGLFDWRUV� RI� VFKRRO� SHUIRUPDQFH�� VXFK� DV� GURSRXW� UDWHV�� DWWHQGDQFH� UDWHV�� UHWHQWLRQ� UDWHV�
VFKRRO�JUDGHV��DQG�VWDQGDUGL]HG� WHVW�VFRUHV��)ROORZLQJ�FRPSOHWLRQ�RI� WKH�VWXG\�� WKH�UHVHDUFKHUV�KDG� WR
DQDO\]H�WKLV�ODUJH�GDWD�VHW�LQ�D�ZD\�WKDW�ZRXOG�SURYLGH�DQVZHUV�WR�WKH�UHVHDUFK�TXHVWLRQV�WKDW�GLUHFWHG
WKH� VWXG\��2QH� RI� WKH� TXHVWLRQV�ZDV�ZKHWKHU� D� UHODWLRQVKLS� H[LVWHG� EHWZHHQ� VFKRRO� VL]H� DQG� VWXGHQW
DFKLHYHPHQW�� 7KH\� DOVR� ZDQWHG� WR� ILQG� RXW� ZKHWKHU� WKH� HIIHFW� RI� VFKRRO� VL]H� GLIIHUHG� EHWZHHQ



,

HOHPHQWDU\�VFKRROV�DQG�KLJK�VFKRROV�
+RZ� GLG� WKHVH� UHVHDUFKHUV� JR� DERXW� DQDO\]LQJ� WKHLU� GDWD� WR� DQVZHU� WKHLU� UHVHDUFK� TXHVWLRQV"� 7R

DQDO\]H� DQ\� VHW� RI� TXDQWLWDWLYH� GDWD� DSSURSULDWHO\� UHTXLUHV� NQRZOHGJH� RI� VWDWLVWLFV�� 1RWH� WKDW� WKHVH
UHVHDUFKHUV�ZHUH�QRW� MXVW� LQWHUHVWHG� LQ� WKH�SDUWLFXODU� VFKRROV� WKDW� WKH\� VWXGLHG�EXW�ZHUH�DOVR�DVNLQJ�D
JHQHUDO�TXHVWLRQ�UHJDUGLQJ�WKH�HIIHFW�RI�VFKRRO�VL]H��,Q�RWKHU�ZRUGV��WKH\�ZDQWHG�WR�EH�DEOH�WR�JHQHUDOL]H
IURP� WKH� UHVXOWV� RI� WKHLU� VWXG\� WR� RWKHU� VFKRROV� LQ� VLPLODU� FLUFXPVWDQFHV�� 7R� EH� DEOH� WR� PDNH� VXFK
VWDWHPHQWV�UHTXLUHV�WKH�XVH�RI�LQIHUHQWLDO�VWDWLVWLFDO�WHFKQLTXHV��DQG�WKLV�LV�WKH�W\SH�RI�VWDWLVWLFDO�DQDO\VLV
WKDW�:DVOH\�HW�DO���������XVHG�ZKHQ�WKH\�DQDO\]HG�WKH�UHVXOWV�RI�WKHLU�VWXG\��:H�GLVFXVV�WKHVH�VWDWLVWLFDO
WHFKQLTXHV�LQ�WKLV�FKDSWHU�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�QXOO�K\SRWKHVLV�DQG�WKH�DOWHUQDWLYH
K\SRWKHVLV�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�QRQGLUHFWLRQDO�DQG�D�GLUHFWLRQDO�DOWHUQDWLYH
K\SRWKHVLV�

��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�D�SUREDELOLW\�YDOXH�DQG�WKH�VLJQLILFDQFH�OHYHO�
��'UDZ�WKH�K\SRWKHVLV�WHVWLQJ�GHFLVLRQ�PDWUL[�DQG�H[SODLQ�WKH�FRQWHQWV�
��6WDWH�KRZ�WR�GHFUHDVH�WKH�SUREDELOLW\�RI�7\SH�,�DQG�7\SH�,,�HUURUV�
��([SODLQ�WKH�SXUSRVH�RI�K\SRWKHVLV�WHVWLQJ�
��([SODLQ�WKH�EDVLF�ORJLF�RI�VLJQLILFDQFH�WHVWLQJ�
��([SODLQ�WKH�GLIIHUHQW�VLJQLILFDQFH�WHVWV�GLVFXVVHG�LQ�WKH�FKDSWHU�
��([SODLQ�WKH�GLIIHUHQFH�EHWZHHQ�VWDWLVWLFDO�DQG�SUDFWLFDO�VLJQLILFDQFH�
��([SODLQ�ZKDW�DQ�HIIHFW�VL]H�LQGLFDWRU�LV�

Q� GHVFULSWLYH� VWDWLVWLFV�� UHVHDUFKHUV� DWWHPSW� WR� GHVFULEH� WKH� QXPHULFDO
FKDUDFWHULVWLFV�RI�WKHLU�GDWD��,Q�LQIHUHQWLDO�VWDWLVWLFV��UHVHDUFKHUV�DWWHPSW�WR�JR
EH\RQG� WKHLU� GDWD�� ,Q� SDUWLFXODU�� WKH\� XVH� WKH� ODZV� RI� SUREDELOLW\� WR� PDNH

LQIHUHQFHV� DERXW� SRSXODWLRQV� EDVHG� RQ� VDPSOH� GDWD�� ,Q� WKH� EUDQFK� RI� LQIHUHQWLDO
VWDWLVWLFV�NQRZQ�DV�HVWLPDWLRQ�� UHVHDUFKHUV�ZDQW� WR�HVWLPDWH� WKH�FKDUDFWHULVWLFV�RI
SRSXODWLRQV�EDVHG�RQ�WKHLU�VDPSOH�GDWD��7R�PDNH�YDOLG�VWDWLVWLFDO�HVWLPDWLRQV�DERXW
SRSXODWLRQV��WKH\�XVH�UDQGRP�VDPSOHV��L�H���³SUREDELOLW\´�VDPSOHV���,Q�WKH�EUDQFK�RI
LQIHUHQWLDO� VWDWLVWLFV� NQRZQ� DV� K\SRWKHVLV� WHVWLQJ�� UHVHDUFKHUV� WHVW� VSHFLILF
K\SRWKHVHV� DERXW� SRSXODWLRQV� EDVHG� RQ� WKHLU� VDPSOH� GDWD��<RX� FDQ� VHH� WKH�PDMRU
GLYLVLRQV�RI�WKH�ILHOG�RI�VWDWLVWLFV�E\�UHYLHZLQJ�)LJXUH�������SDJH������

��,QIHUHQWLDO�VWDWLVWLFV�8VH�RI�WKH�ODZV�RI�SUREDELOLW\�WR�PDNH�LQIHUHQFHV�DQG
GUDZ�VWDWLVWLFDO�FRQFOXVLRQV�DERXW�SRSXODWLRQV�EDVHG�RQ�VDPSOH�GDWD

/HW¶V� VWDUW� ZLWK� IRXU� LPSRUWDQW� SRLQWV� DERXW� LQIHUHQWLDO� VWDWLVWLFV�� )LUVW�� WKH
GLVWLQFWLRQ� EHWZHHQ� VDPSOHV� DQG� SRSXODWLRQV� LV� HVVHQWLDO�� <RX� ZLOO� UHFDOO� WKDW� D
VDPSOH� LV� D� VXEVHW� RI� FDVHV� GUDZQ� IURP� D� SRSXODWLRQ� DQG� D� SRSXODWLRQ� LV� WKH
FRPSOHWH�VHW�RI�FDVHV��$�SRSXODWLRQ�PLJKW�EH�DOO�ILUVW�JUDGH�VWXGHQWV�LQ�WKH�FLW\�RI
$QQ� $UERU�� 0LFKLJDQ�� DQG� D� VDPSOH� PLJKW� FRQVLVW� RI� ���� ILUVW�JUDGH� VWXGHQWV
VHOHFWHG�IURP�WKLV�SRSXODWLRQ��7KH�UHVHDUFKHU�VKRXOG�DOZD\V�GHILQH�WKH�SRSXODWLRQ
RI�LQWHUHVW�



��6DPSOH�$�VHW�RI�FDVHV�WDNHQ�IURP�D�ODUJHU�SRSXODWLRQ

��3RSXODWLRQ�7KH�FRPSOHWH�VHW�RI�FDVHV

6HFRQG��D�VWDWLVWLF��DOVR�FDOOHG�D�VDPSOH�VWDWLVWLF��LV�D�QXPHULFDO�FKDUDFWHULVWLF
RI�D�VDPSOH��DQG�D�SDUDPHWHU��DOVR�FDOOHG�D�SRSXODWLRQ�SDUDPHWHU��LV�D�QXPHULFDO
FKDUDFWHULVWLF� RI� D� SRSXODWLRQ�� 6RPH� H[DPSOHV� RI� QXPHULFDO� FKDUDFWHULVWLFV� WKDW
LQWHUHVW�UHVHDUFKHUV�DUH�PHDQV��DYHUDJHV���SURSRUWLRQV��RU�SHUFHQWDJHV���YDULDQFHV�
VWDQGDUG� GHYLDWLRQV�� FRUUHODWLRQV�� DQG� UHJUHVVLRQ� FRHIILFLHQWV�� +HUH� LV� WKH� PDLQ
LGHD��,I�D�PHDQ�RU�D�FRUUHODWLRQ��RU�DQ\�RWKHU�QXPHULFDO�FKDUDFWHULVWLF��LV�FDOFXODWHG
IURP�VDPSOH�GDWD��LW�LV�FDOOHG�D�VWDWLVWLF��LI�LW�LV�EDVHG�RQ�DOO�WKH�FDVHV�LQ�WKH�HQWLUH
SRSXODWLRQ��VXFK�DV�LQ�D�FHQVXV���LW�LV�FDOOHG�D�SDUDPHWHU�

��6WDWLVWLF�$�QXPHULFDO�FKDUDFWHULVWLF�RI�D�VDPSOH

��3DUDPHWHU�$�QXPHULFDO�FKDUDFWHULVWLF�RI�D�SRSXODWLRQ

7KLUG�� LQ� LQIHUHQWLDO� VWDWLVWLFV��ZH� VWXG\� VDPSOHV�ZKHQ�ZH� DUH� DFWXDOO\�PXFK
PRUH� LQWHUHVWHG� LQ� SRSXODWLRQV�� :H� GRQ¶W� VWXG\� SRSXODWLRQV� GLUHFWO\� EHFDXVH� LW
ZRXOG� EH� FRVW� SURKLELWLYH� DQG� ORJLVWLFDOO\� LPSRVVLEOH� WR� VWXG\� HYHU\RQH� LQ�PRVW
SRSXODWLRQV� WKDW� DUH� WKH� IRFXV� RI� UHVHDUFK� VWXGLHV�� +RZHYHU�� EHFDXVH� ZH� VWXG\
VDPSOHV� UDWKHU� WKDQ� SRSXODWLRQV�� RXU� FRQFOXVLRQV� ZLOO� VRPHWLPHV� EH� ZURQJ�� 7KH
VROXWLRQ�SURYLGHG�E\�LQIHUHQWLDO�VWDWLVWLFV�LV�WKDW�ZH�FDQ�DVVLJQ�SUREDELOLWLHV�WR�RXU
VWDWHPHQWV�DQG�ZH�FDQ�GUDZ�FRQFOXVLRQV�WKDW�DUH�YHU\�OLNHO\�WR�EH�FRUUHFW�

)RXUWK�� UDQGRP� VDPSOLQJ� LV� DVVXPHG� LQ� LQIHUHQWLDO� VWDWLVWLFV�� <RX� ZLOO� UHFDOO
IURP� &KDSWHU� ��� WKDW� UDQGRP� VDPSOLQJ� SURGXFHV� UHSUHVHQWDWLYH� VDPSOHV� �L�H��
VDPSOHV� WKDW� DUH� VLPLODU� WR� WKH� SRSXODWLRQV� IURP� ZKLFK� WKH\� DUH� VHOHFWHG��� 7KH
DVVXPSWLRQ� RI� UDQGRP� VDPSOLQJ� LV� LPSRUWDQW� LQ� LQIHUHQWLDO� VWDWLVWLFV� EHFDXVH� LW
DOORZV�UHVHDUFKHUV�WR�XVH�WKH�SUREDELOLW\�WKHRU\�WKDW�XQGHUOLHV�LQIHUHQWLDO�VWDWLVWLFV�
%DVLFDOO\�� VWDWLVWLFLDQV� KDYH� VWXGLHG� DQG� FRPH� WR� XQGHUVWDQG� WKH� EHKDYLRU� RI
VWDWLVWLFV�EDVHG�RQ�UDQGRP�VDPSOHV�

1RZ�\RX�QHHG�WR�EHFRPH�IDPLOLDU�ZLWK�VRPH�V\PEROV�WKDW�DUH�XVHG�WR�UHSUHVHQW
VHYHUDO�FRPPRQO\�XVHG�VWDWLVWLFV�DQG�SDUDPHWHUV��5HVHDUFKHUV�DQG�VWDWLVWLFLDQV�XVH
GLIIHUHQW�V\PEROV�IRU�VWDWLVWLFV�DQG�SDUDPHWHUV�EHFDXVH�WKH\�ZDQW�WR�FRPPXQLFDWH
ZKHWKHU�WKHLU�UHVHDUFK�LV�EDVHG�RQ�VDPSOH�RU�SRSXODWLRQ�GDWD��6WDWLVWLFLDQV�XVXDOO\
XVH� *UHHN� OHWWHUV� WR� V\PEROL]H� SRSXODWLRQ� SDUDPHWHUV� DQG� 5RPDQ� OHWWHUV� �L�H��
(QJOLVK�OHWWHUV��WR�V\PEROL]H�VDPSOH�VWDWLVWLFV���7KLV�LV�SUREDEO\�ZK\�VRPH�VWXGHQWV
VD\�� ³6WDWLVWLFV� LV� OLNH�*UHHN� WR�PH�´��7KLV� FRQYHQWLRQ�JRHV�TXLWH� IDU� EDFN� LQ� WKH
KLVWRU\�RI�VWDWLVWLFV��3OHDVH�WDNH�D�PRPHQW�QRZ�DQG�H[DPLQH�WKH�V\PEROV�VKRZQ�LQ
7DEOH�������,Q�WKH�QH[W�SDUDJUDSK��ZH�DUH�JRLQJ�WR�DVN�\RX�D�IHZ�TXHVWLRQV�DERXW�WKH
V\PEROV�VKRZQ�LQ�WKH�WDEOH�

/HW¶V�VD\�WKDW�\RX�KDYH�FDOFXODWHG�WKH�DYHUDJH�UHDGLQJ�SHUIRUPDQFH�RI�D�VDPSOH
RI�����ILIWK�JUDGH�VWXGHQWV��:KDW�V\PERO�ZRXOG�\RX�XVH�IRU�WKLV�VDPSOH�PHDQ"�7KH



PRVW�FRPPRQO\�XVHG�V\PERO�LV� ��LW¶V�FDOOHG�³;�EDU´���1RZ�DVVXPH�WKDW�\RX�KDYH
FRQGXFWHG� D� FHQVXV� RI� DOO� ILIWK�JUDGH� VWXGHQWV� LQ� WKH�8QLWHG� 6WDWHV� DQG� \RX� KDYH
FDOFXODWHG� WKH� DYHUDJH� UHDGLQJ� SHUIRUPDQFH� RI� DOO� WKHVH� VWXGHQWV�� :KDW� V\PERO
ZRXOG�\RX�XVH"�$V�\RX�FDQ�VHH�LQ�7DEOH�������WKH�FRUUHFW�V\PERO�IRU�WKH�SRSXODWLRQ
PHDQ� LV� ȝ� �PX��� 7KH� DYHUDJH� LV� FDOFXODWHG� LQ� H[DFWO\� WKH� VDPH� ZD\� IRU� ERWK� D
VDPSOH�DQG�D�SRSXODWLRQ��7KH�RQO\�GLIIHUHQFH�LV�WKH�V\PERO�WKDW�LV�XVHG�WR�VWDQG�IRU
WKH�PHDQ�

�7$%/(��������$�/LVW�RI�6\PEROV�8VHG�IRU�6WDWLVWLFV�DQG�3DUDPHWHUV

1RWH��6WDWLVWLFV�DUH�XVXDOO\�V\PEROL]HG�ZLWK�5RPDQ�OHWWHUV�DQG�SDUDPHWHUV�ZLWK�*UHHN�OHWWHUV�

1RZ�DVVXPH�WKDW�\RX�DOVR�FDOFXODWHG�WKH�FRUUHODWLRQ�EHWZHHQ�PDWK�SHUIRUPDQFH
DQG�UHDGLQJ�SHUIRUPDQFH�IRU�WKH�����VWXGHQWV�LQ�\RXU�VDPSOH�RI�ILIWK�JUDGHUV��:KDW
V\PERO�ZRXOG�\RX�XVH"�7KH�FRUUHFW�V\PERO�IRU�WKH�VDPSOH�FRUUHODWLRQ�FRHIILFLHQW�LV
U��,I�\RX�FRQGXFWHG�D�FHQVXV�RI�DOO�WKH�ILIWK�JUDGH�VWXGHQWV�LQ�WKH�86�SRSXODWLRQ�DQG
FDOFXODWHG� WKH� FRUUHODWLRQ� EHWZHHQ� PDWK� SHUIRUPDQFH� DQG� UHDGLQJ� SHUIRUPDQFH�
ZKDW� V\PERO� ZRXOG� \RX� XVH"� 7KH� DSSURSULDWH� V\PERO� LV� ȡ� �UKR��� 7KH� LPSRUWDQW
SRLQW�LV�WKDW�ZKHQ�\RX�FDOFXODWH�QXPHULFDO�LQGH[HV�VXFK�DV�PHDQV��SHUFHQWDJHV��DQG
FRUUHODWLRQV�� \RX� VKRXOG� XVH� WKH� DSSURSULDWH� V\PERO�� DQG� WKH� FRUUHFW� V\PERO
GHSHQGV� RQ�ZKHWKHU� \RX� DUH� DQDO\]LQJ� VDPSOH� GDWD� RU� SRSXODWLRQ� GDWD�� 6WDWLVWLFV
DQG�SDUDPHWHUV�DUH�XVXDOO\� FDOFXODWHG� LQ� H[DFWO\� WKH� VDPH�ZD\��)RU� H[DPSOH�� WKH
PHDQ�LV�FDOFXODWHG�WKH�VDPH�ZD\�IRU�VDPSOH�DQG�SRSXODWLRQ�GDWD��7KH�NH\�H[FHSWLRQ
WR� WKLV� UXOH� LV� WKDW� UHVHDUFKHUV� XVH�Q�±� �� UDWKHU� WKDQ� Q� LQ� WKH� GHQRPLQDWRU� RI� WKH
YDULDQFH� DQG� VWDQGDUG� GHYLDWLRQ� IRUPXODV� ZKHQ� WKH\� DUH� DQDO\]LQJ� VDPSOH� GDWD�
�<RX�GRQ¶W�QHHG�WR�ZRUU\�DERXW�WKH�WHFKQLFDO�UHDVRQ�IRU�WKLV�H[FHSWLRQ�WR�WKH�UXOH���
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�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�D�VWDWLVWLF�DQG�D
SDUDPHWHU"

�����:KDW�LV�WKH�V\PERO�IRU�WKH�SRSXODWLRQ�PHDQ"
�����:KDW�LV�WKH�V\PERO�IRU�WKH�SRSXODWLRQ

FRUUHODWLRQ�FRHIILFLHQW"

6$03/,1*�',675,%87,216
7KH�WKHRUHWLFDO�QRWLRQ�RI�VDPSOLQJ�GLVWULEXWLRQ�LV�ZKDW�DOORZV�UHVHDUFKHUV�WR�PDNH



SUREDELOLW\�VWDWHPHQWV�DERXW�SRSXODWLRQ�SDUDPHWHUV�EDVHG�RQ�VDPSOH�VWDWLVWLFV��7KH
VDPSOLQJ� GLVWULEXWLRQ� RI� D� VWDWLVWLF� LV� GHILQHG� DV� WKH� WKHRUHWLFDO� SUREDELOLW\
GLVWULEXWLRQ� RI� WKH� YDOXHV� RI� D� VWDWLVWLF� WKDW� UHVXOWV� ZKHQ� DOO� SRVVLEOH� UDQGRP
VDPSOHV�RI�D�SDUWLFXODU�VL]H�DUH�GUDZQ�IURP�D�SRSXODWLRQ��0RUH�VLPSO\��D�VDPSOLQJ
GLVWULEXWLRQ� LV� WKH� GLVWULEXWLRQ� RI� D� VDPSOH� VWDWLVWLF� WKDW� FRPHV� IURP� UHSHDWHG
VDPSOLQJ��L�H���GUDZLQJ�D�VDPSOH��FDOFXODWLQJ�WKH�VWDWLVWLF��GUDZLQJ�DQRWKHU�VDPSOH�
FDOFXODWLQJ� WKH� VWDWLVWLF�� GUDZLQJ�DQRWKHU� VDPSOH�� DQG� VR� IRUWK�� XQWLO�DOO� SRVVLEOH
VDPSOHV�KDYH�EHHQ�VHOHFWHG���,I�\RX�DFWXDOO\�GLG�WKLV�SURFHVV�RI�UHSHDWHG�VDPSOLQJ�
\RX�ZRXOG� ILQG� WKDW�HYHU\� WLPH�\RX�VHOHFW�D�QHZ�VDPSOH� IURP� WKH�SRSXODWLRQ�DQG
FDOFXODWH�WKH�YDOXH�RI�WKH�VWDWLVWLF��WKH�YDOXH�LV�D�OLWWOH�GLIIHUHQW��7KDW¶V�EHFDXVH�RI
WKH� UROH� RI� FKDQFH� LQ� LQIHUHQWLDO� VWDWLVWLFV�� 7KH� VDPSOH� YDOXHV� DUH� UDUHO\� H[DFWO\
HTXDO�WR�WKH�WUXH�SRSXODWLRQ�YDOXH²WKH\�YDU\�UDQGRPO\�DURXQG�WKDW�WUXH�YDOXH�LQ�D
VDPSOLQJ�GLVWULEXWLRQ��7KH�NH\� LGHD�KHUH� LV� WKDW� LQ� LQIHUHQWLDO� VWDWLVWLFV��ZH�QHYHU
KDYH�IXOO�FHUWDLQW\�DERXW�SRSXODWLRQ�SDUDPHWHUV�DQG�PXVW�PDNH�RXU�GHFLVLRQV�EDVHG
RQ�WKH�NQRZQ�UXOHV�RI�SUREDELOLW\��7KH�VDPSOLQJ�GLVWULEXWLRQ�LV�DQ�LPSRUWDQW�LGHD�WR
NQRZ� DERXW� EHFDXVH� LW� H[SODLQV� KRZ� VDPSOH� VWDWLVWLFV� RSHUDWH� GXULQJ� UHSHDWHG
VDPSOLQJ�

��6DPSOLQJ�GLVWULEXWLRQ�7KH�WKHRUHWLFDO�SUREDELOLW\�GLVWULEXWLRQ�RI�WKH�YDOXHV
RI�D�VWDWLVWLF�WKDW�UHVXOWV�ZKHQ�DOO�SRVVLEOH�UDQGRP�VDPSOHV�RI�D�SDUWLFXODU
VL]H�DUH�GUDZQ�IURP�D�SRSXODWLRQ

��5HSHDWHG�VDPSOLQJ�'UDZLQJ�PDQ\�RU�DOO�SRVVLEOH�VDPSOHV�IURP�D
SRSXODWLRQ

7KH� LGHD�RI�D�VDPSOLQJ�GLVWULEXWLRQ� LV�EURDGO\�DSSOLFDEOH�EHFDXVH�D�VDPSOLQJ
GLVWULEXWLRQ� FDQ�EH� FRQVWUXFWHG� IRU� DQ\� VDPSOH� VWDWLVWLF��)RU� H[DPSOH�� D� VDPSOLQJ
GLVWULEXWLRQ�FDQ�EH�FRQVWUXFWHG�IRU�WKH�PHDQ��WKH�VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ��
D� SHUFHQWDJH� �WKH� VDPSOLQJ� GLVWULEXWLRQ� RI� WKH� SHUFHQWDJH� RU� SURSRUWLRQ��� D
FRUUHODWLRQ��WKH�VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�FRUUHODWLRQ�FRHIILFLHQW���D�YDULDQFH��WKH
VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�YDULDQFH���DQG�HYHQ�WKH�GLIIHUHQFH�EHWZHHQ�WZR�PHDQV�
&DQ�\RX�JXHVV�ZKDW�WKLV�ODVW�W\SH�RI�VDPSOLQJ�GLVWULEXWLRQ�LV�FDOOHG"��,W¶V�FDOOHG�WKH
VDPSOLQJ�GLVWULEXWLRQ�RI� WKH�GLIIHUHQFH�EHWZHHQ� WZR�PHDQV���<RX�ZLOO� EH�JODG� WR
NQRZ� WKDW� \RX� ZLOO� QHYHU� DFWXDOO\� KDYH� WR� FRQVWUXFW� D� VDPSOLQJ� GLVWULEXWLRQ�
6WDWLVWLFLDQV�KDYH�DOUHDG\�FRQVWUXFWHG�WKH�VDPSOLQJ�GLVWULEXWLRQV�IRU�HYHU\�FRPPRQ
VWDWLVWLF� WKDW� HGXFDWLRQDO� UHVHDUFKHUV� XVH��<RX� QHHG� WR� XQGHUVWDQG� WKH� FRQFHSW� RI
VDPSOLQJ�GLVWULEXWLRQV�DV�H[SUHVVHG�E\�WKH�GHILQLWLRQ�DERYH�

,W� LV� LPSRUWDQW� WKDW� \RX� UHPHPEHU� WKH� IROORZLQJ� SRLQW�� 5HVHDUFKHUV� GR� QRW
DFWXDOO\� FRQVWUXFW� VDPSOLQJ� GLVWULEXWLRQV� ZKHQ� WKH\� FRQGXFW� WKHLU� UHVHDUFK�� $
UHVHDUFKHU� W\SLFDOO\� VHOHFWV� RQO\� RQH� VDPSOH�� QRW� DOO� SRVVLEOH� VDPSOHV�� IURP� D
SRSXODWLRQ��DQG�WKHQ�XVHV�D�FRPSXWHU�SURJUDP�VXFK�DV�6366�RU�6$6�WR�DQDO\]H�WKH
GDWD� FROOHFWHG� IURP� WKH� SHRSOH� LQ� WKH� VDPSOH�� 5HPHPEHU� WKDW� D� VDPSOLQJ
GLVWULEXWLRQ� LV� EDVHG� RQ� DOO� SRVVLEOH� VDPSOHV�� QRW� WKH� VLQJOH� VDPSOH� WKDW� WKH



UHVHDUFKHU� VWXGLHV�� 7KH� FRPSXWHU� SURJUDP� GRHV�� KRZHYHU�� XVH� VDPSOLQJ
GLVWULEXWLRQV��,Q�SDUWLFXODU��WKH�FRPSXWHU�XVHV�WKH�LGHD�RI�D�VDPSOLQJ�GLVWULEXWLRQ�WR
GHWHUPLQH� FHUWDLQ� SUREDELOLWLHV�� ZKLFK� ZH� ZLOO� GLVFXVV� VKRUWO\�� <RX� VKRXOG
WKHUHIRUH�WKLQN�RI�D�VDPSOLQJ�GLVWULEXWLRQ�DV�D�WKHRUHWLFDO�GLVWULEXWLRQ�EHFDXVH�WKHUH
LV� D� VDPSOLQJ� GLVWULEXWLRQ� XQGHUO\LQJ� HDFK� LQIHUHQWLDO� VWDWLVWLFDO� SURFHGXUH� WKDW� D
UHVHDUFKHU�XVHV�

$� VDPSOLQJ� GLVWULEXWLRQ� GHPRQVWUDWHV� WKDW� WKH� YDOXH� RI� DQ\� VDPSOH� VWDWLVWLF
�VXFK�DV�D�PHDQ�RU�D�FRUUHODWLRQ�FRHIILFLHQW��YDULHV�IURP�VDPSOH�WR�VDPSOH��7KLQN
RI� LW� OLNH� WKLV�� ,I� \RX� VHOHFWHG� VHYHUDO� UDQGRP� VDPSOHV� IURP� D� SRSXODWLRQ� DQG
FDOFXODWHG� WKH� YDOXH� RI� D� VWDWLVWLF� �VXFK� DV� D� PHDQ�� IRU� HDFK� RI� WKH� VDPSOHV�
ZRXOGQ¶W�\RX�H[SHFW�WKH�VDPSOH�YDOXHV�WR�EH�D�OLWWOH�GLIIHUHQW�IURP�RQH�DQRWKHU"�<RX
ZRXOG�QRW� H[SHFW�DOO�RI�\RXU� VDPSOH�YDOXHV� WR�EH�H[DFWO\� WKH� VDPH�QXPEHU��7KLV
FKDQFH�YDULDWLRQ�IURP�VDPSOH�WR�VDPSOH�UHVXOWV�LQ�VDPSOLQJ�HUURU�

6DPSOLQJ� HUURU� LV� WKH� GLIIHUHQFH� EHWZHHQ� D� VDPSOH� VWDWLVWLF� DQG� WKH
FRUUHVSRQGLQJ�SRSXODWLRQ�SDUDPHWHU��DQG�LW�LV�YLUWXDOO\�DOZD\V�SUHVHQW�LQ�UHVHDUFK
EHFDXVH� UHVHDUFKHUV� UDUHO\� VWXG\� HYHU\RQH� LQ� D� SRSXODWLRQ�� 7KH� SUHVHQFH� RI
VDPSOLQJ� HUURU� GRHV� QRW� PHDQ� WKDW� UDQGRP� VDPSOLQJ� GRHVQ¶W� ZRUN� RU� WKDW� D
UHVHDUFKHU� KDV� PDGH� D� PLVWDNH�� ,W� VLPSO\� PHDQV� WKDW� WKH� YDOXHV� RI� VWDWLVWLFV
FDOFXODWHG�IURP�UDQGRP�VDPSOHV�ZLOO�WHQG�WR�YDU\�EHFDXVH�RI�FKDQFH�IOXFWXDWLRQV�

��6DPSOLQJ�HUURU�7KH�GLIIHUHQFH�EHWZHHQ�WKH�YDOXH�RI�D�VDPSOH�VWDWLVWLF�DQG
WKH�FRUUHVSRQGLQJ�SRSXODWLRQ�SDUDPHWHU

5HVHDUFKHUV�VRPHWLPHV�QHHG�DQ�LQGLFDWRU�RI�WKH�DPRXQW�RI�VDPSOLQJ�HUURU��L�H��
YDULDWLRQ�� SUHVHQW� LQ� D� VDPSOLQJ� GLVWULEXWLRQ�� 7KDW� LV�� WKH\� QHHG� WR� NQRZ�ZKDW� LV
FDOOHG�WKH�VWDQGDUG�HUURU�RI�D�VDPSOLQJ�GLVWULEXWLRQ��7KH�VWDQGDUG�HUURU�LV�QRWKLQJ
PRUH�WKDQ�WKH�VWDQGDUG�GHYLDWLRQ�RI�D�VDPSOLQJ�GLVWULEXWLRQ��5HFDOO�IURP�&KDSWHU���
WKDW�WKH�VWDQGDUG�GHYLDWLRQ�WHOOV�\RX�KRZ�PXFK�YDULDWLRQ�WKHUH�LV�LQ�D�GLVWULEXWLRQ�RI
GDWD��7KH�YDULDWLRQ�RI�D�VDPSOLQJ�GLVWULEXWLRQ�FDQ�DOVR�EH�GHVFULEHG�E\�GHWHUPLQLQJ
WKH� VWDQGDUG� GHYLDWLRQ�� +RZHYHU�� VWDWLVWLFLDQV� OLNH� WR� FDOO� WKLV� VSHFLDO� W\SH� RI
VWDQGDUG�GHYLDWLRQ��WKH�VWDQGDUG�GHYLDWLRQ�RI�D�VDPSOLQJ�GLVWULEXWLRQ��WKH�VWDQGDUG
HUURU��,W�WHOOV�\RX�KRZ�PXFK�YDULDWLRQ�WKHUH�LV�LQ�WKH�VFRUHV�WKDW�PDNH�XS�D�VDPSOLQJ
GLVWULEXWLRQ��:KHQHYHU�\RX�KHDU�WKH�WHUP�VWDQGDUG�HUURU��\RX�VKRXOG�WKHUHIRUH�WKLQN
RI�WKH�YDULDWLRQ�LQ�D�VDPSOLQJ�GLVWULEXWLRQ�

��6WDQGDUG�HUURU�7KH�VWDQGDUG�GHYLDWLRQ�RI�D�VDPSOLQJ�GLVWULEXWLRQ

:KHQ� WKHUH� LV� D� ORW�RI� VDPSOLQJ�HUURU� LQ�D� VDPSOLQJ�GLVWULEXWLRQ�� WKH� VWDQGDUG
HUURU�ZLOO�EH�ODUJH��DQG�ZKHQ�WKHUH�LV�QRW�PXFK�VDPSOLQJ�HUURU��WKH�VWDQGDUG�HUURU
ZLOO� EH� VPDOO�� )RU� H[DPSOH�� LI� D� VDPSOLQJ� GLVWULEXWLRQ� LV� EDVHG� RQ� ODUJH� UDQGRP
VDPSOHV� �H�J��� DOO� SRVVLEOH� VDPSOHV� RI� VL]H� �������� WKH� VWDQGDUG� HUURU� ZLOO� EH
VPDOOHU�WKDQ�LI�WKH�VDPSOLQJ�GLVWULEXWLRQ�LV�EDVHG�RQ�VPDOO�UDQGRP�VDPSOHV��H�J���DOO
SRVVLEOH� VDPSOHV�RI� VL]H������7KDW¶V�EHFDXVH��RQ�DYHUDJH�� ODUJH� VDPSOHV�SURYLGH
YDOXHV� FORVHU� WR� WKH� SRSXODWLRQ� SDUDPHWHU� WKDQ� VPDOO� VDPSOHV� GR�� ,Q� VKRUW�



UHVHDUFKHUV�SUHIHU�D�VPDOO�VWDQGDUG�HUURU��DQG�D�JRRG�ZD\�WR�JHW�D�VPDOO�VWDQGDUG
HUURU�LV�WR�VHOHFW�D�ODUJH�VDPSOH�

7KHUH�LV�RQH�PRUH�FKDUDFWHULVWLF�RI�VDPSOLQJ�GLVWULEXWLRQV�WR�UHPHPEHU��,I�\RX
FRQVWUXFW� D� VDPSOLQJ� GLVWULEXWLRQ�� \RX� VHH� WKDW� WKH� DYHUDJH� RI� WKH� YDOXHV� RI� WKH
VDPSOH�VWDWLVWLF�LV�HTXDO�WR�WKH�SRSXODWLRQ�SDUDPHWHU��)RU�H[DPSOH��LI�\RX�WRRN�DOO
SRVVLEOH�VDPSOHV�IURP�D�SRSXODWLRQ�DQG�FDOFXODWHG�WKH�FRUUHODWLRQ�IRU�HDFK�VDPSOH�
WKH� DYHUDJH� RI� DOO� WKRVH� VDPSOH� FRUUHODWLRQV� ZRXOG� HTXDO� WKH� FRUUHODWLRQ� LQ� WKH
HQWLUH�SRSXODWLRQ��7KH�UHDVRQ�LV�WKDW�ZKLOH�D�VDPSOH�VWDWLVWLF�YDOXH�ZLOO�VRPHWLPHV
RYHUHVWLPDWH�WKH�SRSXODWLRQ�YDOXH�DQG�ZLOO�VRPHWLPHV�XQGHUHVWLPDWH�WKH�SRSXODWLRQ
YDOXH��LW�ZLOO�QRW�EH�FRQVLVWHQWO\�WRR�ODUJH�RU�WRR�VPDOO��$V�D�UHVXOW��WKH�DYHUDJH�RI
DOO�WKH�SRVVLEOH�VDPSOH�VWDWLVWLF�YDOXHV�LV�HTXDO�WR�WKH�SRSXODWLRQ�SDUDPHWHU�

6DPSOLQJ�'LVWULEXWLRQ�RI�WKH�0HDQ
1RZ� OHW¶V� PDNH� WKLQJV� D� OLWWOH� PRUH� FRQFUHWH� E\� FRQVLGHULQJ� WKH� VDPSOLQJ

GLVWULEXWLRQ�RI�D�SDUWLFXODU� VWDWLVWLF��/HW¶V� WKLQN�DERXW� WKH� VDPSOLQJ�GLVWULEXWLRQ�RI
WKH�PHDQ�� /HW¶V� VD\� WKDW� \RX� MXVW� GUHZ� D� UDQGRP� VDPSOH� RI� ���� SHRSOH� IURP� WKH
SRSXODWLRQ�RI�D�FLW\��)RU�WKH�SXUSRVH�RI�WKLV�H[DPSOH��ZH�DUH�WHOOLQJ�\RX�WKDW�WKH
DYHUDJH�LQFRPH�RI�WKH�SRSXODWLRQ�LV�����������,Q�SUDFWLFH�\RX�ZRXOG�QRW�NQRZ�WKH
SRSXODWLRQ� PHDQ���:KDW� YDOXH� ZRXOG� \RX� H[SHFW� WR� REWDLQ� LI� \RX� FDOFXODWHG� WKH
PHDQ� LQFRPH� RI� WKH� ���� SHRSOH� LQ� \RXU� UDQGRPO\� VHOHFWHG� VDPSOH"� <RX� ZRXOG
H[SHFW� WKH�VDPSOH�PHDQ�WR�EH�DURXQG����������VLQFH�\RX�KDSSHQ�WR�NQRZ�WKDW� WKH
SRSXODWLRQ�PHDQ�LV�����������/HW¶V�VD\��KRZHYHU��WKDW�\RXU�VDPSOH�PHDQ�WXUQV�RXW�WR
EH� ���������<RXU� VDPSOH�PHDQ� LV� D� OLWWOH� OHVV� WKDQ� WKH� SRSXODWLRQ�PHDQ�� DQG� WKH
DPRXQW� RI� VDPSOLQJ� HUURU� LV� ������� �L�H��� �������� ±� ��������  � ��������� <RXU
VDPSOH�PHDQ�LV�QRW�H[DFWO\�WKH�VDPH�DV�WKH�SRSXODWLRQ�PHDQ�

1RZ� DVVXPH� WKDW� \RX� VHOHFW� DQRWKHU� UDQGRP� VDPSOH� RI� ���� SHRSOH� IURP� WKH
VDPH�FLW\�SRSXODWLRQ��:KDW�YDOXH�ZRXOG�\RX�H[SHFW�IRU�WKH�VDPSOH�PHDQ�WKLV�WLPH"
$JDLQ��\RX�ZRXOG�H[SHFW�WKH�VDPSOH�PHDQ�WR�EH�DERXW����������7KLV�WLPH��KRZHYHU�
WKH� VDPSOH�PHDQ� LV�HTXDO� WR����������1RZ�GUDZ�DQRWKHU� UDQGRP�VDPSOH�RI����
SHRSOH�� /HW¶V� VD\� WKLV� VDPSOH� PHDQ� LV� ��������� 1RZ� OHW¶V� VD\�� K\SRWKHWLFDOO\
VSHDNLQJ�� WKDW� \RX� FRQWLQXH� WKLV� SURFHVV� �RI� VHOHFWLQJ� D� UDQGRP� VDPSOH� RI� D
VSHFLILHG�VL]H�DQG�FDOFXODWLQJ�WKH�VDPSOH�PHDQ�RQ�HDFK�VDPSOH��XQWLO�DOO�SRVVLEOH
VDPSOHV�KDYH�EHHQ� H[DPLQHG��<RX�ZRXOG�REYLRXVO\�KDYH� D� ORW� RI� VDPSOH�PHDQV�
7KH�OLQH�JUDSK�FRQVWUXFWHG�IURP�DOO�RI�WKHVH�PHDQV�ZRXOG�IRUP�D�QRUPDO�FXUYH��DQG
WKH�RYHUDOO�DYHUDJH�RI�WKLV�VDPSOLQJ�GLVWULEXWLRQ�ZRXOG�EH����������WKH�VDPH�DV�WKH
SRSXODWLRQ�SDUDPHWHU���7KH�QDPH�RI�WKLV�WKHRUHWLFDO�GLVWULEXWLRQ�RI�VDPSOH�PHDQV�LV
WKH�VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ�

��6DPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ�7KH�WKHRUHWLFDO�SUREDELOLW\�GLVWULEXWLRQ
RI�WKH�PHDQV�RI�DOO�SRVVLEOH�UDQGRP�VDPSOHV�RI�D�SDUWLFXODU�VL]H�GUDZQ�IURP
D�SRSXODWLRQ

<RX�FDQ�VHH�D�SLFWXUH�RI�RXU�K\SRWKHWLFDO�VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ�LQ



)LJXUH�������:H� DVVXPH� WKDW� WKH� VWDQGDUG� HUURU� LV� ��������� 7KDW� LV�� WKH� VWDQGDUG
GHYLDWLRQ�RI�RXU�K\SRWKHWLFDO�VDPSOLQJ�GLVWULEXWLRQ�RI� WKH�PHDQ�LV����������,I�\RX
ORRN�DW�WKH�OLQH�JUDSK�LQ�)LJXUH�������\RX�VHH� WKDW� WKH�VDPSOLQJ�GLVWULEXWLRQ�RI� WKH
PHDQ�LV�QRUPDOO\�GLVWULEXWHG��%HFDXVH�WKH�GLVWULEXWLRQ�LV�QRUPDOO\�GLVWULEXWHG��ZH
NQRZ� WKDW� PRVW� RI� WKH� UDQGRPO\� VHOHFWHG� VDPSOH� PHDQV� ZLOO� EH� FORVH� WR� WKH
SRSXODWLRQ� PHDQ� EXW� D� IHZ� RI� WKHP� ZLOO� EH� IDUWKHU� DZD\�� %DVLFDOO\�� UDQGRP
VDPSOLQJ�ZRUNV�ZHOO�PRVW�RI�WKH�WLPH�EXW�QRW�DOO�RI�WKH�WLPH�

7KH� PHDQ� RI� WKH� VDPSOLQJ� GLVWULEXWLRQ� RI� WKH� PHDQ� LV� HTXDO� WR� WKH� WUXH
SRSXODWLRQ�PHDQ�EHFDXVH� UDQGRP�VDPSOLQJ� LV�DQ�XQELDVHG�VDPSOLQJ�SURFHVV� �L�H��
UDQGRP�VDPSOLQJ�GRHV�QRW�SURGXFH�VDPSOH�VWDWLVWLFV� WKDW�DUH�V\VWHPDWLFDOO\�ODUJHU
RU�VPDOOHU�WKDQ�WKH�SRSXODWLRQ�SDUDPHWHU���,I�\RX�WDNH�DOO�SRVVLEOH�UDQGRP�VDPSOHV
DQG�FDOFXODWH� WKH�PHDQ�RI�HDFK�VDPSOH�� WKH�PHDQV�ZLOO� IOXFWXDWH� UDQGRPO\�DURXQG
WKH�SRSXODWLRQ�PHDQ��DQG�WKH\�ZLOO�IRUP�D�QRUPDO�GLVWULEXWLRQ��6RPH�RI�WKHVH�PHDQV
ZLOO�IDOO�DERYH�WKH�SRSXODWLRQ�PHDQ��DQG�VRPH�ZLOO�IDOO�EHORZ�WKH�SRSXODWLRQ�PHDQ�
EXW�WKH�DYHUDJH�RI�DOO�RI�WKHVH�VDPSOH�PHDQV�ZLOO�HTXDO�WKH�WUXH�SRSXODWLRQ�PHDQ�
7KDW¶V�KRZ� UDQGRP�VDPSOLQJ�RSHUDWHV�� ,W� LV� D� FKDQFH�SURFHVV��<RX�QRZ�KDYH� WKH
LPSRUWDQW� LGHDV�RI� VDPSOLQJ�GLVWULEXWLRQV��6DPSOLQJ�GLVWULEXWLRQV�DUH� LPSRUWDQW� LQ
HVWLPDWLRQ�DQG�K\SRWKHVLV�WHVWLQJ��WKH�PDMRU�GLYLVLRQV�RI�LQIHUHQWLDO�VWDWLVWLFV�

�),*85(����������7KH�VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ��6(0�VWDQGV�IRU�VWDQGDUG
HUURU�RI�WKH�PHDQ��L�H���WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�VDPSOLQJ
GLVWULEXWLRQ�RI�WKH�PHDQ��

5(9,(:
48(67 ,21 6

�����:KDW�LV�WKH�GHILQLWLRQ�RI�D�VDPSOLQJ
GLVWULEXWLRQ"

�����+RZ�GRHV�WKH�LGHD�RI�UHSHDWHG�VDPSOLQJ�UHODWH
WR�WKH�FRQFHSW�RI�D�VDPSOLQJ�GLVWULEXWLRQ"

(67,0$7,21
3HRSOH�RIWHQ�PDNH�HVWLPDWLRQV��)RU�H[DPSOH��LI�\RXU�EHVW�IULHQG�DVNV�\RX�ZKDW�WLPH



\RX¶UH�FRPLQJ� WR�KLV�KRXVH�6XQGD\�IRU�D�YLVLW��\RX�ZLOO�SURYLGH�DQ�HVWLPDWH��<RX
PLJKW� VD\�� ³,¶OO� SUREDEO\� FRPH� RYHU� DERXW� WZR� R¶FORFN�´� ,Q� RWKHU� ZRUGV�� \RXU
HVWLPDWH� LV� ³WZR� R¶FORFN�´� 5HVHDUFKHUV� XVH� LQIHUHQWLDO� VWDWLVWLFV� WR� PDNH� DQ
HVWLPDWLRQ� RI� D� SRSXODWLRQ� SDUDPHWHU�� 7KH� NH\� TXHVWLRQ� LQ� WKH� ILHOG� RI� VWDWLVWLFDO
HVWLPDWLRQ�LV�

%DVHG�RQ�P\�UDQGRP�VDPSOH��ZKDW�LV�P\�HVWLPDWH�RI�WKH�SRSXODWLRQ�SDUDPHWHU"

7KHUH�DUH�WZR�NLQGV�RI�HVWLPDWLRQ�SURFHGXUHV�LQ�LQIHUHQWLDO�VWDWLVWLFV��,I�\RX�XVH
D� VLQJOH� QXPEHU� �WKH� YDOXH� RI� \RXU� VDPSOH� VWDWLVWLF�� DV� \RXU� HVWLPDWH� �\RXU� EHVW
JXHVV��RI�WKH�SRSXODWLRQ�SDUDPHWHU��WKHQ�\RX�DUH�HQJDJHG�LQ�SRLQW�HVWLPDWLRQ��,I�\RX
XVH�D�UDQJH�RI�QXPEHUV�WKDW�\RX�EHOLHYH�LQFOXGHV�WKH�SRSXODWLRQ�SDUDPHWHU��WKHQ�\RX
DUH�HQJDJHG�LQ�LQWHUYDO�HVWLPDWLRQ��$V�DQ�DQDORJ\��OHW¶V�VD\�WKDW�\RX�WDNH�\RXU�FDU�LQ
IRU�D�UHSDLU�DQG�WKH�VHUYLFH�PDQDJHU�JLYHV�\RX�DQ�HVWLPDWH�RI�KRZ�PXFK�WKH�UHSDLU
ZLOO�FRVW��,I�WKH�PDQDJHU�VD\V�WKDW�WKH�FRVW�ZLOO�SUREDEO\�EH�������WKHQ�WKH�PDQDJHU
KDV�SURYLGHG�D�SRLQW�HVWLPDWH��D�VLQJOH�QXPEHU��� ,I� WKH�PDQDJHU�VD\V� WKDW� WKH�FRVW
ZLOO� SUREDEO\� EH� ³VRPHZKHUH� EHWZHHQ� ����� DQG� �����´� WKHQ� WKH� PDQDJHU� KDV
SURYLGHG�DQ�LQWHUYDO�HVWLPDWH��D�UDQJH�RI�QXPEHUV�WKDW�LV�OLNHO\�WR�LQFOXGH�WKH�WUXH
FRVW���7KDW¶V�WKH�EDVLF�LGHD��1RZ�ZH�H[SODLQ�WKHVH�WZR�NLQGV�RI�HVWLPDWLRQ�D�OLWWOH
IXUWKHU�

3RLQW�(VWLPDWLRQ
3RLQW�HVWLPDWLRQ�LV�GHILQHG�DV�WKH�XVH�RI�WKH�YDOXH�RI�D�VDPSOH�VWDWLVWLF�DV�WKH

HVWLPDWH�RI�WKH�YDOXH�RI�D�SRSXODWLRQ�SDUDPHWHU��<RX�PLJKW�XVH�WKH�VDPSOH�PHDQ�WR
HVWLPDWH� WKH� SRSXODWLRQ� PHDQ�� WKH� VDPSOH� SHUFHQWDJH� WR� HVWLPDWH� WKH� SRSXODWLRQ
SHUFHQWDJH�� RU� WKH� VDPSOH� FRUUHODWLRQ� WR� HVWLPDWH� WKH� SRSXODWLRQ� FRUUHODWLRQ�� 7KH
VSHFLILF�YDOXH�RI� WKH�VWDWLVWLF� LV�FDOOHG� WKH�SRLQW�HVWLPDWH��DQG� LW� LV� WKH�HVWLPDWHG
YDOXH�RI�WKH�SRSXODWLRQ�SDUDPHWHU��7KH�SRLQW�HVWLPDWH�LV�\RXU�EHVW�JXHVV�DERXW�WKH
OLNHO\�YDOXH�RI�WKH�XQNQRZQ�SRSXODWLRQ�SDUDPHWHU�

��3RLQW�HVWLPDWLRQ�7KH�XVH�RI�WKH�YDOXH�RI�D�VDPSOH�VWDWLVWLF�DV�WKH�HVWLPDWH�RI
WKH�YDOXH�RI�D�SRSXODWLRQ�SDUDPHWHU

��3RLQW�HVWLPDWH�7KH�HVWLPDWHG�YDOXH�RI�D�SRSXODWLRQ�SDUDPHWHU

/HW¶V�VHH�ZKHWKHU�\RX�FDQ�QRZ�HQJDJH�LQ�SRLQW�HVWLPDWLRQ��6D\�WKDW�WKH�DYHUDJH
LQFRPH�RI�WKH�SHRSOH�LQ�D�UDQGRP�VDPSOH�RI�����WHDFKHUV�IURP�6DQ�$QWRQLR��7H[DV�
LV� ��������� :KDW� LV� \RXU� SRLQW� HVWLPDWH� RI� WKH� SRSXODWLRQ� PHDQ"� <RX� ZRXOG
HVWLPDWH� WKH� YDOXH� LQ� WKH� SRSXODWLRQ� RI� WHDFKHUV� LQ� 6DQ� $QWRQLR� WR� EH� �������
EHFDXVH�WKDW�ZDV�WKH�PHDQ�RI�\RXU�UDQGRP�VDPSOH��1RZ�OHW¶V�VD\�WKDW�����RI�WKH
����WHDFKHUV�LQ�\RXU�VDPSOH�VD\�WKDW�WKH\�VXSSRUW�ELOLQJXDO�HGXFDWLRQ��:KDW�LV�WKH
SRLQW�HVWLPDWH�RI�WKH�SRSXODWLRQ�SHUFHQWDJH"�<RX�ZRXOG�HVWLPDWH�WKH�SHUFHQWDJH�LQ
WKH� SRSXODWLRQ� RI� WHDFKHUV� LQ� 6DQ� $QWRQLR� WR� EH� ���� EHFDXVH� WKDW� ZDV� WKH



SHUFHQWDJH� LQ�\RXU� UDQGRP�VDPSOH�� ,Q� VXP��\RXU�SRLQW�HVWLPDWHV�DUH��������� �IRU
LQFRPH��DQG������IRU�VXSSRUWLQJ�ELOLQJXDO�HGXFDWLRQ��

3RLQW� HVWLPDWLRQ� LV� XVHG�ZKHQHYHU� D� UHVHDUFKHU� XVHV� WKH� YDOXH� RI� WKH� VDPSOH
VWDWLVWLF� DV� WKH� HVWLPDWH� RI� WKH� SRSXODWLRQ� SDUDPHWHU�� %HFDXVH� RI� WKH� SUHVHQFH� RI
VDPSOLQJ�HUURU��KRZHYHU��D�SRLQW�HVWLPDWH�ZLOO�UDUHO\�EH�H[DFWO\�WKH�VDPH�YDOXH�DV
WKH�SRSXODWLRQ�SDUDPHWHU��7KLQN�RI�LW�OLNH�WKLV��,I�WKH�DYHUDJH�LQFRPH�LQ�D�SRSXODWLRQ
LV����������ZRXOG�\RX�H[SHFW�\RXU�VDPSOH�YDOXH�WR�EH�H[DFWO\����������RU�ZRXOG
\RX�H[SHFW�LW�WR�EH�VRPH�QXPEHU�QHDU��������"�<RX�VKRXOG�H[SHFW�WKDW�LW�ZRXOG�EH
D�QXPEHU�QHDU�EXW�QRW�H[DFWO\�HTXDO�WR����������$Q�LQVLJKW�IURP�RXU�HDUOLHU�VWXG\�RI
VDPSOLQJ�GLVWULEXWLRQV�LV�WKDW�WKH�YDOXH�RI�D�VWDWLVWLF�YDULHV�IURP�VDPSOH�WR�VDPSOH�
7KDW¶V�ZK\�D�SRLQW�HVWLPDWH�LV�XVXDOO\�ZURQJ��%HFDXVH�RI�WKH�SUHVHQFH�RI�VDPSOLQJ
HUURU��PDQ\�UHVHDUFKHUV�UHFRPPHQG�WKH�XVH�RI�LQWHUYDO�HVWLPDWLRQ�

,QWHUYDO�(VWLPDWLRQ
:KHQ�UHVHDUFKHUV�XVH�LQWHUYDO�HVWLPDWLRQ��WKH\�FRQVWUXFW�FRQILGHQFH�LQWHUYDOV��$

FRQILGHQFH� LQWHUYDO� LV� D� UDQJH� RI� QXPEHUV� LQIHUUHG� IURP� WKH� VDPSOH� WKDW� KDV� D
FHUWDLQ�SUREDELOLW\�RU�FKDQFH�RI�LQFOXGLQJ�WKH�SRSXODWLRQ�SDUDPHWHU��7KH�HQGSRLQWV
RI�D�FRQILGHQFH�LQWHUYDO�DUH�FDOOHG�FRQILGHQFH�OLPLWV��WKH�VPDOOHVW�QXPEHU�LV�FDOOHG
WKH� ORZHU� OLPLW�� DQG� WKH� ODUJHVW�QXPEHU� LV�FDOOHG� WKH�XSSHU� OLPLW�� ,Q�RWKHU�ZRUGV�
UDWKHU�WKDQ�XVLQJ�D�SRLQW�HVWLPDWH��ZKLFK�LV�D�VLQJOH�QXPEHU���WKH�UHVHDUFKHU�XVHV�D
UDQJH�RI�QXPEHUV��ERXQGHG�E\�WKH�ORZHU�DQG�XSSHU�OLPLWV��DV�WKH�LQWHUYDO�HVWLPDWH�
7KLV�ZD\�� UHVHDUFKHUV�FDQ� LQFUHDVH� WKHLU� FKDQFHV�RI�FDSWXULQJ� WKH� WUXH�SRSXODWLRQ
SDUDPHWHU�

��&RQILGHQFH�LQWHUYDO�$�UDQJH�RI�QXPEHUV�LQIHUUHG�IURP�WKH�VDPSOH�WKDW�KDV�D
FHUWDLQ�SUREDELOLW\�RU�FKDQFH�RI�LQFOXGLQJ�WKH�SRSXODWLRQ�SDUDPHWHU

��&RQILGHQFH�OLPLWV�7KH�HQGSRLQWV�RI�D�FRQILGHQFH�LQWHUYDO

��/RZHU�OLPLW�7KH�VPDOOHVW�QXPEHU�RI�D�FRQILGHQFH�LQWHUYDO

��8SSHU�OLPLW�7KH�ODUJHVW�QXPEHU�RI�D�FRQILGHQFH�LQWHUYDO

5HVHDUFKHUV�DUH�DEOH� WR�VWDWH� WKH�SUREDELOLW\� �FDOOHG� WKH� OHYHO� RI� FRQILGHQFH�
WKDW�D�FRQILGHQFH�LQWHUYDO�WR�EH�FRQVWUXFWHG�IURP�D�UDQGRP�VDPSOH�ZLOO�LQFOXGH�WKH
SRSXODWLRQ�SDUDPHWHU��:H�XVH�WKH�IXWXUH�WHQVH�EHFDXVH�RXU�FRQILGHQFH�LV�DFWXDOO\�LQ
WKH� ORQJ�WHUP� SURFHVV� RI� FRQVWUXFWLQJ� FRQILGHQFH� LQWHUYDOV�� )RU� H[DPSOH�� ���
FRQILGHQFH� LQWHUYDOV�ZLOO� FDSWXUH� WKH� SRSXODWLRQ� SDUDPHWHU� ���� RI� WKH� WLPH� �WKH
SUREDELOLW\� LV� ������ DQG� ���� FRQILGHQFH� LQWHUYDOV� ZLOO� FDSWXUH� WKH� SRSXODWLRQ
SDUDPHWHU�����RI�WKH�WLPH��WKH�SUREDELOLW\�LV�������7KLV�LGHD�LV�GHPRQVWUDWHG�LQ
)LJXUH������



��/HYHO�RI�FRQILGHQFH�7KH�SUREDELOLW\�WKDW�D�FRQILGHQFH�LQWHUYDO�WR�EH
FRQVWUXFWHG�IURP�D�UDQGRP�VDPSOH�ZLOO�LQFOXGH�WKH�SRSXODWLRQ�SDUDPHWHU

,Q� WKH� WRS�SDUW�RI�)LJXUH�������\RX�VHH�D�K\SRWKHWLFDO� VDPSOLQJ�GLVWULEXWLRQ�RI
WKH�PHDQ��5HFDOO� IURP�RXU� HDUOLHU�GLVFXVVLRQ� WKDW� WKH� VDPSOLQJ�GLVWULEXWLRQ�RI� WKH
PHDQ�LV�QRUPDOO\�GLVWULEXWHG�DQG�LWV�PHDQ�LV�HTXDO�WR�WKH�SRSXODWLRQ�PHDQ��$OVR��D
NH\� LGHD�RI� WKH� VDPSOLQJ�GLVWULEXWLRQ�RI� WKH�PHDQ� LV� WKDW� WKH�YDOXHV� RI� LQGLYLGXDO
VDPSOH�PHDQV�YDU\�IURP�VDPSOH�WR�VDPSOH�EHFDXVH�RI�VDPSOLQJ�HUURU��1RZ�ORRN�DW
WKH����VDPSOH�PHDQV��WKH�GRWV��VXUURXQGHG�E\�WKHLU�FRQILGHQFH�LQWHUYDOV�EHORZ�WKH
VDPSOLQJ� GLVWULEXWLRQ� LQ� )LJXUH������� 7KHVH� ���PHDQV� UDQGRPO\� MXPS� DURXQG� WKH
SRSXODWLRQ� PHDQ�� MXVW� DV� \RX� ZRXOG� H[SHFW�� 1RWLFH�� KRZHYHU�� WKDW� ��� RI� WKH� ��
FRQILGHQFH� LQWHUYDOV� FRYHUHG� WKH� SRSXODWLRQ� PHDQ�� 2QO\� RQH� RI� WKH� FRQILGHQFH
LQWHUYDOV�PLVVHG�WKH�WUXH�SRSXODWLRQ�PHDQ��7KH�SURFHVV�ZRUNHG�DV�ZH�ZRXOG�H[SHFW
IRU�WKHVH����VDPSOHV�

0RVW� RI� WKH� WLPH�� FRQILGHQFH� LQWHUYDOV�ZLOO� LQFOXGH� WKH� SRSXODWLRQ� SDUDPHWHU�
EXW�RFFDVLRQDOO\��WKH\�ZLOO�PLVV�LW��,Q�)LJXUH�������WKH�SURFHVV�ZRUNHG����WLPHV�RXW
RI�����%HFDXVH� WKH� LQWHUYDOV�ZHUH�����FRQILGHQFH� LQWHUYDOV�� WKDW� LV� H[DFWO\�ZKDW
ZH�H[SHFWHG�ZRXOG�KDSSHQ��:H�H[SHFWHG�WR�EH�ULJKW�DERXW�����RI�WKH�WLPH��DQG�ZH
ZHUH�����RXW�RI����LV�������7KH�ERWWRP�OLQH�LV�WKDW�LI�\RX�FRQVWUXFW�����FRQILGHQFH
LQWHUYDOV�� WKHQ� \RX�ZLOO� FDSWXUH� WKH� SRSXODWLRQ� SDUDPHWHU� ����RI� WKH� WLPH� LQ� WKH
ORQJ�UXQ�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

<RX� DUH� SUREDEO\� ZRQGHULQJ� ZK\� D� UHVHDUFKHU� ZRXOG� XVH� ���� FRQILGHQFH
LQWHUYDOV�UDWKHU�WKDQ�����FRQILGHQFH�LQWHUYDOV��$IWHU�DOO��WKH�UHVHDUFKHU�ZLOO�PDNH�D
PLVWDNH����RI�WKH�WLPH�ZLWK�����FRQILGHQFH�LQWHUYDOV�EXW�RQO\����RI�WKH�WLPH�ZLWK
����FRQILGHQFH�LQWHUYDOV��7KH�UHDVRQ�LV� WKDW�����FRQILGHQFH�LQWHUYDOV�DUH�ZLGHU
WKDQ� ���� FRQILGHQFH� LQWHUYDOV� DQG� ZLGHU� LQWHUYDOV� DUH� OHVV� SUHFLVH� �H�J��� WKH
LQWHUYDO�IURP����WR����LV�ZLGHU�DQG�OHVV�SUHFLVH�WKDQ�WKH�LQWHUYDO�IURP����WR�����
7KDW� LV� WKH� WUDGH�RII�� )RUWXQDWHO\�� WKHUH� LV� D� ZD\� RXW� RI� LW�� $Q� HIIHFWLYH� ZD\� WR
DFKLHYH�ERWK�D�KLJKHU�OHYHO�RI�FRQILGHQFH�DQG�D�PRUH�QDUURZ��L�H���PRUH�SUHFLVH�
LQWHUYDO� LV� WR� LQFUHDVH� WKH� VDPSOH� VL]H��%LJJHU� VDPSOHV� DUH� WKHUHIRUH� EHWWHU� WKDQ
VPDOOHU�VDPSOHV��$V�D�JHQHUDO�UXOH��PRVW�UHVHDUFKHUV�XVH�����FRQILGHQFH�LQWHUYDOV�
DQG�DV�D�UHVXOW��WKH\�PDNH�D�PLVWDNH�DERXW����RI�WKH�WLPH��5HVHDUFKHUV�DOVR�DWWHPSW
WR�VHOHFW�VDPSOH�VL]HV�WKDW�SURGXFH�LQWHUYDOV�WKDW�DUH�QDUURZ��L�H���SUHFLVH��HQRXJK
IRU�WKHLU�QHHGV�

�),*85(����������$�VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ��EDVHG�RQ�DOO�SRVVLEOH
VDPSOHV�RI�VL]H������DQG�DQ�LOOXVWUDWLRQ�RI�WKH�����FRQILGHQFH
LQWHUYDOV�IRU����SRVVLEOH�VDPSOHV��7KH�ZLGWK�RI�WKH�LQWHUYDOV
ZLOO�EH�VOLJKWO\�GLIIHUHQW�EHFDXVH�WKH\�DUH�HVWLPDWHG�IURP
GLIIHUHQW�UDQGRP�VDPSOHV��,Q�WKH�ORQJ�UXQ������RI�FRQILGHQFH
LQWHUYDOV�ZLOO�FDSWXUH�WKH�SRSXODWLRQ�PHDQ�



1RZ�ZH�ZDQW�WR�JLYH�\RX�DQ�LQWXLWLYH�H[SODQDWLRQ�RI�KRZ�D�FRQILGHQFH�LQWHUYDO
LV�FRQVWUXFWHG��+HUH�LV�WKH�JHQHUDO�IRUPXOD�IRU�D�FRQILGHQFH�LQWHUYDO�

&RQILGHQFH�LQWHUYDO� �SRLQW�HVWLPDWH���PDUJLQ�RI�HUURU

ZKHUH�WKH�V\PERO���PHDQV�SOXV�RU�PLQXV��$V�\RX�FDQ�VHH��D�FRQILGHQFH�LQWHUYDO
LV�D�SRLQW�HVWLPDWH��D�VDPSOH�PHDQ��D�VDPSOH�SHUFHQWDJH��D�VDPSOH�FRUUHODWLRQ��DQG
VR�IRUWK��SOXV�RU�PLQXV�WKH�PDUJLQ�RI�HUURU��7KH�PDUJLQ�RI�HUURU�LV�VLPSO\�RQH�KDOI
WKH�ZLGWK�RI�WKH�FRQILGHQFH�LQWHUYDO��$�FRQILGHQFH�LQWHUYDO�LV�FRQVWUXFWHG�E\�WDNLQJ
D� SRLQW� HVWLPDWH� DQG� VXUURXQGLQJ� LW� E\� WKH� PDUJLQ� RI� HUURU�� )RU� H[DPSOH�� LI� \RX
ZDQWHG� D� FRQILGHQFH� LQWHUYDO� IRU� WKH�PHDQ�� \RX� FRXOG� ILQG� WKH� VDPSOH�PHDQ� DQG
VXUURXQG�LW�RQ�HDFK�VLGH�E\�WKH�PDUJLQ�RI�HUURU�

��0DUJLQ�RI�HUURU�2QH�KDOI�WKH�ZLGWK�RI�D�FRQILGHQFH�LQWHUYDO



7R� ILQG� RXW� KRZ� WR� FDOFXODWH� WKH�PDUJLQ� RI� HUURU�� \RX�ZLOO� QHHG� WR� FRQVXOW� D
VWDWLVWLFV� ERRN� �H�J��� 0RRUH� 	�0F&DEH�� ������ S�� ������ )RUWXQDWHO\�� UHVHDUFKHUV
UDUHO\� QHHG� WR� FDOFXODWH� WKHLU� FRQILGHQFH� LQWHUYDOV� E\� KDQG� EHFDXVH� FRQILGHQFH
LQWHUYDOV�DUH�HDVLO\�REWDLQHG�WKURXJK�WKH�XVH�RI�VWDWLVWLFDO�FRPSXWHU�SURJUDPV�VXFK
DV�6366�DQG�6$6�

1RZ�ZH� VKRZ�\RX�DQ�H[DPSOH�RI� D� FRQILGHQFH� LQWHUYDO�EDVHG�RQ� WKH�FROOHJH
VWXGHQW� GDWD� VHW� WKDW� ZH� LQWURGXFHG� LQ� 7DEOH� ������ 8VLQJ� WKH� VWDWLVWLFDO� FRPSXWHU
SURJUDP� FDOOHG� 6366�� ZH� REWDLQHG� WKH� SRLQW� HVWLPDWH� DQG� WKH� ���� FRQILGHQFH
LQWHUYDO� IRU� VWDUWLQJ� VDODU\�� 7KH� DYHUDJH� VWDUWLQJ� VDODU\� IRU� WKH� ��� UHFHQW� FROOHJH
JUDGXDWHV�LQ�RXU�GDWD�VHW�ZDV����������7KHUHIRUH����������LV�WKH�SRLQW�HVWLPDWH���,I
ZH�KDG�WR�SLFN�RQH�QXPEHU�DV�RXU�HVWLPDWH����������LV�WKH�QXPEHU�ZH�ZRXOG�SLFN��
:H�IRXQG�WKDW�WKH�PDUJLQ�RI�HUURU�IRU�WKH�����FRQILGHQFH�LQWHUYDO�ZDV�����������
7KHUHIRUH�� WKH�����FRQILGHQFH�LQWHUYDO� LV� WKH�UDQJH�RI�YDOXHV�IURP������������WR
������������ :H� FRQFOXGH� WKDW� ZH� DUH� ���� FRQILGHQW� WKDW� WKH� LQWHUYDO� IURP
����������� WR� ����������� LQFOXGHV� WKH� SRSXODWLRQ�PHDQ��1RZ� \RX� NQRZ� KRZ� WR
LQWHUSUHW�D�FRQILGHQFH�LQWHUYDO�FRUUHFWO\�

5(9,(:
48(67 ,21 6

�����:KLFK�RI�WKH�WZR�W\SHV�RI�HVWLPDWLRQ�GR�\RX�OLNH
WKH�PRVW"�:K\"

�����:KDW�DUH�WKH�DGYDQWDJHV�RI�XVLQJ�LQWHUYDO
HVWLPDWLRQ�UDWKHU�WKDQ�SRLQW�HVWLPDWLRQ"

+<327+(6,6�7(67,1*
,Q�WKH�SUHFHGLQJ�VHFWLRQ��ZH�LQWURGXFHG�\RX�WR�HVWLPDWLRQ��LQ�ZKLFK�WKH�JRDO�ZDV�WR
XVH� VDPSOH� VWDWLVWLFV� WR�HVWLPDWH�SRSXODWLRQ�SDUDPHWHUV��<RX� OHDUQHG� WKDW�\RX�FDQ
XVH� D� VLQJOH� QXPEHU� DV� WKH� HVWLPDWH� �D� SRLQW� HVWLPDWH�� RU� \RX� FDQ� FRQVWUXFW� D
FRQILGHQFH� LQWHUYDO� DURXQG� WKH� SRLQW� HVWLPDWH�� DOORZLQJ� \RX� WR� HVWLPDWH� WKH
SDUDPHWHU�ZLWK�D�FHUWDLQ�OHYHO�RI�FRQILGHQFH��7KH�NH\�TXHVWLRQ�LQ�HVWLPDWLRQ�LV�WKH
IROORZLQJ�

���%DVHG�RQ�P\�UDQGRP�VDPSOH��ZKDW�LV�P\��SRLQW�RU�LQWHUYDO��HVWLPDWH�RI�WKH
WUXH�SRSXODWLRQ�SDUDPHWHU"

,Q� WKLV� VHFWLRQ�� ZH� LQWURGXFH� K\SRWKHVLV� WHVWLQJ�� WKH� EUDQFK� RI� LQIHUHQWLDO
VWDWLVWLFV� WKDW� LV� FRQFHUQHG� ZLWK� KRZ� ZHOO� WKH� VDPSOH� GDWD� VXSSRUW� D� SDUWLFXODU
K\SRWKHVLV��FDOOHG�WKH�QXOO�K\SRWKHVLV��DQG�ZKHQ�WKH�QXOO�K\SRWKHVLV�FDQ�EH�UHMHFWHG�
8QOLNH�HVWLPDWLRQ��LQ�ZKLFK�WKH�UHVHDUFKHU�XVXDOO\�KDV�QR�FOHDU�K\SRWKHVLV�DERXW�WKH
SRSXODWLRQ�SDUDPHWHU��LQ�K\SRWKHVLV�WHVWLQJ��WKH�UHVHDUFKHU�VWDWHV�KLV�RU�KHU�QXOO�DQG
DOWHUQDWLYH� K\SRWKHVHV� DQG� WKHQ� XVHV� LQIHUHQWLDO� VWDWLVWLFV� RQ� D� QHZ� VHW� RI� GDWD� WR
GHWHUPLQH�ZKDW�GHFLVLRQ�QHHGV� WR�EH�PDGH�DERXW� WKHVH�K\SRWKHVHV��)RU�QRZ�� MXVW
WKLQN� RI� WKH� QXOO� K\SRWKHVLV� DV� WKH� K\SRWKHVLV� WKDW� VWDWHV�� ³7KHUH� LV� QR� HIIHFW
SUHVHQW�´�DQG� WKH�DOWHUQDWLYH�K\SRWKHVLV�DV� WKH�K\SRWKHVLV� WKDW�VWDWHV��³7KHUH� LV�DQ



HIIHFW�SUHVHQW�´�+HUH�LV�DQRWKHU�ZD\�WR�VD\�WKLV��,Q�K\SRWKHVLV�WHVWLQJ��WKH�UHVHDUFKHU
KRSHV�WR�³QXOOLI\´�WKH�QXOO�K\SRWKHVLV��L�H���ZH�KRSH�WR�ILQG�UHODWLRQVKLSV�RU�SDWWHUQV
LQ�WKH�ZRUOG��ZKLFK�PHDQV�WKDW�ZH�ZDQW�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV��

��+\SRWKHVLV�WHVWLQJ�7KH�EUDQFK�RI�LQIHUHQWLDO�VWDWLVWLFV�WKDW�LV�FRQFHUQHG�ZLWK
KRZ�ZHOO�WKH�VDPSOH�GDWD�VXSSRUW�D�QXOO�K\SRWKHVLV�DQG�ZKHQ�WKH�QXOO
K\SRWKHVLV�FDQ�EH�UHMHFWHG

7KLV�LV�WKH�NH\�TXHVWLRQ�WKDW�LV�DQVZHUHG�LQ�K\SRWKHVLV�WHVWLQJ�

���,V�WKH�YDOXH�RI�P\�VDPSOH�VWDWLVWLF�XQOLNHO\�HQRXJK��DVVXPLQJ�WKDW�WKH�QXOO
K\SRWKHVLV� LV� WUXH�� IRU� PH� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV� DQG� WHQWDWLYHO\
DFFHSW�WKH�DOWHUQDWLYH�K\SRWKHVLV"

)RU�H[DPSOH��D�UHVHDUFKHU�PLJKW�GR�DQ�H[SHULPHQW�WR�FRPSDUH�D�QHZ�PHWKRG�RI
FRXQVHOLQJ� �JLYHQ� WR� WKH� H[SHULPHQWDO� JURXS�� WR� QR� FRXQVHOLQJ� DW� DOO� �WKH� FRQWURO
JURXS��� ,Q� WKLV� FDVH�� WKH� QXOO� K\SRWKHVLV� VD\V� WKDW� WKHUH� LV� QR� HIIHFW� �L�H��� WKH
WUHDWPHQW�JURXS�LV�QRW�DQ\�EHWWHU�WKDQ�WKH�FRQWURO�JURXS�DIWHU�WKH�WUHDWPHQW���DQG�WKH
DOWHUQDWLYH� K\SRWKHVLV� VD\V� WKDW� WKHUH� LV� DQ� HIIHFW� �L�H��� WKH� WUHDWPHQW� DQG� FRQWURO
JURXSV�GR�GLIIHU�DIWHU�WKH�WUHDWPHQW���,I�WKH�WZR�JURXSV�DUH�YHU\�GLVVLPLODU�DIWHU�WKH
WUHDWPHQW��WKH�UHVHDUFKHU�PLJKW�EH�DEOH�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�DFFHSW�WKH
DOWHUQDWLYH�K\SRWKHVLV���7KH�JRDO�RI�K\SRWKHVLV�WHVWLQJ�LV�WR�KHOS�D�UHVHDUFKHU�PDNH
D� SUREDELOLVWLF� GHFLVLRQ� DERXW� WKH� WUXWK� RI� WKH� QXOO� DQG� DOWHUQDWLYH� K\SRWKHVHV�
8OWLPDWHO\�� WKH�UHVHDUFKHU�KRSHV�WKH�UHVHDUFK�GDWD�ZLOO�DOORZ�KLP�RU�KHU� WR�UHMHFW
WKH�QXOO�K\SRWKHVLV�DQG�VXSSRUW�WKH�DOWHUQDWLYH�K\SRWKHVLV�

,Q�WKH�QH[W�VHFWLRQ��ZH�FDUHIXOO\�H[SODLQ�WKH�QXOO�K\SRWKHVLV�DQG�WKH�DOWHUQDWLYH
K\SRWKHVLV�EHFDXVH�WKHVH�WZR�K\SRWKHVHV�DUH�WKH�IRXQGDWLRQ�RI�K\SRWKHVLV�WHVWLQJ��,Q
([KLELW�������ZH� SURYLGH� DQ� LOOXVWUDWLYH� SUHYLHZ� RI� WKH�PDWHULDO� WKDW� IROORZV� E\
VKRZLQJ� WKDW� K\SRWKHVLV� WHVWLQJ� KDV� VRPH� VLPLODULWLHV� WR� ZKDW� WDNHV� SODFH� LQ� WKH
FRXUWURRP�

�(;+,%,7��������$Q�$QDORJ\�)URP�-XULVSUXGHQFH

7KH�86�FULPLQDO� MXVWLFH�V\VWHP�RSHUDWHV�RQ�WKH�DVVXPSWLRQ�WKDW� WKH�GHIHQGDQW� LV� LQQRFHQW�XQWLO�SURYHQ
JXLOW\� EH\RQG� D� UHDVRQDEOH� GRXEW�� ,Q� K\SRWKHVLV� WHVWLQJ�� WKLV� DVVXPSWLRQ� LV� FDOOHG� WKH� QXOO� K\SRWKHVLV�
7KDW�LV��UHVHDUFKHUV�DVVXPH�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH�XQWLO�WKH�HYLGHQFH�VXJJHVWV�WKDW�LW�LV�QRW�OLNHO\
WR�EH�WUXH�

7KH�UHVHDUFKHU¶V�QXOO�K\SRWKHVLV�PLJKW�EH�WKDW�D�WHFKQLTXH�RI�FRXQVHOLQJ�GRHV�QRW�ZRUN�DQ\�EHWWHU
WKDQ�QR�FRXQVHOLQJ��7KH�UHVHDUFKHU�LV�VRPHZKDW�OLNH�D�SURVHFXWLQJ�DWWRUQH\��ZKR�EULQJV�VRPHRQH�WR�WULDO
ZKHQ�KH�RU�VKH�EHOLHYHV�WKDW� WKHUH�LV�VRPH�HYLGHQFH�DJDLQVW� WKH�DFFXVHG�� WKH�UHVHDUFKHU�EULQJV�D�QXOO
K\SRWKHVLV�WR�³WULDÓ �ZKHQ�KH�RU�VKH�EHOLHYHV�WKDW�WKHUH�LV�VRPH�HYLGHQFH�DJDLQVW�WKH�QXOO�K\SRWKHVLV��L�H��
WKH�UHVHDUFKHU�DFWXDOO\�EHOLHYHV�WKDW�WKH�FRXQVHOLQJ�WHFKQLTXH�GRHV�ZRUN�EHWWHU�WKDQ�QR�FRXQVHOLQJ���,Q
WKH�FRXUWURRP��WKH�MXU\�GHFLGHV�ZKDW�FRQVWLWXWHV�UHDVRQDEOH�GRXEW��DQG�LW�PDNHV�D�GHFLVLRQ�DERXW�JXLOW�RU
LQQRFHQFH��7KH�UHVHDUFKHU�XVHV�LQIHUHQWLDO�VWDWLVWLFV�WR�GHWHUPLQH�WKH�SUREDELOLW\�RI�WKH�HYLGHQFH�XQGHU
WKH�DVVXPSWLRQ�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH��,I�WKLV�SUREDELOLW\�LV�ORZ��WKH�UHVHDUFKHU�LV�DEOH�WR�UHMHFW
WKH�QXOO�K\SRWKHVLV�DQG�DFFHSW�WKH�DOWHUQDWLYH�K\SRWKHVLV��,I�WKLV�SUREDELOLW\�LV�QRW�ORZ��WKH�UHVHDUFKHU�LV



QRW�DEOH�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�
1R�PDWWHU�ZKDW� GHFLVLRQ� LV�PDGH�� WKLQJV� DUH� VWLOO� QRW� FRPSOHWHO\� VHWWOHG� EHFDXVH� D�PLVWDNH� FRXOG

KDYH�EHHQ�PDGH��,Q�WKH�FRXUWURRP��GHFLVLRQV�RI�JXLOW�RU�LQQRFHQFH�DUH�VRPHWLPHV�RYHUWXUQHG�RU�IRXQG�WR
EH� LQFRUUHFW�� 6LPLODUO\�� LQ� UHVHDUFK�� WKH� GHFLVLRQ� WR� UHMHFW� RU� QRW� UHMHFW� WKH� QXOO� K\SRWKHVLV� LV� EDVHG�RQ
SUREDELOLW\�� VR� UHVHDUFKHUV� VRPHWLPHV� PDNH� D� PLVWDNH�� ,QIHUHQWLDO� VWDWLVWLFV� VKRZV� UHVHDUFKHUV� KRZ
OLNHO\�LW�LV�WKDW�WKH\�KDYH�PDGH�D�PLVWDNH�

1XOO�DQG�$OWHUQDWLYH�+\SRWKHVHV
,Q� HDUOLHU� FKDSWHUV�� \RX� OHDUQHG� DERXW� ³UHVHDUFK� K\SRWKHVHV´� RU� SUHGLFWLRQV

UHVHDUFKHUV� PDNH� DQG� WHVW� WKURXJK� WKH� FROOHFWLRQ� RI� QHZ� HPSLULFDO� GDWD�� 'XULQJ
K\SRWKHVLV�WHVWLQJ��WZR�QHZ�K\SRWKHVHV�FRPH�LQWR�IRFXV��WKH�QXOO�K\SRWKHVLV�DQG�WKH
DOWHUQDWLYH�K\SRWKHVLV��7KH�VWDUWLQJ�SRLQW� IRU�K\SRWKHVLV� WHVWLQJ� LV� WR�VWDWH� WKH�QXOO
DQG�WKH�DOWHUQDWLYH�K\SRWKHVHV��7KH�QXOO�K\SRWKHVLV��UHSUHVHQWHG�E\�WKH�V\PERO�+��
LV� D� VWDWHPHQW� DERXW� D� SRSXODWLRQ� SDUDPHWHU� DQG� VWDWHV� WKDW� VRPH� FRQGLWLRQ
FRQFHUQLQJ�WKH�SRSXODWLRQ�SDUDPHWHU� LV� WUXH�� ,Q�PRVW�HGXFDWLRQDO�UHVHDUFK�VWXGLHV�
WKH�QXOO�K\SRWKHVLV��+���SUHGLFWV�QR�GLIIHUHQFH�RU�QR�UHODWLRQVKLS�LQ�WKH�SRSXODWLRQ�
7KH�QXOO�K\SRWKHVLV�LV�WKH�K\SRWKHVLV�WHVWHG�GLUHFWO\�XVLQJ�SUREDELOLW\�WKHRU\��WKDW¶V
ZK\�K\SRWKHVLV�WHVWLQJ�VRPHWLPHV�LV�FDOOHG�³QXOO�K\SRWKHVLV�VLJQLILFDQFH�WHVWLQJ´�RU
1+67�� 3OHDVH� UHPHPEHU� WKLV� NH\� SRLQW�� +\SRWKHVLV� WHVWLQJ� RSHUDWHV� XQGHU� WKH
DVVXPSWLRQ� WKDW� WKH�QXOO� K\SRWKHVLV� LV� WUXH��7KHQ�� LI� WKH� UHVXOWV�REWDLQHG� IURP� WKH
UHVHDUFK�VWXG\�DUH�YHU\�GLIIHUHQW�IURP�WKRVH�H[SHFWHG�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH
QXOO� K\SRWKHVLV� LV� WUXH�� WKH� UHVHDUFKHU� UHMHFWV� WKH� QXOO� K\SRWKHVLV� DQG� WHQWDWLYHO\
DFFHSWV� WKH�DOWHUQDWLYH�K\SRWKHVLV��$JDLQ�� WKH�QXOO�K\SRWKHVLV� LV� WKH� IRFDO�SRLQW� LQ
K\SRWKHVLV� WHVWLQJ�EHFDXVH� LW� LV� WKH�QXOO�K\SRWKHVLV��QRW� WKH�DOWHUQDWLYH�K\SRWKHVLV�
WKDW�LV�WHVWHG�GLUHFWO\�

��1XOO�K\SRWKHVLV�$�VWDWHPHQW�DERXW�D�SRSXODWLRQ�SDUDPHWHU

7KH� DOWHUQDWLYH� K\SRWKHVLV�� UHSUHVHQWHG� E\� WKH� V\PERO� +��� VWDWHV� WKDW� WKH
SRSXODWLRQ� SDUDPHWHU� LV� VRPH� YDOXH� RWKHU� WKDQ� WKH� YDOXH� VWDWHG� E\� +��� 7KH
DOWHUQDWLYH� K\SRWKHVLV� DVVHUWV� WKH� RSSRVLWH� RI� WKH� +�� DQG� XVXDOO\� UHSUHVHQWV� D
VWDWHPHQW�RI�D�GLIIHUHQFH�EHWZHHQ�PHDQV�RU�D�UHODWLRQVKLS�EHWZHHQ�YDULDEOHV��7KH
QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV�DUH�ORJLFDOO\�FRQWUDGLFWRU\�EHFDXVH�WKH\�FDQQRW�ERWK
EH�WUXH�DW�WKH�VDPH�WLPH��,I�K\SRWKHVLV�WHVWLQJ�DOORZV�WKH�UHVHDUFKHU�WR�UHMHFW�WKH�QXOO
K\SRWKHVLV�� WKHQ� WKH� UHVHDUFKHU� FDQ� WHQWDWLYHO\� DFFHSW� WKH� DOWHUQDWLYH� K\SRWKHVLV�
7KH�DOWHUQDWLYH�K\SRWKHVLV�LV�DOPRVW�DOZD\V�PRUH�FRQVLVWHQW�ZLWK�WKH�UHVHDUFKHU¶V
UHVHDUFK� K\SRWKHVLV�� WKHUHIRUH�� WKH� UHVHDUFKHU� KRSHV� WR� VXSSRUW� WKH� DOWHUQDWLYH
K\SRWKHVLV��QRW�WKH�QXOO�K\SRWKHVLV��7KH�QXOO�K\SRWKHVLV�LV�OLNH�D�³PHDQV�WR�DQ�HQG�´
7KH� UHVHDUFKHU�KDV� WR�XVH� WKH�QXOO�K\SRWKHVLV�EHFDXVH� WKDW� LV�ZKDW�PXVW�EH�VWDWHG
DQG�WHVWHG�GLUHFWO\�LQ�VWDWLVWLFV�

��$OWHUQDWLYH�K\SRWKHVLV�6WDWHPHQW�WKDW�WKH�SRSXODWLRQ�SDUDPHWHU�LV�VRPH
YDOXH�RWKHU�WKDQ�WKH�YDOXH�VWDWHG�E\�WKH�QXOO�K\SRWKHVLV



<RX� FDQ� VHH� VHYHUDO� H[DPSOHV� RI� UHVHDUFK� TXHVWLRQV�� QXOO� K\SRWKHVHV�� DQG
DOWHUQDWLYH�K\SRWKHVHV�LQ�7DEOH�������/DWHU� LQ�WKLV�FKDSWHU��ZH�ZLOO� WHVW�VHYHUDO�RI
WKHVH�QXOO�K\SRWKHVHV�XVLQJ�RXU�FROOHJH�VWXGHQW�GDWD�VHW�IURP�7DEOH������

0DQ\�VWXGHQWV�DUH�FXULRXV�ZK\�UHVHDUFKHUV�XVH�WKH�WHUP�QXOO�K\SRWKHVLV��,W�ZDV
GHYHORSHG�E\�D�IDPRXV�VWDWLVWLFLDQ��6LU�5RQDOG�)LVKHU������±�������ZKR�LQYHQWHG
WKH� SURFHGXUH� RI� K\SRWKHVLV� WHVWLQJ�� 7KH� LGHD� LV� WR� VHW� XS� D� K\SRWKHVLV� WR� EH
³NQRFNHG� GRZQ´� RU� UHMHFWHG�� 5HVHDUFKHUV� GR� WKLV� EHFDXVH� WKH� FRQYHQWLRQ� LV� WR
DVVXPH�QR�HIIHFW�RU�QR�GLIIHUHQFH�IURP�WKH�K\SRWKHVL]HG�QXOO�YDOXH�XQWLO�VXIILFLHQW
HYLGHQFH�WR�WKH�FRQWUDU\�LV�SURYLGHG��<RX�FDQ�WKHUHIRUH�YLHZ�WKH�QXOO�K\SRWKHVLV�DV
WKH�QR�FKDQJH�RU�WKH�QR�HIIHFW�K\SRWKHVLV��<RX�FDQ�DOVR�YLHZ�LW�DV�WKH�VWDWXV�TXR�RU
WKH�³QRWKLQJ�QHZ´�RU�WKH�³EXVLQHVV�DV�XVXDO´�K\SRWKHVLV��7KH�NH\�SRLQW�RQFH�DJDLQ
LV�WKDW�WKH�QXOO�K\SRWKHVLV�LV�ZKDW�UHVHDUFKHUV�DVVXPH�XQWLO�WKH\�FDQ�GHPRQVWUDWH
RWKHUZLVH�

+HUH�LV�KRZ�+DUQHWW��������H[SODLQHG�WKH�QXOO�K\SRWKHVLV�

7KH� WHUP� ³QXOO� K\SRWKHVLV´� GHYHORSHG� IURP� HDUO\� ZRUN� LQ� WKH� WKHRU\� RI
K\SRWKHVLV� WHVWLQJ�� LQ�ZKLFK� WKLV� K\SRWKHVLV� FRUUHVSRQGHG� WR� D� WKHRU\� DERXW� D
SRSXODWLRQ�SDUDPHWHU�WKDW�WKH�UHVHDUFKHU�WKRXJKW�GLG�QRW�UHSUHVHQW�WKH�WUXH�YDOXH
RI� WKH� SDUDPHWHU� �KHQFH� WKH� ZRUG� ³QXOO�´� ZKLFK� PHDQV� LQYDOLG�� YRLG�� RU
DPRXQWLQJ� WR� QRWKLQJ��� 7KH� DOWHUQDWLYH� K\SRWKHVLV� JHQHUDOO\� VSHFLILHG� WKRVH
YDOXHV�RI�WKH�SDUDPHWHU�WKDW�WKH�UHVHDUFKHU�EHOLHYHG�GLG�KROG�WUXH���S������

$FFRUGLQJ�WR�WKH�ORJLF�RI�K\SRWKHVLV�WHVWLQJ��\RX�VKRXOG�DVVXPH�WKDW�DQ�HIIHFW�LV
QRW� SUHVHQW� XQWLO� \RX� KDYH� JRRG� HYLGHQFH� WR� FRQFOXGH� RWKHUZLVH�� 7KH� UHVHDUFKHU
VWDWHV�D�QXOO�K\SRWKHVLV�EXW�KRSHV�XOWLPDWHO\�WR�EH�DEOH�WR�UHMHFW�LW��,Q�RWKHU�ZRUGV�
WKH�QXOO�K\SRWKHVLV�LV�WKH�K\SRWKHVLV�WKDW�WKH�UHVHDUFKHU�KRSHV�WR�EH�DEOH�WR�QXOOLI\
E\�FRQGXFWLQJ�WKH�K\SRWKHVLV�WHVW�

�7$%/(��������([DPSOHV�RI�1XOO�DQG�$OWHUQDWLYH�+\SRWKHVHV�LQ�,QIHUHQWLDO
6WDWLVWLFV



$V�DQ�H[DPSOH��OHW¶V�DVVXPH�WKDW�ZH�DUH�LQWHUHVWHG�LQ�NQRZLQJ�ZKLFK�WHDFKLQJ
PHWKRG� ZRUNV� EHWWHU�� WKH� GLVFXVVLRQ� WHDFKLQJ� PHWKRG� RU� WKH� OHFWXUH� WHDFKLQJ
PHWKRG��+HUH�DUH�WKH�QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV�

ZKHUH

ȝ'�LV�WKH�V\PERO�IRU�WKH�GLVFXVVLRQ�JURXS�SRSXODWLRQ�PHDQ��DQG

ȝ/�LV�WKH�V\PERO�IRU�WKH�OHFWXUH�JURXS�SRSXODWLRQ�PHDQ�

7KLV�QXOO�K\SRWKHVLV�VD\V�WKDW�WKH�DYHUDJH�SHUIRUPDQFH�RI�VWXGHQWV�LQ�GLVFXVVLRQ
FODVVHV�LV�HTXDO�WR�WKH�DYHUDJH�SHUIRUPDQFH�RI�VWXGHQWV�LQ�OHFWXUH�FODVVHV��7KLV�QXOO
K\SRWKHVLV� LV�FDOOHG�D�SRLQW�RU�H[DFW�K\SRWKHVLV�EHFDXVH� LW�FRQWDLQV�DQ�HTXDO�VLJQ
� ��� $V� \RX� FDQ� VHH�� WKH� DOWHUQDWLYH� K\SRWKHVLV� VWDWHV� WKH� RSSRVLWH� RI� WKH� QXOO
K\SRWKHVLV��L�H���WKDW�WKH�GLVFXVVLRQ�DQG�OHFWXUH�SRSXODWLRQ�PHDQV�DUH�QRW�HTXDO��

,W� LV� D� JRRG� LGHD� WR� UHPHPEHU� WKH� IROORZLQJ� WKUHH� SRLQWV� DERXW� K\SRWKHVLV
WHVWLQJ�� )LUVW�� WKH� DOWHUQDWLYH� K\SRWKHVLV� FDQ� QHYHU� LQFOXGH� DQ� HTXDO� VLJQ� � ��
6HFRQG��WKH�DOWHUQDWLYH�K\SRWKHVLV�LV�EDVHG�RQ�RQH�RI�WKHVH�WKUHH�VLJQV�����QRW�HTXDO
WR������OHVV�WKDQ���RU�!��JUHDWHU�WKDQ���7KLUG��WKH�QXOO�K\SRWKHVLV�LV�EDVHG�RQ�RQH�RI
WKHVH�WKUHH�VLJQV�� ��HTXDO�WR������OHVV�WKDQ�RU�HTXDO�WR���RU����JUHDWHU�WKDQ�RU�HTXDO
WR���$V�\RX�FDQ�VHH��WKH�HTXDOLW\�VLJQ�LV�DOZD\V�D�SDUW�RI�WKH�QXOO�K\SRWKHVLV�

'LUHFWLRQDO�$OWHUQDWLYH�+\SRWKHVHV



6RPHWLPHV� WKH� UHVHDUFKHU�ZLOO� VWDWH� DQ� DOWHUQDWLYH�K\SRWKHVLV� LQ� D�GLUHFWLRQDO
IRUP�UDWKHU�WKDQ�LQ�D�QRQGLUHFWLRQDO�IRUP��$�QRQGLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV
LQFOXGHV� D� QRW� HTXDO� WR� VLJQ� ��� ���$�GLUHFWLRQDO� DOWHUQDWLYH� K\SRWKHVLV� FRQWDLQV
HLWKHU�D�JUHDWHU�WKDQ�VLJQ��!��RU�D�OHVV�WKDQ�VLJQ�����

��1RQGLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV�$Q�DOWHUQDWLYH�K\SRWKHVLV�WKDW
LQFOXGHV�WKH�QRW�HTXDO������VLJQ

��'LUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV�$Q�DOWHUQDWLYH�K\SRWKHVLV�WKDW�FRQWDLQV
HLWKHU�D�JUHDWHU�WKDQ�VLJQ��!��RU�D�OHVV�WKDQ�VLJQ����

)RU�H[DPSOH��WKH�UHVHDUFKHU�LQ�RXU�SUHYLRXV�H[DPSOH�FRXOG�KDYH�VWDWHG�WKLV�VHW
RI�K\SRWKHVHV�

<RX�FDQ�VHH�WKDW�WKH�DOWHUQDWLYH�K\SRWKHVLV�LQ�WKLV�FDVH�VWDWHV�WKDW�WKH�GLVFXVVLRQ
JURXS�SRSXODWLRQ�PHDQ�LV�JUHDWHU� WKDQ�WKH�OHFWXUH�JURXS�SRSXODWLRQ�PHDQ��,Q�RWKHU
ZRUGV�� D� GLUHFWLRQDO� DOWHUQDWLYH� K\SRWKHVLV� LV� VWDWHG�� 'HSLFWLRQ� RI� WKH� QXOO
K\SRWKHVLV�ZDV� DOVR� FKDQJHG� VR� WKDW� DOO� SRVVLEOH� RXWFRPHV�ZHUH� LQFOXGHG� LQ� WKH
WZR�K\SRWKHVHV� �L�H��� WR�PDNH� WKHP�FRPSOHPHQWDU\���1RWH� WKDW� WKH�QXOO�K\SRWKHVLV
VWLOO�KDV�WKH�HTXDOLW\�VLJQ�LQ�LW��L�H���WKH�VLJQ���PHDQV�OHVV�WKDQ�RU�HTXDO�WR��

7KH�UHVHDUFKHU�FRXOG�KDYH�DOVR�VWDWHG�WKLV�VHW�RI�K\SRWKHVHV�

2QFH�DJDLQ��D�GLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV� LV�JLYHQ��7KLV� WLPH��KRZHYHU�
WKH�DOWHUQDWLYH�K\SRWKHVLV�VWDWHV� WKDW� WKH�GLVFXVVLRQ�JURXS�SRSXODWLRQ�PHDQ� LV� OHVV
WKDQ� WKH� OHFWXUH� JURXS� SRSXODWLRQ� PHDQ�� ,Q� RWKHU� ZRUGV�� LW� LV� K\SRWKHVL]HG� WKDW
VWXGHQWV� OHDUQLQJ� E\� OHFWXUH� GR� EHWWHU�� RQ� DYHUDJH�� WKDQ� GR� VWXGHQWV� OHDUQLQJ� E\
GLVFXVVLRQ�

$OWKRXJK� WKH� XVH� RI� GLUHFWLRQDO� DOWHUQDWLYH� K\SRWKHVHV� IRU� WKH� SXUSRVH� RI
VWDWLVWLFDO�DQDO\VLV�PLJKW�VHHP�DWWUDFWLYH��WKHUH�LV�D�PDMRU�GUDZEDFN��,I�D�UHVHDUFKHU
XVHV� D� GLUHFWLRQDO� DOWHUQDWLYH� K\SRWKHVLV� DQG� D� ODUJH� GLIIHUHQFH� LQ� WKH� RSSRVLWH
GLUHFWLRQ� LV� IRXQG�� WKH� UHVHDUFKHU�PXVW�FRQFOXGH� WKDW�QR� UHODWLRQVKLS� H[LVWV� LQ� WKH
SRSXODWLRQ�� 7KDW� LV� WKH� UXOH� RI� K\SRWKHVLV� WHVWLQJ� ZKHQ� XVLQJ� D� GLUHFWLRQDO
DOWHUQDWLYH�K\SRWKHVLV��+RZHYHU��WKLV�FRQFOXVLRQ�RI�QR�UHODWLRQVKLS�ZRXOG�RSHUDWH
DJDLQVW� WKH� GLVFRYHU\� IXQFWLRQ� RI� VFLHQFH�� %HFDXVH� RI� WKLV�� PRVW� SUDFWLFLQJ
UHVHDUFKHUV� VWDWH� GLUHFWLRQDO� UHVHDUFK� K\SRWKHVHV� �L�H��� WKH\� PDNH� D� GLUHFWLRQDO
SUHGLFWLRQ��� EXW� WKH\� WHVW� QRQGLUHFWLRQDO� DOWHUQDWLYH� K\SRWKHVHV� VR� WKDW� WKH\� FDQ
OHDYH�RSHQ�WKLV�GLVFRYHU\�IXQFWLRQ�RI�VFLHQFH��7KLV�SURFHVV�UHVXOWV�LQ�D�VOLJKW�ORVV
RI� VWDWLVWLFDO�SRZHU��EXW� WKDW�PLQRU�GUDZEDFN�FDQ�EH�RIIVHW� VLPSO\�E\� LQFOXGLQJ�D
IHZ�PRUH� SDUWLFLSDQWV� LQ� \RXU� UHVHDUFK� VWXG\�� 7KHUHIRUH�� ZKHQ� \RX� UHDG� MRXUQDO



DUWLFOHV��WKH�YDVW�PDMRULW\�RI�WKH�DOWHUQDWLYH�K\SRWKHVHV�ZLOO�EH�QRQGLUHFWLRQDO��HYHQ
LI� WKH� UHVHDUFKHU¶V� ³UHVHDUFK� K\SRWKHVLV´� RU� DFWXDO� SUHGLFWLRQ� LV� GLUHFWLRQDO��� ,Q
IDFW�� LI� D� UHVHDUFKHU� KDV� XVHG� D� GLUHFWLRQDO� DOWHUQDWLYH� K\SRWKHVLV�� KH� RU� VKH� LV
REOLJHG� WR� WHOO� \RX� �3LOOHPHU�� ������� ,I� D� UHVHDUFKHU� GRHV� QRW� VWDWH� WKH� W\SH� RI
DOWHUQDWLYH� K\SRWKHVLV� XVHG� LQ� WKH� VWDWLVWLFDO� DQDO\VLV� SURFHGXUH�� \RX� FDQ� DVVXPH
WKDW�LW�ZDV�D�QRQGLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV�

([DPLQLQJ�WKH�3UREDELOLW\�9DOXH�DQG�0DNLQJ�D�'HFLVLRQ
1RZ�\RX�DUH�JRLQJ�WR�OHDUQ�KRZ�WKH�UHVHDUFKHU�GHFLGHV�WR�UHMHFW�RU�IDLO�WR�UHMHFW

WKH�QXOO�K\SRWKHVLV��$V�ZH� WROG�\RX�HDUOLHU�� LW� LV� WKH�QXOO�K\SRWKHVLV� WKDW� LV� WHVWHG
GLUHFWO\� LQ� WKH� K\SRWKHVLV�WHVWLQJ� SURFHGXUH�� :KHQ� D� UHVHDUFKHU� VWDWHV� D� QXOO
K\SRWKHVLV�� WKH� UHVHDUFKHU� LV� DEOH� WR� XVH� WKH� SULQFLSOHV� RI� LQIHUHQWLDO� VWDWLVWLFV� WR
FRQVWUXFW�D�SUREDELOLW\�PRGHO�DERXW�ZKDW�ZRXOG�KDSSHQ�LI�WKH�QXOO�K\SRWKHVLV�ZHUH
WUXH��� 7KLV� SUREDELOLW\�PRGHO� LV� QRWKLQJ� EXW� WKH� VDPSOLQJ� GLVWULEXWLRQ� WKDW�ZRXOG
UHVXOW� IRU� WKH� VDPSOH� VWDWLVWLF� �PHDQ�� SHUFHQWDJH�� FRUUHODWLRQ�� RYHU� UHSHDWHG
VDPSOLQJ� LI� WKH� QXOO� K\SRWKHVLV� ZHUH� WUXH�� ,Q� SUDFWLFH�� WKH� UHVHDUFKHU� XVHV� D
FRPSXWHU� SDFNDJH�� VXFK� DV� 6366� RU� 6$6�� WKDW� DXWRPDWLFDOO\� VHOHFWV� WKH� FRUUHFW
VDPSOLQJ�GLVWULEXWLRQ�IRU�WKH�SDUWLFXODU�VWDWLVWLFDO�WHVW��)RU�H[DPSOH��LI�\RX�WHVWHG�D
QXOO� K\SRWKHVLV� DERXW� WKH�PHDQ�� 6366�ZRXOG� XVH� LQIRUPDWLRQ� DERXW� WKH� VDPSOLQJ
GLVWULEXWLRQ�RI� WKH�PHDQ�IRU�\RXU�VWDWLVWLFDO� WHVW��$OO�\RX�KDYH�WR�GR�LV�NQRZ�ZKDW
QXOO�K\SRWKHVLV�\RX�ZDQW�WR�WHVW�DQG�WKHQ�VHOHFW�WKH�DSSURSULDWH�VWDWLVWLFDO�WHVW�� WKH
VRIWZDUH�SDFNDJH�GRHV�WKH�UHVW�

$IWHU� WKH� UHVHDUFKHU� VWDWHV� WKH�QXOO�K\SRWKHVLV�� FROOHFWV� WKH� UHVHDUFK�GDWD�� DQG
VHOHFWV� D� VWDWLVWLFDO� WHVW� XVLQJ�6366�� WKH� FRPSXWHU� SURJUDP� DQDO\]HV� WKH� UHVHDUFK
GDWD� DQG� SURYLGHV� VRPHWKLQJ� FDOOHG� D� SUREDELOLW\� YDOXH� DV� SDUW� RI� WKH� FRPSXWHU
RXWSXW�� 7KH�SUREDELOLW\� YDOXH� �DOVR� FDOOHG� WKH�S� YDOXH�� LV� WKH� SUREDELOLW\� RI� WKH
REVHUYHG� UHVXOW� RI� \RXU� UHVHDUFK� VWXG\� �RU� D� PRUH� H[WUHPH� UHVXOW�� XQGHU� WKH
DVVXPSWLRQ�WKDW� WKH�QXOO�K\SRWKHVLV� LV� WUXH��$V�DQ�DVLGH�� WKH�SUREDELOLW\�YDOXH�LV�D
FRQGLWLRQDO�SUREDELOLW\�EHFDXVH�LW�WHOOV�\RX�WKH�SUREDELOLW\�RI�WKH�REVHUYHG�YDOXH�RI
\RXU� WHVW� VWDWLVWLF� �RU� D�PRUH� H[WUHPH� YDOXH�� LI� WKH� QXOO� K\SRWKHVLV� LV� WUXH�� 7KH
SUREDELOLW\�YDOXH�LV�QRW�WKH�SUREDELOLW\�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH��LW�LV�QRW� WKH
SUREDELOLW\� WKDW� WKH� QXOO� K\SRWKHVLV� LV� IDOVH�� LW� LV� QRW� WKH� SUREDELOLW\� WKDW� WKH
DOWHUQDWLYH� K\SRWKHVLV� LV� WUXH�� DQG� LW� LV� QRW� WKH� SUREDELOLW\� WKDW� WKH� DOWHUQDWLYH
K\SRWKHVLV�LV�IDOVH��,W�LV�WKH�ORQJ�UXQ�IUHTXHQF\��WKURXJK�UHSHDWHG�VDPSOLQJ��WKDW�WKH
SDUWLFXODU�REVHUYHG�YDOXH�RI�\RXU�VDPSOH�VWDWLVWLF�RU�D�PRUH�H[WUHPH�YDOXH�ZRXOG
RFFXU� VLPSO\� GXH� WR� FKDQFH� IOXFWXDWLRQV�� ZKHQ� WKH� QXOO� K\SRWKHVLV� LV� WUXH�� :H
PHQWLRQ� WKHVH� SRVVLEOH� PLVWDNHV� FRQFHUQLQJ� WKH� PHDQLQJ� RI� WKH� WHUP� SUREDELOLW\
YDOXH� VR� WKDW� \RX�ZLOO� QRW�PDNH�RQH�RI� WKHVH�PLVWDNHV��3OHDVH� UHPHPEHU� WKDW� WKH
WHUP�SUREDELOLW\�YDOXH��RU�S�YDOXH�IRU�VKRUW��KDV�D�YHU\�SUHFLVH�PHDQLQJ��DQG�\RX
QHHG� WR�SODFH� LWV� GHILQLWLRQ� LQ�\RXU� ORQJ�WHUP�PHPRU\� ULJKW� QRZ��7KH�SUREDELOLW\
YDOXH�LV�WKH�SUREDELOLW\�RI�WKH�REVHUYHG�RXWFRPH�LI�WKH�QXOO�K\SRWKHVLV�ZHUH�WUXH�

��3UREDELOLW\�YDOXH�RU�S�YDOXH�7KH�SUREDELOLW\�RI�WKH�REVHUYHG�UHVXOW�RI�\RXU



UHVHDUFK�VWXG\�RU�D�PRUH�H[WUHPH�UHVXOW�LI�WKH�QXOO�K\SRWKHVLV�ZHUH�WUXH

2EWDLQLQJ�WKH�SUREDELOLW\�YDOXH�LV�WKH�NH\�LGHD�LQ�K\SRWKHVLV�WHVWLQJ�EHFDXVH�WKH
UHVHDUFKHU� XVHV� WKLV� YDOXH� WR� PDNH� D� GHFLVLRQ� DERXW� WKH� QXOO� K\SRWKHVLV�� ,Q
SDUWLFXODU�� WKH� UHVHDUFKHU� XVHV� WKH� SUREDELOLW\� YDOXH� WKDW� LV� EDVHG� RQ� KLV� RU� KHU
UHVHDUFK� UHVXOWV� WR� GHWHUPLQH�ZKHWKHU� WKH� REVHUYHG� YDOXH� RI� WKH� VDPSOH� VWDWLVWLF
�PHDQ��SHUFHQWDJH��FRUUHODWLRQ��DQG�VR�IRUWK��LV�SUREDEOH�RU�LPSUREDEOH��DVVXPLQJ
WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH��,I�WKH�SUREDELOLW\�YDOXH�LV�YHU\�VPDOO��WKH�UHVHDUFKHU
LV�DOORZHG�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�

)RU� H[DPSOH�� VXSSRVH� D� UHVHDUFKHU� ZDQWV� WR� GHWHUPLQH� ZKR� KDV� WKH� KLJKHU
VWDUWLQJ� VDODU\�� UHFHQW�PDOH�FROOHJH�JUDGXDWHV�RU� UHFHQW� IHPDOH�FROOHJH�JUDGXDWHV�
/HW¶V�VD\�WKDW�\RX�FRQVWUXFW�WKHVH�WZR�VWDWLVWLFDO�K\SRWKHVHV�IRU�\RXU�UHVHDUFK�VWXG\�

$V� \RX� FDQ� VHH�� \RX�ZDQW� WR� WHVW� WKH� QXOO� K\SRWKHVLV� WKDW� WKH� DYHUDJH� VWDUWLQJ
VDODULHV�IRU�WKH�PDOHV�DQG�IHPDOHV�DUH�WKH�VDPH�LQ�WKHLU�UHVSHFWLYH�SRSXODWLRQV��7KH
DOWHUQDWLYH�K\SRWKHVLV�VD\V�WKH�DYHUDJH�VWDUWLQJ�VDODULHV�DUH�QRW�WKH�VDPH��<RX�KDYH
UDQGRPO\� VHOHFWHG� VDPSOHV� RI� PDOHV� DQG� IHPDOHV�� DQG� \RX� KDYH� FDOFXODWHG� WKH
VWDUWLQJ�VDODULHV�IRU�WKHVH�LQGLYLGXDOV�LQ�\RXU�UHVHDUFK�VWXG\�

,I� WKH� DYHUDJH� VWDUWLQJ� VDODU\�ZDV� �������� IRU� WKH�PDOHV� DQG� �������� IRU� WKH
IHPDOHV�LQ�\RXU�UHVHDUFK�VWXG\��WKH�SUREDELOLW\�YDOXH�ZRXOG�EH�VPDOO�EHFDXVH�VXFK
D� ODUJH� GLIIHUHQFH� ZRXOG� EH� XQOLNHO\� LI� WKH� QXOO� K\SRWKHVLV� ZHUH� WUXH��:KHQ� WKH
SUREDELOLW\� YDOXH� LV� VPDOO�� WKH� UHVHDUFKHU� UHMHFWV� WKH� QXOO� K\SRWKHVLV� EHFDXVH� WKH
UHVHDUFK�UHVXOWV�FDOO�LQWR�TXHVWLRQ�WKH�QXOO�K\SRWKHVLV���:H�ZLOO�H[SODLQ�LQ�D�PRPHQW
ZKHQ�\RX�VKRXOG�FRQVLGHU�D�SUREDELOLW\�YDOXH�WR�EH�³VPDOO�´��:KHQ�WKH�UHVHDUFKHU
UHMHFWV� WKH� QXOO� K\SRWKHVLV�� WKH� UHVHDUFKHU� GHFLGHV� WR� DFFHSW� WKH� DOWHUQDWLYH
K\SRWKHVLV��,I�\RX�GLG�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�WKHUHIRUH�WHQWDWLYHO\�DFFHSWHG
WKH� DOWHUQDWLYH� K\SRWKHVLV�� \RX� ZRXOG� DOVR� PDNH� WKH� FODLP� WKDW� WKH� ILQGLQJ� LV
VWDWLVWLFDOO\�VLJQLILFDQW��5HVHDUFKHUV�FODLP�WKHLU�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW
ZKHQ�WKH\�GR�QRW�EHOLHYH��EDVHG�RQ�WKH�HYLGHQFH�RI�WKHLU�GDWD��WKDW�WKHLU�REVHUYHG
UHVXOW�ZDV�GXH�RQO\�WR�FKDQFH�RU�VDPSOLQJ�HUURU�

��6WDWLVWLFDOO\�VLJQLILFDQW�&ODLP�PDGH�ZKHQ�WKH�HYLGHQFH�VXJJHVWV�DQ
REVHUYHG�UHVXOW�ZDV�SUREDEO\�QRW�GXH�WR�FKDQFH

2Q�WKH�RWKHU�KDQG�� LI� WKH�DYHUDJH�VWDUWLQJ�VDODU\�ZDV���������IRU� WKH�PDOHV�LQ
\RXU� VWXG\� DQG� �������� IRU� WKH� IHPDOHV� LQ� \RXU� VWXG\�� WKH� GLIIHUHQFH� EHWZHHQ
��������DQG���������FRXOG�VLPSO\�EH�GXH�WR�FKDQFH��L�H���VDPSOLQJ�HUURU���,Q�WKLV
FDVH�� WKH� SUREDELOLW\� YDOXH� ZRXOG� EH� ODUJHU� WKDQ� WKDW� LQ� WKH� SUHYLRXV� H[DPSOH
EHFDXVH�WKLV�WLPH�WKH�GLIIHUHQFH�LV�QRW�VR�XQOLNHO\�XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH�QXOO
K\SRWKHVLV�LV�WUXH��,I�WKH�SUREDELOLW\�YDOXH�LV�ODUJH��WKH�UHVHDUFKHU�ZLOO�IDLO�WR�UHMHFW
WKH� QXOO� K\SRWKHVLV�� 7KH� UHVHDUFKHU� ZLOO� DOVR� PDNH� WKH� FODLP� WKDW� WKH� UHVHDUFK
ILQGLQJ�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��L�H���WKH�REVHUYHG�GLIIHUHQFH�EHWZHHQ�WKH�WZR



PHDQV�PD\�VLPSO\�EH�D�UDQGRP�RU�FKDQFH�IOXFWXDWLRQ��
:H�WROG�\RX�WKDW�\RX�FDQ�XVH�D�FRPSXWHU�SURJUDP�VXFK�DV�6366�WR�ILQG�RXW�KRZ

OLNHO\�RU�XQOLNHO\�\RXU�VDPSOH�UHVXOW�LV��DVVXPLQJ�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH�
<RX� PDNH� WKLV� GHWHUPLQDWLRQ� XVLQJ� WKH� SUREDELOLW\� YDOXH� WKDW� \RX� JHW� IURP� WKH
FRPSXWHU� SULQWRXW�� ,I� WKH� SUREDELOLW\� YDOXH� LV� VPDOO�� WKHQ� \RXU� VDPSOH� UHVXOW� LV
XQOLNHO\��DVVXPLQJ�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH���,I�WKH�SUREDELOLW\�YDOXH�LV�ODUJH�
WKHQ�\RXU� VDPSOH� UHVXOW� LV�QRW�XQOLNHO\� �DVVXPLQJ� WKDW� WKH�QXOO�K\SRWKHVLV� LV� WUXH��
<RX� DUH� SUREDEO\� ZRQGHULQJ�� ³:KHQ� GR� ,� FRQVLGHU� D� SUREDELOLW\� YDOXH� WR� EH
VPDOO"´�DQG�³:KHQ�GR�,�FRQVLGHU�D�SUREDELOLW\�YDOXH�WR�EH�ODUJH"´�7KH�DQVZHU�LV
WKDW�PRVW�UHVHDUFKHUV�FRQVLGHU�D�SUREDELOLW\�YDOXH�WKDW�LV�OHVV�WKDQ�RU�HTXDO�WR�����WR
EH�VPDOO�DQG�D�SUREDELOLW\�YDOXH�WKDW�LV�JUHDWHU�WKDQ�����WR�EH�UHODWLYHO\�ODUJH�

)RU� H[DPSOH�� DVVXPH� WKDW� WKH� SUREDELOLW\� YDOXH� �EDVHG� RQ� \RXU� FRPSXWHU
DQDO\VLV� RI� WKH� UHVHDUFK� GDWD��ZDV� ����ZKHQ� WKH�PDOH� DQG� IHPDOH� LQFRPHV�ZHUH
YHU\�GLIIHUHQW����������YHUVXV�����������%HFDXVH�WKLV�SUREDELOLW\�YDOXH�LV�OHVV�WKDQ
�����WKH�UHVHDUFKHU�ZRXOG�UHMHFW�WKH�QXOO�K\SRWKHVLV�WKDW�WKH�WZR�SRSXODWLRQ�PHDQV
DUH�WKH�VDPH��+���ȝ0DOHV� �ȝ)HPDOHV���DQG�WKH�UHVHDUFKHU�ZRXOG�DFFHSW�WKH�DOWHUQDWLYH
K\SRWKHVLV�WKDW�WKH�WZR�SRSXODWLRQ�PHDQV�DUH�GLIIHUHQW��+���ȝ0DOHV���ȝ)HPDOHV���7KH
UHVHDUFKHU�ZRXOG�DOVR�FODLP�WKDW� WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�VDPSOH�PHDQV�LV
VWDWLVWLFDOO\�VLJQLILFDQW�

2Q�WKH�RWKHU�KDQG��DVVXPH�WKDW� WKH�SUREDELOLW\�YDOXH��EDVHG�RQ�\RXU�FRPSXWHU
DQDO\VLV� RI� WKH� GDWD�� ZDV� ���� ZKHQ� WKH� PDOH� DQG� IHPDOH� LQFRPHV� ZHUH� VLPLODU
��������� YHUVXV� ���������� ,Q� WKLV� FDVH�� WKH� SUREDELOLW\� YDOXH� LV� JUHDWHU� WKDQ� ����
7KHUHIRUH��WKH�UHVHDUFKHU�ZRXOG�IDLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV��7KH�UHVHDUFKHU
ZRXOG� DOVR� FODLP� WKDW� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� VDPSOH� PHDQV� LV� QRW
VWDWLVWLFDOO\� VLJQLILFDQW�� 1RWH� WKDW� WKH� UHVHDUFKHU� FDQQRW� FODLP� WKDW� WKH� WZR
SRSXODWLRQ�PHDQV�DUH� WKH� VDPH��7KH� UHVHDUFKHU�FDQ�RQO\�FODLP� WKDW�KH�RU� VKH�KDV
IDLOHG�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV��%DVLFDOO\��ZKHQHYHU�WKH�UHVHDUFKHU�LV�XQDEOH�WR
UHMHFW�WKH�QXOO�K\SRWKHVLV��KH�RU�VKH�LV�OHIW�LQ�DQ�DPELJXRXV�VLWXDWLRQ�

7KLV�QXPEHU�����WKDW�ZH�MXVW�XVHG�LV�WKH�VLJQLILFDQFH�OHYHO�WKDW�ZH�FKRVH�WR�KHOS
XV� GHFLGH� ZKHQ� WKH� SUREDELOLW\� YDOXH� ZDV� VPDOO� RU� ODUJH�� ,Q� RWKHU� ZRUGV�� D
UHVHDUFKHU�VHOHFWV�D�VLJQLILFDQFH�OHYHO�WR�DLG�LQ�PDNLQJ�WKH�GHFLVLRQ�DERXW�WKH�VL]H
RI� WKH� SUREDELOLW\� YDOXH� REWDLQHG� IURP� WKH� DQDO\VLV� RI� WKH� UHVHDUFK� GDWD�� 7KH
VLJQLILFDQFH�OHYHO��DOVR�FDOOHG�WKH�DOSKD�OHYHO��LV�WKH�FXWRII�WKDW�WKH�UHVHDUFKHU�XVHV
WR�GHFLGH�ZKHQ�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV������:KHQ�WKH�SUREDELOLW\�YDOXH�LV�OHVV
WKDQ�RU�HTXDO� WR� WKH�VLJQLILFDQFH� OHYHO�� WKH� UHVHDUFKHU� UHMHFWV� WKH�QXOO�K\SRWKHVLV�
DQG� ���� ZKHQ� WKH� SUREDELOLW\� YDOXH� LV� JUHDWHU� WKDQ� WKH� VLJQLILFDQFH� OHYHO�� WKH
UHVHDUFKHU� IDLOV� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV�� ,W� LV� LPSRUWDQW� WR� XQGHUVWDQG� WKDW� D
VLJQLILFDQFH� OHYHO� GRHV� QRW� KDYH� WR� EH� ����� 7KH� UHVHDUFKHU� FDQ� VHOHFW� DQ\
VLJQLILFDQFH�OHYHO�WR�XVH�LQ�D�UHVHDUFK�VWXG\�DV�ORQJ�DV�KH�RU�VKH�FDQ�MXVWLI\�ZK\�D
SDUWLFXODU�VLJQLILFDQFH�OHYHO�ZDV�XVHG�

��6LJQLILFDQFH�OHYHO�RU�DOSKD�OHYHO�7KH�FXWRII�WKH�UHVHDUFKHU�XVHV�WR�GHFLGH
ZKHQ�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV



<RX�PLJKW� ZRQGHU� ZK\� HGXFDWLRQDO� UHVHDUFKHUV� XVXDOO\� VHOHFW� D� VLJQLILFDQFH
OHYHO�RI�����DQG�ZK\�WKH\�EHOLHYH�WKDW�D�SUREDELOLW\�YDOXH�WKDW�LV�OHVV�WKDQ�RU�HTXDO
WR� ���� LV� VPDOO� HQRXJK� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV� DQG� WKDW� D� SUREDELOLW\� YDOXH
JUHDWHU� WKDQ� ���� LV� QRW� VPDOO� HQRXJK� �LV� WRR� ODUJH�� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV�
7KHUH�DUH�QR�XOWLPDWH�DQVZHUV�WR�WKHVH�TXHVWLRQV��EXW�WKH�VLJQLILFDQFH�OHYHO�RI����
KDV� EHFRPH� D�ZLGHVSUHDG� FRQYHQWLRQ� DPRQJ� UHVHDUFKHUV� LQ� HGXFDWLRQ� DQG� HYHU\
RWKHU�VRFLDO�DQG�EHKDYLRUDO�VFLHQFH��,Q�RWKHU�ZRUGV��LW�LV�WKH�VLJQLILFDQFH�OHYHO�WKDW
UHVHDUFKHUV�KDYH�GHFLGHG�WR�DGRSW��+LVWRULFDOO\��6LU�5RQDOG�)LVKHU�RULJLQDOO\�XVHG
WKH�����VLJQLILFDQFH�OHYHO��DQG�HYHU�VLQFH�WKHQ��WKH�����VLJQLILFDQFH�OHYHO�KDV�EHHQ
SRSXODU�ZLWK�PDQ\�UHVHDUFKHUV��5HPHPEHU��KRZHYHU��WKDW�WKH�����VLJQLILFDQFH�OHYHO
LV�QRW�XVHG�E\�DOO�UHVHDUFKHUV��LW�LV�RQO\�WKH�PRVW�FRPPRQO\�XVHG�VLJQLILFDQFH�OHYHO�

:KDW� H[DFWO\� GRHV� D� VLJQLILFDQFH� OHYHO� RI� ����PHDQ"�&KRRVLQJ� D� VLJQLILFDQFH
OHYHO�RI� ����PHDQV� WKDW� LI�\RXU�VDPSOH�UHVXOW�ZRXOG�RFFXU�RQO\����RI� WKH� WLPH�RU
OHVV��ZKHQ�WKH�QXOO�K\SRWKHVLV� LV� WUXH��DV�LQGLFDWHG�E\�WKH�SUREDELOLW\�YDOXH��� WKHQ
\RX�DUH�JRLQJ�WR�TXHVWLRQ�WKH�YHUDFLW\�RI�WKH�QXOO�K\SRWKHVLV��DQG�\RX�ZLOO�UHMHFW�WKH
QXOO�K\SRWKHVLV��5HPHPEHU��WKH�UHVHDUFKHU�KRSHV�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV��:KHQ
WKH� UHVHDUFKHU� UHMHFWV� WKH� QXOO� K\SRWKHVLV�� KH� RU� VKH� ³WHQWDWLYHO\� DFFHSWV´� WKH
DOWHUQDWLYH�K\SRWKHVLV��8VLQJ�D�WHUP�WR�EH�GLVFXVVHG�ODWHU��WKH�VLJQLILFDQFH�OHYHO�LV
WKH�PD[LPXP�ULVN�WKDW�D�UHVHDUFKHU�LV�ZLOOLQJ�WR�WDNH�RI�FRPPLWWLQJ�D�7\SH�,�HUURU
�L�H��� LQFRUUHFWO\�UHMHFWLQJ� WKH�QXOO�K\SRWKHVLV�ZKHQ�LW� LV� WUXH���5HPHPEHU� WKLV�NH\
SRLQW��7KH�VLJQLILFDQFH�OHYHO�LV�WKH�YDOXH�ZLWK�ZKLFK�WKH�UHVHDUFKHU�FRPSDUHV�WKH
SUREDELOLW\�YDOXH�

)LUVW�� WKH�UHVHDUFKHU�VHOHFWV�D�VLJQLILFDQFH�OHYHO�WKDW�KH�RU�VKH�ZDQWV�WR�XVH�LQ
WKH� UHVHDUFK� VWXG\�� 7KH� VLJQLILFDQFH� OHYHO� LV� FXWRII� YDOXH� �VXFK� DV� ����� WKDW� WKH
UHVHDUFKHU�FKRRVHV�WR�XVH�LQ�GHFLGLQJ�ZKHQ�WKH�SUREDELOLW\�YDOXH�LV�VPDOO�HQRXJK�WR
FDOO� LQWR�TXHVWLRQ� WKH�QXOO� K\SRWKHVLV��%H� FDUHIXO� QRW� WR�JHW� WKH�SUREDELOLW\� YDOXH
DQG�WKH�VLJQLILFDQFH�OHYHO�PL[HG�XS��<RX�VKRXOG�FDUHIXOO\�FRPSDUH�WKH�GHILQLWLRQV
DQG�PHPRUL]H�WKHP��6HFRQG��WKH�UHVHDUFKHU�UXQV�WKH�FRPSXWHU�SURJUDP�DQG�JHWV�WKH
SUREDELOLW\�YDOXH�IURP�WKH�FRPSXWHU�SULQWRXW��7KH�SUREDELOLW\�YDOXH�LV�EDVHG�RQ�WKH
VWDWLVWLFDO� DQDO\VLV� RI� WKH� UHVHDUFK� GDWD�� ,W� WHOOV� WKH� UHVHDUFKHU� KRZ� OLNHO\� WKH
REVHUYHG� YDOXH� RI� WKH� VDPSOH� VWDWLVWLF� LV�� XQGHU� WKH� DVVXPSWLRQ� WKDW� WKH� QXOO
K\SRWKHVLV� LV� WUXH��5HPHPEHU� WKDW� WKH�SUREDELOLW\�YDOXH� LV�EDVHG�RQ� WKH�HPSLULFDO
UHVHDUFK�GDWD�FROOHFWHG�E\�WKH�UHVHDUFKHU�

:KHQ�\RX�HQJDJH�LQ�K\SRWKHVLV�WHVWLQJ��\RX�IROORZ�WKHVH�WZR�UXOHV�

�� � 5XOH� ��� ,I� WKH� SUREDELOLW\� YDOXH� �ZKLFK� LV� D� QXPEHU� REWDLQHG� IURP� WKH
FRPSXWHU� SULQWRXW� DQG� LV� EDVHG� RQ� \RXU� UHVHDUFK� UHVXOWV�� LV� OHVV� WKDQ� RU
HTXDO� WR� WKH� VLJQLILFDQFH� OHYHO� �WKH� UHVHDUFKHU� XVXDOO\� XVHV� ������ WKHQ� WKH
UHVHDUFKHU�UHMHFWV�WKH�QXOO�K\SRWKHVLV�DQG�WHQWDWLYHO\�DFFHSWV�WKH�DOWHUQDWLYH
K\SRWKHVLV��7KH�UHVHDUFKHU�DOVR�FRQFOXGHV�WKDW�WKH�REVHUYHG�UHODWLRQVKLS�LV
VWDWLVWLFDOO\�VLJQLILFDQW��L�H���WKH�REVHUYHG�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV�LV
QRW�MXVW�GXH�WR�FKDQFH�IOXFWXDWLRQV��

���5XOH���� ,I� WKH�SUREDELOLW\�YDOXH� LV�JUHDWHU� WKDQ� WKH�VLJQLILFDQFH� OHYHO�� WKHQ
WKH� UHVHDUFKHU� FDQQRW� UHMHFW� WKH� QXOO� K\SRWKHVLV�� 7KH� UHVHDUFKHU� FDQ� RQO\



FODLP�WR�IDLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�FRQFOXGH�WKDW�WKH�UHODWLRQVKLS
LV� QRW� VWDWLVWLFDOO\� VLJQLILFDQW� �L�H��� DQ\� REVHUYHG� GLIIHUHQFH� EHWZHHQ� WKH
JURXSV�LV�SUREDEO\�QRWKLQJ�EXW�D�UHIOHFWLRQ�RI�FKDQFH�IOXFWXDWLRQV��

,I�\RX�PHPRUL]H�UXOHV���DQG����WKH�UHVW�RI�WKH�PDWHULDO�LQ�WKLV�FKDSWHU�LV�JRLQJ�WR
EH�HDVLHU�WKDQ�\RX�PLJKW�H[SHFW��7KHVH�WZR�UXOHV�DUH�VWDWHG�PRUH�FRQFLVHO\�LQ�7DEOH
������$W�WKLV�SRLQW��\RX�VKRXOG�UHYLHZ�WKH�VWHSV�LQ�K\SRWKHVLV�WHVWLQJ�VXPPDUL]HG�LQ
7DEOH������VR� WKDW�\RX�FDQ�UHPHPEHU� WKH� ORJLF�RI�K\SRWKHVLV� WHVWLQJ� �DOVR�FDOOHG
WKH� ORJLF� RI� VLJQLILFDQFH� WHVWLQJ��� %HFDXVH� RI� WKH� LPSRUWDQFH� RI� WKH� FRQFHSWV� RI
SUREDELOLW\�YDOXH�DQG�VLJQLILFDQFH�OHYHO��ZH�DOVR�H[SODLQ�WKHP�LQ�DQ�LQWXLWLYH�ZD\
LQ�([KLELW������

�7$%/(��������6WHSV�LQ�+\SRWKHVLV�7HVWLQJ

����6WDWH�WKH�QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV�

����6HW�WKH�VLJQLILFDQFH�OHYHO�EHIRUH�DQDO\]LQJ�WKH�GDWD���0RVW�HGXFDWLRQDO�UHVHDUFKHUV�XVH�����DV�WKH
VLJQLILFDQFH�OHYHO��1RWH�WKDW�WKH�VLJQLILFDQFH�OHYHO�LV�DOVR�FDOOHG�WKH�DOSKD�OHYHO�RU��PRUH�VLPSO\��DOSKD��

����2EWDLQ�WKH�SUREDELOLW\�YDOXH�EDVHG�RQ�WKH�DQDO\VLV�RI�\RXU�HPSLULFDO�GDWD�XVLQJ�D�FRPSXWHU�SURJUDP�VXFK
DV�6366���1RWH�WKDW�SUREDELOLW\�YDOXH�LV�DOVR�FDOOHG�WKH�S�YDOXH��

����&RPSDUH�WKH�SUREDELOLW\�YDOXH�WR�WKH�VLJQLILFDQFH�OHYHO�DQG�PDNH�WKH�VWDWLVWLFDO�GHFLVLRQ�

6WHS���LQFOXGHV�WZR�GHFLVLRQ�PDNLQJ�UXOHV�

5XOH���

,I� 3UREDELOLW\�YDOXH���VLJQLILFDQFH�OHYHO��L�H���SUREDELOLW\�YDOXH���DOSKD��

7KHQ� 5HMHFW�WKH�QXOO�K\SRWKHVLV�

$QG� &RQFOXGH�WKDW�WKH�UHVHDUFK�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

,Q�SUDFWLFH��WKLV�XVXDOO\�PHDQV�WKH�IROORZLQJ�

,I� 3UREDELOLW\�YDOXH�������


7KHQ� 5HMHFW�WKH�QXOO�K\SRWKHVLV�

$QG� &RQFOXGH�WKDW�WKH�UHVHDUFK�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

5XOH���



,I� 3UREDELOLW\�YDOXH�!�VLJQLILFDQFH�OHYHO��L�H���SUREDELOLW\�YDOXH�!
DOSKD��

7KHQ� )DLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�

$QG� &RQFOXGH�WKDW�WKH�UHVHDUFK�ILQGLQJ�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�

,Q�SUDFWLFH��WKLV�XVXDOO\�PHDQV�WKH�IROORZLQJ�

,I� 3UREDELOLW\�YDOXH�!�����

7KHQ� )DLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�

$QG� &RQFOXGH�WKDW�WKH�UHVHDUFK�ILQGLQJ�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�

����&RPSXWH�HIIHFW�VL]H��LQWHUSUHW�WKH�UHVXOWV��DQG�PDNH�D�VXEVWDQWLYH��UHDO�ZRUOG�MXGJPHQW�DERXW�SUDFWLFDO
VLJQLILFDQFH�

7KLV�PHDQV�WKDW�\RX�PXVW�GHFLGH�ZKDW�WKH�UHVXOWV�RI�\RXU�UHVHDUFK�VWXG\�DFWXDOO\�PHDQ��6WDWLVWLFV�DUH�RQO\�D�WRRO
IRU�GHWHUPLQLQJ�VWDWLVWLFDO�VLJQLILFDQFH��,I�\RX�KDYH�REWDLQHG�VWDWLVWLFDO�VLJQLILFDQFH��\RX�PXVW�QRZ�LQWHUSUHW�\RXU
UHVXOWV� LQ� WHUPV� RI� WKH� YDULDEOHV� XVHG� LQ� \RXU� UHVHDUFK� VWXG\�� )RU� H[DPSOH�� \RX� PLJKW� GHFLGH� WKDW� IHPDOHV
SHUIRUP�EHWWHU��RQ�DYHUDJH��WKDQ�PDOHV�RQ�WKH�*5(�9HUEDO�WHVW�RU�WKDW�FOLHQW�FHQWHUHG�WKHUDS\�ZRUNV�EHWWHU�WKDQ
UDWLRQDO�HPRWLYH�WKHUDS\�RU�WKDW�SKRQLFV�DQG�ZKROH�ODQJXDJH�LQ�FRPELQDWLRQ�ZRUN�EHWWHU�WKDQ�SKRQLFV�RQO\�

<RX� PXVW� DOVR� GHWHUPLQH� WKH� SUDFWLFDO� VLJQLILFDQFH� RI� \RXU� ILQGLQJV�� $� ILQGLQJ� LV� SUDFWLFDOO\� VLJQLILFDQW
ZKHQ� WKH�GLIIHUHQFH�EHWZHHQ� WKH�PHDQV�RU� WKH� VL]H�RI� WKH� UHODWLRQVKLS� LV�ELJ�HQRXJK�� LQ�\RXU�RSLQLRQ�� WR�EH�RI
SUDFWLFDO� XVH�� )RU� H[DPSOH�� D� FRUUHODWLRQ� RI� ����ZRXOG� SUREDEO\� QRW� EH� SUDFWLFDOO\� VLJQLILFDQW�� HYHQ� LI� LW� ZHUH
VWDWLVWLFDOO\�VLJQLILFDQW��2Q�WKH�RWKHU�KDQG��D�FRUUHODWLRQ�RI� ����ZRXOG�SUREDEO\�EH�SUDFWLFDOO\�VLJQLILFDQW��(IIHFW
VL]H�LQGLFDWRUV��S�������DUH�LPSRUWDQW�DLGV�ZKHQ�\RX�DUH�PDNLQJ�D�MXGJPHQW�DERXW�SUDFWLFDO�VLJQLILFDQFH�


:KHQ� VKRXOG� RQH� FRQVLGHU� WKH� SUREDELOLW\� YDOXH� �L�H��� WKH� S� YDOXH�� DSSUR[LPDWHO\� HTXDO� WR� ���"� :H� XVH� D
FRQYHQWLRQ�SURYLGHG�E\�WKH�ODWH�-DFRE�&RKHQ�WKDW�D�S�YDOXH�RI�����WR�����LV�VXIILFLHQWO\�VPDOO�WR�UHMHFW�WKH�QXOO��EXW
RQH�URXQGLQJ�WR�D�QXPEHU�LQ�WKH�UDQJH������WR������LV�QRW�VXIILFLHQWO\�VPDOO��8VLQJ�WKLV�FRQYHQWLRQ��D�S�YDOXH�RI
������ LV� VWDWLVWLFDOO\� VLJQLILFDQW� EHFDXVH� LW� URXQGV� WR� ����� EXW� ������ LV� QRW� EHFDXVH� LW� URXQGV� WR� ������1RWH� WKDW
VRPH�SURIHVVRUV�DQG�MRXUQDOV�GR�QRW�FRQVLGHU�����WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW�ZKHQ�\RXU�VLJQLILFDQFH�OHYHO�LV�VHW
DW� ����EHFDXVH� WKH\� UHTXLUH� WKDW� WKH�S�YDOXH�EH� OHVV�WKDQ� WKH� DOSKD� OHYHO�� LQ� WKLV� FDVH�� WKH� ODUJHVW� VWDWLVWLFDOO\
VLJQLILFDQW�S�YDOXH�LV�������ZLWK�WKH���UHSHDWLQJ�DV�PDQ\�SODFHV�DV�\RXU�SULQWRXW�PLJKW�VKRZ�

(;+,%,7��������8QGHUVWDQGLQJ�3UREDELOLW\�9DOXH�DQG�6LJQLILFDQFH�/HYHO

7KH� LGHDV�RI� SUREDELOLW\� YDOXH� DQG� VLJQLILFDQFH� OHYHO� DUH� H[WUHPHO\� LPSRUWDQW��$� FRLQ�WRVVLQJ� H[DPSOH
PLJKW�KHOS�\RX�WR�JDLQ�D�GHHSHU�XQGHUVWDQGLQJ�RI�WKH�LGHDV�RI�VLJQLILFDQFH�OHYHO�DQG�SUREDELOLW\�YDOXH�

/HW¶V�VXSSRVH�WKDW�\RXU�UHVHDUFK�WHDFKHU�GHFLGHV�WR�WHVW�WKH�QXOO�K\SRWKHVLV�WKDW�D�SDUWLFXODU�FRLQ�LV
IDLU��$� IDLU� FRLQ�KDV�DQ�HTXDO� FKDQFH�RI� FRPLQJ�XS�KHDGV�RU� WDLOV�RQ�D�JLYHQ� WRVV��7KH�FRLQ� WKDW�\RXU
WHDFKHU�LV�XVLQJ�ORRNV�OLNH�D�QRUPDO�FRLQ��EXW�\RX�FDQ�VHH�LW�RQO\�IURP�D�GLVWDQFH��1H[W��\RXU�UHVHDUFK
WHDFKHU�WHOOV�\RX�WKDW�VKH�LV�JRLQJ�WR�FKHFN�WR�VHH�ZKHWKHU�WKH�DVVXPSWLRQ�WKDW�WKH�FRLQ�LV�IDLU�VHHPV�WR
EH�MXVWLILHG��7KH�WZR�K\SRWKHVHV�LQ�WKLV�H[DPSOH�DUH�DV�IROORZV�



<RXU� WHDFKHU� WHOOV�\RX� WKDW� VKH� LV�JRLQJ� WR� IOLS� WKH�FRLQ���� WLPHV�DQG� UHFRUG� WKH�QXPEHU�RI�KHDGV�
2EYLRXVO\��LI�WKH�FRLQ�LV�IDLU��\RX�ZRXOG�H[SHFW�WR�JHW�DERXW�DV�PDQ\�KHDGV�DV�WDLOV�RYHU�WKH����IOLSV�RI
WKH�FRLQ��<RXU�WHDFKHU�IOLSV�WKH�FRLQ�IRU�WKH�ILUVW�WLPH��ORRNV�DW�LW��DQG�VD\V��³,W�ZDV�KHDGV�´�6KH�SXWV�D
FKHFN�RQ�WKH�ERDUG�WR�UHFRUG�WKH�UHVXOW��6KH�IOLSV�WKH�FRLQ�DJDLQ��ORRNV�DW�LW��DQG�VD\V��³,W�ZDV�KHDGV�´
6KH�SXWV�DQRWKHU�FKHFN�RQ�WKH�ERDUG��2QFH�DJDLQ��\RXU�WHDFKHU�IOLSV�WKH�FRLQ��ORRNV�DW�LW��DQG�VD\V��³,W
ZDV�KHDGV�´�6KH�SXWV�\HW�DQRWKHU�FKHFN�RQ�WKH�ERDUG��<RXU�WHDFKHU�FRQWLQXHV�WKLV�FRLQ�IOLSSLQJ�H[HUFLVH
VHYHQ�PRUH�WLPHV��DQG�HDFK�WLPH�VKH�WHOOV�\RX�WKDW�WKH�FRLQ�IOLS�UHVXOWHG�LQ�KHDGV��,V�WKLV�FRLQ�IDLU"�7KH
WHDFKHU� IOLSSHG� WKH�FRLQ���� WLPHV��DQG� LW�FDPH�XS�KHDGV�HYHU\�VLQJOH� WLPH��7KDW� LV����KHDGV� LQ�D� URZ�
'RHV�WKLV�VHHP�OLNH�D�OLNHO\�RU�DQ�XQOLNHO\�UHVXOW"

0RVW�VWXGHQWV�UHMHFW�WKH�QXOO�K\SRWKHVLV�WKDW�WKH�FRLQ�LQ�WKLV�H[HUFLVH�LV�IDLU��DQG�WKH\�FODLP�WKDW�WKH
FRLQ�PXVW�EH�ELDVHG��6RPH�VWXGHQWV�ZLOO�VWDUW�TXHVWLRQLQJ�WKH�DVVXPSWLRQ�WKDW�WKH�FRLQ�LV�IDLU�DIWHU�RQO\
WKUHH�RU�IRXU�KHDGV�KDYH�FRPH�XS�LQ�D�URZ��%\�WKH�WLPH�KHDGV�KDV�FRPH�XS����WLPHV�LQ�D�URZ��YLUWXDOO\
HYHU\RQH� UHMHFWV� WKH� QXOO� K\SRWKHVLV� WKDW� WKH� FRLQ� LV� IDLU�� %DVLFDOO\�� HDFK� VWXGHQW� KDV� WKH� FRQFHSWV� RI
VLJQLILFDQFH� OHYHO� DQG� SUREDELOLW\� LQ� KLV� RU� KHU� KHDG�� 7KH� FXWRII� SRLQW� �WKH� SRLQW� DW�ZKLFK� WKH� VWXGHQW
GHFLGHV�WKH�FRLQ�LV�QRW�IDLU��LV�WKH�VWXGHQW¶V�VLJQLILFDQFH�OHYHO��7KH�VWXGHQW¶V�SHUFHSWLRQ�RI�KRZ�OLNHO\�WKH
SDUWLFXODU�REVHUYHG�UHVXOW�ZRXOG�EH��DVVXPLQJ�WKH�FRLQ�LV�IDLU��LV�WKH�SUREDELOLW\�YDOXH��6WXGHQWV�FRPSDUH
WKLV� SUREDELOLW\� YDOXH� WR� WKH� VLJQLILFDQFH� OHYHO�� :KHQ� WKH� SUREDELOLW\� YDOXH� UHDFKHV� WKH� VWXGHQW¶V
VLJQLILFDQFH� OHYHO� �WKH� SRLQW� ZKHUH� WKH� VWXGHQW� GHFLGHV� WKDW� WKH� IDLU�FRLQ� K\SRWKHVLV� DSSHDUV� WRR
LPSUREDEOH� WR� EHOLHYH��� WKH� VWXGHQW� UHMHFWV� WKH� QXOO� K\SRWKHVLV²WKH� VWXGHQW� UHMHFWV� WKH� RULJLQDO
DVVXPSWLRQ�WKDW�WKH�FRLQ�LV�IDLU�

,Q�7DEOH�������\RX�FDQ�VHH�WKH�DFWXDO�SUREDELOLW\�YDOXHV�RI�JHWWLQJ�KHDGV�XQGHU�WKH�DVVXPSWLRQ�WKDW
WKH�FRLQ�LV�IDLU��7KH�SUREDELOLW\�RI�JHWWLQJ����KHDGV�LQ�D�URZ�LV���������:KDW�WKLV�SUREDELOLW\�YDOXH�PHDQV
LV�WKDW�LI�WKH�FRLQ�LV�IDLU��WKH�UXOHV�RI�SUREDELOLW\�LQIRUP�XV�WKDW�ZH�ZLOO�JHW����KHDGV�LQ�D�URZ�RQO\�DERXW��
HYHU\�������WLPHV��,Q�RWKHU�ZRUGV��JHWWLQJ����KHDGV�LQ�D�URZ�LV�TXLWH�XQOLNHO\��)RUPDO�K\SRWKHVLV�WHVWLQJ
ZRUNV�D�ORW�OLNH�WKLV�FRLQ�WRVVLQJ�H[DPSOH��5HVHDUFKHUV�FRPSDUH�WKH�DFWXDO�SUREDELOLW\�YDOXH��ZKLFK�WKH\
JHW� IURP� WKH� FRPSXWHU� SULQWRXW�� WR� WKH� VLJQLILFDQFH� OHYHO� WKDW� WKH\� FKRRVH� WR� XVH�� $V� \RX� NQRZ�
UHVHDUFKHUV�XVXDOO\�XVH�D�VLJQLILFDQFH�OHYHO�RI������,Q�RXU�FRLQ�WRVVLQJ�H[DPSOH��ZH�ZRXOG�KDYH�UHMHFWHG
WKH�QXOO�K\SRWKHVLV� �WKDW� WKH�FRLQ� LV� IDLU��EHFDXVH� WKH�SUREDELOLW\�YDOXH���������� LV�FOHDUO\� OHVV� WKDQ� WKH
VLJQLILFDQFH� OHYHO� ������� 5HPHPEHU� WKDW� WKH� SUREDELOLW\� YDOXH� LV� WKH� PDWKHPDWLFDO� SUREDELOLW\� RI� DQ
REVHUYHG� UHVXOW�� XQGHU� WKH� DVVXPSWLRQ� WKDW� WKH� QXOO� K\SRWKHVLV� LV� WUXH�� 7KH� VLJQLILFDQFH� OHYHO� LV� WKH
FXWRII�SRLQW�WKDW�WKH�UHVHDUFKHU�FKRRVHV�WR�XVH�ZKHQ�GHFLGLQJ�KRZ�XQOLNHO\�DQ�HYHQW�PXVW�EH�LQ�RUGHU�WR
UHMHFW�WKH�QXOO�K\SRWKHVLV�

7KH�+\SRWKHVLV�7HVWLQJ�'HFLVLRQ�0DWUL[
%HFDXVH� VDPSOHV� UDWKHU� WKDQ� FRPSOHWH� SRSXODWLRQV� DUH� VWXGLHG� LQ� LQIHUHQWLDO

VWDWLVWLFV�� K\SRWKHVLV� WHVWLQJ� LV� EDVHG� RQ� LQFRPSOHWH� GDWD�� %HFDXVH� K\SRWKHVLV
WHVWLQJ� LV� EDVHG� RQ� VDPSOH� GDWD�� LW� UHOLHV� RQ� SUREDELOLW\� WKHRU\� WR� LQIRUP� WKH
GHFLVLRQ�PDNLQJ� SURFHVV�� $V� D� UHVXOW�� GHFLVLRQ�PDNLQJ� HUURUV� ZLOO� LQHYLWDEO\� EH
PDGH� VRPH� RI� WKH� WLPH�� 7KH� IRXU� SRVVLEOH� K\SRWKHVLV�WHVWLQJ� RXWFRPHV� DUH
LOOXVWUDWHG�LQ�7DEOH������

�7$%/(��������&RLQ�7RVV�3UREDELOLWLHV



$FURVV�WKH�WRS�RI�7DEOH������DUH� WKH� WZR�SRVVLEOH�FRQGLWLRQV� WKDW�FDQ�H[LVW� LQ
WKH�SRSXODWLRQ��7KH�QXOO�K\SRWKHVLV� LV� WUXH��RU� WKH�QXOO�K\SRWKHVLV� LV�IDOVH��$FURVV
WKH�URZV�RI�WKH�WDEOH�DUH�WKH�WZR�SRVVLEOH�GHFLVLRQV�WKDW�D�UHVHDUFKHU�FDQ�PDNH��$
UHVHDUFKHU�FDQ�UHMHFW�WKH�QXOO�K\SRWKHVLV��RU�D�UHVHDUFKHU�FDQ�IDLO�WR�UHMHFW�WKH�QXOO
K\SRWKHVLV��<RX�ZLOO� VHH� LQ�7DEOH������ WKDW� WKHVH� WZR� VHWV� RI� FRQGLWLRQV� UHVXOW� LQ
IRXU�SRVVLEOH�RXWFRPHV��7ZR�RI�WKH�RXWFRPHV�DUH�JRRG��WKH\�DUH�FRUUHFW�GHFLVLRQV��
DQG�WZR�RI�WKH�RXWFRPHV�DUH�EDG��WKH\�DUH�LQFRUUHFW�GHFLVLRQV��

�7$%/(��������7KH�)RXU�3RVVLEOH�2XWFRPHV�LQ�+\SRWKHVLV�7HVWLQJ


5HPHPEHU� WKDW� LI� WKH� QXOO� K\SRWKHVLV� LV� WUXH�� LW� VKRXOG� QRW� EH� UHMHFWHG�� EXW� LI� WKH� QXOO� K\SRWKHVLV� LV� IDOVH�� LW
VKRXOG�EH�UHMHFWHG��7KH�SUREOHP�LV�WKDW�\RX�ZLOO�QRW�NQRZ�ZKHWKHU�WKH�QXOO�K\SRWKHVLV�LV�WUXH�RU�IDOVH��<RX�RQO\
KDYH�WKH�SUREDELOLVWLF�HYLGHQFH�REWDLQHG�IURP�\RXU�VDPSOH�GDWD�

&DQ� \RX� ORFDWH� WKH� WZR� FRUUHFW� GHFLVLRQV� LQ� 7DEOH� ����"� 7\SH� $� FRUUHFW
GHFLVLRQV�RFFXU�ZKHQ�WKH�QXOO�K\SRWKHVLV�LV�WUXH�DQG�\RX�GR�QRW�UHMHFW�LW��L�H���\RX
IDLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV���7KLV�LV�H[DFWO\�ZKDW�\RX�KRSH�WR�GR�ZKHQ�WKH�QXOO
K\SRWKHVLV�LV�WUXH��7\SH�%�FRUUHFW�GHFLVLRQV�RFFXU�ZKHQ�WKH�QXOO�K\SRWKHVLV�LV�IDOVH
DQG� \RX� UHMHFW� LW�� $JDLQ�� WKLV� LV� H[DFWO\� ZKDW� \RX� KRSH� WR� GR� ZKHQ� WKH� QXOO
K\SRWKHVLV� LV� IDOVH�� ,I� WKH� QXOO� K\SRWKHVLV� LV� IDOVH�� \RX� DOZD\V� ZDQW� WR� UHMHFW� LW�
5HVHDUFKHUV� KRSH� IRU� D� 7\SH� %� FRUUHFW� GHFLVLRQ�� WKDW� LV�� WKH\� KRSH� WKHLU� QXOO
K\SRWKHVLV� LV� IDOVH� DQG� WKDW� WKH\� ZLOO� EH� DEOH� WR� UHMHFW� LW� DQG� FODLP� WKDW� WKHLU
UHVHDUFK�ILQGLQJV�DUH�VWDWLVWLFDOO\�VLJQLILFDQW�

1RZ� ORRN� DW� WKH� WZR� ³HUURUV´� LQ� 7DEOH� ������ 7KHVH� HUURUV� DUH� FDOOHG� 7\SH� ,



HUURUV�DQG�7\SH�,,�HUURUV��$�7\SH�,�HUURU�RFFXUV�ZKHQ�WKH�UHVHDUFKHU�UHMHFWV�D�WUXH
QXOO�K\SRWKHVLV��5HPHPEHU��,I�WKH�QXOO�K\SRWKHVLV�LV�WUXH��LW�VKRXOG�QRW�EH�UHMHFWHG�
7\SH� ,� HUURUV� DUH� FDOOHG� IDOVH� SRVLWLYHV� EHFDXVH� WKH� UHVHDUFKHU� KDV� IDOVHO\
FRQFOXGHG� WKDW� WKHUH� LV� D� UHODWLRQVKLS� LQ� WKH� SRSXODWLRQ�� 7KH� UHVHDUFKHU� KDV
HUURQHRXVO\� FODLPHG� VWDWLVWLFDO� VLJQLILFDQFH��+HUH� LV� DQ� DQDORJ\�� ,Q�PHGLFLQH�� WKH
QXOO�K\SRWKHVLV�LV�³7KH�SDWLHQW�LV�QRW�LOO�´�7KHUHIRUH��D�IDOVH�SRVLWLYH�RFFXUV�ZKHQ�D
PHGLFDO�WHVW�VD\V�WKDW�\RX�KDYH�D�GLVHDVH�EXW�\RX�UHDOO\�GRQ¶W��$V�DQRWKHU�DQDORJ\�
LQ�WKH�FULPLQDO�MXVWLFH�V\VWHP��WKH�GHIHQGDQW�LV�SUHVXPHG�WR�EH�LQQRFHQW�XQWLO�IRXQG
JXLOW\�E\�D�MXGJH�RU�MXU\��+HQFH��D�7\SH�,�HUURU�RFFXUV�ZKHQ�DQ�LQQRFHQW�SHUVRQ�LV
IRXQG�JXLOW\�

��7\SH�,�HUURU�5HMHFWLQJ�D�WUXH�QXOO�K\SRWKHVLV

$� 7\SH� ,,� HUURU� RFFXUV� ZKHQ� WKH� UHVHDUFKHU� IDLOV� WR� UHMHFW� D� IDOVH� QXOO
K\SRWKHVLV��5HPHPEHU��LI�WKH�QXOO�K\SRWKHVLV�LV�IDOVH��LW�LV�VXSSRVHG�WR�EH�UHMHFWHG�
7\SH� ,,� HUURUV� DUH� DOVR� FDOOHG� IDOVH�QHJDWLYHV� EHFDXVH� WKH� UHVHDUFKHU� KDV� IDOVHO\
FRQFOXGHG�WKDW�WKHUH�LV�QR�UHODWLRQVKLS�LQ�WKH�SRSXODWLRQ��7KDW�LV��WKH�UHVHDUFKHU�KDV
FODLPHG�LW� WR�EH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW� LQ�HUURU�� ,Q�D�PHGLFDO�DQDORJ\��D� IDOVH
QHJDWLYH�RFFXUV�ZKHQ�D�PHGLFDO� WHVW� VD\V� WKDW�\RX�GR�QRW�KDYH�D�GLVHDVH�EXW�\RX
UHDOO\�GR��,Q�WKH�FRXUWURRP��D�7\SH�,,�HUURU�RFFXUV�ZKHQ�D�JXLOW\�SHUVRQ�LV�IRXQG�WR
EH�QRW�JXLOW\�

��7\SH�,,�HUURU�)DLOLQJ�WR�UHMHFW�D�IDOVH�QXOO�K\SRWKHVLV

7UDGLWLRQDOO\�� UHVHDUFKHUV� KDYH� EHHQ� PRUH� FRQFHUQHG� ZLWK� DYRLGLQJ� 7\SH� ,
HUURUV� WKDQ� 7\SH� ,,� HUURUV�� ,Q� IDFW�� WKH� VLJQLILFDQFH� OHYHO� WKDW� ZH� KDYH� EHHQ
GLVFXVVLQJ�LV�GHILQHG�DV�WKH�SUREDELOLW\�RI�PDNLQJ�D�7\SH�,�HUURU�WKDW�WKH�UHVHDUFKHU
LV� ZLOOLQJ� WR� WROHUDWH�� ,I� D� UHVHDUFKHU� XVHV� ���� DV� WKH� VLJQLILFDQFH� OHYHO�� WKH
UHVHDUFKHU�LV�VD\LQJ�WKDW�KH�RU�VKH�LV�RQO\�ZLOOLQJ�WR�WROHUDWH�PDNLQJ�D�7\SH�,�HUURU
���RI� WKH� WLPH�� ,Q�RWKHU�ZRUGV�� WKH� UHVHDUFKHU� LV�ZLOOLQJ� WR� WROHUDWH�PDNLQJ�IDOVH
SRVLWLYHV��FODLPLQJ�WKHUH�LV�DQ�HIIHFW�ZKHQ�WKHUH�LV�QRQH��RQO\����RI�WKH�WLPH��7KLV
DWWLWXGH�VXJJHVWV�WKDW�UHVHDUFKHUV�DUH�FRQVHUYDWLYH�SHRSOH�ZKHQ�LW�FRPHV�WR�PDNLQJ
FODLPV� IURP� WKHLU� UHVHDUFK� GDWD�� 7KH\� DUH� ZLOOLQJ� WR� FODLP� LQFRUUHFWO\� WKDW� WKH\
KDYH�DQ�HIIHFW�RQO\����RI�WKH�WLPH�

&RQWUROOLQJ�WKH�5LVN�RI�(UURUV
:H� SRLQWHG� RXW� LQ� WKH� SUHYLRXV� VHFWLRQ� WKDW� WKH� VLJQLILFDQFH� OHYHO� XVHG� E\� D

UHVHDUFKHU�LV�WKH�SUREDELOLW\�RI�PDNLQJ�D�7\SH�,�HUURU�WKDW�D�UHVHDUFKHU�LV�ZLOOLQJ�WR
DFFHSW�� :KHQ� D� UHVHDUFKHU� XVHV� WKH� ���� VLJQLILFDQFH� OHYHO�� IRU� H[DPSOH�� WKH
UHVHDUFKHU�LV�ZLOOLQJ�WR�PDNH�7\SH�,�HUURUV�RQO\����RI�WKH�WLPH��<RX�PLJKW�ZRQGHU�
WKHUHIRUH��ZK\�UHVHDUFKHUV�GRQ¶W�MXVW�XVH�D�VPDOOHU�VLJQLILFDQFH�OHYHO��)RU�H[DPSOH�
ZK\� GRQ¶W� UHVHDUFKHUV� MXVW� XVH� D� VLJQLILFDQFH� OHYHO� HTXDO� WR� ���� UDWKHU� WKDQ� D
VLJQLILFDQFH�OHYHO�HTXDO�WR����"�$IWHU�DOO��D�UHVHDUFKHU�ZKR�XVHV�WKLV�VPDOOHU�OHYHO



ZLOO�PDNH�IHZHU�7\SH�,�HUURUV�
7KH�SUREOHP�ZLWK�XVLQJ�D� VPDOOHU� VLJQLILFDQFH� OHYHO� LV� WKDW�7\SH� ,�HUURUV�DQG

7\SH�,,�HUURUV�WHQG�WR�EH�LQYHUVHO\�UHODWHG��,Q�RWKHU�ZRUGV��ZKHQ�\RX�WU\�WR�GHFUHDVH
WKH� OLNHOLKRRG� RI� PDNLQJ� D� 7\SH� ,� HUURU�� \RX� XVXDOO\� LQFUHDVH� WKH� OLNHOLKRRG� RI
PDNLQJ�D�7\SH�,,�HUURU��,Q�SDUWLFXODU��LI�\RX�XVH�D�VPDOOHU�VLJQLILFDQFH�OHYHO²VD\�
���� UDWKHU� WKDQ� ���²\RX� ZLOO� PDNH� LW� KDUGHU� WR� UHMHFW� WKH� QXOO� K\SRWKHVLV�� 7KLV
UHGXFHV�WKH�IUHTXHQF\�RI�7\SH�,�HUURUV��EXW� LW� LQFUHDVHV�WKH�ULVN�RI�PDNLQJ�7\SH�,,
HUURUV��7KDW� LV��\RX�DUH�PRUH� OLNHO\� WR� IDLO� WR� UHMHFW� WKH�QXOO�K\SRWKHVLV�ZKHQ�\RX
VKRXOG�KDYH�UHMHFWHG�LW��7KDW�LV�WKH�WUDGH�RII��,Q�VKRUW��ZKHQ�\RX�WU\�WR�PDNH�D�IDOVH
SRVLWLYH�OHVV�OLNHO\��\RX�WHQG�WR�PDNH�D�IDOVH�QHJDWLYH�PRUH�OLNHO\�

<RX�ZLOO� EH� JODG� WR� NQRZ� WKDW� WKHUH� LV� D� VROXWLRQ�� 7KH� VROXWLRQ� LV� WR� LQFOXGH
PRUH�SDUWLFLSDQWV�LQ�\RXU�UHVHDUFK�VWXG\��,Q�RWKHU�ZRUGV��\RX�QHHG�WR�LQFUHDVH�\RXU
VDPSOH� VL]H�� /DUJHU� VDPSOHV� SURYLGH� D� WHVW� WKDW� LV� PRUH� VHQVLWLYH� RU� KDV� PRUH
SRZHU�� ,I�\RX� LQFUHDVH� WKH�VDPSOH�VL]H��\RX�DUH� OHVV� OLNHO\� WR�PDNH�D�K\SRWKHVLV�
WHVWLQJ�HUURU��DQG�WKDW� LV�H[DFWO\�ZKDW�ZH�DOO�ZDQW��6R�UHPHPEHU��³7KH�ELJJHU� WKH
VDPSOH�VL]H��WKH�EHWWHU�´���/DUJHU�VDPSOH�VL]HV�DUH�EHWWHU�WKDQ�VPDOOHU�VDPSOH�VL]HV
EHFDXVH�\RX�ZLOO�EH�PRUH�OLNHO\�WR�GUDZ�WKH�FRUUHFW�FRQFOXVLRQ�

��3RZHU�7KH�OLNHOLKRRG�RI�UHMHFWLQJ�WKH�QXOO�K\SRWKHVLV�ZKHQ�LW�LV�IDOVH

,I� \RX� DUH� DEOH� WR� XVH� ODUJH� VDPSOH� VL]HV� DQG� \RX� DOVR� KDSSHQ� WR� REWDLQ
VWDWLVWLFDO�VLJQLILFDQFH��\RX�UHMHFW�WKH�QXOO�K\SRWKHVLV���\RX�PXVW�DOVR�PDNH�VXUH�WKDW
\RXU�ILQGLQJ�KDV�SUDFWLFDO�VLJQLILFDQFH��WKH�GLIIHUHQFH�EHWZHHQ�WKH�PHDQV�LV�ODUJH
HQRXJK�RU� WKH�FRUUHODWLRQ� LV� VWURQJ�HQRXJK� WR�EH�RI�SUDFWLFDO� LPSRUWDQFH���7KLV� LV
EHFDXVH�HYHQ�VPDOO�GHYLDWLRQV�IURP�WKH�QXOO�K\SRWKHVLV�DUH�VRPHWLPHV�IRXQG�WR�EH
VWDWLVWLFDOO\�VLJQLILFDQW�ZKHQ�ODUJH�VDPSOH�VL]HV�DUH�XVHG��6FULYHQ��������PDGH�WKLV
SRLQW�ZKHQ�KH�TXRWHG�D�+DUYDUG�VWDWLVWLFLDQ�DV�IROORZV��³)UHG�0RVWHOOHU��WKH�JUHDW
DSSOLHG�VWDWLVWLFLDQ��ZDV� IRQG�RI�VD\LQJ� WKDW�KH�GLG�QRW�FDUH�PXFK�IRU�VWDWLVWLFDOO\
VLJQLILFDQW� GLIIHUHQFHV�� KH� ZDV� PRUH� LQWHUHVWHG� LQ� LQWHURFXODU� GLIIHUHQFHV�� WKH
GLIIHUHQFHV�WKDW�KLW�XV�EHWZHHQ�WKH�H\HV´��S������

��3UDFWLFDO�VLJQLILFDQFH�$�FRQFOXVLRQ�PDGH�ZKHQ�D�UHODWLRQVKLS�LV�VWURQJ
HQRXJK�WR�EH�RI�SUDFWLFDO�LPSRUWDQFH

)RU�H[DPSOH��SHUKDSV�\RX�FRPSDUHG�WZR�WHFKQLTXHV�IRU�WHDFKLQJ�VSHOOLQJ��DQG
WKH�PHDQV�RI�WKH�WZR�JURXSV�LQ�\RXU�VWXG\�WXUQHG�RXW�WR�EH�����DQG�����FRUUHFW�RQ
WKH�VSHOOLQJ�WHVW�DIWHU�WKH�LQWHUYHQWLRQ��7KH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�PHDQV�LV
TXLWH� VPDOO� DQG� LV� SUREDEO\� QRW� SUDFWLFDOO\� VLJQLILFDQW�� KRZHYHU�� WKLV� GLIIHUHQFH
PLJKW� HQG� XS� EHLQJ� VWDWLVWLFDOO\� VLJQLILFDQW� LI� \RX� KDYH� D� YHU\� ODUJH� QXPEHU� RI
SHRSOH�LQ�HDFK�RI�WKH�WZR�WUHDWPHQW�JURXSV��/LNHZLVH��D�VPDOO�FRUUHODWLRQ�PLJKW�EH
VWDWLVWLFDOO\�VLJQLILFDQW�EXW�QRW�SUDFWLFDOO\�VLJQLILFDQW�LI�WKHUH�LV�D�YHU\�ODUJH�QXPEHU
RI� SHRSOH� LQ� WKH� UHVHDUFK� VWXG\�\RX� FRQGXFW� RU� WKDW� \RX� UHDG� DERXW� DQG� HYDOXDWH�
7KLV�GRHV�QRW�PHDQ� WKDW� ODUJHU�VDPSOHV�DUH�EDG��7KH�UXOH²WKH�ELJJHU� WKH�VDPSOH
VL]H��WKH�EHWWHU²VWLOO�DSSOLHV��,W�VLPSO\�PHDQV�WKDW�\RX�PXVW�DOZD\V�PDNH�VXUH�WKDW�D



ILQGLQJ�LV�SUDFWLFDOO\�VLJQLILFDQW�LQ�DGGLWLRQ�WR�EHLQJ�VWDWLVWLFDOO\�VLJQLILFDQW�
$�XVHIXO�WRRO�IRU�KHOSLQJ�\RX�GHWHUPLQH�ZKHQ�D�ILQGLQJ�LV�SUDFWLFDOO\�VLJQLILFDQW

LV� WR� H[DPLQH� DQ� HIIHFW� VL]H� LQGLFDWRU�� $Q� HIIHFW� VL]H� LQGLFDWRU� LV� D� VWDWLVWLFDO
PHDVXUH�RI�WKH�VWUHQJWK�RI�D�UHODWLRQVKLS��,W� WHOOV�\RX�KRZ�ELJ�DQ�HIIHFW� LV�SUHVHQW�
6RPH� HIIHFW� VL]H� LQGLFDWRUV� DUH� &RKHQ¶V� VWDQGDUGL]HG� HIIHFW� VL]H�� HWD� VTXDUHG�
RPHJD�VTXDUHG��&UDPHU¶V�9�� DQG� WKH�FRUUHODWLRQ�FRHIILFLHQW� VTXDUHG��:H�ZLOO�XVH
VRPH�HIIHFW�VL]H�LQGLFDWRUV�LQ�WKH�ODVW�VHFWLRQ�RI�WKLV�FKDSWHU���,I�\RX�ZDQW�WR�OHDUQ
PRUH�DERXW�HIIHFW�VL]H�LQGLFDWRUV��\RX�FDQ�UHIHU�WR�D�VWDWLVWLFV�ERRN�VXFK�DV�+RZHOO�
������RU�+XFN��������RU�VHH�9RJW�	�-RKQVRQ���������$OO�\RX�QHHG�WR�NQRZ�QRZ�LV
WKDW�HIIHFW�VL]H�LQGLFDWRUV�WHOO�\RX�KRZ�ELJ�RU�KRZ�VWURQJ�D�UHODWLRQVKLS�RU�DQ�HIIHFW
LV�� <RX� DOVR� QHHG� WR� XQGHUVWDQG� WKDW� K\SRWKHVLV� WHVWLQJ� LV� RQO\� D� WRRO� WKDW� WKH
UHVHDUFKHU�XVHV�WR�GHWHUPLQH�ZKHWKHU�WKH�QXOO�RU�WKH�DOWHUQDWLYH�K\SRWKHVLV�SURYLGHV
D�EHWWHU�H[SODQDWLRQ�IRU�WKH�GDWD��.QRZLQJ�WKDW�D�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW
GRHV�QRW�WHOO�\RX�DQ\WKLQJ�DERXW�WKH�HIIHFW�VL]H�RU�WKH�SUDFWLFDO�LPSRUWDQFH�RI�D
UHVHDUFK� ILQGLQJ��6WDWLVWLFDO� VLJQLILFDQFH�RQO\� WHOOV�\RX� WKDW� D� ILQGLQJ� LV�SUREDEO\
QRW�MXVW�D�FKDQFH�RFFXUUHQFH��7KDW¶V�ZK\�LW�LV�VR�LPSRUWDQW�WR�GHWHUPLQH�ZKHWKHU�D
ILQGLQJ�KDV�D�ODUJH�HIIHFW�VL]H�DQG�ZKHWKHU�LW�LV�SUDFWLFDOO\�VLJQLILFDQW��VHH�VWHS���LQ
7DEOH�������

��(IIHFW�VL]H�LQGLFDWRU�$�PHDVXUH�RI�WKH�VWUHQJWK�RU�PDJQLWXGH�RI�D
UHODWLRQVKLS�EHWZHHQ�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV

5(9,(:
48(67 ,21 6

�����:KDW�LV�D�QXOO�K\SRWKHVLV"
�����7R�ZKRP�LV�WKH�UHVHDUFKHU�VLPLODU�LQ�K\SRWKHVLV

WHVWLQJ��WKH�GHIHQVH�DWWRUQH\�RU�WKH�SURVHFXWLQJ
DWWRUQH\"�:K\"

������ :KDW� LV� WKH� GLIIHUHQFH� EHWZHHQ� D� SUREDELOLW\
YDOXH�DQG�WKH�VLJQLILFDQFH�OHYHO"

������:K\�GR�HGXFDWLRQDO� UHVHDUFKHUV�XVXDOO\�XVH� ���
DV�WKHLU�VLJQLILFDQFH�OHYHO"

������6WDWH�WKH�WZR�GHFLVLRQ�PDNLQJ�UXOHV�RI�K\SRWKHVLV
WHVWLQJ�

������ 'R� WKH� IROORZLQJ� VWDWHPHQWV� VRXQG� OLNH� W\SLFDO
QXOO� RU� DOWHUQDWLYH� K\SRWKHVHV"� �D�� 7KH� FRLQ� LV
IDLU���E��7KHUH�LV�QR�GLIIHUHQFH�EHWZHHQ�PDOH�DQG
IHPDOH�LQFRPHV�LQ�WKH�SRSXODWLRQ��F��7KHUH�LV�QR
FRUUHODWLRQ� LQ� WKH� SRSXODWLRQ�� �G��7KH� SDWLHQW� LV
QRW� VLFN� �L�H��� LV� ZHOO��� �H�� 7KH� GHIHQGDQW� LV
LQQRFHQW�

������:KDW�LV�D�7\SH�,�HUURU"�:KDW�LV�D�7\SH�,,�HUURU"



+RZ�FDQ�\RX�PLQLPL]H� WKH�ULVN�RI�ERWK� W\SHV�RI
HUURUV"

������ ,I� D� ILQGLQJ� LV� VWDWLVWLFDOO\� VLJQLILFDQW��ZK\� LV� LW
DOVR� LPSRUWDQW� WR� FRQVLGHU� LWV� SUDFWLFDO
VLJQLILFDQFH"

+<327+(6,6�7(67,1*�,1�35$&7,&(
:KHQ�\RX�UHDG�HGXFDWLRQDO�MRXUQDO�DUWLFOHV��\RX�ZLOO�TXLFNO\�QRWLFH�WKDW�UHVHDUFKHUV
IUHTXHQWO\�WHVW�K\SRWKHVHV�DQG�WKHUHIRUH�UHSRUW�RQ�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKHLU
ILQGLQJV��<RX�ZLOO�UHFDOO�WKDW�ZKHQ�D�QXOO�K\SRWKHVLV�LV�UHMHFWHG��WKH�ILQGLQJ�LV�VDLG
WR�EH�VWDWLVWLFDOO\�VLJQLILFDQW��DQG�ZKHQ�D�QXOO�K\SRWKHVLV�LV�QRW�UHMHFWHG��WKH�ILQGLQJ
LV�VDLG�WR�EH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��5HVHDUFKHUV�UHSRUW�VWDWLVWLFDO�VLJQLILFDQFH
WR�DGG�FUHGLELOLW\�WR�WKHLU�FRQFOXVLRQV��5HVHDUFKHUV�GR�QRW�ZDQW�WR�LQWHUSUHW�ILQGLQJV
WKDW�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�EHFDXVH�WKHVH�ILQGLQJV�DUH�SUREDEO\�QRWKLQJ�EXW
D� UHIOHFWLRQ� RI� VDPSOLQJ� HUURU� �L�H��� FKDQFH� IOXFWXDWLRQV��� 2Q� WKH� RWKHU� KDQG�
UHVHDUFKHUV�GR�ZDQW�WR�LQWHUSUHW�UHVHDUFK�ILQGLQJV�WKDW�DUH�VWDWLVWLFDOO\�VLJQLILFDQW��$
FRPPRQO\�XVHG� V\QRQ\P� IRU� WKH� WHUP�K\SRWKHVLV� WHVWLQJ� LV� WKH� WHUP� VLJQLILFDQFH
WHVWLQJ��EHFDXVH�ZKHQ�\RX�HQJDJH�LQ�K\SRWKHVLV�WHVWLQJ��\RX�DUH�DOVR�FKHFNLQJ�IRU
VWDWLVWLFDO�VLJQLILFDQFH�

��6LJQLILFDQFH�WHVWLQJ�$�FRPPRQO\�XVHG�V\QRQ\P�IRU�K\SRWKHVLV�WHVWLQJ

:H� QRZ� VKRZ� VRPH� H[DPSOHV� RI� VHYHUDO� FRPPRQO\� XVHG� VLJQLILFDQFH� WHVWV�
.HHS�LQ�PLQG�WKDW�ZH�XVH�WKH�����VLJQLILFDQFH�OHYHO�IRU�DOO�RI�RXU�VWDWLVWLFDO� WHVWV�
)RU�D�PRUH�H[KDXVWLYH�LQWURGXFWLRQ�WR�VLJQLILFDQFH�WHVWLQJ��\RX�ZLOO�QHHG�WR�H[DPLQH
D� VWDWLVWLFV� WH[WERRN� �H�J��� *ODVV� 	� +RSNLQV�� ������ +RZHOO�� ������ +XFN�� �����
.QRNH�	�%RKUQVWHGW��������0RRUH��0F&DEH��	�&UDLJ��������

%HIRUH� ZH� JHW� VWDUWHG�� \RX� QHHG� WR� UHYLHZ� WKH� WZR� K\SRWKHVLV� WHVWLQJ� UXOHV
GLVFXVVHG�HDUOLHU�DQG�VKRZQ�LQ�7DEOH������

�� �5XOH���� ,I� WKH� SUREDELOLW\� YDOXH� LV� OHVV� WKDQ�RU� HTXDO� WR� \RXU� VLJQLILFDQFH
OHYHO�� WKHQ� UHMHFW� WKH� QXOO� K\SRWKHVLV�� WHQWDWLYHO\� DFFHSW� WKH� DOWHUQDWLYH
K\SRWKHVLV��DQG�FRQFOXGH�WKDW�WKH�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

���5XOH����,I�WKH�SUREDELOLW\�YDOXH�LV�JUHDWHU�WKDQ�\RXU�VLJQLILFDQFH�OHYHO��WKHQ
\RX�PXVW�IDLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�FRQFOXGH�WKDW�WKH�ILQGLQJ�LV�QRW
VWDWLVWLFDOO\�VLJQLILFDQW�

7KH� NH\� WR� FRQGXFWLQJ� D� VLJQLILFDQFH� WHVW� LV� WR� VHW� \RXU� VLJQLILFDQFH� OHYHO�
REWDLQ� WKH� SUREDELOLW\� YDOXH�� DQG� GHWHUPLQH� LI� 5XOH� �� RU� 5XOH� �� DSSOLHV�� 7KH
VLJQLILFDQFH�OHYHO�LV�VHW�E\�WKH�UHVHDUFKHU��XVXDOO\�DW�������7KH�SUREDELOLW\�YDOXH�LV
EDVHG� RQ� WKH� FRPSXWHU� DQDO\VLV� RI� WKH� GDWD� IURP� \RXU� UHVHDUFK� VWXG\�� DQG� WKH
UHVHDUFKHU� JHWV� WKH� SUREDELOLW\� YDOXH� IURP� WKH� FRPSXWHU� SULQWRXW�� )LQDOO\�� \RX



FRPSDUH�WKH�SUREDELOLW\�YDOXH�WR�WKH�VLJQLILFDQFH�OHYHO�DQG�GHWHUPLQH�ZKHWKHU�UXOH
��RU�UXOH���DSSOLHV��,Q�DOO�RI�WKH�IROORZLQJ�H[DPSOHV��ZH�IROORZ�WKHVH�WZR�UXOHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

:H�XVH�WKH�VDPH�FROOHJH�VWXGHQW�GDWD�VHW�WKDW�ZH�XVHG�LQ�7DEOH�������7KH�GDWD
VHW� LQFOXGHV� WKH� K\SRWKHWLFDO� GDWD� IRU� ��� UHFHQW� FROOHJH� JUDGXDWHV� RQ� VHYHUDO
YDULDEOHV� �VWDUWLQJ� VDODU\�� JHQGHU�� *5(� 9HUEDO� VFRUH�� *3$�� DQG� FROOHJH� PDMRU��
%HFDXVH�ZH�ZLOO�XVH�WKHVH�GDWD�IRU�LQIHUHQWLDO�VWDWLVWLFV�LQ�WKLV�FKDSWHU��ZH�DVVXPH
WKDW� WKH� ��� LQGLYLGXDOV� DUH� D� UDQGRP� VDPSOH� IURP� D� ODUJHU� SRSXODWLRQ� RI� UHFHQW
FROOHJH�JUDGXDWHV�� ,Q�SUDFWLFH��D� VDPSOH�RI�RQO\����SHRSOH�ZRXOG�EH�TXLWH� VPDOO�
+RZHYHU��RXU�GDWD�VHW�LV�IRU�LOOXVWUDWLRQ�RQO\�

W�7HVW�IRU�,QGHSHQGHQW�6DPSOHV
2QH� RI� WKH�PRVW� FRPPRQ� VWDWLVWLFDO� VLJQLILFDQFH� WHVWV� LV� FDOOHG� WKH� W� WHVW� IRU

LQGHSHQGHQW� VDPSOHV�� 7KH� W� WHVW� IRU� LQGHSHQGHQW� VDPSOHV� LV� XVHG� ZLWK� D
TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH�DQG�D�GLFKRWRPRXV��L�H���FRPSRVHG�RI�WZR�OHYHOV�RU
JURXSV�� LQGHSHQGHQW� YDULDEOH�� 7KH� SXUSRVH� RI� WKLV� WHVW� LV� WR� VHH� ZKHWKHU� WKH
GLIIHUHQFH�EHWZHHQ�WKH�PHDQV�RI�WZR�JURXSV�LV�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�UHDVRQ
WKLV� WHVW� LV� FDOOHG� D� W� WHVW� LV� WKDW� WKH� VDPSOLQJ� GLVWULEXWLRQ� XVHG� WR� GHWHUPLQH� WKH
SUREDELOLW\� YDOXH� LV� NQRZQ� DV� WKH� W� GLVWULEXWLRQ�� 7KH� W� GLVWULEXWLRQV� �WKHUH� LV� D
VHSDUDWH�W�GLVWULEXWLRQ�IRU�HDFK�VDPSOH�VL]H��ORRN�TXLWH�D�ELW�OLNH�WKH�QRUPDO�FXUYH
VKRZQ�LQ�&KDSWHU�����7KH�PDLQ�GLIIHUHQFH�LV�WKDW�IRU�UHODWLYHO\�VPDOO�VDPSOH�VL]HV�
WKH�W�GLVWULEXWLRQ�LV�D�OLWWOH�IODWWHU�DQG�D�OLWWOH�PRUH�VSUHDG�RXW�WKDQ�WKH�QRUPDO�FXUYH�
7KH�PHDQ� RI� WKH� W� GLVWULEXWLRQ� LV� HTXDO� WR� ]HUR�� -XVW� OLNH� WKH� QRUPDO� FXUYH�� WKH� W
GLVWULEXWLRQ�LV�V\PPHWULFDO��LV�KLJKHU�DW�WKH�FHQWHU��DQG�KDV�D�³ULJKW�WDLO´�DQG�D�³OHIW
WDLO´�WKDW�UHSUHVHQW�H[WUHPH�HYHQWV�

��W�WHVW�IRU�LQGHSHQGHQW�VDPSOHV�6WDWLVWLFDO�WHVW�XVHG�WR�GHWHUPLQH�ZKHWKHU�WKH
GLIIHUHQFH�EHWZHHQ�WKH�PHDQV�RI�WZR�JURXSV�LV�VWDWLVWLFDOO\�VLJQLILFDQW

7KH�W�GLVWULEXWLRQ�XVHG�LQ�VLJQLILFDQFH�WHVWLQJ�LV�WKH�VDPSOLQJ�GLVWULEXWLRQ�XQGHU
WKH�DVVXPSWLRQ�WKDW�WKH�QXOO�K\SRWKHVLV�LV�WUXH��7KHUHIRUH�� WKH�UHVHDUFKHU� UHMHFWV
WKH�QXOO�K\SRWKHVLV�ZKHQ�WKH�YDOXH�RI�W�LV�ODUJH��L�H���ZKHQ�LW�IDOOV�LQ�RQH�RI�WKH�WZR
WDLOV� RI� WKH� W� GLVWULEXWLRQ��� 7\SLFDOO\�� W� YDOXHV� WKDW� DUH� JUHDWHU� WKDQ� ������ �H�J��
�������RU�OHVV�WKDQ�±������H�J���±������DUH�FRQVLGHUHG�WR�EH�ODUJH�W�YDOXHV�

:KHQ� ZH� VD\� ODUJH�� ZH� PHDQ� WKDW� WKH� YDOXH� LV� QRW� QHDU� WKH� FHQWHU� RI� WKH
GLVWULEXWLRQ�� LQVWHDG�� WKH�YDOXH�LV� LQ�D� WDLO�RI� WKH�GLVWULEXWLRQ��$V�DQ�DQDORJ\�� WKLQN
DERXW� WKH� QRUPDO� FXUYH��9DOXHV� WKDW� DUH�PRUH� WKDQ� WZR� VWDQGDUG� GHYLDWLRQV� DZD\
IURP� WKH� FHQWHU� RI� WKH�QRUPDO� FXUYH� DUH� FRQVLGHUHG� WR�EH� H[WUHPH�EHFDXVH� IHZHU
WKDQ����RI�WKH�FDVHV�IDOO�EH\RQG�WKHVH�SRLQWV��,W�LV�H[DFWO\�WKH�VDPH�ZD\�ZLWK�WKH�W
GLVWULEXWLRQ��7KDW� LV��ZKHQ�WKH� W�YDOXH�RI� WKH�VDPSOH�UHVXOW� IDOOV� LQ�RQH�RI� WKH� WZR
WDLOV�RI�WKH�W�GLVWULEXWLRQ��L�H���LQ�WKH�OHIW�WDLO�RU�LQ�WKH�ULJKW�WDLO���LW�LV�FRQVLGHUHG�WR



EH� DQ� XQOLNHO\� HYHQW� �XQGHU� WKH� DVVXPSWLRQ� WKDW� WKH� QXOO� K\SRWKHVLV� LV� WUXH��
7KHUHIRUH��WKH�UHVHDUFKHU�UHMHFWV�WKH�QXOO�K\SRWKHVLV�DQG�FODLPV�WKDW�WKH�DOWHUQDWLYH
K\SRWKHVLV�LV�WKH�EHWWHU�H[SODQDWLRQ�RI�WKH�UHVXOWV�

:H�XVHG�WKH�VDPSOH�GDWD�LQ�RXU�FROOHJH�VWXGHQW�GDWD�VHW��7DEOH�������WR�H[DPLQH
WKH� IROORZLQJ� UHVHDUFK� TXHVWLRQ�� ,V� WKH� GLIIHUHQFH� EHWZHHQ� WKH� DYHUDJH� VWDUWLQJ
VDODU\�IRU�PDOHV�DQG�WKH�DYHUDJH�VWDUWLQJ�VDODU\�IRU�IHPDOHV�VWDWLVWLFDOO\�VLJQLILFDQW"
7KH�GHSHQGHQW�YDULDEOH� LV�VWDUWLQJ�VDODU\��DQG� WKH� LQGHSHQGHQW�YDULDEOH� LV�JHQGHU�
7KH�WZR�VWDWLVWLFDO�K\SRWKHVHV�DUH

$V�\RX�FDQ�VHH�� WKH�QXOO�K\SRWKHVLV�VWDWHV�WKDW� WKH�PDOH�DQG�IHPDOH�SRSXODWLRQ
PHDQV� DUH� WKH� VDPH�� 7KH� DOWHUQDWLYH� K\SRWKHVLV� VWDWHV� WKDW� WKH� PDOH� DQG� IHPDOH
SRSXODWLRQ�PHDQV�DUH�GLIIHUHQW��L�H���WKH\�DUH�QRW�HTXDO���$VVXPLQJ�WKDW�RXU�PDOH�DQG
IHPDOH�GDWD�ZHUH�UDQGRPO\�VHOHFWHG��ZH�FDQ�OHJLWLPDWHO\�WHVW�WKH�QXOO�K\SRWKHVLV�

7KH�DYHUDJH�VWDUWLQJ�VDODU\�IRU� WKH�PDOHV� LQ�RXU�GDWD�VHW�ZDV�������������DQG
WKH� DYHUDJH� VWDUWLQJ� VDODU\� IRU� WKH� IHPDOHV� LQ� RXU� GDWD� VHW� ZDV� �����������
2EYLRXVO\�� WKHVH� WZR� VDPSOH� PHDQV� DUH� GLIIHUHQW�� 5HPHPEHU�� KRZHYHU�� WKDW
ZKHQHYHU� VDPSOH� GDWD� DUH� XVHG�� VDPSOLQJ� HUURU� LV� SUHVHQW�� 7KLV� PHDQV� WKDW� WKH
REVHUYHG�GLIIHUHQFH�LQ�WKH�VDPSOH�PHDQV�FRXOG�EH�GXH�WR�FKDQFH��7KH�NH\�TXHVWLRQ
LV� ZKHWKHU� WKH� VDPSOH� PHDQV� DUH� GLIIHUHQW� HQRXJK� IRU� XV� WR� FRQFOXGH� WKDW� WKH
GLIIHUHQFH�LV�SUREDEO\�QRW�GXH�WR�UDQGRP�VDPSOLQJ�HUURU��L�H���FKDQFH��DQG�WKDW�WKHUH
LV� D� UHDO� GLIIHUHQFH� EHWZHHQ�PDOH� DQG� IHPDOH� VWDUWLQJ� VDODULHV� LQ� WKH� SRSXODWLRQ
IURP�ZKLFK�WKH�GDWD�FDPH�

8VLQJ� 6366��ZH� FRQGXFWHG� WKH� W� WHVW� IRU� LQGHSHQGHQW� VDPSOHV� RQ� RXU� VWXGHQW
GDWD��7KH�W�YDOXH�ZDV�������DQG�EHFDXVH�WKLV� W�YDOXH�IDOOV� LQ� WKH�ULJKW� WDLO�RI� WKH� W
GLVWULEXWLRQ�� LW� LV� DQ�XQOLNHO\�YDOXH�� �,I� WKH� W� YDOXH�KDG�EHHQ�±������ WKHQ� LW�ZRXOG
KDYH� IDOOHQ� LQ� WKH� OHIW� WDLO� RI� WKH� W� GLVWULEXWLRQ�� ZKLFK� ZRXOG� KDYH� DOVR� EHHQ� DQ
XQOLNHO\� YDOXH���%HFDXVH� WKH� W� YDOXH� LV� UHODWLYHO\� XQOLNHO\�� DVVXPLQJ� WKDW� WKH� QXOO
K\SRWKHVLV�LV�WUXH��WKH�SUREDELOLW\�YDOXH�LV�VPDOO��:H�JRW�WKH�SUREDELOLW\�YDOXH�IURP
WKH�FRPSXWHU�SULQWRXW�EDVHG�RQ� WKH�DQDO\VLV�RI�RXU�GDWD��7KH�SUREDELOLW\� YDOXH� LV
HTXDO� WR� ������%HFDXVH� WKLV� SUREDELOLW\� YDOXH� ������� LV� OHVV� WKDQ� WKH� VLJQLILFDQFH
OHYHO��������ZH�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�ZH�DFFHSW�WKH�DOWHUQDWLYH�K\SRWKHVLV
�XVLQJ�UXOH���IURP�7DEOH�������

:H�FRQFOXGH�WKDW�WKH�REVHUYHG�GLIIHUHQFH�EHWZHHQ�WKH�PDOH�DQG�IHPDOH�PHDQV
LV�VWDWLVWLFDOO\�VLJQLILFDQW��:H�GR�QRW�EHOLHYH�WKDW�WKH�REVHUYHG�GLIIHUHQFH�EHWZHHQ
RXU� VDPSOH� PHDQV� LV� GXH� WR� FKDQFH�� 5DWKHU�� ZH� EHOLHYH� WKDW� WKHUH� LV� D� UHDO
GLIIHUHQFH�EHWZHHQ�WKH�VWDUWLQJ�VDODULHV�RI�PDOHV�DQG�IHPDOHV�LQ�WKH�SRSXODWLRQ��7KH
PDOH�PHDQ� LV�KLJKHU� WKDQ� WKH� IHPDOH�PHDQ�� DQG� WKH�HIIHFW� VL]H�HWD� VTXDUHG� LV� ����
ZKLFK�PHDQV�WKDW�JHQGHU�H[SODLQV�����RI�WKH�YDULDQFH�LQ�VDODU\��:H�FRQFOXGH�WKDW
PDOHV�KDYH�D�KLJKHU�VWDUWLQJ�VDODU\��RQ�DYHUDJH��WKDQ�IHPDOHV��:H�IXUWKHU�FRQFOXGH
WKDW�WKLV�LV�LPSRUWDQW�IRU�SROLF\PDNHUV�WR�NQRZ��,W�LV�SUDFWLFDOO\�VLJQLILFDQW�



2QH�:D\�$QDO\VLV�RI�9DULDQFH
2QH�ZD\�DQDO\VLV�RI�YDULDQFH��RQH�ZD\�$129$��LV�XVHG�WR�FRPSDUH�WZR�RU

PRUH�JURXS�PHDQV��,W�LV�DSSURSULDWH�ZKHQHYHU�\RX�KDYH�RQH�TXDQWLWDWLYH�GHSHQGHQW
YDULDEOH�DQG�RQH�FDWHJRULFDO�LQGHSHQGHQW�YDULDEOH���7ZR�ZD\�DQDO\VLV�RI�YDULDQFH
LV�XVHG�ZKHQ�\RX�KDYH�WZR�FDWHJRULFDO� LQGHSHQGHQW�YDULDEOHV�� WKUHH�ZD\�DQDO\VLV
RI�YDULDQFH�LV�XVHG�ZKHQ�\RX�KDYH�WKUHH�FDWHJRULFDO�LQGHSHQGHQW�YDULDEOHV��DQG�VR
IRUWK���$QDO\VLV�RI�YDULDQFH�WHFKQLTXHV�XVH�ZKDW�LV�FDOOHG�WKH�)�GLVWULEXWLRQ��'RQ¶W
EH�VXUSULVHG�LI�\RX�VRPHWLPHV�KHDU�DQDO\VLV�RI�YDULDQFH�WHFKQLTXHV�UHIHUUHG�WR�DV�)
WHVWV��7KH�)�GLVWULEXWLRQ�ORRNV�OLNH�WKH�GLVWULEXWLRQ�VKRZQ�LQ�)LJXUH�����F��ZKLFK�LV
VNHZHG�WR�WKH�ULJKW��L�H���WKH�WDLO�LV�SXOOHG�RU�VWUHWFKHG�RXW�WR�WKH�ULJKW���<RX�GRQ¶W
KDYH� WR� ZRUU\� PXFK� DERXW� WKH� )� GLVWULEXWLRQ� EHFDXVH� WKH� VWDWLVWLFDO� FRPSXWHU
SURJUDPV�ZLOO�WDNH�FDUH�RI�WKDW�IRU�\RX�

��2QH�ZD\�DQDO\VLV�RI�YDULDQFH�6WDWLVWLFDO�WHVW�XVHG�WR�FRPSDUH�WZR�RU�PRUH
JURXS�PHDQV

+HUH� LV� WKH� UHVHDUFK� TXHVWLRQ� WKDW�ZH�ZHUH� LQWHUHVWHG� LQ� IRU� RXU� H[DPSOH�� ,V
WKHUH� D� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH� LQ� WKH� VWDUWLQJ� VDODULHV� RI� HGXFDWLRQ
PDMRUV��DUWV�DQG�VFLHQFHV�PDMRUV��DQG�EXVLQHVV�PDMRUV"�7KH�GHSHQGHQW�YDULDEOH�LV
VWDUWLQJ�VDODU\��DQG�WKH�LQGHSHQGHQW�YDULDEOH�LV�FROOHJH�PDMRU�

7KH�WZR�VWDWLVWLFDO�K\SRWKHVHV�DUH�WKHVH�

7KH� QXOO� K\SRWKHVLV� VWDWHV� WKDW� WKH� HGXFDWLRQ�� WKH� DUWV� DQG� VFLHQFHV�� DQG� WKH
EXVLQHVV� VWXGHQW� SRSXODWLRQV� DOO� KDYH� WKH� VDPH� PHDQ� VWDUWLQJ� LQFRPH�� 7KH
DOWHUQDWLYH�K\SRWKHVLV�VWDWHV�WKDW�DW�OHDVW�WZR�RI�WKH�SRSXODWLRQ�PHDQV�DUH�GLIIHUHQW
IURP� RQH� DQRWKHU�� 7KH� DOWHUQDWLYH� K\SRWKHVLV� GRHV� QRW� VWDWH� ZKLFK� WZR� RI� WKH
SRSXODWLRQ�PHDQV�DUH�GLIIHUHQW�IURP�RQH�DQRWKHU�

2QFH�DJDLQ�ZH�XVHG�6366�WR�REWDLQ�RXU�UHVXOWV��7KH�)�YDOXH�LV�HTXDO�WR������
ZKLFK� LV� TXLWH� DQ� H[WUHPH� YDOXH�� :KHQ� WKHUH� LV� QR� UHODWLRQVKLS�� WKH� )� YDOXH� LV
WKHRUHWLFDOO\�HTXDO�WR������2XU�)�YDOXH�RI������LV�TXLWH�D�ELW�ELJJHU�WKDQ������ZKLFK
PHDQV�RXU�VDPSOH�UHVXOW� IDOOV� LQ� WKH�ULJKW� WDLO�RI� WKH�)�GLVWULEXWLRQ��7KHUHIRUH�� WKH
SUREDELOLW\� YDOXH� LV� VPDOO� �L�H��� WKH� VDPSOH� UHVXOW� LV� XQOLNHO\�� DVVXPLQJ� WKH� QXOO
K\SRWKHVLV�LV�WUXH���7KH�SUREDELOLW\�YDOXH��ZKLFK�ZH�JRW�IURP�WKH�6366�SULQWRXW��LV
HTXDO�WR�������%HFDXVH�ZH�DUH�XVLQJ�D�VLJQLILFDQFH�OHYHO�RI������ZH�UHMHFW�WKH�QXOO
K\SRWKHVLV� DQG� FRQFOXGH� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� FROOHJH�PDMRU� DQG� VWDUWLQJ
LQFRPH� LV� VWDWLVWLFDOO\� VLJQLILFDQW�� 7KDW¶V� EHFDXVH�� IURP� UXOH� ��� RXU� SUREDELOLW\
YDOXH��������LV�OHVV�WKDQ�RXU�VLJQLILFDQFH�OHYHO��������7KH�HIIHFW�VL]H�LQGLFDWRU�HWD
VTXDUHG� LV� �����ZKLFK�PHDQV� WKDW� FROOHJH�PDMRU� H[SODLQV� ����RI� WKH� YDULDQFH� LQ
VDODU\�� :H� FDQ� FRQFOXGH� WKDW� DW� OHDVW� WZR� RI� WKH� FROOHJH� PDMRU� PHDQV� DUH
VLJQLILFDQWO\�GLIIHUHQW�DQG�WKDW�IROORZ�XS�WHVWV�DUH�QHHGHG�WR�GHWHUPLQH�ZKLFK�PHDQV
DUH�VLJQLILFDQWO\�GLIIHUHQW�



3RVW�+RF�7HVWV�LQ�$QDO\VLV�RI�9DULDQFH
2QH�ZD\� DQDO\VLV� RI� YDULDQFH� WHOOV� WKH� UHVHDUFKHU� ZKHWKHU� WKH� UHODWLRQVKLS

EHWZHHQ�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV�LV�VWDWLVWLFDOO\�VLJQLILFDQW��,Q�RXU
H[DPSOH��FROOHJH�PDMRU�DQG�VWDUWLQJ�LQFRPH�DUH�VLJQLILFDQWO\�UHODWHG��:H�WKHUHIRUH
FRQFOXGHG�WKDW�DW� OHDVW� WZR�RI�WKH�PHDQV�DUH�VLJQLILFDQWO\�GLIIHUHQW��,I�\RX�ZDQW�WR
NQRZ�ZKLFK�PHDQV�DUH�VLJQLILFDQWO\�GLIIHUHQW��\RX�KDYH�WR�XVH�ZKDW�LV�FDOOHG�D�SRVW
KRF�WHVW��D� IROORZ�XS� WHVW� WR�DQDO\VLV�RI�YDULDQFH� WKDW� LV�XVHG� WR�GHWHUPLQH�ZKLFK
PHDQV� DUH� VLJQLILFDQWO\� GLIIHUHQW�� ,I� DQ� LQGHSHQGHQW� YDULDEOH� KDV� RQO\� WZR� OHYHOV�
\RX�GRQ¶W�QHHG�D�SRVW�KRF�WHVW��<RX�MXVW�QHHG�WR�ORRN�WR�VHH�ZKLFK�PHDQ�LV�ELJJHU��,I
DQ�LQGHSHQGHQW�YDULDEOH�KDV�WKUHH�RU�PRUH�OHYHOV��\RX�ZLOO�QHHG�WR�FRQGXFW�SRVW�KRF
WHVWLQJ�

��3RVW�KRF�WHVW�$�IROORZ�XS�WHVW�WR�WKH�DQDO\VLV�RI�YDULDQFH

0DQ\�GLIIHUHQW�SRVW�KRF�WHVWV�DUH�DYDLODEOH�WR�D�UHVHDUFKHU��$OO�RI�WKHP�SURYLGH
DSSURSULDWH� SUREDELOLW\� YDOXHV� IRU� D� UHVHDUFKHU� WR� XVH� LQ� GHWHUPLQLQJ� VWDWLVWLFDO
VLJQLILFDQFH�� 6RPH� RI� WKH� SRSXODU� SRVW� KRF� WHVWV� DUH� WKH�1HZPDQ�.HXOV� WHVW�� WKH
7XNH\�WHVW��DQG�WKH�%RQIHUURQL�WHVW��:H�XVHG�WKH�%RQIHUURQL�SURFHGXUH�WR�VHH�ZKLFK
RI�WKH�PHDQV�LQ�RXU�SUHYLRXV�H[DPSOH�ZHUH�VLJQLILFDQWO\�GLIIHUHQW��

+HUH�DUH�WKH�PHDQ�LQFRPHV�IRU�RXU�H[DPSOH�

���$YHUDJH�VWDUWLQJ�VDODU\�IRU�HGXFDWLRQ�PDMRUV�LV���������
���$YHUDJH�VWDUWLQJ�VDODU\�IRU�DUWV�DQG�VFLHQFHV�PDMRUV�LV���������
���$YHUDJH�VWDUWLQJ�VDODU\�IRU�EXVLQHVV�PDMRUV�LV������������

7KHVH� DUH� WKH� VDPSOH� PHDQV�� 7KH� TXHVWLRQ� LV�� :KLFK� RI� WKHVH� PHDQV� DUH
VLJQLILFDQWO\�GLIIHUHQW� IURP�HDFK�RWKHU"�:H�PXVW� FKHFN� IRU� VWDWLVWLFDO� VLJQLILFDQFH
EHFDXVH� WKH� GLIIHUHQFHV� EHWZHHQ�RXU� VDPSOH�PHDQV�FRXOG� EH� GXH� WR� FKDQFH� �L�H��
VDPSOLQJ�HUURU��

)LUVW��ZH�FKHFN� WR�VHH�ZKHWKHU� WKH�HGXFDWLRQ�DQG� WKH�DUWV�DQG�VFLHQFHV�PHDQV
DUH� VLJQLILFDQWO\� GLIIHUHQW�� 7KH� %RQIHUURQL�DGMXVWHG� SUREDELOLW\� YDOXH� �REWDLQHG
IURP�WKH�6366�SULQWRXW��LV�������2XU�VLJQLILFDQFH�OHYHO�LV������$V�\RX�FDQ�VHH��RXU
SUREDELOLW\�YDOXH��������LV�JUHDWHU�WKDQ�WKH�VLJQLILFDQFH�OHYHO��������7KHUHIRUH��ZH
XVH�UXOH����:H�IDLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV��WKDW�WKH�SRSXODWLRQ�PHDQV�DUH�WKH
VDPH��� DQG� ZH� FRQFOXGH� WKDW� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� PHDQV� LV� QRW
VWDWLVWLFDOO\� VLJQLILFDQW��:H�FDQ¶W� UHDOO\� VD\�ZKHWKHU� WKH�HGXFDWLRQ�RU� WKH�DUWV� DQG
VFLHQFHV�PHDQ�LV�ODUJHU�LQ�WKH�SRSXODWLRQ�

6HFRQG��ZH�FKHFN�WR�VHH�ZKHWKHU�WKH�HGXFDWLRQ�DQG�WKH�EXVLQHVV�PDMRUV¶�PHDQV
DUH�VLJQLILFDQWO\�GLIIHUHQW��7KH�%RQIHUURQL�DGMXVWHG�SUREDELOLW\�YDOXH�LV�������2XU
VLJQLILFDQFH�OHYHO�LV������<RX�FDQ�VHH�WKDW�RXU�SUREDELOLW\�YDOXH��������LV�OHVV�WKDQ
WKH�VLJQLILFDQFH�OHYHO��������7KHUHIRUH��ZH�XVH�UXOH����:H�UHMHFW�WKH�QXOO�K\SRWKHVLV
�WKDW� WKH� SRSXODWLRQ� PHDQV� DUH� WKH� VDPH��� DQG� ZH� FRQFOXGH� WKDW� WKH� GLIIHUHQFH
EHWZHHQ�WKH�WZR�PHDQV�LV�VWDWLVWLFDOO\�VLJQLILFDQW��:H�EHOLHYH�WKDW�EXVLQHVV�PDMRUV



KDYH�D�KLJKHU�VWDUWLQJ�VDODU\�WKDQ�HGXFDWLRQ�PDMRUV��DQG�EHFDXVH�WKLV�GLIIHUHQFH�LV
VR�ODUJH��LW�DOVR�DSSHDUV�WR�EH�SUDFWLFDOO\�VLJQLILFDQW�

7KLUG��ZH�FKHFN�WR�VHH�ZKHWKHU�WKH�DUWV�DQG�VFLHQFHV�DQG�WKH�EXVLQHVV�PDMRUV¶
PHDQV� DUH� VLJQLILFDQWO\� GLIIHUHQW�� 7KH� %RQIHUURQL�DGMXVWHG� SUREDELOLW\� YDOXH� LV
������2XU� VLJQLILFDQFH� OHYHO� LV� �����7KHUHIRUH��ZH� XVH� UXOH� ���:H� UHMHFW� WKH� QXOO
K\SRWKHVLV� �WKDW� WKH� SRSXODWLRQ� PHDQV� DUH� WKH� VDPH��� DQG� ZH� FRQFOXGH� WKDW� WKH
GLIIHUHQFH�EHWZHHQ�WKH�WZR�PHDQV�LV�VWDWLVWLFDOO\�VLJQLILFDQW��:H�FRQFOXGH�WKDW�WKH
VWDUWLQJ� VDODU\� IRU� EXVLQHVV�PDMRUV� LV� JUHDWHU� WKDQ� WKH� VWDUWLQJ� VDODU\� IRU� DUWV� DQG
VFLHQFHV� LQ� WKH� SRSXODWLRQ�� 7KLV� GLIIHUHQFH� LV� VL]DEOH� DQG� ZRXOG� EH� SUDFWLFDOO\
VLJQLILFDQW��

W�7HVW�IRU�&RUUHODWLRQ�&RHIILFLHQWV
&RUUHODWLRQ� FRHIILFLHQWV� DUH� XVXDOO\� XVHG� WR� VKRZ� WKH� UHODWLRQVKLS� EHWZHHQ� D

TXDQWLWDWLYH� GHSHQGHQW� YDULDEOH� DQG� D� TXDQWLWDWLYH� LQGHSHQGHQW� YDULDEOH�� ,Q
LQIHUHQWLDO�VWDWLVWLFV��WKH�UHVHDUFKHU�ZDQWV�WR�NQRZ�ZKHWKHU�DQ�REVHUYHG�FRUUHODWLRQ
FRHIILFLHQW�LV�VWDWLVWLFDOO\�VLJQLILFDQW��7KH�W�WHVW�IRU�FRUUHODWLRQ�FRHIILFLHQWV�LV�WKH
VWDWLVWLFDO� WHVW� WKDW� LV� XVHG� WR� GHWHUPLQH� ZKHWKHU� D� FRUUHODWLRQ� FRHIILFLHQW� LV
VWDWLVWLFDOO\�VLJQLILFDQW��:H�FDOO� WKLV�SURFHGXUH�D� W� WHVW� IRU�FRUUHODWLRQ�FRHIILFLHQWV
EHFDXVH� WKH� VDPSOLQJ� GLVWULEXWLRQ� XVHG� WR� WHVW� WKH� QXOO� K\SRWKHVLV� �WKDW� WKH
SRSXODWLRQ�FRUUHODWLRQ�FRHIILFLHQW� LV� ]HUR�� LV� WKH� VDPH� W� GLVWULEXWLRQ� WKDW�ZH�XVHG
HDUOLHU��7KH�W�GLVWULEXWLRQ�LV�XVHG�IRU�PDQ\�GLIIHUHQW�VWDWLVWLFDO�WHVWV�

��W�WHVW�IRU�FRUUHODWLRQ�FRHIILFLHQWV�6WDWLVWLFDO�WHVW�XVHG�WR�GHWHUPLQH�ZKHWKHU
D�FRUUHODWLRQ�FRHIILFLHQW�LV�VWDWLVWLFDOO\�VLJQLILFDQW

8VLQJ�RXU�FROOHJH�VWXGHQW�GDWD�VHW��ZH�GHFLGHG�WR�DQVZHU�WKLV�UHVHDUFK�TXHVWLRQ�
,V� WKHUH�D�VWDWLVWLFDOO\�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�*3$��;��DQG�VWDUWLQJ�VDODU\
�<�"�7KH�VWDWLVWLFDO�K\SRWKHVHV�DUH�DV�IROORZV�

7KH�QXOO�K\SRWKHVLV�VD\V�WKDW�WKHUH�LV�QR�FRUUHODWLRQ�EHWZHHQ�*3$�DQG�VWDUWLQJ
VDODU\� LQ� WKH� SRSXODWLRQ� IURP� ZKLFK� WKH� GDWD� ZHUH� VHOHFWHG�� 7KH� DOWHUQDWLYH
K\SRWKHVLV� VD\V� WKDW� WKHUH� LV� D� FRUUHODWLRQ� EHWZHHQ� WKHVH� YDULDEOHV� LQ� WKH
SRSXODWLRQ�

2XU� VDPSOH� FRUUHODWLRQ� EHWZHHQ� *3$� DQG� VWDUWLQJ� VDODU\� LV� ������ ZKLFK
VXJJHVWV� WKDW� WKHUH� LV� D�PRGHUDWHO\� VWURQJ� SRVLWLYH� FRUUHODWLRQ� EHWZHHQ�*3$� DQG
VWDUWLQJ�VDODU\��+RZHYHU��ZH�ZDQW�WR�NQRZ�ZKHWKHU�WKLV�FRUUHODWLRQ�LV�VWDWLVWLFDOO\
VLJQLILFDQW��2XU�SUREDELOLW\�YDOXH��EDVHG�RQ�WKH�DQDO\VLV�RI�RXU�GDWD�DQG�REWDLQHG
IURP�WKH�6366�SULQWRXW��LV�HTXDO�WR�������2QFH�DJDLQ��ZH�DUH�XVLQJ�D�VLJQLILFDQFH
OHYHO�RI� �����%HFDXVH�WKH�SUREDELOLW\�YDOXH�LV� OHVV�WKDQ�WKH�VLJQLILFDQFH�OHYHO��RXU
FRUUHODWLRQ�LV�VWDWLVWLFDOO\�VLJQLILFDQW��:H�FRQFOXGH�WKDW�*3$�DQG�VWDUWLQJ�VDODU\�DUH
FRUUHODWHG� LQ� WKH�SRSXODWLRQ��:H�DOVR�FRQFOXGH� WKDW� WKLV� FRUUHODWLRQ� LV�SUDFWLFDOO\



VLJQLILFDQW�EHFDXVH�RI�LWV�UHODWLYHO\�ODUJH�PDJQLWXGH��L�H���������$�FRUUHODWLRQ�RI����
PHDQV�WKDW�DOPRVW�����RI�WKH�YDULDQFH�LQ�VDODU\�LV�DFFRXQWHG�IRU�E\�*3$���7KDW¶V
EHFDXVH�� ZLWK� D� VLPSOH� FRUUHODWLRQ�� \RX� REWDLQ� WKH� SHUFHQWDJH� RI� YDULDQFH� LQ� D
GHSHQGHQW� YDULDEOH� WKDW� LV� H[SODLQHG�E\� WKH� LQGHSHQGHQW� YDULDEOH� E\� VTXDULQJ� WKH
FRUUHODWLRQ�FRHIILFLHQW�DQG�FRQYHUWLQJ�LW�WR�D�SHUFHQWDJH������î����� ������ ��������

W�7HVW�IRU�5HJUHVVLRQ�&RHIILFLHQWV
:H� SRLQWHG� RXW� LQ� &KDSWHU� ��� WKDW� VLPSOH� UHJUHVVLRQ� LV� XVHG� WR� WHVW� WKH

UHODWLRQVKLS� EHWZHHQ� RQH� TXDQWLWDWLYH� GHSHQGHQW� YDULDEOH� DQG� RQH� LQGHSHQGHQW
YDULDEOH�� :H� DOVR� SRLQWHG� RXW� WKDW� PXOWLSOH� UHJUHVVLRQ� LV� XVHG� WR� WHVW� WKH
UHODWLRQVKLS� EHWZHHQ� RQH� TXDQWLWDWLYH� GHSHQGHQW� YDULDEOH� DQG� WZR� RU� PRUH
LQGHSHQGHQW�YDULDEOHV��7KH�W�WHVW�IRU�UHJUHVVLRQ�FRHIILFLHQWV�XVHV�WKH�W�GLVWULEXWLRQ
�VDPSOLQJ� GLVWULEXWLRQ�� WR� WHVW� HDFK� UHJUHVVLRQ� FRHIILFLHQW� IRU� VWDWLVWLFDO
VLJQLILFDQFH�

��W�WHVW�IRU�UHJUHVVLRQ�FRHIILFLHQWV�6WDWLVWLFDO�WHVW�XVHG�WR�GHWHUPLQH�ZKHWKHU�D
UHJUHVVLRQ�FRHIILFLHQW�LV�VWDWLVWLFDOO\�VLJQLILFDQW

%HFDXVH�ZH� LQWURGXFHG�\RX� WR� VLPSOH� DQG�PXOWLSOH� UHJUHVVLRQ� LQ�&KDSWHU� ���
ZH� GR� QRW� UHSHDW� WKDW� PDWHULDO� KHUH�� 5DWKHU�� ZH� WDNH� WKH� PXOWLSOH� UHJUHVVLRQ
HTXDWLRQ�GLVFXVVHG� LQ�&KDSWHU����DQG�QRZ� WHVW� WKH� WZR� UHJUHVVLRQ�FRHIILFLHQWV� LQ
WKDW�HTXDWLRQ�IRU�VWDWLVWLFDO�VLJQLILFDQFH��/RRN�DW�WKH�HTXDWLRQ�IURP�&KDSWHU����RQFH
DJDLQ���7KH�RQO\�GLIIHUHQFH�LV�WKDW�ZH�XVH�ORZHUFDVH�[�DQG�\�KHUH�WR�GHQRWH�WKDW�WKH
HTXDWLRQ�LV�QRZ�YLHZHG�DV�EDVHG�RQ�VDPSOH�GDWD��UDWKHU�WKDQ�SRSXODWLRQ�GDWD�DV�LQ
WKH�SUHYLRXV�FKDSWHU�RQ�GHVFULSWLYH�VWDWLVWLFV��

� ������������������������[�������������[��

ZKHUH

Ǔ�LV�SUHGLFWHG�VWDUWLQJ�VDODU\�
[��LV�JUDGH�SRLQW�DYHUDJH�
[��LV�*5(�9HUEDO�VFRUH�
±����������LV�WKH�\�LQWHUFHSW�
���������LV�WKH�YDOXH�RI�WKH�UHJUHVVLRQ�FRHIILFLHQW�IRU�[�²LW�VKRZV�WKH
UHODWLRQVKLS�EHWZHHQ�VWDUWLQJ�VDODU\�DQG�*3$��FRQWUROOLQJ�IRU�*5(�9HUEDO
VFRUH���DQG
�������LV�WKH�YDOXH�RI�WKH�³UHJUHVVLRQ�FRHIILFLHQW´�IRU�[��²LW�VKRZV�WKH
UHODWLRQVKLS�EHWZHHQ�VWDUWLQJ�VDODU\�DQG�*5(�9HUEDO�VFRUH��FRQWUROOLQJ�IRU
*3$��

7KH� NH\� SRLQW� IRU� \RX� WR� XQGHUVWDQG� LV� WKDW� UHVHDUFKHUV� XVXDOO\� WHVW� WKHLU
UHJUHVVLRQ� FRHIILFLHQWV� IRU� VWDWLVWLFDO� VLJQLILFDQFH�� $� UHVHDUFKHU� ZLOO� QRW� WUXVW� D



FRHIILFLHQW� WKDW� LV�QRW� VWDWLVWLFDOO\�VLJQLILFDQW�EHFDXVH� WKH�FRHIILFLHQW�PLJKW�VLPSO\
EH�GXH�WR�FKDQFH��VDPSOLQJ�HUURU���2Q�WKH�RWKHU�KDQG��LI�D�FRHIILFLHQW�LV�VWDWLVWLFDOO\
VLJQLILFDQW�� D� UHVHDUFKHU� FDQ� FRQFOXGH� WKDW� WKHUH� LV� D� UHDO� UHODWLRQVKLS� LQ� WKH
SRSXODWLRQ�IURP�ZKLFK�WKH�GDWD�FDPH�

2XU�ILUVW�UHVHDUFK�TXHVWLRQ�UHODWHV�WR�WKH�ILUVW�UHJUHVVLRQ�FRHIILFLHQW������������

5HVHDUFK� TXHVWLRQ� ��� ,V� WKHUH� D� VWDWLVWLFDOO\� VLJQLILFDQW� UHODWLRQVKLS� EHWZHHQ
VWDUWLQJ�VDODU\��\��DQG�*3$��[���>FRQWUROOLQJ�IRU�*5(�9HUEDO�VFRUH��[��@"

7KH�WZR�VWDWLVWLFDO�K\SRWKHVHV�IRU�WKLV�ILUVW�UHVHDUFK�TXHVWLRQ�DUH�DV�IROORZV�

7KH�QXOO�K\SRWKHVLV� VD\V� WKDW� WKH�SRSXODWLRQ� UHJUHVVLRQ�FRHIILFLHQW� LV� HTXDO� WR
]HUR� �L�H��� WKHUH� LV� QR� UHODWLRQVKLS��� 7KH� DOWHUQDWLYH� K\SRWKHVLV� VD\V� WKDW� WKH
SRSXODWLRQ�UHJUHVVLRQ�FRHIILFLHQW�LV�QRW�]HUR��L�H���WKHUH�LV�D�UHODWLRQVKLS��

8VLQJ� 6366�� ZH� FRPSXWHG� WKH� W� WHVW� DQG� REWDLQHG� WKH� SUREDELOLW\� YDOXH
FRUUHVSRQGLQJ� WR� WKH� UHJUHVVLRQ� FRHIILFLHQW�� VKRZLQJ� WKH� UHODWLRQVKLS� EHWZHHQ
VWDUWLQJ� VDODU\� DQG� *3$�� 7KH� SUREDELOLW\� YDOXH� LV� HTXDO� WR� ������ %HFDXVH� WKLV
SUREDELOLW\�YDOXH��������LV�OHVV�WKDQ�RXU�VLJQLILFDQFH�OHYHO��������ZH�UHMHFW�WKH�QXOO
K\SRWKHVLV� DQG� DFFHSW� WKH� DOWHUQDWLYH� K\SRWKHVLV�� 7KH� VHPLSDUWLDO� FRUUHODWLRQ
VTXDUHG��VU���LV�HTXDO�WR������ZKLFK�VD\V�WKDW�����RI�WKH�YDULDQFH�LQ�VWDUWLQJ�VDODU\
LV�XQLTXHO\�H[SODLQHG�E\�*3$��:H�FRQFOXGH� WKDW� WKH�UHODWLRQVKLS�EHWZHHQ�VWDUWLQJ
VDODU\�DQG�*3$��FRQWUROOLQJ�IRU�*5(�9HUEDO�VFRUH��LV�VWDWLVWLFDOO\�DQG�SUDFWLFDOO\
VLJQLILFDQW�

7KLV�LV�WKH�UHVHDUFK�TXHVWLRQ�IRU�WKH�VHFRQG�UHJUHVVLRQ�FRHIILFLHQW����������

5HVHDUFK� TXHVWLRQ� ��� ,V� WKHUH� D� VWDWLVWLFDOO\� VLJQLILFDQW� UHODWLRQVKLS� EHWZHHQ
VWDUWLQJ�VDODU\��\��DQG�*5(�9HUEDO�VFRUH��[���>FRQWUROOLQJ�IRU�*3$��[��@"

7KH�WZR�VWDWLVWLFDO�K\SRWKHVHV�IRU�UHVHDUFK�TXHVWLRQ���DUH

8VLQJ� 6366�� ZH� FRPSXWHG� WKH� W� WHVW� DQG� REWDLQHG� WKH� SUREDELOLW\� YDOXH
FRUUHVSRQGLQJ� WR� WKH� UHJUHVVLRQ� FRHIILFLHQW� VKRZLQJ� WKH� UHODWLRQVKLS� EHWZHHQ
VWDUWLQJ�VDODU\�DQG�*5(�9HUEDO��7KH�SUREDELOLW\�YDOXH� LV�HTXDO� WR� ������ %HFDXVH
WKLV�SUREDELOLW\�YDOXH��������LV�OHVV�WKDQ�RXU�VLJQLILFDQFH�OHYHO��������ZH�UHMHFW�WKH
QXOO� K\SRWKHVLV� DQG� DFFHSW� WKH� DOWHUQDWLYH�K\SRWKHVLV��7KH� VHPLSDUWLDO� FRUUHODWLRQ
VTXDUHG� LV� ����� ZKLFK� VD\V� WKDW� ���� RI� WKH� VWDUWLQJ� VDODU\� YDULDQFH� LV� XQLTXHO\
H[SODLQHG� E\� WKH� *5(� 9HUEDO� VFRUH��:H� FRQFOXGH� WKDW� WKH� UHODWLRQVKLS� EHWZHHQ
VWDUWLQJ� VDODU\� DQG� *5(� 9HUEDO� VFRUH� �FRQWUROOLQJ� IRU� *3$�� LV� VWDWLVWLFDOO\� DQG
SUDFWLFDOO\�VLJQLILFDQW�



&KL�6TXDUH�7HVW�IRU�&RQWLQJHQF\�7DEOHV
7KH� FKL�VTXDUH� WHVW� IRU� FRQWLQJHQF\� WDEOHV� LV� XVHG� WR� GHWHUPLQH� ZKHWKHU� D

UHODWLRQVKLS�REVHUYHG�LQ�D�FRQWLQJHQF\�WDEOH�LV�VWDWLVWLFDOO\�VLJQLILFDQW��,Q�&KDSWHU
����ZH�WDXJKW�\RX�KRZ�WR�FRQVWUXFW�DQG�LQWHUSUHW�WKH�QXPEHUV�LQ�FRQWLQJHQF\�WDEOHV�
:H�WROG�\RX�WKDW�FRQWLQJHQF\�WDEOHV�DUH�XVHG�ZKHQ�ERWK�YDULDEOHV�DUH�FDWHJRULFDO�
7KH�WZR�FDWHJRULFDO�YDULDEOHV�LQ�RXU�FROOHJH�VWXGHQW�GDWD�VHW�DUH�JHQGHU�DQG�FROOHJH
PDMRU�� 7KHUHIRUH�� OHW¶V� VHH�ZKHWKHU� WKHVH� WZR� YDULDEOHV� DUH� VLJQLILFDQWO\� UHODWHG�
:H�XVHG�WKH�FRPSXWHU�SDFNDJH�FDOOHG�6366�WR�SURGXFH�WKH�FRQWLQJHQF\�WDEOH�VKRZQ
LQ� 7DEOH� ������ 7KH� URZ� YDULDEOH� LV� FROOHJH� PDMRU�� DQG� WKH� FROXPQ� YDULDEOH� LV
JHQGHU��:LWKLQ� WKH�ERG\�RI� WKH� WDEOH�DUH� WKH�FRXQWV��WKH�QXPEHU�RI�SHRSOH� LQ�HDFK
FHOO��� WKH�H[SHFWHG�FRXQWV� �WKH�QXPEHU�RI�SHRSOH� WKDW�ZRXOG�EH�H[SHFWHG� WR�EH� LQ
HDFK�FHOO�LI�WKH�YDULDEOHV�ZHUH�QRW�UHODWHG���DQG�WKH�³SHUFHQW�RI�JHQGHU´��WKH�FROXPQ
SHUFHQWDJHV��

��&KL�VTXDUH�WHVW�IRU�FRQWLQJHQF\�WDEOHV�6WDWLVWLFDO�WHVW�XVHG�WR�GHWHUPLQH
ZKHWKHU�D�UHODWLRQVKLS�REVHUYHG�LQ�D�FRQWLQJHQF\�WDEOH�LV�VWDWLVWLFDOO\
VLJQLILFDQW

+RZ� FDQ� \RX� GHWHUPLQH� ZKHWKHU� WKH� YDULDEOHV� LQ� WKLV� FRQWLQJHQF\� WDEOH� DUH
UHODWHG"�7KHVH�DUH�WKH�UXOHV�IURP�WKH�ODVW�FKDSWHU�

�� � ,I� WKH� SHUFHQWDJHV� DUH� FDOFXODWHG� GRZQ� WKH� FROXPQV�� FRPSDUH� DFURVV� WKH
URZV�

�� � ,I� WKH� SHUFHQWDJHV� DUH� FDOFXODWHG� DFURVV� WKH� URZV�� FRPSDUH� GRZQ� WKH
FROXPQV�

<RX�FDQ�VHH�WKDW�ZH�FDOFXODWHG�WKH�SHUFHQWDJHV�GRZQ�WKH�FROXPQV�LQ�7DEOH������
7KHUHIRUH�� \RX� FDQ� GHWHUPLQH� ZKHWKHU� FROOHJH� PDMRU� DQG� JHQGHU� DUH� UHODWHG� E\
UHDGLQJ�DFURVV�WKH�URZV��,I�\RX�GR�WKLV��\RX�ZLOO�VHH�WKDW�WKH�YDULDEOHV�DSSHDU�WR�EH
UHODWHG�� /RRNLQJ� DW� WKH� ILUVW� URZ�� \RX� FDQ� VHH� WKDW� ������ RI� WKH� IHPDOHV� ZHUH
HGXFDWLRQ�PDMRUV� EXW� RQO\� �����RI� WKH�PDOHV�ZHUH� HGXFDWLRQ�PDMRUV��2EYLRXVO\�
IHPDOHV�KDYH�WKH�KLJKHU�UDWH��$OVR��IXOO\�����RI�WKH�PDOHV�ZHUH�DUWV�DQG�VFLHQFHV
PDMRUV�� EXW� RQO\� ������ RI� WKH� IHPDOHV� ZHUH� DUWV� DQG� VFLHQFHV� PDMRUV�� )LQDOO\�
������ RI� WKH�PDOHV�ZHUH� EXVLQHVV�PDMRUV�� DQG� RQO\� ������ RI� WKH� IHPDOHV�ZHUH
EXVLQHVV�PDMRUV��&ROOHJH�PDMRU�DQG�JHQGHU�DUH�FOHDUO\�UHODWHG�

�7$%/(��������&RQWLQJHQF\�7DEOH�RI�&ROOHJH�0DMRU�E\�*HQGHU





%HFDXVH�WKH�SHUFHQWDJHV�DUH�FDOFXODWHG�GRZQ��\RX�VKRXOG�FRPSDUH�DFURVV�WKH�URZV��2XU�FRQYHQWLRQ�LV�WR�PDNH
WKH� SUHGLFWRU� YDULDEOH� WKH� FROXPQ� YDULDEOH� DQG� PDNH� WKH� RXWFRPH� YDULDEOH� WKH� URZ� YDULDEOH�� 7KHQ�� RQH
SHUFHQWDJHV�GRZQ�DQG�FRPSDUHV�WKH�SHUFHQWDJHV�UDWHV�DFURVV�HDFK�URZ�

7KH� LQIHUHQWLDO� VWDWLVWLFV� TXHVWLRQ� LV�� ,V� WKH� REVHUYHG� UHODWLRQVKLS� EHWZHHQ
FROOHJH�PDMRU�DQG�JHQGHU�LQ�WKH�FRQWLQJHQF\�WDEOH�VWDWLVWLFDOO\�VLJQLILFDQW"�7KH�QXOO
K\SRWKHVLV�VD\V�WKDW�FROOHJH�PDMRU�DQG�JHQGHU�DUH�QRW�UHODWHG�LQ�WKH�SRSXODWLRQ�IURP
ZKLFK� WKH� GDWD�ZHUH� VHOHFWHG��7KH� DOWHUQDWLYH� K\SRWKHVLV� VD\V� WKDW� FROOHJH�PDMRU
DQG� JHQGHU� DUH� UHODWHG� LQ� WKH� SRSXODWLRQ�� 7KH� VDPSOLQJ� GLVWULEXWLRQ� XVHG� IRU
FRQWLQJHQF\�WDEOHV�LV�FDOOHG�WKH�FKL�VTXDUH�GLVWULEXWLRQ��7KH�FRPSXWHG�YDOXH�RI�FKL�
VTXDUH�LQ�RXU�H[DPSOH�LV�������7KH�SUREDELOLW\�YDOXH�LV�������2XU�SUREDELOLW\�YDOXH
RI� ����� LV� OHVV� WKDQ� RXU� VLJQLILFDQFH� OHYHO� RI� ����� 7KHUHIRUH�� ZH� UHMHFW� WKH� QXOO
K\SRWKHVLV��WKHUH�LV�QR�UHODWLRQVKLS��DQG�DFFHSW�WKH�DOWHUQDWLYH�K\SRWKHVLV��WKHUH�LV
D� UHODWLRQVKLS��� 7KH� HIIHFW� VL]H� LQGLFDWRU� IRU� FRQWLQJHQF\� WDEOHV� WKDW� ZH� XVHG� LV
FDOOHG�&UDPHU¶V�9��:H�FDQ�LQWHUSUHW�WKH�VL]H�RI�&UDPHU¶V�9�MXVW�DV�ZH�FDQ�WKH�VL]H
RI�D�FRUUHODWLRQ�FRHIILFLHQW��&UDPHU¶V�9�LV�������ZKLFK�VXJJHVWV�WKDW�WKH�UHODWLRQVKLS
EHWZHHQ�FROOHJH�PDMRU�DQG�JHQGHU�LV�PRGHUDWHO\�ODUJH��:H�FRQFOXGH�WKDW�WKHUH�LV�D
UHODWLRQVKLS�EHWZHHQ�FROOHJH�PDMRU�DQG�JHQGHU��WKDW�WKH�UHODWLRQVKLS�LV�VWDWLVWLFDOO\
VLJQLILFDQW��DQG�WKDW�WKH�UHODWLRQVKLS�DSSHDUV�WR�EH�SUDFWLFDOO\�VLJQLILFDQW�

2WKHU�6LJQLILFDQFH�7HVWV
%HOLHYH� LW� RU� QRW�� \RX� KDYH� FRPH� D� ORQJ� ZD\�� 7KHUH� DUH� PDQ\� DGGLWLRQDO

VLJQLILFDQFH� WHVWV� WKDW� ZH� FRXOG� GLVFXVV�� ,Q� IDFW�� ZH� PHQWLRQHG� VHYHUDO� RWKHU
VWDWLVWLFDO�DQDO\VHV�LQ�HDUOLHU�FKDSWHUV��)RU�H[DPSOH��ZH�EULHIO\�GLVFXVVHG�DQDO\VLV
RI� FRYDULDQFH� LQ�&KDSWHU����DQG� LQ�&KDSWHU����� DQG�ZH�EULHIO\� GLVFXVVHG� SDUWLDO
FRUUHODWLRQ�FRHIILFLHQWV�LQ�&KDSWHU�����,I�\RX�HYHU�QHHG�WR�UHIUHVK�\RXUVHOI�RQ�DQ\�RI
WKHVH�SURFHGXUHV��\RX�FDQ�UHYLHZ�WKDW�PDWHULDO��,I�\RX�UXQ�DFURVV�D�VLJQLILFDQFH�WHVW
WKDW�LV�QRW�GLVFXVVHG�LQ�WKLV�ERRN��JR�WR�RXU�ERRN¶V�FRPSDQLRQ�ZHEVLWH��ZKHUH�ZH
KDYH�DQ�H[WHQVLYH�OLVWLQJ�RI�VWDWLVWLFDO�WHVWV��7KH�NH\�SRLQW�LV�WKDW�WKH�LGHDV�WKDW�\RX



KDYH�OHDUQHG�LQ�WKLV�FKDSWHU�DSSO\�WR�DQ\�VLJQLILFDQFH�WHVW��LQFOXGLQJ�$1&29$�DQG
SDUWLDO� FRUUHODWLRQ��� ,Q� RWKHU� ZRUGV�� \RX� FDQ� GHWHUPLQH� ZKHWKHU� WKH� REVHUYHG
UHODWLRQVKLS�LV�VWDWLVWLFDOO\�VLJQLILFDQW�
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������ +RZ� GR� \RX� ZULWH� WKH� QXOO� DQG� DOWHUQDWLYH
K\SRWKHVHV�IRU�HDFK�RI�WKH�IROORZLQJ"
D���7KH�W�WHVW�IRU�LQGHSHQGHQW�VDPSOHV

E���2QH�ZD\�DQDO\VLV�RI�YDULDQFH

F���7KH�W�WHVW�IRU�FRUUHODWLRQ�FRHIILFLHQWV

G���7KH�W�WHVW�IRU�D�UHJUHVVLRQ�FRHIILFLHQW

+HUH� LV� VRPH� JRRG� QHZV�� <RX� QRZ� XQGHUVWDQG� WKH� IXQGDPHQWDO� ORJLF� RI
VLJQLILFDQFH� WHVWLQJ�� <RX� VWDWH� WKH� QXOO� DQG� DOWHUQDWLYH� K\SRWKHVHV�� 7KHQ� \RX
GHWHUPLQH� WKH� SUREDELOLW\� YDOXH� DQG� FRPSDUH� LW� WR� WKH� VLJQLILFDQFH� OHYHO�� <RX
GHFLGH�ZKHWKHU�WKH�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW�RU�QRW�VWDWLVWLFDOO\�VLJQLILFDQW
XVLQJ� WKH� WZR� UXOHV� VKRZQ� LQ� 7DEOH������� )LQDOO\� \RX� REWDLQ� D�PHDVXUH� RI� HIIHFW
VL]H�� LQWHUSUHW� WKH� UHVXOWV�� DQG� GHWHUPLQH� SUDFWLFDO� VLJQLILFDQFH�� 7KLV� IXQGDPHQWDO
ORJLF�ZLOO�FDUU\�\RX�D�ORQJ�ZD\�ZKHQ�\RX�UHDG�MRXUQDO�DUWLFOHV�RU�EHJLQ�FRQGXFWLQJ
\RXU�RZQ�UHVHDUFK��,I�\RX�UXQ�DFURVV�D�VLJQLILFDQFH�WHVW�WKDW�LV�QRW�PHQWLRQHG�LQ�WKLV
ERRN�� \RX� FDQ� FRQVXOW� D� WH[WERRN� IRFXVHG� RQ� VWDWLVWLFV� �H�J��� *ODVV� 	� +RSNLQV�
������+D\V��������+RZHOO��������+XFN��������.QRNH�	�%RKUQVWHGW��������0RRUH
HW� DO��� ������� +RZHYHU�� WKH� LGHD� RI� VWDWLVWLFDO� VLJQLILFDQFH�ZLOO� UHPDLQ� WKH� VDPH
DFURVV�WKH�YDULRXV�WHVWV�IRU�LW�

��/RJLF�RI�VLJQLILFDQFH�WHVWLQJ�8QGHUVWDQGLQJ�DQG�IROORZLQJ�WKH�VWHSV�VKRZQ
LQ�7DEOH�����

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ�UHVHDUFKHUV�VRPHWLPHV�DUH�LQWHUHVWHG�LQ�XVLQJ�LQIHUHQWLDO�VWDWLVWLFV
WR� PDNH� JHQHUDOL]DWLRQV� EH\RQG� WKHLU� LPPHGLDWH� UHVHDUFK� SDUWLFLSDQWV� RU� WR� WHVW
K\SRWKHVHV�DERXW�UHODWLRQVKLSV�DQG�GLIIHUHQFHV�EHWZHHQ�JURXSV��7KH\�RIWHQ�GR�WKLV
ZKHQ�WKH\�ZDQW�WR�LQIRUP�WKH�VFLHQWLILF�FRPPXQLW\�DERXW�WKH�ZRUOG�IURP�WKH�ERWWRP
XS�� ,W� LV� YHU\� LPSRUWDQW� WKDW� WUDGLWLRQDO� HGXFDWLRQ� VFLHQFH� FDUHIXOO\� OLVWHQ� WR
SUDFWLWLRQHUV¶�DFWLRQ�UHVHDUFK�ILQGLQJV�

����7U\�WR�WKLQN�RI�D�VLWXDWLRQ�LQ�ZKLFK�\RX�ZRXOG�XVH�VWDWLVWLFDO�HVWLPDWLRQ
�SRLQW�DQG�LQWHUYDO��LQ�\RXU�DFWLRQ�UHVHDUFK�

����7U\�WR�WKLQN�RI�D�VLWXDWLRQ�LQ�ZKLFK�\RX�ZRXOG�XVH�VWDWLVWLFDO�K\SRWKHVLV
WHVWLQJ�LQ�\RXU�DFWLRQ�UHVHDUFK�



6800$5<

7KH�SXUSRVH�RI�LQIHUHQWLDO�VWDWLVWLFV�LV�WR�HVWLPDWH�WKH�FKDUDFWHULVWLFV�RI�SRSXODWLRQV
DQG� WR� WHVW� K\SRWKHVHV� DERXW� SRSXODWLRQ� SDUDPHWHUV�� 5DQGRPL]DWLRQ� �UDQGRP
VDPSOLQJ� RU� UDQGRP� DVVLJQPHQW�� LV� UHTXLUHG� ZKHQ� XVLQJ� WKH� SUREDELOLW\� WKHRU\
XQGHUO\LQJ� LQIHUHQWLDO� VWDWLVWLFV�� ZKLFK� LV� EDVHG� RQ� WKH� LGHD� RI� VDPSOLQJ
GLVWULEXWLRQV��$�VDPSOLQJ�GLVWULEXWLRQ� LV� WKH� WKHRUHWLFDO�SUREDELOLW\�GLVWULEXWLRQ�RI
WKH� YDOXHV� RI� D� VWDWLVWLF� WKDW� UHVXOWV� ZKHQ� DOO� SRVVLEOH� UDQGRP� VDPSOHV� RI� D
SDUWLFXODU� VL]H� �H�J��� DOO� SRVVLEOH� VDPSOHV� RI� VL]H� ����RU� DOO� SRVVLEOH� VDPSOHV� RI
VL]H� ����� DUH� GUDZQ� IURP� D� GHILQHG� SRSXODWLRQ�� 6DPSOLQJ� GLVWULEXWLRQV� PDNH� LW
FOHDU� WKDW� WKH� YDOXH� RI� D� VDPSOH� VWDWLVWLF� YDULHV� IURP� VDPSOH� WR� VDPSOH�� 7KH
VDPSOLQJ� GLVWULEXWLRQ� FRQVWUXFWHG� IRU� WKH� VDPSOH� PHDQ� LV� FDOOHG� WKH� VDPSOLQJ
GLVWULEXWLRQ�RI� WKH�PHDQ��,W�VKRZV�WKH�GLVWULEXWLRQ�RI� WKH�VDPSOH�PHDQ�ZKHQ�PDQ\
VDPSOHV� DUH� WDNHQ�� 2WKHU� VDPSOH� VWDWLVWLFV� �H�J��� SURSRUWLRQV�� FRUUHODWLRQ
FRHIILFLHQWV��KDYH�WKHLU�RZQ�VDPSOLQJ�GLVWULEXWLRQV�

7KHUH�DUH� WZR�W\SHV�RI�HVWLPDWLRQ��,Q�SRLQW�HVWLPDWLRQ�� WKH�UHVHDUFKHU�XVHV� WKH
YDOXH�RI�D�VDPSOH�VWDWLVWLF�DV�WKH�HVWLPDWH�RI� WKH�SRSXODWLRQ�SDUDPHWHU��,Q�LQWHUYDO
HVWLPDWLRQ��WKH�UHVHDUFKHU�FRQVWUXFWV�D�FRQILGHQFH�LQWHUYDO��D�UDQJH�RI�QXPEHUV��WKDW
ZLOO�LQFOXGH�WKH�SRSXODWLRQ�SDUDPHWHU�D�FHUWDLQ�SHUFHQWDJH�RI�WKH�WLPH�RYHU�WKH�ORQJ
UXQ��)RU�H[DPSOH������FRQILGHQFH�LQWHUYDOV�ZLOO�FDSWXUH�WKH�SRSXODWLRQ�SDUDPHWHU
����RI�WKH�WLPH�

+\SRWKHVLV� WHVWLQJ�LV� WKH�EUDQFK�RI� LQIHUHQWLDO�VWDWLVWLFV�FRQFHUQHG�ZLWK�WHVWLQJ
K\SRWKHVHV�DERXW�SRSXODWLRQ�SDUDPHWHUV��+\SRWKHVLV�WHVWLQJ�IROORZV�D�YHU\�VSHFLILF
ORJLF�� FDOOHG� WKH� ORJLF� RI� VLJQLILFDQFH� WHVWLQJ��%DVLFDOO\�� WKH� UHVHDUFKHU� VHWV� XS� D
QXOO� K\SRWKHVLV� WKDW� KH� RU� VKH� KRSHV� WR� XOWLPDWHO\� UHMHFW� LQ� RUGHU� WR� DFFHSW� WKH
DOWHUQDWLYH�K\SRWKHVLV��,W�LV�WKH�QXOO�K\SRWKHVLV��QRW�WKH�DOWHUQDWLYH�K\SRWKHVLV��WKDW
LV�WHVWHG�GLUHFWO\�XVLQJ�SUREDELOLW\�WKHRU\��7R�HQJDJH�LQ�K\SRWKHVLV�WHVWLQJ��\RX�PXVW
XQGHUVWDQG�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SUREDELOLW\�YDOXH�DQG�WKH�VLJQLILFDQFH�OHYHO�
7KH�SUREDELOLW\�YDOXH�LV�WKH�SUREDELOLW\�RI�WKH�VDPSOH�UHVXOWV�XQGHU�WKH�DVVXPSWLRQ
WKDW� WKH�QXOO�K\SRWKHVLV� LV� WUXH��7KH� VLJQLILFDQFH� OHYHO� LV� WKH� FXWRII� SRLQW� WKDW� WKH
UHVHDUFKHU�EHOLHYHV�UHSUHVHQWV�DQ�XQOLNHO\�HYHQW��8VLQJ�WKHVH�LGHDV��WKH�UHVHDUFKHU
IROORZV�WKHVH�GHFLVLRQ�PDNLQJ�UXOHV�

�� �5XOH� ��� ,I� WKH� SUREDELOLW\� YDOXH� LV� OHVV� WKDQ� RU� HTXDO� WR� WKH� VLJQLILFDQFH
OHYHO�� WKHQ� UHMHFW� WKH� QXOO� K\SRWKHVLV�� WHQWDWLYHO\� DFFHSW� WKH� DOWHUQDWLYH
K\SRWKHVLV��DQG�FRQFOXGH�WKDW�WKH�ILQGLQJ�LV�VWDWLVWLFDOO\�VLJQLILFDQW�

���5XOH���� ,I� WKH�SUREDELOLW\�YDOXH� LV�JUHDWHU� WKDQ� WKH�VLJQLILFDQFH� OHYHO�� WKHQ
\RX�PXVW�IDLO�WR�UHMHFW�WKH�QXOO�K\SRWKHVLV�DQG�FRQFOXGH�WKDW�WKH�ILQGLQJ�LV�QRW
VWDWLVWLFDOO\�VLJQLILFDQW�

$� VWDWLVWLFDOO\� VLJQLILFDQW� ILQGLQJ� LV� D� ILQGLQJ� WKDW� WKH� UHVHDUFKHU� GRHV� QRW
EHOLHYH� LV� GXH� WR� FKDQFH��$� ILQGLQJ� LV� VWDWLVWLFDOO\� VLJQLILFDQW�ZKHQ� WKH� HYLGHQFH
VXSSRUWV� WKH� DOWHUQDWLYH� K\SRWKHVLV� UDWKHU� WKDQ� WKH� QXOO� K\SRWKHVLV�� 7KH� ORJLF� RI
VLJQLILFDQFH�WHVWLQJ�ZLOO�FDUU\�\RX�D�ORQJ�ZD\�EHFDXVH�WKH�EDVLF�ORJLF�DSSOLHV�WR�DOO



VLJQLILFDQFH� WHVWV� DQG� VLJQLILFDQFH� WHVWV� DUH� IUHTXHQWO\� UHSRUWHG� LQ� SXEOLVKHG
UHVHDUFK�

.(<�7(506

DOWHUQDWLYH�K\SRWKHVLV��S������
FKL�VTXDUH�WHVW�IRU�FRQWLQJHQF\�WDEOHV��S������
FRQILGHQFH�LQWHUYDO��S������
FRQILGHQFH�OLPLWV��S������
GLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV��S������
HIIHFW�VL]H�LQGLFDWRU��S������
K\SRWKHVLV�WHVWLQJ��S������
LQIHUHQWLDO�VWDWLVWLFV��S������
OHYHO�RI�FRQILGHQFH��S������
ORJLF�RI�VLJQLILFDQFH�WHVWLQJ��S������
ORZHU�OLPLW��S������
PDUJLQ�RI�HUURU��S������
QRQGLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV��S������
QXOO�K\SRWKHVLV��S������
RQH�ZD\�DQDO\VLV�RI�YDULDQFH��S������
SDUDPHWHU��S������
SRLQW�HVWLPDWH��S������
SRLQW�HVWLPDWLRQ��S������
SRSXODWLRQ��S������
SRVW�KRF�WHVW��S������
SRZHU��S������
SUDFWLFDO�VLJQLILFDQFH��S������
SUREDELOLW\�YDOXH�RU�S�YDOXH��S������
UHSHDWHG�VDPSOLQJ��S������
VDPSOH��S������
VDPSOLQJ�GLVWULEXWLRQ��S������
VDPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ��S������
VDPSOLQJ�HUURU��S������
VLJQLILFDQFH�RU�DOSKD�OHYHO��S������
VLJQLILFDQFH�WHVWLQJ��S������
VWDQGDUG�HUURU��S������
VWDWLVWLF��S������
VWDWLVWLFDOO\�VLJQLILFDQW��S������



W�WHVW�IRU�FRUUHODWLRQ�FRHIILFLHQWV��S������
W�WHVW�IRU�LQGHSHQGHQW�VDPSOHV��S������
W�WHVW�IRU�UHJUHVVLRQ�FRHIILFLHQWV��S������
7\SH�,�HUURU��S������
7\SH�,,�HUURU��S������
XSSHU�OLPLW��S������

',6&866,21�48(67,216

����:KDW�H[DFWO\�GRHV�LW�PHDQ�ZKHQ�D�UHVHDUFKHU�UHSRUWV�WKDW�D�ILQGLQJ�LV
VWDWLVWLFDOO\�VLJQLILFDQW"

����:KDW�GR�\RX�WKLQN�LV�PRUH�LPSRUWDQW��VWDWLVWLFDO�VLJQLILFDQFH�RU�SUDFWLFDO
VLJQLILFDQFH"

����+RZ�GRHV�RQH�GHWHUPLQH�SUDFWLFDO�VLJQLILFDQFH"

����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV"

����7KH�S�YDOXH�LV�DW�WKH�FRUH�RI�K\SRWKHVLV�WHVWLQJ��:KDW�H[DFWO\�LV�WKH�S�YDOXH��DQG
ZKDW�LV�LW�VRPHWLPHV�LQFRUUHFWO\�WKRXJKW�WR�EH"��+LQW��6HH�VHFWLRQ�HQWLWOHG
³([DPLQLQJ�WKH�3UREDELOLW\�9DOXH�DQG�0DNLQJ�D�'HFLVLRQ�´�

5(6($5&+�(;(5&,6(6

����6RPH�TXDQWLWDWLYH�UHVHDUFK�DUWLFOHV�LQ�HGXFDWLRQ�VWLOO�GR�QRW�SURYLGH�WKH�H[DFW
SUREDELOLW\�YDOXHV��H�J���S� ��������5DWKHU��WKH\�LQFOXGH�VWDWHPHQWV�RI�SUREDELOLW\
YDOXHV�VXFK�DV�S��������S��������S��������S���������DQG�VR�IRUWK��5HPHPEHU�WKDW
WKH�VLJQLILFDQFH�OHYHO�XVHG�LQ�PRVW�DUWLFOHV�LV������)RU�HDFK�RI�WKH�IROORZLQJ
SRVVLEOH�SUREDELOLW\�YDOXHV��LQGLFDWH�ZKHWKHU�WKH�UHVXOW�ZRXOG�EH�VWDWLVWLFDOO\
VLJQLILFDQW�RU�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��$VVXPH�WKDW�WKH�VLJQLILFDQFH�OHYHO�LV
VHW�DW�������+LQW��,I�D�SUREDELOLW\�YDOXH�LV�OHVV�WKDQ�RU�HTXDO�WR�WKH�VLJQLILFDQFH
OHYHO��WKH�UHVXOW�LV�VWDWLVWLFDOO\�VLJQLILFDQW��2WKHUZLVH��LW�LV�QRW�VWDWLVWLFDOO\
VLJQLILFDQW���3ODFH�D�FKHFN�LQ�WKH�ER[�WR�WKH�OHIW�RI�HDFK�RI�\RXU�DQVZHUV�

����/HW¶V�QRZ�DVVXPH�WKDW�WKH�UHVHDUFKHU�LV�XVLQJ�D�PRUH�FRQVHUYDWLYH�VLJQLILFDQFH



OHYHO��VSHFLILFDOO\��WKH�UHVHDUFKHU�LV�XVLQJ�WKH�����VLJQLILFDQFH�OHYHO�UDWKHU�WKDQ
WKH�����VLJQLILFDQFH�OHYHO��)RU�HDFK�RI�WKH�IROORZLQJ�SUREDELOLW\�YDOXHV��LQGLFDWH
ZKHWKHU�WKH�UHVXOW�ZRXOG�EH�VWDWLVWLFDOO\�VLJQLILFDQW�RU�QRW�VWDWLVWLFDOO\
VLJQLILFDQW�

����)LQG�D�TXDQWLWDWLYH�MRXUQDO�DUWLFOH��\RX�FDQ�XVH�RQH�IURP�WKH�FRPSDQLRQ�ZHEVLWH
LI�\RX�ZDQW�WR��DQG�QRWH�ZKHUH�WKH�DXWKRUV�WDON�DERXW�VWDWLVWLFDO�VLJQLILFDQFH�
�1RWH��6RPH�UHVHDUFKHUV�VWLOO�VD\�³VLJQLILFDQW´�ZKHQ�WKH\�DFWXDOO\�PHDQ
³VWDWLVWLFDOO\�VLJQLILFDQW�´��'LG�WKH�DXWKRUV�UHSRUW�H[DFW�SUREDELOLW\�YDOXHV�ZKHQ
WKH\�FODLPHG�WKDW�D�ILQGLQJ�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW"�:HUH�DQ\�RI�WKH�ILQGLQJV
LQ�WKH�UHVHDUFK�DUWLFOH�\RX�H[DPLQHG�QRW�VWDWLVWLFDOO\�VLJQLILFDQW"�)RU�DQ\
ILQGLQJV�WKDW�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��GLG�WKH�DXWKRUV�DGHTXDWHO\�DGGUHVV�WKH
LVVXH�RI�SUDFWLFDO�VLJQLILFDQFH�LQ�DGGLWLRQ�WR�VWDWLVWLFDO�VLJQLILFDQFH"

����7KHUH�KDV�EHHQ�D�ZLGHVSUHDG�GHEDWH�DPRQJ�UHVHDUFKHUV�DERXW�WKH�LPSRUWDQFH�RU
ODFN�RI�LPSRUWDQFH�RI�VWDWLVWLFDO�VLJQLILFDQFH�WHVWLQJ��2QH�VLGH�LQ�WKLV�GHEDWH�LV
WKDW�LI�UHVHDUFKHUV�UHSRUW�HIIHFW�VL]HV��ZKLFK�VKRZ�WKH�PDJQLWXGH�RU�VL]H�RI�D
UHODWLRQVKLS���WKHQ�VWDWLVWLFDO�VLJQLILFDQFH�WHVWLQJ��L�H���WKH�XVH�RI�S�YDOXHV�WR�UXOH
RXW�FKDQFH�DV�DQ�H[SODQDWLRQ�RI�WKH�UHVXOW��LV�QRW�QHHGHG��$QRWKHU�JURXS�VD\V�WKDW
VLJQLILFDQFH�WHVWLQJ�LV�HVVHQWLDO�EHFDXVH�LI�D�ILQGLQJ�LV�QRW�VWDWLVWLFDOO\
VLJQLILFDQW��WKHQ�ZH�PLJKW�VLPSO\�EH�REVHUYLQJ�D�FKDQFH�HYHQW��'R�\RX�WKLQN�ZH
QHHG�VLJQLILFDQFH�WHVWLQJ"�'R�\RX�WKLQN�ZH�QHHG�WR�UHSRUW�HIIHFW�VL]HV��ZKLFK
LQGLFDWH�WKH�VWUHQJWK�RI�D�UHODWLRQVKLS�RU�HIIHFW�"�'R�ZH�QHHG�ERWK"�([SODLQ�\RXU
UHDVRQLQJ��<RX�ZLOO�ILQG�VRPH�GLVFXVVLRQ�RI�WKHVH�LVVXHV�KHUH�
ZZZ�SHUVRQDO�SVX�HGX�XVHUV�G�P�GPU�VLJWHVW�&RYHU�SGI��<RX�FDQ�ILQG
DGGLWLRQDO�GLVFXVVLRQ��DV�QHHGHG��XVLQJ�\RXU�SUHIHUUHG�VHDUFK�HQJLQH�

(;(5&,6(�6+((7

����:KDW�DUH�WKH�UHVHDUFK�TXHVWLRQV�DQG�K\SRWKHVHV�IRU�\RXU�SURSRVDO�RU�UHVHDUFK
VWXG\"

����,I�\RX�DUH�JRLQJ�WR�XVH�LQIHUHQWLDO�VWDWLVWLFV��DUH�\RX�SODQQLQJ�WR�XVH�FRQILGHQFH
LQWHUYDOV�RU�VLJQLILFDQFH�WHVWLQJ��RU�ERWK�"

����/LVW�WKH�LQIHUHQWLDO�VWDWLVWLFDO�SURFHGXUH�\RX�ZLOO�XVH�IRU�HDFK�RI�\RXU
K\SRWKHVHV�

http://www.personal.psu.edu/users/d/m/dmr/sigtest/Cover.pdf


����,I�\RX�DUH�XVLQJ�VLJQLILFDQFH�WHVWLQJ��ZULWH�RXW�WKH�QXOO�DQG�DOWHUQDWLYH�K\SRWKHVHV
IRU�HDFK�RI�WKH�VWDWLVWLFDO�WHVWV�\RX�MXVW�OLVWHG�

����+RZ�ZLOO�\RX�GHFLGH�ZKHWKHU�\RXU�ILQGLQJV�DUH�SUDFWLFDOO\�VLJQLILFDQW"

5(/(9$17�,17(51(7�6,7(6

/LQNV� WR� WZR� H[FHOOHQW� VRXUFHV� RI� GHPRQVWUDWLRQV� RI� WKH� VWDWLVWLFDO� FRQFHSWV
GLVFXVVHG�LQ�WKLV�FKDSWHU
KWWS���ZZZ�GX�HGX�SV\FKRORJ\�PHWKRGV�FRQFHSWV�LQGH[�KWP
KWWS���RQOLQHVWDWERRN�FRP�VWDWBVLP�

$Q�H[FHOOHQW�RQOLQH�VWDWLVWLFV�WH[WERRN�DQG�UHODWHG�PDWHULDOV
KWWS���GDYLGPODQH�FRP�K\SHUVWDW�LQGH[�KWPO

$� VSHFLDO� LVVXH� RI� WKH� MRXUQDO�5HVHDUFK� LQ� WKH� 6FKRROV� WKDW� ZDV� GHYRWHG� WR� WKH
FRQWURYHUV\�RYHU�XVLQJ�VLJQLILFDQFH�WHVWLQJ
KWWS���ZZZ�SHUVRQDO�SVX�HGX�XVHUV�G�P�GPU�VLJWHVW�&RYHU�SGI

([SODQDWLRQV�RI�PRVW�RI�WKH�FRQFHSWV�GLVFXVVHG�LQ�WKLV�FKDSWHU
KWWS���ZZZ�VWDWV�JOD�DF�XN�VWHSV�JORVVDU\�

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
6366�'DWD�6HW
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

*ULPP��/��*���	�<DUQROG��3��5����������5HDGLQJ�DQG�XQGHUVWDQGLQJ�PXOWLYDULDWH
VWDWLVWLFV��:DVKLQJWRQ��'&��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�

+DUORZ��/��/���0XODLN��6��$���	�6WHLJHU��-��+���(GV������������:KDW�LI�WKHUH�ZHUH�QR
VLJQLILFDQFH�WHVWV"�0DKZDK��1-��(UOEDXP�

+XFN��6��:����������5HDGLQJ�VWDWLVWLFV�DQG�UHVHDUFK���WK�HG����%RVWRQ��0$�

http://www.du.edu/psychology/methods/concepts/index.htm
http://onlinestatbook.com/stat_sim/
http://davidmlane.com/hyperstat/index.html
http://www.personal.psu.edu/users/d/m/dmr/sigtest/Cover.pdf
http://www.stats.gla.ac.uk/steps/glossary/
http://www.sagepub.com/bjohnson5e/


3HDUVRQ�
.LUN��5��(����������3URPRWLQJ�JRRG�VWDWLVWLFDO�SUDFWLFHV��6RPH�VXJJHVWLRQV�
(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW���������±����

9RJW��:��3���	�-RKQVRQ��5��%����������'LFWLRQDU\�RI�VWDWLVWLFV�DQG�PHWKRGRORJ\��$
QRQWHFKQLFDO�JXLGH�IRU�WKH�VRFLDO�VFLHQFHV���WK�HG����7KRXVDQG�2DNV��&$��6DJH�

127(6

��� � ,Q� FDVH� \RX� DUH� FXULRXV�� UHVHDUFKHUV� XVH�Q� ±� �� EHFDXVH� VWDWLVWLFLDQV� KDYH
VKRZQ�WKDW�WKH�XVH�RI�Q�SURYLGHV�DQ�XQGHUHVWLPDWH�RI�WKH�SRSXODWLRQ�SDUDPHWHU�

��� � $OWKRXJK�ZH� VRPHWLPHV� VD\� WKDW� \RX� ³DFFHSW´� WKH� DOWHUQDWLYH� K\SRWKHVLV�
UHPHPEHU� WKDW�ZKHQHYHU� \RX� UHMHFW� WKH� QXOO� K\SRWKHVLV�� \RX� FDQ� RQO\� WHQWDWLYHO\
DFFHSW� WKH� DOWHUQDWLYH� K\SRWKHVLV�� 7KLV� LV� EHFDXVH� HYHQ� WKRXJK� \RX�ZHUH� DEOH� WR
UHMHFW� WKH� QXOO� DQG� WHQWDWLYHO\� DFFHSW� WKH� DOWHUQDWLYH�� \RX� FRXOG� KDYH� PDGH� D
PLVWDNH��VSHFLILFDOO\��\RX�FRXOG�KDYH�PDGH�D�7\SH�,�HUURU��UHMHFWLQJ�WKH�QXOO�ZKHQ�LW
LV�WUXH��

��� � 'RQ¶W� IRUJHW� WKDW� WKH� UHVHDUFK� SDUWLFLSDQWV� PXVW� EH� UDQGRPO\� VHOHFWHG� RU
UDQGRPO\� DVVLJQHG� ZKHQHYHU� RQH� XVHV� LQIHUHQWLDO� VWDWLVWLFV�� 7KDW� LV�� ZLWKRXW
UDQGRPL]DWLRQ��WKH�SUREDELOLW\�PRGHO�ZLOO�KDYH�QR�PHDQLQJ�

��� � $W� VRPH� SRLQW�� D� VDPSOH� VL]H� EHFRPHV� ODUJH� HQRXJK�� ,Q� RWKHU� ZRUGV�� LW
ZRXOG� EHFRPH� ZDVWHIXO� WR� LQFOXGH� PRUH� SDUWLFLSDQWV� LQ� WKH� UHVHDUFK� VWXG\�� <RX
PLJKW�ZDQW� WR� UHYLHZ� RXU� GLVFXVVLRQ� LQ� &KDSWHU� ��� RQ� KRZ� ELJ� D� VDPSOH� LV� ELJ
HQRXJK�

����:KHQ�\RX�RQO\�KDYH���JURXSV�DQG�\RX�UHMHFW�WKH�RYHUDOO�QXOO�K\SRWKHVLV��WKH
PRVW�SRZHUIXO�SRVW�KRF�DGMXVWPHQW�DSSURDFK�LV� WKH�/6'�DSSURDFK��UDWKHU�WKDQ�WKH
%RQIHUURQL��RU�DQ\�RWKHU�DGMXVWPHQW�DSSURDFK���+RZHYHU��ZKHQ�\RX�KDYH���RU�PRUH
JURXSV�\RX�FDQQRW�XVH�WKH�/6'�SURFHGXUH�

��� � 6RPH� VWDWLVWLFLDQV� VXJJHVW�QRW� IROORZLQJ� WKH� SURFHGXUH�ZH� MXVW� H[SODLQHG
�L�H��� FRQGXFWLQJ�DQ�DQDO\VLV�RI�YDULDQFH�DQG� IROORZLQJ� LW�XS�ZLWK�SRVW�KRF� WHVWV��
,QVWHDG�� WKH\� VXJJHVW� WKDW� UHVHDUFKHUV� VKRXOG� FRQGXFW� ZKDW� DUH� FDOOHG� SODQQHG
FRPSDULVRQV��7KDW� LV�� WKH\�VXJJHVW� WKDW� UHVHDUFKHUV�SODQ��EHIRUH� WKH\�FROOHFW� WKHLU
GDWD��WKH�H[DFW�K\SRWKHVHV�WKDW�WKH\�ZDQW�WR�WHVW�



&KDSWHU���

'DWD�$QDO\VLV�LQ�4XDOLWDWLYH�DQG�0L[HG�5HVHDUFK

/($51,1*�2%-(&7,9(6
$IWHU�UHDGLQJ�WKLV�FKDSWHU��\RX�VKRXOG�EH�DEOH�WR

��8QGHUVWDQG�WKH�WHUPLQRORJ\�VXUURXQGLQJ�TXDOLWDWLYH�GDWD�DQDO\VLV�
��'HVFULEH�WKH�SURFHVV�RI�FRGLQJ�
��/LVW�WKH�GLIIHUHQW�W\SHV�RI�FRGHV�
��.QRZ�ZKDW�LW�PHDQV�WR�DQDO\]H�GDWD�LQGXFWLYHO\�
��&RGH�VRPH�WH[W�GDWD�
��.QRZ�VRPH�RI�WKH�FRPPRQ�W\SHV�RI�UHODWLRQVKLSV�IRXQG�LQ�TXDOLWDWLYH�GDWD�
��'HVFULEH�WKH�SURFHGXUHV�XVHG�WR�DQDO\]H�TXDOLWDWLYH�GDWD�
��/LVW�WKH�WKUHH�PRVW�SRSXODU�FRPSXWHU�SURJUDPV�WKDW�DUH�XVHG�WR�DQDO\]H
TXDOLWDWLYH�GDWD�

��.QRZ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�XVLQJ�FRPSXWHU�SURJUDPV�IRU
TXDOLWDWLYH�GDWD�DQDO\VLV�

��'HVFULEH�WKH�FHOOV�RI�WKH�PL[HG�UHVHDUFK�GDWD�DQDO\VLV�PDWUL[�
��'HVFULEH�WKH�VHYHQ�DQDO\WLFDO�SURFHGXUHV�XVHG�LQ�PL[HG�DQDO\VLV�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

5(6($5&+�,1�5($/�/,)(�0DNLQJ�6HQVH�RI�'DWD

,Q� WKH� ODWWHU� KDOI� RI� ������ -RVK� 0D[� JRW� RQH� RI� WKH� QLFHVW
H[SHULHQFHV� RI� KLV� OLIH�� +H� ZDV� DOORZHG� WR� WHVW� GULYH� WKDW
\HDU¶V�KRWWHVW�ELNH��D�+DUOH\�'DYLGVRQ�9�5RG��$V�KH�FOLPEHG
RQ�WKH�ELNH�DQG�WRRN�RII��KH�KDG�ZKDW�KH�VDLG�ZDV�³D�PRPHQW
RI�SXUH�PHFKDQLFDO� MR\´� �0D[�� �������1RW�RQO\�GLG� WKH�ELNH
FDUYH� HYHU\� WZLVW� DQG� WXUQ�� EXW� LW� ORRNHG� JUHDW� GRLQJ� LW�� +H
KDG� WKH�ELNH� IRU� D� WRWDO�RI���KRXUV�DQG� URGH� LW� IRU� DOO�EXW���
PLQXWHV�RI�WKDW�WLPH��VDLOLQJ�IRU�PLOHV�SDVW�WKH�3DFLILF�2FHDQ�
ZLQGLQJ�XS�DQG�GRZQ�GHVHUWHG�VLGH�URDGV��7KLV�ZDV�WKH�PRVW
IXQ�KH�KDG�KDG�LQ�D�ORQJ�WLPH��WDNLQJ�DOO�GD\�WR�JR�QRZKHUH�

2EYLRXVO\�� IRU� PRWRUF\FOH� ULGHUV�� WKH� QHZ� +DUOH\�
'DYLGVRQ� 9�5RG� LV� D� JUHDW� ELNH�� +RZHYHU�� WKHUH� VHHPV� WR� EH� D� P\VWLTXH� DVVRFLDWHG� ZLWK� RZQLQJ� D



)

+DUOH\�'DYLGVRQ� PRWRUF\FOH� WKDW� JRHV� EH\RQG� WKH� TXDOLW\� RI� WKH� ELNH� RU� WKH� H[SHULHQFH� RI� ULGLQJ� D
PRWRUF\FOH�� )RU� H[DPSOH�� HYHU\� \HDU� LQ�$XJXVW�� D� ELNH� UDOO\� LV� KHOG� LQ� 6WXUJLV�� 6RXWK�'DNRWD�� WKDW� LV
DWWHQGHG�E\�DERXW���������PRWRUF\FOLVWV��PRVW�RI�ZKRP�DUH�+DUOH\�'DYLGVRQ�RZQHUV��$W�WKLV�UDOO\�DQG
DW�PDQ\� RWKHU� SODFHV�ZKHUH� \RX� ILQG�+DUOH\�'DYLGVRQ� ULGHUV�� \RX�ZLOO� VHH� WKDW� WKH\� WHQG� WR�ZHDU� D
VLPLODU�ELNHU�³XQLIRUP´�FRQVLVWLQJ�RI�VRPH�FRPELQDWLRQ�RI�MHDQV��EODFN�ERRWV��7�VKLUW��EODFN�OHDWKHU�MDFNHW�
DQG� D� YHVW� WKDW� PLJKW� FDUU\� LQVLJQLDV� RI� FOXE� DIILOLDWLRQ�� :HDULQJ� DQ\WKLQJ� HOVH� ZRXOG� FDVW� \RX� DV
VRPHRQH� RWKHU� WKDQ� D� PHPEHU� RI� WKH� +DUOH\�'DYLGVRQ� FOXE�� 7KH� UDOO\� DQG� RZQHUVKLS� RI� D� +DUOH\�
'DYLGVRQ�DWWUDFW�SHRSOH� IURP�DOO�ZDONV�RI� OLIH��)RU�H[DPSOH��QRW�RQO\�ZDV� WKH� ODWH�0DOFROP�)RUEHV�RI
)RUEHV�PDJD]LQH�D�+DUOH\�HQWKXVLDVW��EXW�WKH�ZKROH�)RUEHV�FODQ�LV�UHSOHWH�ZLWK�ULGHUV��)RUEHV�)DPLO\�
������

7R� -RKQ� 6FKRXWHQ�� SURIHVVRU� RI� PDUNHWLQJ� DW� 8QLYHUVLW\� RI� 3RUWODQG�� DQG� -DPHV� 0F$OH[DQGHU�
SURIHVVRU�RI�PDUNHWLQJ�DW�2UHJRQ�6WDWH�8QLYHUVLW\��WKLV�WUHPHQGRXV�LGHQWLILFDWLRQ�ZLWK�+DUOH\�'DYLGVRQ
REMHFWV� DQG� DFWLYLWLHV� VXJJHVWHG� WKDW� D� VXEFXOWXUH� RI� FRQVXPSWLRQ� KDG� EHHQ� FUHDWHG�� 7KH\� GHFLGHG� WR
GRFXPHQW� WKLV� VXEFXOWXUH� �6FKRXWHQ� 	� 0F$OH[DQGHU�� ������ E\� FRQGXFWLQJ� DQ� HWKQRJUDSKLF� DQDO\VLV
VSHFLILFDOO\�RI�³QHZ�ELNHUV�́ �GHILQHG�DV�+DUOH\�'DYLGVRQ�RZQHUV�ZKR�GLG�QRW�EHORQJ�WR�NQRZQ�RXWODZ
RUJDQL]DWLRQV�

2YHU� D� ��\HDU� SHULRG�� 6FKRXWHQ� DQG� 0F$OH[DQGHU� DWWHQGHG� WKH� UDOO\� LQ� 6WXUJLV�� 6RXWK� 'DNRWD�
DWWHQGHG� WKH�'D\WRQD� ELNH�ZHHN�� ERXJKW� %0:� DQG�+RQGD�PRWRUF\FOHV� LQLWLDOO\� DQG� ODWHU� SXUFKDVHG
+DUOH\�'DYLGVRQ�PRWRUF\FOHV��DWWHQGHG�WKH�,RZD�%0:�UDOO\��WKH�$%$7(�UDOO\��DQG�WKH�ZHVWHUQ�+2*
UDOO\��FRQGXFWHG�LQWHUYLHZV�ZLWK�LQGLYLGXDOV�DW�+DUOH\�'DYLGVRQ�KHDGTXDUWHUV��DQG�EHFDPH�DFWLYH�+2*
PHPEHUV��7KH\�DOVR�ZHQW�WR�GHDOHUVKLSV��FOXE�PHHWLQJV��EDUV��DQG�UHVWDXUDQWV�ZKHUH�WKHUH�ZHUH�RWKHU
+DUOH\�'DYLGVRQ� RZQHUV�� :KLOH� DSSHDULQJ� DW� WKHVH� HYHQWV� DQG� ULGLQJ� ZLWK� RWKHU� +DUOH\�'DYLGVRQ
PRWRUF\FOH� RZQHUV�� 6FKRXWHQ� DQG�0F$OH[DQGHU� REVHUYHG� WKH� EHKDYLRU� RI� WKHVH� ³RWKHU´� RZQHUV� DQG
MRWWHG� GRZQ� WKHLU� REVHUYDWLRQV�� WKH\� DOVR� LQWHUYLHZHG�PDQ\�+DUOH\�'DYLGVRQ�PRWRUF\FOH� RZQHUV� DQG
WRRN� SLFWXUHV� RI�PDQ\� RI� WKHVH� LQGLYLGXDOV� LQ� D� YDULHW\� RI� VLWXDWLRQV�� 7KH� UHVXOW� ZDV� WKDW�� RYHU� WKH� �
\HDUV��6FKRXWHQ�DQG�0F$OH[DQGHU�DFFXPXODWHG�D�PDVV�RI�GLYHUVH�LQIRUPDWLRQ��$W�WKH�HQG�RI�WKH�GDWD�
FROOHFWLRQ�SHULRG��WKH\�KDG�WR�GHFLGH�KRZ�WR�V\QWKHVL]H�DQG�VXPPDUL]H�WKLV�ZHDOWK�RI�LQIRUPDWLRQ�VR�WKDW
LW�PDGH�VHQVH�DQG��LQ�WKLV�FDVH��SUHVHQWHG�D�SLFWXUH�RI�WKH�VXEFXOWXUH�RI�FRQVXPSWLRQ�WKDW�H[LVWV�DPRQJ
+DUOH\�'DYLGVRQ�PRWRUF\FOH�RZQHUV��7KH�SURFHVV�RI�VXPPDUL]LQJ�DQG�PDNLQJ�VHQVH�RI�TXDOLWDWLYH�GDWD
VXFK�DV�WKDW�FROOHFWHG�E\�6FKRXWHQ�DQG�0F$OH[DQGHU�LV�GLIILFXOW�DQG�WLPH�FRQVXPLQJ��+RZHYHU��VSHFLILF
WHFKQLTXHV� DQG� UHFRPPHQGDWLRQV� FDQ�PDNH� LW�PDQDJHDEOH�� 7KH� SXUSRVH� RI� WKH� SUHVHQW� FKDSWHU� LV� WR
DFTXDLQW�\RX�ZLWK�WKHVH�WHFKQLTXHV�

RUPDO�TXDOLWDWLYH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�VLQFH�WKH�HDUO\���WK�FHQWXU\�
4XDOLWDWLYH� GDWD� DQDO\VLV�� KRZHYHU�� LV� VWLOO� D� UHODWLYHO\� QHZ� DQG� UDSLGO\
GHYHORSLQJ�EUDQFK�RI� UHVHDUFK�PHWKRGRORJ\��:ULWLQJ� LQ������� LQ� WKH� ILUVW

HGLWLRQ� RI� WKHLU� ERRN� HQWLWOHG�4XDOLWDWLYH�'DWD� $QDO\VLV�� SLRQHHUV� LQ� TXDOLWDWLYH
GDWD� DQDO\VLV� 0DWWKHZ� 0LOHV� DQG� 0LFKDHO� +XEHUPDQ� QRWHG� WKDW� ³ZH� KDYH� IHZ
DJUHHG�RQ� FDQRQV� IRU� TXDOLWDWLYH� GDWD� DQDO\VLV´� �S�� ����� ,Q� ������ LQ� WKH� VHFRQG
HGLWLRQ� RI� WKHLU� ERRN�� WKH\� QRWHG�� ³7RGD\�� ZH� KDYH� FRPH� IDU� IURP� WKDW� VWDWH� RI
DIIDLUV�«´� 6WLOO�� PXFK� UHPDLQV� WR� EH� GRQHµ� �0LOHV� 	� +XEHUPDQ�� S�� ������ 2YHU
UHFHQW� \HDUV�� PDQ\� TXDOLWDWLYH� UHVHDUFKHUV� KDYH� UHDOL]HG� WKH� QHHG� IRU� PRUH
V\VWHPDWLF�GDWD�DQDO\VLV�SURFHGXUHV��DQG�WKH\�KDYH�VWDUWHG�WR�ZULWH�PRUH�DERXW�KRZ
WR�FRQGXFW�TXDOLWDWLYH�UHVHDUFK�GDWD�DQDO\VLV��H�J���%D]HOH\��������%HUQDUG�	�5\DQ�
������%U\PDQ�	�%XUJHVV��������'H\��������+XEHUPDQ�	�0LOHV��������/H&RPSWH
	� 3UHLVVOH�� ������ /RIODQG� 	� /RIODQG�� ������ 0LOHV� 	� +XEHUPDQ�� ������ 0LOHV�
+XEHUPDQ�� 	� 6DOGDxD�� ������ 3DWWRQ�� ������ 6LOYHUPDQ�� ������ 6WUDXVV�	� &RUELQ�
�������,Q�WKLV�FKDSWHU��ZH�LQWURGXFH�\RX�WR�WKH�WHUPLQRORJ\�VXUURXQGLQJ�TXDOLWDWLYH
GDWD�DQDO\VLV��VKRZ�\RX�WKH�EDVLFV�RI�TXDOLWDWLYH�GDWD�DQDO\VLV��DQG�EULHIO\�GLVFXVV
WKH�XVH�RI�FRPSXWHU�VRIWZDUH�LQ�WKH�DQDO\VLV�RI�TXDOLWDWLYH�GDWD�



,17(5,0�$1$/<6,6
'DWD� DQDO\VLV� EHJLQV� HDUO\� LQ� D� TXDOLWDWLYH� UHVHDUFK� VWXG\�� DQG� GXULQJ� D� VLQJOH
UHVHDUFK� VWXG\�� TXDOLWDWLYH� UHVHDUFKHUV� DOWHUQDWH� EHWZHHQ� GDWD� FROOHFWLRQ� �H�J��
LQWHUYLHZV��REVHUYDWLRQV�� IRFXV�JURXSV��GRFXPHQWV��SK\VLFDO�DUWLIDFWV�� ILHOG�QRWHV�
DQG� GDWD� DQDO\VLV� �FUHDWLQJ� PHDQLQJ� IURP� UDZ� GDWD��� 7KLV� F\FOLFDO� RU� UHFXUVLYH
SURFHVV�RI�FROOHFWLQJ�GDWD��DQDO\]LQJ�WKH�GDWD��FROOHFWLQJ�DGGLWLRQDO�GDWD��DQDO\]LQJ
WKRVH� GDWD�� DQG� VR� RQ� WKURXJKRXW� WKH� UHVHDUFK� SURMHFW� LV� FDOOHG� LQWHULP� DQDO\VLV
�0LOHV�	�+XEHUPDQ��������

��,QWHULP�DQDO\VLV�7KH�F\FOLFDO�SURFHVV�RI�FROOHFWLQJ�DQG�DQDO\]LQJ�GDWD
GXULQJ�D�VLQJOH�UHVHDUFK�VWXG\

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

,QWHULP�DQDO\VLV�LV�XVHG�LQ�TXDOLWDWLYH�UHVHDUFK�EHFDXVH�TXDOLWDWLYH�UHVHDUFKHUV
XVXDOO\�FROOHFW�GDWD�RYHU�DQ�H[WHQGHG�WLPH�SHULRG�DQG�WKH\�FRQWLQXDOO\�QHHG�WR�OHDUQ
PRUH�DQG�PRUH�DERXW�ZKDW�WKH\�DUH�VWXG\LQJ�GXULQJ�WKLV�WLPH�IUDPH��,Q�RWKHU�ZRUGV�
TXDOLWDWLYH� UHVHDUFKHUV� XVH� LQWHULP� DQDO\VLV� WR� GHYHORS� D� VXFFHVVLYHO\� GHHSHU
XQGHUVWDQGLQJ� RI� WKHLU� UHVHDUFK� WRSLF� DQG� WR� JXLGH� HDFK� URXQG� RI� GDWD� FROOHFWLRQ�
7KLV�LV�D�VWUHQJWK�RI�TXDOLWDWLYH�UHVHDUFK��%\�FROOHFWLQJ�GDWD�DW�PRUH�WKDQ�RQH�WLPH�
TXDOLWDWLYH�UHVHDUFKHUV�DUH�DEOH�WR�JHW�GDWD�WKDW�KHOS�UHILQH�WKHLU�GHYHORSLQJ�WKHRULHV
DQG� WHVW� WKHLU� LQGXFWLYHO\� JHQHUDWHG� K\SRWKHVHV� �L�H��� K\SRWKHVHV� GHYHORSHG� IURP
H[DPLQLQJ� WKHLU� GDWD� RU� GHYHORSHG� ZKHQ� WKH\� DUH� LQ� WKH� ILHOG��� 4XDOLWDWLYH
UHVHDUFKHUV� EDVLFDOO\� DFW� OLNH� GHWHFWLYHV� ZKHQ� WKH\� FDUHIXOO\� H[DPLQH� DQG� DVN
TXHVWLRQV� RI� WKHLU� GDWD� DQG� WKHQ� UH�HQWHU� WKH� ILHOG� WR� FROOHFW� PRUH� GDWD� WR� KHOS
DQVZHU� WKHLU� TXHVWLRQV�� ,QWHULP� DQDO\VLV� FRQWLQXHV� XQWLO� WKH� SURFHVV� RU� WRSLF� WKH
UHVHDUFKHU�LV�VWXG\LQJ�LV�XQGHUVWRRG��RU�XQWLO�WKH�UHVHDUFKHU�UXQV�RXW�RI�UHVRXUFHV���
*URXQGHG�WKHRULVWV�XVH�WKH�WHUP�WKHRUHWLFDO�VDWXUDWLRQ� WR�GHVFULEH�WKH�VLWXDWLRQ�LQ
ZKLFK�XQGHUVWDQGLQJ�KDV�EHHQ�UHDFKHG�DQG�WKHUH�LV�QR�FXUUHQW�QHHG�IRU�PRUH�GDWD�
:H�KDYH�VXPPDUL]HG�WKH�TXDOLWDWLYH�GDWD�FROOHFWLRQ�SURFHVV�LQ�)LJXUH������
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�����:KDW�LV�LQWHULP�DQDO\VLV"

0(02,1*
$� KHOSIXO� WRRO� IRU� UHFRUGLQJ� LGHDV� JHQHUDWHG� GXULQJ� GDWD� DQDO\VLV� LV�PHPRLQJ
�ZULWLQJ�PHPRV���0HPRV�DUH�UHIOHFWLYH�QRWHV�WKDW�UHVHDUFKHUV�ZULWH�WR�WKHPVHOYHV
DERXW� ZKDW� WKH\� DUH� OHDUQLQJ� IURP� WKHLU� GDWD�� 0HPRV� FDQ� LQFOXGH� QRWHV� DERXW
DQ\WKLQJ�� LQFOXGLQJ� WKRXJKWV�RQ�HPHUJLQJ�FRQFHSWV�� WKHPHV��DQG�SDWWHUQV� IRXQG� LQ
WKH�GDWD��WKH�QHHG�IRU�IXUWKHU�GDWD�FROOHFWLRQ��D�FRPSDULVRQ�WKDW�QHHGV�WR�EH�PDGH�LQ



WKH�GDWD�� DQG�YLUWXDOO\�DQ\WKLQJ�HOVH��0HPRV�ZULWWHQ�HDUO\� LQ�D�SURMHFW� WHQG� WR�EH
PRUH�VSHFXODWLYH��DQG�PHPRV�ZULWWHQ�ODWHU�LQ�D�SURMHFW�WHQG�WR�EH�PRUH�IRFXVHG�DQG
FRQFOXVLYH��0HPRLQJ�LV�DQ�LPSRUWDQW�WRRO�WR�XVH�GXULQJ�D�UHVHDUFK�SURMHFW�WR�UHFRUG
LQVLJKWV� JDLQHG� IURP� UHIOHFWLQJ� RQ� GDWD�� %HFDXVH� TXDOLWDWLYH� GDWD� DQDO\VLV� LV� DQ
LQWHUSUHWDWLYH�SURFHVV��LW�LV�LPSRUWDQW�WKDW�\RX�NHHS�WUDFN�RI�\RXU�LGHDV��<RX�VKRXOG
WU\� WR� UHFRUG� \RXU� LQVLJKWV� DV� WKH\� RFFXU� VR� WKDW� \RX� GR� QRW� KDYH� WR� UHO\� RQ� \RXU
PHPRU\�ODWHU�

��0HPRLQJ�5HFRUGLQJ�UHIOHFWLYH�QRWHV�DERXW�ZKDW�\RX�DUH�OHDUQLQJ�IURP�WKH
GDWD

�),*85(����������'DWD�DQDO\VLV�LQ�TXDOLWDWLYH�UHVHDUFK
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�����:KDW�LV�PHPRLQJ"

$1$/<6,6�2)�9,68$/�'$7$
$V�\RX�UHDG�DERXW�YLVXDO�GDWD��WKLQN�DERXW�WKH�ROG�DGDJH�WKDW�³D�SLFWXUH�LV�ZRUWK�D
WKRXVDQG�ZRUGV�´�:H�ZLOO�FKDQJH�WKH�DGDJH�WR�³DQ�LPDJH�PLJKW�EH�ZRUWK�D�WKRXVDQG
ZRUGV´�EHFDXVH�YLVXDO�GDWD�FDQ�LQFOXGH�DQ\�W\SH�RI�LPDJH��VXFK�DV�SKRWRJUDSKV��DUW�
SLFWXUHV� LQ� ERRNV�� YLGHR� LPDJHV�� QRQYHUEDO� H[SUHVVLRQV� VKRZQ� WR� \RX� E\� \RXU
UHVHDUFK� SDUWLFLSDQWV�� DQG� DQ\� ³VLJQV´� WKDW� DUH� LQ� WKH� ILHOG� IRU� \RX� WR� VHH�
5HVHDUFKHUV� ZKR� UHO\� RQ� H[WHQVLYH� YLVXDO� GDWD� DUJXH� WKDW� LW� LV� D� P\WK� WKDW� LW� LV
QHFHVVDU\�WR�SUHVHQW�ILQGLQJV�LQ�ZULWWHQ�IRUP��RU�ZKDW�0��&ROOLHU��������FDOOHG�³WKH
GHFHSWLYH�ZRUOG�RI�ZRUGV´� �S������� ,Q�PDQ\�ILHOGV�� VXFK�DV�FXOWXUDO�DQWKURSRORJ\
DQG�PHGLD�VWXGLHV��YLVXDO�GDWD�DUH�SULPDU\�VRXUFHV�RI�HYLGHQFH��:H�PHQWLRQ�KHUH



WKUHH� DSSURDFKHV� WR� YLVXDO� GDWD� DQDO\VLV�� SKRWR� LQWHUYLHZLQJ� DQDO\VLV�� VHPLRWLF
YLVXDO�DQDO\VLV��DQG�YLVXDO�FRQWHQW�DQDO\VLV�

3KRWR� LQWHUYLHZLQJ�LV�D�PHWKRG�RI�GDWD�FROOHFWLRQ��GHVFULEHG�LQ�&KDSWHU���� LQ
ZKLFK�UHVHDUFKHUV�VKRZ�LPDJHV�WR�UHVHDUFK�SDUWLFLSDQWV�GXULQJ�IRUPDO�RU�LQIRUPDO
LQWHUYLHZV��:KDW�LV�XQLTXH�LQ�WKLV�DSSURDFK�LV�WKDW�WKH�UHVHDUFKHU�KDV�WKH�SDUWLFLSDQW
³DQDO\]H´�WKH�SLFWXUHV�VKRZQ�WR�KLP�RU�KHU��WKH�UHVHDUFKHU�UHFRUGV�WKH�SDUWLFLSDQW¶V
WKRXJKWV��PHPRULHV��DQG�UHDFWLRQV�DV�³UHVXOWV�´�,Q�WKLV�DSSURDFK��WKH�SLFWXUHV�DUH�WKH
VWLPXOXV��DQG�WKH�SDUWLFLSDQW�LV�WKH�DQDO\VW��7KH�UHVHDUFKHU�UHSRUWV�WKHVH�GHVFULSWLYH
ILQGLQJV�DV�WKH�SULPDU\�UHVXOWV��,Q�DGGLWLRQ�WR�WKLV�SKRWR�LQWHUYLHZLQJ�DQDO\VLV��WKH
UHVHDUFKHU� FDQ� LQWHUSUHW� WKH� UHVXOWV� IXUWKHU�� ,Q� WKH� UHPDLQGHU� RI� WKLV� FKDSWHU�� GDWD
DQDO\VLV� LV� FRQVLGHUHG� WR� EH� FRQGXFWHG� E\� WKH� TXDOLWDWLYH� UHVHDUFKHU� RU� WKH
TXDOLWDWLYH� UHVHDUFKHU� LQ� FRPELQDWLRQ� ZLWK� WKH� SDUWLFLSDQWV� DIWHU� WKH� LQLWLDO� GDWD
KDYH�EHHQ�FROOHFWHG�

��3KRWR�LQWHUYLHZLQJ�DQDO\VLV�$QDO\VLV�LV�GRQH�E\�WKH�SDUWLFLSDQW��ZKR
H[DPLQHV�DQG�³DQDO\]HV´�D�VHW�RI�YLVXDO�LPDJHV

6HPLRWLF�YLVXDO�DQDO\VLV� LV�EDVHG�RQ�WKH�WKHRU\�RI�VHPLRWLFV��6HPLRWLFV� LV� WKH
VWXG\�RI�VLJQV�DQG�ZKDW�WKH\�VWDQG�IRU�LQ�D�KXPDQ�FXOWXUH��$�VLJQ�LV�VRPHWKLQJ�WKDW
VWDQGV�IRU�VRPHWKLQJ�HOVH�DQG�PD\�PHDQ�VRPHWKLQJ�GLIIHUHQW�WR�SHRSOH�LQ�GLIIHUHQW
FDSDFLWLHV�� $� UHVHDUFKHU� ZKR� FRQGXFWV� VHPLRWLF� DQDO\VLV� LV� WKHUHIRUH� YHU\
FRQFHUQHG�ZLWK�ZKDW�WKH�VLJQV�LQ�YLVXDO�LPDJHV�PHDQ��6HPLRWLF�UHVHDUFKHUV�DUH�QRW
FRQFHUQHG�ZLWK�ILQGLQJ�LPDJHV�WKDW�DUH�VWDWLVWLFDOO\�UHSUHVHQWDWLYH�RI�D�ODUJH�VHW�RI
LPDJHV�� 5DWKHU�� WKH\� DUH� FRQFHUQHG� ZLWK� LQGLYLGXDO� LPDJHV� WKDW� KDYH� FRQFHSWXDO
PHDQLQJ�RU�ZLWK�KRZ�PHDQLQJ�LV�SURGXFHG�E\�LPDJHV�

��6HPLRWLF�YLVXDO�DQDO\VLV�7KH�LGHQWLILFDWLRQ�DQG�LQWHUSUHWDWLRQ�RI�V\PEROLF
PHDQLQJ�RI�YLVXDO�GDWD

��6HPLRWLFV�7KH�VWXG\�RI�VLJQV�DQG�ZKDW�WKH\�VWDQG�IRU�LQ�KXPDQ�FXOWXUH

,PDJHV�RIWHQ�KDYH�OD\HUHG�PHDQLQJV��)URP�D�VHPLRWLF�SHUVSHFWLYH��LPDJHV�DUH
GHQRWDWLYH� DQG� FRQQRWDWLYH� �%DUWKHV�� ������� ,Q� WKH� ILUVW� OD\HU�� FDOOHG� GHQRWDWLYH
PHDQLQJ�� UHVHDUFKHUV� VLPSO\�ZDQW� WR�NQRZ�ZKDW� LV� EHLQJ�GHSLFWHG� LQ� WKH� LPDJHV�
7KLV� OD\HU� DVVXPHV� WKDW� ZH� FDQ� RQO\� UHFRJQL]H� ZKDW� ZH� DOUHDG\� NQRZ�� DQG� WKLV
NQRZOHGJH� FDQ� EH� DIIHFWHG� E\� YHUEDO� FDSWLRQV� SODFHG� XQGHU� SKRWRJUDSKV�� IRU
H[DPSOH�� RU� E\� YLVXDO� VWHUHRW\SHV� LQ� RXU� FXOWXUHV�� 7KH� VHFRQG� VHPLRWLF� OD\HU�
FRQQRWDWLYH� PHDQLQJ�� EXLOGV� RQ� ZKDW� UHVHDUFKHUV� DQG� SDUWLFLSDQWV� NQRZ� DQG
H[SORUHV� WKH� ZD\V� LQ� ZKLFK� LGHDV� DQG� YDOXHV� DUH� H[SUHVVHG� DQG� UHSUHVHQWHG� LQ
LPDJHV��7KLV� LV�ZKDW� LV� VR� H[FLWLQJ� DQG� VR� H[DVSHUDWLQJ� DERXW� VHPLRWLF� UHVHDUFK�
6HPLRWLFV� H[SORUHV� P\WKV�� DQG� QRZKHUH� LV� P\WKRORJ\� DV� HYLGHQW� DV� LQ� YLVXDO
LPDJHU\�

9LVXDO� FRQWHQW� DQDO\VLV� LV� GLIIHUHQW� IURP� VHPLRWLF� DQDO\VLV�� 9LVXDO� FRQWHQW
DQDO\VLV�LV�EDVHG�RQ�ZKDW�LV�GLUHFWO\�YLVLEOH�WR�WKH�UHVHDUFKHU�LQ�DQ�LPDJH�RU�VHW�RI



LPDJHV�� ,W� GLIIHUV� IURP� RWKHU� PHWKRGV� RI� YLVXDO� DQDO\VLV� LQ� WKDW� LW� LV� PRUH
TXDQWLWDWLYH��)RU�H[DPSOH��ZLWK�YLVXDO�FRQWHQW�DQDO\VLV��UHVHDUFKHUV�PLJKW�H[DPLQH
WKH�UHODWLYH�IUHTXHQFLHV�RI�ZRPHQ�RU�PLQRULWLHV�LQ�VFKRRO�WH[WV�RU�RQ�ZHEVLWHV�WKDW
UHFUXLW� FROOHJH� SURIHVVRUV��8QOLNH�PRUH� TXDOLWDWLYH� YLVXDO� GDWD� DQDO\VLV�PHWKRGV�
YLVXDO�FRQWHQW�DQDO\VLV�FRQFHQWUDWHV�RQ�VWXG\LQJ�D�UHSUHVHQWDWLYH�VDPSOH�UDWKHU�WKDQ
LQGLYLGXDO� LQVWDQFHV�RI� LPDJHV�� ,W� LV� OHVV� FRQFHUQHG�ZLWK�GHHS�PHDQLQJ�DQG�PRUH
FRQFHUQHG� ZLWK� SUHYDOHQFH�� 9LVXDO� FRQWHQW� DQDO\VLV� EHJLQV� ZLWK� DVVHUWLRQV� RU
K\SRWKHVHV� WKDW� FDWHJRUL]H� DQG� FRPSDUH� YLVXDO� FRQWHQW�� 7KH� FDWHJRULHV� DUH
REVHUYDEOH��7KH�FRUSXV��VDPSOH�VL]H�RU�GRPDLQ��RI� WKH�VWXG\�LV�GHFLGHG�DKHDG�RI
WLPH�EDVHG�RQ�WKH�UHVHDUFK�TXHVWLRQV��KRZ�LPSRUWDQW�LW�LV�WR�JHQHUDOL]H�WKH�ILQGLQJV�
DQG� WKH� VWDWLVWLFDO� SURFHGXUHV� WR� EH� HPSOR\HG�� 9LVXDO� FRQWHQW� DQDO\VLV� LV� RIWHQ
OLPLWHG� WR� LVRODWHG� FRQWHQW� WKDW� UHSUHVHQWV� SDUWLFXODU� YDULDEOHV� XQGHU� VWXG\�� 7KH
YDULDEOHV�DUH�OLPLWHG�E\�FOHDUO\�GHILQHG�YDOXHV�WKDW�FRGHUV�FDQ�FODVVLI\�FRQVLVWHQWO\
�UHOLDEO\���)RU�H[DPSOH��WKH�YDULDEOH�VHWWLQJ�WDNHV�RQ�RQH�RU�PRUH�RI�WKH�YDOXHV�RI
RIILFH��GRPHVWLF��SXEOLF��UHOLJLRXV��VFKRRO��RXWVLGH��RU�RWKHU�

��9LVXDO�FRQWHQW�DQDO\VLV�7KH�LGHQWLILFDWLRQ�DQG�FRXQWLQJ�RI�HYHQWV�
FKDUDFWHULVWLFV��RU�RWKHU�SKHQRPHQD�LQ�YLVXDO�GDWD

7KHUH� DUH� QXPHURXV� PHWKRGV� RI� YLVXDO� DQDO\VLV�� XVLQJ� ERWK� TXDOLWDWLYH
�LQWHUSUHWLQJ��DQG�TXDQWLWDWLYH��FRXQWLQJ��GDWD�DQDO\VLV�DSSURDFKHV��7KH�YLVXDO�GDWD
DQDO\]HG�FDQ�LQFOXGH�VLQJOH�LPDJHV��VXFK�DV�D�SKRWRJUDSK�RU�D�GUDZLQJ��RU�PXOWLSOH
LPDJHV��VXFK�DV�WLPH�VHTXHQFHG�LPDJHV�RU�YLGHRV��9LVXDO�GDWD�FDQ�EH�³DQDO\]HG´�E\
SDUWLFLSDQWV� �JURXS�PHPEHUV�� LQIRUPDQWV�� GXULQJ� GDWD� FROOHFWLRQ� WR� UHSRUW� HYHQWV
DQG� FRQVWUXFW� PHDQLQJ�� E\� H[SHUW� FRGHUV� WR� FRXQW� WKH� RFFXUUHQFH� RI� SDUWLFXODU
FRQFUHWH�SKHQRPHQD�� DQG�E\� LQGLYLGXDOV� DGHSW� DW� LQWHUSUHWLQJ� FXOWXUDO�PHDQLQJ�DV
ZHOO�DV�WKURXJK�D�QXPEHU�RI�RWKHU�DSSURDFKHV��9LVXDO�GDWD�DOVR�FDQ�EH�LQFOXGHG�LQ
TXDOLWDWLYH� VRIWZDUH�� DQG� WKH\� FDQ� EH� LQ� WKHLU� RULJLQDO� IRUP� �H�J��� SLFWXUHV�
SKRWRJUDSKV�� YLGHR� LPDJHV��� <RX� FDQ�ZULWH� XS� WKHRUHWLFDO�PHPRV� �L�H��� \RXU� DQG
\RXU�SDUWLFLSDQWV¶� LQWHUSUHWDWLRQV�DQG�WKRXJKWV�DERXW�\RXU�YLVXDO�GDWD��DQG�LQFOXGH
WKHVH� PHPRV� DORQJ� ZLWK� \RXU� RWKHU� WUDQVFULEHG� PDWHULDOV� LQ� \RXU� TXDOLWDWLYH
UHVHDUFK�GDWD�VHW��,Q�TXDOLWDWLYH�UHVHDUFK��\RX�RIWHQ�ZLOO�KDYH�D�VHW�RI�PXOWLSOH�NLQGV
RI�PDWHULDOV�WR�DQDO\]H�LQ�RUGHU�WR�OHDUQ�DERXW�ZKDW�\RX�DUH�VWXG\LQJ�
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�����:KDW�DUH�YLVXDO�GDWD��DQG�KRZ�PLJKW�WKH\�EH
DQDO\]HG"

'$7$�(175<�$1'�6725$*(
7R� DQDO\]H� TXDOLWDWLYH� GDWD� FDUHIXOO\��ZH� UHFRPPHQG� WKDW� \RX� WUDQVFULEH�PRVW� RI
\RXU�GDWD��7UDQVFULSWLRQ� LV� WKH�SURFHVV� RI� WUDQVIRUPLQJ�TXDOLWDWLYH� UHVHDUFK�GDWD�
VXFK� DV� DXGLR� UHFRUGLQJV� RI� LQWHUYLHZV� RU� ILHOG� QRWHV�ZULWWHQ� IURP� REVHUYDWLRQV�
LQWR�W\SHG�WH[W��7KH�W\SHG�WH[W�LV�FDOOHG�D�WUDQVFULSW��,I�WKH�RULJLQDO�GDWD�VRXUFH�LV�DQ



DXGLR�UHFRUGLQJ��WUDQVFULSWLRQ�LQYROYHV�VLWWLQJ�GRZQ��OLVWHQLQJ�WR�WKH�WDSH�UHFRUGLQJ�
DQG�W\SLQJ�ZKDW�ZDV�VDLG�LQWR�D�ZRUG�SURFHVVLQJ�ILOH��,I�WKH�GDWD�DUH�PHPRV��RSHQ�
HQGHG�TXHVWLRQQDLUHV��RU�REVHUYDWLRQDO�ILHOG�QRWHV��WUDQVFULSWLRQ�LQYROYHV�W\SLQJ�WKH
KDQGZULWWHQ� WH[W� LQWR� D� ZRUG� SURFHVVLQJ� ILOH�� ,Q� VKRUW�� WUDQVFULSWLRQ� LQYROYHV
WUDQVIHUULQJ� GDWD� IURP� D� OHVV� XVDEOH� WR� D�PRUH� XVDEOH� IRUP��$IWHU� \RX� WUDQVFULEH
\RXU�GDWD��\RX�VKRXOG�SXW�\RXU�RULJLQDO�GDWD�VRPHZKHUH�IRU�VDIHNHHSLQJ�

��7UDQVFULSWLRQ�7UDQVIRUPLQJ�TXDOLWDWLYH�GDWD�LQWR�W\SHG�WH[W

6RPH�TXDOLWDWLYH�UHVHDUFKHUV�XVH�D�YRLFH�UHFRJQLWLRQ�FRPSXWHU�SURJUDP��ZKLFK
FDQ�PDNH�WUDQVFULELQJ�UHODWLYHO\�HDV\��7KHVH�SURJUDPV�FUHDWH�WUDQVFULSWLRQV�RI�GDWD
ZKLOH� \RX� UHDG� WKH� ZRUGV� DQG� VHQWHQFHV� LQWR� D� PLFURSKRQH� DWWDFKHG� WR� \RXU
FRPSXWHU�� 7ZR� SRSXODU� SURJUDPV� DUH� ,%0¶V� 9LD9RLFH� DQG� 'UDJRQ¶V� 1DWXUDOO\
6SHDNLQJ��7KH�PDLQ�DGYDQWDJH�RI�YRLFH�UHFRJQLWLRQ�VRIWZDUH�LV� WKDW� LW� LV�HDVLHU� WR
WDON� LQWR� D�PLFURSKRQH� WKDQ� LW� LV� WR� W\SH�� 7LPH� VDYLQJV� DUH� QRW� FXUUHQWO\� ODUJH� LQ
FRPSDULVRQ� ZLWK� W\SLQJ�� EXW� WKH� HIILFLHQF\� RI� WKHVH� SURJUDPV� ZLOO� FRQWLQXH� WR
LPSURYH�RYHU�WLPH�

7KH�SULQFLSOHV�GLVFXVVHG�LQ�WKLV�FKDSWHU�DOVR�DSSO\�ZKHQ�\RXU�TXDOLWDWLYH�GDWD
GR� QRW� GLUHFWO\� OHQG� WKHPVHOYHV� WR� WH[W� �H�J��� YLGHRWDSHV� RI� REVHUYDWLRQV�� VWLOO
SLFWXUHV��DQG�DUWLIDFWV���<RX�FDQQRW�GLUHFWO\�WUDQVFULEH�WKHVH�NLQGV�RI�GDWD�VRXUFHV�
:KDW�\RX�FDQ�GR��KRZHYHU�� LV�XVH� WKH�SULQFLSOHV�RI�FRGLQJ� �GLVFXVVHG� LQ� WKH�QH[W
VHFWLRQ��DQG�SXW�WKH�FRGHV�DQG�\RXU�FRPPHQWV�LQWR�WH[W�ILOHV�IRU�IXUWKHU�TXDOLWDWLYH
GDWD�DQDO\VLV�

5(9,(:
48(67 ,21

�����:K\�LV�LW�LPSRUWDQW�WR�WUDQVFULEH�TXDOLWDWLYH�GDWD
ZKHQ�SRVVLEOH"

6(*0(17,1*��&2',1*��$1'�'(9(/23,1*�&$7(*25<
6<67(06

6HJPHQWLQJ�LQYROYHV�GLYLGLQJ�WKH�GDWD�LQWR�PHDQLQJIXO�DQDO\WLFDO�XQLWV��:KHQ�\RX
VHJPHQW� WH[W� GDWD�� \RX� UHDG� WKH� WH[W� OLQH� E\� OLQH� DQG� FRQWLQXDOO\� DVN� \RXUVHOI� WKH
IROORZLQJ�NLQGV�RI�TXHVWLRQV��'R�,�VHH�D�VHJPHQW�RI�WH[W�WKDW�KDV�D�VSHFLILF�PHDQLQJ
WKDW�PLJKW�EH�LPSRUWDQW�IRU�P\�UHVHDUFK�VWXG\"�,V�WKLV�VHJPHQW�GLIIHUHQW�LQ�VRPH�ZD\
IURP�WKH�WH[W�FRPLQJ�EHIRUH�DQG�DIWHU�LW"�:KHUH�GRHV�WKLV�VHJPHQW�VWDUW�DQG�HQG"�$
PHDQLQJIXO�XQLW��L�H���VHJPHQW��RI�WH[W�FDQ�EH�D�ZRUG��D�VLQJOH�VHQWHQFH��RU�VHYHUDO
VHQWHQFHV�� RU� LW� PLJKW� LQFOXGH� D� ODUJHU� SDVVDJH� VXFK� DV� D� SDUDJUDSK� RU� HYHQ� D
FRPSOHWH� GRFXPHQW�� 7KH� VHJPHQW� RI� WH[W� PXVW� KDYH� PHDQLQJ� WKDW� WKH� UHVHDUFKHU
WKLQNV�VKRXOG�EH�GRFXPHQWHG�

��6HJPHQWLQJ�'LYLGLQJ�GDWD�LQWR�PHDQLQJIXO�DQDO\WLFDO�XQLWV



&RGLQJ� LV� WKH� SURFHVV� RI� PDUNLQJ� VHJPHQWV� RI� GDWD� �XVXDOO\� WH[W� GDWD�� ZLWK
V\PEROV��GHVFULSWLYH�ZRUGV��RU�FDWHJRU\�QDPHV��+HUH�LV�KRZ�0LOHV�DQG�+XEHUPDQ
�������H[SODLQHG�LW�

��&RGLQJ�0DUNLQJ�VHJPHQWV�RI�GDWD�ZLWK�V\PEROV��GHVFULSWLYH�ZRUGV��RU
FDWHJRU\�QDPHV

&RGHV� DUH� WDJV� RU� ODEHOV� IRU� DVVLJQLQJ� XQLWV� RI�PHDQLQJ� WR� WKH� GHVFULSWLYH� RU
LQIHUHQWLDO� LQIRUPDWLRQ�FRPSLOHG�GXULQJ�D�VWXG\��&RGHV�XVXDOO\�DUH�DWWDFKHG�WR
³FKXQNV´�RI�YDU\LQJ�VL]H²ZRUGV��SKUDVHV��VHQWHQFHV��RU�ZKROH�SDUDJUDSKV�������
7KH\�FDQ�WDNH�WKH�IRUP�RI�D�VWUDLJKWIRUZDUG�FDWHJRU\�ODEHO�RU�D�PRUH�FRPSOH[
RQH���S�����

:KHQ�D�UHVHDUFKHU�ILQGV�D�PHDQLQJIXO�VHJPHQW�RI�WH[W�LQ�D�WUDQVFULSW��KH�RU�VKH
DVVLJQV�D�FRGH�RU�FDWHJRU\�QDPH� WR�VLJQLI\�RU� LGHQWLI\� WKDW�SDUWLFXODU�VHJPHQW��$V
\RX�FDQ�VHH��VHJPHQWLQJ�DQG�FRGLQJ�JR�KDQG�LQ�KDQG�EHFDXVH�VHJPHQWLQJ�LQYROYHV
ORFDWLQJ�PHDQLQJIXO�VHJPHQWV�RI�GDWD�DQG�FRGLQJ�LQYROYHV�PDUNLQJ�RU�ODEHOLQJ�WKRVH
VHJPHQWV�ZLWK�FRGHV�RU�FDWHJRULHV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

$Q� H[DPSOH� RI� D� FRGHG� LQWHUYLHZ� WUDQVFULSW� LV� VKRZQ� LQ� 7DEOH� ������ 7KH
QDUUDWLYH� LQ� WKH� WUDQVFULSW� LV� IURP�DQ� LQWHUYLHZ�ZLWK� D� FROOHJH� WHDFKHU� �&7��E\� D
UHVHDUFKHU��5���<RX�FDQ�VHH�WKDW�WKH�UHVHDUFKHU�UHDG�WKH�WH[W�OLQH�E\�OLQH�DQG�SODFHG
GHVFULSWLYH�ZRUGV�RU�SKUDVHV� LQ� WKH� OHIW�KDQG�PDUJLQ�QH[W� WR� WKH�VHJPHQWV�RI� WH[W�
7KH�UHVHDUFKHU�DOVR�SODFHG�EUDFNHWV�DURXQG� WKH�VHJPHQWV�RI�GDWD� WR�PDNH� LW�FOHDU
ZKHUH�HDFK�VHJPHQW�VWDUWHG�DQG�HQGHG���6RPH�RWKHU�ZD\V�WR�PDUN�VHJPHQWV�DUH�WR
XVH� OLQH� QXPEHUV� RU� WR� XQGHUOLQH� WKH� UHOHYDQW� WH[W��� ,Q� WKLV� H[DPSOH�� D� FROOHJH
WHDFKHU� ZDV� DVNHG� DERXW� WKH� H[SHULHQFHV� KHU� VWXGHQWV� KDG� ZKHQ� WKH\� YLVLWHG
HOHPHQWDU\� VFKRRO� FODVVURRPV� DV� D� FRXUVH� UHTXLUHPHQW� LQ� DQ� HGXFDWLRQDO
SV\FKRORJ\� FRXUVH��7KH� WHDFKHU�EHOLHYHG� WKDW� WKH�YLVLWDWLRQ� H[SHULHQFHV�SURYLGHG
H[SHULHQWLDO� OHDUQLQJ�E\�JLYLQJ�KHU�VWXGHQWV��SRWHQWLDO� IXWXUH� WHDFKHUV�� LQIRUPDWLRQ
WKDW�KHOSHG�WKHP�PDNH�FDUHHU�FKRLFHV�

$V�QHZ�FRGHV�DUH�GHYHORSHG�GXULQJ�FRGLQJ�� WKH\�PXVW�EH�DGGHG�WR�WKH�PDVWHU
OLVW�RI�FRGHV�LI�WKH\�DUH�QRW�DOUHDG\�RQ�WKH�OLVW��$�PDVWHU�OLVW�LV�VLPSO\�D�OLVW�RI�DOO
WKH� FRGHV� XVHG� LQ� WKH� UHVHDUFK� VWXG\�� 7KH� PDVWHU� OLVW� VKRXOG� LQFOXGH� HDFK� FRGH
IROORZHG�E\�WKH�IXOO�FRGH�QDPH�DQG�D�EULHI�GHVFULSWLRQ�RU�GHILQLWLRQ�RI�WKH�FRGH��$
ZHOO�VWUXFWXUHG�PDVWHU�OLVW�ZLOO�HQDEOH�RWKHU�UHVHDUFKHUV�ZRUNLQJ�RQ�WKH�SURMHFW�WR
XVH�WKH�OLVW�UHDGLO\�

��0DVWHU�OLVW�$�OLVW�RI�DOO�WKH�FRGHV�XVHG�LQ�D�UHVHDUFK�VWXG\

�7$%/(��������([DPSOH�RI�&RGHG�7H[W�'DWD



'XULQJ� FRGLQJ�� WKH� FRGHV� RQ� WKH� PDVWHU� OLVW� VKRXOG� EH� UHDSSOLHG� WR� QHZ
VHJPHQWV�RI�WH[W�HDFK�WLPH�DQ�DSSURSULDWH�VHJPHQW�LV�HQFRXQWHUHG��)RU�H[DPSOH��RQH
FDWHJRU\�IURP�WKH�PDVWHU�OLVW�IRU�WKH�GDWD�LQ�7DEOH������ZRXOG�EH�³FDUHHU�FKRLFH�´
7KHUHIRUH�� ZKHQ� WKH� GDWD� DQDO\VW� IRU� WKLV� UHVHDUFK� VWXG\� HQFRXQWHUHG� DQRWKHU
VHJPHQW�RI�GDWD�LQ�ZKLFK�WKH�VDPH�RU�D�GLIIHUHQW�SHUVRQ�EHLQJ�LQWHUYLHZHG�PDGH�D
FRPPHQW� DERXW� FDUHHU� FKRLFH�� WKH� UHVHDUFKHU� ZRXOG� UHDSSO\� WKH� ODEHO� ³FDUHHU
FKRLFH�´� (YHU\� WLPH� D� VHJPHQW� RI� WH[W� ZDV� DERXW� FDUHHU� FKRLFH�� WKH� UHVHDUFKHU
ZRXOG�XVH�WKH�FRGH�³FDUHHU�FKRLFH´�WR�UHIHU�WR�WKDW�VHJPHQW�

+HUH�LV�DQ�H[DPSOH�RI�FRGLQJ�EDVHG�RQ�GDWD�IURP�D�FRQVXOWLQJ�SURMHFW�GRQH�E\
RQH�RI�WKLV�ERRN¶V�DXWKRUV��7KH�PHPEHUV�RI�D�SXEOLF�RUJDQL]DWLRQ�ILOOHG�RXW�DQ�RSHQ�
HQGHG� TXHVWLRQQDLUH� LQ� ZKLFK� RQH� RI� WKH� TXHVWLRQV� DVNHG� ZDV�� :KDW� DUH� VRPH
VSHFLILF�SUREOHPV�QHHGLQJ�DFWLRQ�LQ�\RXU�RUJDQL]DWLRQ"�7KH�SDUWLFLSDQWV¶�UHVSRQVHV
DUH� VKRZQ� LQ�7DEOH������� 7DNH� D� ORRN� DW� WKH� UHVSRQVHV� IRU� D�PRPHQW� DQG� GHFLGH
ZKHWKHU� \RX�QRWLFH� DQ\�PHDQLQJIXO� FDWHJRULHV� RI� LQIRUPDWLRQ��7KHQ� ORRN� DW�7DEOH
�����DQG�VHH�KRZ�WKH�GDWD�ZHUH�FRGHG��$V�\RX�FDQ�VHH�� WKH�DQVZHUV�WR� WKH�RSHQ�
HQGHG�TXHVWLRQ�DUH�VHJPHQWHG�LQWR�VL[�FDWHJRULHV��7KH�FRGHV�DUH�VKRZQ�LQ�WKH�OHIW�
KDQG�PDUJLQ��7KH�PHPEHUV�RI�WKH�RUJDQL]DWLRQ�OLVWHG�D�QXPEHU�RI�SUREOHPV�LQ�WKHLU
RUJDQL]DWLRQ�� DQG� WKHVH� SUREOHPV� IHOO� LQWR� WKH� FDWHJRULHV� RI� PDQDJHPHQW� LVVXHV�
SK\VLFDO�HQYLURQPHQW��SHUVRQQHO�SUDFWLFHV��HPSOR\HH�GHYHORSPHQW�� LQWHUJURXS�DQG
LQWHUSHUVRQDO�UHODWLRQV��DQG�ZRUN�VWUXFWXUH��7KHVH�VL[�FDWHJRULHV�ZHUH�GHWHUPLQHG
E\�H[DPLQLQJ�WKH�UHVSRQVHV�DQG�VRUWLQJ�WKHP�LQWR�WKHVH�LQGXFWLYH�FDWHJRULHV�

�7$%/(��������8QRUGHUHG�/LVW�RI�5HVSRQVHV�WR�WKH�2SHQ�(QGHG�4XHVWLRQ��:KDW
DUH�VRPH�VSHFLILF�SUREOHPV�QHHGLQJ�DFWLRQ�LQ�\RXU�RUJDQL]DWLRQ"



3DUWLFLSDQW�5HVSRQVHV

7KHUH�LV�QRW�HQRXJK�VSDFH�IRU�HYHU\RQH�
2XU�RIILFH�IXUQLWXUH�LV�GDWHG�DQG�QHHGV�UHSODFLQJ�
:H�QHHG�D�EHWWHU�FOHDQLQJ�VHUYLFH�IRU�WKH�RIILFH�
:H�QHHG�PRUH�REMHFWLYH�UHFUXLWPHQW�DQG�KLULQJ�VWDQGDUGV�
:H�QHHG�REMHFWLYH�SHUIRUPDQFH�DSSUDLVDO�DQG�UHZDUG�V\VWHPV�
:H�QHHG�FRQVLVWHQW�DSSOLFDWLRQ�RI�SROLF\�
7KHUH�DUH�OHDGHUVKLS�SUREOHPV�
1RQSURGXFWLYH�VWDII�PHPEHUV�VKRXOG�QRW�EH�UHWDLQHG�
(DFK�GHSDUWPHQW�KDV�VWHUHRW\SHV�RI�WKH�RWKHU�GHSDUWPHQWV�
'HFLVLRQV�DUH�RIWHQ�EDVHG�RQ�LQDFFXUDWH�LQIRUPDWLRQ�
:H�QHHG�PRUH�RSSRUWXQLWLHV�IRU�DGYDQFHPHQW�KHUH�
2XU�SURGXFW�LV�QRW�FRQVLVWHQW�EHFDXVH�WKHUH�DUH�WRR�PDQ\�VW\OHV�
7KHUH�LV�WRR�PXFK�JRVVLSLQJ�DQG�FULWLFL]LQJ�
5HVSRQVLELOLWLHV�DW�YDULRXV�OHYHOV�DUH�XQFOHDU�
:H�QHHG�D�VXJJHVWLRQ�ER[�
:H�QHHG�PRUH�FRPSXWHU�WHUPLQDOV�
7KHUH�LV�D�ORW�RI�³XV�DQG�WKHP´�VHQWLPHQW�KHUH�
7KHUH�LV�D�ODFN�RI�DWWHQWLRQ�WR�LQGLYLGXDO�QHHGV�
7KHUH�LV�IDYRULWLVP�DQG�SUHIHUHQWLDO�WUHDWPHQW�RI�VWDII�
0RUH�WUDLQLQJ�LV�QHHGHG�DW�DOO�OHYHOV�
7KHUH� QHHGV� WR� EH� EHWWHU� DVVHVVPHQW� RI� HPSOR\HH� DELOLW\� DQG� SHUIRUPDQFH� VR� WKDW� SURPRWLRQV� FDQ� EH� PRUH
REMHFWLYHO\�EDVHG�
7UDLQLQJ�LV�QHHGHG�IRU�QHZ�HPSOR\HHV�
0DQ\�HPSOR\HHV�DUH�FDUU\LQJ�WKH�ZHLJKW�RI�RWKHU�XQWUDLQHG�HPSOR\HHV�
7KLV�RIILFH�LV�³WXUI´�RULHQWHG�
7KHUH�LV�D�SHFNLQJ�RUGHU�DW�HYHU\�OHYHO�DQG�ZLWKLQ�HYHU\�OHYHO�
&RPPXQLFDWLRQ�QHHGV�LPSURYLQJ�
&HUWDLQ�GHSDUWPHQWV�DUH�SXW�RQ�D�SHGHVWDO�
7KHUH�DUH�WRR�PDQ\�UHYLHZ�OHYHOV�IRU�RXU�SURGXFW�
7RR�PDQ\�VLJQDWXUHV�DUH�UHTXLUHG�
7KHUH�LV�D�ORW�RI�RYHUODS�DQG�UHGXQGDQF\�
7KH�FRPSRQHQWV�RI�RXU�RIILFH�ZRUN�DJDLQVW�RQH�DQRWKHU�UDWKHU�WKDQ�DV�D�WHDP�

,I�\RX�WKLQN�WKDW�\RX�RU�VRPHRQH�HOVH�PLJKW�KDYH�FRGHG�WKH�UHVSRQVHV�IURP�WKH
SUHYLRXV� H[DPSOH� GLIIHUHQWO\�� \RX� DUH� SUREDEO\� ULJKW�� :KHQ� \RX� KDYH� KLJK
FRQVLVWHQF\� DPRQJ� GLIIHUHQW� FRGHUV� DERXW� WKH� DSSURSULDWH� FRGHV�� \RX� KDYH
LQWHUFRGHU� UHOLDELOLW\�� ,QWHUFRGHU� UHOLDELOLW\� LV� D� W\SH� RI� LQWHUUDWHU� UHOLDELOLW\
�GLVFXVVHG� LQ� &KDSWHU� ��� DOVR� VHH� 0LOHV� 	� +XEHUPDQ�� ������ S�� ����� ,QWHUFRGHU
UHOLDELOLW\� DGGV� WR� WKH� REMHFWLYLW\� RI� WKH� UHVHDUFK�� DQG� LW� UHGXFHV� HUURUV� GXH� WR
LQFRQVLVWHQFLHV�DPRQJ�FRGHUV��$FKLHYLQJ�KLJK�FRQVLVWHQF\� UHTXLUHV� WUDLQLQJ�DQG�D
JRRG�GHDO�RI�SUDFWLFH��,QWUDFRGHU�UHOLDELOLW\� LV� DOVR� LPSRUWDQW��7KDW� LV�� LW� LV� DOVR
LPSRUWDQW� WKDW� HDFK� LQGLYLGXDO� FRGHU� EH� FRQVLVWHQW�� 7R� KHOS� \RX� UHPHPEHU� WKH



GLIIHUHQFH�EHWZHHQ�LQWHUFRGHU�UHOLDELOLW\�DQG�LQWUDFRGHU�UHOLDELOLW\�� UHPHPEHU� WKDW
WKH�SUHIL[�LQWHU��PHDQV�³EHWZHHQ´�DQG�WKH�SUHIL[�LQWUD��PHDQV�³ZLWKLQ�´�7KHUHIRUH�
LQWHUFRGHU� UHOLDELOLW\�PHDQV� UHOLDELOLW\��RU�FRQVLVWHQF\��EHWZHHQ�RU�DFURVV�FRGHUV�
DQG�LQWUDFRGHU�UHOLDELOLW\�PHDQV�UHOLDELOLW\�ZLWKLQ�D�VLQJOH�FRGHU��,I� WKH�DXWKRUV�RI
TXDOLWDWLYH� UHVHDUFK� DUWLFOHV� WKDW� \RX� UHDG� DGGUHVV� WKH� LVVXHV� RI� LQWHUFRGHU� DQG
LQWUDFRGHU�UHOLDELOLW\��\RX�VKRXOG�XSJUDGH�\RXU�HYDOXDWLRQ�RI�WKHLU�UHVHDUFK�

��,QWHUFRGHU�UHOLDELOLW\�&RQVLVWHQF\�DPRQJ�GLIIHUHQW�FRGHUV

��,QWUDFRGHU�UHOLDELOLW\�&RQVLVWHQF\�ZLWKLQ�D�VLQJOH�LQGLYLGXDO

�7$%/(��������&DWHJRUL]DWLRQ�RI�5HVSRQVHV�WR�WKH�2SHQ�(QGHG�4XHVWLRQ��:KDW
DUH�VRPH�VSHFLILF�SUREOHPV�QHHGLQJ�DFWLRQ�LQ�\RXU�RUJDQL]DWLRQ"

,I�\RX�ZDQW�WR�FRGH�\RXU�RZQ�GDWD�DQG�GHYHORS�FDWHJRU\�QDPHV��\RX�VKRXOG�VWDUW



ZLWK�ZRUGV�WKDW�GHVFULEH�WKH�FRQWHQW�RI� WKH�VHJPHQWV�RI�GDWD��<RX�ZLOO�RIWHQ�ZDQW
WKH�FDWHJRU\�QDPH�WR�EH�PRUH�DEVWUDFW�WKDQ�WKH�OLWHUDO�WH[W�VR�WKDW�WKH�VDPH�FDWHJRU\
QDPH� FDQ� EH� DSSOLHG� WR� RWKHU�� VLPLODU� LQVWDQFHV� RI� WKH� SKHQRPHQRQ� WKDW� \RX
HQFRXQWHU� DV� \RX� UHDG�PRUH� WH[W�� )RU� H[DPSOH�� LQ�7DEOH� ������ WKH� FDWHJRU\� QDPH
³SK\VLFDO�HQYLURQPHQW´�ZDV�XVHG�UDWKHU�WKDQ�³RIILFH�IXUQLWXUH´�VR�WKDW�RWKHU�DVSHFWV
RI�WKH�SK\VLFDO�HQYLURQPHQW��LQ�DGGLWLRQ�WR�RIILFH�IXUQLWXUH��FRXOG�EH�LQFOXGHG�LQ�WKH
FDWHJRU\��7KLV�DELOLW\� WR�GHYHORS�FDWHJRU\�QDPHV�FRPHV�ZLWK�SUDFWLFH��<RX�PLJKW
QRW�JHW�WKH�EHVW�FDWHJRU\�QDPH�RQ�\RXU�ILUVW�WU\��,I�\RX�GRQ¶W��DOO�\RX�KDYH�WR�GR�LV
JHQHUDWH� D�QHZ�FDWHJRU\�QDPH�DQG�XVH� WKH�QHZ�FDWHJRU\�QDPH�RQ� WKH� WUDQVFULSWV�
:KHQ�\RX�DFWXDOO\�FRGH�VRPH�ZULWWHQ�WH[W��\RX�ZLOO�ILQG�WKDW�WKLV�SURFHVV�RI�FRGLQJ
LV�HDVLHU�WKDQ�\RX�PLJKW�WKLQN�

)XOO� GHVFULSWLYH� ZRUGV� RU� SKUDVHV� DUH� QRW� DOZD\V� XVHG� LQ� FRGLQJ�� 6RPH
UHVHDUFKHUV� SUHIHU� WR� XVH� DEEUHYLDWLRQV� RI� FDWHJRU\� QDPHV� DV� WKHLU� FRGHV�� 8VLQJ
DEEUHYLDWLRQV�FDQ�VDYH�WLPH�FRPSDUHG�WR�ZULWLQJ�RXW�IXOO�FDWHJRU\�QDPHV�HYHU\�WLPH
D�FDWHJRU\�DSSHDUV�LQ�WKH�GDWD��2WKHU�UHVHDUFKHUV�GHYHORS�FRPSOH[�V\PERO�V\VWHPV
IRU� FRGLQJ� WKHLU� GDWD�� :KHQ� \RX� FRGH� VRPH� GDWD� IRU� \RXUVHOI�� \RX� PXVW� GHFLGH
ZKHWKHU�\RX�ZDQW�WR�XVH�IXOO�ZRUGV��SKUDVHV��DEEUHYLDWLRQV��RU�D�FRPSOH[�V\PEROLF
FRGLQJ�V\VWHP�

$Q�H[DPSOH�RI�GDWD�FRGHG�XVLQJ�D�V\PEROLF�FRGLQJ�V\VWHP�LV�VKRZQ� LQ�7DEOH
������7KH�WUDQVFULSW�LV�DQ�H[FHUSW�IURP�DQ�REVHUYDWLRQDO�VWXG\�GRQH�E\�HGXFDWLRQDO
HWKQRJUDSKHU� 0DUJDUHW� /H&RPSWH�� ZKR� ZDV� VWXG\LQJ� QRUPV� LQ� WKH� HOHPHQWDU\
VFKRRO�FODVVURRP��/H&RPSWH�SODFHG�WKH�WLPH�LQ�WKH�OHIW�FROXPQ�HYHU\���PLQXWHV�RU
ZKHQ�DQ�DFWLYLW\�FKDQJHG��6KH�SODFHG�WHDFKHU�WDON�LQ�TXRWHV�DQG�SODFHG�VWXGHQW�WDON
DQG�LQIRUPDWLRQ�UHFRUGHG�E\�WKH�UHVHDUFKHU�LQ�SDUHQWKHVHV��7KH�W\SH�RI�DFWLYLW\�LV
LQGLFDWHG� LQ� WKH� OHIW� PDUJLQ�� 7KH� FRGH�5� VWDQGV� IRU� WHDFKHU� WDON� WKDW� HVWDEOLVKHV
UXOHV��WKH�FRGH�7�VWDQGV�IRU�WHDFKHU�WDON�IRFXVHG�RQ�RUJDQL]LQJ�D�WLPH�VFKHGXOH�IRU
WKH�VWXGHQWV��DQG�WKH�FRGH�:�VWDQGV�IRU�WHDFKHU�WDON�WKDW�LV�IRFXVHG�RQ�VWXGHQW�WDVNV
RU�VWXGHQW�ZRUN��$OWKRXJK�WKH�FRGHV�WKDW�DUH�XVHG�LQ�WKH�WDEOH�DUH�QRW�YHU\�FOHDU�WR
WKH� RXWVLGH� UHDGHU�� WKH\� KDG� YHU\� SUHFLVH� PHDQLQJ� WR� /H&RPSWH�� /H&RPSWH
LQGXFWLYHO\�GHYHORSHG�KHU�FRGLQJ�V\VWHP�HDUO\�LQ�KHU�UHVHDUFK�VWXG\��DQG�VKH�XVHG�LW
LQ�KHU�ODWHU�GDWD�DQDO\VLV�

,QGXFWLYH�DQG�$�3ULRUL�&RGHV
%HFDXVH� RI� WKH� LQGXFWLYH� QDWXUH� RI� PRVW� TXDOLWDWLYH� UHVHDUFK�� TXDOLWDWLYH

UHVHDUFKHUV�WUDGLWLRQDOO\�JHQHUDWH�WKHLU�FRGHV�RU�FDWHJRU\�QDPHV�GLUHFWO\�IURP�WKHLU
GDWD�� :KHQ� \RX� GHYHORS� FRGHV� WKLV� ZD\�� \RX� DUH� DFWXDOO\� JHQHUDWLQJ� LQGXFWLYH
FRGHV��ZKLFK�DUH�GHILQHG�DV�FRGHV�WKDW�DUH�JHQHUDWHG�E\�WKH�UHVHDUFKHU�E\�GLUHFWO\
H[DPLQLQJ� WKH� GDWD� GXULQJ� WKH� FRGLQJ� SURFHVV�� ,QGXFWLYH� FRGHV� FDQ� EH� EDVHG� RQ
HPLF�WHUPV��WHUPV�WKDW�DUH�XVHG�E\�WKH�SDUWLFLSDQWV�WKHPVHOYHV���&RGHV�WKDW�XVH�WKH
ODQJXDJH�DQG�ZRUGV�RI�WKH�SDUWLFLSDQWV�DUH�FDOOHG�LQ�YLYR�FRGHV��)RU�H[DPSOH��KLJK
VFKRRO�VWXGHQWV�PLJKW�XVH�WKH�HPLF�WHUP�MRFNV�WR�UHIHU�WR�VWXGHQWV�ZKR�SOD\�VSRUWV�
,QGXFWLYH� FRGHV� FDQ� DOVR� EH� EDVHG� RQ� VRFLDO� VFLHQFH� WHUPV� WKDW� D� UHVHDUFKHU� LV
IDPLOLDU�ZLWK��)RU�H[DPSOH��D�VRFLDO�VFLHQFH�WHUP�IRU�MRFNV�PLJKW�EH�DWKOHWLF�UROH�



)LQDOO\��LQGXFWLYH�FRGHV�PLJKW�EH�JRRG��FOHDU��GHVFULSWLYH�ZRUGV�WKDW�PRVW�SHRSOH
ZRXOG�DJUHH�FKDUDFWHUL]H�D�VHJPHQW�RI�GDWD��H�J���ZH�PLJKW�DJUHH�WKDW�WKH�VHJPHQW�RI
GDWD�UHIHUV�WR�DWKOHWHV��

��,QGXFWLYH�FRGHV�&RGHV�WKDW�DUH�JHQHUDWHG�E\�D�UHVHDUFKHU�E\�GLUHFWO\
H[DPLQLQJ�WKH�GDWD

��,Q�YLYR�FRGHV�&RGHV�WKDW�XVH�WKH�ZRUGV�RI�WKH�UHVHDUFK�SDUWLFLSDQWV

�7$%/(��������6\PEROLF�&RGLQJ�6\VWHP�8VHG�RQ�)LHOG�1RWH�7UDQVFULSW

6RXUFH�� )URP� 0�� '�� /H&RPSWH� DQG� -�� 3UHLVVOH�� (WKQRJUDSK\� DQG� 4XDOLWDWLYH� 'HVLJQ� LQ� (GXFDWLRQDO
5HVHDUFK��S�������FRS\ULJKW��������$FDGHPLF�3UHVV��5HSULQWHG�E\�SHUPLVVLRQ�RI�(OVHYLHU�DQG�WKH�DXWKRUV�

1RWH��7HDFKHU�WDON�LV�UHFRUGHG�LQ�TXRWDWLRQV��SXSLO�WDON�DQG�ORFDWLRQDO�GHVFULSWLRQ�DUH�HQFORVHG�LQ�SDUHQWKHVHV�

6RPHWLPHV� UHVHDUFKHUV� EULQJ� DQ� DOUHDG\� GHYHORSHG� FRGLQJ� VFKHPH� WR� WKH
UHVHDUFK� SURMHFW�� 7KHVH� FRGHV� DUH� FDOOHG� D� SULRUL� FRGHV� RU� SUHH[LVWLQJ� FRGHV
EHFDXVH�WKH\�ZHUH�GHYHORSHG�EHIRUH�RU�DW�WKH�YHU\�EHJLQQLQJ�RI�WKH�FXUUHQW�UHVHDUFK
VWXG\��$�SULRUL�FRGHV�DUH�XVHG�ZKHQ�D�UHVHDUFKHU�LV�WU\LQJ�WR�UHSOLFDWH�RU�H[WHQG�D
FHUWDLQ� OLQH� RI� SUHYLRXV� UHVHDUFK�� 5HVHDUFKHUV�PD\� DOVR� HVWDEOLVK� VRPH� D� SULRUL
FRGHV� EHIRUH� GDWD� FROOHFWLRQ� EDVHG� RQ� WKHLU� UHOHYDQFH� WR� WKH� UHVHDUFK� TXHVWLRQV�
:KHQ�UHVHDUFKHUV�EULQJ�D�SULRUL�FRGHV�WR�D�UHVHDUFK�VWXG\��WKH\�FRPH�LQ�ZLWK�D�VWDUW
OLVW�RI�FRGHV²DQ�DOUHDG\�GHYHORSHG�PDVWHU�OLVW�WKDW�WKH\�FDQ�XVH�IRU�FRGLQJ��'XULQJ
FRGLQJ��KRZHYHU��WKH�UHVHDUFKHU�VKRXOG�DSSO\�WKHVH�FRGHV�RQO\�ZKHQ�WKH\�FOHDUO\�ILW
VHJPHQWV� RI� GDWD�� 7KH� FRGHV� VKRXOG� QRW� EH� IRUFHG� RQWR� WKH� GDWD�� DQG� QHZ� FRGHV
VKRXOG�EH�JHQHUDWHG�ZKHQ�GDWD�VHJPHQWV�DUH�IRXQG�WKDW�GR�QRW�ILW�DQ\�RI�WKH�FRGHV
RQ� WKH� OLVW�� ,Q� SUDFWLFH�� PDQ\� UHVHDUFKHUV� HPSOR\� ERWK� SUHH[LVWLQJ� DQG� LQGXFWLYH
FRGHV�



��$�SULRUL�FRGHV�&RGHV�WKDW�ZHUH�GHYHORSHG�EHIRUH�H[DPLQLQJ�WKH�FXUUHQW�GDWD

&R�2FFXUULQJ�DQG�)DFHVKHHW�&RGHV
,Q� RXU� GLVFXVVLRQ� VR� IDU��ZH� KDYH� XVHG� MXVW� RQH� GHVFULSWLYH� FDWHJRU\� IRU� DQ\

JLYHQ�VHJPHQW�RI�GDWD��,I�\RX�FRGH�WUDQVFULSWV��KRZHYHU��LW�LV�YHU\�SRVVLEOH�WKDW�WKH
FRGHV� ZLOO� RYHUODS�� ,Q� RWKHU� ZRUGV�� PRUH� WKDQ� RQH� WRSLF� RU� FDWHJRU\� PLJKW� EH
DSSOLHG�WR�WKH�VDPH�VHW�RI�GDWD��,I�WKH�FDWHJRULHV�DUH�LQWHUWZLQHG��\RX�VLPSO\�DOORZ
WKH�FRGHV�WR�RYHUODS�QDWXUDOO\��DQG�WKH�UHVXOW�LV�ZKDW�LV�FDOOHG�FR�RFFXUULQJ�FRGHV�
&R�RFFXUULQJ� FRGHV� DUH� VHWV� RI� FRGHV� �L�H��� WZR� RU� PRUH� FRGHV�� WKDW� RYHUODS
SDUWLDOO\� RU� FRPSOHWHO\�� &R�RFFXUULQJ� FRGHV� PLJKW� PHUHO\� VKRZ� FRQFHSWXDO
UHGXQGDQF\� LQ� FRGLQJ� �L�H��� WKH� WZR� FRGHV�PHDQ� EDVLFDOO\� WKH� VDPH� WKLQJ���0RUH
LQWHUHVWLQJO\�� FR�RFFXUULQJ� FRGHV� PLJKW� VXJJHVW� D� UHODWLRQVKLS� DPRQJ� FDWHJRULHV
ZLWKLQ�D�VHW�RI�WH[W�IRU�D�VLQJOH�LQGLYLGXDO��H�J���DQ�LQWHUYLHZ�WUDQVFULSW��RU�DFURVV
PXOWLSOH� VHWV� RI� WH[W� IRU� GLIIHUHQW� LQGLYLGXDOV� �L�H��� DFURVV� VHYHUDO� LQWHUYLHZ
WUDQVFULSWV��

��&R�RFFXUULQJ�FRGHV�&RGHV�WKDW�RYHUODS�SDUWLDOO\�RU�FRPSOHWHO\

$Q�H[DPSOH�RI�FR�RFFXUULQJ�FRGHV�ZLWKLQ�DQ�LQGLYLGXDO¶V�WUDQVFULSW�LV�VKRZQ�LQ
7DEOH� ������ ,I� \RX� ORRN� DW� WKH� WH[W� LQ� WKH� WDEOH�� \RX�ZLOO� VHH� WKDW� ³PRRG´� LV� WKH
FDWHJRU\�PDUNLQJ� OLQHV��±����³SRVLWLYH´� LV� WKH�FDWHJRU\�IRU� OLQHV���±����³OLNH´� LV
WKH�FDWHJRU\�IRU�OLQHV���±����³GRQ¶W�OLNH´�LV�WKH�FDWHJRU\�IRU�OLQHV���±����³PLVV´�LV
WKH�FDWHJRU\�IRU�OLQHV���±����DQG�³WKH\´�LV�WKH�FDWHJRU\�IRU�OLQHV���±����$V�\RX�FDQ
VHH�� VRPH�RI� WKHVH� FDWHJRULHV� RYHUODS��0RUH� VSHFLILFDOO\�� OLQHV� ��±��� DUH� FRGHG
ZLWK�WZR�FR�RFFXUULQJ�FRGHV��7KH�WZR�FRGHV�³PLVV´�DQG�³WKH\´�FR�RFFXU�IRU�WKHVH
WKUHH� OLQHV�� $OVR�� OLQHV� ��±��� DUH� FRGHG� ZLWK� WKH� FRGHV� ³OLNH´� DQG� ³SRVLWLYH�´
7KHUHIRUH��WKHVH�DUH�DOVR�FR�RFFXUULQJ�FRGHV��7KH�NH\�SRLQW�WR�UHPHPEHU�LV�WKDW�\RX
FDQ�DOORZ�FRGHV�WR�RYHUODS�ZKHQ�FRGLQJ�GDWD�

$�UHVHDUFKHU�FDQ�DOVR�DWWDFK�FRGHV�WR�DQ�HQWLUH�GRFXPHQW�� LQWHUYLHZ��RU�VHW�RI
OLQHV��)RU�H[DPSOH�� OLQHV��±���LQ�7DEOH�������L�H���DOO� WKH�JLYHQ� OLQHV��FRXOG�KDYH
EHHQ�JLYHQ�D�FRGH�VXFK�DV�³VFKRRO´�EHFDXVH�WKDW�ZDV�WKH�WRSLF�RI�GLVFXVVLRQ�LQ�DOO
RI�WKH�OLQHV��,I�\RX�KDG�VHYHUDO�LQWHUYLHZ�WUDQVFULSWV��\RX�PLJKW�GHFLGH�WR�DWWDFK�WKH
FRGH� ³IHPDOH´� RU� ³PDOH´� WR� HDFK� WUDQVFULSW� WR� VLJQLI\� WKH� SDUWLFLSDQW¶V� JHQGHU�
&RGHV�WKDW�DSSO\�WR�D�FRPSOHWH�GRFXPHQW�RU�FDVH��H�J���WR�DQ�LQWHUYLHZ��DUH�FDOOHG
IDFHVKHHW� FRGHV�� 7KH� RULJLQ� RI� WKH� WHUP� IDFHVKHHW� SUREDEO\� FRPHV� IURP
UHVHDUFKHUV�DWWDFKLQJ�D�VKHHW�RI�SDSHU�WR�HDFK�WUDQVFULSW�ZLWK�FRGHV�OLVWHG�WKDW�DSSO\
WR� WKH� ZKROH� WUDQVFULSW�� 'HPRJUDSKLF� YDULDEOHV� DUH� IUHTXHQWO\� XVHG� DV� IDFHVKHHW
FRGHV��H�J���JHQGHU��DJH��UDFH��RFFXSDWLRQ��VFKRRO���5HVHDUFKHUV�PLJKW�ODWHU�GHFLGH
WR� VRUW� WKHLU� GDWD� ILOHV� E\� IDFHVKHHW� FRGHV� WR� VHDUFK� IRU� JURXS� GLIIHUHQFHV� �H�J��
GLIIHUHQFHV�EHWZHHQ�ROGHU�DQG�\RXQJHU�WHDFKHUV��RU�RWKHU�UHODWLRQVKLSV�LQ�WKH�GDWD�

��)DFHVKHHW�FRGHV�&RGHV�WKDW�DSSO\�WR�D�FRPSOHWH�GRFXPHQW�RU�FDVH
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�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�VHJPHQWLQJ�DQG
FRGLQJ"

�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�LQGXFWLYH�FRGHV
DQG�D�SULRUL�FRGHV"

�����:KDW�LV�WKH�GLIIHUHQFH�EHWZHHQ�FR�RFFXUULQJ
FRGHV�DQG�IDFHVKHHW�FRGHV"

(180(5$7,21
:H�KDYH�WDONHG�DERXW�WKH�LPSRUWDQFH�RI�WUDQVFULELQJ�GDWD��DQG�ZH�KDYH�VKRZQ�\RX
WKH�EDVLFV�RI�DVVLJQLQJ�FRGHV�WR�TXDOLWDWLYH�GDWD��$W�WKLV�SRLQW��D�GDWD�DQDO\VW�PLJKW
GHFLGH�WR�GHWHUPLQH�KRZ�IUHTXHQWO\�ZRUGV�RU�FRGHG�FDWHJRULHV�DSSHDU�LQ�WKH�GDWD�
7KLV� SURFHVV� RI� TXDQWLI\LQJ� GDWD� LV� FDOOHG� HQXPHUDWLRQ�� (QXPHUDWLRQ� KHOSV
TXDOLWDWLYH� UHVHDUFKHUV� FRPPXQLFDWH� FRQFHSWV� VXFK� DV� ³DPRXQW´� RU� ³IUHTXHQF\´
ZKHQ�ZULWLQJ�XS�WKH�UHVXOWV��2IWHQ�D�UHDGHU�QHHGV�WR�NQRZ�KRZ�PXFK�RU�KRZ�RIWHQ�
LQ� DGGLWLRQ� WR� NQRZLQJ� WKDW� VRPHWKLQJ� KDSSHQHG�� :HEHU� �������� IRU� H[DPSOH�
UHSRUWHG� WKH� ZRUG� IUHTXHQFLHV� XVHG� LQ� WKH� ����� 'HPRFUDWLF� DQG� 5HSXEOLFDQ
SODWIRUPV��7KH�ILYH�PRVW�FRPPRQ�ZRUGV�LQ�WKH�'HPRFUDWLF�SODWIRUP�ZHUH�RXU�����
RFFXUUHQFHV���PXVW� �������'HPRFUDWLF� ������� IHGHUDO� ������� DQG� VXSSRUW� ������
7KH�PRVW�FRPPRQ�ZRUGV�LQ�WKH�5HSXEOLFDQ�SODWIRUP�ZHUH�RXU��������WKHLU� ������
DGPLQLVWUDWLRQ� ������� JRYHUQPHQW� ������� DQG� 5HSXEOLFDQ� ������� :RUG� RU� FRGH
IUHTXHQFLHV� FDQ� KHOS� UHVHDUFKHUV� GHWHUPLQH� WKH� LPSRUWDQFH� RI� ZRUGV� DQG� LGHDV�
/LVWLQJ�IUHTXHQFLHV�FDQ�DOVR�KHOS�LQ�LGHQWLI\LQJ�SURPLQHQW�WKHPHV�LQ�WKH�GDWD��H�J��
:KDW�NLQGV�RI�WKLQJV�GLG�WKH�SDUWLFLSDQWV�VD\�PDQ\�WLPHV"��

��(QXPHUDWLRQ�7KH�SURFHVV�RI�TXDQWLI\LQJ�GDWD

�7$%/(��������7H[W�:LWK�2YHUODSSLQJ�&RGHV



6RXUFH�� )URP� 0�� '�� /H&RPSWH� DQG� -�� 3UHLVVO�� (WKQRJUDSK\� DQG� 4XDOLWDWLYH� 'HVLJQ� LQ� (GXFDWLRQDO
5HVHDUFK��S�������FRS\ULJKW��������$FDGHPLF�3UHVV��5HSULQWHG�E\�SHUPLVVLRQ�RI�(OVHYLHU�DQG�WKH�DXWKRUV�

:KHQ�QXPEHUV�DUH�UHSRUWHG�LQ�TXDOLWDWLYH�UHVHDUFK�UHSRUWV��\RX�PXVW�DOZD\V�EH
VXUH� WR� FKHFN� WKH� EDVLV� RI� WKH� QXPEHUV� EHLQJ� XVHG�� RU� \RX� FRXOG� EH�PLVOHG�� )RU
H[DPSOH�� LQ� WKH�'HPRFUDWLF� DQG�5HSXEOLFDQ� SODWIRUP� H[DPSOH�� WKH� EDVLV�ZDV� DOO
ZRUGV� LQ� WKH� GRFXPHQW� �H�J��� ���� RI� WKH�ZRUGV� LQ� WKH�'HPRFUDWLF� SODWIRUP�ZHUH
VXSSRUW���$�QXPEHU�VXFK�DV�WKLV�VLPSO\�SRLQWV�RXW�WKH�HPSKDVLV�SODFHG�RQ�D�ZRUG
E\� WKH� ZULWHU� RI� WKH� GRFXPHQW�� ,I� VHYHUDO� LQWHUYLHZ� WUDQVFULSWV� DUH� DQDO\]HG�� WKH
EDVLV�RI�D�UHSRUWHG�QXPEHU�PLJKW�EH�WKH�QXPEHU�RI�ZRUGV�PHQWLRQHG�E\�DOO�RI�WKH
SDUWLFLSDQWV��,I�D�ZRUG�KDG�D�KLJK�IUHTXHQF\�LQ�WKLV�FDVH��\RX�PLJKW�EH�LQFOLQHG�WR
EHOLHYH� WKDW� PRVW� RI� WKH� SDUWLFLSDQWV� XVHG� WKH� ZRUG� IUHTXHQWO\�� +RZHYHU�� D� KLJK
IUHTXHQF\�RI�D�SDUWLFXODU�ZRUG�FRXOG�DOVR�PHDQ� WKDW�D� VLQJOH�SDUWLFLSDQW�XVHG� WKH



SDUWLFXODU�ZRUG�PDQ\�WLPHV��,Q�RWKHU�ZRUGV��D�ZRUG�PLJKW�KDYH�D�ODUJH�IUHTXHQF\
VLPSO\� EHFDXVH� RQH� RU� WZR� UHVHDUFK� SDUWLFLSDQWV� XVHG� WKH�ZRUG�PDQ\� WLPHV�� QRW
EHFDXVH�D�ODUJH�QXPEHU�RI�GLIIHUHQW�SDUWLFLSDQWV�XVHG�WKH�ZRUG��(QXPHUDWLRQ�FDQ�EH
KHOSIXO�LQ�TXDOLWDWLYH�GDWD�DQDO\VLV��EXW�DOZD\V�EH�FDUHIXO�WR�UHFRJQL]H�WKH�NLQGV�RI
QXPEHUV�WKDW�DUH�EHLQJ�UHSRUWHG�

5(9,(:
48(67 ,21

�����([SODLQ�WKH�SURFHVV�RI�HQXPHUDWLRQ�

&5($7,1*�+,(5$5&+,&$/�&$7(*25<�6<67(06
&DWHJRULHV� DUH� WKH� EDVLF� EXLOGLQJ� EORFNV� RI� TXDOLWDWLYH� GDWD� DQDO\VLV� EHFDXVH
TXDOLWDWLYH� UHVHDUFKHUV� PDNH� VHQVH� RI� WKHLU� GDWD� E\� LGHQWLI\LQJ� DQG� VWXG\LQJ� WKH
FDWHJRULHV� WKDW� DSSHDU� LQ� WKHLU� GDWD�� <RX� FDQ� WKLQN� RI� WKH� VHW� RI� FDWHJRULHV� IRU� D
FROOHFWLRQ� RI� GDWD� DV� IRUPLQJ� D� FODVVLILFDWLRQ� V\VWHP� FKDUDFWHUL]LQJ� WKRVH� GDWD�
5DWKHU� WKDQ� KDYLQJ� WR� WKLQN� DERXW� HDFK� VHQWHQFH� RU� HDFK� ZRUG� LQ� WKH� GDWD�� WKH
UHVHDUFKHU� ZLOO�� DIWHU� FRGLQJ� WKH� GDWD�� EH� DEOH� WR� IRFXV� RQ� WKH� WKHPHV� DQG
UHODWLRQVKLSV� VXJJHVWHG� E\� WKH� FODVVLILFDWLRQ� V\VWHP�� <RX� OHDUQHG� HDUOLHU� KRZ� WR
ILQG�FDWHJRULHV�LQ�TXDOLWDWLYH�GDWD��DQG�\RX�OHDUQHG�WKDW�\RX�PD\�ZDQW�WR�FRXQW�WKHVH
FDWHJRULHV� IRU� VXJJHVWLYH� WKHPHV�� 7KHPDWLF� DQDO\VLV� LV� RQH� FRPPRQ� W\SH� RI
TXDOLWDWLYH�GDWD�DQDO\VLV�

��7KHPH�$�ZRUG��RU�PRUH�W\SLFDOO\��D�VHW�RI�ZRUGV�GHQRWLQJ�DQ�LPSRUWDQW�LGHD
WKDW�RFFXUV�PXOWLSOH�WLPHV�LQ�\RXU�GDWD

��7KHPDWLF�DQDO\VLV�,GHQWLILFDWLRQ�RI�WKHPHV�LQ�WKH�UHVHDUFK�ILQGLQJV

,Q� KLHUDUFKLFDO� DQDO\VLV�� FDWHJRULHV� DUH� RUJDQL]HG� LQWR� GLIIHUHQW� OHYHOV�
W\SRORJLHV�� DQG� KLHUDUFKLFDO� V\VWHPV��$� VHW� RI� VXEFDWHJRULHV�PLJKW� IDOO� EHQHDWK� D
FHUWDLQ� FDWHJRU\�� DQG� WKDW� FHUWDLQ� FDWHJRU\�PLJKW� LWVHOI� IDOO� XQGHU� DQ� HYHQ� KLJKHU�
OHYHO� FDWHJRU\��7KLQN� DERXW� WKH� FDWHJRU\� FDOOHG� IUXLW�� ,Q� WKLV� FDVH�� VRPH�SRVVLEOH
VXEFDWHJRULHV� DUH� RUDQJHV�� JUDSHIUXLW�� NLZL�� DSSOHV�� DQG� EDQDQDV�� 7KHVH� DUH
VXEFDWHJRULHV� RI� IUXLW� EHFDXVH� WKH\� DUH� ³SDUW� RI´� RU� ³W\SHV� RI´� WKH� KLJKHU�OHYHO
FDWHJRU\�FDOOHG�IUXLW��7KH�FDWHJRU\�IUXLW�PD\�LWVHOI�EH�D�VXEFDWHJRU\�RI�\HW�D�KLJKHU
FDWHJRU\�FDOOHG�IRRG�JURXS��6\VWHPV�RI�FDWHJRULHV� OLNH� WKLV�DUH�FDOOHG�KLHUDUFKLHV
EHFDXVH�WKH\�DUH�OD\HUHG�RU�IDOO�LQWR�GLIIHUHQW�OHYHOV�

��+LHUDUFKLFDO�DQDO\VLV�6HDUFK�IRU�SRWHQWLDO�KLHUDUFKLFDO�DUUDQJHPHQW�RI
LQGXFWLYHO\�JHQHUDWHG�FDWHJRULHV�LQ�TXDOLWDWLYH�GDWD�DQDO\VLV�

$Q�H[DPSOH�RI�D�KLHUDUFKLFDO�FODVVLILFDWLRQ�V\VWHP�FDQ�EH�IRXQG�LQ�D�UHVHDUFK
DUWLFOH�E\�)URQWPDQ�DQG�.XQNHO���������7KHVH�UHVHDUFKHUV�ZHUH�LQWHUHVWHG�LQ�ZKHQ



DQG� KRZ� FRXQVHORUV� EHOLHYHG� D� VHVVLRQ� ZLWK� D� FOLHQW� ZDV� VXFFHVVIXO�� 7KH\
LQWHUYLHZHG����PHQWDO�KHDOWK�ZRUNHUV�IURP�YDULRXV�PHQWDO�KHDOWK�ILHOGV��LQFOXGLQJ
FRXQVHOLQJ� SV\FKRORJ\�� FOLQLFDO� SV\FKRORJ\�� PDUULDJH� DQG� IDPLO\� WKHUDS\�� VRFLDO
ZRUN��DQG�VFKRRO�SV\FKRORJ\��$IWHU�DQ�LQLWLDO�VHVVLRQ�ZLWK�D�FOLHQW��WKH�SDUWLFLSDQWV
ILOOHG�RXW�DQ�RSHQ�HQGHG�TXHVWLRQQDLUH�DVNLQJ�WKHP�WR�GHVFULEH�ZKDW�WKH\�IHOW�ZDV
VXFFHVVIXO�LQ�WKH�VHVVLRQ��$�WHDP�RI�UHVHDUFKHUV�DQDO\]HG�WKH�WUDQVFULSWV�DQG�FDPH
XS�ZLWK�D�UDWKHU�HODERUDWH�KLHUDUFKLFDO�FODVVLILFDWLRQ�V\VWHP��)URQWPDQ�DQG�.XQNHO
UHSRUWHG� WKDW� WKH\�GHYHORSHG� WKHLU�KLHUDUFK\� LQ�D�ERWWRP�XS�IDVKLRQ��ZKLFK�PHDQV
WKDW� WKH� ORZHVW�OHYHO� FDWHJRULHV� DUH� WKH� FORVHVW� WR� WKH� DFWXDO�GDWD� FROOHFWHG� LQ� WKH
VWXG\��7KLV�ERWWRP�XS��RU�LQGXFWLYH��VWUDWHJ\�LV�WKH�PRVW�FRPPRQ�DSSURDFK�XVHG�E\
TXDOLWDWLYH�UHVHDUFKHUV��:HLW]PDQ�	�0LOHV��������

:H� KDYH� UHSURGXFHG� D� VPDOO� SDUW� RI� )URQWPDQ� DQG� .XQNHO¶V� ������
FODVVLILFDWLRQ� V\VWHP� LQ� )LJXUH� ����� WR� JLYH� \RX� D� IHHO� IRU� KLHUDUFKLFDO� FRGLQJ�
:KHQ� ORRNLQJ� DW� WKH� ILJXUH�� EH� VXUH� WR� UHDOL]H� WKDW� PDQ\� RI� WKH� FDWHJRULHV� LQ
)URQWPDQ� DQG� .XQNHO¶V� KLHUDUFKLFDO� V\VWHP� DUH� OHIW� RXW�� WKH� GRZQZDUG� DUURZV
LQGLFDWH�ZKHUH�DGGLWLRQDO� OHYHOV�DQG�FDWHJRULHV�ZHUH�H[FOXGHG��$OO����FDWHJRULHV
LQ�WKHLU�IXOO�KLHUDUFKLFDO�FODVVLILFDWLRQ�V\VWHP�DUH�JLYHQ�LQ�WKH�SXEOLVKHG�DUWLFOH�

<RX� FDQ� VHH� WKDW� WKH� KLJKHU� OHYHOV� RI� WKH� KLHUDUFK\� VKRZQ� LQ�)LJXUH� ����� DUH
PRUH� JHQHUDO� WKDQ� WKH� ORZHU� OHYHOV�� 7KDW� LV�� D� KLJKHU�OHYHO� FDWHJRU\� LQFOXGHV� RU
VXEVXPHV�WKH�FDWHJRULHV�IDOOLQJ�XQGHU�LW��7KH�KLJKHVW�OHYHO�RI�WKH�KLHUDUFK\�LQ�)LJXUH
����� LQFOXGHV� WKH� YHU\� JHQHUDO� FDWHJRULHV� FDOOHG� SRVLWLYH� DZDUHQHVV� DQG
FROODERUDWLRQ�� )URQWPDQ� DQG�.XQNHO� ������� GHFLGHG� QHDU� WKH� FRQFOXVLRQ� RI� WKHLU
UHVHDUFK�SURMHFW�WKDW�WKHVH�WZR�JHQHUDO�FDWHJRULHV�VXEVXPHG�WKH�VHWV�RI�FDWHJRULHV
IDOOLQJ�EHORZ�WKHP��$W�WKH�VHFRQG�KLJKHVW�OHYHO�RI�WKH�KLHUDUFK\�LQ�)LJXUH�������\RX
FDQ�VHH�WKDW� WKH�UHVHDUFKHUV�FDWHJRUL]HG�FRXQVHORUV¶�FRQVWUXDO�RI�VXFFHVV�LQWR�ILYH
FDWHJRULHV��7KH�ILYH�FDWHJRULHV�ZLWK�EULHI�H[SODQDWLRQV�DUH�DV�IROORZV�

����&OLHQW�GLVSOD\�RI�VWUHQJWKV��³7KH�VNLOOV��DFWLRQV��DQG�FKDUDFWHULVWLFV
H[SUHVVHG�E\�WKH�FOLHQW�WKDW�WKH�FRXQVHORU�FRQQRWHV�DV�LQGLFDWLRQ�RI
VXFFHVV�´�

����&RXQVHORU�VHOI�HYDOXDWLRQ�RI�SHUIRUPDQFH��³&RXQVHORU�DVVHVVHV�VXFFHVV
WKURXJK�HYDOXDWLQJ�WKH�TXDOLW\�RI�KLV�RU�KHU�SHUIRUPDQFH�GXULQJ�WKH�VHVVLRQ�´�

����$GKHUHQFH�WR�GHVLUHG�LQWHUDFWLRQDO�QRUPV��³6XFFHVV�LV�GHWHUPLQHG�E\�WKH
SUHVHQFH�RI�SDUWLFXODU�LQWHUDFWLRQDO�SDWWHUQV�LQ�WKH�VHVVLRQ�´�

����(VWDEOLVKPHQW�RI�UDSSRUW��³6XFFHVV�LV�GHILQHG�DV�LQGLFDWLRQ�WKDW�UDSSRUW
EHWZHHQ�FRXQVHORU�DQG�FOLHQW�LV�EHLQJ�HVWDEOLVKHG�´�

����3URJUHVV�LQ�SUREOHP�VROYLQJ��³6XFFHVV�LV�DWWULEXWHG�WR�FOLHQW�PDNLQJ
SURJUHVV�WRZDUG�HVWDEOLVKLQJ�DQG�LPSOHPHQWLQJ�GLUHFW�VWHSV�LQ�VROYLQJ�D
SUREOHP´���)URQWPDQ�	�.XQNHO��SS�����±����

7KH� ILUVW� WZR� RI� WKH� ILYH� FDWHJRULHV� ZH� MXVW� OLVWHG� DUH� SDUW� RI� SRVLWLYH
DZDUHQHVV��DQG�WKH�ODVW�WKUHH�DUH�SDUW�RI�FROODERUDWLRQ��$W�WKH�VHFRQG�ORZHVW�OHYHO



RI� WKH� KLHUDUFK\�� ZH� SURYLGH� WKH� FDWHJRULHV� IDOOLQJ� XQGHU� ³FOLHQW� GLVSOD\� RI
VWUHQJWKV�´� $W� WKH� ORZHVW� OHYHO� RI� WKH� KLHUDUFK\�� ZH� VKRZ� WKH� FDWHJRULHV� IDOOLQJ
XQGHU�³FKDUDFWHULVWLFV�	�VNLOOV�UHOHYDQW�WR�FRXQVHOLQJ�´�$V�\RX�FDQ�VHH��WKHUH�LV�D
WRWDO�RI� IRXU� OHYHOV� LQ� WKH�KLHUDUFK\�VKRZQ� LQ�)LJXUH�������:H� ILQG�)URQWPDQ� DQG
.XQNHO¶V� ������� KLHUDUFK\� LQWHUHVWLQJ� EHFDXVH� LW� SURYLGHV� D� GLUHFW� SLFWXUH� RI� WKH
KLHUDUFKLFDO� VWUXFWXUH� RI� WKHLU� GDWD�� ,W� LV� DOVR� LQWHUHVWLQJ� WR� VHH� ZKDW� FRXQVHORUV
EHOLHYH�PDNHV�WKHUDS\�VXFFHVVIXO�



5(9,(:
48(67 ,21

�����:KDW�LV�D�KLHUDUFKLFDO�FDWHJRU\�V\VWHP��DQG�ZK\
FDQ�LW�EH�XVHIXO�WR�FRQVWUXFW�KLHUDUFKLFDO
V\VWHPV"

,'(17,)<,1*�5(/$7,216+,36�$021*�&$7(*25,(6
,Q� WKLV� VHFWLRQ�� ZH� VKRZ� \RX� VRPH� ZD\V� WR� H[SORUH� UHODWLRQVKLSV� LQ� TXDOLWDWLYH
UHVHDUFK�GDWD��:KHQ� TXDOLWDWLYH� UHVHDUFKHUV� XVH� WKH� WHUP� UHODWLRQVKLS�� LW� KDV� D
VOLJKWO\�GLIIHUHQW�PHDQLQJ�WKDQ�ZKHQ�TXDQWLWDWLYH�UHVHDUFKHUV�XVH�WKH�WHUP��<RX
OHDUQHG� LQ� HDUOLHU� FKDSWHUV� WKDW� TXDQWLWDWLYH� UHVHDUFKHUV� IRFXV� WKHLU� HIIRUWV� RQ
H[DPLQLQJ� WKH� UHODWLRQVKLSV� DPRQJ� YDULDEOHV�� 4XDOLWDWLYH� UHVHDUFKHUV�� KRZHYHU�
DWWDFK� D�PXFK�EURDGHU�PHDQLQJ� WR� WKH� WHUP� UHODWLRQVKLS�� 7KH� KLHUDUFKLFDO� V\VWHP
MXVW�VKRZQ�LQ�)LJXUH������ LV�RQH� W\SH�RI� UHODWLRQVKLS��4XDOLWDWLYH� UHVHDUFKHUV�XVH
WKH� WHUP� UHODWLRQVKLS� WR� UHIHU� WR�PDQ\�GLIIHUHQW� NLQGV� RI� UHODWLRQV� RU� FRQQHFWLRQV
EHWZHHQ�WKLQJV��LQFOXGLQJ�EXW�QRW�OLPLWHG�WR�YDULDEOHV��7KLV�LV�QRW�EHWWHU�RU�ZRUVH��LW
LV�MXVW�GLIIHUHQW�

$� VXPPDU\� RI� VHYHUDO� NLQGV� RI� UHODWLRQVKLSV� LGHQWLILHG� E\� RQH� ZHOO�NQRZQ
TXDOLWDWLYH�UHVHDUFKHU�QDPHG�-DPHV�6SUDGOH\��������LV�JLYHQ�LQ�7DEOH�������7DNH�D
PRPHQW�WR�H[DPLQH�WKH�QLQH�UHODWLRQVKLSV�EHFDXVH�\RX�PLJKW�LGHQWLI\�VRPH�RI�WKHVH
UHODWLRQVKLSV� ZKHQ� \RX� DUH� UHDGLQJ� WUDQVFULSWV� RU� ZKHQ� \RX� DUH� H[DPLQLQJ
FDWHJRULHV� JHQHUDWHG� IURP� \RXU� GDWD�� 6SUDGOH\¶V� OLVW� LV� QRW� H[KDXVWLYH�� EXW� LW� LV
VXJJHVWLYH�� <RX� ZLOO� XQGRXEWHGO\� ILQG� DGGLWLRQDO� NLQGV� RI� UHODWLRQVKLSV� LI� \RX
DQDO\]H�VRPH�WUDQVFULEHG�GDWD�

�7$%/(��������6SUDGOH\¶V�8QLYHUVDO�6HPDQWLF�5HODWLRQVKLSV

6RXUFH��$GDSWHG�IURP�-��3��6SUDGOH\��������S������

6XSSRVH� \RX� ZHUH� UHDGLQJ� DQ� LQWHUYLHZ� WUDQVFULSW� DQG� \RX� FDPH� DFURVV� WKH
IROORZLQJ� WH[W�� ³:KHQ� ,� MXVW� LJQRUH� -RKQQ\¶V� DFWLQJ� RXW�� KH� EHFRPHV� PRUH
DJJUHVVLYH�WRZDUG�WKH�RWKHU�VWXGHQWV�LQ�P\�FODVVURRP��%XW�LI�,�ZDON�RYHU�DQG�VWDQG
EHVLGH� KLP�� KH� ZLOO� XVXDOO\� TXLHW� GRZQ� IRU� D� OLWWOH� ZKLOH�´� 7KLV� WH[W� VXJJHVWV� D
SRVVLEOH�FDXVDO�SURFHVV�RSHUDWLQJ�DPRQJ�VHYHUDO�FDWHJRULHV���,Q�7DEOH�������WKLV�LV
FDOOHG� D� FDXVH�HIIHFW� UHODWLRQVKLS��� ,W� LV� VXJJHVWHG�� LQ� SDUWLFXODU�� WKDW� LJQRULQJ
-RKQQ\¶V�EHKDYLRUDO�RXWEXUVWV�UHVXOWV�LQ�DJJUHVVLYH�EHKDYLRU�DQG�SUR[LPLW\�UHVXOWV



LQ� OHVV� DJJUHVVLYH�EHKDYLRU��2EYLRXVO\�� WZR� VHQWHQFHV� OLNH� WKLV� LQ� D� WUDQVFULSW�GR
QRW� SURYLGH� VROLG� HYLGHQFH� RI� D� JHQHUDO� FDXVH�DQG�HIIHFW� UHODWLRQVKLS�� KRZHYHU�
VWDWHPHQWV� OLNH� WKLV� GR� KDYH� D� FDXVDO� IRUP�� DQG� WKH\� PLJKW� VXJJHVW� WKDW� \RX� GR
DGGLWLRQDO�DQDO\VLV�DQG�GDWD�FROOHFWLRQ�WR�H[SORUH�WKH�UHODWLRQVKLS�IXUWKHU�

1RZ�UHFDOO�WKH�KLHUDUFKLFDO�FDWHJRUL]DWLRQ�WKDW�ZH�VKRZHG�\RX�LQ�)LJXUH������
,I� \RX� ORRN� DW� WKH� ILJXUH� DJDLQ�� \RX� ZLOO� VHH� WKDW� RQH� RI� WKH� FDWHJRULHV� ZDV
³FKDUDFWHULVWLFV� DQG� VNLOOV� UHOHYDQW� WR� FRXQVHOLQJ�´� 7KDW� FDWHJRU\� KDV� IRXU
FKDUDFWHULVWLFV� IDOOLQJ� XQGHU� LW�� LQVLJKW�� VHOI�GLVFORVXUH�� DELOLW\� WR� GLVFXVV� LVVXHV�
DQG� PRWLYDWLRQ�� <RX� FDQ� YLHZ� WKHVH� IRXU� VXEFDWHJRULHV� DV� IROORZLQJ� 6SUDGOH\¶V
VWULFW� LQFOXVLRQ� UHODWLRQVKLS� EHFDXVH� WKH\� DUH� ³NLQGV� RI´� FKDUDFWHULVWLFV� RU� VNLOOV�
6WULFW�LQFOXVLRQ�LV�D�YHU\�FRPPRQ�IRUP�RI�UHODWLRQVKLS�LQ�TXDOLWDWLYH�GDWD�DQDO\VLV�

(GXFDWLRQDO�UHVHDUFKHUV�RIWHQ�XVH�WKH�WHUP� W\SRORJ\� WR� UHIHU� WR�FDWHJRULHV� WKDW
IROORZ� 6SUDGOH\¶V� VWULFW� LQFOXVLRQ� IRUP� RI� UHODWLRQVKLS�� $� W\SRORJ\� LV� D
FODVVLILFDWLRQ�V\VWHP�WKDW�EUHDNV�VRPHWKLQJ�GRZQ�LQWR�LWV�GLIIHUHQW�W\SHV�RU�NLQGV��$
W\SRORJ\� LV� EDVLFDOO\� WKH� VDPH� WKLQJ� DV� D� WD[RQRP\��<RX�PLJKW� UHPHPEHU�ZKDW� D
WD[RQRP\�LV�IURP�\RXU�KLJK�VFKRRO�RU�FROOHJH�ELRORJ\�FODVV�� �2ND\��,�NQRZ�LW�KDV
EHHQ� D� ORQJ� WLPH��� ,Q� ELRORJ\�� WKH� OHYHOV� RI� WKH� DQLPDO� WD[RQRP\� DUH� NLQJGRP�
SK\OXP��FODVV��RUGHU��IDPLO\��JHQXV��DQG�VSHFLHV���+HUH¶V�D�PHPRU\�DLG��.LQJV�3OD\
&KHVV�2Q�)LEHU�*ODVV�6WRROV���%DLOH\��������SRLQWHG�RXW�WKDW�³WKH�WHUP�WD[RQRP\
LV�PRUH� JHQHUDOO\� XVHG� LQ� WKH� ELRORJLFDO� VFLHQFHV��ZKLOH� W\SRORJ\� LV� XVHG� LQ� WKH
VRFLDO�VFLHQFHV´��S������7\SRORJLHV�DUH�XVHIXO�EHFDXVH�WKH\�KHOS�PDNH�VHQVH�RXW�RI
TXDOLWDWLYH�GDWD�

��7\SRORJ\�$�FODVVLILFDWLRQ�V\VWHP�WKDW�EUHDNV�VRPHWKLQJ�GRZQ�LQWR�GLIIHUHQW
W\SHV�RU�NLQGV

7\SRORJLHV�FDQ�EH�VLPSOH�RU�FRPSOH[��<RX�PLJKW��IRU�H[DPSOH��EH�LQWHUHVWHG�LQ
WKH� W\SHV� RI� FOLTXHV� LQ� VFKRROV�� W\SHV� RI� WHDFKLQJ� VWUDWHJLHV� XVHG� E\� WHDFKHUV�� RU
W\SHV� RI� VWXGHQW� OLIHVW\OHV�� 7KHVH� ZRXOG� EH� IDLUO\� VLPSOH�� RQH�GLPHQVLRQDO
W\SRORJLHV��$W�D�PRUH�FRPSOH[�OHYHO��\RX�FRXOG�YLHZ�WKH�KLHUDUFKLFDO�FODVVLILFDWLRQ
LQ�)LJXUH������DV�RQH�ELJ�W\SRORJ\��VKRZLQJ�WKH�W\SHV�RI�FRXQVHORUV¶�FRQVWUXDOV�RI
VXFFHVV��7R�FRQVWUXFW� D� W\SRORJ\�� LW� LV�KHOSIXO� WR�FRQVWUXFW�PXWXDOO\�H[FOXVLYH�DQG
H[KDXVWLYH� FDWHJRULHV�� 0XWXDOO\� H[FOXVLYH� FDWHJRULHV� DUH� FOHDUO\� VHSDUDWH� RU
GLVWLQFW��WKH\�GR�QRW�RYHUODS��([KDXVWLYH�FDWHJRULHV�FODVVLI\�DOO�WKH�UHOHYDQW�FDVHV
LQ�\RXU�GDWD��([KDXVWLYHQHVV�RI� FDWHJRULHV�FDQ�EH�GLIILFXOW� LQ�TXDOLWDWLYH� UHVHDUFK
EHFDXVH�VRPH�FDVHV�VLPSO\�GRQ¶W�ILW�LQWR�D�W\SRORJ\��+RZHYHU��WKH�PRUH�FDVHV�WKHUH
DUH�WKDW�ILW�LQWR�\RXU�W\SRORJ\��WKH�EHWWHU�

��0XWXDOO\�H[FOXVLYH�FDWHJRULHV�$�VHW�RI�FDWHJRULHV�WKDW�DUH�VHSDUDWH�RU
GLVWLQFW

��([KDXVWLYH�FDWHJRULHV�$�VHW�RI�FDWHJRULHV�WKDW�FODVVLI\�DOO�RI�WKH�UHOHYDQW
FDVHV�LQ�WKH�GDWD



$QRWKHU� LQWHUHVWLQJ� W\SRORJ\�ZDV� FRQVWUXFWHG� E\� 3DWWRQ� �������ZKHQ� KH�ZDV
KHOSLQJ� D� JURXS� RI� KLJK� VFKRRO� WHDFKHUV� GHYHORS� D� VWXGHQW� GURSRXW� SUHYHQWLRQ
SURJUDP��3DWWRQ�REVHUYHG�DQG�LQWHUYLHZHG�WHDFKHUV��DQG�KHUH�LV�ZKDW�KH�IRXQG�

7KH� LQGXFWLYH� DQDO\VLV� RI� WKH� GDWD� VXJJHVWHG� WKDW� WHDFKHUV¶� EHKDYLRUV� WRZDUG
GURSRXWV�FRXOG�EH�FRQFHSWXDOL]HG�DORQJ�D�FRQWLQXXP�DFFRUGLQJ�WR�WKH�H[WHQW�WR
ZKLFK� WHDFKHUV�ZHUH�ZLOOLQJ� WR� WDNH�GLUHFW� UHVSRQVLELOLW\� IRU�GRLQJ�VRPHWKLQJ
DERXW�WKH�SUREOHP��7KLV�GLPHQVLRQ�YDULHG�IURP�WDNLQJ�UHVSRQVLELOLW\�WR�VKLIWLQJ
UHVSRQVLELOLW\� WR�RWKHUV��7KH�VHFRQG�GLPHQVLRQ�FRQFHUQHG� WKH� WHDFKHUV¶�YLHZV
DERXW�WKH�HIIHFWLYH�LQWHUYHQWLRQ�VWUDWHJLHV��7KH�LQGXFWLYH�DQDO\VLV�UHYHDOHG�WKUHH
SHUVSHFWLYHV�DPRQJ� WKH� WHDFKHUV��6RPH� WHDFKHUV�EHOLHYHG� WKDW�D� UHKDELOLWDWLRQ
HIIRUW�ZDV�QHHGHG�WR�KHOS�NLGV�ZLWK�WKHLU�SUREOHPV��VRPH�WHDFKHUV�SUHIHUUHG�D
PDLQWHQDQFH�RU�FDUHWDNLQJ�HIIRUW�DLPHG�DW� MXVW�NHHSLQJ�WKH�VFKRRO�UXQQLQJ�� WKDW
LV��PDLQWDLQLQJ�WKH�V\VWHP��DQG�VWLOO�RWKHU�WHDFKHUV�IDYRUHG�ILQGLQJ�VRPH�ZD\�RI
SXQLVKLQJ� VWXGHQWV� IRU� WKHLU� XQDFFHSWDEOH� DQG� LQDSSURSULDWH� EHKDYLRUV�� QR
ORQJHU�OHWWLQJ�WKHP�JHW�DZD\�ZLWK�WKH�LQIUDFWLRQV�WKH\�KDG�EHHQ�FRPPLWWLQJ�LQ�WKH
SDVW���SS�����±����

<RX�FDQ�VHH� IURP� WKLV�TXRWH� WKDW�3DWWRQ� IRXQG� WZR�VLPSOH�RU�RQH�GLPHQVLRQDO
W\SRORJLHV�WKDW�ZHUH�UHODWHG�WR�GURSRXW�SUHYHQWLRQ������WHDFKHUV¶�EHOLHIV�DERXW�KRZ
WR�GHDO�ZLWK�GURSRXWV�DQG�����WHDFKHUV¶�EHKDYLRUV�WRZDUG�GURSRXWV�

3DWWRQ�WKHQ�GHFLGHG�WR�FURVV�WKHVH�WZR�VLPSOH�W\SRORJLHV�LQ�D�WZR�GLPHQVLRQDO
PDWUL[�� :KHQ� KH� GLG� WKLV�� KH� IRXQG� D� W\SRORJ\� WKDW� PDGH� D� ORW� RI� VHQVH� WR� WKH
WHDFKHUV�LQ�WKH�UHVHDUFK�VWXG\��7KH�W\SRORJ\�LQFOXGHG�VL[�W\SHV�RI�WHDFKHU�UROHV�LQ
GHDOLQJ�ZLWK�WKH�KLJK�VFKRRO�GURSRXW�SUREOHP��7KH�UROHV�DUH�VKRZQ�LQ�WKH�VL[�FHOOV
RI�WKH�PDWUL[�LQ�)LJXUH�������7KH�GLIIHUHQW�W\SHV�RI�WHDFKHU�UROHV�VKRZQ�LQ�WKH�ILJXUH
DUH� FRXQVHORU�IULHQG�� WUDIILF� FRS�� ROG�IDVKLRQHG� VFKRROPDVWHU�� UHIHUUDO� DJHQW�
RVWULFK��DQG�FRPSODLQHU��<RX�PLJKW�NQRZ�VRPH�RI� WKHVH�NLQGV�RI� WHDFKHUV�DW�\RXU
RZQ�VFKRRO��5HPHPEHU��ZKHQ�DQDO\]LQJ�TXDOLWDWLYH�GDWD��\RX�FDQ� VRPHWLPHV� ILQG
QHZ�DQG�LQWHUHVWLQJ�LQIRUPDWLRQ�E\�FURVV�FODVVLI\LQJ�WZR�RU�PRUH�GLPHQVLRQV�

�),*85(����������3DWWRQ¶V�W\SRORJ\�RI�WHDFKHU�UROHV�LQ�GHDOLQJ�ZLWK�KLJK�VFKRRO
GURSRXWV



6RXUFH��$GDSWHG� IURP�0��4��3DWWRQ��+RZ� WR�8VH�4XDOLWDWLYH�0HWKRGV� LQ�(YDOXDWLRQ�� S�� ����� FRS\ULJKW��
�����E\�6$*(�3XEOLFDWLRQV��,QF��5HSULQWHG�E\�SHUPLVVLRQ�RI�6$*(�3XEOLFDWLRQV��,QF�

1RZ� OHW¶V� ORRN� DW� DQ� H[DPSOH� RI� 6SUDGOH\¶V� ³VHTXHQFH´� W\SH� RI� UHODWLRQVKLS
�7DEOH� ������� 7KLV� H[DPSOH� FRPHV� IURP� DQ� DUWLFOH� WLWOHG� ³$� )UDPHZRUN� IRU
'HVFULELQJ�'HYHORSPHQWDO�&KDQJH�DPRQJ�2OGHU�$GXOWV´�E\�)LVKHU���������)LVKHU
SXUVXHG� WKLV� UHVHDUFK� EHFDXVH� KH� ZDV� LQWHUHVWHG� LQ� GHWHUPLQLQJ� ZKHWKHU� ROGHU
DGXOWKRRG�FRXOG�EH�FDWHJRUL]HG�LQWR�D�VHW�RI�PHDQLQJIXO�VWDJHV��+H�GHFLGHG�QRW�WR
UHO\�RQ� WKH� VWDJHV�SUHVHQWHG� LQ�SRSXODU�GHYHORSPHQWDO�SV\FKRORJ\�ERRNV�EHFDXVH
PDQ\�RI�WKHVH�OLVWV�ZHUH�GDWHG��$OVR��VRPH�RI�WKHVH�OLVWV�OXPSHG�DOO�ROGHU�SHRSOH
LQWR�D�VLQJOH�GHYHORSPHQWDO�VWDJH�FDOOHG�ROG�DJH��)LVKHU�GHFLGHG�WKDW�KH�ZDQWHG�WR
H[SORUH�WKH�FRQFHSW�RI�ROG�DJH�XVLQJ�TXDOLWDWLYH�UHVHDUFK�

)LVKHU� FRQGXFWHG� LQ�GHSWK� LQWHUYLHZV�ZLWK����DGXOWV�ZKRVH�DJHV� UDQJHG� IURP
��� WR� ��� \HDUV� ROG�� 8VLQJ� LQ�GHSWK�� RSHQ�HQGHG� LQWHUYLHZV�� KH� DVNHG� KLV
SDUWLFLSDQWV�ZKDW�NLQGV�RI�H[SHULHQFHV�WKH\�KDG�LQ�WKHLU�OLYHV��$Q�LQWHUHVWLQJ�WKHPH
LQ�KLV�UHVHDUFK�ILQGLQJV�ZDV�D�WHQGHQF\�E\�DOO�RI�WKH�ROGHU�DGXOWV�WRZDUG�DGDSWDWLRQ
WR� WKHLU� OLIH� FLUFXPVWDQFHV�� QR� PDWWHU� ZKDW� WKH� FLUFXPVWDQFHV� ZHUH�� )LVKHU� DOVR
JHQHUDWHG�ILYH�FRUH�FDWHJRULHV�IURP�KLV�GDWD�WKDW�FRXOG�EH�RUGHUHG�E\�WLPH��7KHVH
FDWHJRULHV�UHVXOWHG�LQ�WKH�IROORZLQJ�VHTXHQFH�RI�ROG�DJH������FRQWLQXLW\�ZLWK�PLGGOH
DJH�� ���� HDUO\� WUDQVLWLRQ�� ���� UHYLVHG� OLIHVW\OH�� ���� ODWHU� WUDQVLWLRQ�� DQG� ���� ILQDO
SHULRG��<RX�FDQ�VHH�WKH�GHILQLQJ�FKDUDFWHULVWLFV�RI�HDFK�RI�WKHVH�ILYH�VWDJHV�LQ�7DEOH
�����

�7$%/(��������&DWHJRULHV�2UGHUHG�E\�7LPH



6RXUFH�� $GDSWHG� IURP� )LVKHU�� -�� &�� �������� $� IUDPHZRUN� IRU� GHVFULELQJ� GHYHORSPHQWDO� FKDQJH� DPRQJ� ROGHU
DGXOWV��$GXOW�(GXFDWLRQ�4XDUWHUO\������������

'UDZLQJ�'LDJUDPV
$� XVHIXO� WRRO� IRU� VKRZLQJ� WKH� UHODWLRQVKLSV� DPRQJ� FDWHJRULHV� LV� FDOOHG

GLDJUDPPLQJ� �L�H���PDNLQJ� GLDJUDPV���$� GLDJUDP� LV� ³D� SODQ�� VNHWFK�� GUDZLQJ�� RU
RXWOLQH�GHVLJQHG�WR�GHPRQVWUDWH�RU�H[SODLQ�KRZ�VRPHWKLQJ�ZRUNV�RU� WR�FODULI\�WKH
UHODWLRQVKLS� EHWZHHQ� WKH� SDUWV� RI� D�ZKROH´� �7KH�$PHULFDQ�+HULWDJH�'LFWLRQDU\�
������� )LJXUHV� ����� DQG� ������ ZKLFK� ZH� GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQ�� DUH
H[DPSOHV�RI�GLDJUDPV��'LDJUDPV�DUH�YHU\�SRSXODU�ZLWK�YLVXDOO\�RULHQWHG� OHDUQHUV
DQG�FDQ�EH�XVHG�WR�GHPRQVWUDWH�UHODWLRQVKLSV�HIIHFWLYHO\�IRU�WKH�UHDGHUV�RI�UHSRUWV�
7KH�XVH�RI�GLDJUDPV�FDQ�DOVR�EH�KHOSIXO�GXULQJ�GDWD�DQDO\VLV�ZKHQ�\RX�DUH�WU\LQJ�WR
PDNH�VHQVH�RXW�RI�\RXU�GDWD�

��'LDJUDPPLQJ�0DNLQJ�D�VNHWFK��GUDZLQJ��RU�RXWOLQH�WR�VKRZ�KRZ�VRPHWKLQJ
ZRUNV�RU�WR�FODULI\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SDUWV�RI�D�ZKROH

$Q� HDVLO\� XQGHUVWRRG� H[DPSOH� RI� D� GLDJUDP� VKRZLQJ� D� FRPSOH[� SURFHVV
DSSHDUV�LQ�)LJXUH�������SDJH�������7KLV�GLDJUDP�GHSLFWV�D�JURXQGHG�WKHRU\�DERXW
KRZ� GHSDUWPHQWDO� FKDLUSHUVRQV� DW� XQLYHUVLWLHV� IDFLOLWDWH� WKH� JURZWK� DQG
GHYHORSPHQW�RI�WKHLU�IDFXOW\�PHPEHUV��7KH�GLDJUDP�VKRZV�WKDW�WKH�FDUHHU�VWDJH�RI
WKH�IDFXOW\�PHPEHU�GHWHUPLQHV�WKH�W\SH�RI�IDFXOW\�LVVXH�FKDLUSHUVRQV�DUH�FRQFHUQHG
ZLWK�� DQG� WKH� IDFXOW\� LVVXH� GHWHUPLQHV� WKH� VSHFLILF� VWUDWHJ\� D� FKDLUSHUVRQ� XVHV� LQ
ZRUNLQJ�ZLWK�D�IDFXOW\�PHPEHU��7KH�GLDJUDP�DOVR�OLVWV�WKH�RXWFRPHV�UHVXOWLQJ�IURP
DSSO\LQJ�WKH�VWUDWHJLHV�

$� VLPLODU� W\SH� RI� GLDJUDP� LV� FDOOHG� D� QHWZRUN� GLDJUDP��$�QHWZRUN� GLDJUDP
VKRZV�WKH�GLUHFW�OLQNV�EHWZHHQ�YDULDEOHV�RU�HYHQWV�RYHU�WLPH��0LOHV�	�+XEHUPDQ�



�������$Q�H[DPSOH�RI�D�QHWZRUN�GLDJUDP�LV�WKH�SDWK�DQDO\VLV�GLDJUDP�WKDW�DSSHDUV
LQ�)LJXUH������ �SDJH� ������ 7KH� SDWK� DQDO\VLV� GLDJUDP�ZDV� EDVHG� RQ� TXDQWLWDWLYH
UHVHDUFK�� +RZHYHU�� QHWZRUN� GLDJUDPV� FDQ� DOVR� EH� EDVHG� RQ� TXDOLWDWLYH� GDWD�
4XDOLWDWLYH� UHVHDUFKHUV� RIWHQ� XVH� WKHVH� GLDJUDPV� WR� GHSLFW� WKHLU� WKLQNLQJ� DERXW
SRWHQWLDO�FDXVDO�UHODWLRQVKLSV��:H�KDYH�LQFOXGHG�DQ�H[DPSOH�RI�D�SDUW�RI�D�QHWZRUN
GLDJUDP� EDVHG� RQ� TXDOLWDWLYH� GDWD� LQ� )LJXUH� ������ 7KLV� GLDJUDP� LV� EDVHG� RQ� D
VFKRRO� LQQRYDWLRQ� DQG� LPSURYHPHQW� VWXG\� E\�0LOHV� DQG�+XEHUPDQ��$FFRUGLQJ� WR
WKH�GLDJUDP�� ORZ� LQWHUQDO� IXQGV� LQ� VFKRRO�GLVWULFWV� UHVXOWHG� LQ�KLJK�HQYLURQPHQWDO
WXUEXOHQFH� LQ� WKRVH� GLVWULFWV� �H�J��� D� VKRUWDJH� RI� PRQH\� UHVXOWHG� LQ� XQFHUWDLQ
RSHUDWLQJ�FRQGLWLRQV�IRU�SULQFLSDOV���7KLV�UHVXOWHG�LQ�ORZ�VWDELOLW\�IRU�WKH�OHDGHUV�RI
WKH�YDULRXV�VFKRRO�LPSURYHPHQW�SURJUDPV�DQG�LQ�ORZ�VWDELOLW\�IRU�WKH�SURJUDP�VWDII�
$V�D�UHVXOW�RI�WKLV�LQVWDELOLW\��MRE�PRELOLW\�ZDV�KLJK�

��1HWZRUN�GLDJUDP�$�GLDJUDP�VKRZLQJ�WKH�GLUHFW�OLQNV�EHWZHHQ�YDULDEOHV�RU
HYHQWV�RYHU�WLPH

�),*85(����������1HWZRUN�GLDJUDP�IRU�MRE�PRELOLW\

6RXUFH��)URP�0��%��0LOHV�DQG�$��0��+XEHUPDQ��4XDOLWDWLYH�'DWD�$QDO\VLV��$Q�([SDQGHG�6RXUFH�%RRN �
7KRXVDQG�2DNV��&$��S��������&RS\ULJKW���������5HSULQWHG�E\�SHUPLVVLRQ�RI�6DJH�3XEOLFDWLRQV��,QF�

5(9,(:
48(67 ,21 6

������ +RZ� GR� TXDOLWDWLYH� UHVHDUFKHUV� VKRZ
UHODWLRQVKLSV�DPRQJ�FDWHJRULHV"

������ +RZ� DUH� QHWZRUN� GLDJUDPV� XVHG� LQ� TXDOLWDWLYH
UHVHDUFK"

7R� OHDUQ�PRUH� DERXW� FDXVDO� QHWZRUN� GLDJUDPV�� \RX� VKRXOG� WDNH� D� ORRN� DW� WKH
ZRUN�RI�0LOHV�DQG�+XEHUPDQ���������7KH\�SURYLGH�DQ�H[WHQVLYH�GLVFXVVLRQ�RI�WKH
LVVXHV�VXUURXQGLQJ�FDXVDO�DQDO\VLV�LQ�TXDOLWDWLYH�UHVHDUFK��DQG�WKH\�GLVFXVV�KRZ�WR
GHYHORS� FDXVDO� QHWZRUNV�EDVHG�RQ� D� VLQJOH� FDVH�RU�RQ�PXOWLSOH� FDVHV�� ,I� \RX� DUH
LQWHUHVWHG� LQ� FDXVH�DQG�HIIHFW� UHODWLRQVKLSV�ZLWK�TXDOLWDWLYH�GDWD��\RX� VKRXOG�DOVR
UHYLHZ�&KDSWHU� ��� RQ� UHVHDUFK� YDOLGLW\� LQ� WKLV� ERRN�� HVSHFLDOO\� WKH� VHFWLRQV� RQ
LQWHUQDO� YDOLGLW\�� 0LOHV� DQG� +XEHUPDQ� DOVR� GLVFXVVHG� KRZ� WR� FRQVWUXFW� PDQ\



GLIIHUHQW� NLQGV� RI� LQWHUHVWLQJ� PDWULFHV� �L�H��� FODVVLILFDWLRQV� RI� WZR� RU� PRUH
GLPHQVLRQV��WR�DLG�LQ�WKH�DQDO\VLV�DQG�SUHVHQWDWLRQ�RI�TXDOLWDWLYH�UHVHDUFK�GDWD�

&2552%25$7,1*�$1'�9$/,'$7,1*�5(68/76
,Q� &KDSWHU� ���� ZH� GLVFXVVHG� KRZ� WR� DVVHVV� DQG� SURPRWH� WKH� YDOLGLW\� RU
WUXVWZRUWKLQHVV�RI�\RXU�TXDOLWDWLYH�UHVHDUFK�GDWD��LQ�WKH�ODVW�VHFWLRQ�RI�WKH�FKDSWHU��
:H� UHFRPPHQG� WKDW� \RX� WDNH� D� PRPHQW� ULJKW� QRZ� DQG� UHYLHZ� WKH� ILYH� W\SHV� RI
YDOLGLW\� DQG� WKH� VWUDWHJLHV� WKDW� DUH� XVHG� WR� SURPRWH� TXDOLWDWLYH� UHVHDUFK� YDOLGLW\
�WKH\�DUH�VKRZQ�LQ�7DEOH��������,W�LV�HVVHQWLDO�WKDW�\RX�WKLQN�DERXW�YDOLGLW\�DQG�XVH
WKH� VWUDWHJLHV� WKURXJKRXW� WKH� TXDOLWDWLYH� GDWD�FROOHFWLRQ�� DQDO\VLV�� DQG� ZULWH�XS
SURFHVV�ZKHQHYHU�SRVVLEOH�

5(9,(:
48(67 ,21 6

������:KDW� DUH� WKH� ILYH� W\SHV� RI� YDOLGLW\� WKDW� DUH� RI
SRWHQWLDO�LPSRUWDQFH�LQ�TXDOLWDWLYH�UHVHDUFK��DQG
ZKDW�DUH�WKHLU�GHILQLWLRQV"

������ :KDW� DUH� WKH� ��� VWUDWHJLHV� WKDW� DUH� XVHG� WR
SURPRWH� YDOLGLW\� LQ� TXDOLWDWLYH� UHVHDUFK�� DQG
ZKDW�DUH�WKHLU�GHILQLWLRQV"

&20387(5�352*5$06�)25�48$/,7$7,9(�'$7$�$1$/<6,6
4XDOLWDWLYH� UHVHDUFKHUV� DUH� MXVW� EHJLQQLQJ� WR� FDSLWDOL]H� RQ� WKH� SRVVLELOLWLHV� IRU
FRPSXWHU� XVH� LQ� WKH� DQDO\VLV� RI� TXDOLWDWLYH�GDWD��$OWKRXJK�TXDOLWDWLYH� UHVHDUFKHUV
KDYH�EHHQ�XVLQJ�ZRUG�SURFHVVRUV� IRU� WUDQVFULELQJ�DQG�HGLWLQJ� WKHLU�GDWD� IRU�TXLWH
VRPH�WLPH��RQO\�GXULQJ�WKH�ODVW�GHFDGH�KDYH�D�QXPEHU�RI�TXDOLWDWLYH�GDWD�DQDO\VLV
FRPSXWHU� SURJUDPV� EHFRPH� UHDGLO\� DYDLODEOH��7KH� GHYHORSHUV� RI� WKHVH� SURJUDPV
H[DPLQHG�WKH�SURFHGXUHV�WKDW�TXDOLWDWLYH�UHVHDUFKHUV�IROORZ�ZKHQ�PDNLQJ�VHQVH�RI
WKHLU�GDWD�DQG�WKHQ�GHYHORSHG�SURJUDPV�WKDW�KHOS�DXWRPDWH�WKHVH�SURFHGXUHV��%HIRUH
ZH�H[DPLQH� WKH�SRWHQWLDO� RI�XVLQJ�TXDOLWDWLYH�GDWD� DQDO\VLV�SURJUDPV��ZH� ORRN�DW
KRZ� TXDOLWDWLYH� UHVHDUFKHUV� KDYH� WUDGLWLRQDOO\� PDGH� VHQVH� RI� WKHLU� GDWD� ZLWKRXW
WKHVH�SURJUDPV�

4XDOLWDWLYH� UHVHDUFKHUV� WUDGLWLRQDOO\� XVH� D� ILOLQJ� V\VWHP� DSSURDFK� WR� GDWD
DQDO\VLV�� 7KH\� EHJLQ� WKHLU� GDWD� DQDO\VLV� E\� WUDQVFULELQJ� WKHLU� GDWD� DQG� PDNLQJ
FRSLHV� RI� WKH� YDULRXV� GDWD� GRFXPHQWV�� 7KHQ� WKH\� KDQG�FRGH� WKH� GDWD� LQ� WKH� OHIW
PDUJLQ�RI�WKHVH�FRSLHV��$IWHU�WKLV��UHVHDUFKHUV�PDNH�FRSLHV�RI�WKH�FRGHG�GDWD�DQG
FXW�WKH�GDWD�LQWR�VHJPHQWV�RI�WH[W�ZLWK�WKH�PDUNHG�FRGHV��$�ILOLQJ�V\VWHP�LV�FUHDWHG�
ZLWK� RQH� IROGHU� IRU� HDFK� FRGH�� DQG� WKH� VHJPHQWV� RI� WH[W� DUH� SODFHG� LQWR� WKHLU
DSSURSULDWH�IROGHUV��,I�D�VHJPHQW�RI�WH[W�KDV�PRUH�WKDQ�RQH�FRGH��WKHQ�PRUH�WKDQ�RQH
FRS\�RI�WKH�VHJPHQW�LV�PDGH��DQG�D�FRS\�RI�WKH�VHJPHQW�LV�SODFHG�LQ�DOO�WKH�UHOHYDQW
IROGHUV��7KLV�ZD\��DOO�WKH�IROGHUV�FRQWDLQ�DOO�WKH�DSSURSULDWH�GDWD�VHJPHQWV��$W�WKLV
SRLQW��UHVHDUFKHUV�FDQ�UHUHDG�WKH�VHJPHQWV�RI�WH[W�LQ�HDFK�IROGHU��ORRNLQJ�IRU�WKHPHV



LQ�WKH�GDWD�
0RUH� FRPSOH[� DQDO\VHV� UHTXLUH� HYHQ� PRUH� ZRUN� ZKHQ� GRQH� E\� KDQG�� )RU

H[DPSOH��VHDUFKLQJ�IRU�WZR�FR�RFFXUULQJ�FRGHV�W\SLFDOO\�UHTXLUHV�PDNLQJ�D�IROGHU
ZLWK� WKH� WZR�FRGHV�DV� LWV� WLWOH�� ORFDWLQJ� WKH� WZR� LQGLYLGXDO�FRGH�IROGHUV��DQG� WKHQ
FKHFNLQJ�WKH�WH[W�VHJPHQWV�LQ�WKRVH�IROGHUV�WR�VHH�ZKHWKHU�WKH\�LQFOXGH�ERWK�FRGHV
LQ� WKH� OHIW� PDUJLQ�� ,I� ERWK� FRGHV� DUH� SUHVHQW�� WKH� VHJPHQW� RI� WH[W� LV� FRSLHG� DQG
SODFHG�LQWR�WKH�QHZ�WZR�FRGH�IROGHU�

$V�\RX�FDQ� VHH��GRLQJ�FRPSOH[�GDWD� DQDO\VLV�E\�KDQG�FDQ�EH� WLPH�FRQVXPLQJ
DQG�TXLWH�GLIILFXOW��3HUKDSV�WKLV�LV�RQH�UHDVRQ�ZK\�TXDOLWDWLYH�GDWD�DQDO\VLV�KDV�QRW
DGYDQFHG�DV�UDSLGO\�DV�KDV�TXDQWLWDWLYH�GDWD�DQDO\VLV��%HFDXVH�RI�WKH�LQFUHDVLQJ�XVH
RI� FRPSXWHU� SURJUDPV�� KRZHYHU�� ZH� SUHGLFW� WKDW� WKH� DQDO\VLV� RI� TXDOLWDWLYH� GDWD
ZLOO�WDNH�D�JLDQW�VWHS�IRUZDUG�GXULQJ�WKH�QH[W�GHFDGH��2QH�UHDVRQ�IRU�RXU�SUHGLFWLRQ
LV�WKDW�SURFHGXUHV�WKDW�DUH�KLJKO\�WLPH�FRQVXPLQJ�ZKHQ�GRQH�E\�KDQG�FDQ�EH�GRQH
ZLWK�MXVW�D�IHZ�NH\VWURNHV�RQ�WKH�FRPSXWHU��6R�WKDW�\RX�KDYH�D�EDVLF�LGHD�DERXW�WKH
SRWHQWLDO�RI�FRPSXWHU�GDWD�DQDO\VLV��ZH�OLVW�D�IHZ�RI�WKH�FDSDELOLWLHV�RI�TXDOLWDWLYH
GDWD�DQDO\VLV�SURJUDPV�

4XDOLWDWLYH�GDWD� DQDO\VLV�SURJUDPV�FDQ�EH�XVHG� WR�GR�YLUWXDOO\� HYHU\WKLQJ�ZH
KDYH�GLVFXVVHG� LQ� WKLV�FKDSWHU��7KH\�FDQ�� IRU�H[DPSOH��EH�XVHG� WR� VWRUH�DQG�FRGH
\RXU�GDWD��'XULQJ�FRGLQJ��PRVW�SURJUDPV�DOORZ�FRPSOH[�KLHUDUFKLFDO�FODVVLILFDWLRQ
V\VWHPV� VXFK� DV� WKH� RQH� VKRZQ� LQ� )LJXUH� ����� WR� EH� GHYHORSHG��0RVW� SURJUDPV
DOORZ� WKH� XVH� RI� PDQ\� GLIIHUHQW� NLQGV� RI� FRGHV�� LQFOXGLQJ� FR�RFFXUULQJ� DQG
IDFHVKHHW�FRGHV��(QXPHUDWLRQ�LV�HDVLO\�GRQH�ZLWK�MXVW�D�IHZ�FOLFNV�RI�WKH�FRPSXWHU
PRXVH��0DQ\�SURJUDPV�DOORZ�\RX�WR�DWWDFK�PHPRV�RU�DQQRWDWLRQV� WR� WKH�FRGHV�RU
GDWD� GRFXPHQWV� VR� WKDW� \RX� FDQ� UHFRUG� WKH� LPSRUWDQW� WKRXJKWV� \RX� KDYH� GXULQJ
DQDO\VLV��6RPH�SURJUDPV�ZLOO�SURGXFH�JUDSKLFV�WKDW�FDQ�EH�XVHG�LQ�SUHVHQWLQJ�WKH
GDWD��)LQDOO\��WKH�KHDUW�DQG�VRXO�RI�PRVW�TXDOLWDWLYH�GDWD�DQDO\VLV�SURJUDPV�DUH�WKHLU
VHDUFKLQJ�FDSDELOLWLHV��WKH�WRSLF�WR�ZKLFK�ZH�QRZ�WXUQ�

<RX�FDQ�SHUIRUP�VLPSOH�RU�FRPSOH[�VHDUFKHV�ZLWK�FRPSXWHU�SDFNDJHV�WKDW�XVH
%RROHDQ� RSHUDWRUV�� %RROHDQ� RSHUDWRUV� DUH� ZRUGV� XVHG� WR� FUHDWH� ORJLFDO
FRPELQDWLRQV�EDVHG�RQ�EDVLF�ODZV�RI�WKRXJKW��:H�DOO�XVH�%RROHDQ�RSHUDWRUV�HYHU\
GD\�ZKHQ�ZH�WKLQN�DQG�WDON�DERXW�WKLQJV��6RPH�FRPPRQ�%RROHDQ�RSHUDWRUV�ZH�DOO
XVH� DUH� $1'�� 25�� 127�� ,)�� 7+(1�� DQG� (;&(37�� 4XDOLWDWLYH� GDWD� DQDO\VLV
FRPSXWHU�SURJUDPV�DUH�ZULWWHQ�VR�WKDW�\RX�FDQ�VHDUFK�\RXU�GDWD�RU�D�VHW�RI�FRGHV
XVLQJ�WKHVH�DQG�PDQ\�RWKHU�RSHUDWRUV�

��%RROHDQ�RSHUDWRUV�:RUGV�VXFK�DV�DQG�DQG�RU�WKDW�FUHDWH�ORJLFDO
FRPELQDWLRQV

<RX�PLJKW��IRU�H[DPSOH��VHDUFK�WKH�FRGHV�RU�WH[W�LQ�D�VHW�RI�LQWHUYLHZ�WUDQVFULSWV
FRQFHUQLQJ� WHDFKHU� VDWLVIDFWLRQ� XVLQJ� WKH� IROORZLQJ� VWULQJ� RI� ZRUGV�� ³PDOH�$1'
VDWLVILHG�$1'�ILUVW�JUDGH�´�7KH�%RROHDQ�RSHUDWRU�$1'�LV�FDOOHG� WKH� LQWHUVHFWLRQ
RSHUDWRU�EHFDXVH�LW�ILQGV�DOO�LQWHUVHFWLRQV�RI�WKH�ZRUGV�RU�FRGHV��7KLV�VHDUFK�ZRXOG
ORFDWH�DOO�LQVWDQFHV�RI�PDOH��ILUVW�JUDGH�WHDFKHUV�ZKR�ZHUH�VDWLVILHG��6LPLODUO\��\RX
FRXOG�VHDUFK�IRU�IHPDOH�WHDFKHUV�XVLQJ�WKLV�VWULQJ�RI�ZRUGV��³IHPDOH�$1'�WHDFKHU�´



<RX� FDQ� ILQG� GLVFRQILUPLQJ� FDVHV� �LQVWDQFHV� WKDW� GR� QRW� KDYH� DQ\� RI� WKH
FKDUDFWHULVWLFV�� E\� DGGLQJ� WKH� ZRUG� 127� WR� WKH� VHDUFK� FRPPDQG� �H�J��� ³127
WHDFKHU´�ZLOO�ILQG�DOO�QRQWHDFKHU�LQVWDQFHV��

$QRWKHU�RSHUDWRU�LV�25��DOVR�FDOOHG�WKH�XQLRQ�RSHUDWRU��7KLV�RSHUDWRU�ILQGV�DOO
LQVWDQFHV�WKDW�WDNH�RQ�DQ\�RQH�RI�WKH�SURYLGHG�ZRUGV�RU�FRGHV��)RU�H[DPSOH��LI�\RX
VHDUFKHG�D�GRFXPHQW�ZLWK�WKH�FRPPDQG�³IHPDOH�25�ILUVW�JUDGH´�\RX�ZRXOG�FRPH
XS�ZLWK�LQVWDQFHV�WKDW�DUH�HLWKHU�³IHPDOH´�RU�³ILUVW�JUDGH´�RU�ERWK��$QRWKHU�NLQG�RI
VHDUFK�FRPPDQG�LV�FDOOHG�)2//2:('�%<�LQ�RQH�SRSXODU�SURJUDP��8VLQJ�WKLV�\RX
FDQ�ILQG� LQVWDQFHV� LQ�ZKLFK� WZR�FRGHV�RFFXU� LQ�D�VSHFLILF�RUGHU� LQ� WKH�GDWD� �H�J��
SXQLVKPHQW�)2//2:('�%<�TXLHW�EHKDYLRU���$V�\RX�FDQ�VHH��\RX�FDQ�GR�D�ORW�RI
GLIIHUHQW�NLQGV�RI�VHDUFKHV�XVLQJ�%RROHDQ�RSHUDWRUV�

0DQ\� TXDOLWDWLYH� DQG� PL[HG� UHVHDUFK� GDWD� DQDO\VLV� FRPSXWHU� SURJUDPV� DUH
DYDLODEOH�� 7KH� PRVW� SRSXODU� SURJUDPV� DUH� 0$;4'$� �ZZZ�PD[TGD�FRP��
K\SHU5(6($5&+� �ZZZ�UHVHDUFKZDUH�FRP�SURGXFWV�K\SHUUHVHDUFK�KWPO��� 4'$
0LQHU� �KWWS���SURYDOLVUHVHDUFK�FRP�SURGXFWV�TXDOLWDWLYH�GDWD�DQDO\VLV�VRIWZDUH���
DQG� 19LYR� �ZZZ�TVULQWHUQDWLRQDO�FRP�SURGXFWVBQYLYR�DVS[��� 0DQ\� RWKHUV� DOVR
ZRUN� ZHOO�� VXFK� DV� WKH� QHZ� SDFNDJH� 'HGRRVH� �ZZZ�GHGRRVH�FRP��� DQG� ROGHU
SDFNDJHV� VXFK� DV� (WKQRJUDSK� �ZZZ�TXDOLVUHVHDUFK�FRP��� DQG� DWODV
�ZZZ�DWODVWL�FRP�TXDOLWDWLYH�DQDO\VLV�VRIWZDUH�KWPO��� 7KHVH� DQG� VRPH� DGGLWLRQDO
OLQNV�DOVR�DUH�SURYLGHG�DW�WKH�HQG�RI�WKLV�FKDSWHU��0RVW�RI�WKH�FRPSDQLHV�ZLOO�DOORZ
\RX�WR�GRZQORDG�D�GHPRQVWUDWLRQ�FRS\�IURP�WKHLU�,QWHUQHW�VLWH�IUHH�RI�FKDUJH��,I�\RX
GHFLGH�WKDW�\RX�DUH� LQWHUHVWHG�LQ�D�TXDOLWDWLYH�GDWD�DQDO\VLV�SURJUDP�� WHVWLQJ�RXW�D
GHPRQVWUDWLRQ�FRS\�LV�DQ�H[FHOOHQW�ZD\�WR�ILQG�RXW�ZKLFK�SURJUDP�EHVW�VXLWV�\RXU
SDUWLFXODU�QHHGV�

�6HH�-RXUQDO�$UWLFOHV������DQG������RQ�WKH�6WXGHQW�6WXG\�6LWH�

:H� FRQFOXGH� E\� OLVWLQJ� VRPH� RI� WKH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� XVLQJ
FRPSXWHU� SURJUDPV� IRU� WKH� DQDO\VLV� RI� TXDOLWDWLYH� GDWD�� 7KH� DGYDQWDJHV� DUH� WKDW
TXDOLWDWLYH� GDWD� DQDO\VLV� FRPSXWHU� SURJUDPV� FDQ� KHOS� LQ� VWRULQJ� DQG� RUJDQL]LQJ
GDWD�� WKH\�FDQ�EH�XVHG�IRU�DOO�RI� WKH�DQDO\VHV�GLVFXVVHG� LQ� WKLV�FKDSWHU�SOXV�PDQ\
PRUH��WKH\�FDQ�UHGXFH�WKH�WLPH�UHTXLUHG�WR�DQDO\]H�GDWD��H�J���DQ�DQDO\VLV�SURFHGXUH
WKDW� WDNHV� D� ORW� RI� WLPH� E\� KDQG� PD\� WDNH� YLUWXDOO\� QR� WLPH� ZLWK� D� FRPSXWHU
SURJUDP���DQG� WKH\�FDQ�PDNH�SURFHGXUHV�DYDLODEOH� WR�\RX� WKDW�DUH� UDUHO\�GRQH�E\
KDQG� EHFDXVH� WKH\� DUH� HLWKHU� WRR� WLPH�FRQVXPLQJ� RU� WRR� FRPSOH[�� 6RPH
GLVDGYDQWDJHV�DUH�WKDW�FRPSXWHU�SURJUDPV�FDQ�WDNH�WLPH�WR�OHDUQ�� WKH\�FRVW�PRQH\
DQG� UHTXLUH� FRPSXWHU� DYDLODELOLW\�� DQG� WKH\� FDQ� EHFRPH� RXWGDWHG�� 7KH� ELJJHVW
GLVDGYDQWDJH� LV� VWDUWXS� WLPH�� 1RQHWKHOHVV�� LI� \RX� DUH� SODQQLQJ� RQ� GRLQJ� D� ORW� RI
TXDOLWDWLYH�GDWD�DQDO\VLV�IRU�DQ�H[WHQGHG�SHULRG�RI�WLPH��ZH�UHFRPPHQG�WKH�XVH�RI
FRPSXWHU�SURJUDPV�

5(9,(:
������:KDW� DUH� VRPH� RI� WKH� FDSDELOLWLHV� RI� FRPSXWHU

SURJUDPV�IRU�GDWD�DQDO\VLV"

http://www.maxqda.com
http://www.researchware.com/products/hyperresearch.html
http://www.qsrinternational.com/products_nvivo.aspx
http://www.dedoose.com
http://www.qualisresearch.com
http://www.atlasti.com/qualitative-analysis-software.html
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������ :KDW� DUH� VRPH� RI� WKH� OHDGLQJ� TXDOLWDWLYH� GDWD

DQDO\VLV�FRPSXWHU�SURJUDPV"

'$7$�$1$/<6,6�,1�0,;('�5(6($5&+�

&ROOHFWLQJ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�ZLWKLQ�WKH�VDPH�VWXG\�KDV�EHHQ�GRQH�IRU
PDQ\� GHFDGHV�� +RZHYHU�� IRUPDO� WHFKQLTXHV� IRU� DQDO\]LQJ� ERWK� TXDQWLWDWLYH� DQG
TXDOLWDWLYH� GDWD�ZLWKLQ� WKH� VDPH� IUDPHZRUN�� D� SURFHVV� NQRZQ� DV�PL[HG�PHWKRGV
GDWD� DQDO\VLV� RU�� HYHQ�PRUH� VLPSO\��PL[HG� DQDO\VLV�� KDYH� HPHUJHG� RQO\� UHFHQWO\�
$OWKRXJK�PL[HG� DQDO\VLV� WHFKQLTXHV� KDYH� QRW� \HW� EHHQ� IXOO\� GHYHORSHG�� LQ� UHFHQW
\HDUV� DQ� LQFUHDVLQJ� QXPEHU� RI� SXEOLVKHG� ZRUNV� KDYH� IRFXVHG� SULPDULO\� RU
H[FOXVLYHO\�RQ�PL[HG�DQDO\VHV��H�J���%D]HOH\��������&DUDFHOOL�	�*UHHQH��������&KL�
������*UHHQH�HW�DO���������/L��0DUTXDUW��	�=HUFKHU��������2QZXHJEX]LH�	�/HHFK�
������ ������2QZXHJEX]LH�	�7HGGOLH�� ������6DQGHORZVNL�� ������ �������:H�QRZ
LQWURGXFH�D� IHZ�FXUUHQW�FRQFHSWV�DQG� WHFKQLTXHV�GLVFXVVHG� LQ� WKH�UHFHQW� OLWHUDWXUH
RQ�PL[HG�DQDO\VLV�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

,Q� D� PL[HG� UHVHDUFK� VWXG\�� DIWHU� \RX� KDYH� FROOHFWHG� TXDOLWDWLYH� DQG�RU
TXDQWLWDWLYH�GDWD��\RX�ZLOO�EH�LQ�D�SRVLWLRQ�WR�DQDO\]H�WKH�GDWD��7KDW�LV��\RX�ZLOO�EH
UHDG\�WR�FRQGXFW�D�PL[HG�DQDO\VLV��7KH�WHUP�PL[HG�GDWD�DQDO\VLV�VLPSO\�PHDQV�WKDW
D�UHVHDUFKHU�XVHV�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\WLFDO�WHFKQLTXHV�LQ�D�VLQJOH
UHVHDUFK�VWXG\��7KH�UHVHDUFKHU�PLJKW�XVH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�WHFKQLTXHV�DW
DSSUR[LPDWHO\� WKH� VDPH� WLPH� �FRQFXUUHQWO\��� )RU� H[DPSOH�� WKH� TXDOLWDWLYH� DQG
TXDQWLWDWLYH�GDWD�PLJKW�EH�PHUJHG�LQWR�D�VLQJOH�GDWD�VHW�DQG�DQDO\]HG�FRQFXUUHQWO\�
2Q�WKH�RWKHU�KDQG��WKH�UHVHDUFKHU�PLJKW�XVH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�WHFKQLTXHV
DW�GLIIHUHQW�WLPHV��L�H���VHTXHQWLDOO\�RU�LWHUDWLYHO\���)RU�H[DPSOH��LQLWLDO�TXDOLWDWLYH
GDWD�PLJKW�EH�DQDO\]HG��LQWHUSUHWHG��DQG�XVHG�WR�LQIRUP�D�TXDQWLWDWLYH�SKDVH�RI�WKH
VWXG\��DIWHU�ZKLFK�TXDQWLWDWLYH�GDWD�DUH�DQDO\]HG��0RUH�FRPSOH[�SRVVLELOLWLHV�DOVR
H[LVW��)RU�H[DPSOH��GXULQJ�HDFK�SKDVH�RI�D�UHVHDUFK�VWXG\��ERWK�W\SHV�RI�GDWD�PLJKW
EH�FROOHFWHG�� DQDO\]HG�� DQG�XVHG� LQ�PXOWLSOH�ZD\V��7KH�NH\� LGHD� LV� WKDW� LQ�PL[HG
GDWD� DQDO\VLV��TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD� DQG�RU�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
GDWD�DQDO\WLF�DSSURDFKHV�DUH�XVHG�LQ�WKH�VDPH�UHVHDUFK�VWXG\�

��0L[HG�GDWD�DQDO\VLV�7KH�XVH�RI�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\WLFDO
SURFHGXUHV�LQ�D�UHVHDUFK�VWXG\

0L[HG�$QDO\VLV�0DWUL[
%HIRUH�FRQGXFWLQJ�D�PL[HG�DQDO\VLV��\RX�QHHG�WR�PDNH�WZR�GHFLVLRQV��)LUVW��\RX

VKRXOG�GHWHUPLQH�WKH�QXPEHU�RI�GDWD�W\SHV�WKDW�\RX�LQWHQG�WR�DQDO\]H��2I�FRXUVH��WKLV
GHSHQGV�RQ�WKH�QXPEHU�RI�GDWD�W\SHV�REWDLQHG�GXULQJ�GDWD�FROOHFWLRQ��'DWD�W\SHV�DUH



FODVVLILHG�DV�HLWKHU�TXDQWLWDWLYH�GDWD�RU�TXDOLWDWLYH�GDWD��)RU�H[DPSOH��TXDQWLWDWLYH
GDWD�LQFOXGH�PHDVXUHPHQWV�EDVHG�RQ�VWDQGDUGL]HG�WHVWV��UDWLQJ�VFDOHV��VHOI�UHSRUWV�
V\PSWRP� FKHFNOLVWV�� RU� SHUVRQDOLW\� LQYHQWRULHV�� 4XDOLWDWLYH� GDWD� LQFOXGH� RSHQ�
HQGHG�LQWHUYLHZ�UHVSRQVHV��RSHQ�HQGHG�TXHVWLRQQDLUH�UHVSRQVHV��REVHUYDWLRQV�DQG
ILHOG� QRWHV�� SHUVRQDO� MRXUQDOV�� GLDULHV�� SHUPDQHQW� UHFRUGV�� WUDQVFULSWLRQ� RI
PHHWLQJV��VRFLDO�DQG�HWKQRJUDSKLF�KLVWRULHV��DQG�SKRWRJUDSKV��,I�RQO\�RQH�GDWD�W\SH
�L�H��� TXDQWLWDWLYH� RQO\� RU� TXDOLWDWLYH� RQO\�� LV� XVHG�� WKHQ� ZH� UHIHU� WR� WKLV� DV
PRQRGDWD��&RQYHUVHO\��LI�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�W\SHV�DUH�XVHG��WKHQ
ZH�UHIHU�WR�WKLV�DV�PXOWLGDWD�

6HFRQG��\RX�VKRXOG�GHWHUPLQH�KRZ�PDQ\�GDWD�DQDO\VLV�W\SHV�\RX�LQWHQG�WR�XVH�
7KHVH�GDWD�DQDO\VLV�W\SHV�FDQ�EH�HLWKHU�TXDQWLWDWLYH��L�H���VWDWLVWLFDO��RU�TXDOLWDWLYH�
4XDQWLWDWLYH� DQDO\VLV� LV� SUHVHQWHG� LQ� WKH� SUHYLRXV� WZR� FKDSWHUV�� DQG� TXDOLWDWLYH
DQDO\VLV� LV� SUHVHQWHG� HDUOLHU� LQ� WKLV� FKDSWHU�� ,I� \RX� RQO\� XVH� RQH� W\SH� RI� GDWD
DQDO\VLV� �L�H��� TXDQWLWDWLYH� DQDO\VLV� RQO\� RU� TXDOLWDWLYH� DQDO\VLV� RQO\��� WKHQ� LW� LV
FDOOHG�PRQRDQDO\VLV��&RQYHUVHO\�� LI�\RX�XVH�ERWK�W\SHV�RI�GDWD�DQDO\VLV�� WKHQ�LW� LV
FDOOHG�PXOWLDQDO\VLV�

7KH� WZR� FRQVLGHUDWLRQV� MXVW� PHQWLRQHG� JHQHUDWH� ZKDW� LV� FDOOHG� WKH� PL[HG
DQDO\VLV� PDWUL[�� �2XU� PDWUL[� LV� D� VLPSOLILHG� YHUVLRQ� RI� WKH� RQH� IRXQG� LQ
2QZXHJEX]LH�� 6ODWH�� /HHFK�� 	� &ROOLQV�� ������� &URVVLQJ� WKH� WZR� W\SHV� RI� GDWD
�PRQRGDWD� DQG� PXOWLGDWD�� ZLWK� WKH� WZR� W\SHV� RI� DQDO\VLV� �PRQRDQDO\VLV� DQG
PXOWLDQDO\VLV��SURGXFHV�D���î���PDWUL[�ZLWK�IRXU�FHOOV��<RX�FDQ�H[DPLQH�WKH�PL[HG
DQDO\VLV�PDWUL[� LQ�7DEOH�������DQG�HDFK�RI� WKH�FHOOV� LV�GHVFULEHG� LQ� WKH� IROORZLQJ
SDUDJUDSKV�

&HOO� ��� 7KH� ILUVW� FHOO� UHSUHVHQWV� DQDO\VLV� RI� RQH� GDWD� W\SH� XVLQJ� LWV� VWDQGDUG
DQDO\VLV� W\SH�� $V� VXFK�� WKLV� FHOO� FRQWDLQV� WUDGLWLRQDO� PRQRGDWD�PRQRDQDO\VLV�
ZKLFK�LQYROYHV�HLWKHU�D�TXDQWLWDWLYH��L�H���VWDWLVWLFDO��DQDO\VLV�RI�TXDQWLWDWLYH�GDWD�RU
D�TXDOLWDWLYH�DQDO\VLV�RI�TXDOLWDWLYH�GDWD��6XFK�DQDO\VLV�LQGLFDWHV�WKDW�WKH�XQGHUO\LQJ
VWXG\�LV�HLWKHU�D�TXDQWLWDWLYH�RU�D�TXDOLWDWLYH�VWXG\�LQ�QDWXUH��UHVSHFWLYHO\²QHLWKHU
RI�ZKLFK�UHSUHVHQWV�PL[HG�UHVHDUFK��7KHUHIRUH��WKH�PL[HG�DQDO\VLV�PDWUL[�SUHVHQWHG
LQ� 7DEOH� ����� LQFOXGHV� DQDO\VHV� LQYROYHG� LQ� DOO� WKUHH� UHVHDUFK� SDUDGLJPV� �L�H��
TXDQWLWDWLYH� UHVHDUFK� RQO\� RU� TXDOLWDWLYH� UHVHDUFK� RQO\� LV� LQ� FHOO� ��� DQG� PL[HG
UHVHDUFK� LV� LQ� WKH� RWKHU� FHOOV��� :H� DUH� LQWHUHVWHG� KHUH� LQ� WKH� PL[HG� DQDO\VLV
DSSURDFKHV�

&HOO����7KH�VHFRQG�FHOO�UHSUHVHQWV�DQDO\VLV�RI�RQH�GDWD�W\SH��H�J���TXDQWLWDWLYH
RQO\� RU� TXDOLWDWLYH� RQO\�� XVLQJ� ERWK� DQDO\VLV� W\SHV� �L�H��� TXDOLWDWLYH� DQG
TXDQWLWDWLYH��� 7KLV� FODVV� RI� DQDO\VLV� LV� FDOOHG�PRQRGDWD�PXOWLDQDO\VLV�� %HFDXVH
ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DQDO\WLFDO�WHFKQLTXHV�DUH�XVHG��WKLV�W\SH�RI�DQDO\VLV
LV�PL[HG�� 7KH� ILUVW� DQDO\VLV� HPSOR\HG� LQ� WKLV� FHOO� VKRXOG� GLUHFWO\�PDWFK� WKH� GDWD
W\SH��7KXV��LI�WKH�GDWD�W\SH�LV�TXDQWLWDWLYH��WKHQ�WKH�ILUVW�SKDVH�RI�WKH�PL[HG�DQDO\VLV
VKRXOG� EH� TXDQWLWDWLYH� �L�H��� VWDWLVWLFDO��� 6LPLODUO\�� LI� WKH� GDWD� W\SH� LV� TXDOLWDWLYH�
WKHQ�WKH�ILUVW�SKDVH�RI�WKH�PL[HG�DQDO\VLV�VKRXOG�EH�TXDOLWDWLYH��7KH�GDWD�VWHPPLQJ
IURP� WKH� LQLWLDO� DQDO\VHV� WKHQ� DUH� FRQYHUWHG� LQWR� WKH� RWKHU� GDWD� W\SH�� 7KDW� LV�� WKH
TXDQWLWDWLYH� GDWD� DUH� WUDQVIRUPHG� LQWR� GDWD� WKDW� FDQ� EH� DQDO\]HG� TXDOLWDWLYHO\� RU
ZKDW�LV�NQRZQ�DV�TXDOLWL]LQJ�GDWD��7DVKDNNRUL�	�7HGGOLH���������RU�WKH�TXDOLWDWLYH



GDWD�DUH�WUDQVIRUPHG�LQWR�QXPHULFDO�FRGHV�WKDW�FDQ�EH�DQDO\]HG�VWDWLVWLFDOO\�RU�ZKDW
LV�NQRZQ�DV�TXDQWLWL]LQJ�GDWD��7DVKDNNRUL�	�7HGGOLH��

�7$%/(��������7KH�0L[HG�5HVHDUFK�'DWD�$QDO\VLV�0DWUL[

D�$Q�DQDO\VLV�W\SH�LV�HLWKHU�TXDQWLWDWLYH��L�H���VWDWLVWLFDO��RU�TXDOLWDWLYH�
E�$�GDWD�W\SH�LV�HLWKHU�TXDQWLWDWLYH�RU�TXDOLWDWLYH�

1RWDWLRQ��³48$/´�VWDQGV�IRU�TXDOLWDWLYH�DQDO\VLV��³48$1´�VWDQGV�IRU�TXDQWLWDWLYH�DQDO\VLV�

��4XDOLWL]LQJ�GDWD��2QH�ZD\�RI�TXDOLWL]LQJ�GDWD�LV�E\�IRUPLQJ�QDUUDWLYH�SURILOHV
�H�J��� PRGDO� SURILOHV�� DYHUDJH� SURILOHV�� KROLVWLF� SURILOHV�� FRPSDUDWLYH� SURILOHV�
QRUPDWLYH�SURILOHV���LQ�ZKLFK�QDUUDWLYH�GHVFULSWLRQV�DUH�FRQVWUXFWHG�IURP�VWDWLVWLFDO
GDWD��)RU�H[DPSOH��7HGGOLH�DQG�6WULQJILHOG��������FRQGXFWHG�D�ORQJLWXGLQDO�VWXG\�RI
HLJKW�PDWFKHG�SDLUV�RI� VFKRROV� WKDW�ZHUH� LQLWLDOO\�FODVVLILHG�DV�HLWKHU�HIIHFWLYH�RU
LQHIIHFWLYH�ZLWK� UHJDUG� WR� EDVHOLQH� GDWD�� )LYH� \HDUV� DIWHU� WKH� VWXG\�ZDV� LQLWLDWHG�
WKHVH� UHVHDUFKHUV� XVHG� HLJKW� HPSLULFDO� FULWHULD� WR� UHFODVVLI\� WKH� VFKRROV¶
HIIHFWLYHQHVV� VWDWXV�� 7KHVH� FULWHULD� ZHUH� �D�� QRUP�UHIHUHQFHG� WHVW� VFRUHV�� �E�
FULWHULRQ�UHIHUHQFHG� WHVW� VFRUHV�� �F�� WLPH�RQ�WDVN� LQ� FODVVURRPV�� �G�� VFRUHV� RQ
TXDOLW\� RI� FODVVURRP� LQVWUXFWLRQ� PHDVXUHV�� �H�� IDFXOW\� VWDELOLW\�� �I�� VWXGHQW
DWWHQGDQFH���J��FKDQJHV�LQ�VRFLRHFRQRPLF�VWDWXV�RI�WKH�VFKRROV¶�VWXGHQW�ERGLHV��DQG
�K�� PHDVXUHV� RI� VFKRRO� ³FOLPDWH�´� 7HGGOLH� DQG� 6WULQJILHOG� FRQYHUWHG� WKHVH
TXDQWLWDWLYH�GDWD��L�H���TXDOLWL]HG�WKHP��LQWR�WKH�IROORZLQJ�IRXU�TXDOLWDWLYHO\�GHILQHG
VFKRRO�SURILOHV���D��VWDEOH±PRUH�HIIHFWLYH���E��VWDEOH±OHVV�HIIHFWLYH���F��LPSURYLQJ�
DQG��G��GHFOLQLQJ��7KHVH�VFKRRO�SURILOHV�ZHUH�XVHG�WR�DGG�JUHDWHU�XQGHUVWDQGLQJ�WR
WKH�UHVHDUFKHUV¶�HYROYLQJ�SHUVSHFWLYHV�RQ�WKH�VFKRROV�

��4XDQWLWL]LQJ� GDWD��:KHQ� UHVHDUFKHUV� TXDQWLWL]H� GDWD�� ³TXDOLWDWLYH� ´WKHPHV¶
DUH�QXPHULFDOO\� UHSUHVHQWHG�� LQ� VFRUHV�� VFDOHV��RU� FOXVWHUV�� LQ�RUGHU�PRUH� IXOO\� WR
GHVFULEH�DQG�RU�LQWHUSUHW�D�WDUJHW�SKHQRPHQRQµ��6DQGHORZVNL��������S��������7KLV
DOORZV� UHVHDUFKHUV� WR� XQGHUVWDQG� KRZ� RIWHQ� YDULRXV� FDWHJRULHV� RU� VWDWHPHQWV



RFFXUUHG�LQ�TXDOLWDWLYH�GDWD��UDWKHU�WKDQ�RQO\�NQRZLQJ�ZKDW�FDWHJRULHV�RU�VWDWHPHQWV
RFFXUUHG��4XDQWLWL]LQJ�VRPHWLPHV�LQYROYHV�UHSRUWLQJ�³HIIHFW�VL]HV´�DVVRFLDWHG�ZLWK
TXDOLWDWLYH� REVHUYDWLRQV� �2QZXHJEX]LH�� ������ 6DQGHORZVNL� 	� %DUURVR�� ������
ZKLFK� FDQ� UDQJH� IURP� PDQLIHVW� HIIHFW� VL]HV� �L�H��� FRXQWLQJ� TXDOLWDWLYH� GDWD� WR
GHWHUPLQH�WKH�SUHYDOHQFH�UDWHV�RI�FRGHV��REVHUYDWLRQV��ZRUGV��RU�WKHPHV��WR�ODWHQW
HIIHFW� VL]HV� �L�H��� TXDQWLI\LQJ� QRQREVHUYDEOH� FRQWHQW�� IRU� H[DPSOH�� E\� IDFWRU�
DQDO\]LQJ�HPHUJHQW�WKHPHV��

&HOO����7KH�WKLUG�FHOO�UHSUHVHQWV�DQDO\VLV�RI�WZR�GDWD�W\SHV��L�H���TXDOLWDWLYH�DQG
TXDQWLWDWLYH�� XVLQJ�RQO\�RQH�GDWD� DQDO\VLV� W\SH²WKDW� LV��PXOWLGDWD�PRQRDQDO\VLV�
7KLV� FRPELQDWLRQ� LV� XQFRPPRQ� LQ� UHVHDUFK�� ,Q� IDFW�� WKLV� FHOO� JHQHUDOO\� VKRXOG� EH
DYRLGHG� EHFDXVH� LW�ZRXOG� HQWDLO� RQH� RI� WKH� W\SHV� RI� GDWD� EHLQJ� DQDO\]HG� XVLQJ� D
QRQVWDQGDUG� DQDO\VLV� �H�J��� RQO\� DQDO\]LQJ� TXDOLWDWLYH� GDWD� XVLQJ� TXDQWLWDWLYH
DQDO\VLV�RU�RQO\�DQDO\]LQJ�TXDQWLWDWLYH�GDWD�XVLQJ�TXDOLWDWLYH�DQDO\VLV��

&HOO� ��� 7KH� IRXUWK� FHOO� UHSUHVHQWV� WKH� DQDO\VLV� RI� ERWK� GDWD� W\SHV� �H�J��
TXDQWLWDWLYH� DQG� TXDOLWDWLYH�� XVLQJ� ERWK� DQDO\VLV� W\SHV� �L�H��� TXDOLWDWLYH� DQG
TXDQWLWDWLYH��� 7KLV� FODVV� RI� DQDO\VLV� LV� FDOOHG�PXOWLGDWD�PXOWLDQDO\VLV�� %HFDXVH
ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� DQDO\WLFDO� WHFKQLTXHV� DUH� XVHG�� WKH� DQDO\VLV� LV
PL[HG��0XOWLGDWD�PXOWLDQDO\VLV�PLJKW�EH�GRQH�FRQFXUUHQWO\�� LQYROYLQJ�D� VWDWLVWLFDO
DQDO\VLV� RI� WKH� TXDQWLWDWLYH� GDWD� FRPELQHG� ZLWK� D� TXDOLWDWLYH� DQDO\VLV� RI� WKH
TXDOLWDWLYH�GDWD��IROORZHG�E\�PHWD�LQIHUHQFHV�EHLQJ�PDGH�LQ�ZKLFK�LQWHUSUHWDWLRQV
VWHPPLQJ� IURP� WKH� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� ILQGLQJV� DUH� LQWHJUDWHG� VRPH�ZD\
LQWR� D� FRKHUHQW� ZKROH� �7DVKDNNRUL� 	� 7HGGOLH�� ������� $OWHUQDWLYHO\�� PXOWLGDWD�
PXOWLDQDO\VLV� FRXOG�EH� VHTXHQWLDO� LQ�QDWXUH� VXFK� WKDW� ILQGLQJV� IURP� WKH�TXDOLWDWLYH
DQDO\VLV� LQIRUP� WKH� VXEVHTXHQW� TXDQWLWDWLYH� DQDO\VLV�� RU� YLFH� YHUVD�� &HOO� �� FDQ
DFFRPPRGDWH�UDWKHU�FRPSOH[�DQDO\WLFDO�GHVLJQV��)RU�H[DPSOH��/L�HW�DO���������XVHG
ZKDW� WKH\� FDOOHG� FURVV�WUDFNV� DQDO\VLV�� 7KLV� ZDV� FKDUDFWHUL]HG� E\� D� FRQFXUUHQW
DQDO\VLV� RI� ERWK� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GDWD� VXFK� WKDW� WKH� GDWD� DQDO\VLV
RVFLOODWHG�FRQWLQXDOO\�EHWZHHQ�ERWK�VHWV�RI�GDWD�W\SHV�WKURXJKRXW�YDULRXV�VWDJHV�RI
WKH�GDWD�DQDO\VLV�SURFHVV�

$QDO\WLFDO�3URFHGXUHV�LQ�0L[HG�'DWD�$QDO\VLV
7KH� FRQGXFW� RI� PL[HG� DQDO\VLV� SRWHQWLDOO\� FDQ� LQYROYH� PDQ\� DQDO\WLFDO

VWUDWHJLHV�DQG�SURFHGXUHV��2QZXHJEX]LH�	�7HGGOLH���������$OWKRXJK�2QZXHJEX]LH
DQG�7HGGOLH�YLHZHG�WKH�IROORZLQJ�DV�PL[HG�GDWD�DQDO\VLV�VWDJHV��ZH�SUHIHU�WR�YLHZ
WKHVH�DV�PL[HG�GDWD�DQDO\VLV�VWUDWHJLHV�RU�SURFHGXUHV��VRPH�RI�ZKLFK�\RX�ZLOO�XVH
DQG�VRPH�RI�ZKLFK�\RX�ZLOO�QRW�XVH�LQ�D�SDUWLFXODU�UHVHDUFK�VWXG\�

����'DWD�UHGXFWLRQ�LQYROYHV�UHGXFLQJ�WKH�QXPEHU�RI�GLPHQVLRQV�LQ�WKH
TXDQWLWDWLYH�GDWD��H�J���YLD�GHVFULSWLYH�VWDWLVWLFV��H[SORUDWRU\�IDFWRU�DQDO\VLV�
DQG�RU�LQ�WKH�TXDOLWDWLYH�GDWD��H�J���YLD�WKHPDWLF�DQDO\VLV��PHPRLQJ��

����'DWD�GLVSOD\�UHIHUV�WR�GHVFULELQJ�YLVXDOO\�\RXU�TXDQWLWDWLYH�GDWD��H�J���XVLQJ
WDEOHV�DQG�JUDSKV��DQG�RU�\RXU�TXDOLWDWLYH�GDWD��H�J���XVLQJ�JUDSKV��FKDUWV�



PDWULFHV��FKHFNOLVWV��UXEULFV��QHWZRUNV��DQG�9HQQ�GLDJUDPV��

����'DWD�WUDQVIRUPDWLRQ�LQYROYHV�TXDQWLWL]LQJ�DQG�RU�TXDOLWL]LQJ�GDWD�

����'DWD�FRUUHODWLRQ�LQYROYHV�FRUUHODWLQJ�RU�FURVV�FODVVLI\LQJ�GLIIHUHQW�GDWD
W\SHV��VXFK�DV�WUDQVIRUPLQJ�TXDOLWDWLYH�GDWD�LQWR�FDWHJRULFDO�YDULDEOHV�DQG
H[DPLQLQJ�WKHLU�UHODWLRQVKLSV�ZLWK�TXDQWLWDWLYH�YDULDEOHV�

����,Q�GDWD�FRQVROLGDWLRQ��WKH�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�GDWD�DUH�FRPELQHG�WR
FUHDWH�QHZ�RU�FRQVROLGDWHG�FRGHV��YDULDEOHV��RU�GDWD�VHWV�

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�

7KH�QH[W�WZR�SURFHGXUHV�DUH�LPSRUWDQW�IRU�YLUWXDOO\�DOO�PL[HG�UHVHDUFK�VWXGLHV�

����,Q�GDWD�FRPSDULVRQ��WKH�ILQGLQJV�IURP�WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD
VRXUFHV�RU�DQDO\VHV�DUH�FRPSDUHG�

����,Q�GDWD�LQWHJUDWLRQ��W\SLFDOO\�GRQH�ODVW���WKH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH
ILQGLQJV�DUH�LQWHJUDWHG�LQWR�D�FRKHUHQW�ZKROH�

5(9,(:
48(67 ,21 6

������:KDW�DUH�WKH�IRXU�W\SHV�RI�DQDO\VLV�FRUUHVSRQGLQJ
WR� WKH� IRXU� FHOOV� LQ� WKH� PL[HG� UHVHDUFK� GDWD
DQDO\VLV�PDWUL["

������:KDW� DUH� VRPH� RI� WKH� VWUDWHJLHV� RU� SURFHGXUHV
WKDW�DUH�XVHG�LQ�PL[HG�GDWD�DQDO\VLV"

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW�� $FWLRQ� UHVHDUFKHUV� W\SLFDOO\� FROOHFW� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� GDWD�
7KHUHIRUH�� WKH\� UHO\� RQ� TXDQWLWDWLYH�� TXDOLWDWLYH�� DQG� PL[HG� GDWD� DQDO\VLV
WHFKQLTXHV�

����:KDW�GR�\RX�ILQG�WR�EH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WUDQVFULELQJ
\RXU�YDULRXV�TXDOLWDWLYH�GDWD��H�J��WKHRUHWLFDO�PHPRV��ILHOG�QRWHV�
LQWHUYLHZV��RSHQ�HQGHG�TXHVWLRQQDLUHV��YHUVXV�MXVW�UHDGLQJ�DQG�UHUHDGLQJ
WKHP"

����:KDW�PDMRU�WKHPHV�DQG�UHODWLRQVKLSV�KDYH�\RX�IRXQG�LQ�TXDOLWDWLYH�GDWD�WKDW
\RX�KDYH�FROOHFWHG"

����+RZ�FDQ�\RX�PHUJH�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD�DQG�ILQGLQJV�WR�SURGXFH
ODUJHU�FRQFOXVLRQV��³PHWD�LQIHUHQFHV´�"



6800$5<

4XDOLWDWLYH�GDWD�DQDO\VLV� W\SLFDOO\� LQYROYHV� WKH�DQDO\VLV�RI� WH[W� IURP�LQWHUYLHZ�RU
ILHOG� QRWH� WUDQVFULSWV�� 6RPH� EDVLF� SURFHGXUHV� LQ� TXDOLWDWLYH� GDWD� DQDO\VLV� DUH
WUDQVFULELQJ�GDWD��UHDGLQJ�DQG�UHUHDGLQJ�WUDQVFULSWV��L�H���LPPHUVLQJ�\RXUVHOI�LQ�\RXU
GDWD� WR� XQGHUVWDQG� ZKDW� LV� JRLQJ� RQ��� VHJPHQWLQJ� DQG� FRGLQJ� WKH� GDWD�� FRXQWLQJ
ZRUGV�DQG�FRGHG�FDWHJRULHV��HQXPHUDWLRQ���VHDUFKLQJ�IRU�UHODWLRQVKLSV�DQG�WKHPHV
LQ� WKH� GDWD�� DQG� JHQHUDWLQJ� GLDJUDPV� WR� KHOS� LQ� LQWHUSUHWLQJ� WKH� GDWD��7KH� JRDO� RI
GDWD�DQDO\VLV� LV� WR�EH�DEOH� WR�VXPPDUL]H�\RXU�GDWD�FOHDUO\�DQG�JHQHUDWH� LQGXFWLYH
WKHRULHV�EDVHG�RQ� WKH�GDWD��6RPH�TXHVWLRQV�\RX�PLJKW�DVN�RI�\RXU�GDWD�DUH��:KDW
WKHPHV� RFFXUUHG� LQ� \RXU� LQWHUYLHZV� RU� ILHOG� QRWHV"�:KDW� WRSLFV�ZHUH�PHQWLRQHG
PRVW�RIWHQ"�:KDW�LVVXHV�ZHUH�PRVW�LPSRUWDQW�WR�WKH�SHRSOH�LQ�\RXU�VWXG\"�:KDW�DUH
WKH� FXOWXUDO� FKDUDFWHULVWLFV� RI� WKH� SHRSOH� LQ� \RXU� UHVHDUFK� VWXG\"� +RZ� GR� \RXU
SDUWLFLSDQWV� YLHZ� WKH� WRSLF� RI� \RXU� UHVHDUFK"�:KDW� NLQGV� RI� UHODWLRQVKLSV� �H�J��
VWULFW� LQFOXVLRQ��FDXVH�HIIHFW�� IXQFWLRQ�� VHTXHQFH��DUH�DSSDUHQW� LQ�\RXU�GDWD"�+RZ
FDQ� WKH� FDWHJRULHV� \RX� KDYH� LGHQWLILHG� LQ� WKH� GDWD� EH� RUGHUHG� LQWR� PHDQLQJIXO
JURXQGHG�WKHRULHV"�7KH�TXHVWLRQV�\RX�FDQ�DVN�DUH�YLUWXDOO\�XQOLPLWHG��DQG�WKH\�ZLOO
YDU\�GHSHQGLQJ�RQ�\RXU�UHVHDUFK�SUREOHP��WKH�W\SH�RI�TXDOLWDWLYH�UHVHDUFK�\RX�DUH
FRQGXFWLQJ� �H�J��� SKHQRPHQRORJ\�� HWKQRJUDSK\�� FDVH� VWXG\�� JURXQGHG� WKHRU\�
KLVWRULFDO��� DQG� \RXU� RZQ� WKHRUHWLFDO� SHUVSHFWLYH� EDVHG� RQ� \RXU� GLVFLSOLQDU\
WUDLQLQJ�� 4XDOLWDWLYH� GDWD� DQDO\VLV� FRPSXWHU� SURJUDPV� FDQ� DLG� LQ� WKH� DQDO\VLV� RI
TXDOLWDWLYH�GDWD��EXW�WKH\�GR�WDNH�TXLWH�D�ELW�RI�WLPH�WR�OHDUQ�

.(<�7(506

D�SULRUL�FRGHV��S������
%RROHDQ�RSHUDWRUV��S������
FRGLQJ��S������
FR�RFFXUULQJ�FRGHV��S������
GLDJUDPPLQJ��S������
HQXPHUDWLRQ��S������
H[KDXVWLYH�FDWHJRULHV��S������
IDFHVKHHW�FRGHV��S������
KLHUDUFKLFDO�DQDO\VLV��S������
LQGXFWLYH�FRGHV��S������
LQWHUFRGHU�UHOLDELOLW\��S������
LQWHULP�DQDO\VLV��S������
LQWUDFRGHU�UHOLDELOLW\��S������
LQ�YLYR�FRGHV��S������
PDVWHU�OLVW��S������



PHPRLQJ��S������
PL[HG�GDWD�DQDO\VLV��S������
PXWXDOO\�H[FOXVLYH�FDWHJRULHV��S������
QHWZRUN�GLDJUDP��S������
SKRWR�LQWHUYLHZLQJ�DQDO\VLV��S������
VHJPHQWLQJ��S������
VHPLRWLF�YLVXDO�DQDO\VLV��S������
VHPLRWLFV��S������
WKHPH��S������
WKHPDWLF�DQDO\VLV��S������
WUDQVFULSWLRQ��S������
W\SRORJ\��S������
YLVXDO�FRQWHQW�DQDO\VLV��S������

',6&866,21�48(67,216

����,Q�TXDQWLWDWLYH�UHVHDUFK��GDWD�DQDO\VLV�SURYLGHV�LQIRUPDWLRQ�RQ�VWDWLVWLFDO
VLJQLILFDQFH�DQG�VL]H�RI�HIIHFWV��+RZ�ZRXOG�\RX�GHWHUPLQH�ZKHWKHU�VRPHWKLQJ
ZDV�LPSRUWDQW�RU�SUDFWLFDOO\�VLJQLILFDQW�LQ�TXDOLWDWLYH�UHVHDUFK"

����7DEOH������OLVWV�QLQH�NLQGV�RI�UHODWLRQVKLSV��7KLQN�RI�DQ�H[DPSOH�RI�RQH�RI�WKHVH
DQG�VKDUH�LW�ZLWK�WKH�FODVV�

����:KDW�DUH�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�KDYLQJ�PRUH�WKDQ�RQH�GDWD�DQDO\VW
LQ�D�TXDOLWDWLYH�VWXG\"

����:K\�LV�WUDGLWLRQDO�TXDOLWDWLYH�GDWD�DQDO\VLV�VDLG�WR�EH�LQGXFWLYH"�+RZ�PLJKW�\RX
DOVR�PDNH�LW�PRUH�GHGXFWLYH�LQ�\RXU�DSSURDFK"

5(6($5&+�(;(5&,6(6

��� $QDO\]H� WKH� IROORZLQJ� GDWD�� 7KH� GDWD� DUH� WUDQVFULEHG� ILHOG� QRWHV� IURP� D
FODVVURRP�REVHUYDWLRQ�GRQH�LQ�0H[LFR�&LW\�E\�5REHUW�6WDNH��$V�\RX�FRGH�WKH�GDWD�
EH�RQ�WKH�ORRNRXW�IRU�DQVZHUV�WR�WKH�IROORZLQJ�TXHVWLRQV��:KDW�WRSLFV�DSSHDUHG�LQ
WKH� WH[W"�:KDW�ZDV� WKH�FRQWH[W�RI� WKH�FODVVURRP�OLNH"�:KDW� WHDFKLQJ�VW\OH�GLG� WKH
LQVWUXFWRU� XVH"� ([SODLQ� WKLV� WHDFKLQJ� VW\OH��:KDW� ZHUH� VRPH� RI� WKH� QRUPV� RI� WKH
FODVVURRP��H�J���DUULYDO�WR�FODVV��VSHDNLQJ�RXW�LQ�FODVV�"�:KDW�ZDV�WKH�FRQWHQW�RI�WKH
OHVVRQ"�:KDW� ZDV� WKH� SROLWLFDO� SHUVXDVLRQ� RI� WKH� VWXGHQWV� DQG�RU� WHDFKHU"�:KDW
NLQGV�RI�LQVWUXFWLRQDO�PDWHULDOV�ZHUH�XVHG�LQ�WKH�FODVVURRP"�$IWHU�\RX�ILQLVK�FRGLQJ
WKH�WH[W��ZULWH�D�EULHI�VXPPDU\�UHSRUW�RQ�WKH�REVHUYDWLRQ��DQVZHULQJ�WKH�TXHVWLRQV
MXVW�SRVHG�DQG�DGGLQJ�DQ\�DGGLWLRQDO�LQVLJKWV�WKDW�HPHUJH�DV�\RX�FRGH�WKH�GDWD�



&ODVV�1RWHV��2FWREHU����

7KH� WHPSHUDWXUH� ZLOO� FOLPE� LQWR� WKH� ��¶V� WRGD\�� EXW� QRZ� LW� LV� FKLOO\� LQ� WKLV� ZKLWH� WLOH� DQG� WHUUD]]R
FODVVURRP��(OHYHQ�VWXGHQWV��RI����VWLOO�RQ�WKH�URVWHU��DUH�KHUH��HDFK�LQ�D�MDFNHW�RU�VZHDWHU��1R�GRXEW�LW
ZDV� FRROHU� VWLOO� ZKHQ� WKH\� OHIW� KRPH�� 7KH� LQVWUXFWRU�� 6HQRU� 3UHWHOLQ�� UHPLQGV� WKHP� RI� WKH� WRSLF�� WKH
2ULJLQV�RI�&DSLWDOLVP��DQG�VHOHFWV�D�TXHVWLRQ�IRU�ZKLFK�WKH\�KDYH�SUHSDUHG�DQVZHUV��$Q�DQVZHU�IURP
WKH�EDFN�URZ�LV�YHQWXUHG��7ZR�PRUH�VWXGHQWV�DUULYH²LW�LV�WHQ�SDVW�WKH�KRXU²QRZ�IRXU�PRUH�²6HQRU
3UHWHOLQ�XQGHUWDNHV�D�FRUUHFWLRQ�RI�WKH�DQVZHU��EXW�DVNV�IRU�VWLOO�PRUH�RI�DQ�DQVZHU��+LV�VW\OH�LV�FDVXDO�
+H�GUDZV�ORQJ�RQ�D�FLJDUHWWH��+LV�DXGLHQFH�LV�DOHUW�²0DU[�LV�D�SUHVHQFH��VSRNHQ�LQ�QDPH��DQG�ORRPLQJ
IURP�WKH�FRYHU�RI�WKH�WH[WERRN��7ZR�ERRNV�RQO\�DUH�LQ�VLJKW��6HYHUDO�VWXGHQWV�KDYH�SKRWRFRSLHV�RI�WKH
FKDSWHU�DVVLJQHG�²7KH�FKDONERDUG�UHPDLQV�ILOOHG�ZLWK�ODVW�FODVV¶V�ORJLF�V\PEROV��QRZ�XQQRWLFHG��6RPH
VWXGHQWV� UHDG� WKURXJK� WKHLU� DQVZHUV��PRVW� FRQFHQWUDWH� RQ�ZKDW� 3UHWHOLQ� VD\V� DERXW� DQVZHUV� WKDW� DUH
RIIHUHG�²7KH� ILUVW� DQVZHUV� KDG� EHHQ� YROXQWHHUHG� E\�PDOHV�� QRZ� RQH� IURP� D� IHPDOH�� 7KH� LQVWUXFWRU
GUDZV�KHU�RXW��PRUH�RI�KHU�LGHD��WKHQ�LPSURYHV�XSRQ�WKH�H[SODQDWLRQ�KLPVHOI�

²7KH� FRROQHVV� RI� WKH� VSDFH� LV� ZDUPHG� E\� WKH� H[FKDQJHV�²2XWVLGH� D� SRZHU� PRZHU� VSXWWHUV�
VWUXJJOLQJ�ZLWK� D� WKLFNQHVV� RI� JUDVV� IRU�ZKLFK� LW� SUREDEO\�ZDV� QRW� GHVLJQHG�²,W� LV� ��� SDVW� WKH� KRXU�
$QRWKHU�VWXGHQW�DUULYHV��0RVW�DUH�DURXQG�����DOO�KDYH�EODFN�KDLU��7KHVH�DUH� LQFRPLQJ�IUHVKPHQ�LQ� WKH
VRFLDO�VWXGLHV�DQG�KXPDQLWLHV�SURJUDP��HQUROOHG�LQ�D�VRFLRORJ\�FRXUVH�RQ�SROLWLFDO�GRFWULQHV��6WLOO�DQRWKHU
DUULYHV��6KH�SXVKHV�WKH�GRRU�FORVHG��DQG�MDPV�LW�ZLWK�D�FKDLU��WR�WKZDUW�WKH�EUHH]H�IURP�WKH�VTXDUHG�RXW
SOD]D�²6HQRU� 3UHWHOLQ� LV� H[SDQGLQJ� DQ� DQVZHU� DW� OHQJWK�� +H� WKHQ� WXUQV� WR� DQRWKHU� TXHVWLRQ�� OLJKWV
DQRWKHU� FLJDUHWWH�ZKLOH� DZDLWLQJ� D� YROXQWHHU²DJDLQ� KH� DVNV� IRU� LPSURYHPHQW�� JHWV� D� FRXSOH� RI� WULHV�
WKHQ� DQVZHUV� WKH� TXHVWLRQ� WR� KLV� VDWLVIDFWLRQ��$QRWKHU� TXHVWLRQ��+H� SDWLHQWO\� DZDLWV� VWXGHQW� LQLWLDWLYH�
7KH�VWXGHQWV�DSSHDU�WR�WKLQN�RU�UHDG�WR�WKHPVHOYHV�ZKDW�WKH\�KDG�ZULWWHQ�HDUOLHU�

²7KH� KD]H� RI� 0H[LFR� &LW\� VKURXGV� WKH� FLW\�FHQWHU� VHYHUDO� PLOHV� WR� WKH� VRXWKHDVW�� <HVWHUGD\¶V
GRZQSRXU�GLG�QRW�ORQJ�FOHDQVH�WKH�VN\�²4XLHW�DJDLQ�ZKLOH�DZDLWLQJ�D�YROXQWHHU��7KH�ILUVW�\RXQJ�ZRPDQ
RIIHUV�KHU�DQVZHU��6KH�LV�WKH�RQO\�IHPDOH�RI�WKH�VHYHQ�RU�VR�VWXGHQWV�ZKR�KDYH�YHQWXUHG�IRUWK��+HDGV
QRG�WR�KHU�UHIHUHQFH�WR�WKH�FDPSRVLQRV��DQG�WR�3UHWHOLQ¶V�DPSOLILFDWLRQ��7KHUH�VHHPV�WR�EH�DQ�HPSDWK\
IRU� WKHVH�DEVWUDFW��DW� OHDVW�GLVWDQW��FDPSRVLQRV�� ,I�FDSLWDOLVWLF�DGYRFDF\�H[LVWV� LQ� WKLV�FODVVURRP�LW�GRHV
QRW�VSHDN�RXW��$�KDOI�KRXU�KDV�SDVVHG��7KH�UHFLWDO�FRQWLQXHV��2QO\�D�IHZ�VWXGHQWV�DUH�FRUUHFWLQJ�WKHLU
QRWHV� �RU�FUHDWLQJ� WKHP�EHODWHGO\���PRVW� WU\� WR� UHDG�RU� OLVWHQ��0LQGV�DUH�PRELOL]HG��QRW� LGOLQJ��)LQDOO\�D
VPDOO�ZHGJH�RI�KXPRU�

²7KH� DLU�PD\� UHOD[� D� ELW�²)RXU�REVHUYHUV� DUH� GLVSHUVHG� DERXW� WKH� URRP�� OLWWOH� QRWLFHG� HYHQ� DV� WKH\
ZULWH��7KH�LQVWUXFWRU�PDLQWDLQV�KLV�WDVN��QRW�HYHU�VWRSSLQJ�WR�WDNH�UROO��3UHWHOLQ�LV�D�VOLJKW�PDQ��SHUKDSV
����+H�ZHDUV� D� VPDUW� MDFNHW�� D� GDUN� VKLUW� EXWWRQHG�KLJK�� D� JROG� QHFN�FKDLQ��+LV� ILQJHUV� DUH� ORQJ� DQG
H[SUHVVLYH�²)RU�VHYHUDO�PLQXWHV��WKH�GUDJJLQJ�RI�KHDY\�REMHFWV�RXWVLGH�WKH�URRP�LQWHUIHUHV�²)RU�D�ODVW
WLPH� WKH� VWXGHQWV� DUH� VHQW� WR� WKHLU� DQVZHUV�� HYHQ� DVNHG� WR� ORRN� IXUWKHU�� )HZ� KDYH� ERRNV�� 7KHQ� WKH
VWXGHQWV�DUH�LQYLWHG�WR�SRVH�TXHVWLRQV��7KH�H[FKDQJH�EHFRPHV�PRUH�JRRG�QDWXUHG��EXW�EXVLQHVV�OLNH�VWLOO�
7KH� HQJDJHPHQW� JRHV� RQ�� PLQGV� ³IXOO� RQ�́ � SURYRNHG� VRFLDEO\�� KHDGV� QRGGLQJ� DJUHHPHQW�²0RUH
LPPHGLDWH�FDPSRVLQRV��QRZ�GUDZQ����PLOOLRQ�VWURQJ�WR�WKH�VWUHHWV�EHORZ��PDNH�WKH�QRLVHV�RI�WKH�FLW\��$
SRVWHU� DGPRQLVKHV�� ³$GPRQ��9RWD��3ODWHVWGD�´�1HDU� WKH�GRRU� WKH�JUDIILWL�EHJLQV�³/D� LJQRUDQFLD�PDWD�
«´µ�7KH�KRXU�GUDZV�WR�D�FORVH��D�ILQDO�FLJDUHWWH��D�VXPPDU\��D�ZDUP�VPLOH�

(;(5&,6(�6+((7

����$UH�\RX�JRLQJ�WR�FROOHFW�TXDOLWDWLYH�GDWD�IRU�DQ\�RI�\RXU�UHVHDUFK�TXHVWLRQV"�,I
\HV��UHZULWH�WKRVH�TXHVWLRQV�KHUH��,I�\RX�DUH�QRW�SURSRVLQJ�RU�FRQGXFWLQJ�DQ
DFWXDO�UHVHDUFK�SURMHFW��WKHQ�ZULWH�WZR�K\SRWKHWLFDO�TXDOLWDWLYH�UHVHDUFK
TXHVWLRQV�KHUH�DQG�XVH�WKHP�IRU�TXHVWLRQV��±��EHORZ�



����)RU�HDFK�TXHVWLRQ�MXVW�OLVWHG��ZKDW�NLQG�RI�TXDOLWDWLYH�GDWD�ZLOO�\RX�FROOHFW"

����:KDW�LV�\RXU�SODQ�RI�TXDOLWDWLYH�DQDO\VLV�IRU�HDFK�RI�WKH�TXHVWLRQV�DQG�GDWD
VRXUFHV�OLVWHG�DERYH"

����+RZ�ZLOO�\RX�YDOLGDWH�\RXU�ILQGLQJV"��+LQW��6HH�7DEOH������DQG�WKH�VXUURXQGLQJ
PDWHULDO�LQ�&KDSWHU�����

����+RZ�ZLOO�\RX�GHFLGH�ZKHWKHU�\RXU�TXDOLWDWLYH�ILQGLQJV�DUH�SUDFWLFDOO\
VLJQLILFDQW"

5(/(9$17�,17(51(7�6,7(6

4XDOLWDWLYH�GDWD�DQDO\VLV�VRIWZDUH�OLQNV
KWWS���ZZZ�UHVHDUFKZDUH�FRP
KWWS���ZZZ�XQLJH�FK�VHV�VRFRF�DTXDO�OLQNV�TXDO�KWPO

6SHFLILF�SRSXODU�TXDOLWDWLYH�DQG�PL[HG�GDWD�DQDO\VLV�SURJUDPV
0$;4'$��KWWS���ZZZ�PD[TGD�FRP
K\SHU5(6($5&+��KWWS���ZZZ�UHVHDUFKZDUH�FRP�SURGXFWV�K\SHUUHVHDUFK�KWPO
4'$� 0LQHU�� KWWS���SURYDOLVUHVHDUFK�FRP�SURGXFWV�TXDOLWDWLYH�GDWD�DQDO\VLV�
VRIWZDUH�
19LYR��KWWS���ZZZ�TVULQWHUQDWLRQDO�FRP�SURGXFWVBQYLYR�DVS[

'HGRRVH��KWWS���ZZZ�GHGRRVH�FRP
(WKQRJUDSK��KWWS���ZZZ�TXDOLVUHVHDUFK�FRP
$WODV��KWWS���ZZZ�DWODVWL�FRP�TXDOLWDWLYH�DQDO\VLV�VRIWZDUH�KWPO

0DQ\�OLQNV�WR�TXDOLWDWLYH�GDWD�DQDO\VLV�VLWHV
KWWS���ZZZ�PHWKRGVSDFH�FRP�SDJH�OLQNV�TXDOLWDWLYH�UHVHDUFK�
KWWS���FDTGDV�VRF�VXUUH\�DF�XN
KWWS���ZZZ�QRYD�HGX�VVVV�45�ZHE�KWPO

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
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%D]HOH\��3����������4XDOLWDWLYH�GDWD�DQDO\VLV��3UDFWLFDO�VWUDWHJLHV��/RV�$QJHOHV�
&$��6DJH�

*DKDQ��&���	�+DQQLEDO��0����������'RLQJ�TXDOLWDWLYH�UHVHDUFK�XVLQJ�465�18'�
,67��/RQGRQ��(QJODQG��6DJH�

*LEEV��*��5����������4XDOLWDWLYH�GDWD�DQDO\VLV��([SORUDWLRQV�ZLWK�19LYR�
%XFNLQJKDP��(QJODQG��2SHQ�8QLYHUVLW\�3UHVV�

0LOHV��0��%���	�+XEHUPDQ��$��0����������4XDOLWDWLYH�GDWD�DQDO\VLV��$Q�H[SDQGHG
VRXUFHERRN���QG�HG����1HZEXU\�3DUN��&$��6DJH�

0LOHV��0��%���+XEHUPDQ��$��0���	�6DOGDQD��-����������4XDOLWDWLYH�GDWD�DQDO\VLV�
$�PHWKRGV�VRXUFHERRN���UG�HG����1HZEXU\�3DUN��&$��6DJH�

3DWWRQ��0��4����������4XDOLWDWLYH�UHVHDUFK�DQG�HYDOXDWLRQ�PHWKRGV��7KRXVDQG
2DNV��&$��6DJH�

YDQ�/HHXZHQ��7���	�-HZLWW��&���(GV������������+DQGERRN�RI�YLVXDO�DQDO\VLV�
/RQGRQ��(QJODQG��6DJH�

127(6

��� �7KLV�VHFWLRQ�ZDV�RULJLQDOO\�ZULWWHQ�E\�$QWKRQ\�-��2QZXHJEX]LH�DQG�%XUNH
-RKQVRQ�

��� � 5HSULQWHG� IURP�5REHUW� (�� 6WDNH�� ³&ODVV� 1RWHV�� 2FWREHU� ���´�7KH� $UW� RI
&DVH� 6WXG\� 5HVHDUFK�� SS�� ��±���� FRS\ULJKW� �� ����� E\� 6DJH� 3XEOLFDWLRQV�� ,QF�
5HSULQWHG�E\�SHUPLVVLRQ�RI�6DJH�3XEOLFDWLRQV��,QF���DQG�WKH�DXWKRU�
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:ULWLQJ�WKH�5HVHDUFK�5HSRUW

&KDSWHU���
+RZ�WR�3UHSDUH�D�5HVHDUFK�5HSRUW�DQG�8VH�$3$�6W\OH�*XLGHOLQHV
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&KDSWHU���

+RZ�WR�3UHSDUH�D�5HVHDUFK�5HSRUW�DQG�8VH�$3$�6W\OH
*XLGHOLQHV

IWHU�\RX�KDYH�FRQGXFWHG�D�UHVHDUFK�VWXG\��\RX�VKRXOG�FRQVLGHU�SUHSDULQJ�D
UHVHDUFK�UHSRUW�WR�SUHVHQW�DW�D�FRQIHUHQFH�DQG�WKHQ�VXEPLW�WR�D�MRXUQDO�IRU
SXEOLFDWLRQ�� %HIRUH� SUHSDULQJ� WKH� UHVHDUFK� UHSRUW�� \RX� VKRXOG� FULWLFDOO\

UHYLHZ� LW� DQG� DVN� \RXUVHOI� ZKHWKHU� WKH� VWXG\� LV� IUHH� IURP� IODZV� DQG� LPSRUWDQW
HQRXJK� WR� MXVWLI\� FRQIHUHQFH� SUHVHQWDWLRQ� DQG� WKHQ� SXEOLFDWLRQ��:RXOG� RWKHUV� EH
LQWHUHVWHG� LQ� WKH� UHVXOWV�� DQG� ZRXOG� LW� LQIOXHQFH� WKHLU� ZRUN� RU� KDYH� VRPH
HGXFDWLRQDO�LPSDFW"�$V�D�JHQHUDO�UXOH��\RX�VKRXOG�QHYHU�FRQGXFW�D�VWXG\�WKDW�\RX�GR
QRW� WKLQN� LV�SXEOLVKDEOH�� ,I� WKH�VWXG\� LV� LPSRUWDQW�DQG�IUHH�IURP�IODZV��\RX�VKRXOG
SURFHHG�ZLWK�WKH�SUHSDUDWLRQ�RI�D�UHVHDUFK�UHSRUW�EHFDXVH�WKLV�LV�WKH�PHFKDQLVP�IRU
FRPPXQLFDWLQJ�WKH�UHVXOWV�RI�UHVHDUFK�VWXGLHV��7DEOH������OLVWV�VRPH�RI�WKH�MRXUQDOV
LQ�ZKLFK�HGXFDWLRQDO�UHVHDUFKHUV�SXEOLVK�

�9LVLW�WKH�6WXGHQW�6WXG\�6LWH�IRU�DQ�LQWHUDFWLYH�FRQFHSW�PDS�

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

0RVW�MRXUQDOV�RI�LQWHUHVW�WR�HGXFDWLRQDO�UHVHDUFKHUV�VSHFLI\�WKDW�DXWKRUV�IROORZ
WKH� VW\OH� VSHFLILHG� LQ� WKH� 3XEOLFDWLRQ� 0DQXDO� RI� WKH� $PHULFDQ� 3V\FKRORJLFDO
$VVRFLDWLRQ��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ���������:H�UHIHU�WR�WKLV�PDQXDO
DV� WKH� $3$� 3XEOLFDWLRQ� 0DQXDO�� :H� H[SODLQ� WKLV� VW\OH� KHUH� EHFDXVH� LW� LV� VR
SUHYDOHQW�DPRQJ�WKH�MRXUQDOV�RI�LQWHUHVW�WR�HGXFDWLRQDO�UHVHDUFKHUV�

7KH� SUHSDUDWLRQ� RI� UHVHDUFK� UHSRUWV� GLIIHUV� VRPHZKDW� GHSHQGLQJ� RQ� ZKHWKHU
\RX� FRQGXFWHG� D� TXDQWLWDWLYH� RU� D� TXDOLWDWLYH� UHVHDUFK� VWXG\�� 5HPHPEHU� WKDW
TXDQWLWDWLYH�VWXGLHV�IRFXV�RQ�K\SRWKHVLV�WHVWLQJ�DQG�DUH�HSLWRPL]HG�E\�H[SHULPHQWDO
UHVHDUFK�VWXGLHV��ZKHUHDV�TXDOLWDWLYH�VWXGLHV�DUH�PRUH�RIWHQ�H[SORUDWRU\�DQG�EULGJH
D� YDULHW\� RI� DSSURDFKHV� RU� PHWKRGV� IURP� HWKQRJUDSK\� WR� KLVWRULFDO� UHVHDUFK�
%HFDXVH� RI� WKH� GLIIHUHQW� JRDOV� DQG� DSSURDFKHV� RI� TXDQWLWDWLYH� DQG� TXDOLWDWLYH
UHVHDUFK�� WKH� DSSURDFKHV� WR� ZULWLQJ� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFK� UHSRUWV
GLIIHU��:H�IRFXV�ILUVW�RQ�TXDQWLWDWLYH�UHVHDUFK�UHSRUW�ZULWLQJ�DQG�WKHQ�RQ�TXDOLWDWLYH
UHVHDUFK�UHSRUW�ZULWLQJ��+RZHYHU��EHIRUH�WKLV�GLVFXVVLRQ��ZH�ZDQW�WR�FRYHU�VHYHUDO
JHQHUDO�SULQFLSOHV�WKDW�PXVW�EH�DGKHUHG�WR�LQ�ZULWLQJ�HLWKHU�W\SH�RI�UHVHDUFK�UHSRUW�



�7$%/(��������6RPH�-RXUQDOV�7KDW�3XEOLVK�WKH�5HVXOWV�RI�(GXFDWLRQDO�5HVHDUFK

*(1(5$/�35,1&,3/(6�5(/$7('�72�:5,7,1*�7+(�5(6($5&+
5(3257��,�
3HUKDSV� WKH� RYHUULGLQJ� JHQHUDO� SULQFLSOH� RI�ZULWLQJ� WKH� UHVHDUFK� UHSRUW� LV� WKDW� LW
PXVW�EH�SUHSDUHG�LQ�D�PDQQHU�WKDW�FRPPXQLFDWHV�FOHDUO\�WR�WKH�UHDGHU��*RRG�ZULWLQJ
LV� D� FUDIW� WKDW� UHTXLUHV� WKRXJKWIXO� FRQFHUQ� IRU� WKH�SUHVHQWDWLRQ� DQG� ODQJXDJH�XVHG�
*RRG� ZULWLQJ� LV� XVXDOO\� D� GHYHORSPHQWDO� SURFHVV� WKDW� LV� DFTXLUHG� RYHU� WLPH�
,QVWUXFWLRQ�LQ�GHYHORSLQJ�JRRG�ZULWLQJ�LV�REYLRXVO\�QRW�WKH�SXUSRVH�RI�WKLV�WH[WERRN
RU� WKH�FRXUVH�\RX�DUH� WDNLQJ��+RZHYHU��EHFDXVH�JRRG�ZULWLQJ� LV�VR� LPSRUWDQW��ZH
GLVFXVV�VRPH�RI�WKH�JHQHUDO�SULQFLSOHV�WR�ZKLFK�\RX�VKRXOG�DGKHUH�ZKHQ�SUHSDULQJ
D�UHVHDUFK�UHSRUW��ZKLFK�DUH�HODERUDWHG�RQ�LQ�WKH�$3$�3XEOLFDWLRQ�0DQXDO��������
,Q�RUGHU�WR�OHDUQ�TXLFNO\�DERXW�VRPH�FRPPRQ�PLVWDNHV�WKDW�\RX�FDQ�DYRLG��VHH�WKH
ERQXV�LWHP�%XUNH¶V�:ULWLQJ�7LSV�DW�WKH�VWXGHQW�FRPSDQLRQ�ZHEVLWH�

�6HH�7RROV�DQG�7LSV������RQ�WKH�6WXGHQW�6WXG\�6LWH�



,I�\RX�KDYH�GLIILFXOW\�ZLWK�ZULWLQJ�� WKHUH�DUH�VHYHUDO�ERRNV�� LQ�DGGLWLRQ� WR� WKH
$3$�3XEOLFDWLRQ�0DQXDO��WKDW�FDQ�EH�YHU\�KHOSIXO��:��6WUXQN�-U��DQG�(��%��:KLWH¶V
7KH�(OHPHQWV�RI�6W\OH� ������������ LV�D�FODVVLF�DQG�KDV� WKH�YLUWXH�RI�EHLQJ�VKRUW�
*DJH¶V�7KH�6KDSH�RI�5HDVRQ��������DQG�5RVQRZ�DQG�5RVQRZ¶V�:ULWLQJ�3DSHUV�LQ
3V\FKRORJ\� ������� DUH� H[FHOOHQW� UHVRXUFHV� DQG� FDQ� EH� RI� DVVLVWDQFH� LQ� ZULWLQJ
FOHDUO\��+XOW¶V�ERRN�5HVHDUFKLQJ�DQG�:ULWLQJ� LQ� WKH�6RFLDO�6FLHQFHV� ������� DQG
%HFNHU¶V�ERRN�:ULWLQJ�IRU�6RFLDO�6FLHQWLVWV��������DUH�DOVR�H[FHOOHQW�UHIHUHQFHV�

&OHDU�FRPPXQLFDWLRQ�UHTXLUHV�DQ�RUGHUO\�SUHVHQWDWLRQ�RI�LGHDV��7KHUH�PXVW�EH�D
FRQWLQXLW\�RI�ZRUGV��FRQFHSWV��DQG�WKHPDWLF�GHYHORSPHQW�IURP�WKH�EHJLQQLQJ�WR�WKH
HQG�RI�WKH�UHSRUW��7KLV�FRQWLQXLW\�FDQ�EH�DFKLHYHG�E\�WKH�XVH�RI�SXQFWXDWLRQ�PDUNV�WR
VKRZ�WKH�UHODWLRQVKLS�EHWZHHQ�LGHDV�DQG�E\�WKH�XVH�RI�WUDQVLWLRQDO�ZRUGV��VXFK�DV
WKHQ��QH[W��WKHUHIRUH��DQG�KRZHYHU��%HFDXVH�\RX�DUH�VR�IDPLOLDU�ZLWK�WKH�PDWHULDO
\RX� DUH� UHSRUWLQJ�� REMHFWLYLW\� LV� IUHTXHQWO\� ORVW�� DQG� SUREOHPV� LQ� FODULW\� RI
FRPPXQLFDWLRQ�PLJKW�QRW�EH�LPPHGLDWHO\�DSSDUHQW��2QH�JRRG�WHFKQLTXH�LV�WR�ZULWH
WKH�UHVHDUFK�UHSRUW�DQG�WKHQ�SXW�LW�DVLGH�IRU�VHYHUDO�GD\V�EHIRUH�UHDGLQJ�LW�DJDLQ��$
ODWHU�UHDGLQJ�RI�WKH�UHSRUW�FDQ�XQFRYHU�GLIILFXOWLHV�LQ�FODULW\�RI�FRPPXQLFDWLRQ�

:ULWLQJ�WKH�UHVHDUFK�UHSRUW�UHTXLUHV�D�VPRRWKQHVV�DQG�HFRQRP\�RI�H[SUHVVLRQ�
6PRRWKQHVV� RI� H[SUHVVLRQ� LV� DFKLHYHG� E\� DYRLGLQJ� DPELJXLW\�� RU� VKLIWLQJ� WRSLFV�
WHQVH��RU�SHUVRQ��DOO�RI�ZKLFK�PLJKW�FRQIXVH�WKH�UHDGHU��)RU�H[DPSOH��FRQVLVWHQF\�RI
YHUE�WHQVHV�HQKDQFHV�WKH�FODULW\�RI�H[SUHVVLRQ��(FRQRP\�RI�H[SUHVVLRQ�LV�DFKLHYHG
E\�EHLQJ�IUXJDO�ZLWK�ZRUGV��7KLV�PHDQV�HOLPLQDWLQJ�UHGXQGDQF\��ZRUGLQHVV��MDUJRQ�
HYDVLYHQHVV�� RYHUXVH� RI� WKH� SDVVLYH� YRLFH�� FLUFXPORFXWLRQ�� DQG� FOXPV\� SURVH� DV
ZHOO�DV�RYHUO\�GHWDLOHG�GHVFULSWLRQV�LQ�DQ\�SDUW�RI� WKH�UHVHDUFK�UHSRUW��VXFK�DV�RI
SDUWLFLSDQWV�RU�SURFHGXUHV��)RU�H[DPSOH��UDWKHU�WKDQ�XVLQJ�DW�WKH�SUHVHQW�WLPH��XVH
QRZ�� 7KH� SKUDVH� DEVROXWHO\� HVVHQWLDO� LV� UHGXQGDQW� DQG� VKRXOG� EH� UHGXFHG� WR
HVVHQWLDO�� <RX� VKRXOG� PDNH� FHUWDLQ� WKH� ZRUGV� \RX� XVH� FRQYH\� WKHLU� LQWHQGHG
PHDQLQJ��7KLV�PHDQV�WKDW�\RX�PXVW�DYRLG�WKH�XVH�RI�FROORTXLDO�H[SUHVVLRQV��MDUJRQ�
RU� DPELJXRXV� FRPSDULVRQV�� $FFRUGLQJ� WR� $3$� JXLGHOLQHV�� \RX� VKRXOG� XVH� WKH
SHUVRQDO�SURQRXQV�,�RU�ZH�ZKHQ�GHVFULELQJ�WKH�VWHSV�\RX�KDYH�WDNHQ�LQ�FRPSOHWLQJ
\RXU� VWXG\�� $OO� RI� WKH� JXLGHOLQHV� ZH� QRZ� SUHVHQW� DUH� EDVHG� RQ� WKH� PRVW� UHFHQW
YHUVLRQ�RI�WKH�$3$�3XEOLFDWLRQ�0DQXDO��������

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

/DQJXDJH��,���
7KH�ODQJXDJH�WKDW�LV�XVHG�WR�FRPPXQLFDWH�WKH�UHVXOWV�RI�UHVHDUFK�VKRXOG�EH�IUHH

RI� GHPHDQLQJ� DWWLWXGHV� DQG� ELDVHG� DVVXPSWLRQV�� 7KHUH� DUH� WKUHH� JXLGHOLQHV� WKDW
VKRXOG� EH� IROORZHG� WR� DFKLHYH� WKLV� JRDO�� VSHFLILFLW\�� VHQVLWLYLW\� WR� ODEHOV�� DQG
DFNQRZOHGJPHQW�RI�SDUWLFLSDWLRQ�

6SHFLILFLW\��,��$�
:KHQ� UHIHUULQJ� WR�D�SHUVRQ�RU�SHUVRQV��\RX�VKRXOG�FKRRVH�DFFXUDWH�DQG�FOHDU

ZRUGV� WKDW� DUH� IUHH� IURP�ELDV��:KHQ� LQ�GRXEW�� HUU� LQ� WKH�GLUHFWLRQ�RI�EHLQJ�PRUH



UDWKHU�WKDQ�OHVV�VSHFLILF��)RU�H[DPSOH��LI�\RX�DUH�GHVFULELQJ�DJH�JURXSV��LW�LV�EHWWHU
WR� SURYLGH� D� VSHFLILF� DJH� UDQJH� �IRU� H[DPSOH�� DJHV� �� WR� ���� LQVWHDG� RI� D� EURDG
FDWHJRU\��VXFK�DV�XQGHU������3HRSOH�DW�ULVN�LV�DOVR�WRR�EURDG��,QVWHDG��LGHQWLI\�WKH
ULVN�DQG� WKH�SHRSOH� LQYROYHG� �H�J���FKLOGUHQ�DW� ULVN� IRU� VH[XDO�DEXVH��� 6LPLODUO\�
JHQGHU�LV�SUHIHUUHG�ZKHQ�UHIHUULQJ�WR�PHQ�DQG�ZRPHQ�DV�D�VRFLDO�JURXS�UDWKHU�WKDQ
VH[��DV�VH[�FDQ�EH�FRQIXVHG�ZLWK�VH[XDO�EHKDYLRU�

/DEHOV��,��%�
7KH� SUHIHUHQFHV� RI� WKH� SDUWLFLSDQWV� LQ� DQ\� VWXG\� PXVW� EH� UHVSHFWHG�� DQG

SDUWLFLSDQWV� VKRXOG�EH�FDOOHG�ZKDW� WKH\�SUHIHU� WR�EH�FDOOHG��7KLV�PHDQV�DYRLGLQJ
ODEHOV�ZKHQ�SRVVLEOH�RU��DV�KDV�EHHQ�FRPPRQ�LQ�VFLHQFH��FDWHJRUL]LQJ�SDUWLFLSDQWV
DV� REMHFWV� �H�J��� WKH� HOGHUO\�� RU� HTXDWLQJ� SDUWLFLSDQWV� ZLWK� WKHLU� FRQGLWLRQV� �H�J��
GHSUHVVLYHV�� VWURNH� YLFWLPV��� $Q� HIIHFWLYH� VROXWLRQ� LV� WR� SODFH� WKH� SHUVRQ� ILUVW�
IROORZHG� E\� D� GHVFULSWLYH� SKUDVH� �H�J��� FKLOGUHQ� ZLWK� D� GLDJQRVLV� RI� DWWHQWLRQ�
GHILFLW�K\SHUDFWLYLW\� GLVRUGHU��� 6LPLODUO\�� VHQVLWLYLW\� VKRXOG� EH� JLYHQ� WR� DQ\
VXJJHVWLRQ� WKDW� RQH� JURXS� LV� EHWWHU� WKDQ� DQRWKHU� RU� LV� WKH� VWDQGDUG� DJDLQVW�ZKLFK
DQRWKHU�LV�WR�EH�MXGJHG��)RU�H[DPSOH��LW�ZRXOG�EH�LQDSSURSULDWH�WR�FRQWUDVW�DEXVHG
FKLOGUHQ� ZLWK� QRUPDO� FKLOGUHQ�� WKXV� VWLJPDWL]LQJ� WKH� DEXVHG� FKLOGUHQ�� $� PRUH
DSSURSULDWH� FRQWUDVW� ZRXOG� EH� EHWZHHQ� FKLOGUHQ� ZKR� KDYH� EHHQ� DEXVHG� DQG
FKLOGUHQ�ZKR�KDYH�QR�KLVWRU\�RI�DEXVH�

3DUWLFLSDWLRQ��,��&�
<RX� VKRXOG� ZULWH� DERXW� WKH� SDUWLFLSDQWV� LQ� \RXU� VWXG\� LQ� D� ZD\� WKDW

DFNQRZOHGJHV�WKHLU�SDUWLFLSDWLRQ��7KH�ILIWK�HGLWLRQ�RI�WKH�$3$�3XEOLFDWLRQ�0DQXDO
�������UHFRPPHQGHG�XVLQJ�WKH�JHQHUDO�WHUP�SDUWLFLSDQWV�WR�UHIHU�WR�WKH�LQGLYLGXDOV
ZKR�SDUWLFLSDWHG� LQ� D� VWXG\�� ,Q� WKH� FXUUHQW� VL[WK� HGLWLRQ�� WKLV� UHFRPPHQGDWLRQ�KDV
EHHQ�FKDQJHG�WR�XVLQJ�HLWKHU�WKH�JHQHUDO�WHUP�SDUWLFLSDQWV�RU�VXEMHFWV��,Q�JHQHUDO�
\RX� VKRXOG� EH� VSHFLILF� ZKHQ� GHVFULELQJ� \RXU� UHVHDUFK� SDUWLFLSDQWV�� XVLQJ
GHVFULSWLYH� WHUPV�VXFK�DV�FKLOGUHQ�ZLWK�$'+'�DQG�PLGGOH� VFKRRO� WHDFKHUV�� <RX
VKRXOG� DOVR� XVH� WKH� DFWLYH� YRLFH� ZKHQ� ZULWLQJ� \RXU� UHVHDUFK� UHSRUW� �H�J��� ³WKH
VWXGHQWV� FRPSOHWHG�´� QRW� ³WKH� DVVHVVPHQW� ZDV� FRPSOHWHG� E\� WKH� VWXGHQWV´��� ,Q
JHQHUDO�� WHOO�ZKDW� WKH� UHVHDUFK� SDUWLFLSDQWV� GLG� LQ� D�ZD\� WKDW� DFNQRZOHGJHV� WKHLU
SDUWLFLSDWLRQ��7KHVH�JXLGHOLQHV�QHHG�WR�EH�IROORZHG�WR�DYRLG�ZULWLQJ�LQ�D�ZD\�WKDW
UHIOHFWV� GHPHDQLQJ� DWWLWXGHV� DQG�ELDVHG� DVVXPSWLRQV��.HHSLQJ� WKHVH� JXLGHOLQHV� LQ
PLQG��VSHFLILF�DWWHQWLRQ�VKRXOG�EH�JLYHQ�WR�WKH�IROORZLQJ�LVVXHV�

*HQGHU�3DUWLFLSDQWV�VKRXOG�EH�GHVFULEHG�LQ�D�ZD\�WKDW�DYRLGV�DPELJXLW\�LQ�VH[
LGHQWLW\�RU�VH[�UROH��7KLV�PHDQV�WKDW�\RX�VKRXOG�QHYHU�XVH�KH�WR�UHIHU�WR�ERWK�VH[HV
RU�PDQ�RU�PDQNLQG� WR�UHIHU� WR�SHRSOH� LQ�JHQHUDO��7KH�ZRUGV�SHRSOH�� LQGLYLGXDOV�
DQG�SHUVRQV�FDQ�EH�VXEVWLWXWHG�ZLWKRXW�ORVLQJ�PHDQLQJ�RU�FODULW\�RI�H[SUHVVLRQ�

6H[XDO�2ULHQWDWLRQ�:KHQ�UHIHUULQJ� WR� WKH�HQGXULQJ�SDWWHUQ�RI�VH[XDO�HPRWLRQ�
DWWUDFWLRQ��DQG�EHKDYLRU��\RX�VKRXOG�XVH�WKH�WHUP�VH[XDO�RULHQWDWLRQ�DQG�DYRLG�WKH
WHUP� VH[XDO� SUHIHUHQFH�� $OVR�� \RX� VKRXOG� UHSODFH� OHVV� DFFXUDWH� WHUPV� VXFK� DV
KRPRVH[XDO� ZLWK� WHUPV� VXFK� DV� JD\� PHQ�� ELVH[XDO� PHQ�� OHVELDQV�� DQG� ELVH[XDO



ZRPHQ�ZKHQ�UHIHUULQJ�WR�LQGLYLGXDOV�ZKR�LGHQWLI\�WKLV�ZD\��,Q�JHQHUDO��\RX�VKRXOG
DYRLG�WHUPV�WKDW�KDYH�EHFRPH�ORDGHG�RU�DUH�UHIOHFWLYH�RI�VWHUHRW\SHV�EHFDXVH�GRLQJ
VR�LV�GHQLJUDWLQJ�WR�LQGLYLGXDO�SHRSOH�

5DFLDO�DQG�(WKQLF�,GHQWLW\�5HPHPEHU�WKDW�HWKQLF�DQG�UDFLDO�GHVLJQDWLRQV�RIWHQ
FKDQJH�DQG�FDQ�EHFRPH�GDWHG�DQG�QHJDWLYH��:KHQ�UHIHUULQJ�WR�D�SHUVRQ¶V�HWKQLF�RU
UDFLDO� JURXS�� NHHS� LQ� PLQG� WKH� JXLGHOLQHV� RI� VSHFLILFLW\� DQG� VHQVLWLYLW\� DQG� WKH
UHVHDUFK�SDUWLFLSDQWV¶�SUHIHUUHG�GHVLJQDWLRQV��6RPH�LQGLYLGXDOV�RI�$IULFDQ�DQFHVWU\
PLJKW�SUHIHU�WKH�WHUP�%ODFN�ZKHUHDV�PDQ\�RWKHUV�ZLOO�SUHIHU�$IULFDQ�$PHULFDQ��$W
SUHVHQW��ZKHQ�UHIHUULQJ�WR�SHRSOH�LQGLJHQRXV�WR�1RUWK�$PHULFD��1DWLYH�$PHULFDQ�
$PHULFDQ� ,QGLDQ�� DQG�1DWLYH� 1RUWK� $PHULFDQ� DUH� DOO� DFFHSWHG� WHUPV�� %HFDXVH
WKHUH� DUH� KXQGUHGV� RI� LQGLJHQRXV� JURXSV� RI� SHRSOH�� \RX� VKRXOG� XVXDOO\� WU\� WR� EH
PRUH�VSHFLILF��H�J���6DPRDQV��,QXLW��'LQH��

'LVDELOLWLHV� :KHQ� GHVFULELQJ� LQGLYLGXDOV� ZLWK� KDQGLFDSV�� LW� LV� LPSRUWDQW� WR
PDLQWDLQ�WKHLU�LQWHJULW\�DQG�GLJQLW\�DV�KXPDQ�EHLQJV��$YRLG�ODQJXDJH�HTXDWLQJ�WKHP
ZLWK�WKHLU�FRQGLWLRQ��VXFK�DV�GHVFULELQJ�SDUWLFLSDQWV�DV�FDQFHU�YLFWLPV��RU�WKDW�JLYHV
D�SLFWRULDO�PHWDSKRU��VXFK�DV�ZKHHOFKDLU�ERXQG��,QVWHDG��GHVFULEH�D�SDUWLFLSDQW�DV
D�SHUVRQ�ZKR�KDV�FDQFHU�RU�D�SHUVRQ�ZKR�LV�FRQILQHG�WR�D�ZKHHOFKDLU��6LPLODUO\�
DYRLG�FRQGHVFHQGLQJ�HXSKHPLVPV�VXFK�DV�³VSHFLDO�RU�SK\VLFDOO\�FKDOOHQJHG�´

$JH�7KH�JHQHUDO�UXOH�WR�IROORZ�UHJDUGLQJ�DJH�LV�WR�EH�VSHFLILF�LQ�GHVFULELQJ�WKH
DJH� RI� SDUWLFLSDQWV� DQG� DYRLG� RSHQ�HQGHG� GHILQLWLRQV�� VXFK� DV� RYHU� ���� 3HRSOH
XQGHU�WKH�DJH�RI����FDQ�EH�UHIHUUHG�WR�DV�ER\V�DQG�JLUOV��DQG�LQGLYLGXDOV�DJHG����WR
���FDQ�EH�UHIHUUHG�WR�DV�\RXQJ�PHQ�RU�ZRPHQ�RU�DV� IHPDOH�RU�PDOH�DGROHVFHQWV�
&DOO�SHRSOH����DQG�ROGHU�PHQ�DQG�ZRPHQ��2OGHU�DGXOWV�LV�SUHIHUUHG�WR�HOGHUO\�

)RU� LQIRUPDWLRQ� DERXW� XQELDVHG� ODQJXDJH�� \RX� FDQ� FRQVXOW� WKH� IXOO� $3$
3XEOLFDWLRQ�0DQXDO�� DQG� \RX� VKRXOG� JR� WR�ZZZ�DSDVW\OH�RUJ� DQG� VHDUFK� IRU� WKH
PRVW�UHFHQW�GRFXPHQWV�DERXW�WKH�WRSLFV�ZH�KDYH�GLVFXVVHG�KHUH�

(GLWRULDO�6W\OH��,���
(GLWRULDO� VW\OH� UHIHUV� WR� WKH� UXOHV� RU� JXLGHOLQHV� D� SXEOLVKHU� XVHV� WR� HQVXUH� D

FOHDU��FRQVLVWHQW�SUHVHQWDWLRQ�RI�SXEOLVKHG�PDWHULDO��7KHVH� UXOHV�VSHFLI\� WKH�EDVLF
UXOHV�DQG�JXLGHOLQHV� WR�EH� IROORZHG�ZKHQ�ZULWLQJ� WKH� UHVHDUFK� UHSRUW��%HORZ�ZH
OLVW� DQG� GLVFXVV� VRPH� RI� WKHVH� UXOHV� EDVHG� RQ� WKH�$3$�3XEOLFDWLRQ�0DQXDO�� WKLV
PDQXDO�LV�XVHG�LQ�PRVW�VRFLDO��EHKDYLRUDO��DQG�HGXFDWLRQDO�UHVHDUFK��,I�\RX�UHTXLUH
DGGLWLRQDO�LQIRUPDWLRQ��\RX�VKRXOG�FRQVXOW�WKDW�PDQXDO�

3XQFWXDWLRQ��,��$�
7KH� SULPDU\� UXOH� FKDQJH�ZLWK� UHJDUG� WR� SXQFWXDWLRQ� LV� WKDW� \RX� DUH� WR� VSDFH

WZLFH� DIWHU� WKH� HQG� RI� D� VHQWHQFH�� 7KH� $3$� 3XEOLFDWLRQ� 0DQXDO� KDV
UHFRPPHQGDWLRQV� UHJDUGLQJ� YLUWXDOO\� DOO� SXQFWXDWLRQ� LVVXHV�� ,I� \RX� DUH� XQFHUWDLQ
DERXW� D� SDUWLFXODU� SXQFWXDWLRQ� LVVXH�� FRQVXOW� WKH�$3$�3XEOLFDWLRQ�0DQXDO�� $OVR�
VRPH� RI� WKH� PRUH� FRPPRQ� SXQFWXDWLRQ� PLVWDNHV� DUH� H[SODLQHG� LQ� WKH� GRFXPHQW
³%XUNH¶V� :ULWLQJ� 7LSV´� DW� WKLV� ERRN¶V� FRPSDQLRQ� ZHEVLWH�� +HUH� DUH� IRXU� UXOHV
ZKHUH�PLVWDNHV�DUH�RIWHQ�PDGH�
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����$OZD\V�LQFOXGH�D�FRPPD�EHIRUH�WKH�DQG�LQ�D�VHULHV��H�J���DSSOHV��RUDQJHV�
DQG�SHDUV��

����&RPPDV�DQG�SHULRGV�DUH�LQFOXGHG�LQVLGH�WKH�TXRWH�PDUNV��H�J���3RSXODU
WHUPV�LQ�KLJK�VFKRRO�DUH�³JHHNV�´�³GRUNV�´�DQG�³MRFNV�´��

����6HSDUDWH�WZR�LQGHSHQGHQW�FODXVHV�ZLWK�D�VHPLFRORQ��QRW�D�FRPPD�

����3UHFHGH�D�FRORQ�ZLWK�DQ�LQGHSHQGHQW�FODXVH��$Q�LQGHSHQGHQW�FODXVH�LV�D�VHW
RI�ZRUGV�WKDW�FRXOG�VWDQG�DORQH�DV�D�VHQWHQFH�

,WDOLFV��,��%�
$V�D�JHQHUDO�UXOH��XVH�LWDOLFV�LQIUHTXHQWO\��8VH�WKH�LWDOLFV�IXQFWLRQ�RI�\RXU�ZRUG

SURFHVVLQJ�VRIWZDUH�IRU�ZRUGV�WKDW�DUH�WR�DSSHDU�LQ�LWDOLFV��,WDOLFV�DUH�UHTXLUHG�IRU
VRPH�ZULWWHQ�LWHPV��LQFOXGLQJ�WLWOHV��H�J���RI�ERRNV��MRXUQDOV���LQLWLDO�LQWURGXFWLRQ�RI
D� QHZ� WHFKQLFDO� WHUP�� PDQ\� VWDWLVWLFDO� V\PEROV�� DQG� ZRUGV� WKDW� PLJKW� HDVLO\� EH
PLVUHDG��'R�QRW� XVH� LWDOLFV� IRU� IRUHLJQ�ZRUGV� WKDW� DSSHDU� LQ�(QJOLVK�GLFWLRQDULHV
�H�J���D�SULRUL��SHU�VH��HW�DO���RU�IRU�*UHHN�OHWWHUV��8VH�LWDOLFV�IRU�HPSKDVLV�UDUHO\��LI
DW�DOO�

$EEUHYLDWLRQV��,��&�
<RX� VKRXOG� XVH� DEEUHYLDWLRQV� VSDULQJO\�� $EEUHYLDWH� RQO\� ZKHQ� WKH

DEEUHYLDWLRQV�DUH�FRQYHQWLRQDO�DQG�OLNHO\�WR�EH�IDPLOLDU�WR�WKH�UHDGHU�RU�ZKHQ�\RX
FDQ� VDYH�FRQVLGHUDEOH� VSDFH�DQG�DYRLG�FXPEHUVRPH� UHSHWLWLRQ��$�JHQHUDO� UXOH� WR
IROORZ�LV�WR�DEEUHYLDWH�RQO\�ZKHQ�WKH�DEEUHYLDWLRQ�ZLOO�KHOS�\RX�FRPPXQLFDWH�ZLWK
\RXU�UHDGHU��7KH�IROORZLQJ�/DWLQ�DEEUHYLDWLRQV�DUH�WR�EH�XVHG�RQO\�LQ�SDUHQWKHWLFDO
PDWHULDO��FI���FRPSDUH���H�J����IRU�H[DPSOH���HWF���DQG�VR�IRUWK���L�H����WKDW�LV���YL]��
�QDPHO\��� DQG� YV�� �YHUVXV�� DJDLQVW��� 7KH� H[FHSWLRQ� WR� WKLV� UXOH� LV� WKH� /DWLQ
DEEUHYLDWLRQ�HW�DO���DQG�RWKHUV���ZKLFK�LV�XVHG�LQ�WKH�WH[W�RI�WKH�PDQXVFULSW��6RPH
XQLWV� RI� WLPH�� VXFK� DV� VHFRQG�� KRXU�� PLQXWH�� PLOOLVHFRQG�� DQG� QDQRVHFRQG� DUH
DEEUHYLDWHG� ZLWK� V�� KU�� PLQ�� PV�� DQG� QV�� 'D\�� ZHHN�� PRQWK�� DQG� \HDU� DUH� QRW
DEEUHYLDWHG��$EEUHYLDWLRQV�DQG�V\PEROV�DUH�XVHG�IRU�PDQ\�PHDVXUHPHQW�XQLWV��VXFK
DV�P��PHWHU���1��QHZWRQ���S�P���SRVW�PHULGLHP���DQG�9��YROW���7KHVH�DEEUHYLDWLRQV
DUH� QRW� LWDOLFL]HG�RU� XQGHUOLQHG��6RPH� DEEUHYLDWLRQV� DUH� QRZ�DFFHSWHG� DV�ZRUGV
�H�J��� $,'6�� +,9�� ,4�� (63��� 0DQ\� RWKHU� DEEUHYLDWLRQV�� LGHQWLILHG� LQ� WKH� $3$
3XEOLFDWLRQ�0DQXDO��FDQ�EH�XVHG�LQ�D�UHVHDUFK�UHSRUW��DQG�WKLV�PDQXDO�VKRXOG�EH
FRQVXOWHG�SULRU�WR�XVLQJ�DEEUHYLDWLRQV�QRW�PHQWLRQHG�KHUH�

+HDGLQJV��,��'�
+HDGLQJV�LQGLFDWH�WKH�RUJDQL]DWLRQ�RI�\RXU�PDQXVFULSW��7KHUH�DUH�ILYH�OHYHOV�RI

KHDGLQJV�LQ�D�PDQXVFULSW��DQG�WKH\�KDYH�WKH�IROORZLQJ�WRS�GRZQ�SURJUHVVLRQ��$3$�
������S������



1RWH�WKDW�ORZHUFDVH�SDUDJUDSK�KHDGLQJV��L�H��� OHYHOV�������DQG����EHJLQ�ZLWK�D
FDSLWDO�OHWWHU�DQG�DOO�UHPDLQLQJ�OHWWHUV�DUH�ORZHUFDVH��$OVR��ZULWWHQ�WH[W�EHJLQV�RQ
WKH�VDPH�OLQH�DV�WKH�ORZHUFDVH�SDUDJUDSK�KHDGLQJV�

$OO�KHDGLQJV�DUH�QRW�XVHG�LQ�HYHU\�PDQXVFULSW��7KH�ORJLF�RI�$3$�VW\OH�KHDGLQJV
XVH� LV�VLPSOH�� ,I�RQO\�RQH� OHYHO�RI�KHDGLQJ� LV�QHHGHG� LQ�DQ�DUWLFOH��XVH� OHYHO���� ,I
WZR�OHYHOV�DUH�QHHGHG��XVH� OHYHOV���DQG����DQG�VR�IRUWK��7KH�IROORZLQJ�LOOXVWUDWHV
WKH�XVH�RI�VHYHUDO�OHYHOV�RI�KHDGLQJV�

'R�QRW�XVH�OHWWHUV�RU�QXPEHUV�WR�PDUN�\RXU�KHDGLQJV��H�J��,��,,��,,,��

4XRWDWLRQ��,��(�
,Q�&KDSWHU���ZH�GLVFXVVHG�SODJLDULVP�DQG�GHILQHG� LW�DV�XVLQJ�ZRUN�SURGXFHG

E\�RWKHUV�DQG�SUHVHQWLQJ� LW�DV�\RXU�RZQ��:KHQ�XVLQJ�DXWKRUV¶�H[DFW�ZRUGV��L�H���D
VWULQJ�RI�IRXU�RU�PRUH�ZRUGV���\RX�PXVW�DOZD\V�IROORZ�WKH�WZR�SULPDU\�TXRWDWLRQ
UXOHV��4XRWDWLRQ� UXOH��� VWDWHV� WKDW� D�TXRWDWLRQ�RI� IHZHU� WKDQ����ZRUGV� LV� LQVHUWHG
LQWR�WKH�WH[W�DQG�HQFORVHG�ZLWK�GRXEOH�TXRWDWLRQ�PDUNV��4XRWDWLRQ�UXOH���VWDWHV�WKDW
D� TXRWDWLRQ� RI� ��� RU� PRUH� ZRUGV� LV� GLVSOD\HG� LQ� D� IUHHVWDQGLQJ� EORFN� RI� OLQHV
ZLWKRXW�TXRWDWLRQ�PDUNV�EXW�LQGHQWHG�DERXW�D�KDOI�LQFK�DQG�VWDUWHG�RQ�D�QHZ�OLQH��,Q
ERWK�FDVHV��\RX�PXVW�LQFOXGH�WKH�DXWKRU�DQG�\HDU�RI�SXEOLFDWLRQ�RI�WKH�TXRWDWLRQ�DQG
LQFOXGH� WKH� IXOO� FLWDWLRQ� RI� WKH�ZRUN� LQ� WKH� UHIHUHQFH� VHFWLRQ� RI� \RXU�PDQXVFULSW�
:LWK�ERWK�EORFN�TXRWDWLRQV�DQG�TXRWDWLRQV� LQVHUWHG� LQWR� WKH� WH[W��\RX�PXVW� LQFOXGH
WKH�VSHFLILF�SDJH�IURP�ZKLFK�WKH�TXRWH�LV�WDNHQ�



1XPEHUV��,��)�
8VH�ZRUGV� WR� H[SUHVV� QXPEHUV� WKDW� EHJLQ� D� VHQWHQFH� DV� ZHOO� DV� DQ\� QXPEHU

EHORZ�����8VH�QXPHUDOV� WR�H[SUHVV�DOO�RWKHU�QXPEHUV��([FHSWLRQV� WR� WKLV� UXOH�DUH
VSHFLILHG�LQ�WKH�$3$�3XEOLFDWLRQ�0DQXDO��:KHQ�\RX�H[SUHVV�QXPHUDOV��PDNH�VXUH
WKDW�\RX�XVH�$UDELF�����������DQG�QRW�5RPDQ��,��,,��,,,��QXPHUDOV�

3K\VLFDO�0HDVXUHPHQWV��,��*�
6WDWH�DOO�SK\VLFDO�PHDVXUHPHQWV�LQ�PHWULF�XQLWV��,I�D�PHDVXUHPHQW�LV�H[SUHVVHG

LQ�QRQPHWULF�XQLWV��SXW�LWV�PHWULF�HTXLYDOHQW�LQ�SDUHQWKHVHV�

3UHVHQWDWLRQ�RI�6WDWLVWLFDO�5HVXOWV��,��+�
:KHQ� SUHVHQWLQJ� WKH� UHVXOWV� RI� LQIHUHQWLDO� VWDWLVWLFDO� WHVWV� LQ� WKH� WH[W�� SURYLGH

HQRXJK� LQIRUPDWLRQ� WR� DOORZ� WKH� UHDGHU� WR� XQGHUVWDQG� IXOO\� WKH� DQDO\VLV� WKDW�ZDV
FRQGXFWHG�� :KHQ� UHSRUWLQJ� VWDWLVWLFDO� WHVWV�� \RX� VKRXOG� SURYLGH� WKH� WHVW� VWDWLVWLF
YDOXH�� GHJUHHV� RI� IUHHGRP�� SUREDELOLW\� YDOXH�� DQG� DQ� HIIHFW� VL]H� LQGLFDWRU� RI� WKH
PDJQLWXGH�RI�UHODWLRQVKLS�RU�DQ�HIIHFW�VL]H�FRQILGHQFH�LQWHUYDO��)RU�H[DPSOH��W�DQG
)�WHVWV�FRXOG�EH�UHSRUWHG�DV�IROORZV�

W����� �������S� ������G� �����������&,�>����������@

)�������� �������S� ������HVW�Ȧ�� ����

:KHQ�UHSRUWLQJ�FRQILGHQFH�LQWHUYDOV��\RX�VKRXOG�SXW�WKH�ORZHU�DQG�XSSHU�OLPLW
LQ�EUDFNHWV�SUHFHGHG�E\�LWV�GHVLJQDWLRQ��VXFK�DV�LQ�WKH�IROORZLQJ�H[DPSOH�

����&,�>±����������@

5HIHUHQFH�&LWDWLRQV�LQ�WKH�7H[W��,��,�
:KHQ�\RX�FLWH� WKH�ZRUN�RI�RWKHUV� LQ� WKH� WH[W�RI� WKH� UHVHDUFK� UHSRUW�� \RX�PXVW

JLYH� WKHP� FUHGLW� E\� UHIHUHQFLQJ� WKH� ZRUN� \RX� KDYH� XVHG�� 8VH� WKH� DXWKRU�GDWH
FLWDWLRQ�PHWKRG��ZKLFK�LQYROYHV�LQVHUWLQJ�WKH�DXWKRU¶V�VXUQDPH�DQG�WKH�SXEOLFDWLRQ
GDWH�DW�WKH�DSSURSULDWH�SRLQW��DV�IROORZV�

6PLWK��������UHSRUWHG�WKDW�HGXFDWLRQ�DQG�LQFRPH�ZHUH�SRVLWLYHO\�FRUUHODWHG�IRU
DOO�JURXSV�

RU

,W� KDV� EHHQ� GHPRQVWUDWHG� �6PLWK�� ������ WKDW� HGXFDWLRQ� DQG� LQFRPH� DUH
SRVLWLYHO\�FRUUHODWHG�

RU



5HVHDUFK� KDV� VKRZQ� WKDW� HGXFDWLRQ� DQG� LQFRPH� DUH� SRVLWLYHO\� FRUUHODWHG
�6PLWK��������

:LWK� WKLV� LQIRUPDWLRQ�� WKH� UHDGHU�FDQ� WXUQ� WR� WKH� UHIHUHQFH� OLVW�RI�\RXU�PDQXVFULSW
DQG�ORFDWH�FRPSOHWH�LQIRUPDWLRQ�UHJDUGLQJ�WKH�VRXUFH��0XOWLSOH�FLWDWLRQV�LQYROYLQJ
WKH�VDPH�DXWKRU�DUH�DUUDQJHG�LQ�FKURQRORJLFDO�RUGHU�

6PLWK�������������������������

0XOWLSOH�FLWDWLRQV�LQYROYLQJ�GLIIHUHQW�DXWKRUV�DUH�DUUDQJHG�DOSKDEHWLFDOO\�

6HYHUDO� VWXGLHV� �$GDPV��������&R[��������6PLWK�� ������7KRPDV��������KDYH
UHYHDOHG�WKDW�WKH�GHYHORSPHQWDO�FKDQJHV������

,I�D�FLWDWLRQ�LQFOXGHV�PRUH�WKDQ�WZR�EXW�IHZHU�WKDQ�VL[�DXWKRUV��DOO�DXWKRUV�VKRXOG�EH
FLWHG� WKH� ILUVW� WLPH� WKH� UHIHUHQFH� LV� XVHG�� 6XEVHTXHQW� FLWDWLRQV� LQFOXGH� RQO\� WKH
VXUQDPH� RI� WKH� ILUVW� DXWKRU�� IROORZHG� E\� WKH� DEEUHYLDWLRQ� HW� DO�� DQG� WKH� \HDU� WKH
DUWLFOH�ZDV�SXEOLVKHG�DV�IROORZV�

6PLWK�HW�DO��������

,I�VL[�RU�PRUH�DXWKRUV�DUH�DVVRFLDWHG�ZLWK�D�FLWDWLRQ��RQO\�WKH�VXUQDPH�RI� WKH�ILUVW
DXWKRU�IROORZHG�E\�HW�DO��LV�XVHG�IRU�DOO�FLWDWLRQV��<RX�ZLOO�QHHG�WR�FRQVXOW�WKH�$3$
3XEOLFDWLRQ�0DQXDO�LI�\RX�HQFRXQWHU�UHIHUHQFHV�IURP�VRXUFHV�QRW�H[SODLQHG�KHUH�

5HIHUHQFH�/LVW��,���
$OO� FLWDWLRQV� LQ� WKH� WH[W� RI� WKH� UHVHDUFK� UHSRUW� PXVW� EH� FLWHG� DFFXUDWHO\� DQG

FRPSOHWHO\�LQ�WKH�UHIHUHQFH�OLVW�VR�WKDW�LW�LV�SRVVLEOH�IRU�UHDGHUV�WR�ORFDWH�WKH�ZRUNV�
7KLV� PHDQV� WKDW� HDFK� HQWU\� VKRXOG� LQFOXGH� WKH� QDPH� RI� WKH� DXWKRU�� \HDU� RI
SXEOLFDWLRQ�� WLWOH��SXEOLVKLQJ�GDWD�� DQG�DQ\�RWKHU� LQIRUPDWLRQ�QHFHVVDU\� WR� LGHQWLI\
WKH�UHIHUHQFH��$OO�UHIHUHQFHV�DUH�WR�DSSHDU�LQ�DOSKDEHWLFDO�RUGHU�E\�WKH�VXUQDPH�RI
WKH� ILUVW� DXWKRU� DQG� W\SHG�GRXEOH�VSDFHG�ZLWK�D�KDQJLQJ� LQGHQW� DQG�RQ�D� VHSDUDWH
SDJH�ZLWK� WKH�ZRUG�5HIHUHQFHV� FHQWHUHG� DW� WKH� WRS� RI� WKH� SDJH� LQ� XSSHUFDVH� DQG
ORZHUFDVH�OHWWHUV�

7KH�JHQHUDO�IRUP�RI�D�UHIHUHQFH�LV�DV�IROORZV�IRU�D�SHULRGLFDO��ERRN��DQG�ERRN
FKDSWHU��UHVSHFWLYHO\�

&DQQHG��,��%���	�+DG��8��%����������0RGHUDWLQJ�YLROHQFH�LQ�D�YLROHQW�VRFLHW\�
-RXUQDO�RI�9LROHQFH�DQG�3HDFH�0DNLQJ���������±����

%UHH]H��&����������:K\�FKLOGUHQ�NLOO��1HZ�<RUN��1<��$FDGHPLF�
*RRG��,��0����������0RUDO�GHYHORSPHQW�LQ�YLROHQW�FKLOGUHQ��,Q�$��:ULWHU�	�1�
$XWKRU��(GV����7KH�DQDWRP\�RI�YLROHQW�FKLOGUHQ��SS�����±������:DVKLQJWRQ��'&�
.LOOHU�%RRNV�



)RU�HOHFWURQLF�VRXUFHV�DQG�ORFDWRU�LQIRUPDWLRQ��VRPH�RI�WKH�PRGHOV�XVHG�LQ�WKH
SDVW�IRU�UHIHUHQFLQJ�GR�QRW�DSSO\�EHFDXVH�VRPHWLPHV�LW�LV�GLIILFXOW�WR�WHOO�ZKHWKHU�DQ
RQOLQH�YHUVLRQ�RI�DQ�DUWLFOH� LV�DQ�DGYDQFHG�YHUVLRQ�RU� WKH�YHUVLRQ�RI� UHFRUG��7KH
JHQHUDO�UHFRPPHQGDWLRQ�LV�WR�XVH�WKH�VDPH�HOHPHQWV�ZKHQ�UHIHUHQFLQJ�DQ�HOHFWURQLF
VRXUFH� DV� \RX� ZRXOG� D� IL[HG�PHGLD� VRXUFH� DQG� WKHQ� DGG� DV� PXFK� HOHFWURQLF
UHWULHYDO�LQIRUPDWLRQ�DV�QHFHVVDU\�WR�DOORZ�RWKHUV�WR�ORFDWH�WKH�VRXUFH�\RX�FLWHG��,Q
WKH�SDVW��LI�\RX�FLWHG�LQIRUPDWLRQ�REWDLQHG�IURP�WKH�,QWHUQHW��\RX�LQFOXGHG�WKH�KRPH
SDJH�XQLIRUP�UHVRXUFH� ORFDWRU��85/��RI� WKH� MRXUQDO��ERRN��RU�UHSRUW�SXEOLVKHU��DV
VKRZQ� LQ� WKH� IROORZLQJ� H[DPSOHV� RI� �D�� DQ� DUWLFOH� SXEOLVKHG� LQ� D� MRXUQDO� WKDW
DSSHDUHG�RQO\�RQ�WKH�,QWHUQHW�DQG��E��D�GRFXPHQW�DSSHDULQJ�RQ�WKH�,QWHUQHW�

9DQ�&DPS��5���	�5RWK��&����������5ROH�RI�SDUHQWDO�GLVFLSOLQH�RQ�FODVVURRP
EHKDYLRU��-RXUQDO�RI�&KLOG�DQG�$GROHVFHQW�%HKDYLRU���������±�����5HWULHYHG
IURP�KWWS���ZZZ�HVFLHQFHFHQWUDO�RUJ�MRXUQDOV�FKLOG�DQG�DGROHVFHQW�
EHKDYLRU�SKS

7DVN�)RUFH�RQ�7HHQ�3UHJQDQF\�LQ�WKH�6RXWKHDVWHUQ�5HJLRQ���Q�G����0HWKRGV�IRU
UHGXFLQJ�WHHQ�SUHJQDQF\��5HWULHYHG�IURP�KWWS���ZZZ�UHGXFHWHHQSUHJQDQF\�RUJ

+RZHYHU��FRQWHQW�RQ�WKH�,QWHUQHW�LV�IUHTXHQWO\�PRYHG�RU�GHOHWHG��ZKLFK�UHVXOWV
LQ� QRQZRUNLQJ� 85/V�� 7R� RYHUFRPH� WKLV� GLIILFXOW\�� D� JURXS� RI� LQWHUQDWLRQDO
SXEOLVKHUV�GHYHORSHG�WKH�GLJLWDO�REMHFW�LGHQWLILHU��'2,��V\VWHP�WR�SURYLGH�D�VWDEOH
PHDQV�RI�LGHQWLI\LQJ�LQIRUPDWLRQ�RQ�GLJLWDO�QHWZRUNV��7KLV�V\VWHP�DVVLJQV�D�XQLTXH
LGHQWLILHU�WR�HDFK�DUWLFOH�WKDW�GLUHFWV�\RX�WR�WKH�DUWLFOH�UHJDUGOHVV�RI�ZKHUH�LW�UHVLGHV
RQ�WKH�,QWHUQHW��3XEOLVKHUV�DVVLJQ�D�'2,�WR�DQ�DUWLFOH�ZKHQ�LW�LV�SXEOLVKHG�DQG�PDGH
DYDLODEOH�LQ�DQ�HOHFWURQLF�IRUPDW��7KH�'2,�LV�ORFDWHG�RQ�WKH�ILUVW�SDJH�RI�WKH�DUWLFOH�
$�UHIHUHQFH�WR�D�MRXUQDO�DUWLFOH�ZLWK�D�'2,�ZRXOG�WDNH�WKH�IROORZLQJ�IRUP�

-RKQVRQ��%����������7KH�DGYDQWDJHV�RI�GRLQJ�D�JURXQGHG�WKHRU\�VWXG\��-RXUQDO�RI
$GYDQFHG�4XDOLWDWLYH�0HWKRGV���������±�����GRL���������M�DTP������������

<RX�ZLOO� QHHG� WR� FRQVXOW� WKH�$3$� 3XEOLFDWLRQ�0DQXDO� LI� \RX� QHHG� WR� UHIHUHQFH
LWHPV�QRW�GLVFXVVHG�KHUH�

7\SLQJ��,���
:KHQ� W\SLQJ�\RXU�PDQXVFULSW�� GRXEOH�VSDFH� DOO�PDWHULDO� DQG� VHOHFW� D� XQLIRUP

W\SHIDFH��7LPHV�1HZ�5RPDQ�ZLWK�D����SRLQW�IRQW�VL]H�LV�WKH�SUHIHUUHG�W\SHIDFH�IRU
$3$� SXEOLFDWLRQV�� 7KHUH� VKRXOG� EH� ��LQFK�PDUJLQV� ������ FHQWLPHWHUV�� DW� WKH� WRS�
ERWWRP��OHIW��DQG�ULJKW�RI�HYHU\�SDJH��8VH�WKH�LWDOLF�DQG�EROG�IXQFWLRQV�RI�\RXU�ZRUG
SURFHVVLQJ�VRIWZDUH�DV�ZHOO�DV�RWKHU�VSHFLDO�IRQWV�RU�VW\OHV�RI�W\SH�DV�VSHFLILHG�LQ
WKH�$3$�3XEOLFDWLRQ�0DQXDO�

:5,7,1*�$1�$3$�67</(�48$17,7$7,9(�5(6($5&+�5(3257
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�,,�
7KHUH�DUH�VHYHQ�PDMRU�VHFWLRQV�LQ�WKH�UHVHDUFK�UHSRUW�

����7LWOH�SDJH

����$EVWUDFW

����,QWURGXFWLRQ

����0HWKRG

����5HVXOWV

����'LVFXVVLRQ

����5HIHUHQFHV

�6HH�-RXUQDO�$UWLFOH������RQ�WKH�6WXGHQW�6WXG\�6LWH�

,Q� &KDSWHU� �� ZH� GLVFXVVHG� VHYHUDO� RI� WKHVH� VHFWLRQV� DV� WKH\� DUH� XVHG� LQ� D
UHVHDUFK� SURSRVDO�� ,Q� WKLV� FKDSWHU�ZH� IRFXV� RQ�ZULWLQJ� WKH� ILQDO� UHVHDUFK� UHSRUW�
:KHQ� ORRNLQJ� DERYH� DW� WKH� VHYHQ� VHFWLRQV�� QRWH� WKDW� WKH� 5HVXOWV� VHFWLRQ� DQG� WKH
'LVFXVVLRQ�VHFWLRQ�DUH�QRW�LQFOXGHG�LQ�D�UHVHDUFK�SURSRVDO�EHFDXVH�WKH�UHVHDUFK�KDV
QRW� \HW� EHHQ� FRQGXFWHG�� 7KHVH� WZR� PDMRU� VHFWLRQV� DUH� LQFOXGHG� LQ� WKH� UHVHDUFK
UHSRUW��KRZHYHU��EHFDXVH�WKH�UHVHDUFK�UHSRUW�LV�ZKHUH�\RX�ZULWH�XS�\RXU�FRPSOHWHG
UHVHDUFK�VWXG\��:H�QRZ�SUHVHQW�WKH�PDWHULDO�WR�EH�LQFOXGHG�LQ�HDFK�RI�WKHVH�VHYHQ
VHFWLRQV�

7LWOH�3DJH��,,���
7KH� WLWOH� SDJH� FRQWDLQV� D� UXQQLQJ� KHDG�� WLWOH�� DXWKRU�V�� DQG� LQVWLWXWLRQDO

DIILOLDWLRQ�V�� RI� WKH� DXWKRU�V��� DQG� DXWKRU� QRWH�� 7KH� UXQQLQJ� KHDG�� ZKLFK� LV� D
VKRUWHQHG�YHUVLRQ�RI�WKH�WLWOH��LV�W\SHG�IOXVK�OHIW�LQ�XSSHUFDVH�OHWWHUV�DW�WKH�WRS�RI�WKH
WLWOH�SDJH�DQG�RQ�DOO�VXEVHTXHQW�SDJHV��7KH�WLWOH�LV�FHQWHUHG�RQ�WKH�SDJH�DQG�W\SHG�LQ
XSSHUFDVH�DQG�ORZHUFDVH�OHWWHUV��,W�VKRXOG�FOHDUO\�VXPPDUL]H�WKH�PDLQ�WRSLF�RI�WKH
SDSHU�DQG�FRQFLVHO\�LGHQWLI\�WKH�YDULDEOHV�RU�WKHRUHWLFDO�LVVXHV�XQGHU�LQYHVWLJDWLRQ
DQG�WKH�UHODWLRQVKLS�EHWZHHQ�WKHP�WKDW�LV�H[DPLQHG��7KH�OHQJWK�RI�WKH�WLWOH�VKRXOG�EH
���ZRUGV�RU�IHZHU�

7KH� QDPHV� RI� DXWKRUV� ZKR� KDYH�PDGH� D� VXEVWDQWLDO� FRQWULEXWLRQ� WR� WKH� VWXG\
VKRXOG� DSSHDU� LPPHGLDWHO\� EHORZ� WKH� WLWOH� W\SHG� LQ� XSSHUFDVH� DQG� ORZHUFDVH
OHWWHUV��FHQWHUHG�RQ�WKH�SDJH�DQG�LQ�WKH�RUGHU�RI�WKHLU�FRQWULEXWLRQ�WR�WKH�VWXG\��7KH
SUHIHUUHG�IRUP�LV�WR�XVH�WKH�DXWKRU¶V�ILUVW�QDPH��PLGGOH�LQLWLDO��DQG�ODVW�QDPH�ZLWK
WLWOHV� DQG� GHJUHHV� RPLWWHG�� 7KH� LQVWLWXWLRQDO� DIILOLDWLRQ� ZKHUH� WKH� DXWKRU�V�
FRQGXFWHG�WKH�VWXG\�LV�FHQWHUHG�XQGHU�WKH�DXWKRU�V��QDPH�

7KH�ODEHO�³$XWKRU�1RWH´�LV�FHQWHUHG�DQG�SODFHG�EHORZ�WKH�DXWKRU¶V�LQVWLWXWLRQDO
DIILOLDWLRQ�� 7KH� $XWKRU� 1RWH� VKRXOG� SURYLGH� LQIRUPDWLRQ� DERXW� HDFK� DXWKRU¶V
GHSDUWPHQWDO�DIILOLDWLRQ��DQ\�DFNQRZOHGJPHQWV��GLVFODLPHUV��RU�FRQIOLFWV�RI�LQWHUHVW�



DQG� KRZ� WR� FRQWDFW� WKH� DXWKRU�� (DFK� ELW� RI� LQIRUPDWLRQ� LV� SURYLGHG� LQ� D� VHSDUDWH
SDUDJUDSK�� DQG� HDFK� SDUDJUDSK� LV� VWDUWHG� ZLWK� DQ� LQGHQW�� 7KH� ILUVW� SDUDJUDSK
LGHQWLILHV� WKH� GHSDUWPHQWDO� DIILOLDWLRQ� RI� HDFK� DXWKRU� DW� WKH� WLPH� WKH� VWXG\� ZDV
FRQGXFWHG��7KH� VHFRQG�SDUDJUDSK� LGHQWLILHV� DQ\�FKDQJH� LQ�DXWKRU�DIILOLDWLRQ� VLQFH
WKH�FRPSOHWLRQ�RI�WKH�VWXG\��7KH�WKLUG�SDUDJUDSK�SURYLGHV�DFNQRZOHGJPHQW�RI�DQ\
ILQDQFLDO�VXSSRUW�IRU�WKH�VWXG\�RU�DVVLVWDQFH�LQ�FRPSOHWLQJ�WKH�VWXG\��7KLV�SDUDJUDSK
DOVR�LQFOXGHV�LQIRUPDWLRQ�DERXW�DQ\�VSHFLDO�FLUFXPVWDQFHV�VXUURXQGLQJ�WKH�UHVHDUFK
QHHGLQJ�GLVFORVXUH��H�J���GLVFODLPHUV�RU�SHUFHLYHG�FRQIOLFWV�RI�LQWHUHVW���7KH�IRXUWK
SDUDJUDSK�SURYLGHV�FRQWDFW�LQIRUPDWLRQ�IRU�WKH�SULPDU\�SHUVRQ�ZLWK�ZKRP�UHDGHUV
VKRXOG�FRUUHVSRQG�UHJDUGLQJ�WKH�UHSRUW��7KLV�LQFOXGHV�D�FRPSOHWH�PDLOLQJ�DQG�HPDLO
DGGUHVV�RI�WKH�FRQWDFW�SHUVRQ��,I�DQ\�RI�WKH�IRXU�SDUDJUDSKV�LV�QRW�UHOHYDQW�IRU�\RXU
VWXG\�� WKDW� SDUDJUDSK� LV� GLVUHJDUGHG�� 7KHUHIRUH�� VRPH� ³$XWKRU�1RWH´� LQIRUPDWLRQ
ZLOO� KDYH� RQO\� WZR� RU� WKUHH� SDUDJUDSKV�� 2XU� VDPSOH� $3$�VW\OH� UHVHDUFK� UHSRUW
SURYLGHG� ODWHU� LQ� WKLV� FKDSWHU� �VWDUWLQJ� RQ� SDJH� ����� KDV� WKUHH� DXWKRU� QRWH
SDUDJUDSKV�

$OO�SDJHV�RI�WKH�PDQXVFULSW�DUH�WR�EH�QXPEHUHG�FRQVHFXWLYHO\��DW�WKH�WRS�ULJKW�RI
WKH�SDJH��EHJLQQLQJ�ZLWK�WKH�WLWOH�SDJH�

$EVWUDFW��,,���
7KH�DEVWUDFW�LV�D�FRPSUHKHQVLYH�VXPPDU\�RI�WKH�FRQWHQWV�RI�WKH�UHVHDUFK�UHSRUW�

:RUG�OLPLWV�YDU\�IURP�MRXUQDO�WR�MRXUQDO��EXW�W\SLFDOO\�WKH�DEVWUDFW�UDQJHV�IURP����
WR� ���� ZRUGV�� 7KH� DEVWUDFW� VKRXOG� EH� W\SHG� RQ� D� VHSDUDWH� SDJH� ZLWK� WKH� ZRUG
$EVWUDFW� FHQWHUHG� DW� WKH� WRS� RI� WKH� SDJH� LQ� XSSHUFDVH� DQG� ORZHUFDVH� OHWWHUV��7KH
DEVWUDFW�VKRXOG�EH�D�VLQJOH�SDUDJUDSK�ZLWK�QR�SDUDJUDSK�LQGHQWDWLRQ��DQG�LW�VKRXOG
EH� DFFXUDWH�� FRQFLVH�� DQG� FRKHUHQW�� $Q� DEVWUDFW� RI� DQ� HPSLULFDO� VWXG\� VKRXOG
VXPPDUL]H� WKH� SUREOHP�� WKH� UHVHDUFK� SDUWLFLSDQWV�� WKH� PHWKRG� XVHG�� WKH� EDVLF
ILQGLQJV�RU�UHVXOWV�RI�WKH�VWXG\��LQFOXGLQJ�VWDWLVWLFDO�VLJQLILFDQFH�OHYHOV��HIIHFW�VL]H�
DQG� FRQILGHQFH� OHYHOV��� DQG� DQ\� LPSRUWDQW� FRQFOXVLRQV� DQG� WKHLU� DSSOLFDWLRQV� RU
LPSOLFDWLRQV�

,QWURGXFWLRQ��,,���
7KH� UHVHDUFK� UHSRUW�EHJLQV�ZLWK� WKH� LQWURGXFWLRQ��ZKLFK� LV�QRW� ODEHOHG�ZLWK�D

KHDGLQJ�EHFDXVH�RI�LWV�SRVLWLRQ�LQ�WKH�SDSHU��7\SH�WKH�WLWOH�RI�WKH�SDSHU�LQ�XSSHU�DQG
ORZHUFDVH�OHWWHUV�DQG�FHQWHU�LW�DW�WKH�WRS�RI�WKH�SDJH��7KH�LQWURGXFWLRQ�SUHVHQWV�WKH
VSHFLILF�SUREOHP�EHLQJ�LQYHVWLJDWHG�LQ�WKH�FRQWH[W�RI�SULRU�UHVHDUFK�DQG�GHVFULEHV
WKH� UHVHDUFK� VWUDWHJ\��<RX� VKRXOG�XVXDOO\�EHJLQ�ZLWK�D�JHQHUDO� LQWURGXFWLRQ� WR� WKH
SUREOHP� DUHD� DQG� SHUKDSV� D� VWDWHPHQW� RI� WKH� SRLQW� RI� WKH� VWXG\��7KH� LQWURGXFWLRQ
FRQWLQXHV�ZLWK�D�UHYLHZ�RI�SULRU�VWXGLHV�WKDW�KDYH�EHHQ�FRQGXFWHG�LQ�WKH�DUHD�DQG
UHODWH� WR� WKH� VSHFLILF� LVVXH� EHLQJ� LQYHVWLJDWHG�� 7KLV� OLWHUDWXUH� UHYLHZ� LV� QRW
H[KDXVWLYH��LW�FLWHV�RQO\�VWXGLHV�WKDW�DUH�GLUHFWO\�SHUWLQHQW�WR�SODFH�WKH�FXUUHQW�VWXG\
LQ�WKH�FRQWH[W�RI�SULRU�ZRUN�DQG�JLYHV�DQ�DSSURSULDWH�KLVWRU\�DQG�UHFRJQLWLRQ�RI�WKH
ZRUN� RI� RWKHUV��$Q� H[KDXVWLYH� UHYLHZ�RI� WKH� OLWHUDWXUH� LV�PRUH� DSSURSULDWH� IRU� D



WKHVLV�RU�GLVVHUWDWLRQ�
$IWHU� LQWURGXFLQJ� WKH� UHVHDUFK� SUREOHP� DQG� UHYLHZLQJ� SULRU� OLWHUDWXUH�� \RX

VKRXOG�WHOO�ZKDW�\RX�GLG�LQ�WKH�VWXG\�\RX�DUH�UHSRUWLQJ��7KLV�PLJKW�WDNH�WKH�IRUP�RI
VWDWLQJ� WKH�SXUSRVH�RI� WKH� VWXG\�DQG�DQ\�K\SRWKHVHV� WKDW�ZRXOG�JLYH�FODULW\� WR� WKH
SDSHU��2YHUDOO��WKH�LQWURGXFWLRQ�VKRXOG�VSHFLI\�WKH�SXUSRVH�RI�WKH�VWXG\��VKRZ�KRZ
LW�UHODWHV�WR�SULRU�ZRUN�LQ�WKH�DUHD��DQG�LGHQWLI\�K\SRWKHVHV�WR�EH�WHVWHG�

0HWKRG��,,���
7KH�0HWKRG� VHFWLRQ� IROORZV� WKH� LQWURGXFWLRQ�� ,W� GRHV� QRW� VWDUW� RQ� D� VHSDUDWH

SDJH��7KH�SXUSRVH�RI�WKH�0HWKRG�VHFWLRQ�LV�WR�WHOO�\RXU�UHDGHU�H[DFWO\�KRZ�WKH�VWXG\
ZDV�FRQGXFWHG��,W�HQDEOHV�WKH�UHDGHU�WR�HYDOXDWH�WKH�DSSURSULDWHQHVV�RI�WKH�GHVLJQ
RI�WKH�VWXG\�DQG�PDNH�DQ�DVVHVVPHQW�RI�WKH�UHOLDELOLW\�DQG�YDOLGLW\�RI�WKH�UHVXOWV��,I
WKH�PHWKRG�LV�SUHVHQWHG�ZHOO��DQRWKHU�UHVHDUFKHU�FDQ�UHSOLFDWH�\RXU�VWXG\�

7R� IDFLOLWDWH� FRPPXQLFDWLRQ�� WKH� 0HWKRG� VHFWLRQ� LV� W\SLFDOO\� GLYLGHG� LQWR
VXEVHFWLRQV�� SDUWLFLSDQWV� RU� VXEMHFWV�� DSSDUDWXV� RU� LQVWUXPHQWV�� DQG� SURFHGXUH�
$GGLWLRQDO�VXEVHFWLRQV�PD\�EH�LQFOXGHG��LI�WKH�UHVHDUFK�GHVLJQ�LV�FRPSOH[��WR�KHOS
FRPPXQLFDWH�VSHFLILF�LQIRUPDWLRQ�

3DUWLFLSDQWV��,,��$�
7KH� SDUWLFLSDQWV� VXEVHFWLRQ� VKRXOG� LGHQWLI\� WKH� PDMRU� GHPRJUDSKLF

FKDUDFWHULVWLFV�RI�WKH�SDUWLFLSDQWV�VXFK�DV�WKHLU�DJH�DQG�JHQGHU��<RX�PXVW�LQFOXGH�D
GHVFULSWLRQ�RI�WKH�VDPSOLQJ�PHWKRG�XVHG�WR�VHOHFW�WKH�SDUWLFLSDQWV��WKH�VDPSOH�VL]H�
DQG�WKH�UHVSRQVH�UDWH��$Q\�RWKHU�SHUWLQHQW�LQIRUPDWLRQ�VKRXOG�DOVR�EH�LQFOXGHG��VXFK
DV�KRZ�WKH\�ZHUH�DVVLJQHG�WR�WKH�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQV��WKH�QXPEHU�RI
SDUWLFLSDQWV� WKDW� ZHUH� VHOHFWHG� IRU� WKH� VWXG\� EXW� GLG� QRW� FRPSOHWH� LW� �DQG� ZK\��
HOLJLELOLW\� DQG� H[FOXVLRQ� FULWHULD�� DQG� DQ\� LQGXFHPHQWV� JLYHQ� WR� HQFRXUDJH
SDUWLFLSDWLRQ�

$SSDUDWXV�RU�,QVWUXPHQWV��,,��%�
7KLV�VXEVHFWLRQ�GHVFULEHV�WKH�DSSDUDWXV�RU�LQVWUXPHQWV�XVHG�WR�FROOHFW�WKH�GDWD

DQG�ZK\�WKH\�ZHUH�XVHG��$Q\�PHWKRGV�WKDW�ZHUH�XVHG�WR�LPSURYH�WKH�UHOLDELOLW\�DQG
TXDOLW\� RI� WKH� PHDVXUHV� VKRXOG� EH� GHVFULEHG�� 7KH� SV\FKRPHWULF� DQG� ELRPHWULF
SURSHUWLHV�RI�WKH�LQVWUXPHQWV�XVHG�VKRXOG�EH�SURYLGHG�

3URFHGXUH��,,��&�
7KH�SURFHGXUH�VXEVHFWLRQ�WHOOV�WKH�UHDGHU�H[DFWO\�KRZ�WKH�VWXG\�ZDV�H[HFXWHG�

IURP�WKH�PRPHQW�WKH�SDUWLFLSDQW�DQG�WKH�UHVHDUFKHU�FDPH�LQWR�FRQWDFW�WR�WKH�WLPH�WKH
SDUWLFLSDQW� OHIW� WKH�VWXG\��7KLV�VXEVHFWLRQ� LQFOXGHV�D�VWHS�E\�VWHS�DFFRXQW�RI�ZKDW
WKH� H[SHULPHQWHU� DQG� SDUWLFLSDQW� GLG� GXULQJ� WKH� VWXG\�� LQFOXGLQJ� DQ\� LQVWUXFWLRQV�
VWLPXOXV�FRQGLWLRQV� WKDW�ZHUH�SUHVHQWHG� WR� WKH�SDUWLFLSDQWV�DQG� WKH�UHVSRQVHV� WKH\
ZHUH�WR�PDNH��DQG�DQ\�FRQWURO�WHFKQLTXHV�WKDW�ZHUH�XVHG��VXFK�DV�UDQGRPL]DWLRQ�RU
FRXQWHUEDODQFLQJ�� ,Q� RWKHU� ZRUGV�� LQ� WKH� SURFHGXUH� VXEVHFWLRQ�� \RX� DUH� WR� WHOO



H[DFWO\�ZKDW�ERWK�\RX�DQG�WKH�SDUWLFLSDQWV�GLG�DQG�KRZ�\RX�GLG�LW�

5HVXOWV��,,���
7KH�5HVXOWV�VHFWLRQ�IROORZV�WKH�0HWKRG�VHFWLRQ��,W�GRHV�QRW�VWDUW�RQ�D�VHSDUDWH

SDJH�� 7KH� SXUSRVH� RI� WKH� 5HVXOWV� VHFWLRQ� LV� WR� VXPPDUL]H� WKH� GDWD� WKDW� ZHUH
FROOHFWHG�DQG�WKHLU�VWDWLVWLFDO�WUHDWPHQW��,Q�PDNLQJ�WKLV�SUHVHQWDWLRQ��UHPHPEHU�WKDW
DQ\� GLVFXVVLRQ� RI� WKH� UHVXOWV� WDNHV� SODFH� LQ� WKH� 'LVFXVVLRQ� VHFWLRQ�� 7KH� 5HVXOWV
VHFWLRQ� VKRXOG� WHOO� WKH� UHDGHU� KRZ� WKH� GDWD�ZHUH� DQDO\]HG� DQG� WKH� UHVXOWV� RI� WKLV
DQDO\VLV�� ,Q� SUHVHQWLQJ� WKH� UHVXOWV� RI� VWDWLVWLFDO� DQDO\VLV�� UHPHPEHU� WR� VWDWH� DOO
UHOHYDQW� UHVXOWV�� LQFOXGLQJ� WKH� DOSKD� OHYHO�� HIIHFW� VL]H�� DQG� FRQILGHQFH� LQWHUYDOV�
7UHDWPHQW� RI� PLVVLQJ� GDWD� VKRXOG� EH� UHSRUWHG� DORQJ� ZLWK� WKH� IUHTXHQF\� RU
SHUFHQWDJH�RI�PLVVLQJ�GDWD�DQG�DQ\�H[SODQDWLRQ�RI�WKH�FDXVH�RI�WKH�PLVVLQJ�GDWD��,I
PXOWLSOH�VLJQLILFDQFH�WHVWV�ZHUH�FRQGXFWHG��LW�LV�FRQYHQLHQW�WR�VWDWH�WKH�VLJQLILFDQFH
OHYHO�XVHG�RQFH��VXFK�DV�LQ�WKH�IROORZLQJ�

7KH�����DOSKD�OHYHO�ZDV�XVHG�IRU�DOO�VWDWLVWLFDO�WHVWV�

5HVXOWV�RI�DQ\�LQIHUHQWLDO�WHVWV��H�J���W�WHVWV��)� WHVWV��DQG�FKL�VTXDUH��VKRXOG�EH
DFFRPSDQLHG� E\� WKH� QXPHULFDO� YDOXH� RI� WKH� WHVW� VWDWLVWLF� DORQJ� ZLWK� WKH
DFFRPSDQ\LQJ�GHJUHHV�RI�IUHHGRP��WKH�H[DFW�SUREDELOLW\�OHYHO��DQG�DQ�LQGLFDWRU�RI
WKH� VL]H� DQG� GLUHFWLRQ� RI� WKH� HIIHFW�� %H� VXUH� WR� LQFOXGH� VXIILFLHQW� GHVFULSWLYH
VWDWLVWLFV��VXFK�DV�FHOO�VDPSOH�VL]H��PHDQV��FRUUHODWLRQV��DQG�VWDQGDUG�GHYLDWLRQV��VR
WKDW� WKH�QDWXUH�RI� WKH�HIIHFW�FDQ�EH�XQGHUVWRRG��<RX�VKRXOG�DOVR�SURYLGH�HYLGHQFH
WKDW�\RXU�VWXG\�KDV�VXIILFLHQW�D�SULRUL�SRZHU�WR�GHWHFW�DQ�HIIHFW�

,Q� UHSRUWLQJ� DQG� LOOXVWUDWLQJ� WKH� GLUHFWLRQ� RI� D� VWDWLVWLFDOO\� VLJQLILFDQW� HIIHFW
�QRQVLJQLILFDQW� HIIHFWV� DUH� QRW� HODERUDWHG� RQ� IRU� REYLRXV� UHDVRQV��� \RX� VKRXOG
GHFLGH� ZKLFK� PHGLXP� ZLOO� PRVW� FOHDUO\� DQG� HFRQRPLFDOO\� VHUYH� \RXU� SXUSRVH�
*HQHUDOO\�� WDEOHV� DUH� SUHIHUUHG� IRU� SUHVHQWLQJ� GHWDLOHG� TXDQWLWDWLYH� GDWD� DQG
LOOXVWUDWLQJ�PDLQ� HIIHFWV� RQ�PXOWLSOH� YDULDEOHV�� )LJXUHV� FDQ� LOOXVWUDWH� LQWHUDFWLRQV
HIIHFWLYHO\��LI�VSDFH�DOORZV��,I�\RX�XVH�D�ILJXUH�RU�WDEOH��PDNH�VXUH�WKDW�\RX�WHOO�WKH
UHDGHU��LQ�WKH�WH[W�RI�WKH�UHSRUW��ZKDW�LW�GHSLFWV��7KHQ�JLYH�VXIILFLHQW�H[SODQDWLRQ�WR
PDNH�VXUH�WKDW�WKH�UHDGHU�LV�DEOH�WR�LQWHUSUHW�LW�FRUUHFWO\��)RU�H[DPSOH��ZKHQ�PHDQV
DUH�UHSRUWHG��DOZD\V�LQFOXGH�DQ�DVVRFLDWHG�PHDVXUH�RI�YDULDELOLW\��VXFK�DV�VWDQGDUG
GHYLDWLRQ�RU�PHDQ�VTXDUH�HUURU�

'LVFXVVLRQ��,,���
7KH�'LVFXVVLRQ�VHFWLRQ�KDV�WKH�SXUSRVH�RI�LQWHUSUHWLQJ�DQG�HYDOXDWLQJ�WKH�VWXG\

UHVXOWV�� JLYLQJ� SULPDU\� HPSKDVLV� WR� WKH� UHODWLRQVKLSV� EHWZHHQ� WKH� UHVXOWV� DQG� WKH
K\SRWKHVHV�RI�WKH�VWXG\��%HJLQ�\RXU�GLVFXVVLRQ�E\�VWDWLQJ�ZKHWKHU�WKH�K\SRWKHVHV�RI
WKH�VWXG\�ZHUH�RU�ZHUH�QRW�VXSSRUWHG��)ROORZ�WKLV�VWDWHPHQW�ZLWK�DQ�LQWHUSUHWDWLRQ
RI�WKH�UHVXOWV��WHOOLQJ�WKH�UHDGHU�ZKDW�\RX�WKLQN�WKH\�PHDQ��,Q�GRLQJ�VR��\RX�VKRXOG
DWWHPSW�WR�LQWHJUDWH�\RXU�UHVHDUFK�ILQGLQJV�ZLWK�WKH�UHVXOWV�RI�SULRU�UHVHDUFK�VR�WKDW
WKH�UHVXOWV�RI�\RXU�VWXG\�DUH�SODFHG�LQ�WKH�FRQWH[W�RI�WKH�OLWHUDWXUH�LQ�WKH�ILHOG��WKLV



DSSURDFK� VKRXOG� DOVR� FODULI\� DQ\� FRQFOXVLRQV� \RX� UHDFK�� :KHQ� LQWHUSUHWLQJ� WKH
VWXG\� UHVXOWV�� \RX� VKRXOG� WDNH� LQWR� FRQVLGHUDWLRQ� DQ\� OLPLWDWLRQV� RU� ZHDNQHVVHV
LQKHUHQW�LQ�WKH�VWXG\�VXFK�DV�SRVVLEOH�ELDV�RU�WKUHDWV�WR�LQWHUQDO�YDOLGLW\��LPSUHFLVH
PHDVXULQJ� LQVWUXPHQWV�� DQG� HIIHFW� VL]H�� ,Q� JHQHUDO�� \RX� VKRXOG� DFNQRZOHGJH� DQ\
OLPLWDWLRQV�RI�WKH�VWXG\�DV�ZHOO�WKH�H[WHQW�WR�ZKLFK�WKH�UHVXOWV�FDQ�EH�JHQHUDOL]HG�

7KH�'LVFXVVLRQ�VHFWLRQ�VKRXOG�HQG�ZLWK�FRPPHQWDU\�RQ� WKH� LPSRUWDQFH�RI� WKH
ILQGLQJV�� 7KLV� FDQ� EH� D� EULHI� RU� VRPHZKDW� OHQJWK\� GLVFXVVLRQ� DV� ORQJ� DV� WKH
FRPPHQWDU\� LV�QRW�RYHUVWDWHG��7KH�'LVFXVVLRQ�PLJKW�DOVR�HQG�ZLWK�D� VWDWHPHQW�RI
WKH� QHZ� RU� XQUHVROYHG� SUREOHPV� WKDW� HPHUJHG� DV� D� UHVXOW� RI� WKH� VWXG\�� 7KLV�ZLOO
LQFOXGH�VXJJHVWLRQV�IRU�IXWXUH�UHVHDUFK�LQ�WKH�DUHD�

5HIHUHQFHV��,,���
7KH�5HIHUHQFHV�VHFWLRQ�SURYLGHV�D�OLVW�RI�DOO�FLWDWLRQV�LQ�WKH�WH[W�RI�WKH�UHVHDUFK

UHSRUW�� 7KLV� VHFWLRQ� SURYLGHV� ERWK� DQ� DFNQRZOHGJPHQW� RI� WKH� VFKRODUO\� ZRUN� RI
RWKHUV�DQG�D�ZD\�WR�ORFDWH�WKHLU�ZRUN��,Q�SUHSDULQJ�WKH�OLVW�RI�UHIHUHQFHV��\RX�VKRXOG
EHJLQ�RQ�D�QHZ�SDJH�ZLWK�WKH�ZRUG�5HIHUHQFHV�W\SHG�DW�WKH�WRS�FHQWHU�RI�WKH�SDJH�LQ
XSSHU�� DQG� ORZHUFDVH� EROG� OHWWHUV�� $OO� HQWULHV� DUH� GRXEOH�VSDFHG�� DOWKRXJK� WKH
JXLGHOLQHV� IRU� VRPH� WKHVHV� DQG� GLVVHUWDWLRQV� VSHFLI\� WKDW� WKH� UHIHUHQFH� OLVW� EH
VLQJOH�VSDFHG��7\SH� UHIHUHQFHV�XVLQJ� D�KDQJLQJ� LQGHQW� IRUPDW�� VHW� WKH� ILUVW� OLQH�RI
HDFK�UHIHUHQFH�IOXVK�OHIW�ZLWK�VXEVHTXHQW�OLQHV�LQGHQWHG�

)RRWQRWHV��,,���
)RRWQRWHV� DUH� QXPEHUHG� FRQVHFXWLYHO\��ZLWK� D� VXSHUVFULSW�$UDELF� QXPHUDO�� LQ

WKH�RUGHU�LQ�ZKLFK�WKH\�DSSHDU�LQ�WKH�WH[W�RI�WKH�UHSRUW��0RVW�IRRWQRWHV�DUH�FRQWHQW
IRRWQRWHV�� FRQWDLQLQJ� PDWHULDO� QHHGHG� WR� VXSSOHPHQW� RU� DPSOLI\� WKH� LQIRUPDWLRQ
SURYLGHG� LQ� WKH� WH[W�� EXW� IRRWQRWHV� DUH� DOVR� XVHG� WR� DFNQRZOHGJH� FRS\ULJKW
SHUPLVVLRQ�� &RQWHQW� IRRWQRWHV� VKRXOG� EH� LQFOXGHG� RQO\� LI� WKH\� VWUHQJWKHQ� D
GLVFXVVLRQ��EHFDXVH� WKH\�FDQ�EH�GLVWUDFWLQJ��)RRWQRWHV�FDQ�EH�SODFHG�HLWKHU�DW� WKH
ERWWRP�RI� WKH�SDJH�RQ�ZKLFK� WKHLU� UHIHUHQW� LV� GLVFXVVHG�RU� SODFHG� LQ� FRQVHFXWLYH
RUGHU�RQ�D�VHSDUDWH�SDJH�DIWHU�WKH�UHIHUHQFHV�

7DEOHV��,,���
7DEOHV�DUH�H[SHQVLYH�WR�SXEOLVK�DQG�WKHUHIRUH�VKRXOG�EH�UHVHUYHG�IRU�XVH�RQO\

ZKHQ�WKH\�FDQ�FRQYH\�DQG�VXPPDUL]H�GDWD�PRUH�HFRQRPLFDOO\�DQG�FOHDUO\�WKDQ�FDQ
D� OHQJWK\�GLVFXVVLRQ��7DEOHV� VKRXOG�EH�YLHZHG�DV� LQIRUPDWLYH� VXSSOHPHQWV� WR� WKH
WH[W�� $OWKRXJK� HDFK� WDEOH� VKRXOG� EH� LQWHOOLJLEOH� E\� LWVHOI�� LW� VKRXOG� DOVR� EH� DQ
LQWHJUDO� SDUW� RI� WKH� WH[W� DQG� VKRXOG� EH� UHIHUUHG� WR� VRPHZKHUH� LQ� WKH� WH[W��:KHQ
UHIHUULQJ� WR�D� WDEOH�� LGHQWLI\� LW�E\�QDPH��H�J��7DEOH���� DQG�GR�QRW�XVH�D� UHIHUHQFH
VXFK� DV� ³WKH� WDEOH� DERYH´� RU� ³WKH� WDEOH� RQ� SDJH� ��´� ,Q� WKH� WH[W�� RQO\� WKH� WDEOH¶V
KLJKOLJKWV� VKRXOG� EH� GLVFXVVHG�� ,I� \RX� GHFLGH� WR� XVH� WDEOHV�� QXPEHU� WKHP� ZLWK
$UDELF�QXPHUDOV�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\�DUH�PHQWLRQHG�LQ�WKH�WH[W�

(DFK� WDEOH� VKRXOG� KDYH� D� EULHI� WLWOH� WKDW� FOHDUO\� H[SODLQV� WKH� GDWD� LW� FRQWDLQV�



7KLV�WLWOH�DQG�WKH�ZRUG�7DEOH�DQG�LWV�QXPEHU�DUH�W\SHG�IOXVK�ZLWK�WKH�OHIW�PDUJLQ�DW
WKH�WRS�RI�WKH�WDEOH��(DFK�FROXPQ�DQG�URZ�RI�GDWD�ZLWKLQ�WKH�WDEOH�VKRXOG�EH�JLYHQ�D
ODEHO� WKDW� LGHQWLILHV�� DV� EULHIO\� DV� SRVVLEOH�� WKH� GDWD� FRQWDLQHG� LQ� WKDW� URZ� RU
FROXPQ��<RX�KDYH�WKH�RSWLRQ�RI�HLWKHU�VLQJOH��RU�GRXEOH�VSDFLQJ�WKH�WDEOH�FRQWHQW�
WKH�VSDFLQJ�XVHG�VKRXOG�EH�JXLGHG�E\�WKH�UHDGDELOLW\�RI�WKH�WDEOH�FRQWHQW��1XPHULFDO
YDOXHV�OLVWHG�LQ�WKH�WDEOH�VKRXOG�EH�FDUULHG�WR�WKH�QXPEHU�RI�GHFLPDO�SODFHV�QHHGHG
WR� H[SUHVV� WKH� SUHFLVLRQ� RI� WKH�PHDVXUHPHQW�� $� GDVK� VKRXOG� EH� XVHG� WR� LQGLFDWH
PLVVLQJ�GDWD�

0DQ\�GLIIHUHQW� W\SHV�RI� WDEOHV�DUH�XVHG� WR�SUHVHQW�GDWD��7KH�$3$�3XEOLFDWLRQ
0DQXDO�SURYLGHV�D�GLVFXVVLRQ�RI� WKH�FRQVWUXFWLRQ�RI�DOPRVW�DQ\�W\SH�RI� WDEOH�\RX
PLJKW� ZDQW� WR� XVH� DQG� LOOXVWUDWHV�PDQ\� RI� WKHVH� WDEOHV�� ,I� \RX� DUH� FRQVWUXFWLQJ� D
WDEOH��\RX�VKRXOG�FRQVXOW�WKH�$3$�3XEOLFDWLRQ�0DQXDO�IRU�DGGLWLRQDO�GHWDLOV�WR�EH
XVHG�LQ�LWV�SUHSDUDWLRQ�

7KH�IROORZLQJ�FKHFNOLVW�VKRXOG�EH�XVHG� WR�KHOS�HQVXUH� WKDW� WKH� WDEOH�\RX�KDYH
FRQVWUXFWHG�PHHWV�WKH�VSHFLILFDWLRQV�OLVWHG�LQ�WKH�$3$�3XEOLFDWLRQ�0DQXDO�

���,V�WKH�WDEOH�QHFHVVDU\"
�� �6KRXOG�WKH�WDEOH�EH�SUHVHQWHG�LQ�D�SULQW�YHUVLRQ��RU�FDQ�LW�EH�SODFHG�LQ�DQ
RQOLQH�VXSSOHPHQWDO�ILOH"

���,V�WKHUH�FRQVLVWHQF\�EHWZHHQ�WDEOHV�WKDW�SUHVHQW�FRPSDUDEOH�GDWD"
���,V�WKH�WLWOH�EULHI��DQG�GRHV�LW�LQGLFDWH�WKH�WDEOH¶V�FRQWHQWV"
���'RHV�D�FROXPQ�KHDGLQJ�H[LVW�IRU�HDFK�FROXPQ"
�� � $UH� DOO� DEEUHYLDWLRQV�� VSHFLDO� LWDOLFV�� GDVKHV�� EROGIDFH�� DQG� VSHFLDO
V\PEROV�H[SODLQHG"

�� �'R�QRWHV�KDYH� WKH�DSSURSULDWH�RUGHU�RI��D��JHQHUDO�QRWH�� �E��VSHFLDO�QRWH�
�F��SUREDELOLW\�QRWH"

���+DYH�DOO�YHUWLFDO�OLQHV�EHWZHHQ�FROXPQV�EHHQ�HOLPLQDWHG"
�� � 'R� DOO� WDEOHV� XVH� WKH� VDPH� FRQILGHQFH� OHYHOV�� DQG� GR� DOO� PDMRU� SRLQW
HVWLPDWHV�KDYH�FRQILGHQFH�LQWHUYDOV"

�� � +DYH� WKH� FRUUHFW� SUREDELOLW\� OHYHOV� EHHQ� LGHQWLILHG� IRU� WKH� VWDWLVWLFDO
VLJQLILFDQFH�WHVWV�FRQGXFWHG"

�� �+DV�IXOO�FUHGLW�EHHQ�JLYHQ� WR� WKH�UHSURGXFWLRQ�RI�D�FRS\ULJKWHG� WDEOH��DQG
KDV�SHUPLVVLRQ�WR�UHSURGXFH�WKH�WDEOH�EHHQ�REWDLQHG"

���,V�WKHUH�D�UHIHUHQFH�WR�WKH�WDEOH�LQ�WKH�WH[W"

)LJXUHV��,,����
)LJXUHV� UHSUHVHQW�DQ\� LOOXVWUDWLRQ�RWKHU� WKDQ�D� WDEOH� VXFK�DV�D�FKDUW��JUDSK��RU

GUDZLQJ��)LJXUHV�SURYLGH�DQ�RYHUDOO�YLHZ�RI�WKH�SDWWHUQ�RI�UHVXOWV�EXW�SURYLGH�OHVV
SUHFLVH�LQIRUPDWLRQ�WKDQ�WDEOHV�EHFDXVH�WKH\�UHTXLUH�WKH�UHDGHU�WR�HVWLPDWH�YDOXHV�
7KHUH� DUH� WLPHV�ZKHQ� ILJXUHV� DUH� D�PRUH� DSSURSULDWH�ZD\� WKDQ� WDEOHV� WR� SUHVHQW
LQIRUPDWLRQ�� ,I� WKH� ILJXUH�ZLOO� FRQWULEXWH� VXEVWDQWLDOO\� WR� WKH� XQGHUVWDQGLQJ� RI� WKH



PDQXVFULSW�DQG�ZLOO�PRVW�HIILFLHQWO\�SUHVHQW�WKH�LQIRUPDWLRQ��\RX�VKRXOG�LQFOXGH�WKH
ILJXUH��$�ILJXUH�LV�W\SLFDOO\�LQFOXGHG�LQ�D�PDQXVFULSW�ZKHQ�LW�LV�QHHGHG�WR�LOOXVWUDWH
VRPH� FRPSOH[� WKHRUHWLFDO� IRUPXODWLRQ� RU� UHSUHVHQW� WKH� HPSLULFDO� UHVXOW� RI� D
FRPSOH[�LQWHUDFWLRQ�

7KH� IRFXV� VKRXOG� EH� RQ� VLPSOLFLW\�� FODULW\�� FRQWLQXLW\�� DQG� LQIRUPDWLRQ� YDOXH
ZKHQ� FRQVWUXFWLQJ� D� ILJXUH�� )LJXUHV�� WKHUHIRUH�� VKRXOG� EH� XVHG� RQO\� ZKHQ� WKH\
DXJPHQW�WKH�WH[W�DQG�FDQ�SUHVHQW�WKH�HVVHQWLDO�IDFWV�LQ�D�ZD\�WKDW�LV�FOHDU�DQG�HDV\�WR
XQGHUVWDQG�

)LJXUH�&DSWLRQV�DQG�/HJHQGV��,,���$�
(DFK�ILJXUH�KDV�D�FDSWLRQ�DQG�D� OHJHQG��7KH�ILJXUH�FDSWLRQ�H[SODLQV� WKH�ILJXUH

FRQWHQWV�� DQG� LW� VHUYHV� DV� WKH� WLWOH� RI� WKH� ILJXUH�� ,W� LV� SODFHG� EHORZ� WKH� ILJXUH��$
ILJXUH�OHJHQG�H[SODLQV�DQ\�V\PEROV�XVHG�LQ�WKH�ILJXUH��,W�LV�SODFHG�ZLWKLQ�WKH�ILJXUH�

)LJXUH�3UHSDUDWLRQ��,,���%�
)LJXUHV�VKRXOG�EH�FRPSXWHU�JHQHUDWHG�XVLQJ�SURIHVVLRQDO�JUDGH�VRIWZDUH��7KH

UHVROXWLRQ� XVHG� VKRXOG� EH� VXIILFLHQW� WR� SURGXFH� D� KLJK�TXDOLW\� LPDJH�ZLWK� OHWWHUV
W\SLFDOO\�QR�VPDOOHU�WKDQ���SRLQWV�DQG�QR�ODUJHU�WKDQ����SRLQWV��:KHQ�SUHSDULQJ�D
ILJXUH��WKH�SULPDU\�JXLGHOLQH�LV�WR�HQVXUH�WKDW�WKH�SUHVHQWDWLRQ�LV�FOHDU�DQG�FRPSOHWH�
7KH�IROORZLQJ�FKHFNOLVW�FDQ�EH�XVHG�WR�DVVLVW�LQ�WKH�SUHSDUDWLRQ�RI�D�ILJXUH�

���,V�WKH�ILJXUH�QHFHVVDU\"
�� � +DV� WKH� ILJXUH� EHHQ� SUHVHQWHG� LQ� D� FOHDU� DQG� VLPSOH� IRUPDW� ZLWK� QR
H[WUDQHRXV�GHWDLO"

���'RHV�WKH�WLWOH�GHVFULEH�WKH�FRQWHQWV"
���+DYH�DOO�SDUWV�RI�WKH�ILJXUH�EHHQ�ODEHOHG�FOHDUO\"
���,V�WKHUH�D�UHIHUHQFH�WR�DOO�ILJXUHV�LQ�WKH�PDQXVFULSW"
���,V�WKH�UHVROXWLRQ�KLJK�HQRXJK�WR�SHUPLW�DFFXUDWH�UHSURGXFWLRQ"

(;$03/(�2)�$1�$3$�67</(�0$186&5,37
7R� DVVLVW� \RX� LQ� WKH� SUHSDUDWLRQ� RI� D� UHVHDUFK� UHSRUW��ZH� QRZ� SURYLGH� D� VDPSOH
UHVHDUFK�UHSRUW��WKDW�ZDV�SUHSDUHG�DFFRUGLQJ�WR�WKH�JXLGHOLQHV�ZH�KDYH�SUHVHQWHG�
,W�FRQIRUPV�WR�WKH�JXLGHOLQHV�VSHFLILHG�LQ�WKH�$3$�3XEOLFDWLRQ�0DQXDO��(DFK�SDUW�RI
WKLV� UHVHDUFK�UHSRUW� LQFOXGHV�D�EULHI�FRPPHQW� UHJDUGLQJ� LWV�FRQWHQW�DQG�D�QXPHUDO
UHIHUHQFH�WR�WKH�VSHFLILF�VHFWLRQ�LQ�WKLV�FKDSWHU�WKDW�GLVFXVVHV�WKDW�SDUW��:H�H[SHFW
WKDW� \RX� ZLOO� ILQG� WKLV� VDPSOH� $3$� VW\OH� WR� EH� KHOSIXO� DV� \RX� ZULWH� \RXU� RZQ
TXDQWLWDWLYH�UHSRUW��,I�\RX�DUH�ZRQGHULQJ�KRZ�WR�FRQVWUXFW�\RXU�WLWOH�SDJH�RU�KRZ�WR
FLWH�D�UHIHUHQFH�LQ�WH[W��DQG�VR�IRUWK���\RX�FDQ�TXLFNO\�ORRN�DW�WKLV�DUWLFOH�WR�VHH�KRZ
LW� LV� GRQH��:H� KDYH�PRGHOHG� RXU� DUWLFOH� DIWHU� WKH� RQH� LQFOXGHG� LQ� WKH� ODWHVW�$3$
3XEOLFDWLRQ�0DQXDO��$IWHU�WKLV�PDQXVFULSW��ZH�H[SODLQ�LQ�WKH�ODVW�WZR�VHFWLRQV�RI
WKLV�FKDSWHU�KRZ�WR�ZULWH�XS�TXDOLWDWLYH�DQG�PL[HG�UHVHDUFK�UHSRUWV�



















:5,7,1*�48$/,7$7,9(�5(6($5&+�5(32576
:H� DJUHH� ZLWK� 6KDURQ� 0HUULDP� ������� WKDW� ³WKHUH� LV� QR� VWDQGDUG� IRUPDW� IRU
UHSRUWLQJ�TXDOLWDWLYH� UHVHDUFK´� �S��������/RIODQG� ������� VWDWHG� WKUHH�GHFDGHV�DJR
WKDW� GLYHUVLW\� LQ� VW\OH� ZDV� UDPSDQW� LQ� TXDOLWDWLYH� UHVHDUFK�� DQG� GLYHUVLW\� LV� VWLOO
VRPHZKDW� FRPPRQ� WRGD\�� )RU� H[DPSOH�� TXDOLWDWLYH� UHVHDUFKHUV� XVH� PDQ\
QRQWUDGLWLRQDO� DQG� FUHDWLYH� VW\OHV�� VXFK� DV� LQFRUSRUDWLQJ� VWRULHV�� SRHPV�� HVVD\V�
GUDZLQJV�� DQG� SKRWRJUDSKV� LQ� TXDOLWDWLYH� UHSRUWV�� $W� WKH� VDPH� WLPH�� ZH� DQG� D
JURZLQJ� QXPEHU� RI� VFKRODUV� �H�J��� %HUJ� 	� /XQH�� ������ 0HUULDP�� EHOLHYH� WKDW
ZULWLQJ� TXDOLWDWLYH� MRXUQDO� DUWLFOHV� ZLWK� D� UHODWLYHO\� V\VWHPDWLF� VWUXFWXUH� FDQ� EH
KHOSIXO� EHFDXVH� LW� OHWV� UHDGHUV� NQRZ�ZKDW� LQIRUPDWLRQ� WR� H[SHFW� DQG� ZKHUH� WKDW
LQIRUPDWLRQ�ZLOO�EH� ORFDWHG�DQG�FDQ�DLG�LQ� WKH�FRPSDULVRQ�RI�TXDOLWDWLYH�UHVHDUFK



UHSRUWV��,Q�VKRUW��ZKHQ�\RX�ZULWH�D�TXDOLWDWLYH�UHVHDUFK�DUWLFOH��\RX�QHHG�WR�ILQG�D
EDODQFH�EHWZHHQ�WKH�FUHDWLYH�HQG�RI�ZULWLQJ�DQG�WKH�VWUXFWXUHG�HQG�RI�ZULWLQJ�WKDW
ZRUNV� ZHOO� IRU� \RX� DQG� IRU� WKH� RXWOHW� LQ� ZKLFK� \RX� SODQ� WR� GLVVHPLQDWH� \RXU
TXDOLWDWLYH�UHVHDUFK��H�J���MRXUQDO��GLVVHUWDWLRQ��WKHVLV��HYDOXDWLRQ�UHSRUW��

$�JRRG�ZD\�WR�OHDUQ�KRZ�WR�ZULWH�WKH�TXDOLWDWLYH�UHVHDUFK�UHSRUW�LV�WR�H[DPLQH
SXEOLVKHG� H[DPSOHV� DQG� WR� XVH� LGHDV� OHDUQHG� WKHUH� WR� DLG� LQ� ZULWLQJ� \RXU� RZQ
PDQXVFULSW��:H�KDYH�LQFOXGHG�DQ�HWKQRJUDSKLF�VWXG\�DW�WKH�FRPSDQLRQ�ZHEVLWH�IRU
WKLV�WH[WERRN�WR�LOOXVWUDWH�D�TXDOLWDWLYH�UHVHDUFK�UHSRUW�

(DUOLHU�LQ�WKLV�FKDSWHU��ZH�GLVFXVVHG�VRPH�JHQHUDO�SULQFLSOHV�UHODWHG�WR�ZULWLQJ
WKH� UHVHDUFK� UHSRUW�� 7KHVH� SULQFLSOHV� DSSO\� WR� TXDQWLWDWLYH� UHVHDUFK�� TXDOLWDWLYH
UHVHDUFK�� DQG�PL[HG� UHVHDUFK��+RZHYHU��ZH�ZRXOG� OLNH� WR� DGG� WR� WKDW�GLVFXVVLRQ
WZR� SRLQWV� WKDW� DUH� HVSHFLDOO\� UHOHYDQW� LQ� TXDOLWDWLYH� UHVHDUFK�� )LUVW�� TXDOLWDWLYH
UHVHDUFKHUV� WHQG� WR� YLHZ� WKH� XVH� RI� WKH� ILUVW� SHUVRQ� �L�H��� ,� UDWKHU� WKDQ� WKH
UHVHDUFKHU�� DQG� WKH� DFWLYH� YRLFH� �³,� LQWHUYLHZHG� WKH� WHDFKHUV´� UDWKHU� WKDQ� ³WKH
WHDFKHUV� ZHUH� LQWHUYLHZHG� E\� WKH� UHVHDUFKHU´�� YHU\� SRVLWLYHO\�� 4XDOLWDWLYH
UHVHDUFKHUV�EHOLHYH� WKDW� WKLV� VW\OH� VLWXDWHV� WKH�TXDOLWDWLYH� UHVHDUFKHU� LQ�KLV�RU�KHU
UHVHDUFK� DQG� HQFRXUDJHV� TXDOLWDWLYH� UHVHDUFKHUV� WR� WDNH� UHVSRQVLELOLW\� IRU� WKHLU
DFWLYH�UROH�LQ�WKHLU�UHVHDUFK��7KLV�PDNHV�VHQVH�EHFDXVH�RI�WKH�FHQWUDO�UROH�WKDW�WKH
TXDOLWDWLYH�UHVHDUFKHU�PXVW�SOD\�LQ�YLUWXDOO\�HYHU\�VWHS�RI�FRQGXFWLQJ�D�TXDOLWDWLYH
UHVHDUFK�VWXG\��H�J���WKH�UHVHDUFKHU�LV�WKH�³GDWD�FROOHFWLRQ�LQVWUXPHQW´�EHFDXVH�WKH
UHVHDUFKHU� PXVW� PDNH� RQ�WKH�VSRW� GHFLVLRQV� DERXW� ZKDW� LV� LPSRUWDQW� DQG� ZKDW
VKRXOG�EH�QRWHG�DQG�UHFRUGHG��WKH�UHVHDUFKHU�PXVW�PDQXDOO\�FRGH�WUDQVFULSWV�UDWKHU
WKDQ�XVLQJ�D�VWDWLVWLFDO�DQDO\VLV�SURJUDP�WR�SURYLGH�DQ�RXWSXW�RI�VWDQGDUG�VWDWLVWLFDO
UHVXOWV��WKH�UHVHDUFKHU�PXVW�PDNH�LQWHUSUHWDWLRQV�WKURXJKRXW�WKH�UHVHDUFK�VWXG\��DQG
VR�RQ��

6HFRQG�� SVHXGRQ\PV� �L�H��� ILFWLWLRXV�QDPHV�� DUH� FRPPRQO\�XVHG� LQ�TXDOLWDWLYH
UHVHDUFK�� %HFDXVH� RI� WKH� VPDOO� QXPEHU� RI� SDUWLFLSDQWV� FRPPRQ� WR� TXDOLWDWLYH
UHVHDUFK�DQG�WKH�LQ�GHSWK�LQIRUPDWLRQ�REWDLQHG�DERXW�WKHVH�LQGLYLGXDOV��TXDOLWDWLYH
UHVHDUFKHUV� PXVW� EH� FDXWLRXV� WR� HQVXUH� WKDW� WKH� LGHQWLWLHV� RI� WKHLU� UHVHDUFK
SDUWLFLSDQWV�DUH�DGHTXDWHO\�FRQFHDOHG��7KH�JXDUDQWHH�RI�FRQILGHQWLDOLW\�PD\�QRW�EH
VXIILFLHQW� LI� WKH� UHDGHUV� RI� D� UHSRUW� DUH� DEOH� WR� LGHQWLI\� LQGLYLGXDOV� EDVHG� RQ
GHVFULSWLYH� LQIRUPDWLRQ� JLYHQ� DERXW� WKHP� LQ� WKH� UHSRUW�� )RU� H[DPSOH�� LI� \RX� DUH
FRQGXFWLQJ� DQ� HWKQRJUDSK\� RI� DQ� HOHPHQWDU\� VFKRRO�� HYHU\RQH� LQ� WKH� VFKRRO� ZLOO
NQRZ� WKH� SULQFLSDO�� WKH� OLEUDULDQ�� DQG� VR� IRUWK�� ,W� PLJKW� QRW� EH� HQRXJK� WR� XVH
SVHXGRQ\PV� MXVW� IRU� WKH� LQGLYLGXDOV��<RX�PLJKW�DOVR�QHHG� WR�JLYH�D�SVHXGRQ\P�WR
WKH�VFKRRO�RU�FLW\�LQ�WKH�SXEOLVKHG�YHUVLRQ�RI�WKH�UHSRUW��$�ODVW�UHVRUW�VWUDWHJ\�LV�WR
ZLWKKROG�FHUWDLQ�UHYHDOLQJ�LQIRUPDWLRQ�DERXW�DQ�LQGLYLGXDO�WR�PDNH�KLP�RU�KHU�OHVV
LGHQWLILDEOH��,Q�PRVW�FDVHV��\RX�ZLOO�EH�DEOH�WR�REWDLQ�ZULWWHQ�SHUPLVVLRQ�IURP�WKH
SDUWLFLSDQWV�LQ�\RXU�VWXG\�WR�XVH�SVHXGRQ\PV�DQG�QRW�PDNH�DQ\�DGGLWLRQDO�HIIRUW�WR
FRQFHDO� WKHLU� LGHQWLWLHV��7KHVH� HWKLFDO� LVVXHV� DUH� HVSHFLDOO\� FULWLFDO� LQ� TXDOLWDWLYH
UHVHDUFK�

(DUOLHU� LQ� WKLV�FKDSWHU��ZH�GLVFXVVHG� WKH�VHYHQ�PDMRU�SDUWV�RI� WKH�TXDQWLWDWLYH
UHVHDUFK� UHSRUW� DV� UHFRPPHQGHG� LQ� WKH�$3$�3XEOLFDWLRQ�0DQXDO� �WKH� WLWOH� SDJH�
DEVWUDFW�� LQWURGXFWLRQ�� PHWKRG�� UHVXOWV�� GLVFXVVLRQ�� DQG� UHIHUHQFHV��� 7KHVH� VHYHQ



VHFWLRQV�FDQ�DOVR�EH�XVHG�TXLWH�HIIHFWLYHO\�ZLWK�TXDOLWDWLYH�UHVHDUFK�UHSRUWV��0RVW
RI� WKH� HDUOLHU� FRPPHQWV� DERXW� WKHVH� VHYHQ� VHFWLRQV� DOVR� DSSO\� WR� WKH� TXDOLWDWLYH
UHVHDUFK�UHSRUW��:H�GR�QRW�UHSHDW�WKRVH�LGHDV�KHUH��KRZHYHU��ZH�KLJKOLJKW�VHYHUDO
LPSRUWDQW� LVVXHV� VXUURXQGLQJ� WKHVH� VHYHQ� VHFWLRQV� LQ� UHODWLRQ� WR� ZULWLQJ� D
TXDOLWDWLYH�UHVHDUFK�UHSRUW�

7KH� WLWOH� SDJH�� IURP� D� WHFKQLFDO� VWDQGSRLQW�� LV� VLPLODU� IRU� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�UHVHDUFK�UHSRUWV��$OZD\V�WU\�WR�ZULWH�D�WLWOH�WKDW�LV�FOHDU�DQG�GHVFULSWLYH�
UHJDUGOHVV�RI� WKH� W\SH�RI� UHSRUW��7KH�DEVWUDFW� LV�DOVR�YHU\�VLPLODU� IRU�TXDQWLWDWLYH
DQG�TXDOLWDWLYH�UHVHDUFK�UHSRUWV��:KHQ�ZULWLQJ�DQ�DEVWUDFW��\RXU�JRDO�LV�DOZD\V�WR
GHVFULEH�VXFFLQFWO\�WKH�NH\�IRFXV�RI�WKH�DUWLFOH��LWV�NH\�PHWKRGRORJLFDO�IHDWXUHV��DQG
LWV�PRVW�LPSRUWDQW�ILQGLQJV�

,Q�WKH�LQWURGXFWLRQ��VRPHWLPHV�FDOOHG�EDFNJURXQG���FOHDUO\�H[SODLQ�WKH�SXUSRVH
RI� \RXU� UHVHDUFK� DQG� WKHQ� UHSRUW� DQ\� UHVHDUFK� OLWHUDWXUH� WKDW� LV� UHOHYDQW� WR� \RXU
VWXG\�� )RU� H[DPSOH�� LI� \RX� DUH� KRSLQJ� WR� ILW� \RXU� VWXG\� LQWR� D� ODUJHU� ERG\� RI
UHVHDUFK��PXFK�RI�WKLV�PDWHULDO�VKRXOG�EH�SODFHG�LQ�WKH�LQWURGXFWLRQ��7KH�TXDOLWDWLYH
UHVHDUFK�UHSRUW�LQWURGXFWLRQ�GRHV��KRZHYHU��GLIIHU�VRPHZKDW�IURP�WKH�TXDQWLWDWLYH
UHVHDUFK�LQWURGXFWLRQ��)RU�H[DPSOH��WKH�TXDOLWDWLYH�UHSRUW�XVXDOO\�GRHV�QRW�LQFOXGH
DQ\� GHGXFWLYH� K\SRWKHVHV� �WHQWDWLYH� SUHGLFWLRQV� DERXW� WKH� UHODWLRQVKLSV� EHWZHHQ
YDULDEOHV� EDVHG� RQ� SULRU� OLWHUDWXUH� DQG� WKHRU\�� EHFDXVH� TXDOLWDWLYH� UHVHDUFK� LV
XVXDOO\� GRQH� IRU� H[SORUDWRU\� UDWKHU� WKDQ� FRQILUPDWRU\� UHDVRQV��$OWKRXJK� UHVHDUFK
TXHVWLRQV�DQG� LVVXHV�DUH�RIWHQ�UHSRUWHG� LQ� WKH�TXDOLWDWLYH�UHSRUW� LQWURGXFWLRQ�� WKH\
DUH�XVXDOO\� VWDWHG� LQ�RSHQ�HQGHG�DQG�JHQHUDO� IRUPV� �H�J��� WKH� UHVHDUFKHU�KRSHV� WR
³GLVFRYHU�´� ³H[SORUH� D� SURFHVV�´� ³H[SODLQ� RU� WR� XQGHUVWDQG�´� RU� ³GHVFULEH� WKH
H[SHULHQFHV´�� UDWKHU� WKDQ� LQ� WKH� IRUP� RI� KLJKO\� VSHFLILF� TXHVWLRQV�� DV� LV� PRUH
FRPPRQ�LQ�TXDQWLWDWLYH�UHVHDUFK�

7KH� 0HWKRGV� VHFWLRQ� LV� VRPHWLPHV� LQFRUSRUDWHG� LQWR� WKH� LQWURGXFWLRQ� RI� WKH
TXDOLWDWLYH�UHVHDUFK�UHSRUW��+RZHYHU��LW�LV�EHFRPLQJ�PRUH�FRPPRQ�IRU�TXDOLWDWLYH
UHVHDUFK�DXWKRUV�WR�LQFOXGH�D�VHSDUDWH�VHFWLRQ�RQ�WKHLU�PHWKRGV��:H�EHOLHYH�WKDW�D
VHSDUDWH�0HWKRGV� VHFWLRQ� VKRXOG� EH� LQFOXGHG� LQ� TXDOLWDWLYH� MRXUQDO� DUWLFOHV�� 7KH
DXWKRU�PLJKW�ZLVK� WR� UHOHJDWH� WKH�PHWKRGV� WR� DQ� DSSHQGL[� LQ� D�PRUH� SRSXODUL]HG
YHUVLRQ�RI�D�UHSRUW��EXW�HYHQ�KHUH�LW� LV� LPSRUWDQW� WKDW� WKH�UHVHDUFKHU�GHVFULEHV�WKH
PHWKRGV�WKDW�ZHUH�XVHG�WR�FDUU\�RXW�WKH�UHVHDUFK�VWXG\��2WKHUZLVH��WKH�UHDGHU�ODFNV
VXIILFLHQW�LQIRUPDWLRQ�WR�HYDOXDWH�WKH�TXDOLW\�RI�WKH�UHVHDUFK�VWXG\�

7KH�0HWKRGV� VHFWLRQ� QHHGV� WR� LQFOXGH� LQIRUPDWLRQ� WHOOLQJ� KRZ� WKH� VWXG\�ZDV
GRQH��ZKHUH�LW�ZDV�GRQH��ZLWK�ZKRP�LW�ZDV�GRQH��ZK\�WKH�VWXG\�ZDV�GHVLJQHG�DV�LW
ZDV�� KRZ� WKH� GDWD� ZHUH� FROOHFWHG� DQG� DQDO\]HG�� DQG�� PRVW� LPSRUWDQW�� ZKDW
SURFHGXUHV� ZHUH� FDUULHG� RXW� WR� HQVXUH� WKH� YDOLGLW\� RI� WKH� DUJXPHQWV� DQG
FRQFOXVLRQV�� ,W� LV� FRPPRQ� WRGD\� IRU� TXDOLWDWLYH� UHVHDUFKHUV� DOVR� WR� LQFOXGH� D
VHFWLRQ� LQ� WKH� UHSRUW� LQ� ZKLFK� WKH\� UHIOHFW� RQ� WKHLU� SHUVRQDO� VWDQGSRLQWV�� WKHLU
GLVFLSOLQDU\�EDFNJURXQGV��WKHLU�WKHRUHWLFDO�DQG�SDUDGLJPDWLF�SHUVSHFWLYHV��DQG�KRZ
WKHVH�FKDUDFWHULVWLFV�PLJKW�DIIHFW� WKHLU� UHVHDUFK��5HVHDUFKHUV� VKRXOG�GLVFXVV�ZKDW
VWUDWHJLHV�WKH\�XVHG�WR�HQVXUH�TXDOLWDWLYH�UHVHDUFK�YDOLGLW\��H�J���VHH�RXU�GLVFXVVLRQ
RI� WULDQJXODWLRQ�� ORZ�LQIHUHQFH�GHVFULSWRUV��H[WHQGHG� ILHOGZRUN��DQG� UHIOH[LYLW\� LQ
&KDSWHU������:KHQ�\RX�UHDG�WKH�0HWKRGV�VHFWLRQ�RI�D�TXDOLWDWLYH�UHVHDUFK�UHSRUW��D



NH\�TXHVWLRQ�ZLOO�EH��'LG�WKH�DXWKRUV�FRQYLQFH�\RX�WKDW�WKH\�FRQGXFWHG�WKHLU�VWXG\
HIIHFWLYHO\�DQG�DSSURSULDWHO\"

3HUKDSV� WKH� PRVW� LPSRUWDQW� VHFWLRQ� LQ� D� TXDOLWDWLYH� UHVHDUFK� UHSRUW� LV� WKH
5HVXOWV� VHFWLRQ� �VRPHWLPHV� FDOOHG� WKH� )LQGLQJV� VHFWLRQ� LQ� TXDOLWDWLYH� UHVHDUFK
UHSRUWV���7KLV�LV�ZKHUH�WKH�UHVHDUFKHU�SURYLGHV�WKH�EXON�RI�WKH�HYLGHQFH�VXSSRUWLQJ
KLV�RU�KHU�DUJXPHQWV��7KH�RYHUULGLQJ�LVVXH�ZKHQ�ZULWLQJ�\RXU�5HVXOWV�VHFWLRQ�LV�WR
SURYLGH� VXIILFLHQW� DQG� FRQYLQFLQJ� HYLGHQFH�� <RXU� DVVHUWLRQV� PXVW� EH� EDFNHG� XS
ZLWK� HPSLULFDO� GDWD� �H�J��� TXRWDWLRQV�� JURXQGHG� WKHRULHV��� %DVLFDOO\�� \RX� GR� QRW
ZDQW� WKH� UHDGHU� WR� JR� DZD\� VD\LQJ�� ³,¶P� QRW� VXUH� WKDW� ,� DJUHH�ZLWK� WKLV�ZULWHU¶V
FRQWHQWLRQV�´� 5HVHDUFKHUV� VKRXOG� WU\� WR� PLQLPL]H� WKH� VLWXDWLRQ� LQ� ZKLFK� UHDGHUV
PXVW� WDNH� WKH� UHVHDUFKHUV¶� ZRUG� IRU� WKHLU� DUJXPHQWV� ZLWKRXW� DQ\� HYLGHQFH�� :H
VKRXOG�DOO�NHHS�LQ�PLQG�WKH�IROORZLQJ�SRLQW�ZKHQ�ZH�ZRUN�RQ�RXU�5HVXOWV�VHFWLRQV�
³,W¶V�DERXW�HYLGHQFH�´�$V�%RJGDQ�DQG�%LNOHQ��������SRLQWHG�RXW��³7KH�TXDOLWDWLYH
UHVHDUFKHU�� LQ� HIIHFW�� VD\V� WR� WKH� UHDGHU�� ´+HUH� LV� ZKDW� ,� IRXQG� DQG� KHUH� DUH� WKH
GHWDLOV� WR�VXSSRUW� WKDW�YLHZ¶µ��S�������� ,I�ZH�IROORZ�WKLV�DGYLFH��ZH�DUH� OLNHO\� WR
SURGXFH�D�5HVXOWV�VHFWLRQ�WKDW�LV�FRQYLQFLQJ��WUXVWZRUWK\��DQG�GHIHQVLEOH�

<RX� ZLOO� QHHG� WR� ILQG� DQ� DSSURSULDWH� EDODQFH� EHWZHHQ� GHVFULSWLRQ� DQG
LQWHUSUHWDWLRQ� WR� ZULWH� D� FRQYLQFLQJ� 5HVXOWV� VHFWLRQ�� 2Q� WKH� RQH� KDQG�� \RX� GRQ¶W
QHHG� WR� RYHUNLOO� ZLWK� H[WHQVLYH� GHVFULSWLYH� GHWDLO� DQG� OLWWOH� LQWHUSUHWDWLYH
FRPPHQWDU\��)RU�H[DPSOH��\RX�GRQ¶W�ZDQW�WR�SURYLGH�SDJHV�DQG�SDJHV�RI�LQWHUYLHZV
DQG� ILHOG� QRWHV�ZLWK� QR� LQWHUSUHWDWLRQ��.HHS� LQ�PLQG� WKDW� VXFK� LQIRUPDWLRQ�PLJKW
YHU\�ZHOO�VHHP�LPSRUWDQW�WR�\RX�EHFDXVH�\RX�DUH�LPPHUVHG�LQ�\RXU�UHVHDUFK�GDWD�
KRZHYHU��VXFK�GHWDLOHG�LQIRUPDWLRQ�LV�SUREDEO\�QRW�LPSRUWDQW�WR�\RXU�UHDGHU��DQG�LQ
MRXUQDO� DUWLFOHV�� VSDFH� LV� OLPLWHG�� 2Q� WKH� RWKHU� KDQG�� \RX� GR� QHHG� WR� SURYLGH
VXIILFLHQW� GHVFULSWLYH� GHWDLO� WR� VXSSRUW� \RXU� FRQFOXVLRQV� DQG� LQWHUSUHWDWLYH
FRPPHQWDU\�� ,I�\RX�GRQ¶W�SURYLGH� VXIILFLHQW�GHVFULSWLYH�GHWDLO�� WKH� UHDGHU�ZLOO�EH
IRUFHG� WR� UHO\� WRR�KHDYLO\�RQ�\RXU�ZRUG�ZLWKRXW� VXSSRUWLYH� HYLGHQFH�� DQG� LI� \RX
GRQ¶W�SURYLGH�HQRXJK�LQWHUSUHWDWLYH�FRPPHQWDU\��\RXU�UHDGHU�ZLOO�HQG�XS�ORVW�LQ�WKH
GHWDLOV�� )LQGLQJ� WKH� EHVW� EDODQFH� EHWZHHQ� GHVFULSWLRQ� DQG� LQWHUSUHWDWLYH
FRPPHQWDU\�WDNHV�WLPH�DQG�SUDFWLFH�LQ�ZULWLQJ�TXDOLWDWLYH�UHVHDUFK�UHSRUWV��,W�DOVR
GHSHQGV�RQ�WKH�DXGLHQFH�DQG�WKH�RXWOHW�IRU�\RXU�UHSRUW��)RU�H[DPSOH��VSDFH�LV�PRUH
SOHQWLIXO�LQ�D�ERRN�RU�D�GLVVHUWDWLRQ�WKDQ�LQ�D�MRXUQDO��$OVR��WKH�UHDGHUV�RI�MRXUQDO
DUWLFOHV�DUH�XVXDOO\�OHVV�ZLOOLQJ�WR�WDNH�\RXU�ZRUG�IRU�\RXU�LQWHUSUHWDWLRQV�WKDQ�DUH
UHDGHUV�RI�D�EHVW�VHOOLQJ�QRQILFWLRQ�ERRN�YHUVLRQ�RI�\RXU�TXDOLWDWLYH�UHVHDUFK�

2QH�LPSRUWDQW�VWUDWHJ\�IRU�ZULWLQJ�D�5HVXOWV�VHFWLRQ�LV�WR�SURYLGH�TXRWHV�IURP
\RXU�UHVHDUFK�SDUWLFLSDQWV�DQG�WR� LQFOXGH�VKRUW�VHFWLRQV�IURP�\RXU�ILHOG�QRWHV�DQG
RWKHU�GDWD�WR�EULQJ�\RXU�UHDGHU�FORVH�WR�\RXU�UHVHDUFK�SDUWLFLSDQWV�DQG�WR�WKH�UHDO�
ZRUOG�VLWXDWLRQV�GHVFULEHG�LQ�\RXU�UHSRUW��<RX�VKRXOG�SURYLGH�VRPH�ULFK�DQG�YLYLG
GHVFULSWLRQ� RI� WKH� FRQWH[W�� VHWWLQJ�� SDUWLFLSDQWV�� FXOWXUDO� VFHQHV�� DQG� LQWHUDFWLRQV
DPRQJ�WKH�SDUWLFLSDQWV��7KLV�ZD\��WKH�UHDGHU�FDQ�YLFDULRXVO\�H[SHULHQFH�ZKDW�LW�LV
OLNH� WR�EH� LQ� WKH� VDPH� VLWXDWLRQ� DV� WKH� UHVHDUFK�SDUWLFLSDQWV��7KH�XVH�RI� YLJQHWWHV
�H�J��� GHWDLOHG� H[DPSOHV�� DQG� ORZ�LQIHUHQFH� GHVFULSWRUV� �H�J��� TXRWHV� IURP� WKH
SDUWLFLSDQWV�� LV� KHOSIXO� IRU� WKLV� SXUSRVH�� $QRWKHU� ZD\� WR� SUHVHQW� \RXU� GDWD� LV� WR
PDNH� LQWHUSUHWDWLYH� VWDWHPHQWV� DQG� IROORZ� HDFK� VWDWHPHQW� ZLWK� RQH� RU� PRUH



LOOXVWUDWLYH� H[DPSOHV�� ,QWHUZHDYLQJ� \RXU� GHVFULSWLYH� GDWD� ZLWK� LQWHUSUHWDWLYH
FRPPHQWDU\�WKURXJKRXW�\RXU�5HVXOWV�VHFWLRQ�KHOSV�\RXU�UHDGHU�IROORZ�\RXU�OLQH�RI
UHDVRQLQJ��5HJDUGOHVV�RI�WKH�VSHFLILF�IRUPDW�RI�\RXU�5HVXOWV�VHFWLRQ��UHPHPEHU�WKDW
\RX�PXVW� DOZD\V� SURYLGH� GDWD� �GHVFULSWLRQV�� TXRWHV�� GDWD� IURP�PXOWLSOH� VRXUFHV�
DQG�VR�IRUWK��WKDW�EDFN�XS�\RXU�DVVHUWLRQV�

7KH�5HVXOWV�VHFWLRQ�RI�D�TXDOLWDWLYH�UHSRUW�RIWHQ�LQFOXGHV�PRUH�VXEKHDGLQJV�WKDQ
WKH�5HVXOWV� VHFWLRQ�RI� D�TXDQWLWDWLYH� UHSRUW��7KH�SDUWLFXODU�RUJDQL]DWLRQ� LGHQWLILHG
E\� WKH� VXEKHDGLQJV� ZLOO� YDU\� GHSHQGLQJ� RQ� WKH� W\SH� RI� TXDOLWDWLYH� UHVHDUFK
FRQGXFWHG� DQG� WKH� UHVXOWV� RI� WKH� GDWD� DQDO\VLV�� )RU� H[DPSOH�� TXDOLWDWLYH� UHVHDUFK
UHVXOWV� PD\� EH� RUJDQL]HG� DURXQG� �D�� WKH� UHVHDUFK� TXHVWLRQV� RU� UHVHDUFK� LVVXHV
H[DPLQHG� LQ� WKH� UHVHDUFK�� �E�� DQ� D� SULRUL� OLWHUDWXUH�EDVHG� FRQFHSWXDO� VFKHPH
DSSOLHG�WR�WKH�UHVHDUFK�GDWD���F��D�W\SRORJ\�WKDW�LV�GHYHORSHG�GXULQJ�GDWD�DQDO\VLV�
�G�� WKH� NH\� WKHPHV� IRXQG� LQ� WKH� GDWD�� RU� �H�� D� FRQFHSWXDO� VFKHPH� EDVHG� RQ� D
JURXQGHG�WKHRU\�JHQHUDWHG�IURP�WKH�UHVHDUFK�GDWD��5HJDUGOHVV�RI�WKH�H[DFW�IRUPDW�
UHPHPEHU�WKDW�\RX�PXVW�FRQYLQFH�\RXU�UHDGHU�RI�\RXU�DUJXPHQWV��7KDW�LV�WKH�NH\�WR
HIIHFWLYH�UHSRUW�ZULWLQJ�

,Q� WKH� 'LVFXVVLRQ� VHFWLRQ� �VRPHWLPHV� FDOOHG� WKH� &RQFOXVLRQ��� WKH� TXDOLWDWLYH
UHVHDUFKHU�VKRXOG�VWDWH� WKH�RYHUDOO�FRQFOXVLRQV�DQG�RIIHU�DGGLWLRQDO� LQWHUSUHWDWLRQ
RI� WKH� ILQGLQJV�� 7KH� UHVHDUFKHU� VKRXOG� DOVR� GHWHUPLQH� ZKHWKHU� WKH� UHVXOWV� DUH
FRQVLVWHQW�ZLWK�RWKHU�UHVXOWV�SXEOLVKHG�LQ�WKH�UHVHDUFK�OLWHUDWXUH�DERXW�WKH�SDUWLFXODU
WRSLF� RU� JURXS�� (YHQ� LI� WKH� UHVHDUFK� LV� H[SORUDWRU\�� LW� LV� LPSRUWDQW� WR� ILW� \RXU
ILQGLQJV� LQWR� WKH� UHOHYDQW� UHVHDUFK� OLWHUDWXUH� LQ�\RXU�'LVFXVVLRQ�VHFWLRQ�� ,W� LV�DOVR
KHOSIXO�WR�SURYLGH�VXJJHVWLRQV�IRU�IXUWKHU�UHVHDUFK��EHFDXVH�UHVHDUFK�LV�UDUHO\�GRQH
LQ�D�YDFXXP��9LUWXDOO\�DOO�UHVHDUFK�FDQ�DQG�VKRXOG�EH�UHODWHG�WR�WKH�ELJ�SLFWXUH�RI
ZKHUH�ZH�KDYH�EHHQ�DQG�ZKHUH�ZH�DUH�JRLQJ� LQ�RXU�HIIRUWV� WR� LQFUHDVH�UHVHDUFK�
EDVHG�NQRZOHGJH�RI�KXPDQV�DQG�WKHLU�FRQGLWLRQV�

7KH�5HIHUHQFHV� VHFWLRQ� LV� WKH�VDPH� LQ�D�TXDQWLWDWLYH�DQG�TXDOLWDWLYH� UHSRUW�� ,I
WKH� $3$� UHIHUHQFLQJ� VW\OH� LV� XVHG�� WKH� UHIHUHQFHV� VKRXOG� IROORZ� WKH� $3$� IRUPDW
GHVFULEHG�HDUOLHU�LQ�WKLV�FKDSWHU�DQG�GHPRQVWUDWHG�LQ�WKH�VDPSOH�UHSRUW��)LQDOO\��WKH
DQFLOODU\� FRPSRQHQWV�GLVFXVVHG�HDUOLHU� �FKDUWV�� WDEOHV�� ILJXUHV�� DQG� VR� IRUWK�� DOVR
KDYH�DQ�LPSRUWDQW�SODFH�LQ�TXDOLWDWLYH�UHVHDUFK�UHSRUWV��)RU�H[DPSOH��D�GDWD�FKDUW
RU�PDWUL[� LV�YHU\�KHOSIXO�ZKHQ�D�JUHDW�GHDO�RI�QDUUDWLYH� WH[W�ZRXOG�EH�QHHGHG� WR
FRQYH\� WKH� VDPH� LQIRUPDWLRQ�� $Q� H[FHOOHQW� VRXUFH� IRU� OHDUQLQJ� PRUH� DERXW
GLVSOD\LQJ�TXDOLWDWLYH�UHVHDUFK�GDWD�LV�0LOHV�DQG�+XEHUPDQ¶V��������ERRN�HQWLWOHG
4XDOLWDWLYH�'DWD�$QDO\VLV��$Q�([SDQGHG�6RXUFH�%RRN�

:5,7,1*�0,;('�5(6($5&+�5(32576
:H�KDYH�H[SODLQHG��LQ�VRPH�GHSWK��KRZ�WR�ZULWH�D�TXDQWLWDWLYH�UHVHDUFK�UHSRUW�DQG
KRZ� WR� ZULWH� D� TXDOLWDWLYH� UHVHDUFK� UHSRUW�� :KHQ� \RXU� UHSRUW� LV� EDVHG� RQ� ERWK
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�UHVHDUFK��KRZHYHU��ZKDW�VKRXOG�\RX�GR"�2XU�DGYLFH�LV�
ILUVW� DQG� IRUHPRVW�� WR� NQRZ� \RXU� DXGLHQFH� DQG� ZULWH� LQ� D� PDQQHU� WKDW� FOHDUO\
FRPPXQLFDWHV� WR� WKDW� DXGLHQFH�� 6HFRQG�� FRQVLGHU� EULHIO\� DUWLFXODWLQJ� \RXU� PL[HG
UHVHDUFK� SKLORVRSK\� DQG� V\QWKHVLV�� WKLV� LV� D� FRPSRQHQW� RI



SDUDGLJPDWLF�SKLORVRSKLFDO�YDOLGLW\��GLVFXVVHG�LQ�&KDSWHU�����7KLUG��ZH�WKLQN�LW�LV
LPSRUWDQW� WKDW� D� PL[HG� UHVHDUFK� UHSRUW� GHPRQVWUDWH�PXOWLSOH� SHUVSHFWLYHV� RQ� WKH
UHVHDUFK�SKHQRPHQD�VWXGLHG��2QH�FUHDWLYH�VW\OH��WKDW�ZH�KDYH�QRW�VHHQ�XVHG��ZRXOG
EH� WR� DOWHUQDWH� EHWZHHQ� WKH� HPLF� DQG� HWLF� SHUVSHFWLYHV� LQ� WKH� 5HVXOWV� DQG
'LVFXVVLRQ�VHFWLRQV�RI�\RXU�UHSRUW��$QRWKHU�ZRXOG�EH�WR�XVH�WKH�MXGLFLDO�PHWDSKRU
DQG� KDYH� SURWDJRQLVWV� GHIHQG� FRQIOLFWLQJ� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� SRVLWLRQV�
IROORZHG� E\� DQ� DWWHPSW� WR� SURYLGH� D� EURDGHU� DQG�RU� PRUH� FRPSOH[� LQWHJUDWLYH�
PL[HG�SHUVSHFWLYH��$QRWKHU�FUHDWLYH�VW\OH�ZRXOG�XVH�D�GLDOHFWLFDO�ORJLF��L�H���WKHVLV�
DQWLWKHVLV��V\QWKHVLV��VXFK�WKDW�HDFK�DSSURDFK�LV�ZULWWHQ��WKHQ�IROORZHG�E\�D�FULWLTXH
E\�LWV�ULYDO�SDUDGLJP��TXDOLWDWLYH�FULWLTXLQJ�WKH�TXDQWLWDWLYH�ILUVW�GUDIW��TXDQWLWDWLYH
FULWLTXLQJ� WKH� TXDOLWDWLYH� ILUVW� GUDIW��� DQG�� ILQDOO\�� WKH� PL[HG� SHUVSHFWLYH� ZRXOG
FRPSOHWH�WKH�UHSRUW�ZLWK�D�V\QWKHVLV�

�6HH�-RXUQDO�$UWLFOH������DQG������RQ�WKH�6WXGHQW�6WXG\�6LWH�

1H[W��ZH�HPSKDVL]H�WKDW�WKHUH�LV�QR�VLQJOH�ZULWLQJ�WHFKQLTXH�WKDW�LV�DSSURSULDWH
IRU�PL[HG�UHVHDUFK�LQ�DOO�FDVHV��DQG�\RX�FDQ�EH�FUHDWLYH�LQ�\RXU�SUHVHQWDWLRQ�VW\OH
DV�ORQJ�DV�\RX�VXIILFLHQWO\�ZDUUDQW�\RXU�DVVHUWLRQV�ZLWK�GDWD�DQG�HYLGHQFH��)LIWK��LI
\RX�DUH�DWWHPSWLQJ�WR�ZULWH�D�UHSRUW�RI�DQ�HTXDO�VWDWXV�PL[HG�GHVLJQ��\RX�ZLOO�QHHG
WR�UHVSHFW� IXOO\� WKH� WKLQNLQJ�VW\OHV�RI�HDFK�DSSURDFK�ZKHQ�ZULWLQJ�DERXW� WKHP�DQG
PHUJLQJ�WKHP�LQ�\RXU�PL[HG�UHSRUW��6L[WK��PDNH�VXUH�WKDW�\RX�LQWHJUDWH�LGHDV�IURP
WKH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� GDWD�� ILQGLQJV�� DQG� SHUVSHFWLYHV� LQWR� ZDUUDQWHG
PHWD�LQIHUHQFHV� �L�H��� LQWHJUDWLYH� LQIHUHQFHV� RU� FRQFOXVLRQV� EDVHG� RQ� TXDOLWDWLYH
DQG� TXDQWLWDWLYH� GDWD� DQG� ILQGLQJV���7KLV� LQWHJUDWLYH� YLHZSRLQW� LV� UHTXLUHG� LI� \RX
DUH�WR�KDYH�FRPPHQVXUDELOLW\�DSSUR[LPDWLRQ�YDOLGLW\��DV�GLVFXVVHG�LQ�&KDSWHU���
�S�� ������ <RXU� PHWD�LQIHUHQFHV� DOVR� VKRXOG� EH� FRJQL]DQW� RI� VRFLDO� DQG� SROLWLFDO
QHHGV�DQG�KRZ�\RXU�UHVHDUFK�ILQGLQJV�FDQ�FRQWULEXWH�WR�ERWK�NQRZOHGJH�DQG�VRFLDO
MXVWLFH��7KLV�LV�VRFLRSROLWLFDO�YDOLGLW\� LQ�PL[HG�UHVHDUFK��DV�GLVFXVVHG�LQ�&KDSWHU
���

��0HWD�LQIHUHQFH�DQ�LQIHUHQFH�RU�FRQFOXVLRQ�WKDW�EXLOGV�RQ�RU�LQWHJUDWHV
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�LQVLJKWV�DQG�ILQGLQJV

$V� D� VWDUWLQJ� SRLQW� DQG� IRU� HDVH� RI� FRPPXQLFDWLRQ�� LQ� PDQ\� FDVHV� \RX� FDQ
VWUXFWXUH� \RXU� UHSRUW� DURXQG� WKH� VDPH� VHYHQ� JHQHULF� SDUWV� RI� DQ� $3$� UHSRUW
GLVFXVVHG� HDUOLHU� LQ� WKLV� FKDSWHU� �L�H��� WLWOH� SDJH�� DEVWUDFW�� LQWURGXFWLRQ�� PHWKRG�
UHVXOWV�� GLVFXVVLRQ�� DQG� UHIHUHQFHV��� 7KH� SULPDU\�PRGLILFDWLRQ� IRU�PL[HG� UHSRUWV
ZLWK� WKLV� VWDUWLQJ� SRLQW� LV� WKH� QHHG� WR� RUJDQL]H� WKH� TXDOLWDWLYH�� TXDQWLWDWLYH�� DQG
LQWHJUDWHG�SDUWV�ZLWKLQ�RQH�RU�PRUH�RI� WKHVH�VHFWLRQV�DQG� WR�GR� WKLV� LQ�D�ZD\� WKDW
ZRUNV� IRU� \RXU� UHDGHUV�� 8VXDOO\�� WKH� PRVW� HIIHFWLYH� RUJDQL]DWLRQ� VW\OH� LV� WR
RUJDQL]H�WKH�LQWURGXFWLRQ�DQG�0HWKRG��5HVXOWV��DQG�'LVFXVVLRQ�VHFWLRQV�E\�\RXU
UHVHDUFK�TXHVWLRQV²\RX�ZRXOG�WHOO�\RXU�UHDGHU�ZKDW�WKH�TXDQWLWDWLYH��TXDOLWDWLYH�
DQG� LQWHJUDWHG�PL[HG� YLHZSRLQWV� KDYH� WR� VD\� DERXW� HDFK� UHVHDUFK� TXHVWLRQ� DV
WDLORUHG�WR�WKH�QHHGV�RI�HDFK�PDMRU�UHSRUW�VHFWLRQ��$QRWKHU�VW\OH�LV�WR�RUJDQL]H�VRPH



VHFWLRQV�E\�UHVHDUFK�SDUDGLJP��TXDQWLWDWLYH��TXDOLWDWLYH��DQG�PL[HG���)RU�H[DPSOH�
WKH�TXDQWLWDWLYH�UHVXOWV�PLJKW�EH�SUHVHQWHG�ILUVW��IROORZHG�E\�WKH�TXDOLWDWLYH�UHVXOWV�
IROORZHG�E\� WKH� LQWHJUDWHG�PL[HG� UHVXOWV��<HW� DQRWKHU� VW\OH� LV� WR�ZULWH� HVVHQWLDOO\
VHSDUDWH�VXEUHSRUWV��RQH�IRU�WKH�TXDOLWDWLYH�SDUW�DQG�RQH�IRU�WKH�TXDQWLWDWLYH�SDUW��
IROORZHG�E\�D�WKLUG��PL[HG�VHFWLRQ�WKDW�V\QWKHVL]HV�WKHVH�

$V� \RX� FDQ� VHH�� ZULWLQJ� D� PL[HG� UHVHDUFK� UHSRUW� LV� GLIIHUHQW� IURP�ZULWLQJ� D
WUDGLWLRQDO�PRQRPHWKRG�UHVHDUFK�UHSRUW��+RZHYHU��LW�DOVR�LV�VLPLODU�WR�ZULWLQJ�DQ\
RWKHU�NLQG�RI�UHVHDUFK�UHSRUW��,Q�DOO�UHVHDUFK�UHSRUWV��WKH�NH\�LV�WR�DGGUHVV�FOHDUO\
HDFK� RI� \RXU� UHVHDUFK� TXHVWLRQV�� WR� PDNH� \RXU� UHSRUW� KLJKO\� GHVFULSWLYH� DQG
UHDGDEOH�� DQG� WR� SURYLGH� \RXU� UHDGHU�ZLWK� VXIILFLHQW�� FRQYLQFLQJ�� DQG� GHIHQVLEOH
HYLGHQFH�IRU�HDFK�RI�\RXU�UHVHDUFK�ILQGLQJV�DQG�UHFRPPHQGDWLRQV�

$&7,21�5(6($5&+�5()/(&7,21

,QVLJKW��$FWLRQ�UHVHDUFKHUV�VKRXOG�VKDUH�ZKDW�WKH\�OHDUQ�ZLWK�RWKHUV�LQ�WKHLU�VHWWLQJ
DQG�DGG�WKHLU�NQRZOHGJH�WR�WKH�EURDGHU�VFLHQWLILF�NQRZOHGJH�EDVH��:H�PHQWLRQHG
HDUOLHU� WKDW� LW� LV� HVVHQWLDO� WKDW� HGXFDWLRQ� VFLHQFH� OLVWHQ� FDUHIXOO\� WR� SUDFWLWLRQHUV¶
DFWLRQ�UHVHDUFK�ILQGLQJV��7KHUHIRUH��DFWLRQ�UHVHDUFKHUV�PXVW�ZULWH�XS�WKHLU�ILQGLQJV
DQG� VKDUH� WKHP� ZLWK� RWKHUV� YLD� RXWOHWV� VXFK� DV� SURIHVVLRQDO� DQG� VFKRODUO\
FRQIHUHQFHV� DQG� SXEOLFDWLRQV� �ORFDO�� UHJLRQDO�� DQG� QDWLRQDO��� ,QWHUSHUVRQDO
FRPPXQLFDWLRQ�PHFKDQLVPV�DOVR�DUH� LPSRUWDQW�� VXFK�DV� VKDULQJ�\RXU� ILQGLQJV�DQG
LGHDV�ZLWK�FROOHDJXHV��SDUWLFLSDQWV��DGPLQLVWUDWRUV��DQG�SDUHQWV��$OZD\V�UHPHPEHU
WKDW�FRPPXQLFDWLRQ�PXVW�EH�WZR�ZD\��RU�PXOWLZD\��IRU�WKH�SDUWLFLSDQWV�WR�HQJDJH�LQ
FRQWLQXDO�DQG�OLIHORQJ�OHDUQLQJ�

�6HH�-RXUQDO�$UWLFOHV������DQG������RQ�WKH�6WXGHQW�6WXG\�6LWH�

����+RZ�VKRXOG�\RX�VSHFLILFDOO\�FRPPXQLFDWH�DQG�GLVVHPLQDWH�\RXU�LQVLJKWV�JDLQHG
IURP�\RXU�DFWLRQ�UHVHDUFK�SURMHFW"

����:KDW�LV�\RXU�FRPPXQLFDWLRQ�DQG�GLVVHPLQDWLRQ�SODQ"

����+RZ�KDYH�\RX�DOUHDG\�FRPPXQLFDWHG�\RXU�ILQGLQJV"�'LG�RWKHUV�ILQG�LW�XVHIXO"
:KDW�LQVLJKWV�GLG�WKH\�KDYH�DERXW�\RXU�SURMHFW"�:LWK�ZKRP�GR�\RX�ZDQW�WR
FRQWLQXH�\RXU�³DFWLRQ�FRPPXQLFDWLRQ�DQG�OHDUQLQJ´�"�6KRXOG�\RX�RUJDQL]H�D
OHDUQLQJ�FRPPXQLW\�WR�FRQWLQXH�IRFXVLQJ�RQ�D�SDUWLFXODU�DFWLRQ�UHVHDUFK�LVVXH"

����:KDW�IROORZ�XS�TXHVWLRQV�GR�\RX�KDYH��LI�\RX�DUH�WR�FRQWLQXH�\RXU�DFWLRQ
UHVHDUFK�SURMHFW"

����:KDW�VSHFLILFDOO\�DUH�\RXU�QH[W�DFWLRQ�UHVHDUFK�TXHVWLRQV�DQG�\RXU�DFWLRQ�SODQ"

6800$5<

$W� VRPH� SRLQW� LQ� \RXU� FDUHHU�� \RX� SUREDEO\� ZLOO� EH� DVNHG� WR� ZULWH� D� UHVHDUFK



UHSRUW��,Q�WKLV�FKDSWHU��ZH�H[SODLQHG�WKH�VHYHQ�SDUWV�RI�D�W\SLFDO�$3$�VW\OH�UHVHDUFK
UHSRUW�� 7LWOH� SDJH�� $EVWUDFW�� ,QWURGXFWLRQ�� 0HWKRG�� 5HVXOWV�� 'LVFXVVLRQ�� DQG
5HIHUHQFHV��:H�SURYLGHG�D�VXPPDU\�RI�VRPH�RI�WKH�PRVW�LPSRUWDQW�LGHDV�IRXQG�LQ
WKH�$3$�3XEOLFDWLRQ�0DQXDO��,Q�DGGLWLRQ�WR�H[SODLQLQJ�NH\�$3$�VW\OH�SUDFWLFHV��ZH
SURYLGHG� D�PDQXVFULSW� WKDW� LV� IRUPDWWHG� XVLQJ�$3$� VW\OH��ZKLFK� \RX� FDQ� TXLFNO\
H[DPLQH� IRU� H[DPSOHV� RI� $3$� VW\OH� ZKHQ� \RX� DUH� ZULWLQJ� \RXU� SDSHUV�� 2XU
PDQXVFULSW� DQG� H[SODQDWLRQV� DUH�PRGHOHG� RQ� WKRVH� IRXQG� LQ� WKH�$3$�3XEOLFDWLRQ
0DQXDO��FXUUHQWO\�LQ�WKH��WK�HGLWLRQ��/DVW��ZH�SURYLGHG�VXJJHVWLRQV�IRU�ZULWLQJ�DQG
VWUXFWXULQJ� TXDQWLWDWLYH� UHVHDUFK� UHSRUWV�� TXDOLWDWLYH� UHVHDUFK� UHSRUWV�� DQG� PL[HG
PHWKRGV�UHVHDUFK�UHSRUWV�

.(<�7(50

PHWD�LQIHUHQFHV��S������

',6&866,21�48(67,216

����:KDW�ZULWLQJ�HUURUV�RU�ZULWLQJ�SUREOHPV�GR�\RX�WKLQN�DUH�PRVW�FRPPRQ�DPRQJ
EHJLQQLQJ�UHVHDUFK�PHWKRGV�VWXGHQWV"

����:KDW�VHFWLRQ�RI�D�UHVHDUFK�UHSRUW�GR�\RX�EHOLHYH�LV�WKH�PRVW�GLIILFXOW�WR�ZULWH"

����:KDW�W\SH�RI�UHVHDUFK�GR�\RX�WKLQN�LV�WKH�PRVW�GHPDQGLQJ�RI�D�ZULWHU�
TXDQWLWDWLYH�UHVHDUFK��TXDOLWDWLYH�UHVHDUFK��RU�PL[HG�UHVHDUFK"

5(6($5&+�(;(5&,6(6

����8VLQJ�RQH�RI�WKH�DUWLFOH�UHYLHZV�\RX�FRQGXFWHG�WKLV�VHPHVWHU��FULWLTXH�\RXU
ZULWLQJ�

����8VLQJ�(5,&��ILQG�D�TXDOLWDWLYH�UHVHDUFK�DUWLFOH��UHDG�WKLV�DUWLFOH��DQG�WKHQ
DQVZHU�WKH�IROORZLQJ�TXHVWLRQV�

D���:KDW�DUH�WKH�YDULRXV�VHFWLRQV�RI�WKH�DUWLFOH"

E���:KDW�GLG�WKH�DXWKRUV�DWWHPSW�WR�DFFRPSOLVK�LQ�HDFK�VHFWLRQ"

F���:KDW�HYLGHQFH�GLG�WKH�DXWKRUV�XVH�WR�VXSSRUW�WKH�FRQFOXVLRQV�RU
LQWHUSUHWDWLRQV"

G���+RZ�GR�WKH�IRUPDW�DQG�VW\OH�RI�WKLV�UHSRUW�GLIIHU�IURP�WKH�ZD\�LQ�ZKLFK�D
TXDQWLWDWLYH�VWXG\�ZRXOG�EH�UHSRUWHG"

5(/(9$17�,17(51(7�6,7(6



:LOOLDP�6WUXQN¶V�IDPRXV�DQG�YHU\�XVHIXO�(OHPHQWV�RI�6W\OH
KWWS���ZZZ�EDUWOHE\�FRP�����

'LVFXVVHV�SODJLDULVP
KWWS���ZZZ�LQGLDQD�HGX�aZWV�SDPSKOHWV�SODJLDULVP�VKWPO

6HYHUDO�XVHIXO�OLQNV�IRU�$3$�ZULWLQJ�VW\OH
KWWS���ZZZ�DSDVW\OH�RUJ
KWWS���RZO�HQJOLVK�SXUGXH�HGX�KDQGRXWV�UHVHDUFK�UBDSD�KWPO

678'(17�678'<�6,7(

9LVLW�WKH�6WXGHQW�6WXG\�6LWH�DW�ZZZ�VDJHSXE�FRP�EMRKQVRQ�H��IRU�WKHVH�DGGLWLRQDO
OHDUQLQJ�WRROV�

9LGHR�/LQNV
6HOI�4XL]]HV
H)ODVKFDUGV
)XOO�7H[W�6$*(�-RXUQDO�$UWLFOHV
,QWHUDFWLYH�&RQFHSW�0DSV
:HE�5HVRXUFHV

5(&200(1'('�5($',1*

$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ����������3XEOLFDWLRQ�PDQXDO�RI�WKH�$PHULFDQ
3V\FKRORJLFDO�$VVRFLDWLRQ���WK�HG����:DVKLQJWRQ��'&��$PHULFDQ�3V\FKRORJLFDO
$VVRFLDWLRQ�

%HFNHU��+��6����������:ULWLQJ�IRU�VRFLDO�VFLHQWLVWV��&KLFDJR��,/��8QLYHUVLW\�RI
&KLFDJR�3UHVV�

0DQKDUG��6��-����������7KH�JRRI�SURRIHU��+RZ�WR�DYRLG�WKH����PRVW�HPEDUUDVVLQJ
HUURUV�LQ�\RXU�VSHDNLQJ�DQG�ZULWLQJ��1HZ�<RUN��1<��)LUHVLGH�

5RVQRZ��5��/���	�5RVQRZ��0����������:ULWLQJ�SDSHUV�LQ�SV\FKRORJ\��1HZ�<RUN�
1<��:LOH\�

5XGHVWDP��.��(���	�1HZWRQ��5��5����������6XUYLYLQJ�\RXU�GLVVHUWDWLRQ��$
FRPSUHKHQVLYH�JXLGH�WR�FRQWHQW�DQG�SURFHVV��7KRXVDQG�2DNV��&$��6DJH�

6WUXQN��:���	�:KLWH��(��%����������7KH�HOHPHQWV�RI�VW\OH��%RVWRQ��0$��$OO\Q�	
%DFRQ�

http://www.bartleby.com/141/
http://www.indiana.edu/~wts/pamphlets/plagiarism.shtml
http://www.apastyle.org
http://owl.english.purdue.edu/handouts/research/r_apa.html
http://www.sagepub.com/bjohnson5e/
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&KDSWHU����,QWURGXFWLRQ�WR�(GXFDWLRQDO�5HVHDUFK
-RXUQDO�$UWLFOH������0HUFLHU��&���3LDW��0���3HODGHDX��1���	�'DJHQDLV��&����������$Q

DSSOLFDWLRQ�RI�WKHRU\�GULYHQ�HYDOXDWLRQ�WR�D�GURS�LQ�\RXWK�FHQWHU��(YDOXDWLRQ
5HYLHZ������������±���

-RXUQDO�$UWLFOH������'H%ODVH��*�/����������0LVVLQJ�VWRULHV��PLVVLQJ�OLYHV��8UEDQ
JLUOV��UH�FRQVWUXFWLQJ�UDFH�DQG�JHQGHU�LQ�WKH�OLWHUDF\�FODVVURRP��8UEDQ
(GXFDWLRQ�������������±����

-RXUQDO�$UWLFOH������5HQ]XOOL��-�6���	�3DUN��6����������*LIWHG�GURSRXWV��7KH�ZKR
DQG�WKH�ZK\��*LIWHG�&KLOG�4XDUWHUO\�������������±����

&KDSWHU����4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK
-RXUQDO�$UWLFOH������:RQJ��&��6����������$�SOD\�DQG�MRLQW�DWWHQWLRQ�LQWHUYHQWLRQ�IRU

WHDFKHUV�RI�\RXQJ�FKLOGUHQ�ZLWK�DXWLVP��$�UDQGRPL]HG�FRQWUROOHG�SLORW�VWXG\�
$XWLVP���������±����

-RXUQDO�$UWLFOH������)LQQ��.�9���	�)URQH��0�5����������3UHGLFWRUV�RI�DJJUHVVLRQ�DW
VFKRRO��7KH�HIIHFW�RI�VFKRRO�UHODWHG�DOFRKRO�XVH��1$663�%XOOHWLQ�����������
��±���

-RXUQDO�$UWLFOH������'DYLV��5�(����������³7KH�VWURQJHVW�ZRPHQ´���([SORUDWLRQ�RI
WKH�LQQHU�UHVRXUFHV�RI�DEXVHG�ZRPHQ��4XDOLWDWLYH�+HDOWK�5HVHDUFK���������
����±�����

-RXUQDO�$UWLFOH������-RKQVRQ��5�%���2QZXHJEX]LH��$�-���	�7XUQHU��/�$���������
7RZDUG�D�GHILQLWLRQ�RI�PL[HG�PHWKRGV�UHVHDUFK��-RXUQDO�RI�0L[HG�0HWKRGV
5HVHDUFK������������±����

&KDSWHU����$FWLRQ�5HVHDUFK�IRU�/LIHORQJ�/HDUQLQJ
-RXUQDO�$UWLFOH������0DU\�%U\GRQ�0LOOHU��'DY\GG�*UHHQZRRG��DQG�3DWULFLD

0DJXLUH��:K\�$FWLRQ�5HVHDUFK"�$FWLRQ�5HVHDUFK��������YRO�����SS���±���
-RXUQDO�$UWLFOH������+LODU\�%UDGEXU\�+XDQJ��:KDW�LV�JRRG�DFWLRQ�UHVHDUFK"��:K\

WKH�UHVXUJHQW�LQWHUHVW"�$FWLRQ�5HVHDUFK�����������±����
-RXUQDO�$UWLFOH������-XG\�%XUJHVV��3DUWLFLSDWRU\�DFWLRQ�UHVHDUFK��)LUVW�SHUVRQ

SHUVSHFWLYHV�RI�D�JUDGXDWH�VWXGHQW��$FWLRQ�5HVHDUFK��������YRO�����SS�����±



���

&KDSWHU����+RZ�WR�5HYLHZ�WKH�/LWHUDWXUH�DQG�'HYHORS�5HVHDUFK
4XHVWLRQV
-RXUQDO�$UWLFOH������%RRWH��'�1���	�%HLOH��3����������6FKRODUV�EHIRUH�UHVHDUFKHUV�

2Q�WKH�FHQWUDOLW\�RI�WKH�GLVVHUWDWLRQ�OLWHUDWXUH�UHYLHZ�LQ�UHVHDUFK�SUHSDUDWLRQ�
(GXFDWLRQDO�5HVHDUFKHU�����������±���

-RXUQDO�$UWLFOH������/DXHU��3�$���$NLED��0���:LONHUVRQ��6�%���$SWKRUS��+�6���6QRZ�
'���	�0DUWLQ�*OHQQ��0�/����������2XW�RI�6FKRRO�7LPH�SURJUDPV��$�PHWD�
DQDO\VLV�RI�HIIHFWV�IRU�DW�ULVN�VWXGHQWV��5HYLHZ�RI�(GXFDWLRQDO�5HVHDUFK����
��������±����

-RXUQDO�$UWLFOH������-XOLDQ�.LWFKHQ�DQG�'LDQQH�6WHYHQV�$FWLRQ�UHVHDUFK�LQ�WHDFKHU
HGXFDWLRQ��7ZR�WHDFKHU�HGXFDWRUV�SUDFWLFH�DFWLRQ�UHVHDUFK�DV�WKH\�LQWURGXFH
DFWLRQ�UHVHDUFK�WR�SUHVHUYLFH�WHDFKHUV��$FWLRQ�5HVHDUFK��0DU�������YRO����
SS���±���

&KDSWHU����+RZ�WR�:ULWH�D�5HVHDUFK�3URSRVDO
-RXUQDO�$UWLFOH������5DZQVOH\��'�(����������3URSRVDO�ZULWLQJ�PDGH�SDODWDEOH�

1$663�%XOOHWLQ����������±���
-RXUQDO�$UWLFOH������0RUVH��-�0����������$�UHYLHZ�FRPPLWWHH¶V�JXLGH�IRU

HYDOXDWLQJ�TXDOLWDWLYH�SURSRVDOV��4XDOLWDWLYH�+HDOWK�5HVHDUFK�������������±
����

-RXUQDO�$UWLFOH������6DQGHORZVNL��0���	�%DUURVR��-����������:ULWLQJ�WKH�SURSRVDO
IRU�D�TXDOLWDWLYH�UHVHDUFK�PHWKRGRORJ\�SURMHFW��4XDOLWDWLYH�+HDOWK�5HVHDUFK�
�����������±����

&KDSWHU����5HVHDUFK�(WKLFV
-RXUQDO�$UWLFOH������*RUGRQ��:���	�6RUN��7�-����������(WKLFDO�LVVXHV�DQG�FRGHV�RI

HWKLFV��9LHZV�RI�DGXOW�HGXFDWLRQ�SUDFWLWLRQHUV�LQ�&DQDGD�DQG�WKH�8QLWHG�6WDWHV�
$GXOW�(GXFDWLRQ�4XDUWHUO\�������������±����

-RXUQDO�$UWLFOH������0RRQ��7��5����������$�SULPHU�RQ�UHVHDUFK�HWKLFV�LQ�WKH�ILHOG�RI
JLIWHG�HGXFDWLRQ��*LIWHG�&KLOG�4XDUWHUO\���������±�������

-RXUQDO�$UWLFOH������0DU\�%U\GRQ�0LOOHU��'DY\GG�*UHHQZRRG��DQG�2ODY�(LNHODQG�
&RQFOXVLRQ��6WUDWHJLHV�IRU�DGGUHVVLQJ�HWKLFDO�FRQFHUQV�LQ�DFWLRQ�UHVHDUFK�
$FWLRQ�5HVHDUFK��0DU�������YRO�����SS�����±����

&KDSWHU����6WDQGDUGL]HG�0HDVXUHPHQW�DQG�$VVHVVPHQW
-RXUQDO�$UWLFOH������:DWNLQV��.��(���	�2¶1HDO��-����������7KH�GLPHQVLRQV�RI�WKH

/HDUQLQJ�2UJDQL]DWLRQ�4XHVWLRQQDLUH��WKH�'/24���$�QRQWHFKQLFDO�PDQXDO�
$GYDQFHV�LQ�'HYHORSLQJ�+XPDQ�5HVRXUFHV���������±����

-RXUQDO�$UWLFOH������0XQURH��$���	�3HDUVRQ��&����������7KH�0XQURH�PXOWLFXOWXUDO



DWWLWXGH�VFDOH�TXHVWLRQQDLUH��$�QHZ�LQVWUXPHQW�IRU�PXOWLFXOWXUDO�VWXGLHV�
(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW��������������±����

-RXUQDO�$UWLFOH������-RKQVRQ��%���6WHYHQV��-�-���	�=YRFK��.����������7HDFKHUV¶
SHUFHSWLRQV�RI�VFKRRO�FOLPDWH��$�YDOLGLW\�VWXG\�RI�VFRUHV�IURP�WKH�UHYLVHG
VFKRRO�OHYHO�HQYLURQPHQW�TXHVWLRQQDLUH��(GXFDWLRQDO�DQG�3V\FKRORJLFDO
0HDVXUHPHQW�������������±����

-RXUQDO�$UWLFOH������+DUULV��6�0���	�+DOSLQ��*����������'HYHORSPHQW�DQG
YDOLGDWLRQ�RI�WKH�IDFWRUV�LQIOXHQFLQJ�SXUVXLW�RI�KLJKHU�HGXFDWLRQ�TXHVWLRQQDLUH�
(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW������������±���

-RXUQDO�$UWLFOH�������%H\HUV��:���	�*RRVVHQV��/����������&RQFXUUHQW�DQG�SUHGLFWLYH
YDOLGLW\�RI�WKH�VWXGHQW�DGDSWDWLRQ�WR�FROOHJH�TXHVWLRQQDLUH�LQ�D�VDPSOH�RI
(XURSHDQ�IUHVKPDQ�VWXGHQWV��(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW�
�����������±����

&KDSWHU����+RZ�WR�&RQVWUXFW�D�4XHVWLRQQDLUH
-RXUQDO�$UWLFOH������(GZDUGV��-�(���	�7KRPDV��0�'����������7KH�RUJDQL]DWLRQDO

VXUYH\�SURFHVV��*HQHUDO�VWHSV�DQG�SUDFWLFDO�FRQVLGHUDWLRQV��$PHULFDQ
%HKDYLRUDO�6FLHQWLVW�������������±����

-RXUQDO�$UWLFOH������6FKZDU]��1���	�2\VHUPDQ��'����������$VNLQJ�TXHVWLRQV�DERXW
EHKDYLRU��&RJQLWLRQ��FRPPXQLFDWLRQ��DQG�TXHVWLRQQDLUH�FRQVWUXFWLRQ�
$PHULFDQ�-RXUQDO�RI�(YDOXDWLRQ�������������±���

-RXUQDO�$UWLFOH������)RUV\WK��%�+���.XGHOD��0�6���/HYLQ��.���/DZUHQFH��'���	
:LOOLV��*�'����������0HWKRGV�IRU�WUDQVODWLQJ�DQ�(QJOLVK�ODQJXDJH�VXUYH\
TXHVWLRQQDLUH�RQ�WREDFFR�XVH�LQWR�0DQGDULQ��&DQWRQHVH��.RUHDQ��DQG
9LHWQDPHVH��)LHOG�0HWKRGV�������������±����

&KDSWHU����0HWKRGV�RI�'DWD�&ROOHFWLRQ
-RXUQDO�$UWLFOH�����'X%RLV��'�/���/RFNHUG��(�0���5HDFK��.���	�3DUUD��*�5���������

(IIHFWLYH�VWUDWHJLHV�IRU�HVWHHP�HQKDQFHPHQW��:KDW�GR�\RXQJ�DGROHVFHQWV�KDYH
WR�VD\"�7KH�-RXUQDO�RI�(DUO\�$GROHVFHQFH�������������±����

-RXUQDO�$UWLFOH������:DOVKH��&���(ZLQJ��*���	�*ULIILWKV��-����������8VLQJ
REVHUYDWLRQ�DV�D�GDWD�FROOHFWLRQ�PHWKRG�WR�KHOS�XQGHUVWDQG�SDWLHQW�DQG
SURIHVVLRQDO�UROHV�DQG�DFWLRQV�LQ�SDOOLDWLYH�FDUH�VHWWLQJV��3DOOLDWLYH�0HGLFLQH�
��������±�����

&KDSWHU�����6DPSOLQJ�LQ�4XDQWLWDWLYH��4XDOLWDWLYH��DQG�0L[HG
5HVHDUFK
-RXUQDO�$UWLFOH�������2¶&RQQHOO��$�$����������6DPSOLQJ�IRU�HYDOXDWLRQ��,VVXHV�DQG

VWUDWHJLHV�IRU�FRPPXQLW\�EDVHG�+,9�SUHYHQWLRQ�SURJUDPV��(YDOXDWLRQ�DQG�WKH
+HDOWK�3URIHVVLRQV�������������±����

-RXUQDO�$UWLFOH�������/XERUVN\��0�5���	�5XELQVWHLQ��5�/����������6DPSOLQJ�LQ
TXDOLWDWLYH�UHVHDUFK��5DWLRQDOH��LVVXHV��DQG�PHWKRGV��5HVHDUFK�RQ�$JLQJ����



�������±����
-RXUQDO�$UWLFOH�������7HGGOLH��&���	�<X��)����������0L[HG�PHWKRGV�VDPSOLQJ��$

W\SRORJ\�ZLWK�H[DPSOHV��-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK�����������±����

&KDSWHU�����9DOLGLW\�RI�5HVHDUFK�5HVXOWV�LQ�4XDQWLWDWLYH�
4XDOLWDWLYH��DQG�0L[HG�5HVHDUFK
-RXUQDO�$UWLFOH�������.LP�'��5H\QROGV�DQG�6WHSKHQ�*��:HVW��$�0XOWLSOLVW�6WUDWHJ\

IRU�6WUHQJWKHQLQJ�1RQHTXLYDOHQW�&RQWURO�*URXS�'HVLJQV��(YDOXDWLRQ�5HYLHZ�
'HF�������YRO������SS�����±���

-RXUQDO�$UWLFOH�������$P\�%��'HOOLQJHU�DQG�1DQF\�/��/HHFK��7RZDUG�D�8QLILHG
9DOLGDWLRQ�)UDPHZRUN�LQ�0L[HG�0HWKRGV�5HVHDUFK��-RXUQDO�RI�0L[HG
0HWKRGV�5HVHDUFK��2FW�������YRO�����SS�����±����

&KDSWHU�����([SHULPHQWDO�5HVHDUFK��:HDN�DQG�6WURQJ�'HVLJQV
-RXUQDO�$UWLFOH�������.LHUQDQ��1��(���.LHUQDQ��0���2\OHU��0��$���	�*LOOHV��&�

��������,V�D�ZHE�VXUYH\�DV�HIIHFWLYH�DV�D�PDLO�VXUYH\"�$PHULFDQ�-RXUQDO�RI
(YDOXDWLRQ���������±����

-RXUQDO�$UWLFOH�������-RQHV��/�3���+DUULV��5���	�)LQQHJDQ��'����������6FKRRO
DWWHQGDQFH�GHPRQVWUDWLRQ�SURMHFW��$Q�HYDOXDWLRQ�RI�D�SURJUDP�WR�PRWLYDWH
SXEOLF�DVVLVWDQFH�WHHQV�WR�DWWHQG�DQG�FRPSOHWH�VFKRRO�LQ�DQ�XUEDQ�VFKRRO
GLVWULFW��5HVHDUFK�RQ�6RFLDO�:RUN�3UDFWLFH�������������±����

-RXUQDO�$UWLFOH�������%DWFKHOGHU��-�6���	�5DFKDO��-�5����������(IILFDF\�RI�D
FRPSXWHU�DVVLVWHG�LQVWUXFWLRQ�SURJUDP�LQ�D�SULVRQ�VHWWLQJ��$Q�H[SHULPHQWDO
VWXG\��$GXOW�(GXFDWLRQ�4XDUWHUO\�������������±����

-RXUQDO�$UWLFOH�������*UHLIHQHGHU��5��$OW��$���%RWWHQEHUJ��.���6HHOH��7���=HOW��6���	
:DJHQHU��'�����������2Q�ZULWLQJ�OHJLEO\��3URFHVVLQJ�IOXHQF\�V\VWHPDWLFDOO\
ELDVHV�HYDOXDWLRQV�RI�KDQGZULWWHQ�PDWHULDO��6RFLDO�3V\FKRORJLFDO�DQG
3HUVRQDOLW\�6FLHQFH��������±����

&KDSWHU�����4XDVL�([SHULPHQWDO�DQG�6LQJOH�&DVH�'HVLJQV
-RXUQDO�$UWLFOH�������&RQ\HUV��/�0���5H\QROGV��$�-���	�2X��6����������7KH�HIIHFW�RI

HDUO\�FKLOGKRRG�LQWHUYHQWLRQ�DQG�VXEVHTXHQW�VSHFLDO�HGXFDWLRQ�VHUYLFHV�
)LQGLQJV�IURP�WKH�&KLFDJR�FKLOG�SDUHQW�FHQWHUV��(GXFDWLRQDO�(YDOXDWLRQ�DQG
3ROLF\�$QDO\VLV������������±���

-RXUQDO�$UWLFOH�������)UDVHU��.���:DOOLV��0���	�6W��-RKQ��:����������,PSURYLQJ
FKLOGUHQ¶V�SUREOHP�HDWLQJ�DQG�PHDOWLPH�EHKDYLRXUV��$Q�HYDOXDWLYH�VWXG\�RI�D
VLQJOH�VHVVLRQ�SDUHQW�HGXFDWLRQ�SURJUDPPH��+HDOWK�(GXFDWLRQ�-RXUQDO����
��������±����

-RXUQDO�$UWLFOH�������0DWKHZV��0��6���3HWHUV��6��-���	�+RXVDQG��$��0���������
5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�LQ�JLIWHG�DQG�WDOHQWHG�HGXFDWLRQ�UHVHDUFK�
*LIWHG�&KLOG�4XDUWHUO\���������±����

-RXUQDO�$UWLFOH�������5HLQNH��:�0���/HZLV�3DOPHU��7���	�0DUWLQ��(����������7KH



HIIHFW�RI�YLVXDO�SHUIRUPDQFH�IHHGEDFN�RQ�WHDFKHU�XVH�RI�EHKDYLRU�VSHFLILF
SUDLVH��%HKDYLRU�0RGLILFDWLRQ�������������±����

&KDSWHU�����1RQH[SHULPHQWDO�4XDQWLWDWLYH�5HVHDUFK
-RXUQDO�$UWLFOH�������'DUOLQJ�+DPPRQG��/���&KXQJ��5���	�)UHORZ��)���������

9DULDWLRQ�LQ�WHDFKHU�SUHSDUDWLRQ��+RZ�ZHOO�GR�GLIIHUHQW�SDWKZD\V�SUHSDUH
WHDFKHUV�WR�WHDFK"�-RXUQDO�RI�7HDFKHU�(GXFDWLRQ�������������±����

-RXUQDO�$UWLFOH�������/RSH]��)�*���	�$QQ�<L��6����������3UHGLFWRUV�RI�FDUHHU
LQGHFLVLRQ�LQ�WKUHH�UDFLDO�HWKQLF�JURXSV�RI�FROOHJH�ZRPHQ��-RXUQDO�RI�&DUHHU
'HYHORSPHQW������������±���

-RXUQDO�$UWLFOH�������3HOWLHU��-�:���6FKLEURZVN\��-�$���	�'UDJR��:����������7KH
LQWHUGHSHQGHQFH�RI�WKH�IDFWRUV�LQIOXHQFLQJ�WKH�SHUFHLYHG�TXDOLW\�RI�WKH�RQOLQH
OHDUQLQJ�H[SHULHQFH��$�FDXVDO�PRGHO��-RXUQDO�RI�0DUNHWLQJ�(GXFDWLRQ����
��������±����

-RXUQDO�$UWLFOH�������%RJOHU��5����������7KH�LQIOXHQFH�RI�OHDGHUVKLS�VW\OH�RQ
WHDFKHU�MRE�VDWLVIDFWLRQ��(GXFDWLRQDO�$GPLQLVWUDWLRQ�4XDUWHUO\�������������±
����

&KDSWHU�����4XDOLWDWLYH�5HVHDUFK��1DUUDWLYH�,QTXLU\��DQG�&DVH
6WXG\�5HVHDUFK��E\�-��-HDQ�&ODQGLQLQ�DQG�%XUNH�-RKQVRQ�
-RXUQDO�$UWLFOH�������+XEHU��-���&UDLQH��9���+XEHU��0���	�6WHHYHV��3���������

1DUUDWLYH�LQTXLU\�DV�SHGDJRJ\�LQ�HGXFDWLRQ��7KH�H[WUDRUGLQDU\�SRWHQWLDO�RI
OLYLQJ��WHOOLQJ��UHWHOOLQJ��DQG�UHOLYLQJ�VWRULHV�RI�H[SHULHQFH��5HYLHZ�RI
5HVHDUFK�LQ�(GXFDWLRQ�����±����

-RXUQDO�$UWLFOH�������'RQDOG�(��3RONLQJKRUQH�9DOLGLW\�,VVXHV�LQ�1DUUDWLYH�5HVHDUFK
4XDOLWDWLYH�,QTXLU\��0D\�������YRO������SS�����±����

-RXUQDO�$UWLFOH�������7HUU\��$�:����������(IIHFWV�RI�VHUYLFH�OHDUQLQJ�RQ�\RXQJ�
JLIWHG�DGROHVFHQWV�DQG�WKHLU�FRPPXQLW\��*LIWHG�&KLOG�4XDUWHUO\�������������±
����

&KDSWHU�����(WKQRJUDSK\��3KHQRPHQRORJ\��DQG�*URXQGHG
7KHRU\
-RXUQDO�$UWLFOH�������/HH��,���	�.RUR�/MXQJEHUJ��0����������$�SKHQRPHQRORJLFDO

VWXG\�RI�.RUHDQ�VWXGHQWV¶�DFFXOWXUDWLRQ�LQ�PLGGOH�VFKRROV�LQ�WKH�86$��-RXUQDO
RI�5HVHDUFK�LQ�,QWHUQDWLRQDO�(GXFDWLRQ�����������±����

-RXUQDO�$UWLFOH�������+HDWKHU�6FKDFKW�5HLVLQJHU��&RXQWLQJ�$SSOHV�DV�2UDQJHV�
(SLGHPLRORJ\�DQG�(WKQRJUDSK\�LQ�$GROHVFHQW�6XEVWDQFH�$EXVH�7UHDWPHQW�
4XDOLWDWLYH�+HDOWK�5HVHDUFK��)HE�������YRO������SS�����±����

-RXUQDO�$UWLFOH�������&UDQWRQ��3���	�&DUXVHWWD��(����������3HUVSHFWLYHV�RQ
DXWKHQWLFLW\�LQ�WHDFKLQJ��$GXOW�(GXFDWLRQ�4XDUWHUO\�����������±���

-RXUQDO�$UWLFOH�������&RJKODQ��'���	�+ROLDQ��5����������(GLWRULDO��LQVLGHU�DFWLRQ



UHVHDUFK��$FWLRQ�5HVHDUFK�������±���

&KDSWHU�����+LVWRULFDO�5HVHDUFK
-RXUQDO�$UWLFOH�������9DQ6OHGULJKW��%����������&RQIURQWLQJ�KLVWRU\¶V�LQWHUSUHWLYH

SDUDGR[�ZKLOH�WHDFKLQJ�ILIWK�JUDGHUV�WR�LQYHVWLJDWH�WKH�SDVW��$PHULFDQ
(GXFDWLRQDO�5HVHDUFK�-RXUQDO��������������±�����

-RXUQDO�$UWLFOH�������$EX�6DDG��,���	�&KDPSDJQH��'����������,QWURGXFWLRQ��$
KLVWRULFDO�FRQWH[W�RI�3DOHVWLQLDQ�$UDE�HGXFDWLRQ��$PHULFDQ�%HKDYLRUDO
6FLHQWLVW��������������±�����

&KDSWHU�����0L[HG�5HVHDUFK
-RXUQDO�$UWLFOH�������-RKQVRQ��5�%���	�2QZXHJEX]LH��$�-����������0L[HG�PHWKRGV

UHVHDUFK��$�UHVHDUFK�SDUDGLJP�ZKRVH�WLPH�KDV�FRPH��(GXFDWLRQDO
5HVHDUFKHU������������±���

-RXUQDO�$UWLFOH�������%U\PDQ��$����������,QWHJUDWLQJ�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
UHVHDUFK��+RZ�LV�LW�GRQH"�4XDOLWDWLYH�5HVHDUFK������������

-RXUQDO�$UWLFOH�������/HHFK��1��/����������:ULWLQJ�PL[HG�UHVHDUFK�UHSRUWV�
$PHULFDQ�%HKDYLRUDO�6FLHQWLVW���������±����

&KDSWHU�����,QIHUHQWLDO�6WDWLVWLFV
-RXUQDO�$UWLFOH�������%UXFH�7KRPSVRQ�:KDW�)XWXUH�4XDQWLWDWLYH�6RFLDO�6FLHQFH

5HVHDUFK�&RXOG�/RRN�/LNH��&RQILGHQFH�,QWHUYDOV�IRU�(IIHFW�6L]HV�(GXFDWLRQDO
5HVHDUFKHU��$SU�������YRO������SS����±���

-RXUQDO�$UWLFOH�������)LGOHU��)����������7KH�ILIWK�HGLWLRQ�RI�WKH�$3$�SXEOLFDWLRQ
PDQXDO��:K\�LWV�VWDWLVWLFV�UHFRPPHQGDWLRQV�DUH�VR�FRQWURYHUVLDO��(GXFDWLRQDO
DQG�3V\FKRORJLFDO�0HDVXUHPHQW���������±����

&KDSWHU�����'DWD�$QDO\VLV�LQ�4XDOLWDWLYH�DQG�0L[HG�5HVHDUFK
-RXUQDO�$UWLFOH�������/L��6���	�6HDOH��&����������/HDUQLQJ�WR�GR�TXDOLWDWLYH�GDWD

DQDO\VLV��$Q�REVHUYDWLRQDO�VWXG\�RI�GRFWRUDO�ZRUN��4XDOLWDWLYH�+HDOWK
5HVHDUFK����������±�����

-RXUQDO�$UWLFOH�������<HK��&�-���	�,QPDQ��$�*����������4XDOLWDWLYH�GDWD�DQDO\VLV
DQG�LQWHUSUHWDWLRQ�LQ�FRXQVHOLQJ�SV\FKRORJ\��6WUDWHJLHV�IRU�EHVW�SUDFWLFHV��7KH
&RXQVHOLQJ�3V\FKRORJLVW�������������±����

-RXUQDO�$UWLFOH�������0RUHW��0���5HX]HO��5���YDQ�GHU�:LOW��*��-���	�*ULQ��-���������
9DOLGLW\�DQG�UHOLDELOLW\�RI�TXDOLWDWLYH�GDWD�DQDO\VLV��,QWHUREVHUYHU�DJUHHPHQW�LQ
UHFRQVWUXFWLQJ�LQWHUSUHWDWLYH�IUDPHV��)LHOG�0HWKRGV��������±���

-RXUQDO�$UWLFOH�������&DUDFHOOL��9��-���	�*UHHQH��-��&����������'DWD�DQDO\VLV
VWUDWHJLHV�IRU�PL[HG�PHWKRG�HYDOXDWLRQ�GHVLJQV��(GXFDWLRQDO�(YDOXDWLRQ�DQG
3ROLF\�$QDO\VLV���������±����

-RXUQDO�$UWLFOH�������%D]HOH\��3���	�.HPS��/����������0RVDLFV��WULDQJOHV��DQG



'1$��0HWDSKRUV�IRU�LQWHJUDWHG�DQDO\VLV�LQ�PL[HG�PHWKRGV�UHVHDUFK��-RXUQDO
RI�0L[HG�0HWKRGV�5HVHDUFK������������GRL��������������������������

&KDSWHU�����+RZ�WR�3UHSDUH�D�5HVHDUFK�5HSRUW�DQG�8VH�$3$
6W\OH�*XLGHOLQHV
-RXUQDO�$UWLFOH�������6WDWHPHQWV�RI�SXUSRVH�IRU�WKH�GLIIHUHQW�MRXUQDOV�SXEOLVKHG�E\

WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ����������6WDWHPHQWV�RI
SXUSRVH�IRU�$(5$�MRXUQDOV��(GXFDWLRQDO�5HVHDUFKHU������������±���

-RXUQDO�$UWLFOH�������*UHHQEHUJ��.��3����������$�UHOLDEOH�DQG�YDOLG�ZHLJKWHG
VFRULQJ�LQVWUXPHQW�IRU�XVH�LQ�JUDGLQJ�$3$�VW\OH�HPSLULFDO�UHVHDUFK�UHSRUW�
7HDFKLQJ�RI�3V\FKRORJ\��������±���

-RXUQDO�$UWLFOH�������=LHQWHN��/��5���&DSUDUR��0��0���	�&DSUDUR��5��0���������
5HSRUWLQJ�SUDFWLFHV�LQ�TXDQWLWDWLYH�WHDFKHU�HGXFDWLRQ�UHVHDUFK��2QH�ORRN�DW�WKH
HYLGHQFH�FLWHG�LQ�WKH�$(5$�SDQHO�UHSRUW��(GXFDWLRQDO�5HVHDUFKHU���������±
����

-RXUQDO�$UWLFOH�������6DQGHORZVNL��0���	�/HHPDQ��-����������:ULWLQJ�XVDEOH
TXDOLWDWLYH�KHDOWK�UHVHDUFK�ILQGLQJV��4XDOLWDWLYH�+HDOWK�5HVHDUFK����������±
�����

-RXUQDO�$UWLFOH�������:ROFRWW��+��)����������:ULWLQJ�XS�TXDOLWDWLYH�UHVHDUFK¶�EHWWHU�
4XDOLWDWLYH�+HDOWK�5HVHDUFK��������±����

-RXUQDO�$UWLFOH�������0DUVKDOO��-����������/LYLQJ�V\VWHPLF�WKLQNLQJ��([SORULQJ
TXDOLW\�LQ�ILUVW�SHUVRQ�DFWLRQ�UHVHDUFK��$FWLRQ�5HVHDUFK��������±����

-RXUQDO�$UWLFOH�������6RPPHU��5����������'LVVHPLQDWLRQ�LQ�DFWLRQ�UHVHDUFK��$FWLRQ
5HVHDUFK�������±����



*/266$5<

$�SULRUL�FRGHV²FRGHV�WKDW�ZHUH�GHYHORSHG�EHIRUH�H[DPLQLQJ�WKH�FXUUHQW�GDWD

$�%�$� GHVLJQ²D� VLQJOH�FDVH� H[SHULPHQWDO� GHVLJQ� LQ� ZKLFK� WKH� UHVSRQVH� WR� WKH
H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQ� LV� FRPSDUHG� WR� EDVHOLQH� UHVSRQVHV� WDNHQ� EHIRUH
DQG�DIWHU�DGPLQLVWHULQJ�WKH�WUHDWPHQW�FRQGLWLRQ

$�%�$�%�GHVLJQ²DQ�$�%�$�GHVLJQ� WKDW� LV�H[WHQGHG� WR� LQFOXGH� WKH�UHLQWURGXFWLRQ
RI�WKH�WUHDWPHQW�FRQGLWLRQ

$EVWUDFW²D�VXPPDU\�RI�ZKDW�LV�LQ�DQ�DUWLFOH��D�EULHI�GHVFULSWLRQ�RI�WKH�HVVHQWLDO
FKDUDFWHULVWLFV�RI�WKH�VWXG\

$FFHVVLEOH� SRSXODWLRQ²WKH� UHVHDUFK� SDUWLFLSDQWV� ZKR� DUH� DYDLODEOH� IRU
SDUWLFLSDWLRQ�LQ�WKH�UHVHDUFK

$FKLHYHPHQW�WHVWV²WHVWV�WKDW�DUH�GHVLJQHG�WR�PHDVXUH�WKH�GHJUHH�RI�OHDUQLQJ�WKDW
KDV�WDNHQ�SODFH�DIWHU�D�SHUVRQ�KDV�EHHQ�H[SRVHG�WR�D�VSHFLILF�OHDUQLQJ�H[SHULHQFH

$FTXLHVFHQFH�UHVSRQVH�VHW²WKH�WHQGHQF\�HLWKHU�WR�DJUHH�RU�GLVDJUHH

$FWLRQ� SKDVH²D� VWHS� LQ� WKH� DFWLRQ� UHVHDUFK� F\FOH� LQ� ZKLFK� RQH� FRQGXFWV� DQ
H[SORUDWRU\�GHVFULSWLYH�VWXG\�RU�DQ�H[SHULPHQWDO�LQWHUYHQWLRQ�VWXG\

$FWLRQ� SODQ²D� V\QRQ\P� IRU� WKH� UHVHDUFK� SURSRVDO� WKDW� LV� XVHG� E\� DFWLRQ
UHVHDUFKHUV

$FWLRQ� UHVHDUFK²DSSOLHG� UHVHDUFK� IRFXVHG� RQ� VROYLQJ� SUDFWLWLRQHUV¶� ORFDO
SUREOHPV

$FWLRQ�UHVHDUFK�DWWLWXGH²YDOXLQJ�DQG�WKLQNLQJ�OLNH�D�SUDFWLWLRQHU�DQG�UHVHDUFKHU
LQ�\RXU�MRE�DQG�OLIH

$FWLRQ�UHVHDUFK�MRXUQDO²D�SODFH�ZKHUH�RQH�UHFRUGV�OHDUQLQJV�DQG�UHIOHFWLRQV

$FWLRQ�VFLHQFH²WKH�VFLHQFH�RI�SUDFWLFH��ZLWK� WKH�DLPV�RI�PDNLQJ� WKHRULHV� LQ�XVH
H[SOLFLW�DQG�SURGXFLQJ�D�OHDUQLQJ�RUJDQL]DWLRQ



$FWLYH�FRQVHQW²D�SURFHVV�ZKHUHE\�FRQVHQW�LV�SURYLGHG�E\�VLJQLQJ�D�FRQVHQW�IRUP

$GGLWLYH�DQG�LQWHUDFWLYH�HIIHFWV²RFFXU�ZKHQ�WKUHDWV�WR�LQWHUQDO�YDOLGLW\�FRPELQH
WR�SURGXFH�DQ�DGGLWLYH�RU�PXOWLSOLFDWLYH�ELDV

$OSKD�OHYHO²VHH�6LJQLILFDQFH�OHYHO

$OWHUQDWLYH�K\SRWKHVLV²D�VWDWHPHQW� WKDW� WKH�SRSXODWLRQ�SDUDPHWHU� LV�VRPH�YDOXH
RWKHU� WKDQ� WKH�YDOXH�VWDWHG�E\� WKH�QXOO�K\SRWKHVLV�� LW� LV� WKH�FRPSOHPHQW�RI� WKH�QXOO
K\SRWKHVLV��)RU�H[DPSOH��LI�WKH�QXOO�K\SRWKHVLV�VWDWHV�WKDW�WZR�SRSXODWLRQ�PHDQV�DUH
HTXDO��WKHQ�WKH�DOWHUQDWLYH�K\SRWKHVLV�ZRXOG�VWDWH�WKDW�WKH�WZR�PHDQV�DUH�QRW�HTXDO�

$PELJXRXV�WHPSRUDO�SUHFHGHQFH²WKH� LQDELOLW\� WR� VSHFLI\�ZKLFK�YDULDEOH� LV� WKH
FDXVH�DQG�ZKLFK�LV�WKH�HIIHFW

$PRXQW�WHFKQLTXH²PDQLSXODWLQJ� WKH� LQGHSHQGHQW�YDULDEOH�E\�JLYLQJ� WKH�YDULRXV
FRPSDULVRQ�JURXSV�GLIIHUHQW�DPRXQWV�RI�WKH�LQGHSHQGHQW�YDULDEOH

$QDO\VLV�RI�FRYDULDQFH²D�FRQWURO�PHWKRG�WKDW�FDQ�EH�XVHG�WR�VWDWLVWLFDOO\�HTXDWH
JURXSV� WKDW� GLIIHU� RQ� D� SUHWHVW� RU� VRPH� RWKHU� YDULDEOH�� XVHG� WR� H[DPLQH� WKH
UHODWLRQVKLS� EHWZHHQ� RQH� FDWHJRULFDO� LQGHSHQGHQW� YDULDEOH� DQG� RQH� TXDQWLWDWLYH
GHSHQGHQW�YDULDEOH��FRQWUROOLQJ�IRU�RQH�RU�PRUH�H[WUDQHRXV�YDULDEOHV��DOVR�FDOOHG
$1&29$�

$QFKRU²D�ZULWWHQ�GHVFULSWRU�IRU�D�SRLQW�RQ�D�UDWLQJ�VFDOH

$QRQ\PLW\²NHHSLQJ� WKH� LGHQWLW\� RI� WKH� SDUWLFLSDQW� IURP� HYHU\RQH�� LQFOXGLQJ� WKH
UHVHDUFKHU

$SSOLHG�UHVHDUFK²UHVHDUFK�IRFXVHG�RQ�DQVZHULQJ�SUDFWLFDO�TXHVWLRQV� WR�SURYLGH
UHODWLYHO\�LPPHGLDWH�VROXWLRQV

$SSUHFLDWLYH�LQTXLU\²ILQGLQJ�WKH�EHVW�LQ�RUJDQL]DWLRQ�PHPEHUV�DQG�ZRUNLQJ�ZLWK
WKHP�WR�DFKLHYH�D�MRLQWO\�FRQVWUXFWHG�DQG�VKDUHG�SXUSRVH��YLVLRQ��DQG�JRDO

$SWLWXGH� WHVWV²WHVWV� WKDW� IRFXV� RQ� LQIRUPDWLRQ� DFTXLUHG� WKURXJK� WKH� LQIRUPDO
OHDUQLQJ�WKDW�JRHV�RQ�LQ�OLIH

$UFKLYHG� UHVHDUFK� GDWD²GDWD� RULJLQDOO\� XVHG� IRU� UHVHDUFK� SXUSRVHV� DQG� WKHQ
VWRUHG

$VVHQW²DJUHHLQJ�WR�SDUWLFLSDWH�DIWHU�EHLQJ�LQIRUPHG�RI�DOO�WKH�IHDWXUHV�RI�WKH�VWXG\
WKDW�FRXOG�DIIHFW�WKH�SDUWLFLSDQW¶V�ZLOOLQJQHVV�WR�SDUWLFLSDWH

$VVHVVPHQW²JDWKHULQJ�DQG�LQWHJUDWLQJ�GDWD�WR�PDNH�HGXFDWLRQDO�HYDOXDWLRQV



$WWULWLRQ²ORVV�RI�SHRSOH�ZKR�GR�QRW�FRPSOHWH�WKH�H[SHULPHQW

$XWRHWKQRJUDSK\²OLNH� DQ� DXWRELRJUDSK\� ZULWWHQ� E\� D� TXDOLWDWLYH� UHVHDUFKHU�
IRFXVHV� RQ� VHOI�H[DPLQDWLRQ�� VHOI�UHIOHFWLRQ�� DQG�SXUSRVLYH� LQFOXVLRQ�RI� H[WHQVLYH
FXOWXUDO�DQG�FRQWH[WXDO�GHVFULSWLRQ�DQG�GHWDLO�RI�RQH¶V�OLIH

$[LDO�FRGLQJ²WKH�VHFRQG�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV

$[LRORJ\²WKH�EUDQFK�RI�SKLORVRSK\�GHDOLQJ�ZLWK�YDOXHV�DQG�HWKLFV

%DFNVWDJH�EHKDYLRU²ZKDW�SHRSOH�VD\�DQG�GR�RQO\�ZLWK�WKHLU�FORVHVW�IULHQGV

%DU�JUDSK²D�JUDSK�WKDW�XVHV�YHUWLFDO�EDUV�WR�UHSUHVHQW�WKH�GDWD

%DVLF� UHVHDUFK²UHVHDUFK� DLPHG� DW� JHQHUDWLQJ� IXQGDPHQWDO� NQRZOHGJH� DQG
WKHRUHWLFDO�XQGHUVWDQGLQJ�DERXW�EDVLF�KXPDQ�DQG�RWKHU�QDWXUDO�SURFHVVHV

%HLQJ�LQ�WKH�PLGVW²DWWHQGLQJ�WR�WHPSRUDO��SODFH��DQG�UHODWLRQDO�DVSHFWV�RI�UHDOLW\

%HQHILFHQFH²DFWLQJ�IRU�WKH�EHQHILW�RI�RWKHUV

%HWZHHQ�VXEMHFWV� LQGHSHQGHQW� YDULDEOH²HDFK� SDUWLFLSDQW� UHFHLYHV� RQO\� RQH
OHYHO�RI�WKH�LQGHSHQGHQW�YDULDEOH

%LDVHG�VDPSOH²D�VDPSOH�WKDW�LV�V\VWHPDWLFDOO\�GLIIHUHQW�IURP�WKH�SRSXODWLRQ

%ORFN� TXRWDWLRQ²D� TXRWDWLRQ� RI� ��� RU� PRUH� ZRUGV� XVLQJ� LQGHQWHG� IRUPDW
�LQFOXGLQJ�FLWDWLRQ�DQG�SDJH�QXPEHU�

%RROHDQ�RSHUDWRUV²ZRUGV�VXFK�DV�DQG�DQG�RU�WKDW�FUHDWH�ORJLFDO�FRPELQDWLRQV

%UDFNHW²WR�VXVSHQG�\RXU�SUHFRQFHSWLRQV�RU�OHDUQHG�IHHOLQJV�DERXW�D�SKHQRPHQRQ
WR�H[SHULHQFH�LWV�HVVHQFH

%XVLQHVV� 6RXUFH� 3UHPLHU²D� GDWDEDVH� FRQWDLQLQJ� HQWULHV� IURP� DOO� DUHDV� RI
EXVLQHVV

&DUU\RYHU� HIIHFW²D� VHTXHQFLQJ� HIIHFW� WKDW� RFFXUV� ZKHQ� SHUIRUPDQFH� LQ� RQH
WUHDWPHQW�FRQGLWLRQ�LV�LQIOXHQFHG�E\�SDUWLFLSDWLRQ�LQ�D�SULRU�WUHDWPHQW�FRQGLWLRQ�V�

&DVH²D�ERXQGHG�V\VWHP

&DVH�VWXG\�UHVHDUFK²D�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�WKDW�LV�IRFXVHG�RQ�SURYLGLQJ
D�GHWDLOHG�DFFRXQW�RI�RQH�RU�PRUH�FDVHV



&DWHJRULFDO�YDULDEOH²D�YDULDEOH�WKDW�YDULHV�LQ�W\SH�RU�NLQG

&DXVDO�FRPSDUDWLYH�UHVHDUFK²D�IRUP�RI�QRQH[SHULPHQWDO�UHVHDUFK�LQ�ZKLFK�WKH
SULPDU\�LQGHSHQGHQW�YDULDEOH�RI�LQWHUHVW�LV�D�FDWHJRULFDO�YDULDEOH

&DXVDO�GHVFULSWLRQ²GHVFULELQJ�WKH�FRQVHTXHQFHV�RI�PDQLSXODWLQJ�DQ�LQGHSHQGHQW
YDULDEOH

&DXVDO�H[SODQDWLRQ²H[SODLQLQJ�WKH�PHFKDQLVPV�WKURXJK�ZKLFK�DQG�WKH�FRQGLWLRQV
XQGHU�ZKLFK�D�FDXVDO�UHODWLRQVKLS�KROGV

&DXVDO� PRGHOLQJ²D� IRUP� RI� H[SODQDWRU\� UHVHDUFK� LQ� ZKLFK� WKH� UHVHDUFKHU
K\SRWKHVL]HV�D�FDXVDO�PRGHO�DQG�WKHQ�HPSLULFDOO\�WHVWV�WKH�PRGHO

&DXVDO�YDOLGLW\²WKH�DELOLW\�WR�LQIHU�WKDW�D�FDXVDO�UHODWLRQVKLS�H[LVWV�EHWZHHQ�WZR
YDULDEOHV

&DXVH�DQG�HIIHFW�UHODWLRQVKLS²UHODWLRQVKLS�LQ�ZKLFK�RQH�YDULDEOH�DIIHFWV�DQRWKHU
YDULDEOH

&HOO²D�FRPELQDWLRQ�RI�WZR�RU�PRUH�LQGHSHQGHQW�YDULDEOHV�LQ�D�IDFWRULDO�GHVLJQ

&HQVXV²D�VWXG\�EDVHG�RQ�GDWD�IURP�WKH�ZKROH�SRSXODWLRQ�UDWKHU�WKDQ�D�VDPSOH

&KDQJLQJ�FULWHULRQ� GHVLJQ²D� VLQJOH�FDVH� H[SHULPHQWDO� GHVLJQ� LQ� ZKLFK� D
SDUWLFLSDQW¶V� EHKDYLRU� LV� JUDGXDOO\� DOWHUHG� E\� FKDQJLQJ� WKH� FULWHULRQ� IRU� VXFFHVV
GXULQJ�VXFFHVVLYH�WUHDWPHQW�SHULRGV

&KHFNOLVW²D�OLVW�RI�UHVSRQVH�FDWHJRULHV�WKDW�UHVSRQGHQWV�FKHFN�LI�DSSURSULDWH

&KL�VTXDUH� WHVW� IRU� FRQWLQJHQF\� WDEOHV²D� VWDWLVWLFDO� WHVW� XVHG� WR� GHWHUPLQH
ZKHWKHU�D�UHODWLRQVKLS�REVHUYHG�LQ�D�FRQWLQJHQF\�WDEOH�LV�VWDWLVWLFDOO\�VLJQLILFDQW

&ORVHG�HQGHG�TXHVWLRQ²D�TXHVWLRQ�WKDW�IRUFHV�SDUWLFLSDQWV�WR�FKRRVH�IURP�D�VHW�RI
SUHGHWHUPLQHG�UHVSRQVHV

&OXVWHU²D�FROOHFWLYH�W\SH�RI�XQLW�WKDW�LQFOXGHV�PXOWLSOH�HOHPHQWV

&OXVWHU�VDPSOLQJ²D�W\SH�RI�VDPSOLQJ�LQ�ZKLFK�FOXVWHUV�DUH�UDQGRPO\�VHOHFWHG

&RGLQJ²PDUNLQJ�VHJPHQWV�RI�GDWD�ZLWK� V\PEROV��GHVFULSWLYH�ZRUGV��RU�FDWHJRU\
QDPHV

&RHIILFLHQW� DOSKD²D� IRUPXOD� WKDW� SURYLGHV� DQ� HVWLPDWH� RI� WKH� UHOLDELOLW\� RI� D
KRPRJHQHRXV� WHVW� RU� DQ� HVWLPDWH� RI� WKH� UHOLDELOLW\� RI� HDFK� GLPHQVLRQ� LQ� D



PXOWLGLPHQVLRQDO�WHVW

&RKRUW²DQ\�JURXS�RI�SHRSOH�ZLWK�D�FRPPRQ�FODVVLILFDWLRQ�RU�FKDUDFWHULVWLF

&ROODERUDWLYH�DFWLRQ�UHVHDUFK²DQ�DFWLRQ�UHVHDUFK�VWXG\�LQ�ZKLFK�D�WHDP�GHVLJQV
DQG�HQDFWV�UHVHDUFK�RQ�RQH�SDUW�RI�DQ�RUJDQL]DWLRQ

&ROOHFWLYH�FDVH�VWXG\²VWXG\LQJ�PXOWLSOH�FDVHV�LQ�RQH�UHVHDUFK�VWXG\

&RPPHQVXUDELOLW\� DSSUR[LPDWLRQ� YDOLGLW\²WKH� GHJUHH� WR� ZKLFK� D� PL[HG
UHVHDUFKHU� FDQ� PDNH� *HVWDOW� VZLWFKHV� EHWZHHQ� WKH� OHQVHV� RI� D� TXDOLWDWLYH
UHVHDUFKHU� DQG� D� TXDQWLWDWLYH� UHVHDUFKHU� DQG� LQWHJUDWH� WKH� WZR� YLHZV� LQWR� DQ
³LQWHJUDWHG´�RU�EURDGHU�YLHZSRLQW

&RPSDWLELOLW\�WKHVLV²WKH�LGHD�WKDW�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�DSSURDFKHV�FDQ�EH
XVHG� WRJHWKHU� LQ� D� VLQJOH� UHVHDUFK� VWXG\� DV� ORQJ� DV� \RX� UHVSHFW� WKH� DVVXPSWLRQV
DVVRFLDWHG� ZLWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� UHVHDUFK� DQG� FRQVWUXFW� D� WKRXJKWIXO
FRPELQDWLRQ�WKDW�ZLOO�KHOS�\RX�WR�DGGUHVV�\RXU�UHVHDUFK�TXHVWLRQ�V�

&RPSOHPHQWDU\�VWUHQJWKV²WKH�ZKROH�LV�JUHDWHU�WKDQ�WKH�VXP�RI�LWV�SDUWV

&RPSOHWH� REVHUYHU²WKH� UHVHDUFKHU� REVHUYHV� DV� DQ� RXWVLGHU� DQG� GRHV� QRW� WHOO
SHRSOH�WKH\�DUH�EHLQJ�REVHUYHG

&RPSOHWH� SDUWLFLSDQW²WKH� UHVHDUFKHU� EHFRPHV� D� PHPEHU� RI� WKH� JURXS� EHLQJ
VWXGLHG�DQG�GRHV�QRW�WHOO�PHPEHUV�WKH\�DUH�EHLQJ�VWXGLHG

&RPSUHKHQVLYH�VDPSOLQJ²LQFOXGLQJ�DOO�FDVHV�LQ�WKH�UHVHDUFK�VWXG\

&RQFXUUHQW�HYLGHQFH²YDOLGLW\� HYLGHQFH� EDVHG� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� WHVW
VFRUHV�DQG�FULWHULRQ�VFRUHV�REWDLQHG�DW�WKH�VDPH�WLPH

&RQILGHQFH� LQWHUYDO²D� UDQJH� RI� QXPEHUV� LQIHUUHG� IURP� WKH� VDPSOH� WKDW� KDV� D
FHUWDLQ�SUREDELOLW\�RU�FKDQFH�RI�LQFOXGLQJ�WKH�SRSXODWLRQ�SDUDPHWHU

&RQILGHQFH�OLPLWV²WKH�HQGSRLQWV�RI�D�FRQILGHQFH�LQWHUYDO

&RQILGHQWLDOLW\²QRW�UHYHDOLQJ� WKH� LGHQWLW\�RI� WKH�SDUWLFLSDQW� WR�DQ\RQH�RWKHU� WKDQ
WKH�UHVHDUFKHU�DQG�KLV�RU�KHU�VWDII

&RQILUPDWRU\�PHWKRG²D�WRS�GRZQ�RU�WKHRU\�WHVWLQJ�DSSURDFK�WR�UHVHDUFK

&RQIRXQGLQJ�YDULDEOH²DQ�H[WUDQHRXV�YDULDEOH� WKDW�ZDV�QRW�FRQWUROOHG�IRU�DQG�LV
WKH�UHDVRQ�D�SDUWLFXODU�³FRQIRXQGHG´�UHVXOW�LV�REVHUYHG��DQ�H[WUDQHRXV�YDULDEOH�WKDW
V\VWHPDWLFDOO\� YDULHV� ZLWK� WKH� LQGHSHQGHQW� YDULDEOH� DQG� DOVR� LQIOXHQFHV� WKH



GHSHQGHQW�YDULDEOH

&RQVWDQW²D�VLQJOH�YDOXH�RU�FDWHJRU\�RI�D�YDULDEOH

&RQVWDQW�FRPSDUDWLYH�PHWKRG²GDWD�DQDO\VLV�LQ�JURXQGHG�WKHRU\�UHVHDUFK

&RQVWUXFW� YDOLGLW\²WKH� H[WHQW� WR� ZKLFK� D� KLJKHU�RUGHU� FRQVWUXFW� LV� DFFXUDWHO\
UHSUHVHQWHG�LQ�D�SDUWLFXODU�VWXG\

&RQVWUXFWHG�GDWD²REMHFWV�RU�WKLQJV�WKDW�DUH�FRQVWUXFWHG�E\�UHVHDUFK�SDUWLFLSDQWV
GXULQJ�D�UHVHDUFK�VWXG\

&RQWHQW�UHODWHG�HYLGHQFH²YDOLGLW\�HYLGHQFH�EDVHG�RQ�D� MXGJPHQW�RI� WKH�GHJUHH
WR�ZKLFK�WKH�LWHPV��WDVNV��RU�TXHVWLRQV�RQ�D�WHVW�DGHTXDWHO\�UHSUHVHQW�WKH�FRQVWUXFW
GRPDLQ�RI�LQWHUHVW

&RQWH[WXDOL]DWLRQ²WKH�LGHQWLILFDWLRQ�RI�ZKHQ�DQG�ZKHUH�DQ�HYHQW�WRRN�SODFH

&RQWLQJHQF\� TXHVWLRQ²DQ� LWHP� WKDW� GLUHFWV� SDUWLFLSDQWV� WR� GLIIHUHQW� IROORZ�XS
TXHVWLRQV�GHSHQGLQJ�RQ�WKHLU�UHVSRQVH

&RQWLQJHQF\� WDEOH²D� WDEOH� GLVSOD\LQJ� LQIRUPDWLRQ� LQ� FHOOV� IRUPHG� E\� WKH
LQWHUVHFWLRQ�RI�WZR�RU�PRUH�FDWHJRULFDO�YDULDEOHV

&RQWURO� JURXS²WKH� JURXS� WKDW� GRHV� QRW� UHFHLYH� WKH� H[SHULPHQWDO� WUHDWPHQW
FRQGLWLRQ

&RQYHQLHQFH� VDPSOLQJ²SHRSOH� ZKR� DUH� DYDLODEOH�� YROXQWHHU�� RU� FDQ� EH� HDVLO\
UHFUXLWHG�DUH�LQFOXGHG�LQ�WKH�VDPSOH

&RQYHUJHQW� HYLGHQFH²YDOLGLW\� HYLGHQFH� EDVHG� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� WKH
IRFDO�WHVW�VFRUHV�DQG�LQGHSHQGHQW�PHDVXUHV�RI�WKH�VDPH�FRQVWUXFW

&RQYHUVLRQ�YDOLGLW\²WKH�GHJUHH� WR�ZKLFK�TXDQWLWL]LQJ�RU�TXDOLWL]LQJ�\LHOGV�KLJK�
TXDOLW\�PHWD�LQIHUHQFHV

&R�RFFXUULQJ�FRGHV²FRGHV�WKDW�RYHUODS�SDUWLDOO\�RU�FRPSOHWHO\

&RUUHODWLRQ� FRHIILFLHQW²D� QXPHULFDO� LQGH[� WKDW� LQGLFDWHV� WKH� VWUHQJWK� DQG
GLUHFWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV

&RUUHODWLRQDO�UHVHDUFK²D�IRUP�RI�QRQH[SHULPHQWDO�UHVHDUFK�LQ�ZKLFK�WKH�SULPDU\
LQGHSHQGHQW�YDULDEOH�RI�LQWHUHVW�LV�D�TXDQWLWDWLYH�YDULDEOH

&RUURERUDWLRQ²FRPSDULQJ� GRFXPHQWV� WR� HDFK� RWKHU� WR� GHWHUPLQH� ZKHWKHU� WKH\



SURYLGH�WKH�VDPH�LQIRUPDWLRQ�RU�UHDFK�WKH�VDPH�FRQFOXVLRQ

&RXQWHUEDODQFLQJ²DGPLQLVWHULQJ� DOO� H[SHULPHQWDO� WUHDWPHQW� FRQGLWLRQV� WR� DOO
SDUWLFLSDQWV� EXW� LQ� GLIIHUHQW� RUGHUV�� LW� LV� XVHG� ZLWK� ZLWKLQ�VXEMHFWV� LQGHSHQGHQW
YDULDEOHV

&ULWHULRQ²WKH� VWDQGDUG� RU� EHQFKPDUN� WKDW� \RX�ZDQW� WR� SUHGLFW� DFFXUDWHO\� RQ� WKH
EDVLV�RI�WKH�WHVW�VFRUHV

&ULWHULRQ� RI� IDOVLILDELOLW\²WKH� SURSHUW\� WKDW� VWDWHPHQWV� DQG� WKHRULHV� VKRXOG� EH
WHVWDEOH�DQG�UHIXWDEOH

&ULWHULRQ�UHODWHG� HYLGHQFH²YDOLGLW\� HYLGHQFH� EDVHG� RQ� WKH� H[WHQW� WR� ZKLFK
VFRUHV� IURP�D� WHVW� FDQ�EH�XVHG� WR�SUHGLFW�RU� LQIHU�SHUIRUPDQFH�RQ� VRPH�FULWHULRQ
VXFK�DV�D�WHVW�RU�IXWXUH�SHUIRUPDQFH

&ULWLFDO�DFWLRQ�UHVHDUFK²DQ�RSHQO\�WUDQVSDUHQW�IRUP�RI�LGHRORJ\�GULYHQ�UHVHDUFK
GHVLJQHG�WR�HPDQFLSDWH�DQG�UHGXFH�RSSUHVVLRQ�RI�GLVDGYDQWDJHG�JURXSV�LQ�VRFLHW\

&ULWLFDO�FDVH�VDPSOLQJ²VHOHFWLQJ�ZKDW�DUH�EHOLHYHG� WR�EH�SDUWLFXODUO\� LPSRUWDQW
FDVHV

&ULWLFDO� IULHQG²D�SHUVRQ�ZKRP�\RX� WUXVW� WR� EH� RSHQ�� KRQHVW�� DQG� FRQVWUXFWLYHO\
FULWLFDO�RI�\RXU�ZRUN

&URQEDFK¶V� DOSKD²D� IUHTXHQWO\� XVHG� QDPH� IRU� ZKDW� /HH� &URQEDFK� FDOOHG
³FRHIILFLHQW�DOSKD´

&URVV�FDVH� DQDO\VLV²VHDUFKLQJ� IRU� VLPLODULWLHV� DQG� GLIIHUHQFHV� DFURVV� PXOWLSOH
FDVHV

&URVV�VHFWLRQDO�UHVHDUFK²GDWD�DUH�FROOHFWHG�DW�D�VLQJOH�SRLQW�LQ�WLPH

&XOWXUH²D� V\VWHP� RI� VKDUHG� EHOLHIV�� YDOXHV�� SUDFWLFHV�� SHUVSHFWLYHV�� IRON
NQRZOHGJH�� ODQJXDJH�� QRUPV�� ULWXDOV�� DQG� PDWHULDO� REMHFWV� DQG� DUWLIDFWV� WKDW
PHPEHUV�RI�D�JURXS�XVH�LQ�XQGHUVWDQGLQJ�WKHLU�ZRUOG�DQG�LQ�UHODWLQJ�WR�RWKHUV

'DWD�VHW²D�VHW�RI�GDWD

'HEULHILQJ²D�SRVWVWXG\�LQWHUYLHZ�LQ�ZKLFK�DOO�DVSHFWV�RI�WKH�VWXG\�DUH�UHYHDOHG�
DQ\�UHDVRQV�IRU�GHFHSWLRQ�DUH�H[SODLQHG��DQG�DQ\�TXHVWLRQV�WKH�SDUWLFLSDQW�KDV�DERXW
WKH�VWXG\�DUH�DQVZHUHG

'HFHSWLRQ²PLVOHDGLQJ�RU�ZLWKKROGLQJ�LQIRUPDWLRQ�IURP�WKH�UHVHDUFK�SDUWLFLSDQW



'HGXFWLYH�UHDVRQLQJ²WKH�SURFHVV�RI�GUDZLQJ�D�FRQFOXVLRQ�WKDW�LV�QHFHVVDULO\�WUXH
LI�WKH�SUHPLVHV�DUH�WUXH

'HKRD[LQJ²LQIRUPLQJ� VWXG\� SDUWLFLSDQWV� DERXW� DQ\� GHFHSWLRQ� WKDW�ZDV� XVHG� DQG
WKH�UHDVRQV�IRU�LWV�XVH

'HRQWRORJLFDO� DSSURDFK²DQ� HWKLFDO� DSSURDFK� WKDW� VD\V� HWKLFDO� LVVXHV� PXVW� EH
MXGJHG�RQ�WKH�EDVLV�RI�VRPH�XQLYHUVDO�FRGH

'HSHQGHQW�YDULDEOH²D�YDULDEOH�WKDW�LV�SUHVXPHG�WR�EH�LQIOXHQFHG�E\�RQH�RU�PRUH
LQGHSHQGHQW�YDULDEOHV

'HVFULSWLRQ²DWWHPSWLQJ�WR�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�D�SKHQRPHQRQ

'HVFULSWLYH�UHVHDUFK²UHVHDUFK� IRFXVHG�RQ�SURYLGLQJ�DQ�DFFXUDWH�GHVFULSWLRQ�RU
SLFWXUH�RI�WKH�VWDWXV�RU�FKDUDFWHULVWLFV�RI�D�VLWXDWLRQ�RU�SKHQRPHQRQ

'HVFULSWLYH� VWDWLVWLFV²VWDWLVWLFV� WKDW� IRFXV� RQ� GHVFULELQJ�� VXPPDUL]LQJ�� RU
H[SODLQLQJ�GDWD

'HVFULSWLYH� YDOLGLW\²WKH� IDFWXDO� DFFXUDF\� RI� DQ� DFFRXQW� DV� UHSRUWHG� E\� WKH
UHVHDUFKHU

'HVHQVLWL]LQJ²KHOSLQJ� VWXG\� SDUWLFLSDQWV� GHDO� ZLWK� DQG� HOLPLQDWH� DQ\� VWUHVV� RU
RWKHU�XQGHVLUDEOH�IHHOLQJV�WKDW�WKH�VWXG\�PLJKW�KDYH�FUHDWHG

'HVLJQ²WKH� VHFWLRQ� LQ� D� UHVHDUFK� SURSRVDO� RU� UHSRUW� WKDW� SUHVHQWV� WKH� SODQ� RU
VWUDWHJ\�XVHG�WR�LQYHVWLJDWH�WKH�UHVHDUFK�TXHVWLRQ

'HWHUPLQLVP²DOO�HYHQWV�KDYH�FDXVHV

'HZH\DQ� LQTXLU\²SUREOHP� VROYLQJ� WKDW� UHOLHV� RQ� UHIOHFWLRQ�� REVHUYDWLRQ�� DQG
H[SHULPHQWDWLRQ

'LDJQRVWLF� WHVWV²WHVWV� WKDW� DUH� GHVLJQHG� WR� LGHQWLI\� ZKHUH� D� VWXGHQW� LV� KDYLQJ
GLIILFXOW\�ZLWK�DQ�DFDGHPLF�VNLOO

'LDJUDPPLQJ²PDNLQJ� D� VNHWFK�� GUDZLQJ�� RU� RXWOLQH� WR� VKRZ� KRZ� VRPHWKLQJ
ZRUNV�RU�WR�FODULI\�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�SDUWV�RI�D�ZKROH

'LDOHFWLFDO� SOXUDOLVP²D� PHWDSDUDGLJP� DQG� SKLORVRSK\� WKDW� DVVXPHV� UHDOLW\� LV
SOXUDO� DQG� WKDW� UHOLHV� RQ� GLDOHFWLFDO�� GLDORJLFDO�� DQG� KHUPHQHXWLFDO� DSSURDFKHV� WR
OHDUQ�IURP�RWKHUV�DQG�SURGXFH�WHDP�EDVHG�UHVHDUFK�SURGXFWV

'LDOHFWLFDO� SUDJPDWLVP²WKH� YHUVLRQ� RI� SUDJPDWLVP� VSHFLILFDOO\� IRFXVHG� RQ



OLVWHQLQJ�WR�PXOWLSOH�SDUDGLJPV�DQG�LQWHUGLVFLSOLQDU\�SHUVSHFWLYHV

'LIIHUHQWLDO� DWWULWLRQ²LQ� D� VLQJOH�JURXS� GHVLJQ�� SDUWLFLSDQWV� ZKR� GURS� RXW� DUH
GLIIHUHQW� IURP� WKRVH� ZKR� VWD\�� FDXVLQJ� WKH� VDPSOH� FRPSRVLWLRQ� WR� FKDQJH�� LQ� D
PXOWLJURXS� GHVLJQ�� UHIHUV� WR� D� GLIIHUHQWLDO� ORVV� RI� SDUWLFLSDQWV� IURP� WKH� YDULRXV
FRPSDULVRQ�JURXSV�WKDW�FDXVHV�WKH�JURXSV�WR�EHFRPH�QRQHTXLYDOHQW

'LIIHUHQWLDO� FDUU\RYHU� HIIHFW²D� FRPSOH[� FDUU\RYHU� HIIHFW�� VXFK� DV� ZKHQ� D
SDUWLFXODU� WUHDWPHQW� DIIHFWV� SDUWLFLSDQWV¶� SHUIRUPDQFH� LQ� D� ODWHU� FRQGLWLRQ� LQ� RQH
ZD\�EXW� LQ�DQRWKHU�ZD\�ZKHQ�IROORZHG�E\�D�GLIIHUHQW�FRQGLWLRQ��FRXQWHUEDODQFLQJ
GRHV�QRW�QHXWUDOL]H��L�H���FRQWURO�IRU��GLIIHUHQWLDO�FDUU\RYHU�HIIHFWV

'LIIHUHQWLDO� LQIOXHQFH²ZKHQ� WKH� LQIOXHQFH�RI�DQ�H[WUDQHRXV�YDULDEOH� LV�GLIIHUHQW
IRU�WKH�YDULRXV�FRPSDULVRQ�JURXSV

'LIIHUHQWLDO�VHOHFWLRQ²VHOHFWLRQ�RI�SDUWLFLSDQWV�ZKR�KDYH�GLIIHUHQW�FKDUDFWHULVWLFV
IRU�WKH�YDULRXV�WUHDWPHQW�JURXSV��LW�SURGXFHV�³QRQHTXLYDOHQW�JURXSV´

'LUHFW�HIIHFW²WKH�HIIHFW�RI�WKH�YDULDEOH�DW�WKH�RULJLQ�RI�DQ�DUURZ�RQ�WKH�YDULDEOH�DW
WKH�UHFHLYLQJ�HQG�RI�WKH�DUURZ

'LUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV²DQ�DOWHUQDWLYH�K\SRWKHVLV�WKDW�FRQWDLQV�HLWKHU
D�JUHDWHU�WKDQ�VLJQ��!��RU�D�OHVV�WKDQ�VLJQ����

'LVFULPLQDQW�HYLGHQFH²HYLGHQFH�WKDW�WKH�VFRUHV�RQ�\RXU�IRFDO�WHVW�DUH�QRW�KLJKO\
UHODWHG� WR� WKH� VFRUHV� IURP� RWKHU� WHVWV� WKDW� DUH� GHVLJQHG� WR� PHDVXUH� WKHRUHWLFDOO\
GLIIHUHQW�FRQVWUXFWV

'LVRUGLQDO�LQWHUDFWLRQ�HIIHFW²DQ�LQWHUDFWLRQ�HIIHFW�WKDW�RFFXUV�ZKHQ�WKH�OLQHV�RQ�D
JUDSK�SORWWLQJ�WKH�HIIHFW�FURVV

'LVSURSRUWLRQDO� VWUDWLILHG� VDPSOLQJ²D� W\SH� RI� VWUDWLILHG� VDPSOLQJ� LQ� ZKLFK� WKH
VDPSOH�SURSRUWLRQV�DUH�PDGH�WR�EH�GLIIHUHQW�IURP�WKH�SRSXODWLRQ�SURSRUWLRQV�RQ�WKH
VWUDWLILFDWLRQ�YDULDEOH

'RVH�UHVSRQVH�UHODWLRQVKLS²WKLV� LV� SUHVHQW�ZKHQ� LQFUHDVHG� DPRXQWV�� RU� JUHDWHU
VWUHQJWK��RI�WKH�WUHDWPHQW�UHVXOWV�LQ�LQFUHDVHG�DPRXQWV�RI�UHVSRQVH�RQ�WKH�GHSHQGHQW
YDULDEOH

'RXEOH�EDUUHOHG� TXHVWLRQ²D� TXHVWLRQ� WKDW� FRPELQHV� WZR� RU� PRUH� LVVXHV� RU
DWWLWXGH�REMHFWV

'RXEOH�EOLQG� SURFHGXUH²D� GHVLJQ� LQ� ZKLFK� QHLWKHU� WKH� UHVHDUFKHU� QRU� WKH
SDUWLFLSDQW� NQRZ� WKH� VSHFLILF� FRQGLWLRQ� �H[SHULPHQWDO� RU� FRQWURO�� WKDW� WKH
SDUWLFLSDQW�LV�LQ



'RXEOH�ORRS�OHDUQLQJ²OHDUQLQJ�KRZ�D�SUREOHP�UHODWHV�WR�WKH�V\VWHP�LW�UHVLGHV�LQ
VR�WKDW�D�PRUH�VDWLVI\LQJ�VROXWLRQ�FDQ�EH�IRXQG

'RXEOH�QHJDWLYH²D�VHQWHQFH�FRQVWUXFWLRQ�WKDW�LQFOXGHV�WZR�QHJDWLYHV

'ULYLQJ�IRUFHV²IRUFHV�SXVKLQJ�IRU�FKDQJHV�IURP�WKH�FXUUHQW�VWDWH

(FRORJLFDO�YDOLGLW\²WKH�DELOLW\�WR�JHQHUDOL]H�WKH�VWXG\�UHVXOWV�DFURVV�VHWWLQJV

(GXFDWLRQDO� 5HVRXUFHV� ,QIRUPDWLRQ� &HQWHU� �(5,&�²D� GDWDEDVH� FRQWDLQLQJ
LQIRUPDWLRQ�IURP�&,-(�DQG�5,(

(IIHFW� VL]H� LQGLFDWRU²D�PHDVXUH� RI� WKH� VWUHQJWK� RU�PDJQLWXGH� RI� D� UHODWLRQVKLS
EHWZHHQ�WKH�LQGHSHQGHQW�DQG�GHSHQGHQW�YDULDEOHV

(OHPHQW²WKH�EDVLF�XQLW�WKDW�LV�VHOHFWHG�IURP�WKH�SRSXODWLRQ

(PLF�SHUVSHFWLYH²WKH�LQVLGHU¶V�SHUVSHFWLYH

(PLF�WHUPV²VSHFLDO�ZRUGV�RU�WHUPV�XVHG�E\�WKH�SHRSOH�LQ�D�JURXS

(PSLULFDO� VWDWHPHQW²D� VWDWHPHQW� EDVHG� RQ� REVHUYDWLRQ�� H[SHULPHQW�� RU
H[SHULHQFH

(PSLULFLVP²WKH�LGHD�WKDW�NQRZOHGJH�FRPHV�IURP�H[SHULHQFH

(QXPHUDWLRQ²WKH�SURFHVV�RI�TXDQWLI\LQJ�GDWD

(SLVWHPRORJ\²WKH� WKHRU\� RI� NQRZOHGJH� DQG� LWV� MXVWLILFDWLRQ�� WKH� EUDQFK� RI
SKLORVRSK\�GHDOLQJ�ZLWK�NQRZOHGJH�DQG�LWV�MXVWLILFDWLRQ

(TXDO� SUREDELOLW\� RI� VHOHFWLRQ� PHWKRG²DQ\� VDPSOLQJ� PHWKRG� LQ� ZKLFK� HDFK
PHPEHU�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG

(TXDWLQJ�WKH�JURXSV²H[SHULPHQWHU¶V�JRDO�RI�FRQVWUXFWLQJ�FRPSDULVRQ�JURXSV�WKDW
DUH� VLPLODU� RQ� DOO� FRQIRXQGLQJ� H[WUDQHRXV� YDULDEOHV� DQG� GLIIHUHQW� RQO\� RQ� WKH
LQGHSHQGHQW�YDULDEOH

(TXLYDOHQW�IRUPV�UHOLDELOLW\²WKH�FRQVLVWHQF\�RI�D�JURXS�RI�LQGLYLGXDOV¶�VFRUHV�RQ
DOWHUQDWLYH�IRUPV�RI�D�WHVW�PHDVXULQJ�WKH�VDPH�WKLQJ

(UURU²WKH�GLIIHUHQFH�EHWZHHQ�WUXH�VFRUHV�DQG�REVHUYHG�VFRUHV

(VVHQFH²DQ�LQYDULDQW�VWUXFWXUH�RI�WKH�H[SHULHQFH



(VSRXVHG�WKHRU\²WKH�WKHRU\�RU�H[SODQDWLRQ�ZH�SURYLGH�IRU�RXU�DFWLRQV

(WKLFDO� VNHSWLFLVP²DQ� HWKLFDO� DSSURDFK� WKDW� VD\V� FRQFUHWH� DQG� LQYLRODWH� PRUDO
FRGHV�FDQQRW�EH�IRUPXODWHG

(WKLFV²WKH�SULQFLSOHV�DQG�JXLGHOLQHV�WKDW�KHOS�XV�XSKROG�WKH�WKLQJV�ZH�YDOXH

(WKQRFHQWULVP²MXGJLQJ�SHRSOH�IURP�D�GLIIHUHQW�FXOWXUH�DFFRUGLQJ�WR�WKH�VWDQGDUGV
RI�\RXU�RZQ�FXOWXUH

(WKQRJUDSK\²D� IRUP� RI� TXDOLWDWLYH� UHVHDUFK� IRFXVHG� RQ� GLVFRYHULQJ� DQG
GHVFULELQJ�WKH�FXOWXUH�RI�D�JURXS�RI�SHRSOH

(WKQRKLVWRU\²WKH�VWXG\�RI�WKH�FXOWXUDO�SDVW�RI�D�JURXS�RI�SHRSOH

(WKQRORJ\²WKH�FRPSDUDWLYH�VWXG\�RI�FXOWXUDO�JURXSV

(WLF�SHUVSHFWLYH²DQ�H[WHUQDO��VRFLDO�VFLHQWLILF�YLHZ�RI�UHDOLW\

(WLF� WHUPV²³REMHFWLYH´� RXWVLGHUV¶� ZRUGV� RU� VSHFLDO� WHUPV� XVHG� E\� VRFLDO
VFLHQWLVWV�WR�GHVFULEH�D�JURXS

(YDOXDWLRQ²GHWHUPLQLQJ�WKH�ZRUWK��PHULW��RU�TXDOLW\�RI�DQ�HYDOXDWLRQ�REMHFW

(YHQW�VDPSOLQJ²REVHUYLQJ�RQO\�DIWHU�VSHFLILF�HYHQWV�KDYH�RFFXUUHG

([HPSW�VWXGLHV²VWXGLHV� LQYROYLQJ� QR� ULVN� WR� SDUWLFLSDQWV� DQG� QRW� UHTXLULQJ� IXOO
,5%�UHYLHZ

([KDXVWLYH²RQ� D� TXHVWLRQQDLUH� RU� LQWHUYLHZ� SURWRFRO�� H[KDXVWLYH� UHIHUV� WR
UHVSRQVH� FDWHJRULHV� WKDW� LQFOXGH� DOO� SRVVLEOH� UHVSRQVHV�� LQ� GHVFULSWLYH� VWDWLVWLFV�
H[KDXVWLYH�UHIHUV�WR�D�VHW�RI�LQWHUYDOV�WKDW�FRYHU�WKH�FRPSOHWH�UDQJH�RI�GDWD

([KDXVWLYH�FDWHJRULHV²D�VHW�RI�FDWHJRULHV�WKDW�FODVVLI\�DOO�RI�WKH�UHOHYDQW�FDVHV�LQ
WKH�GDWD

([SHGLWHG� UHYLHZ²D� SURFHVV� E\� ZKLFK� D� VWXG\� LV� UDSLGO\� UHYLHZHG� E\� IHZHU
PHPEHUV�WKDQ�FRQVWLWXWH�WKH�IXOO�,5%�ERDUG

([SHULPHQW²DQ� HQYLURQPHQW� LQ� ZKLFK� WKH� UHVHDUFKHU� DWWHPSWV� WR� REMHFWLYHO\
REVHUYH�SKHQRPHQD�WKDW�DUH�PDGH�WR�RFFXU�LQ�D�VWULFWO\�FRQWUROOHG�VLWXDWLRQ�LQ�ZKLFK
RQH�RU�PRUH�YDULDEOHV�DUH�YDULHG�DQG�WKH�RWKHUV�DUH�NHSW�FRQVWDQW

([SHULPHQWDO� FRQWURO²HOLPLQDWLQJ� DQ\� GLIIHUHQWLDO� LQIOXHQFH� RI� H[WUDQHRXV
YDULDEOHV



([SHULPHQWDO�JURXS²WKH�JURXS�WKDW�UHFHLYHV�WKH�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

([SHULPHQWDO� UHVHDUFK²UHVHDUFK� LQ� ZKLFK� WKH� UHVHDUFKHU� PDQLSXODWHV� WKH
LQGHSHQGHQW�YDULDEOH�DQG�LV�LQWHUHVWHG�LQ�VKRZLQJ�FDXVH�DQG�HIIHFW

([SODQDWLRQ²DWWHPSWLQJ�WR�VKRZ�KRZ�DQG�ZK\�D�SKHQRPHQRQ�RSHUDWHV�DV�LW�GRHV

([SODQDWRU\�UHVHDUFK²WHVWLQJ�K\SRWKHVHV�DQG�WKHRULHV�WKDW�H[SODLQ�KRZ�DQG�ZK\
D�SKHQRPHQRQ�RSHUDWHV�DV�LW�GRHV

([SORUDWLRQ²DWWHPSWLQJ�WR�JHQHUDWH�LGHDV�DERXW�SKHQRPHQD

([SORUDWRU\�PHWKRG²D�ERWWRP�XS�RU�WKHRU\�JHQHUDWLRQ�DSSURDFK�WR�UHVHDUFK

([WHQGHG�ILHOGZRUN²FROOHFWLQJ�GDWD�LQ�WKH�ILHOG�RYHU�DQ�H[WHQGHG�SHULRG�RI�WLPH

([WHUQDO�FULWLFLVP²WKH�YDOLGLW\��WUXVWZRUWKLQHVV��RU�DXWKHQWLFLW\�RI�WKH�VRXUFH

([WHUQDO�YDOLGLW\²WKH�H[WHQW�WR�ZKLFK�WKH�VWXG\�UHVXOWV�FDQ�EH�JHQHUDOL]HG�WR�DQG
DFURVV�SRSXODWLRQV�RI�SHUVRQV��VHWWLQJV��WLPHV��RXWFRPHV��DQG�WUHDWPHQW�YDULDWLRQV

([WUDQHRXV�YDULDEOH²D�YDULDEOH�WKDW�PD\�FRPSHWH�ZLWK�WKH�LQGHSHQGHQW�YDULDEOH
LQ� H[SODLQLQJ� WKH� RXWFRPH�� DQ\� YDULDEOH� RWKHU� WKDQ� WKH� LQGHSHQGHQW� YDULDEOH� WKDW
PLJKW�LQIOXHQFH�WKH�GHSHQGHQW�YDULDEOH��D�YDULDEOH�WKDW�\RX�QHHG�WR�³FRQWURO�IRU´�WR
HOLPLQDWH� LW� DV� D� FRPSHWLQJ�H[SODQDWLRQ� IRU� WKH�REVHUYHG� UHODWLRQVKLS�EHWZHHQ�DQ
LQGHSHQGHQW�DQG�D�GHSHQGHQW�YDULDEOH

([WUHPH�FDVH�VDPSOLQJ²LGHQWLI\LQJ�WKH�H[WUHPHV�RU�SROHV�RI�VRPH�FKDUDFWHULVWLF
DQG�WKHQ�VHOHFWLQJ�IRU�H[DPLQDWLRQ�FDVHV�UHSUHVHQWLQJ�WKHVH�H[WUHPHV

)DFHVKHHW�FRGHV²FRGHV�WKDW�DSSO\�WR�D�FRPSOHWH�GRFXPHQW�RU�FDVH

)DFWRU� DQDO\VLV²D� VWDWLVWLFDO� SURFHGXUH� WKDW� DQDO\]HV� FRUUHODWLRQV� DPRQJ� WHVW
LWHPV� DQG� WHOOV� \RX� WKH� QXPEHU� RI� IDFWRUV� SUHVHQW�� ,W� WHOOV� \RX�ZKHWKHU� WKH� WHVW� LV
XQLGLPHQVLRQDO�RU�PXOWLGLPHQVLRQDO

)DFWRULDO�GHVLJQ²D�GHVLJQ� LQ�ZKLFK� WZR�RU�PRUH� LQGHSHQGHQW�YDULDEOHV��DW� OHDVW
RQH� RI� ZKLFK� LV� PDQLSXODWHG�� DUH� VLPXOWDQHRXVO\� VWXGLHG� WR� GHWHUPLQH� WKHLU
LQGHSHQGHQW�DQG�LQWHUDFWLYH�HIIHFWV�RQ�WKH�GHSHQGHQW�YDULDEOH

)DFWRULDO�GHVLJQ�EDVHG�RQ�D�PL[HG�PRGHO²D�IDFWRULDO�GHVLJQ� LQ�ZKLFK�GLIIHUHQW
SDUWLFLSDQWV� DUH� UDQGRPO\� DVVLJQHG� WR� WKH� GLIIHUHQW� OHYHOV� RI� RQH� LQGHSHQGHQW
YDULDEOH��EXW�DOO�SDUWLFLSDQWV�WDNH�DOO�OHYHOV�RI�DQRWKHU�LQGHSHQGHQW�YDULDEOH

)HPLQLVW�DFWLRQ�UHVHDUFK²VWXGLHV� WKDW� SURYLGH� D� IHPLQLVW� OHQV� WR� KHOS� HOLPLQDWH



YDULRXV�IRUPV�RI�VH[LVP�DQG�HPSRZHU�ZRPHQ�LQ�VRFLHW\

)LHOG²WKH� LQTXLU\� VSDFH� FUHDWHG� EHWZHHQ� UHVHDUFKHUV� DQG� SDUWLFLSDQWV� GXULQJ
FRQGXFW�RI�WKH�UHVHDUFK

)LHOG�H[SHULPHQW²DQ�H[SHULPHQWDO�VWXG\�WKDW�LV�FRQGXFWHG�LQ�D�UHDO�OLIH�VHWWLQJ

)LHOG�QRWHV²QRWHV�WDNHQ�E\�DQ�REVHUYHU

)LHOG�WH[WV²WKH�WHUP�QDUUDWLYH�LQTXLUHUV�XVH�IRU�GDWD

)LQDO�UHVHDUFK�WH[WV²ILQDO� UHSUHVHQWDWLRQV�RI� D�QDUUDWLYH� LQTXLU\�� VXFK�DV�ERRNV
DQG�DUWLFOHV��GLVVHUWDWLRQV��WKHVHV��DQG�SUHVHQWDWLRQV�IRU�DFDGHPLF�DQG�QRQDFDGHPLF
DXGLHQFHV��WKDW�DUH�PDGH�SXEOLF�IRU�D�ZLGHU�DXGLHQFH

)LUVW� VLPSOH� FDVH� RI� QRQH[SHULPHQWDO� TXDQWLWDWLYH� UHVHDUFK²GHVLJQ� ZLWK� RQH
FDWHJRULFDO�LQGHSHQGHQW�YDULDEOH�DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH

)RFXV�JURXS²D�PRGHUDWRU�OHDGV�D�GLVFXVVLRQ�ZLWK�D�VPDOO�JURXS�RI�SHRSOH

)RUFH� ILHOG� DQDO\VLV²LGHQWLI\LQJ� DQG� XQGHUVWDQGLQJ� WKH� GULYLQJ� DQG� UHVWUDLQLQJ
IRUFHV�SUHVHQW�LQ�D�VLWXDWLRQ

)RUFH� ILHOG� WKHRU\²H[SODQDWLRQ�RI� DFWLRQ� DQG� LQDFWLRQ� DV� UHVXOWLQJ� IURP�GULYLQJ
DQG�UHVWUDLQLQJ�IRUFHV

)RUPDWLYH�HYDOXDWLRQ²HYDOXDWLRQ�IRFXVHG�RQ�LPSURYLQJ�WKH�HYDOXDWLRQ�REMHFW

)UHTXHQF\�GLVWULEXWLRQ²DQ�DUUDQJHPHQW� LQ�ZKLFK� WKH�IUHTXHQFLHV�RI�HDFK�XQLTXH
GDWD�YDOXH�DUH�VKRZQ

)URQWVWDJH�EHKDYLRU²ZKDW�SHRSOH�ZDQW�RU�DOORZ�XV�WR�VHH

)XOO�ERDUG�UHYLHZ²UHYLHZ�E\�DOO�PHPEHUV�RI�WKH�,5%

)XOO\�DQFKRUHG�UDWLQJ�VFDOH²D�UDWLQJ�VFDOH�RQ�ZKLFK�DOO�SRLQWV�DUH�DQFKRUHG

)XQGDPHQWDO� SULQFLSOH� RI� PL[HG� UHVHDUFK²DGYLVHV� UHVHDUFKHUV� WR� WKRXJKWIXOO\
DQG� VWUDWHJLFDOO\� PL[� RU� FRPELQH� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� UHVHDUFK� PHWKRGV�
DSSURDFKHV��SURFHGXUHV��FRQFHSWV��DQG�RWKHU�SDUDGLJP�FKDUDFWHULVWLFV�LQ�D�ZD\�WKDW
SURGXFHV� DQ� RYHUDOO� GHVLJQ� ZLWK� PXOWLSOH� �GLYHUJHQW� DQG� FRQYHUJHQW�� DQG
FRPSOHPHQWDU\�VWUHQJWKV��EURDGO\�YLHZHG��DQG�QRQRYHUODSSLQJ�ZHDNQHVVHV

*HQHUDO� OLQHDU� PRGHO²D� PDWKHPDWLFDO� SURFHGXUH� WKDW� LV� WKH� ³SDUHQW´� RI� PDQ\
VWDWLVWLFDO�WHFKQLTXHV



*HQHUDOL]H²WR�PDNH�VWDWHPHQWV�DERXW�D�SRSXODWLRQ�EDVHG�RQ�VDPSOH�GDWD

*HQHUDOL]LQJ� DFURVV� VXESRSXODWLRQV²$SSO\LQJ� D� ILQGLQJ� EDVHG� RQ� D� UHVHDUFK
VWXG\�VDPSOH��H�J���D�VDPSOH�DYHUDJH�RU�FRUUHODWLRQ��WR�DOO�VXEJURXSV�LQ�WKH�WDUJHW
SRSXODWLRQ

*HQHUDOL]LQJ� WR� D� SRSXODWLRQ²$SSO\LQJ� D� ILQGLQJ� EDVHG� RQ� D� UHVHDUFK� VWXG\
VDPSOH� �H�J��� D� VDPSOH� DYHUDJH� RU� FRUUHODWLRQ�� WR� WKH� WDUJHW� SRSXODWLRQ� �H�J��� WKH
SRSXODWLRQ�DYHUDJH�RU�FRUUHODWLRQ�

*HQHUDOL]LQJ�YDOLGLW\²WKH�H[WHQW�WR�ZKLFK�WKH�VWXG\�UHVXOWV�FDQ�EH�JHQHUDOL]HG�WR
DQG� DFURVV� SRSXODWLRQV� RI� SHUVRQV�� VHWWLQJV�� WLPHV�� RXWFRPHV�� DQG� WUHDWPHQW
YDULDWLRQV

*RLQJ�QDWLYH²LGHQWLI\LQJ�VR�FRPSOHWHO\�ZLWK�WKH�JURXS�EHLQJ�VWXGLHG�WKDW�\RX�FDQ
QR�ORQJHU�UHPDLQ�REMHFWLYH

*URXQGHG�WKHRU\²D�JHQHUDO�PHWKRGRORJ\�IRU�GHYHORSLQJ�WKHRU\�WKDW�LV�JURXQGHG
LQ�GDWD�V\VWHPDWLFDOO\�JDWKHUHG�DQG�DQDO\]HG

*URXQGHG�WKHRU\�UHVHDUFK²D�TXDOLWDWLYH�DSSURDFK�WR�JHQHUDWLQJ�DQG�GHYHORSLQJ
D�WKHRU\�IURP�WKH�GDWD�WKDW�WKH�UHVHDUFKHU�FROOHFWV

*URXS�PRGHUDWRU²WKH�SHUVRQ�OHDGLQJ�WKH�IRFXV�JURXS�GLVFXVVLRQ

*URXSHG� IUHTXHQF\� GLVWULEXWLRQ²WKH� GDWD� YDOXHV� DUH� FOXVWHUHG� RU� JURXSHG� LQWR
VHSDUDWH�LQWHUYDOV��DQG�WKH�IUHTXHQFLHV�RI�HDFK�LQWHUYDO�DUH�JLYHQ

+HWHURJHQHRXV²D�VHW�RI�QXPEHUV�ZLWK�D�JUHDW�GHDO�RI�YDULDELOLW\

+LHUDUFKLFDO� DQDO\VLV²VHDUFK� IRU� SRWHQWLDO� KLHUDUFKLFDO� DUUDQJHPHQW� RI
LQGXFWLYHO\�JHQHUDWHG�FDWHJRULHV�LQ�TXDOLWDWLYH�GDWD�DQDO\VLV�

+LVWRJUDP²D� JUDSKLF� WKDW� VKRZV� WKH� IUHTXHQFLHV� DQG� VKDSH� WKDW� FKDUDFWHUL]H� D
TXDQWLWDWLYH�YDULDEOH

+LVWRULFDO� UHVHDUFK²UHVHDUFK� DERXW� SHRSOH�� SODFHV�� DQG� HYHQWV� LQ� WKH� SDVW�� WKH
SURFHVV�RI�V\VWHPDWLFDOO\�H[DPLQLQJ�SDVW�HYHQWV�RU�FRPELQDWLRQV�RI�HYHQWV�WR�DUULYH
DW�DQ�DFFRXQW�RI�ZKDW�KDSSHQHG�LQ�WKH�SDVW

+LVWRU\²DQ\�HYHQW��RWKHU�WKDQ�D�SODQQHG�WUHDWPHQW�HYHQW��WKDW�RFFXUV�EHWZHHQ�WKH
SUHWHVW� DQG� SRVWWHVW� PHDVXUHPHQW� RI� WKH� GHSHQGHQW� YDULDEOH� DQG� LQIOXHQFHV� WKH
SRVWPHDVXUHPHQW�RI�WKH�GHSHQGHQW�YDULDEOH

+ROLVP²WKH�LGHD�WKDW�WKH�ZKROH�LV�JUHDWHU�WKDQ�WKH�VXP�RI�LWV�SDUWV



+ROLVWLF�GHVFULSWLRQ²WKH�GHVFULSWLRQ�RI�KRZ�PHPEHUV�RI�D�JURXS�LQWHUDFW�DQG�KRZ
WKH\�FRPH�WRJHWKHU�WR�PDNH�XS�WKH�JURXS�DV�D�ZKROH

+RPRJHQHLW\²LQ� WHVW� YDOLGLW\�� UHIHUV� WR� KRZ� ZHOO� WKH� GLIIHUHQW� LWHPV� LQ� D� WHVW
PHDVXUH�WKH�VDPH�FRQVWUXFW�RU�WUDLW

+RPRJHQHRXV²D�VHW�RI�QXPEHUV�ZLWK�OLWWOH�YDULDELOLW\

+RPRJHQHRXV�VDPSOH�VHOHFWLRQ²VHOHFWLQJ�D�VPDOO�DQG�KRPRJHQHRXV�FDVH�RU�VHW
RI�FDVHV�IRU�LQWHQVLYH�VWXG\

+RPRJHQHRXV�WHVW²D�XQLGLPHQVLRQDO�WHVW�LQ�ZKLFK�DOO�WKH�LWHPV�PHDVXUH�D�VLQJOH
FRQVWUXFW

+\SRWKHVLV²D� SUHGLFWLRQ� RU� HGXFDWHG� JXHVV�� WKH� IRUPDO� VWDWHPHQW� RI� WKH
UHVHDUFKHU¶V� SUHGLFWLRQ� RI� WKH� UHODWLRQVKLS� WKDW� H[LVWV� DPRQJ� WKH� YDULDEOHV� XQGHU
LQYHVWLJDWLRQ

+\SRWKHVLV�WHVWLQJ²WKH�EUDQFK�RI�LQIHUHQWLDO�VWDWLVWLFV�WKDW�LV�FRQFHUQHG�ZLWK�KRZ
ZHOO�WKH�VDPSOH�GDWD�VXSSRUW�D�QXOO�K\SRWKHVLV�DQG�ZKHQ�WKH�QXOO�K\SRWKHVLV�FDQ�EH
UHMHFWHG

,GLRJUDSKLF�FDXVDWLRQ²SDUWLFXODU�FDXVHV��LQFOXGLQJ�LQWHQWLRQV��RI�VSHFLILF�RU�ORFDO
DWWLWXGHV��FRQGLWLRQV��DQG�HYHQWV

,GLRJUDSKLF�NQRZOHGJH²XQGHUVWDQGLQJ�RI�SDUWLFXODU�HYHQWV��SHRSOH��DQG�JURXSV

,QFRPSDWLELOLW\� WKHVLV²WKH� SURSRVLWLRQ� WKDW� RQH� FDQQRW� PL[� TXDQWLWDWLYH� DQG
TXDOLWDWLYH�UHVHDUFK

,QGHSHQGHQW�YDULDEOH²D�YDULDEOH� WKDW� LV�SUHVXPHG� WR�FDXVH�D� FKDQJH� LQ�DQRWKHU
YDULDEOH

,QGLYLGXDO� DFWLRQ� UHVHDUFK²DFWLRQ� UHVHDUFK� WKDW� LV� SODQQHG�� GHVLJQHG�� DQG
FRQGXFWHG�E\�RQH�SULPDU\�SHUVRQ��VXFK�DV�D�WHDFKHU

,QGLUHFW�HIIHFW²DQ�HIIHFW�RFFXUULQJ�WKURXJK�DQ�LQWHUYHQLQJ�YDULDEOH

,QGXFWLYH�FRGHV²FRGHV� WKDW�DUH�JHQHUDWHG�E\�D� UHVHDUFKHU�E\�GLUHFWO\�H[DPLQLQJ
WKH�GDWD

,QGXFWLYH�UHDVRQLQJ²WKH�SURFHVV�RI�GUDZLQJ�D�FRQFOXVLRQ�WKDW�LV�³SUREDEO\´�WUXH

,QIHUHQWLDO�VWDWLVWLFV²VWDWLVWLFV� WKDW� JR� EH\RQG� WKH� LPPHGLDWH� GDWD� DQG� LQIHU� WKH
FKDUDFWHULVWLFV�RI�SRSXODWLRQV�EDVHG�RQ�VDPSOHV��XVH�RI�WKH�ODZV�RI�SUREDELOLW\�WR



PDNH� LQIHUHQFHV� DQG� GUDZ� VWDWLVWLFDO� FRQFOXVLRQV� DERXW� SRSXODWLRQV� EDVHG� RQ
VDPSOH�GDWD

,QIOXHQFH²DWWHPSWLQJ�WR�DSSO\�UHVHDUFK�WR�PDNH�FHUWDLQ�RXWFRPHV�RFFXU

,QIRUPDO�FRQYHUVDWLRQDO�LQWHUYLHZ²D�VSRQWDQHRXV��ORRVHO\�VWUXFWXUHG�LQWHUYLHZ

,QIRUPHG�FRQVHQW²DJUHHLQJ� WR� SDUWLFLSDWH� LQ� D� VWXG\� DIWHU� EHLQJ� LQIRUPHG�RI� LWV
SXUSRVH�� SURFHGXUHV�� ULVNV�� EHQHILWV�� DOWHUQDWLYH� SURFHGXUHV�� DQG� OLPLWV� RI
FRQILGHQWLDOLW\

,Q�SHUVRQ�LQWHUYLHZ²DQ�LQWHUYLHZ�FRQGXFWHG�IDFH�WR�IDFH

,QVLGH�RXWVLGH�YDOLGLW\²WKH�H[WHQW�WR�ZKLFK�WKH�UHVHDUFKHU�DFFXUDWHO\�XQGHUVWDQGV�
XVHV�� DQG� SUHVHQWV� WKH� SDUWLFLSDQWV¶� VXEMHFWLYH� LQVLGHU� RU� ³QDWLYH´� YLHZV� �DOVR
FDOOHG� WKH� HPLF� YLHZSRLQW�� DQG� WKH� UHVHDUFKHU¶V� REMHFWLYH� RXWVLGHU� YLHZ� �DOVR
FDOOHG�WKH�HWLF�YLHZSRLQW�

,QVWLWXWLRQDO� 5HYLHZ� %RDUG� �,5%�²WKH� LQVWLWXWLRQDO� UHYLHZ� FRPPLWWHH� WKDW
DVVHVVHV�WKH�HWKLFDO�DFFHSWDELOLW\�RI�UHVHDUFK�SURSRVDOV

,QVWUXPHQWDO�FDVH�VWXG\²LQWHUHVW�LV�LQ�XQGHUVWDQGLQJ�VRPHWKLQJ�PRUH�JHQHUDO�WKDQ
WKH�SDUWLFXODU�FDVH

,QVWUXPHQWDWLRQ²DQ\� FKDQJH� WKDW� RFFXUV� LQ� WKH� ZD\� WKH� GHSHQGHQW� YDULDEOH� LV
PHDVXUHG

,QWHOOLJHQFH²WKH�DELOLW\�WR�WKLQN�DEVWUDFWO\�DQG�OHDUQ�UHDGLO\�IURP�H[SHULHQFH

,QWHUDFWLRQ�HIIHFW²ZKHQ�WKH�HIIHFW�RI�RQH�LQGHSHQGHQW�YDULDEOH�RQ�WKH�GHSHQGHQW
YDULDEOH�YDULHV�DFURVV�RU�GHSHQGV�RQ�WKH�OHYHO�RI�DQRWKHU�LQGHSHQGHQW�YDULDEOH

,QWHUFRGHU�UHOLDELOLW\²FRQVLVWHQF\�DPRQJ�GLIIHUHQW�FRGHUV

,QWHULP�DQDO\VLV²WKH� F\FOLFDO� SURFHVV� RI� FROOHFWLQJ� DQG� DQDO\]LQJ� GDWD� GXULQJ� D
VLQJOH�UHVHDUFK�VWXG\

,QWHULP�UHVHDUFK�WH[WV²WKH�HYROYLQJ�UHVHDUFK�UHSRUWV�RU�WH[WV�WKDW�DUH�FRQWLQXDOO\
ZULWWHQ�DQG�UHYLVHG�GXULQJ�WKH�UHVHDUFK�SURMHFW

,QWHUPHWKRG� PL[LQJ²8VH� RI� PRUH� WKDQ� RQH� PHWKRG� RI� GDWD� FROOHFWLRQ� LQ� D
UHVHDUFK�VWXG\

,QWHUQDO�FRQVLVWHQF\²WKH� FRQVLVWHQF\�ZLWK�ZKLFK� WKH� LWHPV� RQ� D� WHVW�PHDVXUH� D
VLQJOH�FRQVWUXFW



,QWHUQDO�FULWLFLVP²WKH�UHOLDELOLW\�RU�DFFXUDF\�RI� WKH� LQIRUPDWLRQ�FRQWDLQHG� LQ� WKH
VRXUFHV�FROOHFWHG

,QWHUQDO�YDOLGLW\²WKH�DELOLW\�WR�LQIHU�WKDW�D�FDXVDO�UHODWLRQVKLS�H[LVWV�EHWZHHQ�WZR
YDULDEOHV

,QWHUQHW²D�³QHWZRUN�RI�QHWZRUNV´�FRQVLVWLQJ�RI�PLOOLRQV�RI�FRPSXWHUV�DQG�WHQV�RI
PLOOLRQV� RI� XVHUV� DOO� RYHU� WKH�ZRUOG�� DOO� RI�ZKLFK� DUH� LQWHUFRQQHFWHG� WR� SURPRWH
FRPPXQLFDWLRQ

,QWHUQHW�H[SHULPHQW²DQ�H[SHULPHQWDO�VWXG\�WKDW�LV�FRQGXFWHG�RYHU�WKH�,QWHUQHW

,QWHUSUHWDWLYH�SKHQRPHQRORJLFDO�DQDO\VLV��,3$�²D�QHZ�W\SH�RI�SKHQRPHQRORJ\
PRUH� IRFXVHG� RQ� VLWXDWHG�� LQWHUSUHWHG�� DQG� SDUWLFXODU� OLYHG� H[SHULHQFHV� WKDQ� RQ
WUDQVFHQGHQWDO�H[SHULHQFHV

,QWHUSUHWLYH� YDOLGLW\²DFFXUDWHO\� SRUWUD\LQJ� WKH� SDUWLFLSDQWV¶� SHUVSHFWLYHV� DQG
PHDQLQJV��DQG�SURYLGLQJ�WKH�LQVLGHU¶V�YLHZSRLQW

,QWHUUXSWHG� WLPH�VHULHV� GHVLJQ²D� GHVLJQ� LQ� ZKLFK� D� WUHDWPHQW� FRQGLWLRQ� LV
DVVHVVHG�E\�FRPSDULQJ�WKH�SDWWHUQ�RI�SUHWHVW�UHVSRQVHV�ZLWK�WKH�SDWWHUQ�RI�SRVWWHVW
UHVSRQVHV�REWDLQHG�IURP�D�VLQJOH�JURXS�RI�SDUWLFLSDQWV

,QWHUVFRUHU� UHOLDELOLW\²WKH� GHJUHH� RI� DJUHHPHQW� RU� FRQVLVWHQF\� EHWZHHQ� WZR� RU
PRUH�VFRUHUV��MXGJHV��RU�UDWHUV

,QWHUYDO� VFDOH²D� VFDOH� RI� PHDVXUHPHQW� WKDW� KDV� HTXDO� LQWHUYDOV� RI� GLVWDQFHV
EHWZHHQ�DGMDFHQW�QXPEHUV

,QWHUYHQLQJ� YDULDEOH²D� YDULDEOH� RFFXUULQJ� EHWZHHQ� WZR� RWKHU� YDULDEOHV� LQ� D
FDXVDO�FKDLQ��DOVR�NQRZQ�DV�D�PHGLDWLQJ�YDULDEOH�

,QWHUYLHZ²D�GDWD�FROOHFWLRQ�PHWKRG�LQ�ZKLFK�DQ�LQWHUYLHZHU�DVNV�DQ�LQWHUYLHZHH
TXHVWLRQV

,QWHUYLHZ� JXLGH� DSSURDFK²VSHFLILF� WRSLFV� DQG�RU� RSHQ�HQGHG� TXHVWLRQV� DUH
DVNHG�LQ�DQ\�RUGHU

,QWHUYLHZ�SURWRFRO²D�GDWD�FROOHFWLRQ�LQVWUXPHQW�XVHG�LQ�DQ�LQWHUYLHZ

,QWHUYLHZHH²WKH�SHUVRQ�EHLQJ�DVNHG�TXHVWLRQV

,QWHUYLHZHU²WKH�SHUVRQ�DVNLQJ�WKH�TXHVWLRQV

,QWUDFRGHU�UHOLDELOLW\²FRQVLVWHQF\�ZLWKLQ�D�VLQJOH�LQGLYLGXDO



,QWUDPHWKRG�PL[LQJ²XVH�RI�D�VLQJOH�PHWKRG�RI�GDWD�FROOHFWLRQ�WR�REWDLQ�D�PL[WXUH
RI�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD

,QWULQVLF�FDVH�VWXG\²LQWHUHVW�LV�LQ�XQGHUVWDQGLQJ�D�VSHFLILF�FDVH

,QWURGXFWLRQ²WKH� VHFWLRQ� WKDW� LQWURGXFHV� WKH� UHVHDUFK� WRSLF� DQG� HVWDEOLVKHV� LWV
LPSRUWDQFH�DQG�VLJQLILFDQFH

,Q�YLYR�FRGHV²FRGHV�WKDW�XVH�WKH�ZRUGV�RI�WKH�UHVHDUFK�SDUWLFLSDQWV

,WHP�VWHP²WKH�VHW�RI�ZRUGV�IRUPLQJ�D�TXHVWLRQ�RU�VWDWHPHQW

N²WKH�VL]H�RI�WKH�VDPSOLQJ�LQWHUYDO

.QRZQ� JURXSV� HYLGHQFH²HYLGHQFH� WKDW� JURXSV� WKDW� DUH� NQRZQ� WR� GLIIHU� RQ� WKH
FRQVWUXFW�GR�GLIIHU�RQ�WKH�WHVW�LQ�WKH�K\SRWKHVL]HG�GLUHFWLRQ

/DERUDWRU\� H[SHULPHQW²D� VWXG\� FRQGXFWHG� LQ� D� FRQWUROOHG� HQYLURQPHQW� ZKHUH
RQH�RU�PRUH�YDULDEOHV�DUH�SUHFLVHO\�PDQLSXODWHG�DQG�DOO�RU�QHDUO\�DOO� H[WUDQHRXV
YDULDEOHV�DUH�FRQWUROOHG

/DERUDWRU\�REVHUYDWLRQ²REVHUYDWLRQ�GRQH�LQ�WKH�ODE�RU�RWKHU�VHWWLQJ�VHW�XS�E\�WKH
UHVHDUFKHU

/HDGLQJ�TXHVWLRQ²D�TXHVWLRQ�WKDW�VXJJHVWV�D�FHUWDLQ�DQVZHU

/HDUQLQJ�RUJDQL]DWLRQ²RUJDQL]DWLRQ� LQ�ZKLFK�PHPEHUV�ZRUN� WRJHWKHU�DQG�JURZ
RYHU�WLPH��FRQWLQXDOO\�LPSURYLQJ�WKH�RUJDQL]DWLRQ�DV�D�ZKROH

/HYHO�RI�FRQILGHQFH²WKH�SUREDELOLW\�WKDW�D�FRQILGHQFH�LQWHUYDO�WR�EH�FRQVWUXFWHG
IURP�D�UDQGRP�VDPSOH�ZLOO�LQFOXGH�WKH�SRSXODWLRQ�SDUDPHWHU

/HZLQ¶V�FKDQJH�WKHRU\²D�WKHRU\�RI�FKDQJH�WKDW�LQFOXGHV�D�WKUHH�VWHS�SURFHVV�IRU
SODQQHG�FKDQJHV�LQ�KXPDQ�VHWWLQJV

/LIH�ZRUOG²DQ�LQGLYLGXDO¶V�LQQHU�ZRUOG�RI�LPPHGLDWH�H[SHULHQFH

/LNHUW�VFDOH²D�W\SH�RI�VXPPDWHG�UDWLQJ�VFDOH�LQYHQWHG�E\�5HQVLV�/LNHUW

/LQH�JUDSK²D�JUDSK�WKDW�UHOLHV�RQ�WKH�GUDZLQJ�RI�RQH�RU�PRUH�OLQHV

/LQJXLVWLF�UHODWLYLW\� K\SRWKHVLV²WKH� LGHD� WKDW� SHRSOH� VHH� DQG� XQGHUVWDQG� WKH
ZRUOG�WKURXJK�WKH�OHQV�RI�WKHLU�ORFDO�ODQJXDJH��SHRSOH¶V�WKRXJKWV�DUH�ERXQG�E\�WKHLU
ODQJXDJH��DOVR�FDOOHG�WKH�6DSLU�:KRUI�K\SRWKHVLV�



/LYLQJ�DQG�WHOOLQJ�VWRULHV²LQ�QDUUDWLYH�LQTXLU\��SHRSOH�DUH�VHHQ�WR�OLYH�RXW�VWRULHV
LQ�WKHLU�H[SHULHQFHV�DQG�WHOO�VWRULHV�RI�WKRVH�H[SHULHQFHV�WR�RWKHUV

/RDGHG�TXHVWLRQ²D�TXHVWLRQ�FRQWDLQLQJ�HPRWLRQDOO\�FKDUJHG�ZRUGV

/RJLF� RI� VLJQLILFDQFH� WHVWLQJ²XQGHUVWDQGLQJ� DQG� IROORZLQJ� WKH� VWHSV� VKRZQ� LQ
7DEOH�����

/RQJLWXGLQDO� UHVHDUFK²GDWD� DUH� FROOHFWHG� DW� PXOWLSOH� WLPH� SRLQWV�� DQG
FRPSDULVRQV�DUH�PDGH�DFURVV�WLPH

/RZ�LQIHUHQFH� GHVFULSWRUV²D� GHVFULSWLRQ� WKDW� LV� SKUDVHG� YHU\� VLPLODUO\� WR� WKH
SDUWLFLSDQWV¶�DFFRXQWV�DQG�WKH�UHVHDUFKHUV¶�ILHOG�QRWHV

/RZHU�OLPLW²WKH�VPDOOHVW�QXPEHU�RQ�D�FRQILGHQFH�LQWHUYDO

0DLQ�HIIHFW²WKH�HIIHFW�RI�RQH�LQGHSHQGHQW�YDULDEOH

0DQLSXODWLRQ²DQ�LQWHUYHQWLRQ�VWXGLHG�E\�DQ�H[SHULPHQWHU

0DUJLQ�RI�HUURU²RQH�KDOI�WKH�ZLGWK�RI�D�FRQILGHQFH�LQWHUYDO

0DUJLQDO�PHDQ²WKH�PHDQ�RI�VFRUHV�LQ�WKH�FHOOV�RI�D�FROXPQ�RU�D�URZ

0DVWHU�OLVW²D�OLVW�RI�DOO�WKH�FRGHV�XVHG�LQ�D�UHVHDUFK�VWXG\

0DWFKLQJ²HTXDWLQJ� WKH� FRPSDULVRQ� JURXSV� RQ� RQH� RU� PRUH� YDULDEOHV� WKDW� DUH
FRUUHODWHG�ZLWK�WKH�GHSHQGHQW�YDULDEOH

0DWFKLQJ�YDULDEOH²WKH�YDULDEOH� WKH� UHVHDUFKHU�PDWFKHV�RQ� WR� HOLPLQDWH� LW� DV� DQ
DOWHUQDWLYH�H[SODQDWLRQ

0DWXUDWLRQ²DQ\� SK\VLFDO� RU� PHQWDO� FKDQJH� WKDW� RFFXUV� RYHU� WLPH� WKDW� DIIHFWV
SHUIRUPDQFH�RQ�WKH�GHSHQGHQW�YDULDEOH

0D[LPXP�YDULDWLRQ�VDPSOLQJ²SXUSRVLYHO\�VHOHFWLQJ�D�ZLGH�UDQJH�RI�FDVHV

0HDQ²WKH�DULWKPHWLF�DYHUDJH

0HDVXUH�RI�FHQWUDO�WHQGHQF\²WKH�VLQJOH�QXPHULFDO�YDOXH�FRQVLGHUHG�PRVW�W\SLFDO
RI�WKH�YDOXHV�RI�D�TXDQWLWDWLYH�YDULDEOH

0HDVXUH�RI� YDULDELOLW\²D�QXPHULFDO� LQGH[� WKDW� SURYLGHV� LQIRUPDWLRQ� DERXW� KRZ
VSUHDG�RXW�WKH�GDWD�YDOXHV�DUH�RU�KRZ�PXFK�YDULDWLRQ�LV�SUHVHQW



0HDVXUHPHQW²DVVLJQLQJ� V\PEROV� RU� QXPEHUV� WR� VRPHWKLQJ� DFFRUGLQJ� WR� D
VSHFLILF�VHW�RI�UXOHV

0HDVXUHV�RI�UHODWLYH�VWDQGLQJ²SURYLGH�LQIRUPDWLRQ�DERXW�ZKHUH�D�VFRUH�IDOOV�LQ
UHODWLRQ�WR�WKH�RWKHU�VFRUHV�LQ�WKH�GLVWULEXWLRQ�RI�GDWD

0HGLDQ²WKH���WK�SHUFHQWLOH

0HGLDWLQJ�YDULDEOH²VHH�LQWHUYHQLQJ�YDULDEOH�

0HPEHU� FKHFNLQJ²GLVFXVVLRQ� RI� WKH� UHVHDUFKHU¶V� FRQFOXVLRQV� ZLWK� WKH� VWXG\
SDUWLFLSDQWV

0HPRLQJ²UHFRUGLQJ�UHIOHFWLYH�QRWHV�DERXW�ZKDW�\RX�DUH�OHDUQLQJ�IURP�WKH�GDWD

0HQWDO� 0HDVXUHPHQWV� <HDUERRN²RQH� RI� WKH� SULPDU\� VRXUFHV� RI� LQIRUPDWLRQ
DERXW�SXEOLVKHG�WHVWV

0HWD�DQDO\VLV²D�TXDQWLWDWLYH�WHFKQLTXH�WKDW�LV�XVHG�WR�LQWHJUDWH�DQG�GHVFULEH�WKH
UHVXOWV�RI�D�ODUJH�QXPEHU�RI�VWXGLHV

0HWD�LQIHUHQFH²DQ� LQIHUHQFH� RU� FRQFOXVLRQ� WKDW� EXLOGV� RQ� RU� LQWHJUDWHV
TXDQWLWDWLYH�DQG�TXDOLWDWLYH�LQVLJKWV�DQG�ILQGLQJV

0HWKRG²WKH�VHFWLRQ�LQ�D�UHVHDUFK�SURSRVDO�RU�UHSRUW�WKDW�WHOOV�WKH�UHDGHU�DERXW�WKH
UHVHDUFK�GHVLJQ��SDUWLFLSDQWV��LQVWUXPHQWV��DQG�WKH�PHWKRG�V��RI�GDWD�FROOHFWLRQ

0HWKRG� RI� GDWD� FROOHFWLRQ²D� WHFKQLTXH� IRU� SK\VLFDOO\� REWDLQLQJ� GDWD� WR� EH
DQDO\]HG�LQ�D�UHVHDUFK�VWXG\

0HWKRG� RI� ZRUNLQJ� PXOWLSOH� K\SRWKHVHV²DWWHPSWLQJ� WR� LGHQWLI\� ULYDO
H[SODQDWLRQV

0HWKRGRORJ\²WKH�LGHQWLILFDWLRQ��VWXG\��DQG�MXVWLILFDWLRQ�RI�UHVHDUFK�PHWKRGV

0L[HG� GDWD� DQDO\VLV²WKH� XVH� RI� ERWK� TXDQWLWDWLYH� DQG� TXDOLWDWLYH� DQDO\WLFDO
SURFHGXUHV�LQ�D�UHVHDUFK�VWXG\

0L[HG�SXUSRVHIXO�VDPSOLQJ²WKH�PL[LQJ�RI�PRUH�WKDQ�RQH�VDPSOLQJ�VWUDWHJ\

0L[HG�TXHVWLRQQDLUH²D�TXHVWLRQQDLUH� WKDW� LQFOXGHV�D�PL[WXUH�RI�RSHQ�HQGHG�DQG
FORVHG�HQGHG�LWHPV

0L[HG�UHVHDUFK²UHVHDUFK�WKDW�LQYROYHV�WKH�PL[LQJ�RI�TXDQWLWDWLYH�DQG�TXDOLWDWLYH
PHWKRGV�RU�RWKHU�SDUDGLJP�FKDUDFWHULVWLFV



0L[HG�VDPSOLQJ�GHVLJQV²WKH�HLJKW�VDPSOLQJ�GHVLJQV�WKDW�UHVXOW�IURP�FURVVLQJ�WKH
WLPH�RULHQWDWLRQ�FULWHULRQ�DQG�WKH�VDPSOH�UHODWLRQVKLS�FULWHULRQ

0RGH²WKH�PRVW�IUHTXHQWO\�RFFXUULQJ�QXPEHU

0RGHUDWRU� YDULDEOH²D� YDULDEOH� WKDW� FKDQJHV� WKH� UHODWLRQVKLS� EHWZHHQ� RWKHU
YDULDEOHV

0RGHUQLVP²D� WHUP� XVHG� E\� SRVWPRGHUQLVWV� WR� UHIHU� WR� DQ� HDUOLHU� DQG� RXWGDWHG
SHULRG�LQ�WKH�KLVWRU\�RI�VFLHQFH�WKDW�YLHZHG�WKH�ZRUOG�DV�D�VWDWLF��L�H���XQFKDQJLQJ�
PDFKLQH�LQ�ZKLFK�HYHU\RQH�IROORZV�WKH�VDPH�ODZV�RI�EHKDYLRU

0XOWLJURXS�UHVHDUFK�GHVLJQ²D�UHVHDUFK�GHVLJQ�WKDW�LQFOXGHV�PRUH�WKDQ�RQH�JURXS
RI�SDUWLFLSDQWV

0XOWLSOH�EDVHOLQH� GHVLJQ²D� VLQJOH�FDVH� H[SHULPHQWDO� GHVLJQ� LQ� ZKLFK� WKH
WUHDWPHQW�FRQGLWLRQ�LV�VXFFHVVLYHO\�DGPLQLVWHUHG�WR�GLIIHUHQW�SDUWLFLSDQWV�RU� WR�WKH
VDPH�SDUWLFLSDQW�LQ�VHYHUDO�VHWWLQJV�DIWHU�EDVHOLQH�EHKDYLRUV�KDYH�EHHQ�UHFRUGHG�IRU
GLIIHUHQW�SHULRGV�RI�WLPH

0XOWLSOH� GDWD� VRXUFHV²WKH� XVH� RI� PXOWLSOH� VRXUFHV� RI� GDWD� ZLWKLQ� D� VLQJOH
UHVHDUFK�RU�GDWD�FROOHFWLRQ�PHWKRG

0XOWLSOH� LQYHVWLJDWRUV²WKH� XVH� RI� PXOWLSOH� UHVHDUFKHUV� DQG� REVHUYHUV� LQ
FROOHFWLQJ�DQG�LQWHUSUHWLQJ�WKH�GDWD

0XOWLSOH�PHWKRGV²WKH�XVH�RI�PXOWLSOH�UHVHDUFK�DQG�GDWD�FROOHFWLRQ�PHWKRGV

0XOWLSOH�RSHUDWLRQDOLVP²WKH�XVH�RI�VHYHUDO�PHDVXUHV�RI�D�FRQVWUXFW

0XOWLSOH� WKHRUHWLFDO�SHUVSHFWLYHV²WKH�XVH�RI�PXOWLSOH� WKHRULHV��GLVFLSOLQHV��DQG
SHUVSHFWLYHV�WR�LQWHUSUHW�DQG�H[SODLQ�WKH�GDWD

0XOWLSOH� UHJUHVVLRQ²UHJUHVVLRQ� EDVHG� RQ� RQH� GHSHQGHQW� YDULDEOH� DQG� WZR� RU
PRUH�LQGHSHQGHQW�YDULDEOHV

0XOWLSOH�YDOLGLWLHV²WKH�H[WHQW�WR�ZKLFK�DOO�RI�WKH�SHUWLQHQW�YDOLGLWLHV��TXDQWLWDWLYH�
TXDOLWDWLYH��DQG�PL[HG��DUH�DGGUHVVHG�DQG�UHVROYHG�VXFFHVVIXOO\

0XWXDOO\�H[FOXVLYH²RQ�D�TXHVWLRQQDLUH�RU�LQWHUYLHZ�SURWRFRO��PXWXDOO\�H[FOXVLYH
UHIHUV�WR�UHVSRQVH�FDWHJRULHV�WKDW�GR�QRW�RYHUODS��L�H���WKH\�DUH�VHSDUDWH�RU�GLVWLQFW��
LQ�GHVFULSWLYH�VWDWLVWLFV��LW¶V�WKH�SURSHUW\�WKDW�LQWHUYDOV�GR�QRW�RYHUODS�DW�DQ\�SRLQW

0XWXDOO\�H[FOXVLYH�FDWHJRULHV²D�VHW�RI�FDWHJRULHV�WKDW�DUH�VHSDUDWH�RU�GLVWLQFW



1²WKH�SRSXODWLRQ�VL]H

Q²WKH�VDPSOH�VL]H

1DUUDWLYH� LQTXLU\²WKH� VWXG\� RI� H[SHULHQFH� ZKHQ� H[SHULHQFH� LV� XQGHUVWRRG� DV
OLYHG� DQG� WROG� VWRULHV�� ,W� LV� D� FROODERUDWLRQ� EHWZHHQ� UHVHDUFKHU� DQG� SDUWLFLSDQWV�
RYHU�WLPH��LQ�D�SODFH�RU�VHULHV�RI�SODFHV�DQG�LQ�VRFLDO�LQWHUDFWLRQ�ZLWK�WKHLU�VRFLDO
PLOLHXV�

1DWXUDOLVWLF�JHQHUDOL]DWLRQ²JHQHUDOL]LQJ�RQ�WKH�EDVLV�RI�VLPLODULW\

1DWXUDOLVWLF�REVHUYDWLRQ²REVHUYDWLRQ�GRQH�LQ�UHDO�ZRUOG�VHWWLQJV

1HJDWLYH�FDVH� VDPSOLQJ²VHOHFWLQJ� FDVHV� WKDW� DUH� H[SHFWHG� WR� GLVFRQILUP� WKH
UHVHDUFKHU¶V�H[SHFWDWLRQV�DQG�JHQHUDOL]DWLRQV

1HJDWLYH�FRUUHODWLRQ²WKH�VLWXDWLRQ�ZKHQ�VFRUHV�RQ�WZR�YDULDEOHV�WHQG�WR�PRYH�LQ
RSSRVLWH�GLUHFWLRQV

1HJDWLYH�FULWLFLVP²HVWDEOLVKLQJ�WKH�UHOLDELOLW\�RU�DXWKHQWLFLW\�DQG�DFFXUDF\�RI�WKH
FRQWHQW�RI�WKH�GRFXPHQWV�DQG�RWKHU�VRXUFHV�XVHG�E\�WKH�UHVHDUFKHU

1HJDWLYHO\�VNHZHG²VNHZHG�WR�WKH�OHIW

1HWZRUN� GLDJUDP²D� GLDJUDP� VKRZLQJ� WKH� GLUHFW� OLQNV� EHWZHHQ� YDULDEOHV� RU
HYHQWV�RYHU�WLPH

1RPLQDO� VFDOH²D� VFDOH� RI� PHDVXUHPHQW� WKDW� XVHV� V\PEROV�� VXFK� DV� ZRUGV� RU
QXPEHUV��WR�ODEHO��FODVVLI\��RU�LGHQWLI\�SHRSOH�RU�REMHFWV

1RPRWKHWLF� FDXVDWLRQ²WKH� VWDQGDUG� YLHZ� RI� FDXVDWLRQ� LQ� VFLHQFH�� LW� UHIHUV� WR
FDXVDWLRQ�DPRQJ�YDULDEOHV

1RPRWKHWLF�NQRZOHGJH²XQGHUVWDQGLQJ�RI�JHQHUDO�VFLHQWLILF�RU�FDXVDO�ODZV

1RQGLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVLV²DQ�DOWHUQDWLYH�K\SRWKHVLV�WKDW�LQFOXGHV�WKH
QRW�HTXDO������VLJQ

1RQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ²D�GHVLJQ�FRQVLVWLQJ�RI�DQ�H[SHULPHQWDO
JURXS� DQG� D� QRQHTXLYDOHQW� XQWUHDWHG� FRPSDULVRQ� JURXS�� ERWK� RI� ZKLFK� DUH
DGPLQLVWHUHG�SUHWHVW�DQG�SRVWWHVW�PHDVXUHV

1RQH[SHULPHQWDO� UHVHDUFK²UHVHDUFK� LQ� ZKLFK� WKH� LQGHSHQGHQW� YDULDEOH� LV� QRW
PDQLSXODWHG�DQG�WKHUH�LV�QR�UDQGRP�DVVLJQPHQW�WR�JURXSV



1RQPDOHILFHQFH²GRLQJ�QR�KDUP�WR�RWKHUV

1RUPDO�GLVWULEXWLRQ²D�XQLPRGDO��V\PPHWULFDO��EHOO�VKDSHG�GLVWULEXWLRQ�WKDW�LV�WKH
WKHRUHWLFDO�PRGHO�RI�PDQ\�YDULDEOHV

1RUPLQJ� JURXS²WKH� VSHFLILF� JURXS� IRU� ZKLFK� WKH� WHVW� SXEOLVKHU� RU� UHVHDUFKHU
SURYLGHV�HYLGHQFH�IRU�WHVW�YDOLGLW\�DQG�UHOLDELOLW\

1RUPV²WKH�ZULWWHQ�DQG�XQZULWWHQ�UXOHV�WKDW�VSHFLI\�DSSURSULDWH�JURXS�EHKDYLRU

1XOO�K\SRWKHVLV²D�VWDWHPHQW�DERXW�D�SRSXODWLRQ�SDUDPHWHU

1XPHULFDO� UDWLQJ� VFDOH²D� UDWLQJ� VFDOH� WKDW� LQFOXGHV� D� VHW� RI� QXPEHUV� ZLWK
DQFKRUHG�HQGSRLQWV

2EVHUYDWLRQ²ZDWFKLQJ�WKH�EHKDYLRUDO�SDWWHUQV�RI�SHRSOH

2EVHUYH�SKDVH²D�VWHS�LQ�WKH�DFWLRQ�UHVHDUFK�F\FOH�LQ�ZKLFK�RQH�FROOHFWV�GDWD�DQG
REWDLQV�HYLGHQFH�DERXW�WKH�VXFFHVV�RI�DFWLRQV

2EVHUYHU�DV�SDUWLFLSDQW²WKH� UHVHDUFKHU� VSHQGV� D� OLPLWHG� DPRXQW� RI� WLPH
REVHUYLQJ�JURXS�PHPEHUV�DQG�WHOOV�PHPEHUV�WKH\�DUH�EHLQJ�VWXGLHG

2IILFLDO� GRFXPHQWV²DQ\WKLQJ� ZULWWHQ�� SKRWRJUDSKHG�� RU� UHFRUGHG� E\� DQ
RUJDQL]DWLRQ

2QH�JURXS� SRVWWHVW�RQO\� GHVLJQ²DGPLQLVWHULQJ� D� SRVWWHVW� WR� D� VLQJOH� JURXS� RI
SDUWLFLSDQWV�DIWHU�WKH\�KDYH�EHHQ�JLYHQ�DQ�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

2QH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ²DGPLQLVWHULQJ�D�SRVWWHVW�WR�D�VLQJOH�JURXS�RI
SDUWLFLSDQWV� DIWHU� WKH\� KDYH� EHHQ� SUHWHVWHG� DQG� JLYHQ� DQ� H[SHULPHQWDO� WUHDWPHQW
FRQGLWLRQ

2QH�VWDJH�FOXVWHU�VDPSOLQJ²D�VHW�RI�UDQGRPO\�VHOHFWHG�FOXVWHUV�LQ�ZKLFK�DOO�WKH
HOHPHQWV�LQ�WKH�VHOHFWHG�FOXVWHUV�DUH�LQFOXGHG�LQ�WKH�VDPSOH

2QH�ZD\� DQDO\VLV� RI� YDULDQFH²D� VWDWLVWLFDO� WHVW� XVHG� WR� FRPSDUH� WZR� RU�PRUH
JURXS�PHDQV��DOVR�FDOOHG�RQH�ZD\�$129$�

2QWRORJ\²WKH�EUDQFK�RI�SKLORVRSK\�GHDOLQJ�ZLWK�WKH�QDWXUH�RI�UHDOLW\�DQG�WUXWK

2SHQ�FRGLQJ²WKH�ILUVW�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV

2SHQ�HQGHG�TXHVWLRQ²D�TXHVWLRQ�WKDW�DOORZV�SDUWLFLSDQWV�WR�UHVSRQG�LQ�WKHLU�RZQ
ZRUGV



2SHUDWLRQDOLVP²UHSUHVHQWLQJ�FRQVWUXFWV�E\�D�VSHFLILF�VHW�RI�VWHSV�RU�RSHUDWLRQV

2SSRUWXQLVWLF�VDPSOLQJ²VHOHFWLQJ�FDVHV�ZKHQ�WKH�RSSRUWXQLW\�RFFXUV

2UDO� KLVWRULHV²LQWHUYLHZV� ZLWK� D� SHUVRQ� ZKR� KDV� KDG� GLUHFW� RU� LQGLUHFW
H[SHULHQFH�ZLWK�RU�NQRZOHGJH�RI�WKH�FKRVHQ�WRSLF

2UGHU� HIIHFW²D� VHTXHQFLQJ� HIIHFW� WKDW� RFFXUV� IURP� WKH� RUGHU� LQ� ZKLFK� WKH
WUHDWPHQW�FRQGLWLRQV�DUH�DGPLQLVWHUHG

2UGLQDO� LQWHUDFWLRQ�HIIHFW²DQ�LQWHUDFWLRQ�HIIHFW� WKDW�RFFXUV�ZKHQ� WKH� OLQHV�RQ�D
JUDSK�SORWWLQJ�WKH�HIIHFW�GR�QRW�FURVV

2UGLQDO�VFDOH²D�UDQN�RUGHU�VFDOH�RI�PHDVXUHPHQW

2ULHQWDWLRQDO�UHVHDUFK²UHVHDUFK�H[SOLFLWO\�GRQH�IRU�WKH�SXUSRVH�RI�DGYDQFLQJ�DQ
LGHRORJLFDO�SRVLWLRQ�RU�RULHQWDWLRQ

2XWFRPH�YDOLGLW\²WKH�DELOLW\�WR�JHQHUDOL]H�DFURVV�GLIIHUHQW�EXW�UHODWHG�GHSHQGHQW
YDULDEOHV

2XWOLHU²D�QXPEHU�WKDW�LV�YHU\�DW\SLFDO�RI�WKH�RWKHU�QXPEHUV�LQ�D�GLVWULEXWLRQ

3DQHO� VWXG\²D� VWXG\� LQ� ZKLFK� WKH� VDPH� LQGLYLGXDOV� DUH� VWXGLHG� DW� VXFFHVVLYH
SRLQWV�RYHU�WLPH

3DUDGLJP²VHH�5HVHDUFK�SDUDGLJP

3DUDGLJPDWLF�SKLORVRSKLFDO� YDOLGLW\²WKH� GHJUHH� WR� ZKLFK� WKH� PL[HG� UHVHDUFKHU
FOHDUO\�H[SODLQV�KLV�RU�KHU�SKLORVRSKLFDO�EHOLHIV�DERXW�UHVHDUFK

3DUDPHWHU²D�QXPHULFDO�FKDUDFWHULVWLF�RI�D�SRSXODWLRQ

3DUWLDO� FRUUHODWLRQ²XVHG� WR� H[DPLQH� WKH� UHODWLRQVKLS� EHWZHHQ� WZR� TXDQWLWDWLYH
YDULDEOHV�FRQWUROOLQJ�IRU�RQH�RU�PRUH�TXDQWLWDWLYH�H[WUDQHRXV�YDULDEOHV

3DUWLDO� UHJUHVVLRQ� FRHIILFLHQW²WKH� UHJUHVVLRQ� FRHIILFLHQW� REWDLQHG� LQ� PXOWLSOH
UHJUHVVLRQ

3DUWLDOO\�VSXULRXV�UHODWLRQVKLS²ZKHQ� WKH� UHODWLRQVKLS�EHWZHHQ� WZR�YDULDEOHV� LV
SDUWLDOO\�GXH�WR�RQH�RU�PRUH�WKLUG�YDULDEOHV

3DUWLFLSDQW�IHHGEDFN²GLVFXVVLRQ�RI�WKH�UHVHDUFKHU¶V�FRQFOXVLRQV�ZLWK�WKH�DFWXDO
SDUWLFLSDQWV



3DUWLFLSDQW�DV�REVHUYHU²WKH�UHVHDUFKHU�VSHQGV�H[WHQGHG� WLPH�ZLWK� WKH�JURXS�DV
DQ�LQVLGHU�DQG�WHOOV�PHPEHUV�WKH\�DUH�EHLQJ�VWXGLHG

3DUWLFLSDWRU\�DFWLRQ�UHVHDUFK²VWXGLHV�LQ�ZKLFK�WHDP�PHPEHUV�MRLQWO\�IUDPH�DQG
FRQGXFW�UHVHDUFK��SURGXFLQJ�NQRZOHGJH�DERXW�D�VKDUHG�SUREOHP

3DVVLYH�FRQVHQW²D�SURFHVV�ZKHUHE\�FRQVHQW�LV�JLYHQ�E\�QRW�UHWXUQLQJ�WKH�FRQVHQW
IRUP

3DWK� FRHIILFLHQW²WKH� TXDQWLWDWLYH� LQGH[� SURYLGLQJ� LQIRUPDWLRQ� DERXW� D� GLUHFW
HIIHFW

3DWWHUQ� PDWFKLQJ²SUHGLFWLQJ� D� SDWWHUQ� RI� UHVXOWV� DQG� GHWHUPLQLQJ� ZKHWKHU� WKH
DFWXDO�UHVXOWV�ILW�WKH�SUHGLFWHG�SDWWHUQ

3HHU�UHYLHZ²GLVFXVVLQJ�RQH¶V�LQWHUSUHWDWLRQV�DQG�FRQFOXVLRQV�ZLWK�RQH¶V�SHHUV�RU
FROOHDJXHV

3HUFHQWLOH�UDQN²WKH�SHUFHQWDJH�RI�VFRUHV� LQ�D� UHIHUHQFH�JURXS� WKDW� IDOO�EHORZ�D
SDUWLFXODU�UDZ�VFRUH

3HUFHQWLOH�UDQNV²VFRUHV�WKDW�GLYLGH�D�GLVWULEXWLRQ�LQWR�����HTXDO�SDUWV

3HUIRUPDQFH�PHDVXUHV²D� WHVW�WDNLQJ�PHWKRG� LQ�ZKLFK� WKH� SDUWLFLSDQWV� SHUIRUP
VRPH�UHDO�OLIH�EHKDYLRU�WKDW�LV�REVHUYHG�E\�WKH�UHVHDUFKHU

3HULRGLFLW\²WKH�SUHVHQFH�RI�D�F\FOLFDO�SDWWHUQ�LQ�WKH�VDPSOLQJ�IUDPH

3HUVRQDO� GRFXPHQWV²DQ\WKLQJ� ZULWWHQ�� SKRWRJUDSKHG�� RU� UHFRUGHG� IRU� SULYDWH
SXUSRVHV

3HUVRQDO� MXVWLILFDWLRQV²D� UHVHDUFKHU¶V� UHDVRQV� IRU� XQGHUWDNLQJ� D� SDUWLFXODU
QDUUDWLYH�LQTXLU\��WKDW�LV��ZK\�WKLV�LQTXLU\�PDWWHUV�WR�WKH�UHVHDUFKHU�DV�D�SHUVRQ

3HUVRQDOLW\²WKH�UHODWLYHO\�SHUPDQHQW�SDWWHUQV�WKDW�FKDUDFWHUL]H�DQG�FDQ�EH�XVHG�WR
FODVVLI\�LQGLYLGXDOV

3KHQRPHQRORJ\²D�IRUP�RI�TXDOLWDWLYH�UHVHDUFK�LQ�ZKLFK�WKH�UHVHDUFKHU�DWWHPSWV
WR�XQGHUVWDQG�KRZ�RQH�RU�PRUH�LQGLYLGXDOV�H[SHULHQFH�D�SKHQRPHQRQ

3KRWR� LQWHUYLHZLQJ²WKH� SURFHVV� RI� HOLFLWLQJ� GDWD� IURP� D� SHUVRQ� XVLQJ
SKRWRJUDSKLF�RU�YLGHR�LPDJHU\�ZKHQ�FRQGXFWLQJ�LQWHUYLHZV

3KRWR� LQWHUYLHZLQJ�DQDO\VLV²DQDO\VLV� LV� GRQH�E\� WKH�SDUWLFLSDQW��ZKR�H[DPLQHV
DQG�³DQDO\]HV´�D�VHW�RI�YLVXDO�LPDJHV



3K\VLFDO� GDWD²DQ\�PDWHULDO� WKLQJ� FUHDWHG� RU� OHIW� E\� KXPDQV� WKDW� PLJKW� SURYLGH
LQIRUPDWLRQ�DERXW�D�SKHQRPHQRQ�RI�LQWHUHVW�WR�D�UHVHDUFKHU

3LORW�WHVW²WKH�SUHOLPLQDU\�WHVW�RI�\RXU�TXHVWLRQQDLUH

3ODJLDULVP²XVLQJ�ZRUGV� RU� ZRUN� SURGXFHG� E\� RWKHUV� DQG� SUHVHQWLQJ� LW� DV� \RXU
RZQ

3ODQQLQJ�SKDVH²DUWLFXODWLRQ�RI�WKH�DFWLRQ�UHVHDUFK�SURMHFW�SODQ

3RLQW�HVWLPDWH²WKH�HVWLPDWHG�YDOXH�RI�D�SRSXODWLRQ�SDUDPHWHU

3RLQW�HVWLPDWLRQ²WKH�XVH�RI�WKH�YDOXH�RI�D�VDPSOH�VWDWLVWLF�DV�WKH�HVWLPDWH�RI�WKH
YDOXH�RI�D�SRSXODWLRQ�SDUDPHWHU

3RSXODWLRQ²WKH�ODUJH�JURXS�WR�ZKLFK�D�UHVHDUFKHU�ZDQWV�WR�JHQHUDOL]H�WKH�VDPSOH
UHVXOWV��WKH�FRPSOHWH�VHW�RI�FDVHV

3RSXODWLRQ�YDOLGLW\²WKH�DELOLW\�WR�JHQHUDOL]H�WKH�VWXG\�UHVXOWV�WR�LQGLYLGXDOV�ZKR
ZHUH�QRW�LQFOXGHG�LQ�WKH�VWXG\

3RVLWLYH�FRUUHODWLRQ²WKH�VLWXDWLRQ�ZKHQ�VFRUHV�RQ�WZR�YDULDEOHV�WHQG�WR�PRYH�LQ
WKH�VDPH�GLUHFWLRQ

3RVLWLYH�FULWLFLVP²HQVXULQJ�WKDW� WKH�VWDWHPHQWV�PDGH�RU�WKH�PHDQLQJ�FRQYH\HG�LQ
WKH�YDULRXV�VRXUFHV�LV�FRUUHFW

3RVLWLYHO\�VNHZHG²VNHZHG�WR�WKH�ULJKW

3RVLWLYLVP²D�WHUP�XVHG�E\�TXDOLWDWLYH�UHVHDUFKHUV�WR�UHIHU�WR�ZKDW�PLJKW�EHWWHU�EH
ODEHOHG�³VFLHQWLVP�´�ZKLFK�LV� WKH�EHOLHI� WKDW�DOO� WUXH�NQRZOHGJH�PXVW�EH�EDVHG�RQ
VFLHQFH��WKH�WHUP�LV�XVHG�E\�TXDOLWDWLYH�UHVHDUFKHUV��QRW�TXDQWLWDWLYH�UHVHDUFKHUV

3RVW�KRF�IDOODF\²PDNLQJ� WKH�DUJXPHQW� WKDW�EHFDXVH�$�SUHFHGHG�%��$�PXVW�KDYH
FDXVHG�%

3RVW�KRF�WHVW²D�IROORZ�XS�WHVW�WR�WKH�DQDO\VLV�RI�YDULDQFH

3RVWPRGHUQLVP²D�KLVWRULFDO� LQWHOOHFWXDO�PRYHPHQW� WKDW� FRQVWUXFWV� LWV� VHOI�LPDJH
DV� LQ� RSSRVLWLRQ� WR� PRGHUQLVP�� SRVWPRGHUQLVP� HPSKDVL]HV� WKH� SULPDF\� RI
LQGLYLGXDOLW\�� GLIIHUHQFH�� IUDJPHQWDWLRQ�� IOX[�� FRQVWDQW� FKDQJH�� ODFN�RI� IRXQGDWLRQV
IRU�WKRXJKW��DQG�LQWHUSUHWDWLRQ

3RVWVWUXFWXUDOLVP²D�KLVWRULFDO� LQWHOOHFWXDO�PRYHPHQW� WKDW� UHMHFWV�XQLYHUVDO� WUXWK
DQG�HPSKDVL]HV�GLIIHUHQFHV��GHFRQVWUXFWLRQ��LQWHUSUHWDWLRQ��DQG�WKH�SRZHU�RI�LGHDV



RYHU�SHRSOH¶V�EHKDYLRU

3RVWWHVW�RQO\� FRQWURO�JURXS� GHVLJQ²DGPLQLVWHULQJ� D� SRVWWHVW� WR� WZR� UDQGRPO\
DVVLJQHG� JURXSV� RI� SDUWLFLSDQWV� DIWHU� RQH� JURXS� KDV� EHHQ� DGPLQLVWHUHG� WKH
H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

3RVWWHVW�RQO\� GHVLJQ� ZLWK� QRQHTXLYDOHQW� JURXSV²FRPSDULQJ� WKH� SRVWWHVW
SHUIRUPDQFH� RI� D� JURXS� RI� SDUWLFLSDQWV� ZKR� KDYH� EHHQ� JLYHQ� DQ� H[SHULPHQWDO
WUHDWPHQW� FRQGLWLRQ�ZLWK� WKDW� RI� D� JURXS� WKDW� KDV� QRW� EHHQ�JLYHQ� WKH� H[SHULPHQWDO
WUHDWPHQW�FRQGLWLRQ

3RZHU²WKH�OLNHOLKRRG�RI�UHMHFWLQJ�WKH�QXOO�K\SRWKHVLV�ZKHQ�LW�LV�IDOVH

3UDFWLFDO�MXVWLILFDWLRQV²WKH�ZD\V�LQ�ZKLFK�WKH�UHVHDUFK�FDQ�PDNH�D�GLIIHUHQFH�WR
SUDFWLFH

3UDFWLFDO�VLJQLILFDQFH²D�FRQFOXVLRQ�PDGH�ZKHQ�D�UHODWLRQVKLS�LV�VWURQJ�HQRXJK�WR
EH�RI�SUDFWLFDO�LPSRUWDQFH

3UDJPDWLVP²WKH� SKLORVRSKLFDO� SRVLWLRQ� WKDW�ZKDW�ZRUNV� LQ� SDUWLFXODU� VLWXDWLRQV
ZKDW�LV�LPSRUWDQW�DQG�MXVWLILHG�RU�³YDOLG´

3UDJPDWLVW�SKLORVRSK\²D�SKLORVRSK\�IRFXVHG�RQ�LGHQWLI\LQJ�DQG�UHO\LQJ�RQ�ZKDW
ZRUNV�LQ�SDUWLFXODU�VLWXDWLRQV�DQG�FRQWH[WV

3UHGLFWLRQ²DWWHPSWLQJ�WR�SUHGLFW�RU�IRUHFDVW�D�SKHQRPHQRQ

3UHGLFWLYH� HYLGHQFH²YDOLGLW\� HYLGHQFH� EDVHG� RQ� WKH� UHODWLRQVKLS� EHWZHHQ� WHVW
VFRUHV�FROOHFWHG�DW�RQH�SRLQW�LQ�WLPH�DQG�FULWHULRQ�VFRUHV�REWDLQHG�DW�D�ODWHU�WLPH

3UHGLFWLYH� UHVHDUFK²UHVHDUFK� IRFXVHG� RQ� SUHGLFWLQJ� WKH� IXWXUH� VWDWXV� RI� RQH� RU
PRUH�GHSHQGHQW�YDULDEOHV�EDVHG�RQ�RQH�RU�PRUH�LQGHSHQGHQW�YDULDEOHV

3UHVHQFH� RU� DEVHQFH� WHFKQLTXH²PDQLSXODWLQJ� WKH� LQGHSHQGHQW� YDULDEOH� E\
SUHVHQWLQJ� RQH� JURXS� WKH� WUHDWPHQW� FRQGLWLRQ� DQG� ZLWKKROGLQJ� LW� IURP� WKH� RWKHU
JURXS

3UHVHQWLVP²WKH�DVVXPSWLRQ�WKDW�WKH�SUHVHQW�GD\�FRQQRWDWLRQV�RI�WHUPV�DOVR�H[LVWHG
LQ�WKH�SDVW

3UHWHVW�SRVWWHVW� FRQWURO�JURXS� GHVLJQ²D� UHVHDUFK� GHVLJQ� WKDW� DGPLQLVWHUV� D
SRVWWHVW� WR� WZR� UDQGRPO\� DVVLJQHG� JURXSV� RI� SDUWLFLSDQWV� DIWHU� ERWK� KDYH� EHHQ
SUHWHVWHG�DQG�RQH�RI� WKH�JURXSV�KDV�EHHQ�DGPLQLVWHUHG� WKH�H[SHULPHQWDO� WUHDWPHQW
FRQGLWLRQ



3ULPDU\�VRXUFH²D�VRXUFH� LQ�ZKLFK� WKH�FUHDWRU�ZDV�D�GLUHFW�ZLWQHVV�RU� LQ� VRPH
RWKHU�ZD\�GLUHFWO\�LQYROYHG�ZLWK�RU�UHODWHG�WR�WKH�HYHQW

3ULQFLSOH� RI� HYLGHQFH²WKH� SKLORVRSKLFDO� LGHD� WKDW� HPSLULFDO� UHVHDUFK� SURYLGHV
HYLGHQFH��QRW�SURRI

3ULQFLSOH� RI� VWDQGDUGL]DWLRQ²SURYLGLQJ� H[DFWO\� WKH� VDPH� VWLPXOXV� WR� HDFK
UHVHDUFK�SDUWLFLSDQW

3ULYDF\²KDYLQJ�FRQWURO�RI�RWKHUV¶�DFFHVV�WR�LQIRUPDWLRQ�DERXW�\RX

3UREDELOLVWLF²VWDWLQJ�ZKDW�LV�OLNHO\�WR�RFFXU��QRW�ZKDW�ZLOO�QHFHVVDULO\�RFFXU

3UREDELOLVWLF� FDXVH²D� FDXVH� WKDW� XVXDOO\� SURGXFHV� DQ� RXWFRPH�� FKDQJHV� LQ
YDULDEOH�$�WHQG�WR�SURGXFH�FKDQJHV�LQ�YDULDEOH�%

3UREDELOLW\�SURSRUWLRQDO� WR�VL]H²D� W\SH�RI� WZR�VWDJH� FOXVWHU� VDPSOLQJ� LQ�ZKLFK
HDFK�FOXVWHU¶V�FKDQFH�RI�EHLQJ�VHOHFWHG�LQ�VWDJH�RQH�GHSHQGV�RQ�LWV�SRSXODWLRQ�VL]H

3UREDELOLW\�YDOXH²WKH�SUREDELOLW\�RI�WKH�REVHUYHG�UHVXOW�RI�\RXU�UHVHDUFK�VWXG\�RU
D�PRUH�H[WUHPH�UHVXOW��LI�WKH�QXOO�K\SRWKHVLV�ZHUH�WUXH��DOVR�FDOOHG�S�YDOXH�

3UREHV²SURPSWV�WR�REWDLQ�UHVSRQVH�FODULW\�RU�DGGLWLRQDO�LQIRUPDWLRQ

3UREOHP�RI�LQGXFWLRQ²WKH�IXWXUH�PLJKW�QRW�UHVHPEOH�WKH�SDVW

3URFHGXUH²WKH�VHFWLRQ�LQ�D�UHVHDUFK�UHSRUW� WKDW�GHVFULEHV�KRZ�WKH�VWXG\�ZLOO�EH
H[HFXWHG

3URMHFWLYH� PHDVXUHV²D� WHVW�WDNLQJ� PHWKRG� LQ� ZKLFK� WKH� SDUWLFLSDQWV� SURYLGH
UHVSRQVHV�WR�DPELJXRXV�VWLPXOL

3URSRUWLRQDO� VWUDWLILHG� VDPSOLQJ²D� W\SH� RI� VWUDWLILHG� VDPSOLQJ� LQ� ZKLFK� WKH
VDPSOH�SURSRUWLRQV�DUH�PDGH� WR�EH� WKH�VDPH�DV� WKH�SRSXODWLRQ�SURSRUWLRQV�RQ� WKH
VWUDWLILFDWLRQ�YDULDEOH

3URVSHFWLYH�VWXG\²DQRWKHU�WHUP�DSSOLHG�WR�D�SDQHO�VWXG\

3VHXGRQ\PV²QHZ�QDPHV� UHVHDUFKHUV�FRQVWUXFW� WR�KLGH� WKH� LGHQWLW\�RI� LQGLYLGXDO
UHVHDUFK�SDUWLFLSDQWV

3V\FKRORJLFDO�IDFWRUV²LQGLYLGXDO�OHYHO�IDFWRUV�RU�YDULDEOHV

3V\F,1)2²D�GDWDEDVH�FRQWDLQLQJ�HQWULHV�IURP�3V\FKRORJLFDO�$EVWUDFWV



3XUSRVH�RI�D�UHVHDUFK�VWXG\²D�VWDWHPHQW�RI� WKH�UHVHDUFKHU¶V� LQWHQW�RU�REMHFWLYH
RI�WKH�VWXG\

3XUSRVLYH�VDPSOLQJ²WKH�UHVHDUFKHU�VSHFLILHV�WKH�FKDUDFWHULVWLFV�RI�WKH�SRSXODWLRQ
RI�LQWHUHVW�DQG�ORFDWHV�LQGLYLGXDOV�ZLWK�WKRVH�FKDUDFWHULVWLFV

4XDOLWDWLYH�LQWHUYLHZ²DQ�LQWHUYLHZ�SURYLGLQJ�TXDOLWDWLYH�GDWD

4XDOLWDWLYH�REVHUYDWLRQ²REVHUYLQJ�DOO�SRWHQWLDOO\�UHOHYDQW�SKHQRPHQD

4XDOLWDWLYH� TXHVWLRQQDLUH²D� TXHVWLRQQDLUH� EDVHG� RQ� RSHQ�HQGHG� LWHPV� DQG
W\SLFDOO\�XVHG�LQ�H[SORUDWRU\�RU�TXDOLWDWLYH�UHVHDUFK

4XDOLWDWLYH� UHVHDUFK²UHVHDUFK� WKDW� UHOLHV� SULPDULO\� RQ� WKH� FROOHFWLRQ� RI
TXDOLWDWLYH�GDWD

4XDOLWDWLYH� UHVHDUFK� TXHVWLRQ²D� TXHVWLRQ� DERXW� VRPH� SURFHVV�� LVVXH�� RU
SKHQRPHQRQ�WR�EH�H[SORUHG

4XDOLWDWLYH� UHVHDUFKHU²D� UHVHDUFKHU� ZKR� IRFXVHV� RQ� H[SORUDWLRQ�� GHVFULSWLRQ�
DQG� XQGHUVWDQGLQJ� RI� VXEMHFWLYH� PHDQLQJV� DQG� VRPHWLPHV� WKH� JHQHUDWLRQ� DQG
FRQVWUXFWLRQ�RI�WKHRULHV�XVLQJ�TXDOLWDWLYH�GDWD

4XDOLWDWLYHO\� GULYHQ� GHVLJQ²D� PL[HG� UHVHDUFK� GHVLJQ� LQ� ZKLFK� WKH� TXDOLWDWLYH
SHUVSHFWLYH�RU�ZD\�RI�WKLQNLQJ�LV�HPSKDVL]HG�DQG�VRPH�TXDQWLWDWLYH�GDWD�DUH�DGGHG
WR�WKH�VWXG\

4XDOLWL]LQJ²FRQYHUWLQJ�TXDQWLWDWLYH�GDWD�LQWR�TXDOLWDWLYH�GDWD

4XDQWLWDWLYH�REVHUYDWLRQ²VWDQGDUGL]HG�REVHUYDWLRQ

4XDQWLWDWLYH� TXHVWLRQQDLUH²D� TXHVWLRQQDLUH� EDVHG� RQ� FORVHG�HQGHG� LWHPV� DQG
W\SLFDOO\�XVHG�LQ�FRQILUPDWRU\�RU�TXDQWLWDWLYH�UHVHDUFK

4XDQWLWDWLYH� UHVHDUFK²UHVHDUFK� WKDW� UHOLHV� SULPDULO\� RQ� WKH� FROOHFWLRQ� RI
TXDQWLWDWLYH�GDWD

4XDQWLWDWLYH� UHVHDUFK� TXHVWLRQ²D� TXHVWLRQ� DERXW� WKH� UHODWLRQVKLS� WKDW� H[LVWV
EHWZHHQ�WZR�RU�PRUH�YDULDEOHV

4XDQWLWDWLYH� UHVHDUFKHU²D� UHVHDUFKHU� ZKR� IRFXVHV� RQ� WHVWLQJ� WKHRULHV� DQG
K\SRWKHVHV�XVLQJ�TXDQWLWDWLYH�GDWD�WR�VHH�LI�WKH\�DUH�FRQILUPHG�RU�QRW

4XDQWLWDWLYH�YDULDEOH²D�YDULDEOH�WKDW�YDULHV�LQ�GHJUHH�RU�DPRXQW



4XDQWLWDWLYHO\�GULYHQ�GHVLJQ²D�PL[HG�UHVHDUFK�GHVLJQ�LQ�ZKLFK�WKH�TXDQWLWDWLYH
SHUVSHFWLYH�RU�ZD\�RI�WKLQNLQJ�LV�HPSKDVL]HG�DQG�VRPH�TXDOLWDWLYH�GDWD�DUH�DGGHG
WR�WKH�VWXG\

4XDQWLWL]LQJ²FRQYHUWLQJ�TXDOLWDWLYH�GDWD�LQWR�TXDQWLWDWLYH�GDWD

4XDVL�H[SHULPHQWDO�UHVHDUFK�GHVLJQ²DQ�H[SHULPHQWDO�UHVHDUFK�GHVLJQ�WKDW�GRHV
QRW�SURYLGH�IRU�IXOO�FRQWURO�RI�SRWHQWLDO�FRQIRXQGLQJ�YDULDEOHV�SULPDULO\�EHFDXVH�LW
GRHV� QRW� UDQGRPO\� DVVLJQ� SDUWLFLSDQWV� WR� FRPSDULVRQ� JURXSV�� LW� LV� VXSHULRU� WR� D
ZHDN�EXW�LQIHULRU�WR�D�VWURQJ�H[SHULPHQWDO�GHVLJQ�

4XHVWLRQQDLUH²D� VHOI�UHSRUW� GDWD�FROOHFWLRQ� LQVWUXPHQW� ILOOHG� RXW� E\� UHVHDUFK
SDUWLFLSDQWV

4XRWD� VDPSOLQJ²WKH� UHVHDUFKHU� GHWHUPLQHV� WKH� DSSURSULDWH� VDPSOH� VL]HV� RU
TXRWDV�IRU� WKH�JURXSV�LGHQWLILHG�DV� LPSRUWDQW�DQG�WDNHV�FRQYHQLHQFH�VDPSOHV�IURP
WKRVH�JURXSV

5DQGRP� DVVLJQPHQW²D� SURFHGXUH� WKDW� PDNHV� DVVLJQPHQWV� WR� FRQGLWLRQV� RQ� WKH
EDVLV� RI� FKDQFH� DQG� LQ� WKLV� ZD\� PD[LPL]HV� WKH� SUREDELOLW\� WKDW� WKH� FRPSDULVRQ
JURXSV�ZLOO� EH� HTXDWHG� RQ� DOO� H[WUDQHRXV� YDULDEOHV�� UDQGRPO\� DVVLJQLQJ� D� VHW� RI
SHRSOH�WR�GLIIHUHQW�JURXSV

5DQGRP�QXPEHU�JHQHUDWRU²D�FRPSXWHU�SURJUDP�WKDW�SURGXFHV�UDQGRP�QXPEHUV
XVHG�LQ�UDQGRP�DVVLJQPHQW�DQG�UDQGRP�VHOHFWLRQ

5DQGRP�VHOHFWLRQ²UDQGRPO\�VHOHFWLQJ�D�JURXS�RI�SHRSOH�IURP�D�SRSXODWLRQ

5DQJH²WKH�GLIIHUHQFH�EHWZHHQ�WKH�KLJKHVW�DQG�ORZHVW�QXPEHUV

5DQNLQJ²WKH�RUGHULQJ�RI�UHVSRQVHV�LQ�DVFHQGLQJ�RU�GHVFHQGLQJ�RUGHU

5DWH²WKH�SHUFHQWDJH�RI�SHRSOH�LQ�D�JURXS�ZKR�KDYH�D�VSHFLILF�FKDUDFWHULVWLF

5DWLQJ�VFDOH²D�FRQWLQXXP�RI�UHVSRQVH�FKRLFHV

5DWLR�VFDOH²D�VFDOH�RI�PHDVXUHPHQW�WKDW�KDV�D�WUXH�]HUR�SRLQW

5DWLRQDOLVP²WKH� SKLORVRSKLFDO� LGHD� WKDW� UHDVRQ� LV� WKH� SULPDU\� VRXUFH� RI
NQRZOHGJH

5&7²D� SRSXODU� WHUP� IRU� H[SHULPHQWDO� GHVLJQV� ZLWK� UDQGRP� DVVLJQPHQW� RI
SDUWLFLSDQWV�WR�H[SHULPHQWDO�DQG�FRQWURO�JURXSV�DQG��LI�SRVVLEOH��WKH�XVH�RI�GRXEOH�
EOLQG�SURFHGXUHV



5HDFWLYLW\²FKDQJHV� WKDW� RFFXU� LQ� SHRSOH� EHFDXVH� WKH\� NQRZ� WKH\� DUH� EHLQJ
REVHUYHG�� DQ� DOWHUDWLRQ� LQ� SHUIRUPDQFH� WKDW� RFFXUV� DV� D� UHVXOW� RI� EHLQJ� DZDUH� RI
SDUWLFLSDWLQJ�LQ�D�VWXG\

5HIHUHQFH�JURXS²WKH�QRUP�JURXS�WKDW�LV�XVHG�WR�GHWHUPLQH�WKH�SHUFHQWLOH�UDQNV

5HIOHFWLRQ�SKDVH²D�VWHS�LQ�WKH�DFWLRQ�UHVHDUFK�F\FOH�LQ�ZKLFK�RQH�WKLQNV�DERXW�WKH
UHVXOWV��FRQVLGHUV�VWUDWHJLHV�IRU�LPSURYHPHQW��DQG�EHJLQV�IXWXUH�SODQQLQJ

5HIOH[LYLW\²VHOI�UHIOHFWLRQ� E\� WKH� UHVHDUFKHU� RQ� KLV� RU� KHU� ELDVHV� DQG
SUHGLVSRVLWLRQV

5HJUHVVLRQ� DQDO\VLV²D� VHW� RI� VWDWLVWLFDO� SURFHGXUHV� WKDW� DUH� XVHG� WR� H[SODLQ� RU
SUHGLFW�WKH�YDOXHV�RI�D�GHSHQGHQW�YDULDEOH�RQ�WKH�EDVLV�RI�WKH�YDOXHV�RI�RQH�RU�PRUH
LQGHSHQGHQW�YDULDEOHV

5HJUHVVLRQ� DUWLIDFW²WKH� WHQGHQF\� RI� YHU\� KLJK� SUHWHVW� VFRUHV� WR� EHFRPH� ORZHU
DQG�YHU\�ORZ�SUHWHVW�VFRUHV�WR�EHFRPH�KLJKHU�RQ�SRVWWHVWLQJ

5HJUHVVLRQ�FRHIILFLHQW²WKH�SUHGLFWHG�FKDQJH�LQ�<�JLYHQ�D���XQLW�FKDQJH�LQ�;

5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ²D�GHVLJQ� WKDW�DVVHVVHV� WKH�HIIHFW�RI�D� WUHDWPHQW
FRQGLWLRQ� E\� ORRNLQJ� IRU� D� GLVFRQWLQXLW\� LQ� UHJUHVVLRQ� OLQHV� EHWZHHQ� LQGLYLGXDOV
ZKR�VFRUH�ORZHU�DQG�KLJKHU�WKDQ�VRPH�SUHGHWHUPLQHG�FXWRII�VFRUH

5HJUHVVLRQ�HTXDWLRQ²WKH�HTXDWLRQ�WKDW�GHILQHV�WKH�UHJUHVVLRQ�OLQH

5HJUHVVLRQ�OLQH²WKH�OLQH�WKDW�EHVW�ILWV�D�SDWWHUQ�RI�REVHUYDWLRQV

5HODWLRQDO� HWKLFV²FDULQJ� IRU� DQG� DWWHQGLQJ� WR� SDUWLFLSDQWV¶� H[SHULHQFHV� LQ
UHVSRQVLEOH�DQG�UHVSRQVLYH�ZD\V

5HOLDELOLW\²WKH�FRQVLVWHQF\�RU�VWDELOLW\�RI�WHVW�VFRUHV

5HOLDELOLW\� FRHIILFLHQW²D� FRUUHODWLRQ� FRHIILFLHQW� WKDW� LV� XVHG� DV� DQ� LQGH[� RI
UHOLDELOLW\

5HOLYLQJ�VWRULHV²DV� UHVHDUFKHUV�FRPH�DORQJVLGH� UHVHDUFK�SDUWLFLSDQWV��ERWK�PD\
EHJLQ�WR�UHOLYH�WKHLU�VWRULHV

5HSHDWHG�PHDVXUHV�GHVLJQ²D�GHVLJQ� LQ�ZKLFK�DOO�SDUWLFLSDQWV�SDUWLFLSDWH� LQ�DOO
H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQV

5HSHDWHG�VDPSOLQJ²GUDZLQJ�PDQ\�RU�DOO�SRVVLEOH�VDPSOHV�IURP�D�SRSXODWLRQ



5HSOLFDWLRQ²UHVHDUFK�H[DPLQLQJ�WKH�VDPH�YDULDEOHV�ZLWK�GLIIHUHQW�SHRSOH

5HSOLFDWLRQ�ORJLF²WKH�LGHD�WKDW�WKH�PRUH�WLPHV�D�UHVHDUFK�ILQGLQJ�LV�VKRZQ�WR�EH
WUXH�ZLWK�GLIIHUHQW�VHWV�RI�SHRSOH��WKH�PRUH�FRQILGHQFH�ZH�FDQ�SODFH�LQ�WKH�ILQGLQJ
DQG�LQ�JHQHUDOL]LQJ�EH\RQG�WKH�RULJLQDO�SDUWLFLSDQWV

5HSUHVHQWDWLYH�VDPSOH²D�VDPSOH�WKDW�UHVHPEOHV�WKH�SRSXODWLRQ

5HVHDUFK�GHVLJQ²WKH�RXWOLQH��SODQ��RU�VWUDWHJ\� WKDW� LV�XVHG� WR�DQVZHU�D� UHVHDUFK
TXHVWLRQ

5HVHDUFK�HWKLFV²D�VHW�RI�SULQFLSOHV�WR�JXLGH�DQG�DVVLVW�UHVHDUFKHUV�LQ�FRQGXFWLQJ
HWKLFDO�VWXGLHV

5HVHDUFK�OLWHUDWXUH²D�VHW�RI�SXEOLVKHG�UHVHDUFK�VWXGLHV�RQ�D�SDUWLFXODU�WRSLF

5HVHDUFK�PHWKRG²WKH�RYHUDOO�UHVHDUFK�GHVLJQ�DQG�VWUDWHJ\

5HVHDUFK� PLVFRQGXFW²IDEULFDWLRQ�� IDOVLILFDWLRQ�� RU� SODJLDULVP� LQ� SURSRVLQJ�
SHUIRUPLQJ��RU�UHYLHZLQJ�UHVHDUFK�RU�UHSRUWLQJ�UHVHDUFK�UHVXOWV

5HVHDUFK� SDUDGLJP²D� ZRUOGYLHZ� RU� SHUVSHFWLYH� KHOG� E\� D� FRPPXQLW\� RI
UHVHDUFKHUV� WKDW� LV� EDVHG� RQ� D� VHW� RI� VKDUHG� DVVXPSWLRQV�� FRQFHSWV�� YDOXHV�� DQG
SUDFWLFHV

5HVHDUFK�SDUWLFLSDQWV²WKH�LQGLYLGXDOV�ZKR�SDUWLFLSDWH�LQ�WKH�UHVHDUFK�VWXG\

5HVHDUFK�SUREOHP²DQ�HGXFDWLRQ�LVVXH�RU�SUREOHP�ZLWKLQ�D�EURDG�WRSLF�DUHD

5HVHDUFK� SURSRVDO²WKH� ZULWWHQ� GRFXPHQW� VXPPDUL]LQJ� SULRU� OLWHUDWXUH� DQG
GHVFULELQJ�WKH�SURFHGXUH�WR�EH�XVHG�WR�DQVZHU�WKH�UHVHDUFK�TXHVWLRQ�V�

5HVHDUFK�SURWRFRO²WKH�GRFXPHQW�VXEPLWWHG�WR�,5%�E\�WKH�UHVHDUFKHU�IRU�UHYLHZ

5HVHDUFK� SX]]OH²ZKDW� JXLGHV� WKH� VWXG\� E\� SRLQWLQJ� WRZDUG� WKH� H[SHULHQFHV� RI
SDUWLFLSDQWV�WKDW�D�UHVHDUFKHU�ZDQWV�WR�XQGHUVWDQG�PRUH�GHHSO\

5HVHDUFK� TXHVWLRQ²VWDWHPHQW� RI� WKH� VSHFLILF� TXHVWLRQ� WKH� UHVHDUFKHU� VHHNV� WR
DQVZHU�YLD�HPSLULFDO�UHVHDUFK

5HVHDUFK�UHOLDELOLW\²WKH�FRQVLVWHQF\��VWDELOLW\��RU�UHSHDWDELOLW\�RI�WKH�UHVXOWV�RI�D
VWXG\

5HVHDUFK�WRSLF²WKH�EURDG�VXEMHFW�PDWWHU�DUHD�WR�EH�LQYHVWLJDWHG



5HVHDUFK� YDOLGLW\²WKH� FRUUHFWQHVV� RU� WUXWKIXOQHVV� RI� DQ� LQIHUHQFH� WKDW� LV� PDGH
IURP�WKH�UHVXOWV�RI�D�VWXG\

5HVHDUFKHU�DV�GHWHFWLYH²D�PHWDSKRU� DSSOLHG� WR� WKH� UHVHDUFKHU�ZKHQ� VHDUFKLQJ
IRU�FDXVH�DQG�HIIHFW

5HVHDUFKHU�ELDV²REWDLQLQJ� UHVXOWV� FRQVLVWHQW�ZLWK�ZKDW� WKH� UHVHDUFKHU�ZDQWV� WR
ILQG

5HVSRQVH� UDWH²WKH� SHUFHQWDJH� RI� SHRSOH� LQ� D� VDPSOH� ZKR� SDUWLFLSDWH� LQ� D
UHVHDUFK�VWXG\

5HVSRQVH� VHW²WKH� WHQGHQF\� WR� UHVSRQG� LQ� D� VSHFLILF� GLUHFWLRQ� UHJDUGOHVV� RI
FRQWHQW

5HVWUDLQLQJ�IRUFHV²IRUFHV�UHVLVWLQJ�FKDQJH�DQG�VXSSRUWLQJ�WKH�VWDWXV�TXR

5HWHOOLQJ� VWRULHV²ZKHQ� UHVHDUFKHUV� LQTXLUH� LQWR� VWRULHV�� WKH\� PRYH� EH\RQG
UHJDUGLQJ�D�VWRU\�DV�D�IL[HG�HQWLW\�DQG�EHJLQ�WR�UHWHOO�VWRULHV

5HWURVSHFWLYH� TXHVWLRQV²TXHVWLRQV� DVNLQJ� SHRSOH� WR� UHFDOO� VRPHWKLQJ� IURP� DQ
HDUOLHU�WLPH

5HWURVSHFWLYH� UHVHDUFK²WKH� UHVHDUFKHU� VWDUWV� ZLWK� WKH� GHSHQGHQW� YDULDEOH� DQG
PRYHV�EDFNZDUG�LQ�WLPH

5HYHUVH�ZRUGHG� LWHP²DQ�LWHP�RQ�ZKLFK�D� ORZHU�VFRUH� LQGLFDWHV�D�KLJKHU� OHYHO
RQ�D�FRQVWUXFW�RI�LQWHUHVW��DOVR�FDOOHG�D�UHYHUVH�VFRUHG�LWHP�

5KHWRULF²WKH�DUW�RU�VFLHQFH�RI�ODQJXDJH�DQG�RUDO�DQG�ZULWWHQ�FRPPXQLFDWLRQ�DQG
DUJXPHQW

5XOH�RI�SDUVLPRQ\²SUHIHUULQJ�WKH�PRVW�VLPSOH�WKHRU\�WKDW�ZRUNV

5XOLQJ�RXW�DOWHUQDWLYH�H[SODQDWLRQV²PDNLQJ�VXUH�WKDW�RWKHU�H[SODQDWLRQV�RI�\RXU
FRQFOXVLRQ�DUH�QRW�EHWWHU�WKDQ�WKH�H[SODQDWLRQ�\RX�DUH�XVLQJ

6DPSOH²D�VHW�RI�HOHPHQWV�RU�FDVHV�WDNHQ�IURP�D�ODUJHU�SRSXODWLRQ

6DPSOH� LQWHJUDWLRQ� YDOLGLW\²WKH� GHJUHH� WR� ZKLFK� D� PL[HG� UHVHDUFKHU� PDNHV
DSSURSULDWH�FRQFOXVLRQV��JHQHUDOL]DWLRQV��DQG�PHWD�LQIHUHQFHV�IURP�PL[HG�VDPSOHV

6DPSOH� UHODWLRQVKLS� FULWHULRQ²VD\V� WKH� VDPSOHV�� WDNHQ� LQ� FRPELQDWLRQ�� DUH
LGHQWLFDO��SDUDOOHO��QHVWHG��RU�PXOWLOHYHO



6DPSOLQJ²WKH�SURFHVV�RI�GUDZLQJ�D�VDPSOH�IURP�D�SRSXODWLRQ

6DPSOLQJ�GLVWULEXWLRQ²WKH� WKHRUHWLFDO� SUREDELOLW\� GLVWULEXWLRQ� RI� WKH� YDOXHV� RI� D
VWDWLVWLF� WKDW� UHVXOWV� ZKHQ� DOO� SRVVLEOH� UDQGRP� VDPSOHV� RI� D� SDUWLFXODU� VL]H� DUH
GUDZQ�IURP�D�SRSXODWLRQ

6DPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ²WKH�WKHRUHWLFDO�SUREDELOLW\�GLVWULEXWLRQ�RI�WKH
PHDQV�RI�DOO�SRVVLEOH�UDQGRP�VDPSOHV�RI�D�SDUWLFXODU�VL]H�GUDZQ�IURP�D�SRSXODWLRQ

6DPSOLQJ� HUURU²WKH� GLIIHUHQFH� EHWZHHQ� WKH� YDOXH� RI� D� VDPSOH� VWDWLVWLF� DQG� WKH
SRSXODWLRQ�SDUDPHWHU

6DPSOLQJ�IUDPH²D�OLVW�RI�DOO�WKH�HOHPHQWV�LQ�D�SRSXODWLRQ

6DPSOLQJ�LQWHUYDO²WKH�SRSXODWLRQ�VL]H�GLYLGHG�E\�WKH�GHVLUHG�VDPSOH�VL]H

6DSLU�:KRUI�K\SRWKHVLV²VHH�OLQJXLVWLF�UHODWLYLW\�K\SRWKHVLV

6FDWWHU� SORW²D� JUDSK� XVHG� WR� GHSLFW� WKH� UHODWLRQVKLS� EHWZHHQ� WZR� TXDQWLWDWLYH
YDULDEOHV

6FLHQFH²DQ�DSSURDFK�IRU�WKH�JHQHUDWLRQ�RI�NQRZOHGJH

6HFRQG� VLPSOH� FDVH� RI� QRQH[SHULPHQWDO� TXDQWLWDWLYH� UHVHDUFK²D� GHVLJQ�ZLWK
RQH�TXDQWLWDWLYH�LQGHSHQGHQW�YDULDEOH�DQG�RQH�TXDQWLWDWLYH�GHSHQGHQW�YDULDEOH

6HFRQGDU\�GDWD²H[LVWLQJ�GDWD�RULJLQDOO\�FROOHFWHG�RU�OHIW�EHKLQG�DW�DQ�HDUOLHU�WLPH
E\�D�GLIIHUHQW�SHUVRQ�IRU�D�GLIIHUHQW�SXUSRVH

6HFRQGDU\� VRXUFH²D� VRXUFH� WKDW� ZDV� FUHDWHG� IURP� SULPDU\� VRXUFHV�� VHFRQGDU\
VRXUFHV��RU�VRPH�FRPELQDWLRQ�RI�WKH�WZR

6HJPHQWLQJ²GLYLGLQJ�GDWD�LQWR�PHDQLQJIXO�DQDO\WLFDO�XQLWV

6HOHFWLRQ�KLVWRU\�HIIHFW²RFFXUV�ZKHQ�DQ�HYHQW� WDNLQJ�SODFH�EHWZHHQ� WKH�SUHWHVW
DQG�SRVWWHVW�GLIIHUHQWLDOO\�DIIHFWV�WKH�FRPSDULVRQ�JURXSV

6HOHFWLRQ�LQVWUXPHQWDWLRQ� HIIHFW²RFFXUV� ZKHQ� WKH� JURXSV� UHDFW� GLIIHUHQWO\� WR
FKDQJHV�LQ�LQVWUXPHQWDWLRQ

6HOHFWLRQ�PDWXUDWLRQ� HIIHFW²RFFXUV� ZKHQ� WKH� FRPSDULVRQ� JURXSV� PDWXUH� DW
GLIIHUHQW�UDWHV

6HOHFWLRQ�UHJUHVVLRQ�HIIHFW²RFFXUV�ZKHQ�WKH�JURXSV�UHJUHVV�WR�WKH�PHDQ�LQ�D�ZD\
WKDW�REVFXUHV�WKH�WUHDWPHQW�HIIHFW



6HOHFWLRQ�WHVWLQJ�HIIHFW²RFFXUV�ZKHQ�WKH�JURXSV�UHDFW�WR�WKH�SUHWHVW�GLIIHUHQWO\

6HOHFWLYH�FRGLQJ²WKH�ILQDO�VWDJH�LQ�JURXQGHG�WKHRU\�GDWD�DQDO\VLV

6HOI�SODJLDULVP²SUHVHQWLQJ� RQH¶V� ZRUGV� DV� RULJLQDO� ZKHQ� WKH\� KDYH� EHHQ� XVHG
SUHYLRXVO\�LQ�DQRWKHU�SXEOLFDWLRQ

6HOI�UHSRUW²D� WHVW�WDNLQJ� PHWKRG� LQ� ZKLFK� WKH� SDUWLFLSDQWV� FKHFN� RU� UDWH� WKH
GHJUHH�WR�ZKLFK�YDULRXV�FKDUDFWHULVWLFV�DUH�GHVFULSWLYH�RI�WKHPVHOYHV

6HPDQWLF�GLIIHUHQWLDO²D�VFDOLQJ� WHFKQLTXH� LQ�ZKLFK�SDUWLFLSDQWV� UDWH�D�VHULHV�RI
REMHFWV�RU�FRQFHSWV

6HPLRWLF� YLVXDO� DQDO\VLV²WKH� LGHQWLILFDWLRQ� DQG� LQWHUSUHWDWLRQ� RI� V\PEROLF
PHDQLQJ�RI�YLVXDO�GDWD

6HPLRWLFV²WKH�VWXG\�RI�VLJQV�DQG�ZKDW�WKH\�PHDQ�LQ�KXPDQ�FXOWXUHV

6HTXHQFLQJ� HIIHFWV²ELDVLQJ� HIIHFWV� WKDW� FDQ� RFFXU� ZKHQ� HDFK� SDUWLFLSDQW� PXVW
SDUWLFLSDWH�LQ�HDFK�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

6HTXHQWLDO� YDOLGLW\²WKH� GHJUHH� WR� ZKLFK� D� PL[HG� UHVHDUFKHU� DSSURSULDWHO\
DGGUHVVHV� DQG�RU� EXLOGV� RQ� HIIHFWV� RU� ILQGLQJV� IURP� HDUOLHU� TXDOLWDWLYH� DQG
TXDQWLWDWLYH�SKDVHV

6KDUHG� EHOLHIV²WKH� VSHFLILF� FXOWXUDO� FRQYHQWLRQV� RU� VWDWHPHQWV� WKDW� SHRSOH�ZKR
VKDUH�D�FXOWXUH�KROG�WR�EH�WUXH�RU�IDOVH

6KDUHG� YDOXHV²WKH� FXOWXUDOO\� GHILQHG� VWDQGDUGV� DERXW� ZKDW� LV� JRRG� RU� EDG� RU
GHVLUDEOH�RU�XQGHVLUDEOH

6KRUW� TXRWDWLRQ²TXRWDWLRQ� RI� �� RU� PRUH� ZRUGV�� EXW� IHZHU� WKDQ� ���� LQ� ZKLFK
TXRWDWLRQ�PDUNV�DUH�XVHG

6LJQLILFDQFH�OHYHO²WKH�FXWRII�WKH�UHVHDUFKHU�XVHV�WR�GHFLGH�ZKHQ�WR�UHMHFW�WKH�QXOO
K\SRWKHVLV��DOVR�FDOOHG�DOSKD�OHYHO���WKH�UHVHDUFKHU�KRSHV�WKH�S�YDOXH�ZLOO�EH�OHVV
WKDQ�WKH�VLJQLILFDQFH�OHYHO

6LJQLILFDQFH�WHVWLQJ²D�FRPPRQO\�XVHG�V\QRQ\P�IRU�K\SRWKHVLV�WHVWLQJ

6LPSOH� FDVHV²ZKHQ� WKHUH� LV� RQO\� RQH� LQGHSHQGHQW� YDULDEOH� DQG� RQH� GHSHQGHQW
YDULDEOH

6LPSOH�UDQGRP�VDPSOH²D�VDPSOH�GUDZQ�E\�D�SURFHGXUH�LQ�ZKLFK�HYHU\�PHPEHU
RI�WKH�SRSXODWLRQ�KDV�DQ�HTXDO�FKDQFH�RI�EHLQJ�VHOHFWHG



6LPSOH� UHJUHVVLRQ²UHJUHVVLRQ� EDVHG� RQ� RQH� GHSHQGHQW� YDULDEOH� DQG� RQH
LQGHSHQGHQW�YDULDEOH

6LQJOH�FDVH� H[SHULPHQWDO� GHVLJQV²GHVLJQV� WKDW� XVH� D� VLQJOH� SDUWLFLSDQW� WR
LQYHVWLJDWH�WKH�HIIHFW�RI�DQ�H[SHULPHQWDO�WUHDWPHQW�FRQGLWLRQ

6LQJOH�ORRS� OHDUQLQJ²³IL[LQJ´� D� VPDOO� SUREOHP� WR� JHW� WKH� LPPHGLDWHO\� GHVLUHG
UHVXOW

6NHZHG²QRW�V\PPHWULFDO

6QRZEDOO�VDPSOLQJ²HDFK�UHVHDUFK�SDUWLFLSDQW� LV�DVNHG�WR� LGHQWLI\�RWKHU�SRWHQWLDO
UHVHDUFK�SDUWLFLSDQWV

6RFLDO� GHVLUDELOLW\� UHVSRQVH� VHW²WKH� WHQGHQF\� WR� SURYLGH� DQVZHUV� WKDW� DUH
VRFLDOO\�GHVLUDEOH

6RFLDO�SV\FKRORJLFDO�IDFWRUV²IDFWRUV�UHODWLQJ�LQGLYLGXDOV�WR�RWKHU�LQGLYLGXDOV�DQG
WR�VRFLDO�JURXSV

6RFLDO�WKHRUHWLFDO� MXVWLILFDWLRQV²WKH� FRQWULEXWLRQ� WKH� UHVHDUFK� FDQ� PDNH� WR
WKHRUHWLFDO�XQGHUVWDQGLQJV�RU�WR�PDNLQJ�VLWXDWLRQV�PRUH�VRFLDOO\�MXVW

6RF,1'(;²D�GDWDEDVH�FRQWDLQLQJ�HQWULHV�IURP�6RFLRORJLFDO�$EVWUDFWV

6RFLRORJLFDO�IDFWRUV²JURXS��DQG�VRFLHW\�OHYHO�IDFWRUV

6RFLRSROLWLFDO� YDOLGLW\²WKH� GHJUHH� WR� ZKLFK� D� PL[HG� UHVHDUFKHU� DGGUHVVHV� WKH
LQWHUHVWV��YDOXHV��DQG�YLHZSRLQWV�RI�PXOWLSOH�VWDNHKROGHUV�LQ�WKH�UHVHDUFK�SURFHVV

6RXUFLQJ²LQIRUPDWLRQ�WKDW�LGHQWLILHV�WKH�VRXUFH�RU�DWWULEXWLRQ�RI�WKH�GRFXPHQW

6SHDUPDQ�%URZQ�IRUPXOD²D�VWDWLVWLFDO�IRUPXOD�XVHG�IRU�FRUUHFWLQJ�WKH�VSOLW�KDOI
UHOLDELOLW\�FRHIILFLHQW

6SHFLDO� FDVH� RI� WKH� JHQHUDO� OLQHDU�PRGHO²RQH� RI� WKH� ³FKLOGUHQ´� RI� D� EURDGHU
VWDWLVWLFDO�SURFHGXUH�NQRZQ�DV�WKH�JHQHUDO�OLQHDU�PRGHO��*/0�

6SOLW�KDOI� UHOLDELOLW\²D�PHDVXUH� RI� WKH� FRQVLVWHQF\� RI� WKH� VFRUHV� REWDLQHG� IURP
WZR�HTXLYDOHQW�KDOYHV�RI�WKH�VDPH�WHVW

6SXULRXV�UHODWLRQVKLS²ZKHQ� WKH� UHODWLRQVKLS� EHWZHHQ� WZR�YDULDEOHV� LV� GXH� WR� D
WKLUG�YDULDEOH

6WDQGDUG�GHYLDWLRQ²WKH�VTXDUH�URRW�RI�WKH�YDULDQFH



6WDQGDUG�HUURU²WKH�VWDQGDUG�GHYLDWLRQ�RI�D�VDPSOLQJ�GLVWULEXWLRQ

6WDQGDUG�VFRUHV²VFRUHV� WKDW� KDYH� EHHQ� FRQYHUWHG� IURP� RQH� VFDOH� WR� DQRWKHU� WR
KDYH�D�SDUWLFXODU�PHDQ�DQG�VWDQGDUG�GHYLDWLRQ

6WDQGDUGL]DWLRQ²SUHVHQWLQJ�WKH�VDPH�VWLPXOXV�WR�DOO�SDUWLFLSDQWV

6WDQGDUGL]HG�RSHQ�HQGHG�LQWHUYLHZ²D�VHW�RI�RSHQ�HQGHG�TXHVWLRQV�DUH�DVNHG�LQ
D�VSHFLILF�RUGHU�DQG�H[DFWO\�DV�ZRUGHG

6WDUWLQJ�SRLQW²D�UDQGRPO\�VHOHFWHG�QXPEHU�EHWZHHQ���DQG�N

6WDWHV²GLVWLQJXLVKDEOH�EXW�OHVV�HQGXULQJ�ZD\V�LQ�ZKLFK�LQGLYLGXDOV�YDU\

6WDWLVWLF²D�QXPHULFDO�FKDUDFWHULVWLF�RI�D�VDPSOH

6WDWLVWLFDO� FRQFOXVLRQ� YDOLGLW\²WKH� DELOLW\� WR� LQIHU� WKDW� WKH� LQGHSHQGHQW� DQG
GHSHQGHQW�YDULDEOHV�DUH�UHODWHG�DQG�WKH�VWUHQJWK�RI�WKDW�UHODWLRQVKLS

6WDWLVWLFDOO\� VLJQLILFDQW²D� UHVHDUFK� ILQGLQJ� WKDW� LV� SUREDEO\� QRW� DWWULEXWDEOH� WR
FKDQFH�DORQH��D� UHDO� UHODWLRQVKLS�� WKH�FODLP�PDGH� LQ�VLJQLILFDQFH� WHVWLQJ�ZKHQ� WKH
HYLGHQFH�VXJJHVWV�WKDW�WKH�REVHUYHG�UHVXOW�ZDV�SUREDEO\�QRW�GXH�WR�FKDQFH

6WUDWLILFDWLRQ�YDULDEOH²WKH�YDULDEOH�RQ�ZKLFK�WKH�SRSXODWLRQ�LV�GLYLGHG

6WUDWLILHG�VDPSOLQJ²GLYLGLQJ� WKH� SRSXODWLRQ� LQWR�PXWXDOO\� H[FOXVLYH� JURXSV� DQG
WKHQ�VHOHFWLQJ�D�UDQGRP�VDPSOH�IURP�HDFK�JURXS

6WUXFWXUDOLVP²D�EURDG�RU�JUDQG�WKHRU\�WKDW�HPSKDVL]HV�WKH�LPSRUWDQFH�RI�FXOWXUDO�
VWUXFWXUDO�� LQVWLWXWLRQDO�� DQG� IXQFWLRQDO� UHODWLRQV� DV� SURYLGLQJ� D� ODUJH� SDUW� RI� WKH
VRFLDO� ZRUOG� LQ� ZKLFK� KXPDQV� OLYH� DQG� WKDW� KROGV� WKDW� WKLV� VWUXFWXUH� LV� NH\� LQ
GHWHUPLQLQJ�PHDQLQJ�DQG�LQIOXHQFLQJ�KXPDQ�EHKDYLRU

6XEFXOWXUH²D�FXOWXUH�HPEHGGHG�ZLWKLQ�D�ODUJHU�FXOWXUH

6XPPDWHG�UDWLQJ�VFDOH²D�PXOWL�LWHP�VFDOH�WKDW�KDV�WKH�UHVSRQVHV�IRU�HDFK�SHUVRQ
VXPPHG�LQWR�D�VLQJOH�VFRUH

6XPPDWLYH� HYDOXDWLRQ²HYDOXDWLRQ� IRFXVHG� RQ� GHWHUPLQLQJ� WKH� RYHUDOO
HIIHFWLYHQHVV�DQG�XVHIXOQHVV�RI�WKH�HYDOXDWLRQ�REMHFW

6XUYH\�UHVHDUFK²D�QRQH[SHULPHQWDO�UHVHDUFK�PHWKRG�EDVHG�RQ�TXHVWLRQQDLUHV�RU
LQWHUYLHZV

6\QWKHVLV²WKH�VHOHFWLRQ��RUJDQL]DWLRQ��DQG�DQDO\VLV�RI�WKH�PDWHULDOV�FROOHFWHG



6\VWHPDWLF�HUURU²DQ�HUURU�WKDW�LV�SUHVHQW�HYHU\�WLPH�DQ�LQVWUXPHQW�LV�XVHG

6\VWHPDWLF� VDPSOH²D� VDPSOH� REWDLQHG� E\� GHWHUPLQLQJ� WKH� VDPSOLQJ� LQWHUYDO�
VHOHFWLQJ� D� UDQGRP� VWDUWLQJ� SRLQW� EHWZHHQ� �� DQG� N�� DQG� WKHQ� VHOHFWLQJ� HYHU\� NWK
HOHPHQW

6\VWHPZLGH�DFWLRQ�UHVHDUFK²DQ�DFWLRQ�UHVHDUFK�VWXG\�LQ�ZKLFK�DOO�RUJDQL]DWLRQ
PHPEHUV�ZRUN�WR�SURGXFH�V\VWHPZLGH�FKDQJH

7DEOH�RI�UDQGRP�QXPEHUV²D�OLVW�RI�QXPEHUV�WKDW�IDOO�LQ�D�UDQGRP�RUGHU

7DUJHW� SRSXODWLRQ²WKH� ODUJHU� SRSXODWLRQ� WR� ZKRP� WKH� VWXG\� UHVXOWV� DUH� WR� EH
JHQHUDOL]HG

7HOHSKRQH�LQWHUYLHZ²DQ�LQWHUYLHZ�FRQGXFWHG�RYHU�WKH�SKRQH

7HPSRUDO�YDOLGLW\²WKH�H[WHQW�WR�ZKLFK�WKH�VWXG\�UHVXOWV�FDQ�EH�JHQHUDOL]HG�DFURVV
WLPH

7HVW�UHWHVW�UHOLDELOLW\²D�PHDVXUH�RI�WKH�FRQVLVWHQF\�RI�WHVW�VFRUHV�RYHU�WLPH

7HVWLQJ²LQ� PHDVXUHPHQW�� WHVWLQJ� UHIHUV� WR� WKH� PHDVXUHPHQW� RI� YDULDEOHV�� LQ
UHVHDUFK�GHVLJQ�� WKH� WHVWLQJ�HIIHFW� LV�DQ\�FKDQJH� LQ� VFRUHV�REWDLQHG�RQ� WKH�VHFRQG
DGPLQLVWUDWLRQ�RI�D�WHVW�DV�D�UHVXOW�RI�KDYLQJ�SUHYLRXVO\�WDNHQ�WKH�WHVW

7HVWV�LQ�3ULQW²D�SULPDU\�VRXUFH�RI�LQIRUPDWLRQ�DERXW�SXEOLVKHG�WHVWV

7KHPDWLF�DQDO\VLV²LGHQWLILFDWLRQ�RI�WKHPHV�LQ�WKH�UHVHDUFK�ILQGLQJV

7KHPH²D�ZRUG��RU�PRUH�W\SLFDOO\��D�VHW�RI�ZRUGV�GHQRWLQJ�DQ�LPSRUWDQW�LGHD�WKDW
RFFXUV�PXOWLSOH�WLPHV�LQ�\RXU�GDWD

7KHRUHWLFDO� VDWXUDWLRQ²RFFXUV� ZKHQ� QR� QHZ� LQIRUPDWLRQ� RU� FRQFHSWV� DUH
HPHUJLQJ�IURP�WKH�GDWD�DQG�WKH�JURXQGHG�WKHRU\�KDV�EHHQ�YDOLGDWHG

7KHRUHWLFDO� VHQVLWLYLW\²ZKHQ� D� UHVHDUFKHU� LV� HIIHFWLYH� DW� WKLQNLQJ� DERXW� ZKDW
NLQGV�RI�GDWD�QHHG�WR�EH�FROOHFWHG�DQG�ZKDW�DVSHFWV�RI�DOUHDG\�FROOHFWHG�GDWD�DUH
WKH�PRVW�LPSRUWDQW�IRU�WKH�JURXQGHG�WKHRU\

7KHRUHWLFDO�YDOLGLW\²WKH�GHJUHH�WR�ZKLFK�D�WKHRUHWLFDO�H[SODQDWLRQ�ILWV�WKH�GDWD

7KHRU\²DQ�H[SODQDWLRQ�RU�H[SODQDWRU\�V\VWHP� WKDW�GLVFXVVHV�KRZ�D�SKHQRPHQRQ
RSHUDWHV�DQG�ZK\�LW�RSHUDWHV�DV�LW�GRHV

7KHRU\�LQ�XVH²7KH�WKHRU\�RU�H[SODQDWLRQ�WKDW�H[SODLQV�ZKDW�ZH�DFWXDOO\�GR



7KLQN�DORXG�WHFKQLTXH²KDV�SDUWLFLSDQWV�YHUEDOL]H�WKHLU�WKRXJKWV�DQG�SHUFHSWLRQV
ZKLOH�HQJDJHG�LQ�DQ�DFWLYLW\

7KLUG�YDULDEOH²D�FRQIRXQGLQJ�H[WUDQHRXV�YDULDEOH

7KLUG�YDULDEOH� SUREOHP²DQ� REVHUYHG� UHODWLRQVKLS� EHWZHHQ� WZR� YDULDEOHV� WKDW
PD\�EH�GXH�WR�DQ�H[WUDQHRXV�YDULDEOH

7KUHH�UHTXLUHG�FRQGLWLRQV²WKUHH�WKLQJV�WKDW�PXVW�EH�SUHVHQW�LI�\RX�DUH�WR�FRQWHQG
WKDW�FDXVDWLRQ�KDV�RFFXUUHG

7LPH�LQWHUYDO�VDPSOLQJ²FKHFNLQJ�IRU�HYHQWV�GXULQJ�VSHFLILF�WLPH�LQWHUYDOV

7LPH�RULHQWDWLRQ�FULWHULRQ²VD\V�WKH�VDPSOHV�DUH�HLWKHU�FRQFXUUHQW�RU�VHTXHQWLDO

7UDLWV²GLVWLQJXLVKDEOH�� UHODWLYHO\�HQGXULQJ�ZD\V� LQ�ZKLFK�RQH� LQGLYLGXDO�GLIIHUV
IURP�DQRWKHU

7UDQVFULSWLRQ²WUDQVIRUPLQJ�TXDOLWDWLYH�GDWD�LQWR�W\SHG�WH[W

7UDQVODWLRQDO� UHVHDUFK²VWXGLHV� IRFXVHG� RQ� FRQYHUWLQJ� VFLHQWLILF� UHVHDUFK� LQWR
HDVLO\�XQGHUVWRRG�ODQJXDJH�DQG�SURFHGXUHV

7UHDWPHQW�GLIIXVLRQ²WKH� SDUWLFLSDQWV� LQ� RQH� WUHDWPHQW� FRQGLWLRQ� DUH� H[SRVHG� WR
DOO�RU�VRPH�RI�WKH�RWKHU�WUHDWPHQW�FRQGLWLRQ

7UHDWPHQW� YDULDWLRQ� YDOLGLW\²WKH� DELOLW\� WR� JHQHUDOL]H� DFURVV� YDULDWLRQV� RI� WKH
WUHDWPHQW

7UHQG�VWXG\²LQGHSHQGHQW�VDPSOHV�DUH�WDNHQ�IURP�D�SRSXODWLRQ�RYHU�WLPH��DQG�WKH
VDPH�TXHVWLRQV�DUH�DVNHG

7ULDQJXODWLRQ²$� YDOLGDWLRQ� DSSURDFK� EDVHG� RQ� WKH� FRQYHUJHQFH� RI� UHVXOWV
REDWLQHG�E\�XVLQJ�PXOWLSOH�LQYHVWLJDWRUV��PHWKRGV��GDWD�VRXUFHV��DQG�RU�WKHRUHWLFDO
SHUVSHFWLYHV

W� WHVW� IRU� FRUUHODWLRQ� FRHIILFLHQWV²VWDWLVWLFDO� WHVW� XVHG� WR� GHWHUPLQH� ZKHWKHU� D
FRUUHODWLRQ�FRHIILFLHQW�LV�VWDWLVWLFDOO\�VLJQLILFDQW

W� WHVW� IRU� LQGHSHQGHQW� VDPSOHV²VWDWLVWLFDO� WHVW� XVHG� WR� GHWHUPLQH� ZKHWKHU� WKH
GLIIHUHQFH�EHWZHHQ�WKH�PHDQV�RI�WZR�JURXSV�LV�VWDWLVWLFDOO\�VLJQLILFDQW

W� WHVW� IRU� UHJUHVVLRQ� FRHIILFLHQWV²VWDWLVWLFDO� WHVW� XVHG� WR� GHWHUPLQH� ZKHWKHU� D
UHJUHVVLRQ�FRHIILFLHQW�LV�VWDWLVWLFDOO\�VLJQLILFDQW



7ZR�VWDJH� FOXVWHU� VDPSOLQJ²D� VHW� RI� FOXVWHUV� LV� UDQGRPO\� VHOHFWHG� DQG� WKHQ� D
UDQGRP�VDPSOH�RI�HOHPHQWV�LV�GUDZQ�IURP�HDFK�RI�WKH�FOXVWHUV�VHOHFWHG�LQ�VWDJH�RQH

7\SH�,�HUURU²UHMHFWLQJ�D�WUXH�QXOO�K\SRWKHVLV

7\SH�,,�HUURU²IDLOLQJ�WR�UHMHFW�D�IDOVH�QXOO�K\SRWKHVLV

7\SH� WHFKQLTXH²PDQLSXODWLQJ� WKH� LQGHSHQGHQW� YDULDEOH� E\� YDU\LQJ� WKH� W\SH� RI
FRQGLWLRQ�SUHVHQWHG�WR�WKH�GLIIHUHQW�FRPSDULVRQ�JURXSV

7\SLFDO�FDVH�VDPSOLQJ²VHOHFWLQJ�ZKDW�DUH�EHOLHYHG�WR�EH�DYHUDJH�FDVHV

7\SRORJ\²D�FODVVLILFDWLRQ�V\VWHP�WKDW�EUHDNV�VRPHWKLQJ�GRZQ�LQWR�GLIIHUHQW�W\SHV
RU�NLQGV

8SSHU�OLPLW²WKH�ODUJHVW�QXPEHU�RQ�D�FRQILGHQFH�LQWHUYDO

8WLOLWDULDQLVP²DQ� HWKLFDO� DSSURDFK� WKDW� VD\V� MXGJPHQWV� RI� WKH� HWKLFV� RI� D� VWXG\
GHSHQG� RQ� WKH� FRQVHTXHQFHV� WKH� VWXG\� KDV� IRU� WKH� UHVHDUFK� SDUWLFLSDQWV� DQG� WKH
EHQHILWV�WKDW�PLJKW�DULVH�IURP�WKH�VWXG\

9DJXHQHVV²XQFHUWDLQW\�LQ�WKH�PHDQLQJ�RI�ZRUGV�RU�SKUDVHV

9DOLGDWLRQ²WKH�SURFHVV�RI�JDWKHULQJ�HYLGHQFH�WKDW�VXSSRUWV�LQIHUHQFHV�PDGH�RQ�WKH
EDVLV�RI�WHVW�VFRUHV

9DOLGLW\²WKH� DFFXUDF\� RI� WKH� LQIHUHQFHV�� LQWHUSUHWDWLRQV�� RU� DFWLRQV�PDGH� RQ� WKH
EDVLV�RI�WHVW�VFRUHV

9DOLGLW\�FRHIILFLHQW²D�FRUUHODWLRQ�FRHIILFLHQW�WKDW�LV�FRPSXWHG�WR�SURYLGH�YDOLGLW\
HYLGHQFH��VXFK�DV�WKH�FRUUHODWLRQ�EHWZHHQ�WHVW�VFRUHV�DQG�FULWHULRQ�VFRUHV

9DOLGLW\�HYLGHQFH²HPSLULFDO�HYLGHQFH�DQG� WKHRUHWLFDO� UDWLRQDOHV� WKDW�VXSSRUW� WKH
LQIHUHQFHV�RU�LQWHUSUHWDWLRQV�PDGH�IURP�WHVW�VFRUHV

9DULDEOH²D� FRQGLWLRQ� RU� FKDUDFWHULVWLF� WKDW� FDQ� WDNH� RQ� GLIIHUHQW� YDOXHV� RU
FDWHJRULHV

9DULDQFH²D�PHDVXUH�RI�WKH�DYHUDJH�GHYLDWLRQ�IURP�WKH�PHDQ�LQ�VTXDUHG�XQLWV

9HUVWHKHQ²D�PHWKRG�RI�HPSDWKHWLF�XQGHUVWDQGLQJ�RI�RWKHUV¶�YLHZSRLQWV��PHDQLQJV�
LQWHQWLRQV��DQG�FXOWXUDO�EHOLHIV

9LVXDO�FRQWHQW�DQDO\VLV²WKH�LGHQWLILFDWLRQ�DQG�FRXQWLQJ�RI�HYHQWV��FKDUDFWHULVWLFV�
RU�RWKHU�SKHQRPHQD�LQ�YLVXDO�GDWD



9LVXDO�GDWD�FROOHFWLRQ²D�SURFHVV�RI�FROOHFWLQJ�GDWD�XVLQJ�YLVXDO�VRXUFHV��VXFK�DV
SKRWRJUDSKV��GUDZLQJV��JUDSKLFV��SDLQWLQJV��ILOP��DQG�YLGHR

:DUUDQWHG� DVVHUWDELOLW\²WKH� VWDQGDUG� \RX� PHHW� ZKHQ� \RX� SURYLGH� YHU\� JRRG
HYLGHQFH

:HDNQHVV� PLQLPL]DWLRQ� YDOLGLW\²WKH� GHJUHH� WR� ZKLFK� D� PL[HG� UHVHDUFKHU
FRPELQHV� TXDOLWDWLYH� DQG� TXDQWLWDWLYH� DSSURDFKHV� WR� KDYH� QRQRYHUODSSLQJ
ZHDNQHVVHV

:HE� VXUYH\V²SDUWLFLSDQWV� UHDG� DQG� FRPSOHWH� D� VXUYH\� LQVWUXPHQW� WKDW� LV
GHYHORSHG�IRU�DQG�ORFDWHG�RQ�WKH�,QWHUQHW

:KR�GRHV�ZKDW��ZKHQ�FKDUW²D�XVHIXO�FKDUW�VKRZLQJ�ZKDW�LV�WR�RFFXU�GXULQJ�WKH
VWXG\

:LWKLQ�VXEMHFWV� LQGHSHQGHQW�YDULDEOH²DOO�SDUWLFLSDQWV� UHFHLYH�DOO� OHYHOV�RI� WKH
LQGHSHQGHQW�YDULDEOH

\�LQWHUFHSW²WKH�SRLQW�ZKHUH�WKH�UHJUHVVLRQ�OLQH�FURVVHV�WKH�\�D[LV

]�VFRUH²D�UDZ�VFRUH�WKDW�KDV�EHHQ�WUDQVIRUPHG�LQWR�VWDQGDUG�GHYLDWLRQ�XQLWV



5()(5(1&(6

$GDPV�3ULFH��&��(���+HQOH\��7��%���	�+DOH��0����������3KHQRPHQRORJ\�DQG�WKH
PHDQLQJ�RI�DJLQJ�IRU�\RXQJ�DQG�ROG�DGXOWV��,QWHUQDWLRQDO�-RXUQDO�RI�$JLQJ�DQG
+XPDQ�'HYHORSPHQW���������±����

$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH����������6FLHQFH�IRU�DOO
$PHULFDQV��3URMHFW�������1HZ�<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV�

$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��$(5$�����������&RGH�RI�HWKLFV�
5HWULHYHG�IURP
KWWS���ZZZ�DHUD�QHW�3RUWDOV����GRFV�$ERXWB$(5$�&RGH2I(WKLFV����SGI

$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�
	�1DWLRQDO�&RXQFLO�RQ�0HDVXUHPHQW�LQ�(GXFDWLRQ��$(5$��$3$��	�1&0(��
��������6WDQGDUGV�IRU�HGXFDWLRQDO�DQG�SV\FKRORJLFDO�WHVWLQJ��:DVKLQJWRQ��'&�
$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�

$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ
	�1DWLRQDO�&RXQFLO�RQ�0HDVXUHPHQW�LQ�(GXFDWLRQ��$(5$��$3$��	�1&0(��
��������6WDQGDUGV�IRU�HGXFDWLRQDO�DQG�SV\FKRORJLFDO�WHVWLQJ���QG�HG���
:DVKLQJWRQ��'&��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�

$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��$3$�����������7HFKQLFDO�UHFRPPHQGDWLRQV
IRU�SV\FKRORJLFDO�WHVWV�DQG�GLDJQRVLV�WHFKQLTXHV��3V\FKRORJLFDO�%XOOHWLQ�����
���±����

$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��$3$�����������3XEOLFDWLRQ�PDQXDO�RI�WKH
$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ���WK�HG����:DVKLQJWRQ��'&��$PHULFDQ
3V\FKRORJLFDO�$VVRFLDWLRQ�

$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ��$3$�����������3XEOLFDWLRQ�PDQXDO�RI�WKH
$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ���WK�HG����:DVKLQJWRQ��'&��$PHULFDQ
3V\FKRORJLFDO�$VVRFLDWLRQ�

$QGHUVRQ��-��5����������&RJQLWLYH�SV\FKRORJ\�DQG�LWV�LPSOLFDWLRQV��1HZ�<RUN�
1<��:��+��)UHHPDQ�

$QJXLDQR��3����������$�ILUVW�\HDU�WHDFKHU¶V�SODQ�WR�UHGXFH�PLVEHKDYLRU�LQ�WKH
FODVVURRP��7HDFKLQJ�([FHSWLRQDO�&KLOGUHQ��������±���

$Q\RQ��-����������7KHRU\�DQG�HGXFDWLRQDO�UHVHDUFK��7RZDUG�FULWLFDO�VRFLDO
H[SODQDWLRQ��1HZ�<RUN��1<��5RXWOHGJH�

$UJ\ULV��&���3XWQDP��5���	�0F/DLQ�6PLWK��'����������$FWLRQ�VFLHQFH��6DQ
)UDQFLVFR��&$��-RVVH\�%DVV�

$UJ\ULV��&���	�6FK|Q��'����������2UJDQL]DWLRQDO�OHDUQLQJ��$�WKHRU\�RI�DFWLRQ
SHUVSHFWLYH��5HDGLQJ��0$��$GGLVRQ�:HVOH\�

$UJ\ULV��&���	�6FK|Q��'����������2UJDQL]DWLRQDO�OHDUQLQJ�,,��7KHRU\��PHWKRG��DQG

http://www.aera.net/Portals/38/docs/About_AERA/CodeOfEthics(1).pdf


SUDFWLFH��5HDGLQJ��0$��$GGLVRQ�:HVOH\�
$VKHU��+��%����������&DXVDO�PRGHOLQJ��%HYHUO\�+LOOV��&$��6DJH�
%DEELH��(����������7KH�SUDFWLFH�RI�VRFLDO�UHVHDUFK���WK�HG����%HOPRQW��&$�
:DGVZRUWK�

%DEELH��(��5����������6XUYH\�UHVHDUFK�PHWKRGV��%HOPRQW��&$��:DGVZRUWK�
%DLOH\��.��'����������7\SRORJLHV�DQG�WD[RQRPLHV��$Q�LQWURGXFWLRQ�WR
FODVVLILFDWLRQ�WHFKQLTXHV��7KRXVDQG�2DNV��&$��6DJH�

%DLOOH\��6��(���'XQKDP��.���	�.UDO��0��-����������)DFWRU�VWUXFWXUH�RI�WKH�JULHI
H[SHULHQFH�TXHVWLRQQDLUH��*(4���'HDWK�6WXGLHV���������±����

%DNHPDQ��5����������%HKDYLRUDO�REVHUYDWLRQ�DQG�FRGLQJ��,Q�+��7��5HLV�	�&��0�
-XGG��(GV����+DQGERRN�RI�UHVHDUFK�PHWKRGV�LQ�VRFLDO�DQG�SHUVRQDOLW\
SV\FKRORJ\��SS�����±������&DPEULGJH��(QJODQG��&DPEULGJH�8QLYHUVLW\�3UHVV�

%DQGDORV��'��/���<DWHV��.���	�7KRUQGLNH�&KULVW��7����������(IIHFWV�RI�PDWK�VHOI�
FRQFHSW��SHUFHLYHG�VHOI�HIILFDF\��DQG�DWWULEXWLRQV�IRU�IDLOXUH�DQG�VXFFHVV�RQ�WHVW
DQ[LHW\��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������±����

%DUORZ��'��+���1RFN��0��.���	�+HUVHQ��0����������6LQJOH�FDVH�H[SHULPHQWDO
GHVLJQV��6WUDWHJLHV�IRU�VWXG\LQJ�EHKDYLRU�FKDQJH���UG�HG����%RVWRQ��0$��$OO\Q
	�%DFRQ�

%DUQHWWH��-��-���������$SULO���/LNHUW�UHVSRQVH�DOWHUQDWLYH�GLUHFWLRQ��6$�WR�6'�RU
6'�WR�6$��'RHV�LW�PDNH�D�GLIIHUHQFH"�3DSHU�SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJ�RI
WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��0RQWUHDO��&DQDGD�

%DUQHWWH��-��-����������(IIHFWV�RI�VWHP�DQG�/LNHUW�UHVSRQVH�RSWLRQ�UHYHUVDOV�RQ
VXUYH\�LQWHUQDO�FRQVLVWHQF\��,I�\RX�IHHO�WKH�QHHG��WKHUH�LV�D�EHWWHU�DOWHUQDWLYH�WR
XVLQJ�WKRVH�QHJDWLYHO\�ZRUGHG�VWHPV��(GXFDWLRQDO�DQG�3V\FKRORJLFDO
0HDVXUHPHQW���������±����

%DURQ��'���������)HEUXDU\�����:LOO�DQ\RQH�DFFHSW�WKH�JRRG�QHZV�RQ�OLWHUDF\"
&KURQLFOH�RI�+LJKHU�(GXFDWLRQ��S�����

%DUWKHV��5����������0\WKRORJLHV��/RQGRQ��(QJODQG��3DODGLQ�
%DUWOHWW��7���������0D\������6WXGHQWV�EHFRPH�FXUULFXODU�JXLQHD�SLJV��&KURQLFOH�RI
+LJKHU�(GXFDWLRQ��SS��$��±$���

%DWHVRQ��*���	�0HDG��0����������%DOLQHVH�FKDUDFWHU��$�SKRWRJUDSKLF�DQDO\VLV�
1HZ�<RUN��1<��$FDGHP\�RI�6FLHQFHV�

%DXPULQG��'����������5HVHDUFK�XVLQJ�LQWHQWLRQDO�GHFHSWLRQ��(WKLFDO�LVVXHV
UHYLVLWHG��$PHULFDQ�3V\FKRORJLVW���������±����

%D]HOH\��3����������&RPSXWHUL]HG�GDWD�DQDO\VLV�IRU�PL[HG�PHWKRGV�UHVHDUFK��,Q�$�
7DVKDNNRUL�	�&��7HGGOLH��(GV����+DQGERRN�RI�PL[HG�PHWKRGV�LQ�VRFLDO�DQG
EHKDYLRUDO�UHVHDUFK��SS�����±������7KRXVDQG�2DNV��&$��6DJH�

%D]HOH\��3����������4XDOLWDWLYH�GDWD�DQDO\VLV��3UDFWLFDO�VWUDWHJLHV��/RQGRQ�
(QJODQG��6DJH�

%HFNHU��+��6���ZLWK�5LFKDUGV��3������������:ULWLQJ�IRU�VRFLDO�VFLHQWLVWV��+RZ�WR
VWDUW�DQG�ILQLVK�\RXU�WKHVLV��ERRN��RU�DUWLFOH��&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR
3UHVV�

%HQVRQ��-���	�+RFHYDU��'����������7KH�LPSDFW�RI�LWHP�SKUDVLQJ�RQ�WKH�YDOLGLW\�RI
DWWLWXGH�IRU�HOHPHQWDU\�VFKRRO�FKLOGUHQ��-RXUQDO�RI�(GXFDWLRQDO�0HDVXUHPHQW�



�������±����
%HUJ��%��/���	�/XQH��+����������4XDOLWDWLYH�UHVHDUFK�PHWKRGV�IRU�WKH�VRFLDO
VFLHQFHV���WK�HG����%RVWRQ��0$��3HDUVRQ�

%HUNRZLW]��$���	�3DGDYLF��,����������*HWWLQJ�D�PDQ�RU�JHWWLQJ�DKHDG��$�FRPSDULVRQ
RI�ZKLWH�DQG�EODFN�VRURULWLHV��-RXUQDO�RI�&RQWHPSRUDU\�(WKQRJUDSK\��������
���±����

%HUQDUG��+��5���	�5\DQ��*��:����������$QDO\]LQJ�TXDOLWDWLYH�GDWD��6\VWHPDWLF
DSSURDFKHV��7KRXVDQG�2DNV��&$��6DJH�

%LFNHO��-����������6H[�ELDV�LQ�JUDGXDWH�DGPLVVLRQV��'DWD�IURP�%HUNHOH\��6FLHQFH�
��������±����

%LHKO��-��.���������$SULO���������GLH�LQ�*HUPDQ�KLJK�VFKRRO�VKRRWLQJ��([�VWXGHQW
WDUJHWV�WHDFKHUV��NLOOV�VHOI��%RVWRQ�*OREH��S��$��

%LMRX��6��:���3HWHUVRQ��5��)���+DUULV��)��5���$OOHQ��.��(���	�-RKQVWRQ��0��6���������
0HWKRGRORJ\�IRU�H[SHULPHQWDO�VWXGLHV�RI�\RXQJ�FKLOGUHQ�LQ�QDWXUDO�VHWWLQJV�
3V\FKRORJLFDO�5HFRUG���������±����

%LUQEDXP��0��+����������,QWURGXFWLRQ�WR�EHKDYLRUDO�UHVHDUFK�LQ�WKH�,QWHUQHW�
8SSHU�6DGGOH�5LYHU��1-��3UHQWLFH�+DOO�

%ODFNEXUQ��6����������7KH�2[IRUG�GLFWLRQDU\�RI�SKLORVRSK\��2[IRUG��(QJODQG�
2[IRUG�8QLYHUVLW\�3UHVV�

%RG\FRWW��3���:DONHU��$���	�.LQ��-��/��&����������0RUH�WKDQ�KHURHV�DQG�YLOODLQV�
3UH�VHUYLFH�WHDFKHU�EHOLHIV�DERXW�SULQFLSDOV��(GXFDWLRQDO�5HVHDUFK��������±���

%RJGDQ��5��&���	�%LNOHQ��6��.����������4XDOLWDWLYH�UHVHDUFK�HGXFDWLRQ��$Q
LQWURGXFWLRQ�WR�WKHRU\�DQG�PHWKRGV��%RVWRQ��0$��$OO\Q�	�%DFRQ�

%ROOHQ��.��$���	�/HQQR[��5����������&RQYHQWLRQDO�ZLVGRP�RQ�PHDVXUHPHQW��$
VWUXFWXUDO�HTXDWLRQ�SHUVSHFWLYH��3V\FKRORJLFDO�%XOOHWLQ����������±����

%RQHYDF��'����������6LPSOH�ORJLF��)RUW�:RUWK��7;��+DUFRXUW�%UDFH�
%RUGHQ��0���%UXFH��&���0LWFKHOO��0��$���&DUWHU��9���	�+DOO��5��9����������(IIHFWV�RI
WHDFKHU�DWWHQWLRQ�RQ�DWWHQGLQJ�EHKDYLRU�RI�WZR�ER\V�DW�DGMDFHQW�GHVNV��-RXUQDO�RI
$SSOLHG�%HKDYLRU�$QDO\VLV��������±����

%RV��-���+XVWRQ��$��&���*UDQJHU��5���'XQFDQ��*���%URFN��7���	�0F/R\G��:��&�
��������1HZ�+RSH�IRU�SHRSOH�ZLWK�ORZ�LQFRPHV��7ZR�\HDU�UHVXOWV�RI�D�SURJUDP
WR�UHGXFH�SRYHUW\�DQG�UHIRUP�ZHOIDUH��1HZ�<RUN��1<��0DQSRZHU�5HVHDUFK
'HPRQVWUDWLRQ�&RUSRUDWLRQ�

%RXUNH��5��7����������)LUVW�JUDGHUV�DQG�IDLU\�WDOHV��2QH�WHDFKHU¶V�DFWLRQ�UHVHDUFK�RI
FULWLFDO�OLWHUDF\��7KH�5HDGLQJ�7HDFKHU���������±����

%R[��*��(��3���+XQWHU��:��*���	�+XQWHU��-��6����������6WDWLVWLFV�IRU�H[SHULPHQWHUV�
1HZ�<RUN��1<��:LOH\�

%R[��*��(��3���	�-HQNLQV��*��0����������7LPH�VHULHV�DQDO\VLV��)RUHFDVWLQJ�DQG
FRQWURO��6DQ�)UDQFLVFR��&$��+ROGHQ�'D\�

%UDGHQ��-��3���	�%U\DQW��7��-����������5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQV�
$SSOLFDWLRQV�IRU�VFKRRO�SV\FKRORJLVWV��6FKRRO�3V\FKRORJ\�5HYLHZ���������±����

%UDLQDUG��-���������'HFHPEHU�����$V�8�6��UHOHDVHV�QHZ�UXOHV�RQ�VFLHQWLILF�IUDXG�
VFKRODUV�GHEDWH�KRZ�PXFK�DQG�ZK\�LW�RFFXUV��&KURQLFOH�RI�+LJKHU�(GXFDWLRQ��S�
$���



%UHZHU��-���	�+XQWHU��$����������0XOWLPHWKRG�UHVHDUFK��$�V\QWKHVLV�RI�VW\OHV�
1HZEXU\�3DUN��&$��6DJH�

%UH]QLW]��=����������(IIHFWV�RI�DFFHOHUDWHG�UHDGLQJ�UDWH�RQ�PHPRU\�IRU�WH[W�DPRQJ
G\VOH[LF�UHDGHUV��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������±����

%URZQ��5���3UHVVOH\��0���9DQ�0HWHU��3���	�6FKXGHU��7����������$�TXDVL�H[SHULPHQWDO
YDOLGDWLRQ�RI�WUDQVDFWLRQDO�VWUDWHJLHV�LQVWUXFWLRQ�ZLWK�ORZ�DFKLHYLQJ�VHFRQG�
JUDGH�UHDGHUV��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\��������±���

%URZQ��7����������7KH�SKHQRPHQRORJ\�RI�WKH�PDWKHPDWLFV�FODVVURRP��(GXFDWLRQDO
6WXGLHV�LQ�0DWKHPDWLFV���������±����

%U\PDQ��$���	�%XUJHVV��5��*����������$QDO\]LQJ�TXDOLWDWLYH�GDWD��/RQGRQ�
(QJODQG��5RXWOHGJH�

%XWOHU��5���	�1HXPDQ��2����������(IIHFWV�RI�WDVN�DQG�HJR�DFKLHYHPHQW�JRDOV�RQ
KHOS�VHHNLQJ�EHKDYLRUV��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������±����

&DLQH��9���/HVVDUG��6���6WHHYHV��3��	�&ODQGLQLQ��'��-����������$�UHIOHFWLYH�WXUQ�
/RRNLQJ�EDFNZDUG��ORRNLQJ�IRUZDUG��,Q�&ODQGLQLQ��'��-���6WHHYHV��3���&DLQH��9�
�(GV����&RPSRVLQJ�OLYHV�LQ�WUDQVLWLRQ��$�QDUUDWLYH�LQTXLU\�LQWR�WKH�OLYHV�RI
HDUO\�VFKRRO�OHDYHUV��/RQGRQ��(QJODQG��(PHUDOG�

&DODEUHVH��5��/���+HVWHU��0���)ULHVHQ��6���	�%XUNKDOWHU��.����������8VLQJ
DSSUHFLDWLYH�LQTXLU\�WR�FUHDWH�D�VXVWDLQDEOH�UXUDO�VFKRRO�GLVWULFW�DQG
FRPPXQLW\�7KH�,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQDO�0DQDJHPHQW��������±
����

&DPSEHOO��'��7����������)DFWRUV�UHOHYDQW�WR�WKH�YDOLGLW\�RI�H[SHULPHQWV�LQ�VRFLDO
VHWWLQJV��3V\FKRORJLFDO�%XOOHWLQ���������±����

&DPSEHOO��'��7����������5HIRUPV�DV�H[SHULPHQWV��$PHULFDQ�3V\FKRORJLVW���������±
����

&DPSEHOO��'��7����������'HJUHHV�RI�IUHHGRP�DQG�WKH�FDVH�VWXG\��,Q�7��'��&RRN�	�&�
6��5HLFKDUGW��(GV����4XDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV�LQ�HYDOXDWLRQ
UHVHDUFK��SS����±�����%HYHUO\�+LOOV��&$��6DJH�

&DPSEHOO��'��7����������'HILQLWLRQDO�YHUVXV�PXOWLSOH�RSHUDWLRQLVP��,Q�(��6�
2YHUPDQ��(G����0HWKRGRORJ\�DQG�HSLVWHPRORJ\�IRU�VRFLDO�VFLHQFH��6HOHFWHG
SDSHUV��SS����±�����&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR�3UHVV�

&DPSEHOO��'��7���	�%RUXFK��5��)����������0DNLQJ�WKH�FDVH�IRU�UDQGRPL]HG
DVVLJQPHQWV�WR�WUHDWPHQWV�E\�FRQVLGHULQJ�WKH�DOWHUQDWLYHV��6L[�ZD\V�LQ�ZKLFK
TXDVL�H[SHULPHQWDO�HYDOXDWLRQV�LQ�FRPSHQVDWRU\�HGXFDWLRQ�WHQG�WR�XQGHUHVWLPDWH
HIIHFWV��,Q�&��$��%HQQHWW�	�$��$��/XQVGDLQH��(GV����(YDOXDWLRQ�DQG�H[SHULPHQW�
6RPH�FULWLFDO�LVVXHV�LQ�DVVHVVLQJ�VRFLDO�SURJUDPV��SS�����±������1HZ�<RUN�
1<��$FDGHPLF�3UHVV�

&DPSEHOO��'��7���	�)LVNH��'��:����������&RQYHUJHQW�DQG�GLVFULPLQDQW�YDOLGDWLRQ�E\
WKH�PXOWLWUDLW�PXOWLPHWKRG�PDWUL[��3V\FKRORJLFDO�%XOOHWLQ��������±����

&DPSEHOO��'��7���	�6WDQOH\��-��&����������([SHULPHQWDO�DQG�TXDVL�H[SHULPHQWDO
GHVLJQV�IRU�UHVHDUFK��&KLFDJR��,/��5DQG�0F1DOO\�

&DSRELDQFR��%��0���	�/HKPDQ��-��'����������,QWHJUDWLQJ�WHFKQRORJ\�WR�IRVWHU
LQTXLU\�LQ�DQ�HOHPHQWDU\�VFLHQFH�PHWKRGV�FRXUVH��$Q�DFWLRQ�UHVHDUFK�VWXG\�RI�RQH
WHDFKHU�HGXFDWRU¶V�LQLWLDWLYHV�LQ�D�37��SURMHFW�-RXUQDO�RI�&RPSXWHUV�



0DWKHPDWLFV��DQG�6FLHQFH�7HDFKLQJ���������±����
&DUDFHOOL��9��:���	�*UHHQH��-��&����������'DWD�DQDO\VLV�VWUDWHJLHV�IRU�PL[HG�PHWKRG
HYDOXDWLRQ�GHVLJQV��(GXFDWLRQDO�(YDOXDWLRQ�DQG�3ROLF\�$QDO\VLV���������±����

&DUU��(��+����������:KDW�LV�KLVWRU\"�1HZ�<RUN��1<��.QRSI�
&DUU��0���	�-HVVXS��'��/����������*HQGHU�GLIIHUHQFHV�LQ�ILUVW�JUDGH�PDWKHPDWLFV
VWUDWHJ\�XVH��6RFLDO�DQG�PHWDFRJQLWLYH�LQIOXHQFHV��-RXUQDO�RI�(GXFDWLRQDO
3V\FKRORJ\���������±����

&DUWZULJKW��'����������7KHRU\�DQG�SUDFWLFH��-RXUQDO�RI�6RFLDO�,VVXHV���������±
����

&KDPEHUOLQ��7����������7KH�PHWKRG�RI�PXOWLSOH�ZRUNLQJ�K\SRWKHVHV��6FLHQFH������
���±������2ULJLQDOO\�SXEOLVKHG�LQ������LQ�6FLHQFH��ROG�VHULHV�����������

&KDSOLQ��:��)���-RKQ��2��3���	�*ROGEHUJ��/��5����������&RQFHSWLRQV�RI�VWDWH�DQG
WUDLWV��'LPHQVLRQDO�DWWULEXWHV�ZLWK�LGHDOV�DV�SURWRW\SHV��-RXUQDO�RI�3HUVRQDOLW\
DQG�6RFLDO�3V\FKRORJ\���������±����

&KL��0��7��+����������4XDQWLI\LQJ�TXDOLWDWLYH�DQDO\VHV�RI�YHUEDO�GDWD��$�SUDFWLFDO
JXLGH��-RXUQDO�RI�WKH�/HDUQLQJ�6FLHQFHV��������±����

&KLFDJR�0DQXDO�RI�6W\OH����WK�HG������������&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR
3UHVV�

&KULVWHQVHQ��/��%���-RKQVRQ��5��%���	�7XUQHU��/��$����������5HVHDUFK�PHWKRGV�
GHVLJQ��DQG�DQDO\VLV����WK�HG����%RVWRQ��0$��$OO\Q�	�%DFRQ�

&KULVWHQVHQ��/���	�3HWWLMRKQ��/����������0RRG�DQG�FDUERK\GUDWH�FUDYLQJV��$SSHWLWH�
�������±����

&KULVW\��7��(����������7KH�PHWKRGRORJ\�RI�KLVWRULFDO�UHVHDUFK��$�EULHI�LQWURGXFWLRQ�
1XUVLQJ�5HVHDUFK���������±����

&ODQGLQLQ��'��-���(G������������+DQGERRN�RI�QDUUDWLYH�LQTXLU\��0DSSLQJ�D
PHWKRGRORJ\��7KRXVDQG�2DNV��&$��6DJH�

&ODQGLQLQ��'��-�������D���(QJDJLQJ�LQ�QDUUDWLYH�LQTXLU\��:DOQXW�&UHHN��&$��/HIW
&RDVW�3UHVV�

&ODQGLQLQ��'��-�������E���$�QDUUDWLYH�DFFRXQW�RI�7UXRQJ��,Q�&ODQGLQLQ��'��-��
6WHHYHV��3���&DLQH��9���(GV����&RPSRVLQJ�OLYHV�LQ�WUDQVLWLRQ��$�QDUUDWLYH�LQTXLU\
LQWR�WKH�OLYHV�RI�HDUO\�VFKRRO�OHDYHUV��SS�����±������/RQGRQ��(QJODQG��(PHUDOG�

&ODQGLQLQ��'��-���	�&DLQH��9����������1DUUDWLYH�LQTXLU\��,Q�$��$��7UDLQRU�	�(�
*UDXH��(GV����5HYLHZLQJ�TXDOLWDWLYH�UHVHDUFK�LQ�WKH�VRFLDO�VFLHQFHV��SS�����±
������1HZ�<RUN��1<��5RXWOHGJH�

&ODQGLQLQ��'��-���	�&RQQHOO\��)��0����������1DUUDWLYH�LQTXLU\��([SHULHQFH�DQG
VWRU\�LQ�TXDOLWDWLYH�UHVHDUFK��6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

&ODQGLQLQ��'��-���	�5RVLHN��-����������0DSSLQJ�D�ODQGVFDSH�RI�QDUUDWLYH�LQTXLU\�
%RUGHUODQG�VSDFHV�DQG�WHQVLRQV��,Q�'��-��&ODQGLQLQ��(G����+DQGERRN�RI�QDUUDWLYH
LQTXLU\��0DSSLQJ�D�PHWKRGRORJ\��SS����±�����7KRXVDQG�2DNV��&$��6DJH�

&ODQGLQLQ��'��-���6WHHYHV��3���	�&DLQH��9���(GV������������&RPSRVLQJ�OLYHV�LQ
WUDQVLWLRQ��$�QDUUDWLYH�LQTXLU\�LQWR�WKH�H[SHULHQFHV�RI�HDUO\�VFKRRO�OHDYHUV�
%LQJOH\��(QJODQG��(PHUDOG�

&ODUN��0��$���/HH��6��0���*RRGPDQ��:���	�<DFFR��6����������([DPLQLQJ�PDOH
XQGHUDFKLHYHPHQW�LQ�SXEOLF�HGXFDWLRQ��$FWLRQ�UHVHDUFK�DW�D�GLVWULFW�OHYHO��1$663



%XOOHWLQ������������±����
&RFKUDQ��:��*����������6DPSOLQJ�WHFKQLTXHV��1HZ�<RUN��1<��:LOH\�
&RKHQ��-����������0XOWLSOH�UHJUHVVLRQ�DV�D�JHQHUDO�GDWD�DQDO\WLF�V\VWHP�
3V\FKRORJLFDO�%XOOHWLQ���������±����

&RKHQ��-���	�&RKHQ��3����������$SSOLHG�PXOWLSOH�UHJUHVVLRQ�FRUUHODWLRQ�DQDO\VLV
IRU�WKH�EHKDYLRUDO�VFLHQFHV��+LOOVGDOH��1-��(UOEDXP�

&RKHQ��5��-���6ZHUGOLN��0��(���	�3KLOOLSV��6��0����������3V\FKRORJLFDO�WHVWLQJ�DQG
DVVHVVPHQW��$Q�LQWURGXFWLRQ�WR�WHVWV�DQG�PHDVXUHPHQWV���UG�HG����0RXQWDLQ
9LHZ��&$��0D\ILHOG�

&ROHV��$��3����������+RZ�WKH�PD\RU�VKRXOG�IL[�WKH�VFKRROV��&LW\�-RXUQDO��������
��±����5HWULHYHG�IURP�KWWS���ZZZ�FLW\�
MRXUQDO�RUJ�KWPO���B�BKRZBWKHBPD\RU�KWPO

&ROOLHU��-���	�&ROOLHU��0����������9LVXDO�DQWKURSRORJ\��3KRWRJUDSK\�DV�D�UHVHDUFK
PHWKRG��$OEXTXHUTXH��8QLYHUVLW\�RI�1HZ�0H[LFR�3UHVV�

&ROOLHU��0����������$SSURDFKHV�WR�DQDO\VLV�LQ�YLVXDO�DQWKURSRORJ\��,Q�7��YDQ
/HHXZHQ�	�-��&DUH\��(GV����+DQGERRN�RI�YLVXDO�DQDO\VLV��SS����±�����/RQGRQ�
(QJODQG��6DJH�

&ROOLQJZRRG��5��*����������$Q�HVVD\�RQ�PHWDSK\VLFV��2[IRUG��(QJODQG�
&ODUHQGRQ�

&ROOLQV��.��0��7���2QZXHJEX]LH��$��-���	�-LDR��4��*����������$�PL[HG�PHWKRGV
LQYHVWLJDWLRQ�RI�PL[HG�PHWKRGV�VDPSOLQJ�GHVLJQV�LQ�VRFLDO�DQG�KHDOWK�VFLHQFH
UHVHDUFK��-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK��������±����

&ROOLQV��.��0��7���2QZXHJEX]LH��$��-���	�6XWWRQ��,��/����������$�PRGHO
LQFRUSRUDWLQJ�WKH�UDWLRQDOH�DQG�SXUSRVH�IRU�FRQGXFWLQJ�PL[HG�PHWKRGV�UHVHDUFK
LQ�VSHFLDO�HGXFDWLRQ�DQG�EH\RQG��/HDUQLQJ�'LVDELOLWLHV��$�&RQWHPSRUDU\
-RXUQDO�������±����

&RQQHOO\��)��0���	�&ODQGLQLQ��'��-����������6WXG\LQJ�WHDFKHUV¶�NQRZOHGJH�RI
FODVVURRPV��&ROODERUDWLYH�UHVHDUFK��HWKLFV��DQG�WKH�QHJRWLDWLRQ�RI�QDUUDWLYH�
-RXUQDO�RI�(GXFDWLRQDO�7KRXJKW������$������±����

&RQQHOO\��)��0���	�&ODQGLQLQ��'��-����������7KH�F\FOLF�WHPSRUDO�VWUXFWXUH�RI
VFKRROLQJ��,Q�0��%HQ�3HUHW]�	�5��%URPPH��(GV����7LPH�IRU�WHDFKHUV��7LPH�LQ
VFKRRO�IURP�WKH�SUDFWLWLRQHUV¶�SHUVSHFWLYH��SS����±�����1HZ�<RUN��1<�
7HDFKHUV�&ROOHJH�3UHVV�

&RQQHOO\��)��0���	�&ODQGLQLQ��'��-����������1DUUDWLYH�LQTXLU\��,Q�-��*UHHQ��*�
&DPLOOL��	�3��(OPRUH��(GV����+DQGERRN�RI�FRPSOHPHQWDU\�PHWKRGV�LQ
HGXFDWLRQ�UHVHDUFK���UG�HG���SS�����±������0DKZDK��1-��/DZUHQFH�(UOEDXP�

&RQYHUVH��-��0���	�3UHVVHU��6����������6XUYH\�TXHVWLRQV��+DQGFUDIWLQJ�WKH
VWDQGDUGL]HG�TXHVWLRQQDLUH��1HZEXU\�3DUN��&$��6DJH�

&RRN��7��'���	�&DPSEHOO��'��7����������4XDVL�H[SHULPHQWDWLRQ��'HVLJQ�DQG
DQDO\VLV�LVVXHV�IRU�ILHOG�VHWWLQJV��&KLFDJR��,/��5DQG�0F1DOO\�

&RRN��7��'���	�6KDGLVK��:��5����������6RFLDO�H[SHULPHQWV��6RPH�GHYHORSPHQWV
RYHU�WKH�SDVW�ILIWHHQ�\HDUV��$QQXDO�5HYLHZ�RI�3V\FKRORJ\���������±����

&RRSHUULGHU��'��/���	�:KLWQH\��'����������$SSUHFLDWLYH�LQTXLU\��$�SRVLWLYH
UHYROXWLRQ�LQ�FKDQJH��6DQ�)UDQFLVFR��&$��%HUUHWW�.RHKOHU�
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&RRSHUULGHU��'��/���:KLWQH\��'���	�6WUDYRV����������$SSUHFLDWLYH�LQTXLU\
KDQGERRN���QG�HG����%UXQVZLFN��2+��&URZQ�&XVWRP�

&RVELH��-����������,QWHUUXSWHG�WLPH�VHULHV�DQDO\VLV�ZLWK�EULHI�VLQJOH�VXEMHFW�GDWD�
-RXUQDO�RI�&RQVXOWLQJ�DQG�&OLQLFDO�3V\FKRORJ\���������±����

&UHVZHOO��-��:����������5HVHDUFK�GHVLJQ��4XDOLWDWLYH�DQG�TXDQWLWDWLYH
DSSURDFKHV��7KRXVDQG�2DNV��&$��6DJH�

&UHVZHOO��-��:����������4XDOLWDWLYH�LQTXLU\�DQG�UHVHDUFK�GHVLJQ��&KRRVLQJ
DPRQJ�ILYH�WUDGLWLRQV��7KRXVDQG�2DNV��&$��6DJH�

&UHVZHOO��-��:���	�%URZQ��0��/����������+RZ�FKDLUSHUVRQV�HQKDQFH�IDFXOW\
UHVHDUFK��$�JURXQGHG�WKHRU\�VWXG\��5HYLHZ�RI�+LJKHU�(GXFDWLRQ��������±���

&UHVZHOO��-��:���	�3ODQR�&ODUN��9��/����������'HVLJQLQJ�DQG�FRQGXFWLQJ�PL[HG
PHWKRGV�UHVHDUFK���QG�HG���7KRXVDQG�2DNV��&$��6DJH�

&URFNHU��/���	�$OJLQD��-����������,QWURGXFWLRQ�WR�FODVVLFDO�DQG�PRGHUQ�WHVW�WKHRU\�
)RUW�:RUWK��7;��+ROW��5LQHKDUW��DQG�:LQVWRQ�

&URIW��6��(����������&UHDWLQJ�ORFDOHV�WKURXJK�VWRU\WHOOLQJ��$Q�HWKQRJUDSK\�RI�D
JURXS�KRPH�IRU�PHQ�ZLWK�PHQWDO�UHWDUGDWLRQ��:HVWHUQ�-RXUQDO�RI
&RPPXQLFDWLRQ���������±����

&URQEDFK��/��-����������&RHIILFLHQW�DOSKD�DQG�WKH�LQWHUQDO�VWUXFWXUH�RI�WHVWV�
3V\FKRPHWULND���������±����

&URQEDFK��/��-����������(VVHQWLDOV�RI�SV\FKRORJLFDO�WHVWLQJ���WK�HG����1HZ�<RUN�
1<��+DUSHU�	�5RZ�

&URQEDFK��/��-����������(VVHQWLDOV�RI�SV\FKRORJLFDO�WHVWLQJ��1HZ�<RUN��1<�
+DUSHU�	�5RZ�

&URQEDFK��/��-���	�0HHKO��3��(����������&RQVWUXFW�YDOLGLW\�LQ�SV\FKRORJLFDO�WHVWV�
3V\FKRORJLFDO�%XOOHWLQ���������±����

&URVV��7��/���	�6WHZDUW��5��$����������$�SKHQRPHQRORJLFDO�LQYHVWLJDWLRQ�RI�WKH
/HEHQVZHOW�RI�JLIWHG�VWXGHQWV�LQ�UXUDO�KLJK�VFKRROV��-RXUQDO�RI�6HFRQGDU\�*LIWHG
(GXFDWLRQ��������±����

'DQH��)��&����������5HVHDUFK�PHWKRGV��3DFLILF�*URYH��&$��%URRNV�&ROH�
'DYLV��-��$����������7KH�ORJLF�RI�FDXVDO�RUGHU��%HYHUO\�+LOOV��&$��6DJH�
'DYLV��-��$���	�6PLWK��7��:����������7KH�125&�*HQHUDO�6RFLDO�6XUYH\��$�XVHU¶V
JXLGH��1HZEXU\�3DUN��&$��6DJH�

'HHPHU��6��$���	�0LQNH��.��0����������$Q�LQYHVWLJDWLRQ�RI�WKH�IDFWRU�VWUXFWXUH�RI
WKH�7HDFKHU�(IILFDF\�6FDOH��-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK�������±���

'HHULQJ��3��'����������$Q�HWKQRJUDSKLF�VWXG\�RI�QRUPV�RI�LQFOXVLRQ�DQG�FRRSHUDWLRQ
LQ�D�PXOWLHWKQLF�PLGGOH�VFKRRO��8UEDQ�5HYLHZ��������±���

'HPSVH\��-��9���	�7XFNHU��6��$����������8VLQJ�SKRWR�LQWHUYLHZLQJ�DV�D�WRRO�IRU
UHVHDUFK�DQG�HYDOXDWLRQ��(GXFDWLRQDO�7HFKQRORJ\��5HVHDUFK�6HFWLRQ���������
��±���

'H/D3D]��6����������7HDFKLQJ�ZULWLQJ�WR�VWXGHQWV�ZLWK�DWWHQWLRQ�GHILFLW�GLVRUGHUV
DQG�VSHFLILF�ODQJXDJH�LPSDLUPHQW��-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK��������±���

'HQ]LQ��1��.���	�/LQFROQ��<��6���(GV������������7KH�6$*(�KDQGERRN�RI�TXDOLWDWLYH
UHVHDUFK���WK�HG����7KRXVDQG�2DNV��&$��6DJH�

'HYULHV��3����������/HDUQLQJ�KRZ�WR�EH�D�PXVLF�WHDFKHU��$Q�DXWRELRJUDSKLFDO�FDVH



VWXG\��0XVLF�(GXFDWLRQ�5HVHDUFK��������±����
'HZH\��-����������7KH�UHIOH[�DUF�FRQFHSW�LQ�SV\FKRORJ\��3V\FKRORJLFDO�5HYLHZ����
���±���

'HZH\��-����������'HPRFUDF\�DQG�HGXFDWLRQ��1HZ�<RUN��1<��0DFPLOODQ�
'HZH\��-����������+RZ�ZH�WKLQN���QG�HG����%RVWRQ��0$��'��&��+HDWK�
'HZH\��-�������D���([SHULHQFH�DQG�HGXFDWLRQ��1HZ�<RUN��1<��0DFPLOODQ�
'HZH\��-�������E���/RJLF��7KH�WKHRU\�RI�LQTXLU\��1HZ�<RUN��1<��+��+ROW�
'H\��,����������4XDOLWDWLYH�GDWD�DQDO\VLV��$�XVHU�IULHQGO\�JXLGH�IRU�VRFLDO
VFLHQWLVWV��/RQGRQ��(QJODQG��5RXWOHGJH�

'H\KOH��'��0���������-DQXDU\���&RQVWUXFWLQJ�IDLOXUH�DQG�PDLQWDLQLQJ�FXOWXUDO
LGHQWLW\��1DYDMR�DQG�8WH�VFKRRO�OHDYHUV��-RXUQDO�RI�$PHULFDQ�,QGLDQ�(GXFDWLRQ�
���������±���

'LOOPDQ��'��$����������0DLO�DQG�LQWHUQHW�VXUYH\V��7KH�WDLORUHG�GHVLJQ�PHWKRG�
+RERNHQ��1-��-RKQ�:LOH\�	�6RQV�

'ROO��5����������6LU�$XVWLQ�%UDGIRUG�+LOO�DQG�WKH�SURJUHVV�RI�PHGLFDO�VFLHQFH�
%ULWLVK�0HGLFDO�-RXUQDO�����������±�����

'RULW\��%����������7KH�&ROXPELQH�WUDJHG\��&RXQWHULQJ�WKH�K\VWHULD��7KH�+XPDQLVW�
���������

'UDSHU��5��-���$GDLU��0���%URRPKHDG��3���*UD\��6���*ULHUVRQ��6���+HQGULFNVRQ��6������
��:ULJKW��*����������6HHNLQJ�UHQHZDO��ILQGLQJ�FRPPXQLW\��3DUWLFLSDWRU\�DFWLRQ
UHVHDUFK�LQ�WHDFKHU�HGXFDWLRQ��7HDFKHU�'HYHORSPHQW����������±���

'UHZ��1����������([FOXVLRQ�DQG�FRQILUPDWLRQ��$�SKHQRPHQRORJ\�RI�SDWLHQWV¶
H[SHULHQFHV�ZLWK�FDUHJLYHUV��,0$*(��-RXUQDO�RI�1XUVLQJ�6FKRODUVKLS��������±
���

'UHZ��5��6����������(PEUDFLQJ�WKH�UROH�RI�DPDWHXU��-RXUQDO�RI�&RQWHPSRUDU\
(WKQRJUDSK\���������±����

'\NHPDQ��&���'DHKOLQ��:���'R\OH��6���	�)ODPHU��+��6����������3V\FKRORJLFDO
SUHGLFWRUV�RI�VFKRRO�EDVHG�YLROHQFH��,PSOLFDWLRQV�IRU�VFKRRO�FRXQVHORUV��7KH
6FKRRO�&RXQVHORU��������±����7KH�$PHULFDQ�+HULWDJH�'LFWLRQDU\�RI�WKH
(QJOLVK�/DQJXDJH���WK�HG������������%RVWRQ��0$��+RXJKWRQ�0LIIOLQ�+DUFRXUW�
5HWULHYHG�IURP�KWWS���ZZZ�\RXUGLFWLRQDU\�FRP

(GXFDWLRQDO�7HVWLQJ�6HUYLFH����������*5(�*XLGH�WR�WKH�8VH�RI�6FRUHV������±�����
3ULQFHWRQ��1-��(GXFDWLRQDO�7HVWLQJ�6HUYLFH�

(OOLFNVRQ��3��/����������/LPLWLQJ�QRQUHVSRQVH�LQ�ORQJLWXGLQDO�UHVHDUFK��7KUHH
VWUDWHJLHV�IRU�VFKRRO�EDVHG�VWXGLHV��5DQG�1RWH�1������&+)���6DQWD�0RQLFD�
&$��5$1'�

(OOLFNVRQ��3��/���	�+DZHV��-��$����������$Q�DVVHVVPHQW�RI�DFWLYH�YHUVXV�SDVVLYH
PHWKRGV�IRU�REWDLQLQJ�SDUHQWDO�FRQVHQW��(YDOXDWLRQ�5HYLHZ��������±���

(SVWHLQ��.��&���	�6ORDW��%�������D��'HFHPEHU������,Q�WKH�QDPH�RI�KHDOLQJ�
8QZLWWLQJ�WHVW�VXEMHFWV�LQ�FOLQLFDO�WULDOV�RIWHQ�NHSW�LQ�WKH�GDUN���&OHYHODQG��2+�
3ODLQ�'HDOHU��5HWULHYHG�IURP�KWWS���ZZZ�NHSVWHLQ�FRP������������LQ�WKH�
QDPH�RI�KHDOLQJ�

(SVWHLQ��.��&���	�6ORDW��%�������E��'HFHPEHU������2YHUVHHUV�RSHUDWH�LQ�WKH�GDUN�
(WKLFV�SDQHOV�RQO\�PDQDJH�FXUVRU\�UHYLHZV�RI�UHVHDUFK���&OHYHODQG��2+��3ODLQ
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'HDOHU��5HWULHYHG�IURP�KWWS���ZZZ�NHSVWHLQ�FRP������������RYHUVHHUV�
RSHUDWH�LQ�WKH�GDUN�

(SVWHLQ��.��&���	�6ORDW��%�������F��'HFHPEHU������5HVHDUFK�VWDQGDUGV�RYHUVHDV
YDU\�JUHDWO\��(XURSHDQV�ZRUU\�DERXW�IUDXG��VORSS\�GUXJ�H[SHULPHQWV�
�&OHYHODQG��2+��3ODLQ�'HDOHU��5HWULHYHG�IURP
KWWS���ZZZ�NHSVWHLQ�FRP������������UHVHDUFK�VWDQGDUGV�RYHUVHDV�YDU\�JUHDWO\�

(SVWHLQ��.��&���	�6ORDW��%�������G��'HFHPEHU������³8VHG�RXU�NLGV�DV�JXLQHD�SLJV´��
8�6��FRQGXFWV��SD\V�IRU�H[SHULPHQWV�RQ�XQVXVSHFWLQJ�$PHULFDQV���&OHYHODQG�
2+��3ODLQ�'HDOHU��5HWULHYHG�IURP
KWWS���ZZZ�NHSVWHLQ�FRP�������������(������&WKH\�XVHG�RXU�NLGV�DV�
JXLQHD�SLJV�

)DUUHOO��(���3HJXHUR��*���/LQGVH\��5���	�:KLWH��5����������*LYLQJ�YRLFH�WR�KLJK
VFKRRO�VWXGHQWV��3UHVVXUH�DQG�ERUHGRP��\D�NQRZ�ZKDW�,¶P�VD\LQ¶"�$PHULFDQ
(GXFDWLRQ�5HVHDUFK�-RXUQDO���������±����

)HLVW��-����������7KHRULHV�RI�SHUVRQDOLW\��)RUW�:RUWK��7;��+ROW��5LQHKDUW��DQG
:LQVWRQ�

)HWWHUPDQ��'��0����������(WKQRJUDSK\��,Q�/��%LFNPDQ�	�'��-��5RJ��(GV���
+DQGERRN�RI�DSSOLHG�VRFLDO�UHVHDUFK�PHWKRGV���QG�HG���SS�����±�����
7KRXVDQG�2DNV��&$��6DJH�

)LQNHO��6��(����������&DXVDO�DQDO\VLV�ZLWK�SDQHO�GDWD��7KRXVDQG�2DNV��&$��6DJH�
)LVKHU��-��&����������$�IUDPHZRUN�IRU�GHVFULELQJ�GHYHORSPHQWDO�FKDQJH�DPRQJ
ROGHU�DGXOWV��$GXOW�(GXFDWLRQ�4XDUWHUO\�����������±���

)O\QQ��-��5����������0DVVLYH�,4�JDLQV�LQ����QDWLRQV��:KDW�,4�WHVWV�UHDOO\�PHDVXUH�
3V\FKRORJLFDO�%XOOHWLQ����������±����

)RONPDQ��6����������3ULYDF\�DQG�FRQILGHQWLDOLW\��,Q�%��'��6DOHV�	�6��)RONPDQ
�(GV����(WKLFV�LQ�UHVHDUFK�ZLWK�KXPDQ�SDUWLFLSDQWV��SS����±�����:DVKLQJWRQ�
'&��$PHULFDQ�3V\FKRORJLFDO�$VVRFLDWLRQ�

)RUEHV�)DPLO\���������6HSWHPEHU�����7KH�)RUEHV�IDPLO\��DQG�³)RUEHV´��FRQWLQXHV
WR�ULGH�+DUOH\V��0LQ�0HGLD�1HZVOHWWHU��5HWULHYHG�IURP�/H[LV�1H[LV�

)RUG��'��1���9R\HU��-��-���	�:LONLQVRQ��-��0��*����������%XLOGLQJ�OHDUQLQJ
RUJDQL]DWLRQV�LQ�HQJLQHHULQJ�FXOWXUHV��&DVH�VWXG\��-RXUQDO�RI�0DQDJHPHQW�LQ
(QJLQHHULQJ�����������±���

)RUQHVV��6��5���	�.DYDOH��.��$����������7UHDWLQJ�VRFLDO�VNLOO�GHILFLWV�LQ�FKLOGUHQ
ZLWK�OHDUQLQJ�GLVDELOLWLHV��$�PHWD�DQDO\VLV�RI�WKH�UHVHDUFK��/HDUQLQJ�'LVDELOLW\
4XDUWHUO\�������±��

)UDQNIRUW�1DFKPLDV��&���	�1DFKPLDV��'����������5HVHDUFK�PHWKRGV�LQ�WKH�VRFLDO
VFLHQFHV���WK�HG����1HZ�<RUN��1<��6W��0DUWLQ¶V�3UHVV�

)UHLUH��3����������3HGDJRJ\�RI�WKH�RSSUHVVHG��0��%HUJPDQ�5DPRV��7UDQV����1HZ
<RUN��1<��6HDEXU\�3UHVV���2ULJLQDOO\�SXEOLVKHG�LQ�3RUWXJXHVH�DV�3HGDJRJLD�GR
RSULPLGR�LQ�������

)ULW]H��5��+���&RXWWV��%��(���	�9\KQDQHN��/��$����������5HIHUHQFH�VRXUFHV�LQ
KLVWRU\��$Q�LQWURGXFWRU\�JXLGH��6DQWD�%DUEDUD��&$��$%&�&/,2�

)URQWPDQ��.��&���	�.XQNHO��0��$����������$�JURXQGHG�WKHRU\�RI�FRXQVHORUV¶
FRQVWUXDO�RI�VXFFHVV�LQ�WKH�LQLWLDO�VHVVLRQ��-RXUQDO�RI�&RXQVHOLQJ�3V\FKRORJ\�

http://www.kepstein.com/2008/08/05/overseers-operate-in-the-dark/
http://www.kepstein.com/2008/08/05/research-standards-overseas-vary-greatly/
http://www.kepstein.com/2009/07/30/%E2%80%9Cthey-used-our-kids-as-guinea-pigs/


�������±����
)XHUWHV��-��1���6HGODFHN��:��(���	�/LX��:��0����������8VLQJ�WKH�6$7�DQG
QRQFRJQLWLYH�YDULDEOHV�WR�SUHGLFW�WKH�JUDGHV�DQG�UHWHQWLRQ�RI�$VLDQ�$PHULFDQ
XQLYHUVLW\�VWXGHQWV��0HDVXUHPHQW�DQG�(YDOXDWLRQ�LQ�&RXQVHOLQJ�DQG
'HYHORSPHQW��������±���

)XOW]��0����������$IULFDQ�$PHULFDQ�WHDFKHUV�LQ�WKH�6RXWK������±�����
3RZHUOHVVQHVV�DQG�WKH�LURQLHV�RI�H[SHFWDWLRQ�DQG�SURWHVW��+LVWRU\�RI�(GXFDWLRQ
4XDUWHUO\���������±����

*DJH��-��7����������7KH�VKDSH�RI�UHDVRQ��$UJXPHQWDWLYH�ZULWLQJ�LQ�FROOHJH���WK
HG����1HZ�<RUN��1<��3HDUVRQ�/RQJPDQ�

*DLO��0��+����������6WDWLVWLFV�LQ�DFWLRQ��-RXUQDO�RI�WKH�$PHULFDQ�6WDWLVWLFDO
$VVRFLDWLRQ������������±���

*DOOR��0��$���	�+RUWRQ��3��%����������$VVHVVLQJ�WKH�HIIHFW�RQ�KLJK�VFKRRO�WHDFKHUV
RI�GLUHFW�DQG�XQUHVWULFWHG�DFFHVV�WR�WKH�,QWHUQHW��$�FDVH�VWXG\�RI�DQ�(DVW�&HQWUDO
)ORULGD�+LJK�6FKRRO��(GXFDWLRQDO�7HFKQRORJ\�5HVHDUFK�DQG�'HYHORSPHQW�
���������±���

*LOEHUW��/��0���:LOOLDPV��5��/���	�0F/DXJKOLQ��7��)����������8VH�RI�DVVLVWHG
UHDGLQJ�WR�LQFUHDVH�FRUUHFW�UHDGLQJ�UDWHV�DQG�GHFUHDVH�HUURU�UDWHV�RI�VWXGHQWV
ZLWK�OHDUQLQJ�GLVDELOLWLHV��-RXUQDO�RI�$SSOLHG�%HKDYLRU�$QDO\VLV���������±����

*ODGXH��%��$���	�'HODQH\��+��-����������*HQGHU�GLIIHUHQFHV�LQ�SHUFHSWLRQ�RI
DWWUDFWLYHQHVV�RI�PHQ�DQG�ZRPHQ�LQ�EDUV��3HUVRQDOLW\�DQG�6RFLDO�3V\FKRORJ\
%XOOHWLQ���������±�����GRL��������������������������

*ODVHU��%��*����������7KHRUHWLFDO�VHQVLWLYLW\��0LOO�9DOOH\��&$��6RFLRORJ\�3UHVV�
*ODVHU��%��*���	�6WUDXVV��$��/����������7KH�GLVFRYHU\�RI�JURXQGHG�WKHRU\�
6WUDWHJLHV�IRU�TXDOLWDWLYH�UHVHDUFK��1HZ�<RUN��1<��$OGLQH�'H�*UX\WHU�

*ODVV��*��9����������3ULPDU\��VHFRQGDU\��DQG�PHWD�DQDO\VLV�RI�UHVHDUFK�
(GXFDWLRQDO�5HVHDUFK������±��

*ODVV��*��9���	�+RSNLQV��.��'����������6WDWLVWLFDO�PHWKRGV�LQ�HGXFDWLRQ�DQG
SV\FKRORJ\���UG�HG����%RVWRQ��0$��$OO\Q�	�%DFRQ�

*ODVV��*��9���:LOOVRQ��9��/���	�*RWWPDQ��-��0����������'HVLJQ�DQG�DQDO\VLV�RI�WLPH
VHULHV��%RXOGHU��&2��/DERUDWRU\�RI�(GXFDWLRQDO�5HVHDUFK�3UHVV�

*OD]HUPDQ��6���/HY\��'���	�0\HUV��'����������1RQH[SHULPHQWDO�UHSOLFDWLRQV�RI
VRFLDO�H[SHULPHQWV��$�V\VWHPDWLF�UHYLHZ��3ULQFHWRQ��1-��0DWKHPDWLFD�3ROLF\
5HVHDUFK�

*RIIPDQ��(����������7KH�SUHVHQWDWLRQ�RI�VHOI�LQ�HYHU\GD\�OLIH��*DUGHQ�&LW\��1<�
$QFKRU�%RRNV�

*ROG��5����������5ROHV�LQ�VRFLRORJLFDO�ILHOG�REVHUYDWLRQV��6RFLDO�)RUFHV���������±
����

*ROGHQEHUJ��&����������7KH�OLPLWV�RI�H[SHFWDWLRQV��$�FDVH�IRU�FDVH�NQRZOHGJH
DERXW�WHDFKHU�H[SHFWDQF\�HIIHFWV��$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�-RXUQDO�����
���±����

*UDKDP��6���	�*RODQ��6����������0RWLYDWLRQDO�LQIOXHQFHV�RQ�FRJQLWLRQ��7DVN
LQYROYHPHQW��HJR�LQYROYHPHQW��DQG�GHSWK�RI�SURFHVVLQJ��-RXUQDO�RI�(GXFDWLRQDO
3V\FKRORJ\���������±����



*UDQW��'��)����������7KH�MRXUQH\�WKURXJK�FROOHJH�RI�VHYHQ�JLIWHG�IHPDOHV��,QIOXHQFHV
RQ�WKHLU�FDUHHU�UHODWHG�GHFLVLRQV��5RHSHU�5HYLHZ���������±����

*UHHQ��$��-����������([SHULHQWLDO�OHDUQLQJ�DQG�WHDFKLQJ��$�FULWLFDO�HYDOXDWLRQ�RI�DQ
HQTXLU\�ZKLFK�XVHG�SKHQRPHQRORJLFDO�PHWKRG��1XUVH�(GXFDWLRQ�7RGD\�����
���±����

*UHHQH��-��&����������0L[HG�PHWKRGV�LQ�VRFLDO�LQTXLU\��6DQ�)UDQFLVFR��&$�
-RVVH\�%DVV�

*UHHQH��-��&���&DUDFHOOL��9��-���	�*UDKDP��:��)����������7RZDUG�D�FRQFHSWXDO
IUDPHZRUN�IRU�PL[HG�PHWKRG�HYDOXDWLRQ�GHVLJQV��(GXFDWLRQDO�(YDOXDWLRQ�DQG
3ROLF\�$QDO\VLV���������±����

*XED��(��*����������7KH�SDUDGLJP�GLDORJ��1HZEXU\�3DUN��&$��6DJH�
*XED��(��*���	�/LQFROQ��<��6����������(IIHFWLYH�HYDOXDWLRQ��6DQ�)UDQFLVFR��&$�
-RVVH\�%DVV�

*XED��(��*���	�/LQFROQ��<��6����������)RXUWK�JHQHUDWLRQ�HYDOXDWLRQ��1HZEXU\
3DUN��&$��6DJH�

*XED��(��*���	�/LQFROQ��<��6����������(IIHFWLYH�HYDOXDWLRQ��,PSURYLQJ�WKH
XVHIXOQHVV�RI�HYDOXDWLRQ�UHVXOWV�WKURXJK�UHVSRQVLYH�DQG�QDWXUDOLVWLF
DSSURDFKHV��3DSHUEDFN�HG����6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

*XLOIRUG��-��3����������3V\FKRPHWULF�PHWKRGV��1HZ�<RUN��1<��0F*UDZ�+LOO�
*XLOIRUG��-��3����������3HUVRQDOLW\��1HZ�<RUN��1<��0F*UDZ�+LOO�
*XQVDOXV��&��.����������,QVWLWXWLRQDO�VWUXFWXUH�WR�HQVXUH�UHVHDUFK�LQWHJULW\�
$FDGHPLF�0HGLFLQH������6HSW��6XSSO�������±����

*XQWHU��3��/���6KRUHV��5��(���-DFN��6��/���'HQQ\��5��.���	�'H3DHSH��3��$����������$
FDVH�VWXG\�RI�WKH�HIIHFWV�RI�DOWHULQJ�LQVWUXFWLRQDO�LQWHUDFWLRQV�RQ�WKH�GLVUXSWLYH
EHKDYLRU�RI�D�FKLOG�LGHQWLILHG�ZLWK�VHYHUH�EHKDYLRU�GLVRUGHUV��(GXFDWLRQ�DQG
7UHDWPHQW�RI�&KLOGUHQ���������±����

+DOO��(����������7KH�KLGGHQ�GLPHQVLRQ��*DUGHQ�&LW\��1<��$QFKRU�%RRNV�
+DUFKDU��5��/���	�+\OH��$��(����������&ROODERUDWLYH�SRZHU��$�JURXQGHG�WKHRU\�RI
DGPLQLVWUDWLYH�LQVWUXFWLRQDO�OHDGHUVKLS�LQ�WKH�HOHPHQWDU\�VFKRRO��-RXUQDO�RI
(GXFDWLRQDO�$GPLQLVWUDWLRQ�����������±���

+DUQHWW��'��/����������6WDWLVWLFDO�PHWKRGV���UG�HG����5HDGLQJ��0$��$GGLVRQ
:HVOH\�

+DUSHU��'����������7DONLQJ�DERXW�SLFWXUHV��$�FDVH�IRU�SKRWR�HOLFLWDWLRQ��9LVXDO
6WXGLHV�����������±���

+DUU\��%����������$Q�HWKQRJUDSKLF�VWXG\�RI�FURVV�FXOWXUDO�FRPPXQLFDWLRQ�ZLWK
3XHUWR�5LFDQ±$PHULFDQ�IDPLOLHV�LQ�WKH�VSHFLDO�HGXFDWLRQ�V\VWHP��$PHULFDQ
(GXFDWLRQDO�5HVHDUFK�-RXUQDO���������±����

+D\V��:��/����������6WDWLVWLFV��1HZ�<RUN��1<��+ROW��5LQHKDUW��DQG�:LQVWRQ�
+HLQVPDQ��'��7���	�6KDGLVK��:��5����������$VVLJQPHQW�PHWKRGV�LQ�H[SHULPHQWDWLRQ�
:KHQ�GR�QRQUDQGRPL]HG�H[SHULPHQWV�DSSUR[LPDWH�DQVZHUV�IURP�UDQGRPL]HG
H[SHULPHQWV��3V\FKRORJLFDO�0HWKRGV��������±����

+HUVHQ��0���	�%DUORZ��'��+����������6LQJOH�FDVH�H[SHULPHQWDO�GHVLJQV�
6WUDWHJLHV�IRU�VWXG\LQJ�EHKDYLRUDO�FKDQJH��1HZ�<RUN��1<��3HUJDPRQ�

+HUVHQ��0���	�%HOODFN��$��6����������'LFWLRQDU\�RI�EHKDYLRUDO�DVVHVVPHQW



WHFKQLTXHV��&OLQWRQ�&RUQHUV��1<��3HUFKHURQ�3UHVV�
+HVVH�%LEHU��6��1����������0L[HG�PHWKRGV�UHVHDUFK��0HUJLQJ�WKHRU\�ZLWK
SUDFWLFH��1HZ�<RUN��1<��*XLOIRUG�3UHVV�

+LOGHEUDQG��'����������-RKQ�'HZH\��$�EHJLQQHU¶V�JXLGH��2[IRUG��(QJODQG�
2QHZRUOG�3UHVV�

+LOJDUWQHU��6����������5HVHDUFK�IUDXG��PLVFRQGXFW��DQG�WKH�,5%��,5%��$�5HYLHZ�RI
+XPDQ�6XEMHFWV�5HVHDUFK�������±��

+LPDGL��%���2VWHHQ��3���.DLVHU��$��-���	�'DQLHO��.����������$VVHVVPHQW�RI
GHOXVLRQDO�EHOLHIV�GXULQJ�WKH�PRGLILFDWLRQ�RI�GHOXVLRQDO�YHUEDOL]DWLRQV�
%HKDYLRUDO�5HVLGHQWLDO�7UHDWPHQW��������±����

+ROGHQ��&����������1,0+�ILQGV�D�FDVH�RI�³VHULRXV�PLVFRQGXFW�´�6FLHQFH������
����±�����

+ROODQG��'��&���	�(LVHQKDUW��0��$����������(GXFDWHG�LQ�URPDQFH��:RPHQ�
DFKLHYHPHQW��DQG�FROOHJH�FXOWXUH��&KLFDJR��,/��8QLYHUVLW\�RI�&KLFDJR�3UHVV�

+ROPHV��'��6�������D���'HEULHILQJ�DIWHU�SV\FKRORJLFDO�H[SHULPHQWV��,�
(IIHFWLYHQHVV�RI�SRVWH[SHULPHQWDO�GHVHQVLWL]LQJ��$PHULFDQ�3V\FKRORJLVW�����
���±����

+ROPHV��'��6�������E���'HEULHILQJ�DIWHU�SV\FKRORJLFDO�H[SHULPHQWV��,,�
(IIHFWLYHQHVV�RI�SRVWGHFHSWLRQ�GHKRD[LQJ��$PHULFDQ�3V\FKRORJLVW���������±����

+RO\�+RUDWLR���������-XQH������7LPH����������
+RZDUG��-���������1RYHPEHU������2UDO�KLVWRU\�XQGHU�UHYLHZ��&KURQLFOH�RI�+LJKHU
(GXFDWLRQ��SS��$��±$���

+RZH��.��5���	�'RXJKHUW\��.��&����������(WKLFV��LQVWLWXWLRQDO�UHYLHZ�ERDUGV��DQG
WKH�FKDQJLQJ�IDFH�RI�HGXFDWLRQDO�UHVHDUFK��(GXFDWLRQDO�5HVHDUFKHU��������±���

+RZHOO��'��&����������6WDWLVWLFDO�PHWKRGV�IRU�SV\FKRORJ\���WK�HG����%HOPRQW��&$�
:DGVZRUWK�

+XEHU��*��3���	�9DQ�GH�9HQ��$��+����������/RQJLWXGLQDO�ILHOG�UHVHDUFK�PHWKRGV�
6WXG\LQJ�SURFHVVHV�RI�RUJDQL]DWLRQDO�FKDQJH��7KRXVDQG�2DNV��&$��6DJH�

+XEHU��-���	�&ODQGLQLQ��'��-����������(WKLFDO�GLOHPPDV�LQ�UHODWLRQDO�QDUUDWLYH
LQTXLU\�ZLWK�FKLOGUHQ��4XDOLWDWLYH�,QTXLU\��������±����

+XEHU��-���0XUSK\��0��6���	�&ODQGLQLQ��'��-����������3ODFHV�RI�FXUULFXOXP�PDNLQJ�
1DUUDWLYH�LQTXLULHV�LQWR�FKLOGUHQ¶V�OLYHV�LQ�PRWLRQ��/RQGRQ��(QJODQG��(PHUDOG�

+XEHU��0���&ODQGLQLQ��'��-���	�+XEHU��-����������5HODWLRQDO�UHVSRQVLELOLWLHV�RI
QDUUDWLYH�LQTXLUHUV��&XUULFXOXP�DQG�7HDFKLQJ�'LDORJXH�������������±����

+XEHUPDQ��$��0���	�0LOHV��0��%����������'DWD�PDQDJHPHQW�DQG�DQDO\VLV�PHWKRGV�
,Q�1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV����+DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK��SS�
����������1HZEXU\�3DUN��&$��6DJH�

+XFN��6��:����������5HDGLQJ�VWDWLVWLFV�DQG�UHVHDUFK���WK�HG����%RVWRQ��0$�
3HDUVRQ�

+XOW��&��$����������5HVHDUFKLQJ�DQG�ZULWLQJ�LQ�WKH�VRFLDO�VFLHQFHV��%RVWRQ��0$�
$OO\Q�	�%DFRQ�

+XPSKUH\V��3����������7KH�FKDQFHV�RI�H[SODQDWLRQ��&DXVDO�H[SODQDWLRQ�LQ�WKH
VRFLDO��PHGLFDO��DQG�SK\VLFDO�VFLHQFHV��3ULQFHWRQ��1-��3ULQFHWRQ�8QLYHUVLW\
3UHVV�



,VDDF��6���	�0LFKDHO��:��%����������+DQGERRN�LQ�UHVHDUFK�DQG�HYDOXDWLRQ��)RU
HGXFDWLRQ�DQG�WKH�EHKDYLRUDO�VFLHQFHV��6DQ�'LHJR��&$��(GXFDWLRQDO�DQG
,QGXVWULDO�7HVWLQJ�6HUYLFHV�

-DFRE��%��$����������*HWWLQJ�WRXJK"�7KH�LPSDFW�RI�KLJK�VFKRRO�JUDGXDWLRQ�H[DPV�
(GXFDWLRQDO�(YDOXDWLRQ�DQG�3ROLF\�$QDO\VLV�����������±����

-DHJHU��5��0����������6DPSOLQJ�LQ�HGXFDWLRQ�DQG�WKH�VRFLDO�VFLHQFHV��1HZ�<RUN�
1<��/RQJPDQ�

-DPHV��:����������3UDJPDWLVP��D�QHZ�QDPH�IRU�VRPH�ROG�ZD\V�RI�WKLQNLQJ�
3RSXODU�OHFWXUHV�RQ�SKLORVRSK\��1HZ�<RUN��1<��/RQJPDQV��*UHHQ���2ULJLQDOO\
SXEOLVKHG�LQ������

-HQNLQV��-��-���5XVVHOO��:��$���	�6XFL��*��-����������$Q�DWODV�RI�VHPDQWLF�SURILOHV�IRU
����ZRUGV��$PHULFDQ�-RXUQDO�RI�3V\FKRORJ\���������±����

-LPHUVRQ��6���&DUOVRQ��(���5RWHUW��0���(JHODQG��%���	�6URXIH��/��$����������$
SURVSHFWLYH��ORQJLWXGLQDO�VWXG\�RI�WKH�FRUUHODWHV�DQG�FRQVHTXHQFHV�RI�HDUO\�JUDGH
UHWHQWLRQ��-RXUQDO�RI�6FKRRO�3V\FKRORJ\�������±���

-RKQ��2��3���	�%HQHW�0DUWLQH]��9����������0HDVXUHPHQW��5HOLDELOLW\��FRQVWUXFW
YDOLGDWLRQ��DQG�VFDOH�FRQVWUXFWLRQ��,Q�+��7��5HLV�	�&��0��-XGG��(GV����+DQGERRN
RI�UHVHDUFK�PHWKRGV�LQ�VRFLDO�DQG�SHUVRQDOLW\�SV\FKRORJ\��SS�����±�����
&DPEULGJH��(QJODQG��&DPEULGJH�8QLYHUVLW\�3UHVV�

-RKQVRQ��$��3����������$�VKRUW�JXLGH�WR�DFWLRQ�UHVHDUFK��%RVWRQ��0$��3HDUVRQ�
-RKQVRQ��5��%����������4XDOLWDWLYH�UHVHDUFK�LQ�HGXFDWLRQ��65$7(�-RXUQDO������±��
-RKQVRQ��5��%����������(VWLPDWLQJ�DQ�HYDOXDWLRQ�XWLOL]DWLRQ�PRGHO�XVLQJ�FRQMRLQW
PHDVXUHPHQW�DQG�DQDO\VLV��(YDOXDWLRQ�5HYLHZ������������±����

-RKQVRQ��5��%����������7RZDUG�D�QHZ�FODVVLILFDWLRQ�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH
UHVHDUFK��(GXFDWLRQDO�5HVHDUFKHU����������±���

-RKQVRQ��5��%����������.QRZOHGJH��,Q�7KH�6$*(�HQF\FORSHGLD�RI�TXDOLWDWLYH
UHVHDUFK�PHWKRGV��7KRXVDQG�2DNV��&$��6DJH�

-RKQVRQ��5��%����������7RZDUG�D�PRUH�LQFOXVLYH�³VFLHQWLILF�UHVHDUFK�LQ�HGXFDWLRQ�´
(GXFDWLRQDO�5HVHDUFKHU���������±����

-RKQVRQ��5��%����������*XHVW�HGLWRU¶V�HGLWRULDO��'LDOHFWLFDO�SOXUDOLVP�DQG�PL[HG
UHVHDUFK��$PHULFDQ�%HKDYLRUDO�6FLHQWLVW���������±����

-RKQVRQ��5��%���LQ�SUHVV���2YHUYLHZ�RI�GLDOHFWLFDO�SOXUDOLVP��$�SURFHVV�SKLORVRSK\
IRU�XQGHUVWDQGLQJ��YDOXLQJ��DQG�³G\QDPLFDOO\�FRPELQLQJ´�RXU�GLIIHUHQFHV�
,QWHUQDWLRQDO�5HYLHZ�RI�4XDOLWDWLYH�5HVHDUFK�

-RKQVRQ��5��%���	�*UD\��5����������$�KLVWRU\�RI�SKLORVRSKLFDO�DQG�WKHRUHWLFDO�LVVXHV
IRU�PL[HG�PHWKRGV�UHVHDUFK��,Q�$��7DVKDNNRUL�	�&��7HGGOLH��(GV����6$*(
KDQGERRN�RI�PL[HG�PHWKRGV�LQ�VRFLDO�	�EHKDYLRUDO�UHVHDUFK���QG�HG���SS����±
�����7KRXVDQG�2DNV��&$��6DJH�

-RKQVRQ��5��%���	�2QZXHJEX]LH��$��-����������0L[HG�PHWKRGV�UHVHDUFK��$�UHVHDUFK
SDUDGLJP�ZKRVH�WLPH�KDV�FRPH��(GXFDWLRQDO�5HVHDUFKHU��������±���

-RKQVRQ��5��%���2QZXHJEX]LH��$��-���7XFNHU��6���	�,FHQRJOH��0��/���������
&RQGXFWLQJ�PL[HG�PHWKRGV�UHVHDUFK�XVLQJ�GLDOHFWLFDO�SOXUDOLVP�DQG�VRFLDO
SV\FKRORJLFDO�VWUDWHJLHV��,Q�3��/HDY\��(G����7KH�2[IRUG�KDQGERRN�RI�TXDOLWDWLYH
UHVHDUFK��1HZ�<RUN��1<��2[IRUG�



-RKQVRQ��5��%���2QZXHJEX]LH��$��-���	�7XUQHU��/��$����������7RZDUG�D�GHILQLWLRQ�RI
PL[HG�PHWKRGV�UHVHDUFK��-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK���������±���

-RKQVRQ��5��%���	�6WHIXUDN��7����������&RQVLGHULQJ�WKH�HYLGHQFH�DQG�FUHGLELOLW\
GLVFXVVLRQ�LQ�HYDOXDWLRQ�WKURXJK�WKH�OHQV�RI�GLDOHFWLFDO�SOXUDOLVP��1HZ
'LUHFWLRQV�IRU�(YDOXDWLRQ���������������±���

-RKQVRQ��5��%���	�7XUQHU��/��$����������'DWD�FROOHFWLRQ�VWUDWHJLHV�LQ�PL[HG�PHWKRGV
UHVHDUFK��,Q�$��7DVKDNNRUL�	�&��7HGGOLH��(GV����+DQGERRN�RI�PL[HG�PHWKRGV�LQ
VRFLDO�DQG�EHKDYLRUDO�UHVHDUFK��SS�����±������7KRXVDQG�2DNV��&$��6DJH�

-RQDVVHQ��'��+���	�*UDERZVNL��%��/����������+DQGERRN�RI�LQGLYLGXDO�GLIIHUHQFHV�
OHDUQLQJ��DQG�LQVWUXFWLRQ��+LOOVGDOH��1-��(UOEDXP�

-RQHV��-��+����������%DG�EORRG��7KH�7XVNHJHH�V\SKLOLV�H[SHULPHQW��1HZ�<RUN��1<�
)UHH�3UHVV�

.DHVWOH��&��)����������6WDQGDUGV�RI�HYLGHQFH�LQ�KLVWRULFDO�UHVHDUFK��+LVWRU\�RI
(GXFDWLRQ�4XDUWHUO\���������±����

.DHVWOH��&��)����������5HFHQW�PHWKRGRORJLFDO�GHYHORSPHQWV�LQ�WKH�KLVWRU\�RI
$PHULFDQ�HGXFDWLRQ��,Q�5��0��-DHJHU��(G����&RPSOHPHQWDU\�PHWKRGV�IRU
UHVHDUFK�LQ�HGXFDWLRQ��SS�����±������:DVKLQJWRQ��'&��$PHULFDQ�(GXFDWLRQDO
5HVHDUFK�$VVRFLDWLRQ�

.DHVWOH��&��)���&DPSEHOO��$���)LQQ��-��'���-RKQVRQ��6��7���	�0LNXOHFN\��/��-���������
$GXOW�OLWHUDF\�DQG�HGXFDWLRQ�LQ�$PHULFD��)RXU�VWXGLHV�EDVHG�RQ�WKH�1DWLRQDO
$GXOW�/LWHUDF\�6XUYH\��1&(6������������:DVKLQJWRQ��'&��8�6��'HSDUWPHQW�RI
(GXFDWLRQ��2IILFH�RI�(GXFDWLRQDO�5HVHDUFK�DQG�,PSURYHPHQW��1DWLRQDO�&HQWHU
IRU�(GXFDWLRQ�6WDWLVWLFV�

.DOWRQ��*����������,QWURGXFWLRQ�WR�VXUYH\�VDPSOLQJ��1HZEXU\�3DUN��&$��6DJH�

.DUDEHQLFN��6��$���	�6KDUPD��5����������3HUFHLYHG�WHDFKHU�VXSSRUW�RI�VWXGHQW
TXHVWLRQLQJ�LQ�WKH�FROOHJH�FODVVURRP��,WV�UHODWLRQ�WR�VWXGHQW�FKDUDFWHULVWLFV�DQG
UROH�LQ�WKH�FODVVURRP�TXHVWLRQLQJ�SURFHVV��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�
������±����

.DWR��+���	�2NXER��7����������3UREOHP�EHKDYLRU�DQG�FODVVURRP�DWPRVSKHUH��$
FRPSDULVRQ�RI�FODVVHV�ZLWK�KLJK�DQG�ORZ�OHYHOV�RI�SUREOHP�EHKDYLRU��-DSDQHVH
-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\��������±���

.HHG\��-��/���)OHPLQJ��7��*���*HQWU\��5��%���	�:KHDW��'��/����������6WXGHQWV�DV
PHDQLQJ�PDNHUV�DQG�WKH�TXHVW�IRU�WKH�FRPPRQ�VFKRRO��$�PLFUR�HWKQRJUDSK\�RI�D
86�KLVWRU\�FODVVURRP��-RXUQDO�RI�&XUULFXOXP�6WXGLHV���������±����

.HQQ\��'��$���.DVK\��'��$���	�%ROJHU��1����������'DWD�DQDO\VLV�LQ�VRFLDO
SV\FKRORJ\��,Q�'��*LOEHUW��6��)LVNH��	�*��/LQG]H\��(GV����7KH�KDQGERRN�RI
VRFLDO�SV\FKRORJ\��9RO������WK�HG���SS�����±������%RVWRQ��0$��0F*UDZ�+LOO�

.HUOLQJHU��)��1����������)RXQGDWLRQV�RI�EHKDYLRUDO�UHVHDUFK��)RUW�:RUWK��7;�
+DUFRXUW�%UDFH�-RYDQRYLFK�

.H\VHU��'��-���	�6ZHHWODQG��5��&�������±�������7HVW�FULWLTXHV��9ROV���±����
$XVWLQ��7;��3UR�(G�

.LHFROW��.��-���	�1DWKDQ��/��(����������6HFRQGDU\�DQDO\VLV�RI�VXUYH\�GDWD�
1HZEXU\�3DUN��&$��6DJH�

.LVK��/����������6XUYH\�VDPSOLQJ��1HZ�<RUN��1<��:LOH\�



.QDSS��7��5����������&DQRQLFDO�FRUUHODWLRQ�DQDO\VLV��$�JHQHUDO�SDUDPHWULF
VLJQLILFDQFH�WHVWLQJ�V\VWHP��3V\FKRORJLFDO�%XOOHWLQ���������±����

.QLJKW��-��$����������([SORULQJ�WKH�FRPSURPLVH�RI�HWKLFDO�SULQFLSOHV�LQ�VFLHQFH�
3HUVSHFWLYHV�LQ�%LRORJ\�DQG�0HGLFLQH���������±����

.QRNH��'���	�%RKUQVWHGW��*��:����������6WDWLVWLFV�IRU�VRFLDO�GDWD�DQDO\VLV���WK
HG����,WDVFD��,/��)��(��3HDFRFN�

.UXHJHU��5��$����������0RGHUDWLQJ�IRFXV�JURXSV��7KRXVDQG�2DNV��&$��6DJH�

.XGHU��*��)���	�5LFKDUGVRQ��0��:����������7KH�WKHRU\�RI�WKH�HVWLPDWLRQ�RI
UHOLDELOLW\��3V\FKRPHWULND��������±����

.XKQ��7��6����������7KH�VWUXFWXUH�RI�VFLHQWLILF�UHYROXWLRQV��&KLFDJR��,/��8QLYHUVLW\
RI�&KLFDJR�3UHVV�

/DNH��-��)���	�%LOOLQJVOH\��%��6����������$Q�DQDO\VLV�RI�IDFWRUV�WKDW�FRQWULEXWH�WR
SDUHQW�VFKRRO�FRQIOLFW�LQ�VSHFLDO�HGXFDWLRQ��5HPHGLDO�DQG�6SHFLDO�(GXFDWLRQ�
�������±����

/DQFH��*��'����������&RPSXWHU�DFFHVV�LQ�KLJKHU�HGXFDWLRQ��$�QDWLRQDO�VXUYH\�RI
VHUYLFH�SURYLGHUV�IRU�VWXGHQWV�ZLWK�GLVDELOLWLHV��-RXUQDO�RI�&ROOHJH�6WXGHQW
'HYHORSPHQW���������±����

/DQNHQDX��6��(����������6WURQJHU�WKDQ�GLUW��-RXUQDO�RI�&RQWHPSRUDU\�(WKQRJUDSK\�
�������±����

/D3LHUH��5��7����������$WWLWXGHV�YV��DFWLRQV��6RFLDO�)RUFHV���������±����
/DVHH��0��-���	�6PLWK��'��.����������5HODWLRQVKLSV�EHWZHHQ�WKH�.$%&�DQG�WKH
HDUO\�VFUHHQLQJ�SURILOHV��3DSHU�SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJ�RI�WKH�1DWLRQDO
$VVRFLDWLRQ�RI�6FKRRO�3V\FKRORJLVWV��'DOODV��7;�

/H&RPSWH��0��'���	�3UHLVVOH��-����������7RZDUG�DQ�HWKQRORJ\�RI�VWXGHQW�OLIH�LQ
VFKRROV�DQG�FODVVURRPV��6\QWKHVL]LQJ�WKH�TXDOLWDWLYH�UHVHDUFK�WUDGLWLRQ��,Q�0��'�
/H&RPSWH��:��/��0LOOUR\��	�-��3UHLVVOH��(GV����7KH�KDQGERRN�RI�TXDOLWDWLYH
UHVHDUFK�LQ�HGXFDWLRQ��SS�����±������6DQ�'LHJR��&$��$FDGHPLF�3UHVV�

/H&RPSWH��0��'���	�3UHLVVOH��-����������(WKQRJUDSK\�DQG�TXDOLWDWLYH�GHVLJQ�LQ
HGXFDWLRQDO�UHVHDUFK���QG�HG����6DQ�'LHJR��&$��$FDGHPLF�3UHVV�

/HLNLQ��6����������0LQRUV¶�DVVHQW��FRQVHQW��RU�GLVVHQW�WR�PHGLFDO�UHVHDUFK��,5%��$
5HYLHZ�RI�+XPDQ�6XEMHFWV�5HVHDUFK�������±��

/HVVDUG����������$�QDUUDWLYH�DFFRXQW�RI�6N\H��,Q�'��-��&ODQGLQLQ��3��6WHHYHV��	�9�
&DLQH��9���(GV����&RPSRVLQJ�OLYHV�LQ�WUDQVLWLRQ��$�QDUUDWLYH�LQTXLU\�LQWR�WKH
H[SHULHQFHV�RI�HDUO\�VFKRRO�OHDYHUV��SS�����±������%LQJOH\��(QJODQG��(PHUDOG
*URXS�

/HZLQ��.����������$FWLRQ�UHVHDUFK�DQG�PLQRULW\�SUREOHPV��-RXUQDO�RI�6RFLDO
,VVXHV����������±���

/L��6���0DUTXDUW��-��0���	�=HUFKHU��&����������&RQFHSWXDO�LVVXHV�DQG�DQDO\WLFDO
VWUDWHJLHV�LQ�PL[HG�PHWKRG�VWXGLHV�RI�SUHVFKRRO�LQFOXVLRQ��-RXUQDO�RI�(DUO\
,QWHUYHQWLRQ���������±����

/LNHUW��5����������$�WHFKQLTXH�IRU�WKH�PHDVXUHPHQW�RI�DWWLWXGHV��$UFKLYHV�RI
3V\FKRORJ\��������±���

/LQFROQ��<��6����������,QVWLWXWLRQDO�UHYLHZ�ERDUGV�DQG�PHWKRGRORJLFDO
FRQVHUYDWLVP��7KH�FKDOOHQJH�WR�DQG�IURP�SKHQRPHQRORJLFDO�SDUDGLJPV��,Q�1��.�



'HQ]LQ�	�<��6��/LQFROQ��(GV����7KH�6$*(�KDQGERRN�RI�TXDOLWDWLYH�UHVHDUFK���UG
HG���SS�����±������7KRXVDQG�2DNV��&$��6DJH�

/LQFROQ��<��6���	�*XED��(��*����������1DWXUDOLVWLF�LQTXLU\��1HZEXU\�3DUN��&$�
6DJH�

/LQFROQ��<��6���	�*XED��(��*����������3DUDGLJPDWLF�FRQWURYHUVLHV��FRQWUDGLFWLRQV�
DQG�HPHUJLQJ�FRQIOXHQFHV��,Q�1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV����+DQGERRN�RI
TXDOLWDWLYH�UHVHDUFK��SS�����±������7KRXVDQG�2DNV��&$��6DJH�

/RIODQG��-����������$QDO\]LQJ�VRFLDO�VHWWLQJV��$�JXLGH�WR�TXDOLWDWLYH�REVHUYDWLRQ
DQG�DQDO\VLV��%HOPRQW��&$��:DGVZRUWK�

/RIODQG��-���	�/RIODQG��/��+����������$QDO\]LQJ�VRFLDO�VHWWLQJV��$�JXLGH�WR
TXDOLWDWLYH�REVHUYDWLRQ�DQG�DQDO\VLV���QG�HG����%HOPRQW��&$��:DGVZRUWK�

/RVHQ��'��-���	�6NLED��5��-����������6XVSHQGHG�HGXFDWLRQ��8UEDQ�PLGGOH�VFKRROV
LQ�FULVLV��0RQWJRPHU\��$/��6RXWKHUQ�3RYHUW\�/DZ�&HQWHU��5HWULHYHG�IURP
KWWS���ZZZ�VSOFHQWHU�RUJ�VLWHV�GHIDXOW�ILOHV�GRZQORDGV�SXEOLFDWLRQ�6XVSHQGHGB(GXFDWLRQ�SGI

0DFN��/����������'RHV�HYHU\�VWXGHQW�KDYH�D�YRLFH"�&ULWLFDO�DFWLRQ�UHVHDUFK�RQ
HTXLWDEOH�FODVVURRP�SDUWLFLSDWLRQ�SUDFWLFHV��/DQJXDJH�7HDFKLQJ�5HVHDUFK�����
���±����

0DGGR[��7���(G������������$�FRPSUHKHQVLYH�UHIHUHQFH�IRU�DVVHVVPHQW�LQ
SV\FKRORJ\��HGXFDWLRQ��DQG�EXVLQHVV���WK�HG����$XVWLQ��7;��3UR�(G�

0DQWKHL��5���	�*LOPRUH��$����������7HDFKHU�VWUHVV�LQ�LQWHUPHGLDWH�VFKRROV�
(GXFDWLRQDO�5HVHDUFK�������±���

0DQW]LFRSRXORV��3���	�.QXWVRQ��'��-����������+HDG�6WDUW�FKLOGUHQ��6FKRRO�PRELOLW\
DQG�DFKLHYHPHQW�LQ�WKH�HDUO\�JUDGHV��-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK���������±
����

0DUNKDP��-��0���������-DQXDU\�����+LWOHU�GLDULHV�WULDO�VWLUV�MXGJH�WR�GLVEHOLHI�DQG
LUH��1HZ�<RUN�7LPHV��S��$���

0DUWLQVRQ��%��&���$QGHUVRQ��0��6���	�GH�9ULHV��5����������6FLHQWLVWV�EHKDYLQJ
EDGO\��1DWXUH����������±����

0DUX\DPD��*��0����������%DVLFV�RI�VWUXFWXUDO�HTXDWLRQ�PRGHOLQJ��7KRXVDQG�2DNV�
&$��6DJH�

0D[��-���������2FWREHU������9URRP��YURRP��1HZVZHHN��S�����
0D[ZHOO��-��$����������8QGHUVWDQGLQJ�DQG�YDOLGLW\�LQ�TXDOLWDWLYH�UHVHDUFK��+DUYDUG
(GXFDWLRQDO�5HYLHZ������������±����

0D[ZHOO��-��$����������4XDOLWDWLYH�UHVHDUFK�GHVLJQ��1HZEXU\�3DUN��&$��6DJH�
0D\HU��*��5���0LWFKHOO��/��.���&OHPHQWL��7���&OHPHQW�5REHUWVRQ��(���	�0\DWW��5�
��������$�GURSRXW�SUHYHQWLRQ�SURJUDP�IRU�DW�ULVN�KLJK�VFKRRO�VWXGHQWV�
(PSKDVL]LQJ�FRQVXOWLQJ�WR�SURPRWH�SRVLWLYH�FODVVURRP�FOLPDWHV��(GXFDWLRQ�DQG
7UHDWPHQW�RI�&KLOGUHQ���������±����

0DF,QW\UH��$����������$IWHU�YLUWXH��$�VWXG\�LQ�PRUDO�WKHRU\���UG�HG���1RWUH�'DPH�
,1��8QLYHUVLW\�RI�1RWUH�'DPH�3UHVV�

0F.HOYLH��6����������*UDSKLF�UDWLQJ�VFDOHV��+RZ�PDQ\�FDWHJRULHV"�%ULWLVK
-RXUQDO�RI�3V\FKRORJ\���������±����

0F0HQDPLQ��-���������6HSWHPEHU������6FKRROV�VWHS�XS�DQWL�GUXJ�HIIRUWV�ZLWK�FULVLV
KRW�OLQH��VNLWV�LQ�&DUUROO��3ULQFLSDO�OHDGV�FDPSDLJQ�DIWHU�VRQ¶V�IDWDO�RYHUGRVH�
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%DOWLPRUH�6XQ��S���%�
0F9HD��.���&UDEWUHH��%��)���0HGGHU��-��'���6XVPDQ��-��/���/XNDV��/���0F,OYDLQ��+�
(���������+DZYHU��0����������$Q�RXQFH�RI�SUHYHQWLRQ"�(YDOXDWLRQ�RI�³3XW
3UHYHQWLRQ�LQWR�3UDFWLFH´�SURJUDP��-RXUQDO�RI�)DPLO\�3UDFWLWLRQHUV���������±
����

0HDG��0���%DWHVRQ��*���	�0DFJUHJRU��)����������*URZWK�DQG�FXOWXUH��$
SKRWRJUDSKLF�VWXG\�RI�%DOLQHVH�FKLOGKRRG��1HZ�<RUN��1<��3XWQDP�

0HQDUG��6����������/RQJLWXGLQDO�UHVHDUFK��1HZEXU\�3DUN��&$��6DJH�
0HUULDP��6��%����������&DVH�VWXG\�UHVHDUFK�LQ�HGXFDWLRQ��$�TXDOLWDWLYH�DSSURDFK�
6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

0HUULDP��6��%����������4XDOLWDWLYH�UHVHDUFK��$�JXLGH�WR�GHVLJQ�DQG
LPSOHPHQWDWLRQ��6DQ�)UDQFLVFR��&$��-RVVH\�%DVV�

0HUWRQ��5��.����������7KH�VHOI�IXOILOOLQJ�SURSKHF\��$QWLRFK�5HYLHZ��������±����
0HUWRQ��5��.���)LVNH��0���	�.HQGDOO��3��/����������7KH�IRFXVHG�LQWHUYLHZ��1HZ
<RUN��1<��)UHH�3UHVV�

0HUWRQ��5��.���	�.HQGDOO��3��/����������7KH�IRFXVHG�LQWHUYLHZ��$PHULFDQ�-RXUQDO
RI�6RFLRORJ\���������±����

0HVVHUOL��-����������+RUDFH�0DQQ��1HZ�<RUN��1<��.QRSI�
0HVVLFN��6����������9DOLGLW\��,Q�5��/��/LQQ��(G����(GXFDWLRQDO�PHDVXUHPHQW���UG
HG���SS����±������1HZ�<RUN��1<��0DFPLOODQ�

0HVVLFN��6����������9DOLGLW\�RI�SV\FKRORJLFDO�DVVHVVPHQW��9DOLGDWLRQ�RI�LQIHUHQFHV
IURP�SHUVRQV¶�UHVSRQVHV�DQG�SHUIRUPDQFHV�DV�VFLHQWLILF�LQTXLU\�LQWR�VFRUH
PHDQLQJ��$PHULFDQ�3V\FKRORJLVW���������±����

0LOHV��0��%���	�+XEHUPDQ��$��0����������4XDOLWDWLYH�GDWD�DQDO\VLV��%HYHUO\
+LOOV��&$��6DJH�

0LOHV��0��%���	�+XEHUPDQ��$��0����������4XDOLWDWLYH�GDWD�DQDO\VLV��$Q�H[SDQGHG
VRXUFH�ERRN��7KRXVDQG�2DNV��&$��6DJH�

0LOHV��0��%���+XEHUPDQ��$��0���	�6DOGDxD��-����������4XDOLWDWLYH�GDWD�DQDO\VLV�
$�PHWKRGV�VRXUFHERRN���UG�HG����7KRXVDQG�2DNV��&$��6DJH�

0LOOHU��'��&���	�6DONLQG��1��-���(GV������������+DQGERRN�RI�UHVHDUFK�GHVLJQ�DQG
VRFLDO�PHDVXUHPHQW���WK�HG����7KRXVDQG�2DNV��&$��6DJH�

0LVFKHO��:����������,QWURGXFWLRQ�WR�SHUVRQDOLW\��1HZ�<RUN��1<��+ROW��5LQHKDUW�
DQG�:LQVWRQ�

0LWFKHOO��0���	�-ROOH\��-����������5HVHDUFK�GHVLJQ�H[SODLQHG��1HZ�<RUN��1<�
+DUFRXUW�&ROOHJH�

0RRUH��'��6����������7HOHFRXUVH�VWXG\�JXLGH�IRU�DJDLQVW�DOO�RGGV��,QVLGH
VWDWLVWLFV�DQG�LQWURGXFWLRQ�WR�WKH�SUDFWLFH�RI�VWDWLVWLFV��1HZ�<RUN��1<��:��+�
)UHHPDQ�

0RRUH��'��6���0F&DEH��*��3���	�&UDLJ��%����������,QWURGXFWLRQ�WR�WKH�SUDFWLFH�RI
VWDWLVWLFV���WK�HG����1HZ�<RUN��1<��:��+��)UHHPDQ�

0RUJDQ��'��/����������3UDFWLFDO�VWUDWHJLHV�IRU�FRPELQLQJ�TXDOLWDWLYH�DQG
TXDQWLWDWLYH�PHWKRGV��$SSOLFDWLRQV�WR�KHDOWK�UHVHDUFK��4XDOLWDWLYH�+HDOWK
5HVHDUFK��������±����

0RUJDQ��'��/����������,QWHJUDWLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�PHWKRGV��$



SUDJPDWLF�DSSURDFK��7KRXVDQG�2DNV��&$��6DJH�
0RUJDQ��'��/���	�.UXHJHU��5��$����������7KH�IRFXV�JURXS�NLW��1HZEXU\�3DUN��&$�
6DJH�

0RUVH��-��0����������$SSURDFKHV�WR�TXDOLWDWLYH�TXDQWLWDWLYH�PHWKRGRORJLFDO
WULDQJXODWLRQ��1XUVLQJ�5HVHDUFK���������±����

0RUVH��-��0���	�1LHKDXV��/����������0L[HG�PHWKRG�GHVLJQ��3ULQFLSOHV�DQG
SURFHGXUHV��:DOQXW�&UHHN��&$��/HIW�&RDVW�3UHVV�

0RXVWDNDV��&����������+HXULVWLF�UHVHDUFK��'HVLJQ��PHWKRGRORJ\��DQG
DSSOLFDWLRQV��1HZEXU\�3DUN��&$��6DJH�

0XOOHU��/��(����������7RZDUG�DQ�XQGHUVWDQGLQJ�RI�HPSRZHUPHQW��$�VWXG\�RI�VL[
ZRPHQ�OHDGHUV��-RXUQDO�RI�+XPDQLVWLF�(GXFDWLRQ�DQG�'HYHORSPHQW��������±
���

0\HUV��'��*����������'R�ZH�IHDU�WKH�ULJKW�WKLQJV"�$PHULFDQ�3V\FKRORJLFDO�6RFLHW\
2EVHUYHU����������5HWULHYHG�IURP
KWWS���ZZZ�SV\FKRORJLFDOVFLHQFH�RUJ�REVHUYHU������SUHVFRO�KWPO

1DWLRQDO�+LVWRULFDO�3XEOLFDWLRQV�DQG�5HFRUGV�&RPPLVVLRQ����������'LUHFWRU\�RI
$UFKLYHV�DQG�0DQXVFULSW�5HSRVLWRULHV�LQ�WKH�8QLWHG�6WDWHV��:DVKLQJWRQ��'&�
1DWLRQDO�+LVWRULFDO�3XEOLFDWLRQV�DQG�5HFRUGV�&RPPLVVLRQ�

1HLVVHU��8����������7KH�FRQFHSW�RI�LQWHOOLJHQFH��,QWHOOLJHQFH��������±����
1LFKROOV��-��*����������$FKLHYHPHQW�PRWLYDWLRQ��&RQFHSWLRQV�RI�DELOLW\��VXEMHFWLYH
H[SHULHQFH��WDVN�FKRLFH�DQG�SHUIRUPDQFH��3V\FKRORJLFDO�5HYLHZ���������±����

1RGGLQJV��1����������&DULQJ��$�IHPLQLQH�DSSURDFK�WR�HWKLFV�DQG�PRUDO
HGXFDWLRQ��%HUNHOH\��8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV�

1RUWRQ��0��%����������7KH�$PHULFDQ�+LVWRULFDO�$VVRFLDWLRQ¶V�JXLGH�WR�KLVWRULFDO
OLWHUDWXUH���UG�HG����1HZ�<RUN��1<��2[IRUG�8QLYHUVLW\�3UHVV�

1RVHN��%��$���	�%DQDML��0��5����������(�UHVHDUFK��(WKLFV��VHFXULW\��GHVLJQ��DQG
FRQWURO�LQ�SV\FKRORJLFDO�UHVHDUFK�RQ�WKH�,QWHUQHW��-RXUQDO�RI�6RFLDO�,VVXHV�����
���±����

1RVVLWHU��$���������1RYHPEHU�����3RVW�.DWULQD�DQJHU�ERLOV�RYHU�LQ�VFKRRO��0RELOH
5HJLVWHU��S���%�

1XQQDOO\��-����������3V\FKRPHWULF�WKHRU\��1HZ�<RUN��1<��0F*UDZ�+LOO�
1XQQDOO\��-��&���	�%HPVWHLQ��/��+����������3V\FKRPHWULF�WKHRU\��1HZ�<RUN��1<�
0F*UDZ�+LOO�

1\H��%���+HGJHV��/��9���	�.RQVWDQWRSRXORV��6����������$UH�HIIHFWV�RI�VPDOO�FODVVHV
FXPXODWLYH"�(YLGHQFH�IURP�D�7HQQHVVHH�H[SHULPHQW��-RXUQDO�RI�(GXFDWLRQDO
5HVHDUFK���������±����

2¶%ULHQ��'���������-XO\������%R\������JHWV����\HDUV�LQ�NLOOLQJ��([�KLJK�VFKRRO
ZUHVWOHU�IDWDOO\�VKRW�RQ�PDOO�ORW��%DOWLPRUH�6XQ��S���%�

2KOHV��-��)���(G������������%LRJUDSKLFDO�GLFWLRQDU\�RI�$PHULFDQ�HGXFDWRUV�
:HVWSRUW��&7��*UHHQZRRG�

2NH\��7��1���	�&XVLFN��3��$����������'URSSLQJ�RXW��$QRWKHU�VLGH�RI�WKH�VWRU\�
(GXFDWLRQDO�$GPLQLVWUDWLRQ�4XDUWHUO\������������±����

2PL]R��0��0���	�2PL]R��6��$����������&KLOGUHQ�DQG�VWUHVV��8VLQJ�D
SKHQRPHQRORJ\�DSSURDFK��(OHPHQWDU\�6FKRRO�*XLGDQFH�DQG�&RXQVHOLQJ�����

http://www.psychologicalscience.org/observer/1201/prescol.html


��±���
2QZXHJEX]LH��$��-����������(IIHFW�VL]HV�LQ�TXDOLWDWLYH�UHVHDUFK��$�SUROHJRPHQRQ�
4XDOLW\�	�4XDQWLW\��,QWHUQDWLRQDO�-RXUQDO�RI�0HWKRGRORJ\���������±����

2QZXHJEX]LH��$��-���	�&ROOLQV��.��0��7����������$�W\SRORJ\�RI�PL[HG�PHWKRGV
VDPSOLQJ�GHVLJQV�LQ�VRFLDO�VFLHQFH�UHVHDUFK��7KH�4XDOLWDWLYH�5HSRUW���������±
�����5HWULHYHG�IURP�KWWS���HULF�HG�JRY�"LG (-������

2QZXHJEX]LH��$��-���	�-RKQVRQ��5��%����������7KH�YDOLGLW\�LVVXH�LQ�PL[HG�UHVHDUFK�
5HVHDUFK�LQ�WKH�6FKRROV�����������±���

2QZXHJEX]LH��$��-���	�/HHFK��1��/����������(QKDQFLQJ�WKH�LQWHUSUHWDWLRQ�RI
³VLJQLILFDQW´�ILQGLQJV��7KH�UROH�RI�PL[HG�PHWKRGV�UHVHDUFK��7KH�4XDOLWDWLYH
5HSRUW��������±����

2QZXHJEX]LH��$��-���	�/HHFK��1��/����������/LQNLQJ�UHVHDUFK�TXHVWLRQV�WR�PL[HG
PHWKRGV�GDWD�DQDO\VLV�SURFHGXUHV��7KH�4XDOLWDWLYH�5HSRUW���������±����

2QZXHJEX]LH��$��-���6ODWH��-��5���/HHFK��1��/���	�&ROOLQV��.��0��7���������
&RQGXFWLQJ�PL[HG�DQDO\VHV��$�JHQHUDO�W\SRORJ\��,QWHUQDWLRQDO�-RXUQDO�RI
0XOWLSOH�5HVHDUFK�$SSURDFKHV������±���

2QZXHJEX]LH��$��-���	�7HGGOLH��&����������$�IUDPHZRUN�IRU�DQDO\]LQJ�GDWD�LQ
PL[HG�PHWKRGV�UHVHDUFK��,Q�$��7DVKDNNRUL�	�&��7HGGOLH��(GV����+DQGERRN�RI
PL[HG�PHWKRGV�LQ�VRFLDO�DQG�EHKDYLRUDO�UHVHDUFK��SS�����±������7KRXVDQG
2DNV��&$��6DJH�

2355�5HSRUWV����������&RGH�RI�IHGHUDO�UHJXODWLRQV�����3DUW�����S�����
:DVKLQJWRQ��'&��86�*RYHUQPHQW�3ULQWLQJ�2IILFH�

2VJRRG��&��(���6XFL��*��-���	�7DQQHQEDXP��3��+����������7KH�PHDVXUHPHQW�RI
PHDQLQJ��8UEDQD��8QLYHUVLW\�RI�,OOLQRLV�3UHVV�

2WLHQR��7��1����������+LJKHU�HGXFDWLRQ��$�TXDOLWDWLYH�LQTXLU\�LQWR�WKH
HGXFDWLRQDO�H[SHULHQFHV�RI�VHYHQ�$IULFDQ�ZRPHQ��5HWULHYHG�IURP
KWWS���HULF�HG�JRY�"LG ('������

2XU�RSLQLRQV��:LWKRXW�H[FXVHV��VFKRROV�VXFFHHG�>(GLWRULDO@���������0D\����
$WODQWD�-RXUQDO�&RQVWLWXWLRQ��S����$�

3DWWRQ��0��4����������+RZ�WR�XVH�TXDOLWDWLYH�PHWKRGV�LQ�HYDOXDWLRQ��1HZEXU\
3DUN��&$��6DJH�

3DWWRQ��0��4����������4XDOLWDWLYH�HYDOXDWLRQ�DQG�UHVHDUFK�PHWKRGV��1HZEXU\
3DUN��&$��6DJH�

3DWWRQ��0��4����������4XDOLWDWLYH�UHVHDUFK�DQG�HYDOXDWLRQ�PHWKRGV���UG�HG���
7KRXVDQG�2DNV��&$��6DJH�

3HGKD]XU��(��-����������0XOWLSOH�UHJUHVVLRQ�LQ�EHKDYLRUDO�UHVHDUFK��([SODQDWLRQ
DQG�SUHGLFWLRQ��)RUW�:RUWK��7;��+DUFRXUW�%UDFH�

3HGKD]XU��(��-���	�6FKPHONLQ��/��3����������0HDVXUHPHQW��GHVLJQ��DQG�DQDO\VLV��$Q
LQWHJUDWHG�DSSURDFK��+LOOVGDOH��1-��/DZUHQFH�(UOEDXP�

3HLUFH��&��6����������6RPH�FRQVHTXHQFHV�RI�IRXU�LQFDSDFLWLHV��,Q�/��0HQDQG��(G���
3UDJPDWLVP��$�UHDGHU��SS���±����1HZ�<RUN��1<��9LQWDJH�%RRNV���2ULJLQDOO\
SXEOLVKHG�LQ������

3HQQHEDNHU��-��:���'\HU��0��$���&DXONLQV��5��6���/LWRZLW]��'��/���$FNUHPDQ��3��/��
$QGHUVRQ��'��%���	�0F*UDZ��.��0����������'RQ¶W�WKH�JLUOV¶�JHW�SUHWWLHU�DW

http://eric.ed.gov/?id=EJ800183
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FORVLQJ�WLPH��$�FRXQWU\�DQG�ZHVWHUQ�DSSOLFDWLRQ�WR�SV\FKRORJ\��3HUVRQDOLW\�DQG
6RFLDO�3V\FKRORJ\�%XOOHWLQ��������±�����GRL����������������������������

3KL�'HOWD�.DSSD���������6HSWHPEHU���7KH���WK�DQQXDO�3KL�'HOWD�.DSSD�*DOOXS
SROO��3KL�'HOWD�.DSSDQ�

3KLOOLSV��'��&���	�%XUEXOHV��1��&����������3RVWSRVLWLYLVP�DQG�HGXFDWLRQDO
UHVHDUFK��1HZ�<RUN��1<��5RZPDQ�	�/LWWOHILHOG�

3KLOOLSV��6��5����������$VNLQJ�WKH�VHQVLWLYH�TXHVWLRQ��7KH�HWKLFV�RI�VXUYH\�UHVHDUFK
DQG�WHHQ�VH[��,5%��$�5HYLHZ�RI�+XPDQ�6XEMHFWV�5HVHDUFK�������±��

3LFRX��-��6����������&RPSHOOHG�GLVFORVXUH�RI�VFKRODUO\�UHVHDUFK��6RPH�FRPPHQWV
RQ�³KLJK�VWDNHV�OLWLJDWLRQ�´�/DZ�DQG�&RQWHPSRUDU\�3UREOHPV���������±����

3LOOHPHU��'��%����������2QH��YHUVXV�WZR�WDLOHG�K\SRWKHVLV�WHVWV�LQ�FRQWHPSRUDU\
HGXFDWLRQDO�UHVHDUFK��(GXFDWLRQDO�5HVHDUFKHU�����������±���

3RSSHU��.��5����������&RQMHFWXUHV�DQG�UHIXWDWLRQV���QG�HG���1HZ�<RUN��%DVLF
%RRNV�

3RSSHU��.��5����������5HSOLHV�WR�P\�FULWLFV��,Q�3��$��6FKLOSS��(G����7KH�SKLORVRSK\
RI�.DUO�3RSSHU��SS�����±�������/D�6DOOH��,/��2SHQ�&RXUW�

3RSSHU��.��5����������)DOVLILFDWLRQLVP�YHUVXV�FRQYHQWLRQDOLVP��,Q�'��0LOOHU��(G���
3RSSHU�VHOHFWLRQV��SS�����±������3ULQFHWRQ��1-��3ULQFHWRQ�8QLYHUVLW\�3UHVV�
�2ULJLQDOO\�SXEOLVKHG�LQ������

3ULQJ��5����������7KH�³IDOVH�GXDOLVP´�RI�HGXFDWLRQDO�UHVHDUFK��-RXUQDO�RI
3KLORVRSK\�RI�(GXFDWLRQ���������±����

5HFK��-��)���������:LQWHU���*HQGHU�GLIIHUHQFHV�LQ�PDWKHPDWLFV�DFKLHYHPHQW�DQG
RWKHU�YDULDEOHV�DPRQJ�XQLYHUVLW\�VWXGHQWV��-RXUQDO�RI�5HVHDUFK�DQG
'HYHORSPHQW�LQ�(GXFDWLRQ��������±���

5HLFKDUGW��&��6���	�&RRN��7��'����������%H\RQG�TXDOLWDWLYH�YHUVXV�TXDQWLWDWLYH
PHWKRGV��,Q�7��'��&RRN�	�&��6��5HLFKDUGW��(GV����4XDOLWDWLYH�DQG�TXDQWLWDWLYH
PHWKRGV�LQ�HYDOXDWLRQ�UHVHDUFK��SS���±�����%HYHUO\�+LOOV��&$��6DJH�

5HLFKDUGW��&��6���	�5DOOLV��6��)����������4XDOLWDWLYH�DQG�TXDQWLWDWLYH�LQTXLULHV�DUH
QRW�LQFRPSDWLEOH��$�FDOO�IRU�D�QHZ�SDUWQHUVKLS��,Q�&��6��5HLFKDUGW�	�6��)��5DOOLV
�(GV����7KH�TXDOLWDWLYH�TXDQWLWDWLYH�GHEDWH��1HZ�SHUVSHFWLYHV��SS����±�����6DQ
)UDQFLVFR��&$��-RVVH\�%DVV�

5HLSV��8����������7KH�ZHE�H[SHULPHQW�PHWKRG��$GYDQWDJHV��GLVDGYDQWDJHV��DQG
VROXWLRQV��,Q�0��+��%LUQEDXP��(G����3V\FKRORJ\�H[SHULPHQWV�RQ�WKH�,QWHUQHW
�SS����±������1HZ�<RUN��1<��$FDGHPLF�3UHVV�

5LHPHQ��'��-����������7KH�HVVHQWLDO�VWUXFWXUH�RI�D�FDULQJ�LQWHUDFWLRQ��$
SKHQRPHQRORJLFDO�VWXG\��5HWULHYHG�IURP�3UR4XHVW�'LVVHUWDWLRQV�DQG�WKHVHV
GDWDEDVH��80,�1R����������

5REHUVRQ��0��7���	�6XQGVWURP��(����������4XHVWLRQQDLUH�GHVLJQ��UHWXUQ�UDWHV��DQG
UHVSRQVH�IDYRUDEOHQHVV�LQ�DQ�HPSOR\HH�DWWLWXGH�TXHVWLRQQDLUH��-RXUQDO�RI
$SSOLHG�3V\FKRORJ\���������±����

5RELQVRQ��-��3���6KDYHU��3��5���	�:ULJKWVPDQ��/��6����������0HDVXUHV�RI
SHUVRQDOLW\�DQG�VRFLDO�SV\FKRORJLFDO�DWWLWXGHV��1HZ�<RUN��1<��$FDGHPLF�

5RHQNHU��'��/���7KRPSVRQ��&��3���	�%URZQ��6��&����������&RPSDULVRQ�RI�PHDVXUHV
IRU�WKH�HVWLPDWLRQ�RI�FOXVWHULQJ�LQ�IUHH�UHFDOO��3V\FKRORJLFDO�%XOOHWLQ��������±���



5RVHQEDXP��3��5����������2EVHUYDWLRQDO�VWXGLHV���QG�HG����1HZ�<RUN��1<�
6SULQJHU�9HUODJ�

5RVHQEHUJ��'���������-XQH������)LJKWLQJ�*�IRUFH��1HZVZHHN��S�����
5RVHQEHUJ��0����������7KH�ORJLF�RI�VXUYH\�DQDO\VLV��1HZ�<RUN��1<��%DVLF�%RRNV�
5RVHQWKDO��5����������7HDFKHU�H[SHFWDQF\�HIIHFWV��$�EULHI�XSGDWH����\HDUV�DIWHU�WKH
3\JPDOLRQ�H[SHULPHQW��-RXUQDO�RI�5HVHDUFK�LQ�(GXFDWLRQ������±���

5RVHQWKDO��5���	�-DFREVRQ��/����������3\JPDOLRQ�LQ�WKH�FODVVURRP��1HZ�<RUN�
1<��+ROW��5LQHKDUW��DQG�:LQVWRQ�

5RVQRZ��5��/���	�5RVQRZ��0����������:ULWLQJ�SDSHUV�LQ�SV\FKRORJ\���WK�HG���
%HOPRQW��&$��:DGVZRUWK�

5RVVL��3��+���/LSVH\��0��:���	�)UHHPDQ��+��(����������(YDOXDWLRQ��$�V\VWHPDWLF
DSSURDFK��7KRXVDQG�2DNV��&$��6DJH�

5RVVPDQ��*��%���	�:LOVRQ��%��/����������1XPEHUV�DQG�ZRUGV�UHYLVLWHG��%HLQJ
³VKDPHOHVVO\�HFOHFWLF�´�4XDOLW\�DQG�4XDQWLW\���������±����

6DOPRQ��0��+����������,QWURGXFWLRQ�WR�ORJLF�DQG�FULWLFDO�WKLQNLQJ��%HOPRQW��&$�
7KRPVRQ�+LJKHU�(GXFDWLRQ�

6DQGHORZVNL��0����������)RFXV�RQ�TXDOLWDWLYH�PHWKRGV��6DPSOH�VL]HV�LQ�TXDOLWDWLYH
UHVHDUFK��5HVHDUFK�LQ�1XUVLQJ�	�+HDOWK���������±����

6DQGHORZVNL��0����������&RPELQLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�VDPSOLQJ��GDWD
FROOHFWLRQ��DQG�DQDO\VLV�WHFKQLTXHV�LQ�PL[HG�PHWKRG�VWXGLHV��5HVHDUFK�LQ
1XUVLQJ�+HDOWK���������±����

6DQGHORZVNL��0����������5HDO�TXDOLWDWLYH�UHVHDUFKHUV�GRQ¶W�FRXQW��7KH�XVH�RI
QXPEHUV�LQ�TXDOLWDWLYH�UHVHDUFK��5HVHDUFK�LQ�1XUVLQJ�DQG�+HDOWK���������±����

6DQGHORZVNL��0���	�%DUURVR��-����������&UHDWLQJ�PHWDVXPPDULHV�RI�TXDOLWDWLYH
ILQGLQJV��1XUVLQJ�5HVHDUFK���������±����

6DQGRYDO��&����������0HWKRGRORJ\�RI�WKH�RSSUHVVHG��0LQQHDSROLV��8QLYHUVLW\�RI
0LQQHVRWD�3UHVV�

6DYR\H��&���������1RYHPEHU������)LUVW�VWRS�IRU�XUEDQ�WHDFKHUV�LQ�WUDLQLQJ�
&KULVWLDQ�6FLHQFH�0RQLWRU��S�����

6FKDIHU��0���	�6PLWK��3��.����������7HDFKHUV¶�SHUFHSWLRQV�RI�SOD\�ILJKWLQJ�DQG�UHDO
ILJKWLQJ�LQ�SULPDU\�VFKRRO��(GXFDWLRQDO�5HVHDUFK���������±����

6FKHDIIHU��5��/���0HQGHQKDOO��:���	�2WW��5��/����������(OHPHQWDU\�VXUYH\�VDPSOLQJ
��WK�HG����%HOPRQW��&$��'X[EXU\�3UHVV�

6FKOHQNHU��%��5���	�)RUV\WK��'��5����������2Q�WKH�HWKLFV�RI�SV\FKRORJLFDO�UHVHDUFK�
-RXUQDO�RI�([SHULPHQWDO�6RFLDO�3V\FKRORJ\���������±����

6FK|Q��'��$����������7KH�UHIOHFWLYH�SUDFWLWLRQHU��+RZ�SURIHVVLRQDOV�WKLQN�LQ
DFWLRQ��1HZ�<RUN��1<��%DVLF�%RRNV�

6FK|Q��'��$����������(GXFDWLQJ�WKH�UHIOHFWLYH�SUDFWLWLRQHU��6DQ�)UDQFLVFR��&$�
-RVVH\�%DVV�

6FKRXWHQ��-��:���	�0F$OH[DQGHU��-��+����������6XEFXOWXUHV�RI�FRQVXPSWLRQ��$Q
HWKQRJUDSK\�RI�WKH�QHZ�ELNHUV��-RXUQDO�RI�&RQVXPHU�5HVHDUFK��������±���

6FKRXWHQ��3��*��:���	�.LUNSDWULFN��/��$����������4XHVWLRQV�DQG�FRQFHUQV�DERXW�WKH
0LOOHU�$VVHVVPHQW�IRU�3UHVFKRROHUV��2FFXSDWLRQDO�7KHUDS\�-RXUQDO�RI
5HVHDUFK�������±���



6FKXPDFNHU��5��(���	�/RPD[��5��*����������$�EHJLQQHU¶V�JXLGH�WR�VWUXFWXUDO
HTXDWLRQ�PRGHOLQJ���QG�HG����0DKZDK��1-��(UOEDXP�

6FKXPDQ��+���	�3UHVVHU��6����������4XHVWLRQV�DQG�DQVZHUV�LQ�DWWLWXGH�VXUYH\V�
([SHULPHQWV�RQ�TXHVWLRQ�IRUP��ZRUGLQJ��DQG�FRQWHQW��7KRXVDQG�2DNV��&$�
6DJH���2ULJLQDOO\�SXEOLVKHG�LQ������

6FKXW]��3���&URGHU��.��&���	�:KLWH��9��(����������7KH�GHYHORSPHQW�RI�D�JRDO�WR
EHFRPH�D�WHDFKHU��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\���������±����

6FLHQFH�DQG�7HFKQRORJ\�3ROLF\�2IILFH���������'HFHPEHU�����([HFXWLYH�2IILFH�RI
WKH�3UHVLGHQW��)HGHUDO�SROLF\�RQ�UHVHDUFK�PLVFRQGXFW��SUHDPEOH�IRU�UHVHDUFK
PLVFRQGXFW�SROLF\��)HGHUDO�5HJLVWHU�����������±������

6FULYHQ��0����������7KH�PHWKRGRORJ\�RI�HYDOXDWLRQ��,Q�5��(��6WDNH��(G���
3HUVSHFWLYHV�RI�FXUULFXOXP�HYDOXDWLRQ��SS����±�����&KLFDJR��,/��5DQG
0F1DOO\�

6FULYHQ��0����������(YDOXDWLRQ�WKHVDXUXV���WK�HG����1HZEXU\�3DUN��&$��6DJH�
6HDUV��6��-���.HQQHG\��-��-���	�.D\H��*��/����������0\HUV�%ULJJV�SHUVRQDOLW\
SURILOHV�RI�SURVSHFWLYH�HGXFDWRUV��-RXUQDO�RI�(GXFDWLRQ�5HVHDUFK���������±����

6HQJH��3��0����������7KH�ILIWK�GLVFLSOLQH��7KH�DUW�DQG�SUDFWLFH�RI�WKH�OHDUQLQJ
RUJDQL]DWLRQ��5HY��	�XSGDWHG�HG����1HZ�<RUN��1<��'RXEOHGD\�

6HQJH��3��0���&DPEURQ�0F&DEH��1���/XFDV��7���6PLWK��%���'XWWRQ��-���	�.OHLQHU��$�
��������6FKRROV�WKDW�OHDUQ��$�ILIWK�GLVFLSOLQH�ILHOGERRN�IRU�HGXFDWRUV��SDUHQWV�
DQG�HYHU\RQH�ZKR�FDUHV�DERXW�HGXFDWLRQ��5HY��	�XSGDWHG�HG����1HZ�<RUN��1<�
&URZQ�

6HYHUVRQ��+��+���	�$U\��'��9����������6DPSOLQJ�ELDV�GXH�WR�FRQVHQW�SURFHGXUHV
ZLWK�DGROHVFHQWV��$GGLFWLYH�%HKDYLRUV��������±����

6KDGLVK��:��5���&RRN��7��'���	�&DPSEHOO��'��7����������([SHULPHQWDO�DQG�TXDVL�
H[SHULPHQWDO�GHVLJQV�IRU�JHQHUDOL]HG�FDXVDO�LQIHUHQFH��%RVWRQ��0$��+RXJKWRQ
0LIIOLQ�

6KDIILU��:��%���	�6WHEELQV��5��$���(GV������������([SHULHQFLQJ�ILHOGZRUN��$Q
LQVLGH�YLHZ�RI�TXDOLWDWLYH�UHVHDUFK��1HZEXU\�3DUN��&$��6DJH�

6LOYHUPDQ��'����������,QWHUSUHWLQJ�TXDOLWDWLYH�GDWD��0HWKRGV�IRU�DQDO\]LQJ�WDON�
WH[W�DQG�LQWHUDFWLRQ��/RQGRQ��(QJODQG��6DJH�

6PLWK��%��$����������7KH�SUREOHP�GULQNHU¶V�OLYHG�H[SHULHQFH�RI�VXIIHULQJ��$Q
H[SORUDWLRQ�XVLQJ�KHUPHQHXWLF�SKHQRPHQRORJ\��-RXUQDO�RI�$GYDQFHG�1XUVLQJ�
�������±����

6PLWK��+��-����������7KH�UROH�RI�V\PEROLVP�LQ�WKH�VWUXFWXUH��PDLQWHQDQFH��DQG
LQWHUDFWLRQV�RI�KLJK�VFKRRO�JURXSLQJV��8QSXEOLVKHG�PDVWHU¶V�WKHVLV��8QLYHUVLW\
RI�6RXWK�$ODEDPD��0RELOH�

6PLWK��-��$���)ORZHUV��3���	�/DUNLQ��0����������,QWHUSUHWDWLYH�SKHQRPHQRORJLFDO
DQDO\VLV��7KHRU\��PHWKRG��DQG�UHVHDUFK��/RQGRQ��(QJODQG��6DJH�

6PLWK��-��.����������7KH�SUREOHP�RI�FULWHULD�IRU�MXGJLQJ�LQWHUSUHWLYH�LQTXLU\�
(GXFDWLRQDO�(YDOXDWLRQ�DQG�3ROLF\�$QDO\VLV��������±����

6PLWK��/��7����������'HFRORQL]LQJ�PHWKRGRORJLHV��5HVHDUFK�DQG�LQGLJHQRXV
SHRSOHV��1HZ�<RUN��1<��=HG�%RRNV�

6PXFNHU��%�6���(DUOH\ZLQH��0���	�*RUGLV��(�%����������$OFRKRO�FRQVXPSWLRQ



PRGHUDWHV�WKH�OLQN�EHWZHHQ�FDQQDELV�XVH�DQG�FDQQDELV�GHSHQGHQFH�LQ�WKH�,QWHUQHW
VXUYH\��3V\FKRORJ\�RI�$GGLFWLYH�%HKDYLRUV���������±����

6QRZOLQJ��0��-���*RXODQGULV��1���	�'HIW\��1����������$�ORQJLWXGLQDO�VWXG\�RI
UHDGLQJ�GHYHORSPHQW�LQ�G\VOH[LF�FKLOGUHQ��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�
�������±����

6RFLHW\�IRU�5HVHDUFK�LQ�&KLOG�'HYHORSPHQW����������(WKLFDO�VWDQGDUGV�LQ
UHVHDUFK��5HWULHYHG�IURP�KWWS���ZZZ�VUFG�RUJ�DERXW�XV�HWKLFDO�VWDQGDUGV�
UHVHDUFK

6RORW��'���	�$UOXNH��$����������/HDUQLQJ�WKH�VFLHQWLVW¶V�UROH��$QLPDO�GLVVHFWLRQ�LQ
PLGGOH�VFKRRO��-RXUQDO�RI�&RQWHPSRUDU\�(WKQRJUDSK\��������±���

6SUDGOH\��-��3����������7KH�HWKQRJUDSKLF�LQWHUYLHZ��)RUW�:RUWK��7;��+ROW�
5LQHKDUW��DQG�:LQVWRQ�

6WDNH��5��(����������7KH�FDVH�VWXG\�PHWKRG�LQ�VRFLDO�LQTXLU\��(GXFDWLRQDO
5HVHDUFKHU���������±��

6WDNH��5��(����������7KH�DUW�RI�FDVH�VWXG\�UHVHDUFK��7KRXVDQG�2DNV��&$��6DJH�
6WDNH��5��(����������&DVH�VWXG\�PHWKRGV�LQ�HGXFDWLRQDO�UHVHDUFK��,Q�5��0��-DHJHU
�(G����&RPSOHPHQWDU\�PHWKRGV�IRU�UHVHDUFK�LQ�HGXFDWLRQ���QG�HG���SS�����±
������:DVKLQJWRQ��'&��$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ�

6WHLQEHUJ��-��$����������0LVFRQGXFW�RI�RWKHUV��3UHYHQWLRQ�WHFKQLTXHV�IRU
UHVHDUFKHUV��2EVHUYHU�������������

6WHUQEHUJ��5��-���&RQZD\��%��(���.HWURQ��-��/���	�%HUQVWHLQ��0����������3HRSOH¶V
FRQFHSWLRQ�RI�LQWHOOLJHQFH��-RXUQDO�RI�3HUVRQDOLW\�DQG�6RFLDO�3V\FKRORJ\�����
��±���

6WHYHQV��6��6����������2Q�WKH�WKHRU\�RI�VFDOHV�RI�PHDVXUHPHQW��6FLHQFH����������±
����

6WHYHQV��6��6����������0DWKHPDWLFV��PHDVXUHPHQW��DQG�SV\FKRSK\VLFV��,Q�6��6�
6WHYHQV��(G����+DQGERRN�RI�H[SHULPHQWDO�SV\FKRORJ\��SS���±�����1HZ�<RUN�
1<��:LOH\�

6WHZDUW��'��:���6KDPGDVDQL��3��1���	�5RRN��'��:����������*URXS�GHSWK�LQWHUYLHZV�
)RFXV�JURXS�UHVHDUFK��,Q�/��%LFNPDQ�	�'��-��5RJ��(GV����7KH�6$*(�KDQGERRN�RI
DSSOLHG�VRFLDO�UHVHDUFK�PHWKRGV���QG�HG���SS�����±������7KRXVDQG�2DNV��&$�
6DJH�

6WRO]HQEHUJ��5��0���	�/DQG��.��&����������&DXVDO�PRGHOLQJ�DQG�VXUYH\�UHVHDUFK��,Q
3��+��5RVVL��-��'��:ULJKW��	�$��%��$QGHUVRQ��(GV����+DQGERRN�RI�VXUYH\
UHVHDUFK��SS�����±������2UODQGR��)/��$FDGHPLF�

6WUDXVV��$����������1RWHV�RQ�WKH�QDWXUH�DQG�GHYHORSPHQW�RI�JHQHUDO�WKHRULHV�
4XDOLWDWLYH�,QTXLU\���������±���

6WUDXVV��$���	�&RUELQ��-����������%DVLFV�RI�TXDOLWDWLYH�UHVHDUFK��*URXQGHG�WKHRU\
SURFHGXUHV�DQG�WHFKQLTXHV��1HZEXU\�3DUN��&$��6DJH�

6WUDXVV��$���	�&RUELQ��-����������*URXQGHG�WKHRU\�PHWKRGRORJ\��$Q�RYHUYLHZ��,Q
1��.��'HQ]LQ�	�<��6��/LQFROQ��(GV����+DQGERRN�RI�TXDOLWDWLYH�UHVHDUFK��SS�
���±������7KRXVDQG�2DNV��&$��6DJH�

6WULQJHU��(��7����������$FWLRQ�UHVHDUFK���WK�HG����7KRXVDQG�2DNV��&$��6DJH�
6WUXQN��:���-U���	�:KLWH��(��%����������7KH�HOHPHQWV�RI�VW\OH���WK�HG����1HZ�<RUN�
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1<��/RQJPDQ�
6XGPDQ��6����������$SSOLHG�VDPSOLQJ��1HZ�<RUN��1<��$FDGHPLF�
6XHQ��+��.���	�$U\��'����������$QDO\]LQJ�TXDQWLWDWLYH�EHKDYLRUDO�REVHUYDWLRQ
GDWD��+LOOVGDOH��1-��(UOEDXP�

7DEDFKQLFN��%��*���	�)LGHOO��/��6����������8VLQJ�PXOWLYDULDWH�VWDWLVWLFV��1HZ
<RUN��1<��+DUSHU&ROOLQV�

7DOOHULFR��0���%XUVW\Q��-��1���	�3RROH��:����������*HQGHU�DQG�SROLWLFV�DW�ZRUN�
:K\�ZRPHQ�H[LW�WKH�VXSHULQWHQGHQF\��)DLUID[��9$��1DWLRQDO�3ROLF\�%RDUG�IRU
(GXFDWLRQDO�$GPLQLVWUDWLRQ�

7DVKDNNRUL��$���	�7HGGOLH��&����������0L[HG�PHWKRGRORJ\��&RPELQLQJ�TXDOLWDWLYH
DQG�TXDQWLWDWLYH�DSSURDFKHV��7KRXVDQG�2DNV��&$��6DJH�

7DVKDNNRUL��$���	�7HGGOLH��&���������$SULO���9DOLGLW\�LVVXHV�LQ�PL[HG�PHWKRGV
UHVHDUFK��&DOOLQJ�IRU�DQ�LQWHJUDWLYH�IUDPHZRUN��3DSHU�SUHVHQWHG�DW�WKH�DQQXDO
PHHWLQJ�RI�WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK�$VVRFLDWLRQ��6DQ�)UDQFLVFR��&$�

7HGGOLH��&���	�6WULQJILHOG��6����������6FKRROV�PDNH�D�GLIIHUHQFH��/HVVRQV�OHDUQHG
IURP�D����\HDU�VWXG\�RI�VFKRRO�HIIHFWV��1HZ�<RUN��1<��7HDFKHUV�&ROOHJH�3UHVV�

7HGGOLH��&���	�7DVKDNNRUL��$����������$�JHQHUDO�W\SRORJ\�RI�UHVHDUFK�GHVLJQV
IHDWXULQJ�PL[HG�PHWKRGV��5HVHDUFK�LQ�WKH�6FKRROV��������±����5HWULHYHG�IURP
KWWS���ZZZ�PVHUD�RUJ�5LWVB����7HGGOLHB�7DVKDNNRULB����SGI

7HGGOLH��&���	�7DVKDNNRUL��$����������)RXQGDWLRQV�RI�PL[HG�PHWKRGV�UHVHDUFK�
,QWHJUDWLQJ�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DSSURDFKHV�LQ�WKH�VRFLDO�DQG
EHKDYLRUDO�VFLHQFHV��7KRXVDQG�2DNV��&$��6DJH�

7HGGOLH��&���	�<X��)����������0L[HG�PHWKRGV�VDPSOLQJ��$�W\SRORJ\�ZLWK�H[DPSOHV�
-RXUQDO�RI�0L[HG�0HWKRGV�5HVHDUFK�������±����

7KRPSVRQ��%���������$SULO������)LYH�PHWKRGRORJ\�HUURUV�LQ�HGXFDWLRQDO�UHVHDUFK�
7KH�SDQWKHRQ�RI�VWDWLVWLFDO�VLJQLILFDQFH�DQG�RWKHU�IDX[�SDV��,QYLWHG�DGGUHVV
SUHVHQWHG�DW�WKH�DQQXDO�PHHWLQJ�RI�WKH�$PHULFDQ�(GXFDWLRQDO�5HVHDUFK
$VVRFLDWLRQ��6DQ�'LHJR��&$�

7KRUNLOGVHQ��7��$���1ROHQ��6��%���	�)RXUQLHU��-����������:KDW�LV�IDLU"�&KLOGUHQ¶V
FULWLTXHV�RI�SUDFWLFHV�WKDW�LQIOXHQFH�PRWLYDWLRQ��-RXUQDO�RI�(GXFDWLRQDO
3V\FKRORJ\���������±����

7URFKLP��:��0��.���	�'RQQHOO\��-��3����������7KH�UHVHDUFK�PHWKRGV�NQRZOHGJH
EDVH��0DVRQ��2+��$WRPLF�'RJ�&HQJDJH�/HDUQLQJ�

7U\IRV��3����������6DPSOLQJ�PHWKRGV�IRU�DSSOLHG�UHVHDUFK��7H[W�DQG�FDVHV��1HZ
<RUN��1<��:LOH\�

7U\RQ��:��:����������$�VLPSOLILHG�WLPH�VHULHV�DQDO\VLV�IRU�HYDOXDWLQJ�WUHDWPHQW
LQWHUYHQWLRQV��-RXUQDO�RI�$SSOLHG�%HKDYLRU�$QDO\VLV���������±����

7XQQLFOLIIH��6��'����������7KH�FRQWHQW�RI�FRQYHUVDWLRQV�DERXW�WKH�ERG\�SDUWV�DQG
EHKDYLRUV�RI�DQLPDOV�GXULQJ�HOHPHQWDU\�VFKRRO�YLVLWV�WR�D�]RR�DQG�WKH
LPSOLFDWLRQV�IRU�WHDFKHUV�RUJDQL]LQJ�ILHOG�WULSV��-RXUQDO�RI�(OHPHQWDU\�6FLHQFH
(GXFDWLRQ�������±���

7XUQHU��/��$���-RKQVRQ��5��%���	�3LFNHULQJ��6����������(IIHFW�RI�HJR�DQG�WDVN
LQVWUXFWLRQV�RQ�FRJQLWLYH�SHUIRUPDQFH��3V\FKRORJLFDO�5HSRUWV����������±�����

8QLYHUVLW\�RI�0LFKLJDQ�6XUYH\�5HVHDUFK�&HQWHU����������,QWHUYLHZHU¶V�PDQXDO



�5HY��HG����$QQ�$UERU��0,��,QVWLWXWH�IRU�6RFLDO�5HVHDUFK�
86�2IILFH�RI�WKH�6XUJHRQ�*HQHUDO����������6PRNLQJ�DQG�KHDOWK��5HSRUW�RI�WKH
$GYLVRU\�&RPPLWWHH�WR�WKH�6XUJHRQ�*HQHUDO�RI�WKH�3XEOLF�+HDOWK�6HUYLFH�
:DVKLQJWRQ��'&��3XEOLF�+HDOWK�6HUYLFH��2IILFH�RI�WKH�6XUJHRQ�*HQHUDO�

9DOHQWLQH��3���	�0F,QWRVK��*����������)RRG�IRU�WKRXJKW��5HDOLWLHV�RI�D�ZRPHQ�
GRPLQDWHG�RUJDQL]DWLRQ��$OEHUWD�-RXUQDO�RI�(GXFDWLRQDO�5HVHDUFK���������±
����

9DQ�+DQHJKDQ��-��3���	�6WRIIOHWW��5��7����������,PSOHPHQWLQJ�SUREOHP�VROYLQJ
WHFKQRORJ\�LQWR�FODVVURRPV��)RXU�FDVH�VWXGLHV�RI�WHDFKHUV��-RXUQDO�RI
7HFKQRORJ\�DQG�7HDFKHU�(GXFDWLRQ����������±���

9DQ�0DQHQ��0����������5HVHDUFKLQJ�OLYHG�H[SHULHQFH��+XPDQ�VFLHQFH�IRU�DQ
DFWLRQ�VHQVLWLYH�SHGDJRJ\��/RQGRQ��2QWDULR��&DQDGD��6WDWH�8QLYHUVLW\�RI�1HZ
<RUN�3UHVV�

9HOOHPDQ��3��)���	�:LONLQVRQ��/����������1RPLQDO��RUGLQDO��LQWHUYDO��DQG�UDWLR
W\SRORJLHV�DUH�PLVOHDGLQJ��7KH�$PHULFDQ�6WDWLVWLFLDQ��������±���

9HUKDOOHQ��0���%XV��$��*���	�GH�-RQJ��0��7����������7KH�SURPLVH�RI�PXOWLPHGLD
VWRULHV�IRU�NLQGHUJDUWHQ�FKLOGUHQ�DW�ULVN��-RXUQDO�RI�(GXFDWLRQDO�3V\FKRORJ\�����
���±����

9LDGHUR��'���������1RYHPEHU������5HVHDUFK��6PDOOHU�LV�EHWWHU��(GXFDWLRQ�:HHN�
5HWULHYHG�IURP�KWWS���ZZZ�HGZHHN�RUJ

9RJW��:��3���	�-RKQVRQ��5��%����������'LFWLRQDU\�RI�VWDWLVWLFV�DQG�PHWKRGRORJ\��$
QRQWHFKQLFDO�JXLGH�IRU�WKH�VRFLDO�VFLHQFHV���WK�HG����7KRXVDQG�2DNV��&$��6DJH�

:DVOH\��3��$���)LQH��0���.LQJ��6��3���3RZHOO��/��&���+ROODQG��1��(���*ODGGHQ��5��0��
	�0RVDN��(����������6PDOO�VFKRROV��*UHDW�VWULGHV��1HZ�<RUN��1<��%DQN�6WUHHW
&ROOHJH�RI�(GXFDWLRQ�

:D\��1���6WDXEHU��+��<���1DNNXOD��0��-���	�/RQGRQ��3����������'HSUHVVLRQ�DQG
VXEVWDQFH�XVH�LQ�WZR�GLYHUJHQW�KLJK�VFKRRO�FXOWXUHV��$�TXDQWLWDWLYH�DQG
TXDOLWDWLYH�DQDO\VLV��-RXUQDO�RI�<RXWK�DQG�$GROHVFHQFH�����������±����

:HEE��(��-���&DPSEHOO��'��7���6FKZDUW]��5��'���	�6HFKUHVW��/����������8QREWUXVLYH
PHDVXUHV��7KRXVDQG�2DNV��&$��6DJH�

:HEE��(��-���&DPSEHOO��'��7���6FKZDUW]��5��'���6HFKUHVW��/���	�*URYH��-��%���������
1RQUHDFWLYH�PHDVXUHV�LQ�WKH�VRFLDO�VFLHQFHV���QG�HG����%RVWRQ��0$��+RXJKWRQ
0LIIOLQ�

:HEHU��0����������(FRQRP\�DQG�VRFLHW\��1HZ�<RUN��1<��%HGPLQVWHU�
:HEHU��5��3����������%DVLF�FRQWHQW�DQDO\VLV���QG�HG����1HZEXU\�3DUN��&$��6DJH�
:HFKVOHU��'����������:HFKVOHU�SUHVFKRRO�DQG�SULPDU\�VFDOH�RI�LQWHOOLJHQFH²
UHYLVHG��6DQ�$QWRQLR��7;��3V\FKRORJLFDO�&RUSRUDWLRQ�

:HHPV��*��+���	�2QZXHJEX]LH��$��-����������7KH�LPSDFW�RI�PLGSRLQW�UHVSRQVHV
DQG�UHYHUVH�FRGLQJ�RQ�VXUYH\�GDWD��0HDVXUHPHQW�DQG�(YDOXDWLRQ�LQ�&RXQVHOLQJ
DQG�'HYHORSPHQW���������±����

:HLFN��.��(����������6\VWHPDWLF�REVHUYDWLRQDO�PHWKRGV��,Q�*��/LQG]H\�	�(�
$URQVRQ��(GV����7KH�KDQGERRN�RI�VRFLDO�SV\FKRORJ\��9RO�����SS�����±�����
5HDGLQJ��0$��$GGLVRQ�:HVOH\�

:HLQHU��%���(G������������$FKLHYHPHQW�PRWLYDWLRQ�DQG�DWWULEXWLRQ�WKHRU\�
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0RUULVWRZQ��1-��*HQHUDO�/HDUQLQJ�3UHVV�
:HLVQHU��7����������8QGHUVWDQGLQJ�EHWWHU�WKH�OLYHV�RI�SRRU�IDPLOLHV��(WKQRJUDSKLF
DQG�VXUYH\�VWXGLHV�LQ�WKH�1HZ�+RSH�H[SHULPHQW��3RYHUW\�5HVHDUFK�1HZV�������
��±���

:HLW]PDQ��(��$���	�0LOHV��0��%����������&RPSXWHU�SURJUDPV�IRU�TXDOLWDWLYH�GDWD
DQDO\VLV��7KRXVDQG�2DNV��&$��6DJH�

:HQJ��/���	�&KHQJ��&����������(IIHFWV�RI�UHVSRQVH�RUGHU�RQ�/LNHUW�W\SH�VFDOHV�
(GXFDWLRQDO�DQG�3V\FKRORJLFDO�0HDVXUHPHQW���������±����

:LOOLDPVRQ��:��3���3ROOLR��+��:���	�+RRG��5��:����������$�SKHQRPHQRORJLFDO
DQDO\VLV�RI�WKH�DQRLQWLQJ�DPRQJ�UHOLJLRXV�VHUSHQW�KDQGOHUV��,QWHUQDWLRQDO
-RXUQDO�IRU�WKH�3V\FKRORJ\�RI�5HOLJLRQ���������±����

:LQHEXUJ��6��6����������+LVWRULFDO�SUREOHP�VROYLQJ��$�VWXG\�RI�WKH�FRJQLWLYH
SURFHVVHV�XVHG�LQ�WKH�HYDOXDWLRQ�RI�GRFXPHQWDU\�DQG�SLFWRULDO�HYLGHQFH��-RXUQDO
RI�(GXFDWLRQDO�3V\FKRORJ\��������±���

:RROI��3��.����������'HFHSWLRQ�LQ�VFLHQFH��,Q�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH
$GYDQFHPHQW�RI�6FLHQFH�DQG�$PHULFDQ�%DU�$VVRFLDWLRQ�&RQIHUHQFH�RI�/DZ\HUV
DQG�6FLHQWLVWV��3URMHFW�RQ�6FLHQWLILF�)UDXG�DQG�0LVFRQGXFW��5HSRUW�RQ
:RUNVKRS�1XPEHU�2QH��:DVKLQJWRQ��'&��$PHULFDQ�$VVRFLDWLRQ�IRU�WKH
$GYDQFHPHQW�RI�6FLHQFH�

:RUWKHQ��%��5���6DQGHUV��-��5���	�)LW]SDWULFN��-��/����������3URJUDP�HYDOXDWLRQ�
1HZ�<RUN��1<��/RQJPDQ�

:ULJKW��%��(���	�0DVWHUV��*��1����������5DWLQJ�VFDOH�DQDO\VLV��&KLFDJR��,/��0HVD
3UHVV�

:\QGHU��(��/���	�*UDKDP��(��$����������7REDFFR�VPRNLQJ�DV�D�SRVVLEOH�HWLRORJLF
IDFWRU�LQ�EURQFKRJHQLF�FDUFLQRPD��-RXUQDO�RI�WKH�$PHULFDQ�0HGLFDO
$VVRFLDWLRQ����������±����

<LQ��5��.����������7KH�FDVH�VWXG\�DV�D�VHULRXV�UHVHDUFK�VWUDWHJ\��.QRZOHGJH�
&UHDWLRQ��'LIIXVLRQ��8WLOL]DWLRQ�������±����

<LQ��5��.����������&DVH�VWXG\�UHVHDUFK��'HVLJQ�DQG�PHWKRGV��7KRXVDQG�2DNV�
&$��6DJH�

<LQ��5��.����������7KH�DEULGJHG�YHUVLRQ�RI�FDVH�VWXG\�UHVHDUFK��'HVLJQ�DQG
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$EEUHYLDWLRQV������������WDEOH�
$EVWUDFW�FRQVWUXFWV�����±���
$EVWUDFWV���±����������������
$FFHVVLEOH�SRSXODWLRQ�����
$FKLHYHPHQW�EDWWHULHV�����
$FKLHYHPHQW�WHVWV�����±���
$FTXLHVFHQFH�UHVSRQVH�VHW�����
$FWLRQ�SKDVH����
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DERXW����
DFWLRQ�SKDVH����
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LQGLYLGXDO����
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RULJLQV����±��������ILJXUH�
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VWUHQJWKV�DQG�ZHDNQHVVHV����±��
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$IULFDQ�ZRPHQ��HGXFDWLRQ�RI����±��
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&RPSOHPHQWDU\�VWUHQJWKV����



&RPSOHWH�REVHUYHUV�����
&RPSOHWH�SDUWLFLSDQWV�����
&RPSRVLQJ�/LYHV�LQ�7UDQVLWLRQ��&ODQGLQLQ��6WHHYHV��	�&DLQH����������
&RPSUHKHQVLYH�VDPSOLQJ�����
&RPSXWHU�SURJUDPV�IRU�TXDOLWDWLYH�GDWD�DQDO\VLV�����±���
&RQFOXGLQJ�YDULDEOHV����
&RQFXUUHQW�HYLGHQFH�����
&RQFXUUHQW�WLPH�RULHQWDWLRQ�����±���
&RQGLWLRQ����UHODWLRQVKLS�FRQGLWLRQ������������������WDEOH�
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DQDO\VLV�RI�FRYDULDQFH�����±���
FRQWURO�RI�����±���
FRXQWHUEDODQFLQJ�����±����������ILJXUH������±����������ILJXUH�
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(OHPHQWDU\�6FKRRO�9LVLWV�WR�D�=RR�DQG�WKH�,PSOLFDWLRQV�IRU�7HDFKHUV�2UJDQL]LQJ
)LHOG�7ULSV��7KH´��7XQQLFOLIIH������

&RQWHQW�UHODWHG�HYLGHQFH�������WDEOH������
&RQWHQW�YDOLGDWLRQ�����
&RQWH[W�VHQVLWLYLW\�������WDEOH�
&RQWH[WXDOL]DWLRQ�����
&RQWLQJHQF\�TXHVWLRQV�����±���
&RQWLQJHQF\�WDEOHV�����±����������WDEOH������±����������WDEOH�



&RQWURO�JURXSV�����±���
&RQYHQLHQFH�VDPSOLQJ�����±���
&RQYHUJHQW�HYLGHQFH�����
&RQYHUVLRQ�YDOLGLW\�����
&R�RFFXUULQJ�FRGHV�����
&RUUHODWLRQ�
GDWD�����
LWHP�WR�WRWDO�����
QHJDWLYH����������ILJXUH�
SDUWLDO�����±���
SHUIHFW��������������ILJXUH�
SRVLWLYH����������ILJXUH�
VWUHQJWK�RI����±��������ILJXUH�
V\PEROV�IRU�������WDEOH�

&RUUHODWLRQDO�UHVHDUFK����±��������ILJXUH�������ILJXUH�����
&RUUHODWLRQ�FRHIILFLHQWV����±�������±���
&RUURERUDWLRQ�����
&RXQWHUEDODQFLQJ�����±����������ILJXUH������±����������ILJXUH�
&ULWHULRQ�����
&ULWHULRQ�EDVHG�VHOHFWLRQ�����±���������������WDEOH�
&ULWHULRQ�RI�IDOVLILDELOLW\����±��
&ULWHULRQ�UHODWHG�HYLGHQFH�����
&ULWLFDO�DFWLRQ�UHVHDUFK����±��
&ULWLFDO�FDVH�VDPSOLQJ�����±���
&ULWLFDO�IULHQG�����������WDEOH������
&ULWLFDO�WKHRU\�UHVHDUFK�����WDEOH�����±��
&ULWLFLVP�
H[WHUQDO�����±���
LQWHUQDO�����±���
QHJDWLYH�����
SRVLWLYH�����

&URQEDFK¶V�DOSKD�����±��������±���
&URVV�FDVH�DQDO\VLV�����
&URVV�VHFWLRQDO�UHVHDUFK�����±����������WDEOH�
&URVV�WDEXODWLRQ�����±����������WDEOH�
&XOWXUH���������±���
&XOWXUH�VKRFN�����
&XUULFXOXP�UHIRUP�����

'DWD�
DUFKLYHG�UHVHDUFK�����±���
ELPRGDO�����
FRQVWUXFWHG�����
JUDSKLF�UHSUHVHQWDWLRQV�RI�����±����������ILJXUH��������ILJXUH��������ILJXUH�



PXOWLPRGDO�����
SK\VLFDO�����
TXDOLWDWLYH�������WDEOH�
UHVHDUFK�SDUDGLJP�DQG������WDEOH�����±��
VHFRQGDU\�����±���
VRXUFHV��PXOWLSOH�������WDEOH�������������WDEOH�

'DWD�DQDO\VLV�
FDVH�VWXG\�UHVHDUFK�����
FRPSXWHU�SURJUDPV�IRU�����±���
GDWD�HQWU\�DQG�VWRUDJH�����±���
HQXPHUDWLRQ�����±���
HWKQRJUDSK\�����±����������WDEOH�
JURXQGHG�WKHRU\����������±���
KLHUDUFKLFDO�FDWHJRU\�V\VWHPV�����±����������ILJXUH�
LQWHULP�DQDO\VLV������������ILJXUH�
PHPRLQJ�����±���
PL[HG�UHVHDUFK�����±��������±����������WDEOH�
SKHQRPHQRORJ\�����
TXDOLWDWLYH�UHVHDUFK�������WDEOH��������WDEOH�
UHODWLRQVKLSV�DPRQJ�FDWHJRULHV��LGHQWLI\LQJ�����±����������WDEOH��������ILJXUH��

�����ILJXUH�
UHVHDUFK�SDUDGLJP�DQG������WDEOH�
UHVXOWV��FRUURERUDWLQJ�DQG�YDOLGDWLQJ�����
VHJPHQWLQJ��FRGLQJ��DQG�GHYHORSLQJ�FDWHJRU\�V\VWHPV�����±����������WDEOH������

�WDEOH��������WDEOH��������WDEOH��������WDEOH�
YLVXDO�����±���
6HH�DOVR�'HVFULSWLYH�VWDWLVWLFV��,QIHUHQWLDO�VWDWLVWLFV

'DWD�DQDO\VLV�VHFWLRQ��LQ�UHVHDUFK�SURSRVDOV�����±���
'DWDEDVHV����±��������WDEOH�
'DWD�FROOHFWLRQ�����±���
DERXW�����±���
FDVH�VWXG\�UHVHDUFK�����
FRQVWUXFWHG�GDWD�����
HWKQRJUDSK\�����±����������WDEOH�
IRFXV�JURXSV�����±���
JURXQGHG�WKHRU\����������
KLVWRULFDO�UHVHDUFK�����±���
PL[HG�UHVHDUFK�����
SKHQRPHQRORJ\�����±���
TXDOLWDWLYH�UHVHDUFK�������WDEOH��������WDEOH�
TXHVWLRQQDLUHV�����±���
VHFRQGDU\�GDWD�����±���
WHVWV�����
6HH�DOVR�,QWHUYLHZV��2EVHUYDWLRQ



'DWD�FRPSDULVRQ�����
'DWD�FRQVROLGDWLRQ�����
'DWD�FRUUHODWLRQ�����
'DWD�GLVSOD\�����
'DWD�HQWU\�DQG�VWRUDJH�����±���
'DWD�ILQGLQJV�LQWHUSUHWDWLRQ�����±���
'DWD�LQWHJUDWLRQ�����
'DWD�UHGXFWLRQ�����
'DWD�VHWV�����±����������WDEOH�
'DWD�V\QWKHVLV�����±���
'DWD�WUDQVIRUPDWLRQ�����
'DWD�YDOLGDWLRQ�����
'HEULHILQJ����������
'HFHSWLRQ�����±���
'HFRQVWUXFWLRQLVP�������H[KLELW�
'HGXFWLYH�PHWKRG����±������
'HGXFWLYH�UHDVRQLQJ��������
'HKRD[LQJ�����
'HOXVLRQDO�EHOLHIV�����±����������ILJXUH�
'HPRJUDSKLFV�������WDEOH�
'HQRWDWLYH�PHDQLQJ�����
'HRQWRORJLFDO�DSSURDFK�����
'HSDUWPHQW�RI�+HDOWK��(GXFDWLRQ��DQG�:HOIDUH�����±���
'HSHQGHQW�YDULDEOHV������WDEOH�����±��
'HSHZ��0DWWKHZ�����
³'HSUHVVLRQ�DQG�6XEVWDQFH�8VH�LQ�7ZR�'LYHUJHQW�+LJK�6FKRRO�&XOWXUHV´��:D\�HW

DO�������±���
'HSWK�LQWHUYLHZV�������WDEOH��������WDEOH������±���
'HUULGD��-DFTXHV�����±�����H[KLELW�
'HVFULSWLRQ����±��������WDEOH�
'HVFULSWLYH�UHVHDUFK�����±���
'HVFULSWLYH�UHVHDUFK�TXHVWLRQV�������WDEOH�
'HVFULSWLYH�VWDWLVWLFV�����±���
FHQWUDO�WHQGHQF\��PHDVXUHV�RI�����±����������ILJXUH�
GHILQHG�����
GHVFULEHG�����±����������WDEOH�
IUHTXHQF\�GLVWULEXWLRQV�����±����������WDEOH��������WDEOH�
JUDSKLF�UHSUHVHQWDWLRQV�RI�GDWD�����±����������ILJXUH��������ILJXUH��������ILJXUH�
UHODWLYH�VWDQGLQJ��PHDVXUHV�RI�����±����������ILJXUH������±�����WDEOH�
YDULDELOLW\��PHDVXUHV�RI�����±����������WDEOH��������ILJXUH�
YDULDEOHV��UHODWLRQVKLSV�DPRQJ�����±����������WDEOH��������ILJXUH�

'HVFULSWLYH�YDOLGLW\�����
'HVHQVLWL]LQJ�����
'HVLJQ��GHILQHG�����



6HH�DOVR�VSHFLILF�GHVLJQV
'HVLJQ�SKDVH��RI�DSSUHFLDWLYH�LQTXLU\����
'HVLJQ�VHFWLRQ�����±����������ILJXUH�
'HVWLQ\�SKDVH����
'HWHUPLQLVP����
'HYHORSPHQW������������WDEOH�
³'HYHORSPHQW�RI�D�*RDO�WR�%HFRPH�D�7HDFKHU��7KH´��6FKXW]��&URGHU��	�:KLWH�����

��
'HZH\��-RKQ����±���������������
'HZH\DQ�LQTXLU\����
'LDJQRVWLF�WHVWV�����
'LDJUDPPLQJ�����±����������ILJXUH�
'LDOHFWLFDO�SOXUDOLVP�����
'LDOHFWLFDO�SUDJPDWLVP���������
'LFWLRQDU\�RI�%HKDYLRUDO�$VVHVVPHQW�7HFKQLTXHV��+HUVHQ�	�%HOODFN��������WDEOH�
'LIIHUHQWLDO�DWWULWLRQ������������WDEOH������
'LIIHUHQWLDO�KLVWRU\�HIIHFW����������±����������WDEOH�
'LIIHUHQWLDO�LQIOXHQFH�����
'LIIHUHQWLDO�VHOHFWLRQ������������WDEOH��������WDEOH�
'LUHFW�HIIHFW�����
'LUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVHV�����±���
'LVDELOLWLHV�����
'LVFRYHU\�SKDVH����
'LVFULPLQDQW�HYLGHQFH�����
'LVFXVVLRQ�VHFWLRQ�����±��������±���
'LVQH\ODQG�����
'LVRUGLQDO�LQWHUDFWLRQ�HIIHFW������������ILJXUH�
'LVSURSRUWLRQDO�VWUDWLILHG�VDPSOLQJ�����±���
'LVUXSWLYH�EHKDYLRU�����±����������ILJXUH��������ILJXUH�
'RFXPHQWV����������
³'RHV�(YHU\�6WXGHQW�+DYH�D�9RLFH"´��0DFN�����
'RVH�UHVSRQVH�UHODWLRQVKLS�������H[KLELW������
'RXEOH�EDUUHOHG�TXHVWLRQV�����
'RXEOH�EOLQG�SURFHGXUH�����
'RXEOH�ORRS�OHDUQLQJ����
'RXEOH�QHJDWLYHV�����±���
'UHDP�SKDVH����
'ULYLQJ�IRUFHV����
'ULYLQJ�VDIHW\�����
'URSRXWV��KLJK�VFKRRO�����±����������ILJXUH�
'UXJ�XVH�����
'\QDPLF�V\VWHPV�������WDEOH�
'\VOH[LD����������



(DUO\�VFKRRO�OHDYHUV�����±�������������±��������
(DUO\�6FUHHQLQJ�3URILOH�����
(FRORJLFDO�YDOLGLW\�����
(FRQRP\�RI�H[SUHVVLRQ�����
(GLWRULDO�VW\OH�����±���
(GXFDWLRQDO�DVVHVVPHQW�WHVWV�����±���
(GXFDWLRQDO�UHVHDUFK�
DUHDV���±����±���WDEOH�
H[DPSOHV���±�
REMHFWLYHV����±��������WDEOH�
UHDVRQV�WR�VWXG\���±�
UXOHV��FDUGLQDO�����
6HH�DOVR�VSHFLILF�WRSLFV

(IIHFW�VL]H�LQGLFDWRUV����������
(IILFLHQF\�DVVHVVPHQW����
(JR�LQYROYHPHQW�������H[KLELW�
(OHFWURQLF�UHVHDUFK�����±���
(OHPHQWV�����
³(OHSKDQW�LQ�WKH�'DUN´��5XPL�����
(PLF�SHUVSHFWLYH�����±���
(PLF�WHUPV������������WDEOH�
(PSDWKLF�QHXWUDOLW\�������WDEOH�
(PSLULFDO�VWDWHPHQWV����±��
(PSLULFLVP����±��
(QOLJKWHQPHQW�����±�����H[KLELW�
(QXPHUDWLRQ�����±���
(SLGHPLRORJ\��FDXVDO�UHODWLRQVKLSV�LQ����������±�����H[KLELW�
(SLVWHPRORJ\����������H[KLELW�������H[KLELW�������WDEOH�
(TXDO�HPSKDVLV�VWXGLHV�����
(TXDO�SUREDELOLW\�RI�VHOHFWLRQ�PHWKRG�����
(TXDO�VWDWXV�VHTXHQWLDO�GHVLJQ�����
(TXDWLQJ�WKH�JURXSV�����
(TXLYDOHQW�IRUPV�UHOLDELOLW\�������WDEOH������±���
(5,&����������WDEOH�
(UURU�
GHILQHG�����
PDUJLQ�RI�����
VDPSOLQJ����������±���
VWDQGDUG�����
V\VWHPDWLF�����
7\SH�,����������±���������Q��
7\SH�,,�����±���

(VSRXVHG�WKHRU\����
(VVHQFH�����



(VWLPDWLRQ�����±����������ILJXUH�
(WKLFDO�JXLGHOLQHV�IRU�UHVHDUFK�ZLWK�KXPDQV�����±���
DGGLWLRQDO�FRQVHQW�����
FRQILGHQWLDOLW\��DQRQ\PLW\��DQG�SULYDF\�����±���
GHFHSWLRQ�����±���
IUHHGRP�WR�ZLWKGUDZ�����
LQIRUPHG�FRQVHQW�IRU�DGXOWV�����±��������±�����H[KLELW��������WDEOH�
LQIRUPHG�FRQVHQW�IRU�PLQRUV�����±��������±�����H[KLELW�
SDVVLYH�YHUVXV�DFWLYH�FRQVHQW�����±����������H[KLELW�
SURWHFWLRQ�IURP�PHQWDO�DQG�SK\VLFDO�KDUP�����±���

(WKLFDO�VNHSWLFLVP�����
(WKLFV��GHILQHG�����
6HH�DOVR�5HVHDUFK�HWKLFV

(WKQLF�LGHQWLW\�����
(WKQRFHQWULVP�����
³(WKQRJUDSKLF�6WXG\�RI�&URVV�&XOWXUDO�&RPPXQLFDWLRQ�:LWK�3XHUWR�5LFDQ�

$PHULFDQ�)DPLOLHV�LQ�WKH�6SHFLDO�(GXFDWLRQ�6\VWHP��$Q´��+DUU\������
³(WKQRJUDSKLF�6WXG\�RI�1RUPV�RI�,QFOXVLRQ�DQG�&RRSHUDWLRQ�LQ�D�0XOWLHWKQLF

0LGGOH�6FKRRO��$Q´��'HHULQJ������±���
(WKQRJUDSK\�����±���
DERXW����±��
FKDUDFWHULVWLFV�����±�����WDEOH�
FXOWXUH��LGHD�RI�����±���
GDWD�FROOHFWLRQ��DQDO\VLV��DQG�UHSRUW�ZULWLQJ�����±����������WDEOH�
GHILQHG���������
GHVFULEHG�����±���
H[DPSOHV�����±���
W\SHV�����±���

(WKQRKLVWRU\�����
(WKQRORJ\�����±���
(WLF�SHUVSHFWLYH����������
(WLF�WHUPV�����
(76�7HVW�&ROOHFWLRQ�������WDEOH�
(YDOXDQGV����
(YDOXDWLRQ�
GHILQHG����
JRDO�IUHH����
PL[HG�UHVHDUFK�FKHFNOLVW�����±�����WDEOH�
TXDOLWDWLYH�UHVHDUFK�FKHFNOLVW�������WDEOH�
TXDQWLWDWLYH�UHVHDUFK�FKHFNOLVW�������WDEOH�
VXPPDWLYH����

(YDOXDWLRQ�UHVHDUFK�����WDEOH�����±��
(YDQV��5DQG�����
(YHQW�VDPSOLQJ�����



(YLGHQFH�
FRQFXUUHQW�����
FRQWHQW�UHODWHG�������WDEOH������
FRQYHUJHQW�����
FULWHULRQ�UHODWHG�����
GLVFULPLQDQW�����
H[SHULPHQWDO�������H[KLELW�
LQWHUQDO�VWUXFWXUH�DQG�������WDEOH������±���
NQRZQ�JURXSV�����
PXOWLSOH�VRXUFHV�RI�����
SUHGLFWLYH�����
SULQFLSOH�RI����±��
SURRI�YHUVXV�������±��
UHODWLRQV�WR�RWKHU�YDULDEOHV�DQG�������WDEOH������±���
YDOLGLW\�����

([HPSW�VWXGLHV����������±����������WDEOH�
([KDXVWLYH�FDWHJRULHV�����
([KDXVWLYH�LQWHUYDOV�����
([SDQVLRQ������������WDEOH�
([SHFWDWLRQ�WKHRU\����
([SHGLWHG�UHYLHZ�����
([SHULHQFH����±���������WDEOH������
([SHULPHQWDO�FRQWURO�����
([SHULPHQWDO�HYLGHQFH�������H[KLELW�
([SHULPHQWDO�JURXSV�����
([SHULPHQWDO�UHVHDUFK�����±���
$�%�$�DQG�$�%�$�%�GHVLJQV�����±����������ILJXUH��������ILJXUH��������ILJXUH�
DQDO\VLV�RI�FRYDULDQFH�����±���
FKDQJLQJ�FULWHULRQ�GHVLJQ�����±����������ILJXUH��������ILJXUH�
FRQIRXQGLQJ�YDULDEOHV��FRQWURO�RI�����±���
FRXQWHUEDODQFLQJ�����±����������ILJXUH������±����������ILJXUH�
GHILQHG����
H[WUDQHRXV�YDULDEOHV��EXLOGLQJ�LQWR�UHVHDUFK�GHVLJQ������������ILJXUH�
H[WUDQHRXV�YDULDEOHV��KROGLQJ�FRQVWDQW������������ILJXUH�
IDFWRULDO�GHVLJQV�������WDEOH������±����������ILJXUH��������ILJXUH��������ILJXUH��

�����ILJXUH�
IDFWRULDO�GHVLJQV�EDVHG�RQ�D�PL[HG�PRGHO�������WDEOH�������������ILJXUH�
LQGHSHQGHQW�YDULDEOH�PDQLSXODWLRQ�����±����������ILJXUH�
LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ�������WDEOH������±����������ILJXUH��������ILJXUH��

�����ILJXUH�
PDWFKLQJ�����±����������ILJXUH�
PHWKRGRORJLFDO�FRQVLGHUDWLRQV������������ILJXUH�
PXOWLSOH�EDVHOLQH�GHVLJQ�����±����������ILJXUH��������ILJXUH������
QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ�������WDEOH������±����������ILJXUH������



�WDEOH��������ILJXUH�
RQH�JURXS�SRVWWHVW�RQO\�GHVLJQ�����±����������WDEOH��������ILJXUH�
RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�������WDEOH������±����������ILJXUH�
SRVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�������WDEOH�������������ILJXUH�
SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQ�HTXLYDOHQW�JURXSV�������WDEOH������±��������

�ILJXUH�
SUHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ�����±����������WDEOH��������ILJXUH�
TXDQWLWDWLYH�UHVHDUFK����±��
TXDVL�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�����±����������WDEOH�
UDQGRP�DVVLJQPHQW�����±����������ILJXUH�
UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�������WDEOH������±����������ILJXUH��������ILJXUH��

�����ILJXUH��������WDEOH�
UHSHDWHG�PHDVXUHV�GHVLJQV�������WDEOH������±����������ILJXUH��������ILJXUH�
VHWWLQJV�����±���
VLQJOH�FDVH�H[SHULPHQWDO�GHVLJQV�����±���
VWURQJ�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�����±����������WDEOH�
ZHDN�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�����±����������WDEOH�
6HH�DOVR�([SHULPHQWV

([SHULPHQWV�
FDXVDWLRQ�DQG�����
GHILQHG�����
ILHOG�����
,QWHUQHW�����±���
ODERUDWRU\�����
1D]L�PHGLFDO�����
7XVNHJHH������������H[KLELW�
6HH�DOVR�([SHULPHQWDO�UHVHDUFK

([SODQDWLRQ����±��
([SODQDWRU\�UHVHDUFK�����±����������ILJXUH��������ILJXUH�
([SOLFLW�WKHRU\����
([SORUDWLRQ����
([SORUDWRU\�PHWKRG������������
([WHQGHG�ILHOGZRUN�������WDEOH�������������WDEOH�
([WHUQDO�DXGLW�������WDEOH��������WDEOH�
([WHUQDO�FULWLFLVP�����±���
([WHUQDO�YDOLGLW\�
GHILQHG�����
HFRORJLFDO�YDOLGLW\�����
RXWFRPH�YDOLGLW\�����
SRSXODWLRQ�YDOLGLW\�����±����������ILJXUH��������ILJXUH�
LQ�TXDOLWDWLYH�UHVHDUFK�����±���
LQ�TXDQWLWDWLYH�UHVHDUFK�����±���
WHPSRUDO�YDOLGLW\�����
WUHDWPHQW�YDULDWLRQ�YDOLGLW\�����±���



([WUDQHRXV�YDULDEOHV�
DERXW����±��
EXLOLQJ�LQWR�UHVHDUFK�GHVLJQ������������ILJXUH�
FKDUDFWHULVWLFV������WDEOH�
FRQIRXQGLQJ�YDULDEOHV�FRPSDUHG�WR�����±���
GHILQHG����
H[DPSOH������WDEOH�
KROGLQJ�FRQVWDQW������������ILJXUH������
LGHQWLI\LQJ�DQG�FRQWUROOLQJ�����
6HH�DOVR�9DULDEOHV

([WUHPH�FDVH�VDPSOLQJ�����

)DFHVKHHW�FRGHV������������WDEOH�
)DFWRU�DQDO\VLV�����
)DFWRULDO�GHVLJQV�������WDEOH������±����������ILJXUH��������ILJXUH��������ILJXUH��

�����ILJXUH�
)DFWRULDO�GHVLJQV�EDVHG�RQ�D�PL[HG�PRGHO�������WDEOH�������������ILJXUH�
)DKUHQKHLW�WHPSHUDWXUH�VFDOH�����
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FKDUDFWHULVWLFV��������±����WDEOH�������������
GDWD�DQDO\VLV�����±��������±����������WDEOH�
GDWD�FROOHFWLRQ�����
GDWD�ILQGLQJV�LQWHUSUHWDWLRQ�����±���
GDWD�YDOLGDWLRQ�����
GHILQHG���������
GHVFULEHG����
GHVLJQ�VHFWLRQ�����
GHVLJQ�W\SHV�����±����������ILJXUH�
HYDOXDWLRQ�FKHFNOLVW�����±�����WDEOH�
H[DPSOHV�����±���
OLPLWDWLRQV�����±���
PL[HG�VDPSOLQJ�GHVLJQ�VHOHFWLRQ�FRQVWUXFWLRQ�����±���
PXOWLSOH�GLPHQVLRQ�SURFHVV�DSSURDFK�����±�����H[KLELW�
UDWLRQDOH�IRU�XVLQJ�����±����������WDEOH�
5&7�DQG�����±�����H[KLELW�
UHSRUW�ZULWLQJ�����±��������±���
UHVHDUFK�FRQWLQXXP�����±����������ILJXUH�
UHVHDUFK�SUREOHP��VWDWHPHQW�RI����
VDPSOLQJ�LQ�����±���
VWDJHV�����±����������ILJXUH�
VWUHQJWKV�DQG�ZHDNQHVVHV���������±�����WDEOH�
YDOLGLW\�LQ�����±���

0L[HG�VDPSOLQJ�GHVLJQV�����
0RGH����������±���
0RGHUDWRU�YDULDEOHV������WDEOH�����±��
0RGHUQLVP�����±�����H[KLELW�
0RQRDQDO\VLV������������WDEOH������
0RQRGDWD�����±����������WDEOH�
0XOWLDQDO\VLV�����±����������WDEOH�
0XOWLGDWD������������WDEOH������
0XOWLGLPHQVLRQDO�WHVWV�����
0XOWLJURXS�UHVHDUFK�GHVLJQV��WKUHDWV�WR�LQWHUQDO�YDOLGLW\�LQ�����±����������ILJXUH��

�����WDEOH�
0XOWLOHYHO�VDPSOH�UHODWLRQ�����
0XOWLPRGDO�GDWD�����
0XOWLSOH�EDVHOLQH�GHVLJQ�����±����������ILJXUH��������ILJXUH������
0XOWLSOH�FDVH�GHVLJQ�����±���
0XOWLSOH�GDWD�VRXUFHV�������WDEOH�������������WDEOH�
0XOWLSOH�GLPHQVLRQ�SURFHVV�DSSURDFK��0'3$��WR�PL[HG�GHVLJQ�����±�����H[KLELW�
0XOWLSOH�LQYHVWLJDWRUV������������WDEOH��������WDEOH�
0XOWLSOH�LWHPV�����±���
0XOWLSOH�PHWKRGV�����±����������WDEOH������±����������WDEOH�



0XOWLSOH�RSHUDWLRQDOLVP�����
0XOWLSOH�UHJUHVVLRQ����������±���
0XOWLSOH�VRXUFHV�RI�HYLGHQFH�����
0XOWLSOH�WKHRUHWLFDO�SHUVSHFWLYHV�������WDEOH�������������WDEOH�
0XOWLSOH�YDOLGLWLHV�����
0XWXDOO\�H[FOXVLYH�FDWHJRULHV�����
0XWXDOO\�H[FOXVLYH�LQWHUYDOV�����
0X\EULGJH��(DGZHDUG�����
³0\HUV�%ULJJV�3HUVRQDOLW\�3URILOHV�RI�3URVSHFWLYH�(GXFDWRUV´��6HDUV��.HQQHG\��	

.D\H������

1��SRSXODWLRQ�VL]H������
Q��VDPSOH�VL]H������
³1DUUDWLYH�$FFRXQW�RI�6N\H��$´��/HVVDUG�����
1DUUDWLYH�LQTXLU\��1,������±���
DERXW����
EHLQJ�LQ�WKH�PLGVW�����±���
FKDUDFWHULVWLFV�����±�����WDEOH�
GHILQHG���������
GHVLJQLQJ�VWXG\�����±���
H[DPSOH�����
ILHOG�����
ILHOG�WH[WV�����±���
ILQDO�UHVHDUFK�WH[WV�����±���
LQTXLU\�VWDUWLQJ�SRLQWV�����±���
LQWHULP�UHVHDUFK�WH[WV�����
MXVWLILFDWLRQV�����±���
UHODWLRQDO�HWKLFV�����±���
UHVHDUFK�SX]]OHV�����
VFRSH�����
WHUPV�DQG�GHILQLWLRQV�����±��������

1DUUDWLYH�UHVHDUFK��6HH�+LVWRULFDO�UHVHDUFK
1DWLRQDO�$GXOW�/LWHUDF\�6XUYH\�����
1DWLRQDO�$UFKLYHV�����
1DWLRQDO�,QVWLWXWH�RI�0HQWDO�+HDOWK��1,0+��������H[KLELW�
1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��1,+������
1DWLRQDO�2SLQLRQ�5HVHDUFK�&HQWHU��125&������
1DWXUDOLVWLF�JHQHUDOL]DWLRQ�����
1DWXUDOLVWLF�LQTXLU\�������WDEOH�
1DWXUDOLVWLF�REVHUYDWLRQ����������±�����H[KLELW������±����������WDEOH�
1D]L�PHGLFDO�H[SHULPHQWV�����
1HHGV�DVVHVVPHQW����
1HJDWLYH�FDVH�VDPSOLQJ�����������������WDEOH��������WDEOH�
1HJDWLYH�FRUUHODWLRQ����������ILJXUH�



1HJDWLYH�FULWLFLVP�����
1HJDWLYHO\�VNHZHG�GLVWULEXWLRQ�����������������ILJXUH�
1HVWHG�FRQFXUUHQW�PL[HG�VDPSOLQJ�GHVLJQ�����
1HVWHG�VDPSOH�UHODWLRQ�����
1HWZRUN�GLDJUDPV�����
1HXWUDOLW\��HPSDWKLF�������WDEOH�
1HZ�+RSH�IRU�3HRSOH�:LWK�/RZ�,QFRPHV��%RV�HW�DO�������
1HZ�2UOHDQV�VFKRRO�YLROHQFH�����
1HZWRQ��,VDDF����
1HZ�<RUN�&LW\�SXEOLF�VFKRRO�V\VWHP���
1,��6HH�1DUUDWLYH�LQTXLU\
1,+��6HH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK
1,0+��6HH�1DWLRQDO�,QVWLWXWH�RI�0HQWDO�+HDOWK
1RPLQDO�VFDOHV������������WDEOH�
1RPRWKHWLF�FDXVDWLRQ����������
1RQGLUHFWLRQDO�DOWHUQDWLYH�K\SRWKHVHV�����
1RQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ�������WDEOH������±����������ILJXUH������

�WDEOH��������ILJXUH�
1RQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�����±���
DERXW�����±���
FODVVLI\LQJ�����±����������WDEOH�
FRQWURO�WHFKQLTXHV�����±���
GHVFULEHG����±��������ILJXUH�������ILJXUH�����
HSLGHPLRORJ\��FDXVDO�UHODWLRQVKLSV�LQ����������±�����H[KLELW�
ILUVW�VLPSOH�FDVH�RI�����±���
LQGHSHQGHQW�YDULDEOHV�LQ�����±���
UHVHDUFK�REMHFWLYH�GLPHQVLRQ�������WDEOH������±����������ILJXUH��������ILJXUH�
VHFRQG�VLPSOH�FDVH�RI�����±����������ILJXUH�
VLPSOH�FDVHV�����±����������ILJXUH�
VWHSV�����
WKUHH�UHTXLUHG�FRQGLWLRQV�����±����������WDEOH�
WKUHH�UHTXLUHG�FRQGLWLRQV��DSSO\LQJ�����±����������ILJXUH��������WDEOH�
WLPH�GLPHQVLRQ�����±����������WDEOH��������WDEOH�

1RQPDOHILFHQFH�����
1RQPDWHULDO�FXOWXUH�����
1RQUDQGRP�VDPSOLQJ�WHFKQLTXHV�����±���
125&��6HH�1DWLRQDO�2SLQLRQ�5HVHDUFK�&HQWHU
1RUPDO�GLVWULEXWLRQ������������ILJXUH������±����������ILJXUH�
1RUPLQJ�JURXS�����
1RUPV�����
1XOO�K\SRWKHVHV�����±����������WDEOH�
1XPEHUV��HGLWRULDO�VW\OH�IRU�����
1XPHULFDO�UDWLQJ�VFDOHV�����±���



2EMHFWLYHV��UHVHDUFK��6HH�5HVHDUFK�REMHFWLYHV
2EMHFWLYLW\����
2EVHUYDWLRQ�����±���
GHILQHG�����
ODERUDWRU\�����
QDWXUDOLVWLF����������±�����H[KLELW������±����������WDEOH�
TXDOLWDWLYH�����±�����H[KLELW������±����������WDEOH�
TXDQWLWDWLYH�����±���
UHVHDUFK�SDUDGLJP�DQG������WDEOH�
VWUXFWXUHG�����±���
YLVXDO�GDWD�FROOHFWLRQ�����±����������SKRWR�

2EVHUYH�SKDVH����
2EVHUYHU�DV�SDUWLFLSDQW�����
2IILFLDO�GRFXPHQWV�����
2OG�DJH�FDWHJRULHV�����±����������WDEOH�
2QH�JURXS�SRVWWHVW�RQO\�GHVLJQ�����±����������WDEOH��������ILJXUH�
2QH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ������������ILJXUH��������WDEOH������±��������

�ILJXUH�
2QH�VKRW�FDVH�VWXGLHV������Q��
6HH�DOVR�2QH�JURXS�SRVWWHVW�RQO\�GHVLJQ

2QH�VWDJH�FOXVWHU�VDPSOLQJ�����±���
2QH�ZD\�DQDO\VLV�RI�YDULDQFH�����±���
2QWRORJ\������H[KLELW�������H[KLELW�������WDEOH�����±��
2SHQ�FRGLQJ�����
2SHQ�HQGHG�TXHVWLRQV�����±���
2SHUDWLRQDOLVP�����±���
2SLQLRQV�������WDEOH�
2SSRUWXQLVWLF�VDPSOLQJ�����
2UDO�KLVWRULHV�����±���
2UGHU�HIIHFW����������±���
2UGLQDO�LQWHUDFWLRQ�HIIHFW�����±����������ILJXUH�
2UGLQDO�VFDOHV�����±����������WDEOH��������WDEOH�
2ULHQWDWLRQDO�UHVHDUFK�����WDEOH�����±��
³2XQFH�RI�3UHYHQWLRQ"´��0F9HD�HW�DO�������
2XWFRPH�YDOLGLW\�����
2XWOLHUV�����

3DQHO�VWXGLHV�����±���
3DUDGLJPDWLF�SKLORVRSKLFDO�YDOLGLW\�����±���
3DUDOOHO�VDPSOH�UHODWLRQ�����
3DUDOOHO�VHTXHQWLDO�PL[HG�VDPSOLQJ�GHVLJQ�����
3DUDPHWHUV����������±����������WDEOH�
3DUVLPRQ\��UXOH�RI����
3DUWLDO�FRUUHODWLRQ�����±���



3DUWLDOO\�VSXULRXV�UHODWLRQVKLS�����
3DUWLDO�UHJUHVVLRQ�FRHIILFLHQWV�����±���
3DUWLFLSDQW�DV�REVHUYHU�����±���
3DUWLFLSDQW�IHHGEDFN�������WDEOH�������������WDEOH������
3DUWLFLSDWLRQ�����±���
3DUWLFLSDWRU\�DFWLRQ�UHVHDUFK����±��
3DVVLYH�FRQVHQW������������H[KLELW�
3DWK�FRHIILFLHQWV�����±���
3DWK�PRGHOLQJ�����±����������ILJXUH��������ILJXUH�
3DWWHUQ�PDWFKLQJ�������WDEOH�������������WDEOH�
3HDQXW�LQVSHFWLRQV�����
3HHU�UHYLHZ�������WDEOH�������������WDEOH�
3HUFHQWLOH�UDQNV�����±����������ILJXUH������±�����WDEOH�
3HUIHFW�FRUUHODWLRQ��������������ILJXUH�
3HUIRUPDQFH�PHDVXUHV�����
3HULRGLFLW\������������WDEOH�
3HUVRQDO�GRFXPHQWV�����
3HUVRQDO�H[SHULHQFH�DQG�HQJDJHPHQW�������WDEOH�
3HUVRQDOLW\�����
3HUVRQDOLW\�WHVWV�����±���
3HUVRQDO�MXVWLILFDWLRQV�����
3HUVRQDO�PDVWHU\����Q
3HUVRQDO�SURQRXQV����������
3HUVSHFWLYH�������WDEOH�
3KHQRPHQD������������H[KLELW�
³3KHQRPHQRORJLFDO�,QYHVWLJDWLRQ�RI�WKH�/HEHQVZHOW�RI�*LIWHG�6WXGHQWV�LQ�5XUDO

+LJK�6FKRROV��$´��&URVV�	�6WHZDUW������
3KHQRPHQRORJ\�����±���
DERXW����
FKDUDFWHULVWLFV�����±�����WDEOH�
GDWD�FROOHFWLRQ��DQDO\VLV��DQG�UHSRUW�ZULWLQJ�����±����������H[KLELW�
GHILQHG���������
GHVFULEHG�����±���
H[DPSOHV�����
LQWHUSUHWLYH�SKHQRPHQRORJLFDO�DQDO\VLV�����
WUDGLWLRQDO�FODVVLFDO�����±��������±�����H[KLELW�
W\SHV�����±��������±�����H[KLELW�

3KLOOLSV��6��5������±�������������
3KLORVRSK\�RI�H[SHULHQFH����
3KRWRJUDSKV�����
3KRWR�LQWHUYLHZLQJ�����±���
3KRWR�LQWHUYLHZLQJ�DQDO\VLV�����
3K\VLFDO�GDWD�����
3K\VLFDO�IRUFHV����



3K\VLFDO�PHDVXUHPHQWV�����
3LHUF\�'UXJ�3URJUDP�����
3LORW�WHVWV�����±���
3ODJLDULVP�����±���
3ODQQHG�FRPSDULVRQV������Q��
3ODQQLQJ�SKDVH����±��
3RLQW�HVWLPDWH�����
3RLQW�HVWLPDWLRQ�����±���
3RSSHU��.DUO����
3RSXODWLRQ�
DFFHVVLEOH�����
GHILQHG����������
JHQHUDOL]LQJ�WR�D�����±����������ILJXUH�
VDPSOH�YHUVXV�����
WDUJHW�����

3RSXODWLRQ�YDOLGLW\�����±����������ILJXUH��������ILJXUH�
3RVLWLYH�FODVVURRP�HQYLURQPHQW�����±����������ILJXUH�
3RVLWLYH�FRUUHODWLRQ����������ILJXUH�
3RVLWLYH�FULWLFLVP�����
3RVLWLYHO\�VNHZHG�GLVWULEXWLRQ�����������������ILJXUH�
3RVLWLYLVP������������H[KLELW�
3RVW�KRF�IDOODF\�����
3RVW�KRF�WHVWV�LQ�DQDO\VLV�RI�YDULDQFH�����±���
3RVWPRGHUQLVP������������H[KLELW�
3RVWVWUXFWXUDOLVP�����±�����H[KLELW�
3RVWWHVW�RQO\�FRQWURO�JURXS�GHVLJQ�������WDEOH�������������ILJXUH�
3RVWWHVW�RQO\�GHVLJQ�ZLWK�QRQ�HTXLYDOHQW�JURXSV�������WDEOH������±��������

�ILJXUH�
3RZHU�����
3UDFWLFDO�MXVWLILFDWLRQV�����
3UDFWLFDO�VLJQLILFDQFH�����
3UDJPDWLVP����
3UDJPDWLVW�SKLORVRSK\�����±����������WDEOH�
3UHGLFWLRQ����
3UHGLFWLYH�HYLGHQFH�����
3UHGLFWLYH�UHVHDUFK�����±���
3UHGLFWLYH�UHVHDUFK�TXHVWLRQV�������WDEOH�
3UHVFKRRO�DVVHVVPHQW�WHVWV�����
3UHVHQFH�RU�DEVHQFH�WHFKQLTXH������������ILJXUH�
3UHVHQWLVP����������
3UHWHVW�SRVWWHVW�FRQWURO�JURXS�GHVLJQ�����±����������WDEOH��������ILJXUH�
3ULPDU\�VRXUFHV�����
3ULQFLSOH�RI�HYLGHQFH����±��
3ULQFLSOH�RI�VWDQGDUGL]DWLRQ�����



3ULYDF\����������±��������±���
3UREDELOLVWLF�FDXVHV�������������±���
3UREDELOLVWLF�UHDVRQLQJ����±��
3UREDELOLW\�SURSRUWLRQDO�WR�VL]H�����
3UREDELOLW\�VDPSOLQJ��6HH�5DQGRP�VDPSOLQJ
3UREDELOLW\�YDOXH��S�YDOXH������±����������WDEOH��������H[KLELW�
3UREHV������������WDEOH�
3UREOHP�RI�LQGXFWLRQ����
3URFHGXUH�VHFWLRQ�����±��������±���
3URIHVVLRQDO�FRPSHWHQFH�����
3URIHVVLRQDO�LVVXHV�����±����������H[KLELW��������WDEOH�
3URMHFWLYH�PHDVXUHV�����
3URQRXQV��SHUVRQDO����������
3URRI�������±��
3URSRUWLRQ�������WDEOH�
3URSRUWLRQDO�VWUDWLILHG�VDPSOLQJ�����±���
³3URVSHFWLYH��/RQJLWXGLQDO�6WXG\�RI�WKH�&RUUHODWHV�DQG�&RQVHTXHQFHV�RI�(DUO\

*UDGH�5HWHQWLRQ��$´��-LPHUVRQ�HW�DO�������±���
3URVSHFWLYH�VWXGLHV�����±���
3URWHFWLRQ�IURP�PHQWDO�DQG�SK\VLFDO�KDUP�����±���
3UR[LPDO�VLPLODULW\������Q��
3VHXGRQ\PV����������
3V\FKRORJLFDO�IDFWRUV����
3V\FKRORJLFDO�IRUFHV����
³3V\FKRORJLFDO�3UHGLFWRUV�RI�6FKRRO�%DVHG�9LROHQFH´��'\NHPDQ�HW�DO�������±���
3V\F,1)2����
3XEOLF�+HDOWK�6HUYLFH�����±���
3XQFWXDWLRQ�����±���
3XUSRVHIXO�VDPSOLQJ�����±���������������WDEOH�
3XUSRVH�RI�D�UHVHDUFK�VWXG\����±��
3XUSRVLYH�VDPSOLQJ�����±���������������WDEOH�
3XW�3UHYHQWLRQ�LQWR�3UDFWLFH�SURJUDP�����
S�YDOXH��SUREDELOLW\�YDOXH������±����������WDEOH��������H[KLELW�
3\JPDOLRQ�HIIHFW����

4XDOLWDWLYH�GDWD�������WDEOH�
4XDOLWDWLYH�LQWHUYLHZV�������WDEOH��������WDEOH������±���
4XDOLWDWLYHO\�GULYHQ�FRQFXUUHQW�GHVLJQ�����
4XDOLWDWLYHO\�GULYHQ�GHVLJQ�����
4XDOLWDWLYH�REVHUYDWLRQ�����±�����H[KLELW������±����������WDEOH�
4XDOLWDWLYH�TXHVWLRQQDLUHV�����
4XDOLWDWLYH�UHVHDUFK�
FKDUDFWHULVWLFV��������±����WDEOH���������±���������WDEOH�
GDWD�DQDO\VLV�������WDEOH��������WDEOH�



GDWD�FROOHFWLRQ�������WDEOH��������WDEOH�
GDWD�FROOHFWLRQ�DQG�ILHOGZRUN�VWUDWHJLHV�������WDEOH�
GHILQHG���������
GHVLJQ�VHFWLRQ�QRW�QHHGHG������������ILJXUH�
GHVLJQ�VWUDWHJLHV�������WDEOH�
HYDOXDWLRQ�FKHFNOLVW�������WDEOH�
OLWHUDWXUH�UHYLHZ����±��
SXUSRVH�RI�D�UHVHDUFK�VWXG\����
UHSRUW�ZULWLQJ�����±���
UHVHDUFK�HWKLFV�����
UHVHDUFK�SUREOHP��VWDWHPHQW�RI����±��
VDPSOLQJ�LQ�����±���
VWHSV�����±����������ILJXUH�
VWUHQJWKV�DQG�ZHDNQHVVHV�����±����������WDEOH�
6HH�DOVR�4XDOLWDWLYH�UHVHDUFK�YDOLGLW\��VSHFLILF�WHFKQLTXHV

4XDOLWDWLYH�UHVHDUFKHUV����
4XDOLWDWLYH�UHVHDUFK�TXHVWLRQV����±���
4XDOLWDWLYH�UHVHDUFK�YDOLGLW\�
GHVFULSWLYH�YDOLGLW\�����
H[WHUQDO�YDOLGLW\�����±���
LQWHUQDO�YDOLGLW\�����±���
LQWHUSUHWLYH�YDOLGLW\�����±���
VWUDWHJLHV�����±����������WDEOH������±�����WDEOH�
WKHRUHWLFDO�YDOLGLW\�����±���
6HH�DOVR�4XDOLWDWLYH�UHVHDUFK��9DOLGLW\

4XDOLWL]LQJ�����±��������
4XDQWLWDWLYH�LQGHSHQGHQW�YDULDEOHV�����
4XDQWLWDWLYH�LQWHUYLHZV����������±��������±�����H[KLELW�
4XDQWLWDWLYHO\�GULYHQ�GHVLJQ�����
4XDQWLWDWLYHO\�GULYHQ�VHTXHQWLDO�GHVLJQ�����±���
4XDQWLWDWLYH�REVHUYDWLRQ�����±���
4XDQWLWDWLYH�TXHVWLRQQDLUHV�����
4XDQWLWDWLYH�UHVHDUFK�
FKDUDFWHULVWLFV��������±����WDEOH�����±����������
GHILQHG����
GHVLJQ�LVVXHV�����±����������H[KLELW�
HYDOXDWLRQ�FKHFNOLVW�������WDEOH�
H[SHULPHQWDO�UHVHDUFK����±��
K\SRWKHVHV�LQ�����
OLWHUDWXUH�UHYLHZ����
SXUSRVH�RI�D�UHVHDUFK�VWXG\����±��
UHVHDUFK�SUREOHP��VWDWHPHQW�RI����
VWUHQJWKV�DQG�ZHDNQHVVHV������������WDEOH�
YDULDEOHV����±����WDEOH�����±��������WDEOH�



6HH�DOVR�$3$�VW\OH�TXDQWLWDWLYH�UHVHDUFK�UHSRUWV��1RQH[SHULPHQWDO�TXDQWLWDWLYH
UHVHDUFK��4XDQWLWDWLYH�UHVHDUFK�YDOLGLW\��VSHFLILF�WHFKQLTXHV

4XDQWLWDWLYH�UHVHDUFKHUV����
4XDQWLWDWLYH�UHVHDUFK�TXHVWLRQV�����������WDEOH�
4XDQWLWDWLYH�UHVHDUFK�YDOLGLW\�
FDXVDO�UHODWLRQVKLS�W\SHV�����±���
FRQVWUXFW�YDOLGLW\�����±���
FULWHULD�IRU�LQIHUULQJ�FDXVDWLRQ�����±���
GHVLJQ�LVVXHV�LQ�TXDQWLWDWLYH�UHVHDUFK�����±����������H[KLELW�
HFRORJLFDO�YDOLGLW\�����
H[WHUQDO�YDOLGLW\�����±����������ILJXUH��������ILJXUH�
LQWHUQDO�YDOLGLW\�����±���
PXOWLJURXS�GHVLJQV��WKUHDWV�WR�LQWHUQDO�YDOLGLW\�����±����������ILJXUH������

�WDEOH�
RXWFRPH�YDOLGLW\�����
SRSXODWLRQ�YDOLGLW\�����±����������ILJXUH��������ILJXUH�
VLQJOH�JURXS�GHVLJQV��WKUHDWV�WR�LQWHUQDO�YDOLGLW\�����±����������ILJXUH������

�ILJXUH�
VWDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\�����
WHPSRUDO�YDOLGLW\�����
WUHDWPHQW�GLIIXVLRQ�����±���
WUHDWPHQW�YDULDWLRQ�YDOLGLW\�����±���
6HH�DOVR�4XDQWLWDWLYH�UHVHDUFK��9DOLGLW\

4XDQWLWDWLYH�YDULDEOHV������WDEOH�����������WDEOH�
4XDQWLWL]LQJ���������������
4XDVL�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�����±���
DERXW����������±����������WDEOH�
GHILQHG�����
LQWHUUXSWHG�WLPH�VHULHV�GHVLJQ�������WDEOH������±����������ILJXUH��������ILJXUH��

�����ILJXUH�
QRQHTXLYDOHQW�FRPSDULVRQ�JURXS�GHVLJQ�������WDEOH������±����������ILJXUH������

�WDEOH��������ILJXUH�
UHJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�������WDEOH������±����������ILJXUH��������ILJXUH��

�����ILJXUH��������WDEOH�
4XDVL�VWDWLRQDU\�HTXLOLEULXP����
4XHVWLRQQDLUHV�����±���
DEVWUDFW�FRQVWUXFWV��PHDVXULQJ�����±���
FKHFNOLVW�����±�����WDEOH�
FKHFNOLVWV�����
FRQVWUXFWLRQ�SULQFLSOHV�������WDEOH������±���
FRQVWUXFWLRQ�VWHSV�����±�����ILJXUH�
GDWD�FROOHFWLRQ�����±���
GHILQHG����������
GHVFULEHG�����±����������WDEOH��������ILJXUH�



GRXEOH�QHJDWLYHV�����±���
LWHP�FKDUDFWHULVWLFV�����±���
LWHPV��UHYHUVH�ZRUGHG�����
ODQJXDJH�����±���
PL[HG����������±�����H[KLELW�
PRGHO�����±�����H[KLELW�
RUJDQL]DWLRQ�DQG�HDVH�RI�XVH����������±�����WDEOH�����±���
SLORW�WHVW�����±���
TXDOLWDWLYH�����
TXDQWLWDWLYH�����
TXHVWLRQV��GRXEOH�EDUUHOHG�����
TXHVWLRQV��OHDGLQJ�ORDGHG�����±���
TXHVWLRQV��RSHQ�HQGHG�YHUVXV�FORVHG�HQGHG�����±���
UDQNLQJV�����±���
UDWLQJ�VFDOHV�����±��������±�����H[KLELW�
UHDGLQJ�OHYHO�����
UHVHDUFK�REMHFWLYHV�DQG�����
UHVHDUFK�SDUWLFLSDQWV��XQGHUVWDQGLQJ�����
UHVSRQVH�FDWHJRULHV�DYDLODEOH�IRU�FORVHG�HQGHG�TXHVWLRQV�����±���
VHPDQWLF�GLIIHUHQWLDO����������±�����H[KLELW�

4XHVWLRQV�
FORVHG�HQGHG�����±���
FRQWLQJHQF\�TXHVWLRQV�����±���
GRXEOH�EDUUHOHG�����
ILOWHU�����±���
OHDGLQJ�����±���
ORDGHG�����±���
RSHQ�HQGHG�����±���
UHWURVSHFWLYH�����
VWXGHQW�DVNLQJ�RI�����±����������ILJXUH�
6HH�DOVR�5HVHDUFK�TXHVWLRQV

4XRWD�VDPSOLQJ�����
4XRWDWLRQV�����±��������

5DFLDO�DQG�HWKQLF�LGHQWLW\�����
5DQGRP�DVVLJQPHQW��������������±����������ILJXUH�
5DQGRP�QXPEHU�JHQHUDWRUV�����
5DQGRP�VDPSOLQJ�
FOXVWHU�����±���
LQ�LQIHUHQWLDO�VWDWLVWLFV�����������Q��
UDQGRP�DVVLJQPHQW�YHUVXV�����±����������ILJXUH�
VDPSOH�VL]H��GHWHUPLQLQJ�����±����������WDEOH�������Q��������Q��
VLPSOH�����±����������WDEOH������±�����WDEOH�
VWUDWLILHG�����±���



VXUYH\�UHVHDUFK�VLWHV�����±�����WDEOH�
V\VWHPDWLF�����±����������WDEOH�

5DQGRP�VHOHFWLRQ��GHILQHG�����
6HH�DOVR�5DQGRP�VDPSOLQJ

5DQJH�����±���
5DQNLQJV�����±���
5DWHV�����±���
5DWLQJ�VFDOHV�
DERXW����
GHILQHG�����
��SRLQW�����������Q��
IXOO\�DQFKRUHG�����
QXPHULFDO�����±���
UHVSRQVH�FDWHJRULHV�DYDLODEOH�IRU�FORVHG�HQGHG�TXHVWLRQV�����±��������±���

�H[KLELW�
VXPPDWHG�����
DV�WHUP������Q��

5DWLRQDOLVP����±��
5DWLR�VFDOHV�������WDEOH������
5DWLR�VWDWHPHQWV�����
5&7����������±�����H[KLELW�
5HDFWLYLW\����������
5HDGLQJ�FRPSUHKHQVLRQ�����±����������ILJXUH�
5HDGLQJ�OHYHO�����
5HDGLQJ�VSHHG�����
5HDVRQLQJ����±������
5HIHUHQFH�FLWDWLRQV�LQ�WH[W�����±���
5HIHUHQFH�JURXS�����
5HIHUHQFH�OLVW�����±���
5HIHUHQFHV�VHFWLRQ����������
5HIOHFWLRQ�SKDVH����±��
5HIOH[LYLW\�����±����������WDEOH��������WDEOH��������WDEOH�
5HIUHH]LQJ����
5HJUHVVLRQ�DQDO\VLV�����±����������ILJXUH�
5HJUHVVLRQ�DUWLIDFWV�����±���
5HJUHVVLRQ�FRHIILFLHQWV�����±����������WDEOH������±���
5HJUHVVLRQ�GLVFRQWLQXLW\�GHVLJQ�������WDEOH������±����������ILJXUH��������ILJXUH��

�����ILJXUH��������WDEOH�
5HJUHVVLRQ�HTXDWLRQ�����
5HJUHVVLRQ�OLQH�����±����������ILJXUH�
5HJUHVVLRQ�WRZDUG�WKH�PHDQ�����±���
5HODWLRQDO�HWKLFV�����±���
5HODWLRQVKLS�FRQGLWLRQ��FRQGLWLRQ��������������������WDEOH�
5HODWLYH�UDWH������Q��



5HODWLYH�VWDQGLQJ��PHDVXUHV�RI�����±����������ILJXUH������±�����WDEOH�
5HOLDELOLW\�
DERXW�����±����������WDEOH�
GHILQHG�����
HTXLYDOHQW�IRUPV�������WDEOH������±���
LQWHUFRGHU�����±���
LQWHUQDO�FRQVLVWHQF\�������WDEOH������±���
LQWHUVFRUHU�������WDEOH������±���
LQWUDFRGHU�����
RYHUYLHZ�����±���
UHVHDUFK�����
VSOLW�KDOI�����
WHVW�UHWHVW�������WDEOH������±����������WDEOH�
XVLQJ�LQIRUPDWLRQ�DERXW�����

5HOLDELOLW\�FRHIILFLHQW�����
5HOLFV�����
5HOLYLQJ�VWRULHV�����
5HSHDWHG�PHDVXUHV�GHVLJQV�������WDEOH������±����������ILJXUH��������ILJXUH�
5HSHDWHG�PHDVXUHV�YDULDEOHV�����
5HSHDWHG�VDPSOLQJ�����
5HSOLFDWLRQ����������WDEOH�
5HSOLFDWLRQ�ORJLF����������±���
5HSRUW�ZULWLQJ�����±���
$3$�VW\OH�TXDQWLWDWLYH�UHVHDUFK�UHSRUWV�����±���
$3$�VW\OH�TXDQWLWDWLYH�UHVHDUFK�UHSRUWV�H[DPSOH�����±���
FDVH�VWXG\�UHVHDUFK������������H[KLELW�
HWKQRJUDSK\�����±���
JURXQGHG�WKHRU\�����
KLVWRULFDO�UHVHDUFK�����
MRXUQDOV�SXEOLVKLQJ�HGXFDWLRQDO�UHVHDUFK������������WDEOH�
PL[HG�UHVHDUFK�����±��������±���
SKHQRPHQRORJ\������������H[KLELW�
SULQFLSOHV��JHQHUDO�����±���
TXDOLWDWLYH�UHVHDUFK�UHSRUWV�����±���
UHVHDUFK�HWKLFV�DQG�����±���
UHVHDUFK�SDUDGLJP�DQG������WDEOH�����

5HSUHVHQWDWLYH�VDPSOHV���������������
5HVHDUFK�FRQWLQXXP����������ILJXUH������±����������ILJXUH�
5HVHDUFK�GHVLJQ�����
5HVHDUFKHU�DV�GHWHFWLYH�������WDEOH�������������WDEOH�
5HVHDUFKHU�ELDV�����±���
5HVHDUFK�HWKLFV�����±���
DGGLWLRQDO�FRQVHQW�����
DSSURDFKHV�����±����������ILJXUH�



FRQILGHQWLDOLW\��DQRQ\PLW\��DQG�WKH�FRQFHSW�RI�SULYDF\�����±���
GHFHSWLRQ�����±���
HWKLFDO�FRQFHUQV�����±���
IUHHGRP�WR�ZLWKGUDZ�����
KXPDQV��UHVHDUFK�ZLWK�����±���
LQIRUPHG�FRQVHQW�����±��������±�����H[KLELW��������WDEOH�
LQIRUPHG�FRQVHQW�DQG�PLQRUV�DV�UHVHDUFK�SDUWLFLSDQWV�����±��������±���

�H[KLELW�
,QVWLWXWLRQDO�5HYLHZ�%RDUG�����±����������WDEOH������±�����H[KLELW������

�WDEOH�
,QWHUQHW�UHVHDUFK�����±���
SDVVLYH�YHUVXV�DFWLYH�FRQVHQW�����±����������H[KLELW�
SURIHVVLRQDO�LVVXHV�����±����������H[KLELW��������WDEOH�
SURWHFWLRQ�IURP�PHQWDO�DQG�SK\VLFDO�KDUP�����±���
UHVHDUFK�SDUWLFLSDQWV��WUHDWPHQW�RI�����±����������H[KLELW�
UHVHDUFK�UHSRUW��SUHSDULQJ�����±���
VRFLHW\�DQG�VFLHQFH��UHODWLRQVKLS�EHWZHHQ�����

5HVHDUFK�LGHDV����±��������WDEOH�������ILJXUH�
5HVHDUFK�OLWHUDWXUH���
5HVHDUFK�PHWKRG�����
5HVHDUFK�PLVFRQGXFW�����±����������H[KLELW��������WDEOH�
5HVHDUFK�REMHFWLYHV�
GHVFULSWLYH�UHVHDUFK�����±���
H[SODQDWRU\�UHVHDUFK�����±����������ILJXUH��������ILJXUH�
QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�������WDEOH������±���
SUHGLFWLYH�UHVHDUFK�����±���
TXHVWLRQQDLUH�LWHPV�DQG�����
UHVHDUFK�SDUDGLJP�DQG������WDEOH�

5HVHDUFK�SDUDGLJP�
DERXW��������±����H[KLELW�����������ILJXUH�
GHILQHG����
SRHP�VXSSRUWLQJ�XVH�RI����
6HH�DOVR�0L[HG�UHVHDUFK��4XDOLWDWLYH�UHVHDUFK��4XDQWLWDWLYH�UHVHDUFK

5HVHDUFK�SDUWLFLSDQWV�
DJH�����
LQ�$3$�VW\OH�TXDQWLWDWLYH�UHVHDUFK�UHSRUWV�����
GHILQHG�����
GLVDELOLWLHV�����
JHQGHU�����
PLQRUV�����±��������±�����H[KLELW�
TXHVWLRQQDLUH�FRQVWUXFWLRQ�DQG�����
UDFLDO�DQG�HWKQLF�LGHQWLW\�����
UHVHDUFK�HWKLFV�����±����������H[KLELW�
LQ�UHVHDUFK�SURSRVDOV�����



VH[XDO�RULHQWDWLRQ�����
WUHDWPHQW�RI�����±����������H[KLELW�

5HVHDUFK�SUREOHP����±�������±����������WDEOH�
5HVHDUFK�SURSRVDOV�����±���
DEVWUDFW�����
DSSDUDWXV�DQG�RU�LQVWUXPHQWV�����±���
GDWD�DQDO\VLV�����±���
GHILQHG�����
GHVLJQ�����±����������ILJXUH�
IUDPHZRUN������������WDEOH�
LQWURGXFWLRQ����������
PHWKRG�����±���
SUHSDULQJ�����
SURFHGXUH�����±���
UHVHDUFK�SDUWLFLSDQWV�����

5HVHDUFK�SURWRFRO����������±�����H[KLELW������±���
5HVHDUFK�SX]]OH�����
5HVHDUFK�TXHVWLRQV�
FDXVDO�������WDEOH�
GHVFULSWLYH�������WDEOH�
KLVWRULFDO�UHVHDUFK�����±����������WDEOH�
SUHGLFWLYH�������WDEOH�
TXDOLWDWLYH����±���
TXDQWLWDWLYH�����������WDEOH�
VWDWHPHQW�RI����±����������WDEOH�
6HH�DOVR�4XHVWLRQV

5HVHDUFK�UHOLDELOLW\�����
5HVHDUFK�WRSLFV��������
5HVHDUFK�W\SRORJ\���±�������WDEOH�����±��������ILJXUH�
5HVHDUFK�YDOLGLW\����������±���
5HVHDUFK�ZKHHO����������ILJXUH�
5HVSHFW�����
5HVSRQVH�FDWHJRULHV�IRU�FORVHG�HQGHG�TXHVWLRQV�����±���
FKHFNOLVWV�����
PXWXDOO\�H[FOXVLYH�DQG�H[KDXVWLYH�����±���
UDQNLQJV�����±���
UDWLQJ�VFDOHV�����±��������±�����H[KLELW�
VHPDQWLF�GLIIHUHQWLDO����������±�����H[KLELW�

5HVSRQVH�UDWH�����±���
5HVSRQVH�VHW�����
5HVSRQVLELOLW\�����
5HVWUDLQLQJ�IRUFHV����
5HVXOWV������WDEOH�����������
5HWHOOLQJ�VWRULHV�����



5HWURVSHFWLYH�TXHVWLRQV�����
5HWURVSHFWLYH�UHVHDUFK�������WDEOH������±���
5HYHUVH�ZRUGHG�LWHPV�����
5KHWRULF������H[KLELW�������H[KLELW�
5K\PH�6HQVLWLYLW\�7HVW�����
5LYDO�K\SRWKHVHV���������±����������WDEOH�������Q��
5ROOHU�FRDVWHUV�����
5RPDQWLFLVP�������H[KLELW�
5RVHQEHUJ�6HOI�(VWHHP�6FDOH�����±���������������ILJXUH������
5XOH�RI�SDUVLPRQ\����
5XOLQJ�RXW�DOWHUQDWLYH�H[SODQDWLRQV������������WDEOH�������������WDEOH�

6$*(�+DQGERRN�RI�4XDOLWDWLYH�5HVHDUFK��'HQ]LQ�	�/LQFROQ��������H[KLELW�
6DPSOH�LQWHJUDWLRQ�YDOLGLW\�����
6DPSOH�UHODWLRQVKLS�FULWHULRQ�����
6DPSOHV�
ELDVHG�����
GHILQHG����������
LQGHSHQGHQW�����±���
SRSXODWLRQ�YHUVXV�����
UHSUHVHQWDWLYH���������������
VL]H�RI�����±����������WDEOH�������Q��������Q��
6HH�DOVR�6DPSOLQJ

6DPSOH�VWDWLVWLFV��6HH�6WDWLVWLFV
6DPSOLQJ�����±���
FOXVWHU�����
FOXVWHU�UDQGRP�����±���
FRPSUHKHQVLYH�����
FRQYHQLHQFH�����±���
FULWLFDO�FDVH�����±���
GHILQHG�����
GLVSURSRUWLRQDO�VWUDWLILHG�����±���
HYHQW�����
H[WUHPH�FDVH�����
MXGJPHQWDO�����±���������������WDEOH�
PD[LPXP�YDULDWLRQ�����
PL[HG�SXUSRVHIXO�����
LQ�PL[HG�UHVHDUFK�����±���
QHJDWLYH�FDVH�����������������WDEOH��������WDEOH�
QRQUDQGRP�WHFKQLTXHV�����±���
RQH�VWDJH�FOXVWHU�����±���
RSSRUWXQLVWLF�����
SURSRUWLRQDO�VWUDWLILHG�����±���
SXUSRVHIXO�����±���������������WDEOH�



SXUSRVLYH�����±���������������WDEOH�
LQ�TXDOLWDWLYH�UHVHDUFK�����±���
TXRWD�����
UDQGRP�DVVLJQPHQW�YHUVXV�����±���
UDQGRP�WHFKQLTXHV�����±���
UHSHDWHG�����
VDPSOH�VL]H�����±����������WDEOH�������Q��
VLPSOH�UDQGRP�����±����������WDEOH������±�����WDEOH�
VQRZEDOO�����
VWUDWLILHG�����
VWUDWLILHG�UDQGRP�����±���
VXUYH\�UHVHDUFK�VLWHV�����±�����WDEOH�
V\VWHPDWLF�����±����������WDEOH�������Q��
WHUPLQRORJ\�����±���
WLPH�LQWHUYDO�����
WZR�VWDJH�FOXVWHU�����
W\SLFDO�FDVH�����
6HH�DOVR�6DPSOHV

6DPSOLQJ�GLVWULEXWLRQ�RI�WKH�PHDQ�����±����������ILJXUH�
6DPSOLQJ�GLVWULEXWLRQV�����±����������ILJXUH�
6DPSOLQJ�HUURU����������±���
6DPSOLQJ�IUDPH����������±��������±�����WDEOH�������������WDEOH�
6DPSOLQJ�LQWHUYDO�����������Q��
6DSLU�:KRUI�K\SRWKHVLV�������H[KLELW�
6DWXUDWLRQ�����
6FDOHV�RI�PHDVXUHPHQW�����±���
LQWHUYDO�������WDEOH������±����������ILJXUH�
QRPLQDO������������WDEOH�
RUGLQDO�����±����������WDEOH��������WDEOH�
UDWLR�������WDEOH������

6FDWWHU�SORWV�����±����������ILJXUH�
6FKL]RSKUHQLD�����±����������ILJXUH�
6FKRRO�VL]H�����
6FKRRO�VXFFHVV����
6FKRRO�YLROHQFH���������������±��������
6FLHQFH����±��
DVVXPSWLRQV����±��������WDEOH�
GHILQHG����
G\QDPLFV�RI����±��
PHWKRGV����±��������ILJXUH�
SULQFLSOH�RI�HYLGHQFH����±��
VRFLHW\�DQG�����
WKHRU\����±��������WDEOH�

6FLHQWLILF�PHWKRG����������WDEOH�



6FLHQWLILF�PLVFRQGXFW�����±����������H[KLELW��������WDEOH�
6FLHQWLILF�5HYROXWLRQ�������H[KLELW�
6HDUFK�HQJLQHV����±��������WDEOH�
6HDUFK�(QJLQH�6KRZGRZQ����
6HDUFK�(QJLQH�:DWFK����
6HFRQGDU\�GDWD�����±���
6HFRQGDU\�VRXUFHV�����
6HFRQG�VLPSOH�FDVH�RI�QRQH[SHULPHQWDO�TXDQWLWDWLYH�UHVHDUFK�����±��������

�ILJXUH�
³6HHNLQJ�5HQHZDO��)LQGLQJ�&RPPXQLW\´��'UDSHU�HW�DO������
6HJPHQWLQJ�����
6HOHFWLRQ�DWWULWLRQ������������WDEOH������
6HOHFWLRQ�ELDV�������WDEOH�
6HOHFWLRQ�KLVWRU\�HIIHFW����������±����������WDEOH�
6HOHFWLRQ�LQVWUXPHQWDWLRQ�HIIHFW������������WDEOH�
6HOHFWLRQ�PDWXUDWLRQ�HIIHFW������������WDEOH������±���
6HOHFWLRQ�UHJUHVVLRQ�HIIHFW������������WDEOH�
6HOHFWLRQ�WHVWLQJ�HIIHFW������������WDEOH�
6HOHFWLYH�FRGLQJ�����
6HOI�SODJLDULVP�����
6HOI�UHSRUW�����
6HPDQWLF�GLIIHUHQWLDO����������±�����H[KLELW�
6HPLRWLFV�����
6HPLRWLF�YLVXDO�DQDO\VLV�����
6HQJH��3HWHU����
6HSWHPEHU����������WHUURULVW�DWWDFNV�����
6HTXHQFLQJ�HIIHFWV�����±����������ILJXUH�
6HTXHQWLDO�WLPH�RULHQWDWLRQ�����
6HTXHQWLDO�YDOLGLW\�����±���
6HWWLQJV��H[SHULPHQWDO�UHVHDUFK�����±���
6H[XDOLW\�����±�������������
6H[XDO�RULHQWDWLRQ�����
6KDUHG�EHOLHIV�����
6KDUHG�YDOXHV�����
6KDUHG�YLVLRQ��EXLOGLQJ����Q
6KRUW�TXRWDWLRQV�����
6LJQLILFDQFH�OHYHO�����±����������WDEOH��������H[KLELW�
6LJQLILFDQFH�WHVWLQJ�����
6HH�DOVR�+\SRWKHVLV�WHVWLQJ

6LJQV�����
6LPSOH�FDVHV�����±����������ILJXUH�
6LPSOH�UDQGRP�VDPSOLQJ�����±����������WDEOH������±�����WDEOH�
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6LQJOH�FDVH�H[SHULPHQWDO�GHVLJQV�����±���
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6LQJOH�ORRS�OHDUQLQJ����
6NHZHG�GLVWULEXWLRQ�����������������ILJXUH�
6PRNLQJ�DQG�FDQFHU������������H[KLELW������
6PRRWKQHVV�RI�H[SUHVVLRQ�����
6QRZEDOO�VDPSOLQJ�����
6RFLDO�GHVLUDELOLW\�UHVSRQVH�VHW�����
6RFLDOL]DWLRQ�����
6RFLDO�MXVWLFH����±��
6RFLDO�SV\FKRORJLFDO�IDFWRUV����
6RFLDO�UHVSRQVLELOLW\�����
6RFLDO�VNLOOV�WUDLQLQJ�����
6RFLDO�WKHRUHWLFDO�MXVWLILFDWLRQV�����
6RFLHW\�DQG�VFLHQFH�����
6RF,1'(;����
6RFLRORJLFDO�IDFWRUV����
6RFLRSROLWLFDO�YDOLGLW\�����
6RXUFLQJ�����±���
6SHDUPDQ�%URZQ�IRUPXOD�����
6SHFLDO�FDVH�RI�WKH�JHQHUDO�OLQHDU�PRGHO�����±���
6SHFLILFLW\�LQ�UHSRUW�ZULWLQJ�����
6SHFLILFLW\�LQ�WKH�FDXVHV�������H[KLELW�
6SOLW�KDOI�UHOLDELOLW\�����
6SXULRXV�UHODWLRQVKLSV�����±����������ILJXUH��������WDEOH�
6WDQGDUG�GHYLDWLRQ�
GHILQHG�����
QRUPDO�GLVWULEXWLRQ�DQG�����±����������ILJXUH�
V\PEROV�IRU�������WDEOH�
YDULDQFH�DQG�����±����������WDEOH�

6WDQGDUG�HUURU�����
6WDQGDUGL]DWLRQ�����
6WDQGDUGL]DWLRQ��SULQFLSOH�RI�����
6WDQGDUGL]HG�DFKLHYHPHQW�WHVWV�����
6WDQGDUGL]HG�PHDVXUHPHQW�DQG�DVVHVVPHQW�����±���
DFKLHYHPHQW�WHVWV�����±���
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GLDJQRVWLF�WHVWV�����
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HGXFDWLRQDO�DVVHVVPHQW�WHVWV�����±���
LQIRUPDWLRQ�VRXUFHV�����±����������WDEOH�
LQWHOOLJHQFH�WHVWV�����
PHDVXUHPHQW��GHILQLQJ�����
SHUVRQDOLW\�WHVWV�����±���
SUHVFKRRO�DVVHVVPHQW�WHVWV�����
UHOLDELOLW\�����±����������WDEOH������
VFDOHV�RI�PHDVXUHPHQW�����±����������WDEOH��������WDEOH��������ILJXUH�
YDOLGLW\�����±��������±����������WDEOH�

6WDQGDUGL]HG�RSHQ�HQGHG�LQWHUYLHZV�������WDEOH������
6WDQGDUG�VFRUHV�����
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6WDWHV�����±���
6WDWLVWLFDO�FRQFOXVLRQ�YDOLGLW\�����
6WDWLVWLFDO�FRQWURO����������±���
6WDWLVWLFDOO\�VLJQLILFDQW�ILQGLQJV����������
6WDWLVWLFDO�SRZHU�����±���
6WDWLVWLFDO�UHVXOWV��SUHVHQWLQJ�����
6WDWLVWLFV�
DERXW������������ILJXUH�
GHILQHG����������
V\PEROV�XVHG�IRU�����±����������WDEOH�
6HH�DOVR�'HVFULSWLYH�VWDWLVWLFV��,QIHUHQWLDO�VWDWLVWLFV

6WHLQKDHXVHU��5REHUW�����
6WHUQ��PDJD]LQH������
6WUDWLILFDWLRQ��LPSOLFLW������Q��
6WUDWLILFDWLRQ�YDULDEOHV�����
6WUDWLILHG�OLVWV������Q��
6WUDWLILHG�UDQGRP�VDPSOLQJ�����±���
6WUDWLILHG�VDPSOLQJ�����
6WUHQJWK�RI�DVVRFLDWLRQ�������H[KLELW��������H[KLELW�
6WUHQJWK�RI�FRUUHODWLRQ����±��������ILJXUH�
6WUHQJWKV��FRPSOHPHQWDU\����
6WUHVV�LQ�7HDFKLQJ�4XHVWLRQQDLUH����������
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6XEMHFWLYLW\����±��
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6\VWHPDWLF�VDPSOLQJ�����±����������WDEOH�������Q��
6\VWHPV��G\QDPLF�������WDEOH�
6\VWHPV�WKLQNLQJ����Q
6\VWHPZLGH�DFWLRQ�UHVHDUFK����

7DEOHV�����±���
7DEOHV�RI�UDQGRP�QXPEHUV�����
7DUJHW�SRSXODWLRQ�����
7HDFKHU�FRQVWUXFWHG�DFKLHYHPHQW�WHVWV����������
7HDFKHUV�
H[SHFWDWLRQ�WKHRU\�DSSOLHG�WR����
JRDO�RI�EHFRPLQJ���
KLJK�VFKRRO�GURSRXWV�DQG�����±����������ILJXUH�
LQWHUQVKLSV�IRU�SURVSHFWLYH�����

7HDP�OHDUQLQJ����Q
7HOHSKRQH�LQWHUYLHZV�����
7HPSRUDO�DQWHFHGHQFH�FRQGLWLRQ��FRQGLWLRQ��������±���������������WDEOH�
7HPSRUDOLW\�������H[KLELW��������H[KLELW�
7HPSRUDO�YDOLGLW\�����
7HVW�DQ[LHW\����
7HVW�&ULWLTXHV��.H\VHU�	�6ZHHWODQG��������WDEOH�
7HVWLQJ�����±����������WDEOH������
6HH�DOVR�7HVWV

7HVW�UHWHVW�UHOLDELOLW\�������WDEOH������±����������WDEOH�
7HVWV�
DFKLHYHPHQW�����±���
DSWLWXGH�����±���
DV�GDWD�FROOHFWLRQ�PHWKRG�����
GLDJQRVWLF�����
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KRPRJHQRXV�����
LQIRUPDWLRQ�VRXUFHV�����±����������WDEOH�
LQWHOOLJHQFH�����
PXOWLGLPHQVLRQDO�����
SHUVRQDOLW\�����±���
SLORW�����±���
SUHVFKRRO�DVVHVVPHQW�����
VWDQGDUGL]HG�DFKLHYHPHQW�����
WHDFKHU�FRQVWUXFWHG�DFKLHYHPHQW����������
XQLGLPHQVLRQDO�����
6HH�DOVR�VSHFLILF�WHVWV

7HVWV��0DGGR[��������WDEOH�
7HVWV�LQ�3ULQW������������WDEOH�
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ILHOG�����±���
ILQDO�UHVHDUFK�����±���
LQWHULP�UHVHDUFK�����
LQ�SRVWVWUXFWXUDOLVP�����±�����H[KLELW�
UHVHDUFK�FLWDWLRQV�LQ�����±���
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7KHRUHWLFDO�PRGHOLQJ�����±����������ILJXUH��������ILJXUH�
7KHRUHWLFDO�SODXVLELOLW\�������H[KLELW��������H[KLELW�
7KHRUHWLFDO�VDWXUDWLRQ����������
7KHRUHWLFDO�VHQVLWLYLW\�����
7KHRUHWLFDO�YDOLGLW\�����±���
7KHRU\�
DERXW����±��
GHILQHG��������
HVSRXVHG����
HYDOXDWLQJ������WDEOH�
H[SHFWDWLRQ����
H[SOLFLW����
IRUFH�ILHOG����
JRDO�IXQFWLRQ�RI����
UHVHDUFK�LGHDV��VRXUFHV�RI����
WRRO�IXQFWLRQ�RI����
6HH�DOVR�*URXQGHG�WKHRU\��VSHFLILF�WKHRULHV

7KHRU\�DVVHVVPHQW����
7KHRU\�JHQHUDWLRQ�DSSURDFK����
7KHRU\�LQ�XVH����
7KHRU\�WHVWLQJ�DSSURDFK����
7KLQN�DORXG�WHFKQLTXH�����



7KLUG�YDULDEOH�SUREOHP�����
7KLUG�YDULDEOHV����������
6HH�DOVR�&RQIRXQGLQJ�YDULDEOHV

7KUHH�UHTXLUHG�FRQGLWLRQV�
DERXW�����±����������WDEOH�
DSSO\LQJ�����±����������ILJXUH��������WDEOH�
GHILQHG�����
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FURVV�VHFWLRQDO�UHVHDUFK�����±����������WDEOH�
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7LWOH�SDJH�����±��������
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GHILQHG�����
DV�PL[HG�UHVHDUFK�SXUSRVH������������WDEOH�
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7XVNHJHH�H[SHULPHQW������������H[KLELW�
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7\SH�WHFKQLTXH������������ILJXUH�
7\SLFDO�FDVH�VDPSOLQJ�����
7\SLQJ�����
7\SRORJLHV�����±����������ILJXUH��������WDEOH�

8QIUHH]LQJ��������
8QLGLPHQVLRQDO�WHVWV�����
8QLYHUVDO�VHPDQWLF�UHODWLRQVKLSV������������WDEOH�
8QLYHUVLW\�RI�&DOLIRUQLD±%HUNHOH\�����
8QLYHUVLW\�RI�3HQQV\OYDQLD¶V�6FKRRO�RI�$UWV�DQG�6FLHQFHV�����
8SSHU�OLPLW�����
86�'HFHQQLDO�&HQVXV�����±���
86�6XUJHRQ�*HQHUDO¶V�$GYLVRU\�&RPPLWWHH�����
8WLOLWDULDQLVP�����±����������ILJXUH�

9DJXHQHVV����������
9DOLGDWLRQ�����±��������������Q�������
9DOLGLW\�
DERXW�����±����������WDEOH�
FRPPHQVXUDELOLW\�DSSUR[LPDWLRQ�����
FRQVWUXFW�����±���
FRQWHQW�UHODWHG�HYLGHQFH�������WDEOH������
FRQYHUVLRQ�����
GHILQHG�����������Q��
GHVFULSWLYH�����
HFRORJLFDO�����
LQVLGH�RXWVLGH�����
LQWHUQDO�VWUXFWXUH��HYLGHQFH�EDVHG�RQ�������WDEOH������±���
LQWHUSUHWLYH�����±���
PL[HG�UHVHDUFK�����±���
RXWFRPH�����
RYHUYLHZ�����±���
SDUDGLJPDWLF�SKLORVRSKLFDO�����±���
SRSXODWLRQ�����±����������ILJXUH��������ILJXUH�
UHODWLRQV�WR�RWKHU�YDULDEOHV��HYLGHQFH�EDVHG�RQ�������WDEOH������±���
UHVHDUFK����������±���
VDPSOH�LQWHJUDWLRQ�����
VHTXHQWLDO�����±���
VRFLRSROLWLFDO�����
VWDWLVWLFDO�FRQFOXVLRQ�����
WHPSRUDO�����
WKHRUHWLFDO�����±���
WUHDWPHQW�YDULDWLRQ�����±���
XVLQJ�LQIRUPDWLRQ�DERXW�����



ZHDNQHVV�PLQLPL]DWLRQ�����
6HH�DOVR�([WHUQDO�YDOLGLW\��4XDOLWDWLYH�UHVHDUFK�YDOLGLW\��4XDQWLWDWLYH�UHVHDUFK

YDOLGLW\
9DOLGLW\�FRHIILFLHQW�����
9DOLGLW\�HYLGHQFH�����
9DOXHV�����������WDEOH������
9DULDELOLW\��PHDVXUHV�RI�����±����������WDEOH��������ILJXUH�
9DULDEOHV�
FDWHJRULFDO������WDEOH�����������WDEOH�
FRQFOXGLQJ����
GHILQHG����
GHSHQGHQW������WDEOH�����±��
LQWHUYHQLQJ������WDEOH����������
LQWHUYHQLQJ�UHPHGLDWLQJ����
PDWFKLQJ�����
PHDVXULQJ�����
PHGLDWLQJ������WDEOH����������
PRGHUDWRU������WDEOH�����±��
TXDQWLWDWLYH������WDEOH�����������WDEOH�
LQ�TXDQWLWDWLYH�UHVHDUFK����±����WDEOH�����±��������WDEOH�
UHSHDWHG�PHDVXUHV�����
VWUDWLILFDWLRQ�����
WKLUG����������
6HH�DOVR�&RQIRXQGLQJ�YDULDEOHV��([WUDQHRXV�YDULDEOHV��,QGHSHQGHQW�YDULDEOHV

9DULDQFH�
DQDO\VLV�RI�����Q�����±���
GHILQHG�����
VWDQGDUG�GHYLDWLRQ�DQG�����±����������WDEOH�
V\PEROV�IRU�������WDEOH�

9HUVWHKHQ����±��
9LROHQFH��VFKRRO���������������±��������
9LVLRQ��EXLOGLQJ�VKDUHG����Q
9LVXDO�FRQWHQW�DQDO\VLV�����
9LVXDO�GDWD�DQDO\VLV�����±���
9LVXDO�GDWD�FROOHFWLRQ�����±����������SKRWR�
9LVXDO�LQVSHFWLRQ�������WDEOH�
9RLFH�������WDEOH�
9RLFH�UHFRJQLWLRQ�FRPSXWHU�SURJUDPV�����

:DUUDQWHG�DVVHUWDELOLW\�����
:HDN�H[SHULPHQWDO�UHVHDUFK�GHVLJQV�����±���
DERXW�����±����������WDEOH�
RQH�JURXS�SRVWWHVW�RQO\�GHVLJQ�����±����������WDEOH��������ILJXUH�
RQH�JURXS�SUHWHVW�SRVWWHVW�GHVLJQ�������WDEOH������±����������ILJXUH�



SRVWWHVW�RQO\�GHVLJQ�ZLWK�QRQ�HTXLYDOHQW�JURXSV�������WDEOH������±��������
�ILJXUH�

:HDNQHVV�PLQLPL]DWLRQ�YDOLGLW\�����
:HE�VXUYH\V�����
:KR�GRHV�ZKDW��ZKHQ�FKDUWV����
:LWKGUDZDO��IUHHGRP�WR�����
:LWKKROGLQJ�LQIRUPDWLRQ�����
:LWKLQ�VXEMHFWV�LQGHSHQGHQW�YDULDEOHV�����
:LWKLWQHVV����
:RRGFRFN�5HDGLQJ�0DVWHU\�7HVW�����

\�LQWHUFHSW�����

]�VFRUHV�����±���
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5�� %XUNH� -RKQVRQ� �3K'�� &ROOHJH� RI� (GXFDWLRQ�� 8QLYHUVLW\� RI� *HRUJLD�� LV� D
3URIHVVRU� LQ� WKH� 3URIHVVLRQDO� 6WXGLHV� 'HSDUWPHQW� DW� WKH� 8QLYHUVLW\� RI� 6RXWK
$ODEDPD�� +H� DOVR� KDV� JUDGXDWH� GHJUHHV� LQ� SV\FKRORJ\�� VRFLRORJ\�� DQG� SXEOLF
DGPLQLVWUDWLRQ�� ZKLFK� JLYH� KLP� D� PXOWLGLVFLSOLQDU\� SHUVSHFWLYH� RQ� UHVHDUFK
PHWKRGRORJ\�� +H� KDV� SXEOLVKHG� LQ� WKH�(GXFDWLRQDO� 5HVHDUFKHU�� (YDOXDWLRQ� DQG
3URJUDP� 3ODQQLQJ�� (YDOXDWLRQ� 5HYLHZ�� -RXUQDO� RI� 0L[HG� 0HWKRGV� 5HVHDUFK�
-RXUQDO� RI� (GXFDWLRQDO� 3V\FKRORJ\�� DQG� 4XDQWLW\� DQG� 4XDOLW\�� +H� ZDV� JXHVW
HGLWRU� IRU� D� VSHFLDO� LVVXH� RI� 5HVHDUFK� LQ� WKH� 6FKRROV
�KWWS���ZZZ�PVHUD�RUJ�ULWVB����KWP�� DQG� D� VSHFLDO� LVVXH�RI�$PHULFDQ�%HKDYLRUDO
6FLHQWLVW�ERWK�IRFXVLQJ�RQ�PL[HG�PHWKRGV�UHVHDUFK��+H�ZDV�RQ�WKH�HGLWRULDO�ERDUG
RI� WKH�(GXFDWLRQDO� 5HVHDUFKHU� DQG� ZDV� DQ� $VVRFLDWH� (GLWRU� RI� WKH� -RXUQDO� RI
0L[HG�0HWKRGV�5HVHDUFK��%XUNH�ZDV�DOVR�FRDXWKRU�RI�5HVHDUFK�0HWKRGV��'HVLJQ�
DQG�$QDO\VLV��'LFWLRQDU\�RI�6WDWLVWLFV�DQG�0HWKRGRORJ\��$�1RQWHFKQLFDO�*XLGH
IRU� WKH�6RFLDO�6FLHQFHV��DQG�2[IRUG�+DQGERRN�RI�0XOWLSOH�DQG�0L[HG�0HWKRGV
5HVHDUFK�

/DUU\�&KULVWHQVHQ� �3K'�� 8QLYHUVLW\� RI� 6RXWKHUQ� 0LVVLVVLSSL�� LV� 3URIHVVRU� DQG
&KDLU�RI�WKH�'HSDUWPHQW�RI�3V\FKRORJ\�DW�WKH�8QLYHUVLW\�RI�6RXWK�$ODEDPD��/DUU\�LV
WKH�DXWKRU�RI�VHYHUDO�VXFFHVVIXO�WH[WERRNV�DQG�KDV�SXEOLVKHG�PRUH�WKDQ����MRXUQDO
DUWLFOHV�

http://www.msera.org/rits_131.htm
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