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WE WOULD LIKE TO WELCOME you to a very different seventh edition of Quantitative
Methods for Business Decisions. David Eadson has joined Jon Curwin and Roger Slater
in the author team, and together they have sought to offer a more compact book with
all the qualities of the previous six editions and strengthened the links to online support
materials. This new edition, like the previous editions, is intended for students from a variety of
backgrounds who find that their courses require a good understanding of mathematics and statistics
in a business context. Few assumptions are made about what a student can remember from pre-
vious studies and the focus is on developing the important skills of being effective with numbers.
Each chapter offers an introduction and explanation of some aspect of the quantitative approach to
problem solving. Together these chapters are designed to build a confidence with business problem
analysis but are sufficiently self-contained to be used as a source of reference or for revision purposes.
A review of basic mathematics is now included as the first chapter and allows for an easier revision
of key mathematical topics and for easier cross-referencing if only as a reminder of a mathematical
technique that is required. The book itself is still divided into five parts: Understanding quantitative
information; Describing data; Measuring uncertainty; Using statistical inference; and Relating
variables and predicting outcomes, with a further three parts offered online, adressing Modelling,
Mathematical topics and student guides, respectively. The online support has been considerably
strengthened to include chapters on Game theory and Factor analysis, and student guides on creative
problem solving, EXCEL, SPSS, Project management software, and writing and reporting statistics.
The rationale for the book remains broadly the same, but the following improvements have been
made:

* A review and revision of basic mathematics takes place at the beginning of the book.

 All chapters have been revised to reflect subject and course developments with additional
chapters and student guides being offered online.

e The questions at the end of each chapter have been revised. In addition to the multiple
choice and numeric based exercise questions, a set of discussion questions have been added.
These have been designed to encourage you to explore the application of concepts raised in
each chapter.

e A complete set of fully annotated answers for all end of chapter questions are offered online,
and some can still be found at the end of the book.
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PREFACE

e The Mini Case studies introduced in edition six, that illustrate the practicality of
quantitative methods, have all been reviewed, revised and updated.

* Exercise boxes and Illustrative Examples boxes throughout the text help reinforce your
learning and encourage you to reflect upon and explore further the issues raised in each
chapter.

*  We stress the importance of an effective approach to problem solving and the importance of
methodology.

* The use of EXCEL and SPSS has been revised and updated, and accompanying data sets are
provided online.

You are encouraged to visit the accompanying premium digital platform, where you will find the sets
of data, spreadsheets modelling, PowerPoint presentations and much more. You will also find that
the text has been annotated to guide you to this online material. Look out for this symbol throughout
the book.

We hope that you like the improvement we have made and that this book will help you make a
success of your studies.

Jon Curwin
Roger Slater
David Eadson
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PART ONE
Understanding Quantitative
Information

Introduction

INTHIS FRST y
lems and managing data. Working with numbers il be an important part of speciy-
d ‘problems. ly
However, we need to b
M i

lid for our,

As we will se, it s important o larify, and If necessary redefne, the problem we are working on.
‘The approach to problem solving nceds to make good use of the informatior e
bl

rganizational
put data at our fingertips - for example, share prices in New York, or stock levels in a warchouse

Feature Part Openers explain the structure
of each part of the book and include quick
start guides covering the key formulae used
in the following chapters

Given the sequence:
9,36, 144, 576, 2304, 9216,

The common o, 1= 22 =188 2208 _ 4

find the value of the 12th term.
Solution: Since =9 and r= 4,

£,=9 5 (4)7 =9 x 4194304 = 37748736

Given the same sequence:

9,36, 144, 576, 2304, 5216

sequence: ) with th and i) continued o 12 terms?
Soluton: By substituton,

14 1) = 9 x 409573 = 12285
B 1M~ 1) = 9 x 1677721573 = 50331 645

EXERCISE  You have just been offered a different contract, The staring salay is il £12000 per annum
previous year's salary rather than a fxed rate. What

what willyour total earings be over this period?

1,= 1200001 06" = 16058.71 and
5, = 12000 (1.06%~ 1111 08 - 1) = 83703.82

We could again develop a spreadshect solution as shown in Table 1.4

Feature Examples and Exercises explain key
mathematical concepts and challenge your
learning with short activities

WALK THROUGH TOUR

The Quantitative
Approach

TR v o of s chaptor you should be s o

contrast quantative and qualiatve approaches
identiysome o he key lements of prablem sobing

understand the importance of methodology

distinguish between data and information

N
>
>
> appreciate the use of models
-
> idontiy difarontypos of data
>
N

understand the importance of the lovel of measurement achieved

making

NUMBERS PROVIDE A UNIVERSAL LANGUAGE that

P In fac

almost entiely in numerical terms. The developm
L

y in
mostly involve the inputs and

behaviour of peaple individually, in groups or in organizations. Descriptio is dificult in numeri
1 dis likeh lization and case histories. The qualitative

Feature Chapter Objectives clearly set out
the content and coverage of each chapter

@

Shopping Developments o LSTRATVE
Limited Part | EXAMPLE |

retaling units. an

the Hamblug Peaples’ Store in partiular. They would ke o know more about the usage of the.
10 review the information

The compar outcome student who had

with the requirement of the placement project in mind and only part of the questionnaire and
Itis kn

used but that fow other detalls femain. The relevant parts of the questionnaire and coding sheet
are as folows. 0 @ @

THE QUESTIONNAIRE

(B 10 your s i o h o overs Sopin rcier? ESIO
S 01003

(@) Howstiondovou vt e v v Stepoing et Tk Ol
O Less than once a week

O Once a week.

fn than this

(@) Howlong sk outo et in i
(D) How ity v her? TCK LY AN ODE OF TRANSPORT
DOeus
Ocar

=
O Other, pleass specify

(B) Hoveyou vt e Harbl's shs? YESNO 110, g 10010

(D) Hoveou een e oy ESNO 10, 010010

(Continued)

Feature lllustrative Examples in every
chapter directly apply quantitative methods
to realistic business situations



However, we

valid

managerial judgemen.

Meaningful - |
measurement |

‘GETTING DATA AND MAKING CALCULATIONS can be the easy part. Understanding the real issuss and
asking the ight questions can be more diffcult. Reporting average travel time or the variabity in
competitors”price can be a computational exercise. But how can you assess how customers will

Even if measurement is diffcul it can be important if you want to understand th issues facing
the world ime. e
Foundation (NEF) (s0e waw neweconomics orgloublicationsfwelkbeing) you wil find details of a
report;
‘counties of the wortd. Rather than using Gross Domesti Product (GDP) to measure the economic
growh, it uses a Happy Planet Index [HPY). The HPI is based on lfe expectancy, lfe satisfaction and
cological footprint derved from the 143 countries data bases.
Consider an extract from the report given below:

Inan of real
progress. The Happy Planat Index (HP) provides that compass by measuring what trly matters
tous—ou long, tothe

planet ~our ate of resource consumpton. ~ Executive Sumrmary

HPIGoal
The goelof the HP1 is

future
generations. The HPI combines progress towards these two gosls in a single figure.

Visit the online platform
and he carectnessof the o

(Continued)

Shopping Developments Limited are expected to be planning more extensive markt research

butbelisve

wi @

ne

markot development strategies.

Itis known that Shopping Developments Liited wish to develop the concept of the general

ferty port o the New Havens Shopping Precinct could be an important factor

®

auick Q START

Should we continue to use

Managing numbers is an important part of
understanding and solving problems. The
callecting together of numbers and other facts.
and opinions.provides data. This data_ only.

itinforms the user.

sureet interviews or should we consider other
ways of getting feedback? One of the aims of
the book is to make youa batier problem solver
by introducing a wide range of techniques and
Show thair application i a variety of business

The quantiative approsch is more than just
“doingsums.Itisabout makingsense.f numbers:

The development of mathematcal models
an provide  better understanding of the way.

a context, it can be useful to work thiough a
number of stages: defining fand redsfining) the
probiem, searching for information, problem

things work. Relationsnips are estabished using
variables (s quantity or characteristc of inferest.
that can vary within the. problem context,
parameters values fixed for a iven problern) and

if necessary)
idea generation, soluion finding and. fnaly

Just the clarifiation of assumptions, like the.

The use of new
idoas can bo important at any of the stages.
Shouldwe only be looking at methads toincrease
sales, for example, or snould we include other
factors like channels of distributon, packaging

prcedt fwhero it may or
may not b can be helpful when problern soling

ta can come from existing sources
(secondary data) or may need to be collected

} for the purposes of our research (primary datal

(Continued)
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Feature The digital resources icon
throughout indicates additional materials and
datasets found online, for a smoother integra-
tion of resources and a holistic approach to
learning

Feature Mini Cases throughout the book
depict real-world examples demonstrating
how different mathematical concepts play
important roles in everyday life

1B.7.1 Online resources
It o e ks s e s i s ot ® ANSWER SECTION

a geometric progression
> Proof o the formala or findin the roos ofanequation
> Figure 120 spreadshet e CSELxsx @
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including solving simultancous equations by matriccs

Questions for Parts A and B

Part A questions

There are o discussion questions for Part A ‘THIS SECTION PROVIDES, FOR EACH chaper, answers to all the MCQs and annotated 8
s et of i

Multiple choice questions answers t exercie questions can be found on the nline platform. Answers t the

1 Thevalue of 4017 -8+ 2)is
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b 3

b o Chapter 1
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i be paid om s
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a £160 Answers to Part A Answers to Part B

b cl600 b

o a0

=y td 4w 14 L s s
3 Inasale,a dress shop reduces all of its. 7 &o 5 e Be @ Ll

prces by 30 per cent For one particular 1. s4 FTE A

res the sl price ws £140. Wht was PR

the original price of the dress?

a 00
b £
o an Part A Annotated exercise answers
4 cs6s7
8 Ifa straight line goes through the points 1. Here we apply the BEDMAS rule
4 Whatis the value of 6"+ 9" (-1,6) and (6,0), what i the gradient of
a 165
b 3 a 76
ol v -307-10)=9-21=-12

47 o 67 () B(3(2+4) - 25+7) = 8(3(6) - 212) = 8(18 - 24) = ~48
a1

Feature Questions at the end of each Feature Answers to some of the end-of-
chapter, including multiple-choice and longer
mathematical problems, test your under-

standing of every topic

chapter questions can be found at the end

of the book with fully annotated answers

explaining the solutions to longer problems

(the rest can be found on the online platform) @






Mathematical
Background

rHR TR TR

MATHS FORMS THE BASIS OF business analysis and many courses assume that you can
deal with what they call ‘the basics’ The point from which you are starting will depend
upon what you have done, your school, how long it is since you did any maths and
whether or not you enjoyed it. You might want to use this chapter for general reference
or you may wish to work through systematically.
This chapter is divided into two parts:

=> Part A looks at some of the basics of mathematics and will include arithmetic, algebra and
graphs which are essential for dealing with statistics. It is unlikely that your course will
include specific questions asking you to do this type of maths, but you will be expected to
do it within statistics questions, and elsewhere. More advanced topics in matrix algebra and @
calculus can be found in Part 7 on the book’s on-line platform.

= Part B applies basic mathematics to look at the basics of financial mathematics, especially
how we value money now and how we value both income and expenditure in the future. The
application of maths to finance illustrates the importance of maths in everyday life and in
business. In this part we will look at the calculation of interest and money concepts such as
depreciation, internal rates of return, annuities and mortgages. These ideas are fundamental
to accounting, marketing and strategic management.



Basic
Mathematics

Objectives After working through this part of the chapter, you should

be able to:

deal with the basics of arithmetic

understand percentages

use powers of numbers as a shorthand for multiplication
write down simple algebraic expressions

understand logarithms

rearrange algebraic expressions

understand equations using two variables

sketch simple graphs

use linear functions for breakeven analysis

state the format of mathematical progressions

solve quadratic functions for roots

A 22 2 Z0 2 2 2 20 25N JR

find equilibria points for simple economic situations

THE USE OF MATHEMATICS PROVIDES a precise way of describing a range of situa-
tions. Whether we are looking at production possibilities or constructing an economic
model of some kind, mathematics will effectively communicate our ideas and solu-
tions. Reference to x or y should not take us back to the mysteries of school algebra but
should give us a systematic way of setting out and solving some problems. Most things we measure
will take a range of values, for example, people’s height, and mathematically they are described by
variables. A variable z, for example, could measure temperature throughout the day, the working
speed of a drilling machine or a share price. The important point here is that the variable z is what
we want it to be.

Hopefully you can remember a little about using numbers because you use them every day,
for instance in checking your change when you buy a cup of coffee, or get on a bus. Suppose you




1A BASIC MATHEMATICS

wish to calculate your weekly pay. If you work 40 hours each week and you are paid £10 per hour,
then your weekly pay will be 40 x £10 = £400, which is a specific result. However, if the number of
hours you work each week and the hourly rate of pay can both vary, you will need to go through
the same calculation each week to determine your weekly pay. To describe this process, you can use
mathematical notation. If the letter h represents the number of hours worked and another letter
p represents the hourly rate of pay in pounds per hour, then the general expression hp (or h x p)
describes the calculation of weekly pay. If & = 33 and p = 11 then weekly pay will equal £363. It
should be noted at this point that the symbol for multiplication is used only when necessary; hp is
used in preference to h x p (which avoids confusion with x which is often used as a variable name),
although they mean exactly the same. To show the calculation of the £363 we would need to write
33 hours x £11 per hour’

We are not concerned with you being able to do complicated sums using large numbers in your
head! What we want you to be able to do is understand the calculations required and have an aware-
ness of whether your answers make sense or not. If you need to use large numbers, then you can
always use a calculator or a computer to take the hard work out of the number crunching’.

Basic arithmetic

Many of the basics of arithmetic you will have covered at primary and secondary school.
The point to remember is that you can only do four things with numbers: divide, multiply, add
and subtract.

\1A.1.1 Addition and subtraction \

It is useful to think of numbers placed on a straight line like a ruler with negative numbers to the left
of zero and positive numbers to the right as shown in Figure 1.1

i . | | | | | | | | | | | | | |
Figure 1.1 { { >

The number line

Addition: Starting at zero on the number line, basic sums should be straight forward, for example:
4+3=7

Here you are simply moving to the right along the number line, from zero, in two segments, as shown
in Figure 1.2

Figure 1.2 +4 +3
4+3=1 | | | | | | | | | | | | | | |y
I I I I I I I I I I I I I ™
-6 -5 -4 -3 -2 - 0 1 2 3 4 5 6 7 8

Subtraction: Again, you are combining two line sections, but the minus sign means that you are
going backwards for one part. This is illustrated in Figure 1.3
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Figure 1.3 -4

A

v

6-4=2

If the number that we are subtracting is larger than the other number, then the outcome will move to
the left of zero on the number line. This is illustrated in Figure 1.4

Figure 1.4 -7

A

4-7=-3 >

1A.1.2 Multiplication and division|

Multiplication: Multiplication can be thought of as a quick form of addition, if you are take 3 times 2,
you are taking three line segments of length 2 and adding them together.

3x2=6

Division: Division is really the opposite of multiplication. We are trying to find how many times one
number will go into another. Sometimes the answer will be a whole number, and sometimes there
will be something left over. For example:

8+2(or8/2)=4
11 + 3 (or 11/3) = 3 and 2 left over.

The remainder is usually expressed as a fraction of the devisor or as a decimal:
So,11 +3=3% or 3.667

With multiplication and division you need to remember the following rules:

Multiplying or dividing two positive numbers gives a positive number
Multiplying or dividing two negative numbers gives a positive number
Multiplying or dividing a negative and a positive number gives a negative number

2

Multiplying several numbers, some positive and some negative, then an even number of
negative numbers gives a positive number; an odd number of negative numbers gives a
negative number



i) Evaluate
i) Evaluate
iii) Evaluate
iv) Evaluate
v) Evaluate

vi) Evaluate

-12 x 4 =-48

-4 x (-3) =12

-2 X (-6) x (-4) = 12 x (-4) = -48
-12 +4=-3

-10+(-2)=5

16 x(-2) + (-4) =32 + (-4) =-8

1A BASIC MATHEMATICS

1A.1.3 Brackets and precedence rules

Brackets and precedence rules are used to remove ambiguity in a calculation. For example:

14 -3 x 4 could be either 11 x4=440r14-12=2,

depending on which operation is performed first. To remove ambiguity we could use brackets.

Brackets: When the expression that we are trying to evaluate contains brackets, then we need to
work out the bit in the brackets first. For example:

(14-3)x4=11x4=44

Another example:

(3+2)x6=5%x6=30

Again, note that this is different from 3 + 2 x 6, where the answer would be:

3+2x6=3+12=15

A Rule: There is a rule (BEDMAS) which we can use when we are faced by complicated looking
expressions. You may have come across it before, although it does get presented in slightly different
forms from time to time.

The rule is often called the Order of Operations rule, and can be summarized as:

Add

»w>>x=Zzomw

Following this rule, we can now evaluate 14 — 3 x 4

Multiply first and then Subtract 14 - 12 =2

Brackets
Exponentiation
Divide

Multiply

Subtract

The rule applied to more complicated expressions involving brackets becomes fairly straight forward.

For example:

(4+3)x5-3x(-2+7+3)+4

-
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First of all we work out the two brackets:

7x5-3x8+4
Then we divide:
7x5-3x2
Then we do the multiplications:
35-6
and finally, we do the subtraction:
answer = 29

With practice, you may be able to do several steps of such a calculation at once, without having to
write down each of the intermediate steps, but, if in doubt, write down each stage.

Important note: non-scientific calculators and those found on mobile phones do not use
precedence rules when evaluating expression. They will give incorrect results for many calculations
giving you the wrong answers.

1A.1.4 Percentages

Percentages are special forms of fractions and mean ‘some-thing out of 100’ and is abbreviated with
the per cent symbol ‘%’ Whereas a fraction, for example %, comprises a numerator (the top number)
and a denominator (the bottom number), a percentage has a denominator of 100. For example
40 per cent as a fraction would be 40/100.

Fractions and decimals can be easily changed into percentages. The method is simply to multiply
by 100.

For example, to change the fraction % to a percentage:

1 100=1%9
1 4
— 25%

The same procedure is used to change decimals to percentages. For example, to change the decimal
0.825 to a percentage:

0.825 = 0.825 x 100% — decimal point is moved two places to the right
=82.5%

To change a percentage into a fraction or a decimal we divide by 100.
For example, to change 75 per cent into a fraction:

75% =75 x 100

=75><L
100
_75
100
3
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The same procedure is used to change a percentage into a decimal. For example, to change
25.7 per cent to a decimal:

25.7% = 25.7 x 100 — decimal point is moved two places to the left
=0.275

To compare one quantity as a percentage of another can often be useful, such as understanding
sale price reductions. To do this comparison, we write the first quantity as a fraction of the second
quantity and then convert this fraction into a percentage. Note that it is important to ensure that
both quantities are expressed in the same units before carrying out this operation.

For example, in a sale the cost of an article has been reduced from £3.00 to £2.25 i.e. a reduction
of 75p. To find the percentage reduction we need to express 75p as a percentage of £3.00

First we change both quantities to the same units, so £3.00 is equivalent to 300p, then expressing
75p as a fraction of 300p gives:

ER x 100 = > %
300 3
= 25%

Percentage change: Changes in original values, expressed as percentages, give us a standardized
method for comparing increases and decreases. In particular, in financial calculations we often refer
to such changes as gains and losses. Sometimes the percentage gain or percentage loss is more sig-
nificant than the actual value of the gain or loss.

For example, suppose two people place bets on a horse race. The first person has £1000 and places
a bet of £50 on a horse. The second person has £100 and also places a bet of £50 on the same horse.
The horse loses!

For the first person: the percentage loss is:

50 50

x 100 = %
1000 10
= 5%

For the second person, the percentage loss is:

5—0><100

100

50%

For the second person, the impact of a 50 per cent loss is probably far more significant than the
impact of a 5 per cent loss incurred by the first person, even though the actual amount lost was the
same for both people.

The use of percentage change can also be useful for international comparisons where different
currencies exist. For example, comparing the change in the exchange rates of pound sterling with the
Euro and the US dollar.

When calculating percentage change two important points must be remembered:

= the numerator and denominator must be in the same units

=> the fraction is expressed as actual change over original value.

Thus:

. actual increase
Percentage increase= —— . x 100%
original value
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actual decrease
Percentage decrease = ————————— x 100%
original value

As we will find later when dealing with index numbers (Chapter 8) the use of percentages and
percentage change is particularly important.

1A.1.5 Use of powers

Powers (or exponentiation) are a shorthand way of writing down a multiplication when we are
multiplying a number by itself.

If we are multiplying 5 x 5 we could write this as 5%

The system will also work if we multiply the same number more than two times.

45=4x4x4x4x4x4
If you have a mixture of operations such as:
3+4

You need to remember the BEDMAS rule and work out the power (or exponent) first, and then do
the addition:

3+4°=3+16=19

Combining powers: Where we have a number raised to a power and that result is multiplied by
the same number raised to some power, then you can simplify the expression by adding the powers
together. For example:

3% 3 =32=3=729

The same basic idea works when the two results are to be divided rather than multiplied, but in this
case you need to subtract the powers. For example:

3 3=37=32=9
We also need to note the following result:
3+3=32=3=3

and this can be generalized to say that any number raised to the power 1 is the number itself. Another
important result is shown below:

31+31=31=3=1

which means that a number raised to the power zero is equal to 1. This is true for all numbers. If we
take these ideas a little further, we can find another useful result:

43 = 45 = 43-5= 42

but the question remains ‘What on earth does this mean?” The meaning of positive powers is fairly
obvious if you have read the paragraphs above, but now we need to interpret negative powers.
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A negative power means that we divide 1 by the expression (this is known as the reciprocal), so
the result of the previous answer is:

11
216

S

(Note: 5° + 5? cannot be simplified by expressing it as 5 to a single power i.e. 5° + 5% # 5°)

Square roots: The square root of a number is a number that, when multiplied by itself, gives the
required answer.

For example, the square root of 4 is 2, because 2 x 2 = 4.

For small numbers, you can often do such calculations in your head, when the result will turn
out to be a whole number. For any other situation you are likely to use the button on your calculator
which is marked: V

There is an alternative way of writing down a square root by using a power. A square root is
equivalent to the power of one half (}2).

We can see that this must be the case since:

21/2 X 21/2 — 21/2+1/2 — 21 =2

By a similar logic, the cube root (i.e. a number which when multiplied by itself three times gives the
result) of some number, must be equivalent to a power of %.

Basic algebra

We all do some basic algebra almost every day, it’s just that we don’t always classify it as
such! If you see six apples for 60 pence, then you know that they cost 10 pence each; you have effec-
tively just used algebra, it’s just that you didn’t write it down in any formal sense. If you had written
the problem down, you might have said:

Let a stand for cost of an apple, then: 6a = 60
Divide both sides by 6, and you get: a = 10
therefore the cost of one apple is ten pence.

Algebra is often seen as a way of simplifying a problem by using a letter (in this case the letter a)
to represent something. Applying some basic rules, then allows us to rearrange an expression or
equation to obtain a different view of the relationship. We did this in the example above, by going
from a position where we knew the price of six apples, to a position where we know the cost of a

single apple.
This example illustrates the first basic rule that we need:

Whatever you do to one side of an equation, you must do to the other side.

This rule applies no matter what it is we need to do, for example:

If05x=7

-]
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then multiply both sides by 2, and you get:

x=14
Similarly:
If4s*-30=6
then, if we add 30 to both sides, we get:
4s* = 36
divide both sides by 4, to get:
=9

and finally, take the square root of both sides, to get:
s = 3 (the answer is +3 or -3)

As a final example, when we have brackets in the equation, we need to remember the BEDMAS
rule from Section 1A.1.3, and work out the brackets first. For example:

If 2a(4a-7) - 8a*+70=0
working out the bracket by multiplying (4a - 7) by 2a gives:
8a’-14a-8a*+70=0
simplifying gives:
-14a+70=0

adding 14a to both sides gives:

+14a - 14a + 70 = 14a
or 70 = 14a

and dividing by 14, gives:

so we have the answer that a is equal to 5.

As you can see, there is no real limit to the number of times you can manipulate the relationship,
as long as you do the same thing to both sides.

In many cases, when you are asked to rearrange an equation, you will end up with a numerical
value for the letter, but sometimes, all you need to find out is the value of one of the letters expressed
as a function of the other one. This is the way in which people have developed formulae, some of
which you are going to use during this course.

If we start off with an expression like this:

4x - 12y =60
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and we want to express x as a function of y, the first step is to get just the bit with x in it on one side,
and all of the rest on the other side. We can do this by adding 12y to both sides:

4x - 12y + 12y =60 + 12y
this now simplifies to:
4x =60+ 12y
and, if we divide by 4, we get:
x=15+3y

This answer does not give us a specific numerical value for x, but it does tell us how x is related to y. It
also allows us to find the specific value for x, if we are given a specific value for y; for example if we are
told that y = 2, then we can substitute this specific value into the relationship which we have found:

x=15+3(2)
therefore x=15+6=21

What we have just done is the basis for using various formulae that you might need when you try
to apply numeracy to various situations. It is also the way in which we can use algebra to represent
relationships, and these can also be used to show the same situations graphically.

The use of algebra provides one powerful way of dealing with a range of business problems.
As we shall see, a single answer is rarely the result of one correct method, or likely to provide a
complete solution to a business-related problem. Consider breakeven analysis as an example.
Problems are often specified in such a way that a single value of output can be found where the
total cost of production is equal to total revenue, i.e. no profit is being made. This single figure
may well be useful. A manager could be told, for example, that the division will need to breakeven
within the next six months. This single figure will not, however, tell the manager the level of output
necessary to achieve an acceptable level of profits by the end of the year. Even where a single figure
is sufficient, it will still be the result of a number of simplifying assumptions. If, for example, we
relax the assumption that price remains the same regardless of output the business problem will
become more complex.

Suppose a company is making a single product and selling it for £390. Whether the company is
successful or not will depend on both the control of production costs and the ability to sell. If we
recognize only two types of cost, fixed cost and variable cost, we are already making a simplifying
assumption. Suppose also that fixed costs, those that do not vary directly with the level of output (e.g.
rent, lighting, administration), equal £6500 and variable costs, those costs that do vary directly with
the level of output (e.g. direct labour, materials), equal £340 per unit.

The cost and revenue position of this company could be described or modelled using a spread-
sheet format. Output levels could be shown in the first column (A) of the spreadsheet. The corre-
sponding levels of revenue and costs could then be calculated in further columns (assuming that all
output is sold). Finally a profit or loss figure could be determined as shown in Table 1.1.

Algebra provides an ideal method to describe the steps taken to construct this spreadsheet. If we
use x to represent output and p to represent price then revenue r is equal to px. Finally, total cost ¢ is
made up of two components: a fixed cost, say a, and a variable cost which is the product of variable
cost per unit, say b, and the level of output. Then:

r=pxandc=a + bx
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Table 1.1 Format of spreadsheet to determine breakeven point for single-product company

A B @ D E F
Output Revenue' Fixed cost Variable cost? Total cost Profit/loss
1 100 39000 6500 34000 40500 —1500
2 110 42900 6500 37400 43900 -1000
3 120 46800 6500 40800 47300 -500
4 130 50700 6500 44200 50700 0
5 140 54600 6500 47600 54100 500
6 150 58500 6500 51000 57500 1000

1. Assumes sale price per unit = £390
2. Assumes product cost per unit = £340

Profit, usually written as 7 (it would be confusing to use p for price and profit), is the difference
between revenue and total cost:

n=r-c
7 =px-(a+bx)

It should be noted here that the brackets signify that all the enclosed terms should be taken together.
The minus sign before the bracket is an instruction to subtract each of the terms included within the
bracket. The expression for profit can be simplified by collecting the x terms together:

T=px-bx-a
As x is now common to the first two terms we can take x outside new brackets to obtain:
n=(p-bx-a
or using the numbers from the example above:
7= (390 - 340)x - 6500
7 =50x - 6500

These few steps of algebra have two important consequences in this example. First, we can see that
profit has a fairly simple relationship to output, x. If we would like to know the profit corresponding
to an output level of 200 units, we merely let x = 200 to find that profit is equal to 50 x 200 — 6500 or
£3500. Second, algebra allows us to develop new ideas or concepts. The difference shown between
price and variable cost per unit (p — b), or £50 in this example, is known as contribution to profit.
Each unit sold represents a gain of £50 for the company; whether a loss or a profit is being made
depends on whether the fixed costs have been covered or not.

Consider now the breakeven position. If profit is equal to 0, then:

0 =50x - 6500

To obtain an expression with x on one side and numbers on the other, we can subtract 50x from
both sides:

-50x = -6500
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To determine the value of x, divide both sides by —50:
x=-6500/-50 = 130

You need to remember here that if you divide a minus by a minus the answer is a plus.

The purpose of the above example is not to show the detail of breakeven analysis but rather the
power of algebra. If we consider the above division, the following interpretation is possible: the
breakeven level is the number of £50 gains needed to cover the fixed cost of £6500. You are likely to
meet the concept of contribution to profit in studies of both accountancy and marketing.

In reality, few companies deal with a single product. Suppose a company produces two products,
xand y, selling for £390 and £365 and with variable cost per unit of £340 and £305 respectively. Fixed
costs are £13700. A spreadsheet model could be developed as shown in Table 1.2 (again assuming
all output is sold).

Table 1.2 Format of spreadsheet to determine breakeven points for a two-product company

A B c D E F G
Output x Outputy Revenue Fixed cost Variable cost Total cost Profit/loss
120 110 86950 13700 74350 88050 -1100
130 110 90850 13700 77750 91450 —600
140 110 94750 13700 81150 94850 -100
142 110 95530 13700 81830 95530 0
120 120 90600 13700 77400 91100 -500
130 120 94500 13700 80800 94500 0
140 120 98400 13700 84200 97900 500

The spreadsheet reveals that a two-product company can breakeven in more than one way. The
notation used so far can be extended to cover companies producing two or more products. Using x
and y subscripts on price and variable costs, for a two-product company we could write:

Revenue and Total Costs:

R=px+py; C=a+bx+by
Profit is the difference between revenue and total costs:
r=R-C
T=(p.x +pyy) -(a+bx+ byy)
n=@p,-b)x+(p, -b)y-a

It can be seen in this case that profit is made up of the contribution to profit from two products
less fixed cost. Substituting the numbers from the example we have:

7= (390 - 340)x + (365 - 305)y - 13700
7 =>50x+ 60y - 13700

You may recall that one equation with one variable or indeed two independent equations with two
variables can be uniquely solved. As we have shown, one equation with two variables does not have
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a unique solution but rather a range of possible solutions. In a business context, a range of solutions
may be preferable as these offer management a choice.

Logarithms

Asyou will see in some later chapters, we sometimes use logarithms in statistics. Logarithms
are the opposites or the inverse to exponentials, just as division is the inverse to multiplication. For
example:

y=b"  isequivalentto log,(y) = x

where b is the ‘base of the logarithny’ just as b is the base of the exponential in y = b*
For example:

64 = 82, so log, (64) =2

Another way of looking at a logarithm is to ask the question:

What value (x) must I raise the base (b) to, to get the answer y?

> Convert Log,(216) = 3 to the equivalent exponential expression
b=6;x=3and y=216
So, y=bri.e. 216 = 6°

=> Simplify Log,(64)
Let x be the unknown value, so Log,(64) = x
In exponential form, this becomes 64 = 8%
So, x=2

=> Simplify Log,(6)
Let x be the unknown value, so Log,(6) = x
In exponential form, this becomes 6 = 6*
So, x=1
This example provides us with a generalization:
for any base b’ Log,(b) =1

=> Simplify Log,(1)
Let x be the unknown value, so Log, (1) = x
In exponential form, this becomes 1 = 10*
So, x=0
This example provides us with a generalization:
for any base b’ Log,(1) =0

A logarithm can have any positive base but the two bases that are commonly used, especially in
statistics are:



1A BASIC MATHEMATICS

-> base 10 or common logs, and usually written as log(x) or log(y) with the base ‘10" assumed

=> base e or natural logs where e is the natural exponential constant (approximately 2 .71828).
This is usually written as [g(x) or lg(y) with the base ‘¢’ assumed

Because these two types of logarithms are the most commonly used they can be found on most
calculators.

In Section 1A.1.5 above we saw that we can simplify exponential expressions such as 10 x 107
to give 10° or 10° + 107 to give 10*, because we can add or subtract exponentials with the same base.
There are similar rules for logarithms:

=> Log,(m x n) = Log,(m) + Log,(n)
=> Log,(m <+ n) = Log,(m) - Log,(n)
= Log,(m") = nLog,(m)

Like exponentials these rules only work for logarithms with the same base. For example Log (m) +
Log,(n) cannot be simplified.

=> Simplify Log(10x) , assuming base 10
Log(10) + Log(x) = 1+ Log(x)

= Simplify Lg(12x/4y), assuming base ‘¢’
Lg(12x) — Lgldy) = Lg(12) + Lg(x) — Lg(4) — Lg(y)
=2.4849 - 1.3863 + Lg(x) — Lgly) =1.0984 + Lg(x) — Lg(y)

Arithmetic and geometric progressions

In much of our work we are not just looking at a single number but rather a range of num-
bers. In developing a solution to a business problem, perhaps using a spreadsheet model, we are
likely to generate a list of figures rather than a single figure. A sequence of numbers is just an
ordered list, for example:

18, 23, 28, 33, 38,43
and
9, 36, 144, 576, 2304, 9216

If the sequence can be produced using a particular rule or law, it is referred to as a series or a pro-
gression. It is particularly useful if we can recognize a pattern in a list. In the first example, five is
being added each time and in the second example, the previous term is being multiplied by four. As
we shall see, the first sequence is an arithmetic progression and the second sequence is a geometric
progression.
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1A.4.1 Arithmetic progression

A sequence is said to be an arithmetic progression if the difference between the terms remains the
same, e.g. five. This difference is called the common difference and is usually denoted by d. If a is the
first term, then the successive terms of an arithmetic progression are given by:
a,a+d, a+2d a+3d,
The nth term is given by:
t=a+ n-1d
The sum of an arithmetic progression with » terms is given by:

n

@ S, [2a + (n - 1)d]
A proof of this formula is given on the online platform for the interested reader.

Given the sequence

18, 23, 28, 33, 38, 43

find the value of the 12th term.
Solution: Since a= 18 and d =5

t,=18+ 11 x5=73

Given the same sequence

18, 23, 28, 33, 38, 43

what is the sum of this sequence:

(i) with the six terms shown; and

(i) continued to 12 terms?
Solution: By substitution:

(i) Sezg(Zx 18 + (5)5) = 3(36 + 25) = 183

(i) S, = %(2 x 18 + (11)5) = 6(36 + 55) = 546
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EXERCISE You have been offered a new contract. The starting salary is £12000 per annum and there is an
— incremental increase of £800 at the end of each year. What will your salary be at the end of year

ag‘ six and what will your total earnings be over this period?
- - Answer: \We substitute values as necessary:
t,=12000 + 5 x 800 = £16000

6
S = 2— (2 x 12000 + 5 x 800) = £84000

As an alternative, we could, of course, develop a spreadsheet solution to this problem as shown
in Table 1.3.

Table 1.3 Format of spreadsheet to show incremental salary increases

A B
Year Salary
1 12 000
2 12 800
3 13 600
4 14 400
5 15 200
6 16 000
Total 84 000

1A.4.2 Geometric progression

A sequence is said to be a geometric progression if the ratio between the terms remains the same,
e.g. four. This constant ratio, r, is called the common ratio. The successive terms of a geometric pro-
gression are given by:

a, ar, ar?, ar® ar*,
The nth term is given by:
t =ar"!
n

It should be noted at this point that geometric progressions have a tendency to grow very quickly
when the value of r is greater than 1. This observation has major implications if human populations
or the debtors of a company can be represented using such a progression.

The sum of a geometric progression with 7 terms is given by:

S :a(r”—l)
" r—1

A proof of this formula is given on the online platform for the interested reader.
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9, 36, 144, 576, 2304, 9216.

find the value of the 12th term.
Solution: Since a=9and r=4,

t,=9x (4" =9x4194304 = 37748736

12

Given the same sequence:

9, 36, 144, 576, 2304, 9216

what is the sum of this sequence: (i) with the six terms shown; and (ii) continued to 12 terms?
Solution: By substitution,

Sg = 9(4°=1)/(4-1) = 9 x 4095/3 = 12285
S, =94"7-1)/(4-1)=9x16777215/3 = 50331645

EXERCISE

CEE

e

You have just been offered a different contract. The starting salary is still £12000 per annum
but the increase will be 6 per cent of the previous year's salary rather than a fixed rate. \What
will your salary be at the end of year six and what will your total earnings be over this period?

Answer: By the substitution of values, using r = 1.06 (to give a 6 per cent increase per
annum)

t, = 12000(1.06)° = 16058.71 and
S, = 12000 (1.06° - 1)/(1.06 - 1) = 83703.82

We could again develop a spreadsheet solution as shown in Table 1.4.
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Table 1.4 Format of spreadsheet to show percentage salary increases

A B
Year Salary
1 12 000.00
2 12720.00
3 13 483.20
4 14 292.19
5 15 149.72
6 16 058.71
Total 83703.82
Functions

Being able to draw graphs can be very useful in trying to see what is happening in a par-
ticular situation. In this section we will remind you about some of the basic techniques for drawing
graphs, and show how you can take an algebraic expression and create a picture of it. You will find
that if you have access to a computer spreadsheet package that it will be able to draw the pictures for
you, but remember that we need to understand the basics to avoid making silly mistakes.

The Axes: To draw a graph, we need a pair of axes; these are two lines drawn at right-angles to each
other, and usually with a scale attached to them. An example is shown in Figure 1.5:

Figure 1.5 Graph Axes
S, y
Graph axes
2
1
X
5 4 3 2 - 4 5

You also need to label the axes; the convention is to label the horizontal axis as x and the vertical axis
as . Once we have these axes, we can identify any point by quoting the horizontal position (x-value) and
the vertical position (y-value), always in that order. So if we want to show the point x = 3 and y = 5, we
can go along the x-axis to the point marked 3, and then up until we are level with y = 5. It is a conven-
tion that such a point is referred to as the coordinates (3,5) and it is shown in Figure 1.6 as the Point A.

Figure 1.6 Graph Axes
y

A

Graph axes and
point (3,5)
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\1A.5.1 Constant functions \

Here, no matter what value x takes, the value of y remains the same. The line representing y = k passes
through the y-axis at a value k and remains constant going off, at least in theory, to infinity in both
directions.

If the values of x for which the constant function y = k are limited to a particular group (known
as the domain of the function) then we may use the following symbols:

<x means less than x;

>x means greater than x;

<x means less than or equal to x; and
>x means greater than or equal to x

Now if the constant function only applies between x = 0 and x = 10, is written as:

y=kfor0<x<10

=0 elsewhere

We could use this idea of the domain of a function to represent graphically a book price with dis-
counts for quantity purchase, as in Figure 1.7.

Figure 1.7 Price/book

Linear function

and domains
£15 -

£10

£5

T I I I I T I T I T I T T T T 1
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Quantity purchased

1A.5.2 Linear functions |

A linear function is one that will give a straight line when we draw the graph.

This function occurs frequently when we try to apply quantitative techniques to business-related
problems, and even where it does not apply exactly, it may well form a close enough approximation
for the use to which we are putting it.

If the value of y is always equal to the value of x then we shall obtain a graph as shown in
Figure 1.8(a). This line will pass through the origin (coordinates (0,0)) and will be at an angle of 45°
to the x-axis, provided that both axes use the same scale. We may change the angle or slope of the
line by multiplying the value of x by some constant, called a coefficient. Two examples are given in
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Figure 1.8 y y

- .

y=2x

45°

(@) (b)
Figure 1.8(b). These functions still go through the origin; to make a function go through some other
point on the y-axis, we add or subtract a constant. The point where the function crosses the y-axis is

called the intercept. Two examples are given in Figure 1.9.

Figure 1.9 y

e —
A

= 1
/}’—10+2X
10

y=x-5

The general format of a linear function is y = a + bx, where a and b are constants and represent,
respectively, the intercept value on the y-axis when x = 0 and the gradient (or slope) of the line. To
draw the graph of a linear function we need to know at least two points which satisfy the function.
If we take the function:

y =100 - 2x

then we know that the intercept on the y-axis is 100. If we substitute some other, convenient, value for
x, we can find another point through which the graph of the function passes. Taking x = 10, we have:

y=100-2x10=100-20=280

so the two points have the coordinates (0,100) and (10,80). Marking these points on a pair of axes, we
may join them up with a ruler to obtain a graph of the function (see Figure 1.10).

Fixed costs, such as £6500 and £13700 in our breakeven examples, do not change with output
level and would be represented by a horizontal straight line.

We may use two linear functions to illustrate the market situation in economics, allowing one
to represent the various quantities demanded over a range of prices, and the other to represent
supply conditions. Where these two functions cross is known as the equilibrium point (point E in
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Figure 1.10 y

EXERCISE Given the following revenue and total cost functions, show graphically where they cross, and
thus where breakeven occurs. Develop the spreadsheet model of these functions to confirm

BRE  vouranswer

e wawr TIW

r=390x
¢ = 6500 + 340x

where x is equal to production and sales.

Figure 1.11), since at this price level the quantity demanded by the consumers is exactly equal to the
amount that the suppliers are willing to produce, and thus the market is cleared. Note that we follow
the tradition of the economics texts and place quantity on the x-axis and price on the y-axis.

Figure 1.11 100 ]

- s

80 —

P 60 T—————————— >

Price

40 —

20 —

Q¢
Quantity

Figure 1.11 illustrates a situation in which the demand function is:
P =100 - 4Q

and the supply function is:
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Since we know that the price (P,) will be the same on both functions at the equilibrium point we
can manipulate the functions to find the numerical values of P, and Q,:

(Demand) P = P (Supply)

100 - 4Q =6Q
100 = 10Q
10=Q
If Q =10, then:
P=100-4Q =100 - 40 =60
thus P=60and Q= 10.

This system could also be used to solve pairs of linear functions which are both true at some point;
these are known as simultaneous equations (a more general version of the demand and supply
relationship above). Taking each equation in turn we may construct a graph of that function; where
the two lines cross is the solution to the pair of simultaneous equations, i.e. the values of x and y for
which they are both true. If then reading from the graph in Figure 1.12, we find that x =4 and y =7
is the point of intersection of the two linear functions.

5x+2y=34and x + 3y =25

Figure 1.12 y

This system will work well with simple equations, but even then is somewhat time-consuming:
there is a simpler method for solving simultaneous equations, which does not involve the use of
graphs. This involves finding an expression that eliminates one of the variables and allows us to
find the value of the remaining variable. Having found that value, we then substitute it into one of
the original equations (evaluate the equation) to find the value of the other (previously eliminated)
variable.

Looking at two examples will illustrate this point.
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1 5x+ 2y =34
x+ 3y=25
If we multiply each item in the second equation by 5 we have:
bx + 15y =125

and since both equations are true at the same time we may subtract one equation from the other
(here, the first from the new second):

5x + 15y = 125
Bbx+ 2y =34
13y =91
Therefore, y=7

Having found the value of y, we can now substitute this into either of the original equations to find
the value of x:

5x + 2(7) =34
Bx + 14 =34
5x =20
x=4
2
6x + by =27
/X=4y =2

Multiply the first equation by 4 and the second by 5
24x + 20y = 108

35x-20y =10
Add together 59x = 118
Therefore, X=2
substitute 6x2+by=27
12 + by = 27
By = 15
y=3
and thus the solution is x=2,y=3
@ There is yet another way of solving simultaneous equations using matrices which we give on the
online platform.

Returning now to graphs of linear functions, we may use the method developed above to find the
equation of a linear function that passes through two particular points.
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1 If a linear function goes through the points x = 2, y = 5 and x = 3, y = 7 we may substitute these
values into the general formula for a linear function, y = a + bx, to form a pair of simultaneous

equations:
for (250 b=a+2b
for (3,7 7=a+3b

Subtracting the first equation from the second gives:
2=0b

and substituting back into the first equation gives:

Bb=a+2x2
b=a+4
Therefore, a=1

Now substituting the values of a and b back into the general formula, gives:

y=1+2x
2 Alinear function goes through (5,40) and (25,20), thus:

40=a+5b
20 =a+ 25b

Subtracting the second equation from the first gives:
20 = -20b

Therefore b=-1
40=a-5

Therefore a=45and thus y=45 - x

An alternative method for finding the equation is to label the points as (x,,y,) and (x,,y,) and then
substitute into:

(y,-y) _ x—=x
=y =x)
Taking the last example, we have:

(40-y)  (5-x

(20-40) (25-5)

(40-y (5-x
5 20
Multiplying both sides by 20 gives:
-(40-y)=(B-x
40+ y=(b-x

45 -x=y
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\1A.5.3 Quadratic functions\

A quadratic function, otherwise known as a 2" degree polynomial, has the general equation
y=ax*+bx+c

and once the values of g, b and ¢ are given we have a specific function. This function will produce a
curve with one bend, or change of direction. (It is usually said to have one turning point.) If the value
assigned to the coefficient of x% a, is negative, then the shape in Figure 1.13(a) will be produced,
while if a is positive, the shape in Figure 1.13(b) will result.

Figure 1.13 y y

(A) (B)

We can't use straight lines and a ruler to join up the points, and we need to work out a lot more
points before we can draw the graph. We can do this by hand for fairly easy functions, or, if you have
access to one, you could do it on a spreadsheet.

Taking a function with an x? in it (known as a quadratic function), we will try to evaluate it at vari-
ous points and then draw its graph.

Starting with y = x? — 8x + 12 we can draw up a table to work out the values of each part of the
function, and then add the various bits together.

Taking values of x from 0 to 10, we can work out the value of x* as follows:

x 0 1 2 3 4 5 6 7 8 9 10
x* 0 1 4 9 16 25 36 49 64 81 100

In a similar way, we can work out —8x for the same range of x values:

x 0 1 2 3 4 5 6 7 8 9 10
-8x 0 -8 -16 -24 -32 -40 -48 -56 -64 =72 -80

and, of course, we know that the last bit of the function is always equal to +12. If we now put all of
these bits together, we can find the value of y:

x 0 1 2 3 4 5 6 7 8 9 10
X 0 1 4 9 16 25 36 49 64 81 100
8x 0 8 16 24 32 40 48 56 64 72 80

+12 +12 +12 +12 +12 +12 +12 +12 +12 +12 +12 +12

y  +12 +5 0 3 4 3 0 +5  +12  +21 +32
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and we can now graph these values, but remember that you need to join up the points by using a
smooth curve and not a series of straight lines. This is shown in Figure 1.14.

Figure 1.14 y

Graph of y=x?>—8x+12
30 +—4—~t+—4+—t—+—t+—+—F—+—F—+—1

0 /./
y 4 6|7 ) | 10 X

Roots: The roots of an equation are the points where the graph of the function crosses the x-axis, i.e.
where y = 0. You can just read them from the graph. Looking at Figure 1.14, you can see that y =0
when x = 2 and when x = 6, so we can say that the roots of the function y = x> — 8x + 12 are equal
to 2 and 6. In other cases the graph may not touch the x-axis at all, which means that there are no
real roots (illustrated in Figure 1.13(b)).

EXERCISE Construct a table and graph of the function y = 2x* — x - 1.

i

There are alternative ways of finding the roots of an equation, and we will briefly look at two of them.
Roots by Factorizing: To do this, the first step is to put y = 0, so for our example above, we have:
xX*-8x+12=0
We want to split the function up into two brackets multiplied together, so that:
(x+a)(x+b)=x*-8x+12

The question is ‘How do we find the values of a and b? First of all, let's multiply out the brackets. To do
this we multiply each bit of the second bracket by the x in the first bracket and then add on the second bit
of the first bracket multiplied by each bit of the second bracket — sounds complicated, but is quite easy!
Doing it in stages, we have:
multiply each bit of the second bracket by the x in the first bracket gives:

x>+ bx
the second bit of the first bracket multiplied by each bit of the second bracket gives:

ax + ab
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and putting them together gives:

X+ bx+ax+ab=x>-8x+12
X*+(a+b)x+ab=x*-8x+12
Looking at the result we have obtained, we can see that ab must be equal to 12 and that (a + b) must
be equal to -8. So we need to find two numbers which when we multiply them together give an
answer of 12 and when we add them together, give an answer of -8. If you think for a moment, you
should get these two numbers to be -2 and —6. So we can rewrite the function as:

xX*-8x+12=(x-2)(x-6)=0

Now, for the answer to be equal to 0, either the first bracket is equal to 0:

(x-2)=0
and x=2
or the second bracket is equal to 0:
(x-6)=0
and x=6

So the roots of the quadratic function are x =2 and x =6

X -bx+4=0

Then (x=4)(x-1)=0

and roots are 1 and 4.

Roots by Formula: The alternative to using the factorizing method is to use a formula, and many
people prefer this because it gives the answer without having to puzzle out the values that fit into the
brackets.

The formula works with a standard equation:

ax*+bx+c=0

and the roots are found by using:

B2 —
Roots — -b+ |b* - 4ac
2a

A proof of this formula is given on the online platform.



x2-bx+4=0

then a= 1, b=-5, ¢ = +4 so the roots are at:

5 = —B) £ (-5 — 4(1)4)
2(1)
_5*+[26-16]
N 2
_5+49
2
_5+3,5-3
2 2
8 2
=_or-
22
=4ori
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®

EXERCISE Find the roots of:

s

— wawr AT

2x2-4x-10=0

Answer: a =2, b=-4, ¢c=-10 so the roots are at:

- 4x16+80

4
_4+4%

4
4+98
4
138 58
= — Of —
4 4
=345 or -1.45

If profit = —=x? + 8x + 1 where x represents output, then if the specified profit level is 8, we have:

This is illustrated in Figure 1.15.

-x*+8x+1=8

—-x?+8x-7=0
(x=7)1-x)=0
x=7o0r1
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Figure 1.15

N

Profit

0

/

Output

This method will always give the roots, but beware of negative values for the expression under the
square root sign (b*> — 4ac). If this is negative then the function is said to have imaginary roots, since
in normal circumstances we cannot take the square root of a negative number. At this level, these

imaginary roots need not concern us.

Quadratic functions are often used to represent cost equations, such as marginal cost or average
cost, and sometimes profit functions. When profit is represented by a quadratic function, then we
can use the idea of roots either to find the range of output for which any profit is made, or we can
specify a profit level and find the range of output for which at least this profit is made.

We have seen how two pairs of points are required to determine the equation of a straight line. To
find a quadratic function, three pairs of points are required. One method of doing this is shown below.

If a quadratic function goes through the points:

1

’

I
(S N

X
X
X

X X X<
1]
~N A

T

then we may take the general equation y = ax? + bx + ¢ and substitute:

(1,7 7=a(1?+b(1)+c=a+b+c
(4,4) 4=ald)?+bd)+c=16a+4b+c
(5,7) 7=a(5)?+ b5) + c=25a+5b+c
Rearranging the first equation gives:
c=7-a-b
and substituting for c into the second equation gives:
4="16a+4b+(7-a-b)
4=15a+3b+7
-3 =15a+ 3b
Substituting again for ¢ but into the third equation gives:

7=25a+5b+(7-a-b)
7=24a+4b+ 7
0=24a+4b

We now have two simultaneous equations in two unknowns (a and b).
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Multiplying the first of these by 4 and the second by 3 to create equal coefficients of b, gives:

-12 =60a + 12b
0=72a+12b

which, if one is subtracted from the other, gives:

12 = 12a
Therefore, a=1
From the equation O = 24a + 4b, we have:

0=24+4b
Therefore,

b=-6

and from the equationc=7-a-b
c=7-a-b=7-1+6=12
and thus the quadratic function is:

y=x2—6x+12

'1A.5.4 Cubic and other polynomial functions |

A cubic function, or 3rd degree polynomial, has the general equation:
y=ax’+bx*+cx+d

and will have two turning points when b > 4ac. These functions are often used to represent total
cost functions in economics (Figures 1.16(a) and 1.16(b)). We could go on extending the range of
functions by adding a term in x*, and then one in x° and so on. The general name for functions of
this type is polynomials. For most business and economic purposes we do not need to go beyond
cubic functions, but for some areas, the idea that a sufficiently complex polynomial will model any
situation will appear.

1A.5.5 Exponential functions

Within mathematics, those values that arise in a wide variety of situations and a broad spec-
trum of applications (and often run to a vast number of decimal places) tend to be given a
special letter. One example most people will have met is 7 (pi). Exponential functions make
use of another such number, e (Euler’s constant) which is a little over 2.718. Raising this
number to a power gives the graph in Figure 1.17(a), or, if the power is negative, the result is
as Figure 1.17(b).

The former often appears in growth situations, and will be of use in considering money and
interest. The latter may be incorporated into models of failure rates, market sizes and many probability
situations (see Chapter 10 and the Poisson distribution).
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Figure 1.16 y y
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Fixed cost

() (b)

Figure 1.17 y y
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Conclusions to Part A

This part of Chapter 1 has been written to remind you of some things you will have done
before, but may need on your course. Some of these methods might be a fairly faint memory, so
read through this part of the chapter several times and make sure you can do the questions - it will
pay dividends in several parts of your degree or course. Mathematical relationships have proved
useful in describing, analyzing and solving business-type problems. They have been particularly
used in the development of economic theory, where their exactness and certainty have sometimes
led to extra insights into relationships. Even if reality is not as exact as a mathematical relationship
implies, the shapes of graphs and functions provide a clear way of thinking about certain problems.
We will now move on to Part B and apply some of these basics of mathematics to the world of
finance and money.
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Mathematics
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Objectives After working through this part of Chapter 1, you should be

able to:

- calculate simple and compound interest
understand and apply the concept of depreciation
understand and apply the concept of present value

understand and apply the ‘internal rate of return’

20 0

apply the ‘incremental payments’ formula to solve problems involving
sinking funds, annuities and mortgages

WE ALL USE (AND LIKE) money, and it forms the basis of transactions large and small

in our lives. Once we have money we can use it straight away, or save it and use in

the future. As individuals we continue to make decisions on whether to purchase

now, perhaps with the help of a loan, or to save. You are probably familiar with the

concept of interest rates. They could be seen as the ‘price of money’ since they show
how much it ‘earns’ if saved or how much you have to pay to borrow to finance purchases. Inter-
est rates have a direct impact on your everyday life. Organizations do exactly the same things and
need to decide how to reward stakeholders now and in the future, whether to invest or whether
to hold cash surpluses in other forms. In fact, we will see that interest rates are used by business
for many other purposes too, but may also be totally ignored where rational decision-making is
abandoned.

Interest: simple and compound

An interest rate, usually quoted as a percentage, gives the gain we can expect from each £1
saved. If, for example, we were offered 10 per cent per annum we would expect a gain of ten pence
for each £1 saved. The interest received each year will depend on whether the interest is calculated
on the basis of simple interest or compound interest.
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1B.1.1 Simple interest |

If money is invested in a saving scheme where the interest earned each year is paid out and not
reinvested, then the saving scheme offers simple interest. The simple interest, I, offered at the end of
each year is:

r
I=A x—r
0100
where A is the initial sum invested and  is the rate of interest as a percentage.
As simple interest remains the same over the life of the investment, the interest gained over ¢ years
is given by I x I, and the value of the investment (including the initial sum A ) by A +1I.

What interest could be expected from an investment of £250 for one year at 10 per cent per annum
simple interest?

= £250 x 10/100 = £250 x 0.1 = £25

A sum of £250 is invested at a rate of 12 per cent simple interest per annum for five years. How much
interest would this yield?

I=£250 % 0.12 x 5 = £150

1B.1.2 Compound interest |

If the interest gained each year is added to the sum saved, we are looking at compound interest. The
sum carried forward grows larger and larger and the interest gained each year grows larger and
larger; the interest is compounded on the initial sum plus interest to date. Given an interest rate of
10 per cent, after one year our £1 would be worth £1.10 and after two years our £1 would be worth
£1.21. Most actual contracts use a form of compound interest.

The sum at the end of the year can be calculated using the following formula:

t
At=AO[1+$]

where A is the initial sum invested, A, is the sum after ¢ years and r is the rate of interest as a
percentage.
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What sum would be accumulated if £250 were invested at 9 per cent compound interest for a period
of five years?

A — £250(1 + %T = £250 x 1.53862 = £384.66

After five years we would have £384.66.

The example has assumed that the interest is paid at the end of the year, so that the £1 invested at
10 per cent gains 10p each year. Some investments are of this type, but many others give or charge
interest every six months (e.g. building societies) or more frequently (e.g. interbank loan interest is
charged per day). The concept of compound interest can deal with these situations provided that
we can identify how many times per year interest is paid. If, for example, 5 per cent interest is paid
every six months, during the second six months we will be earning interest on more than the initial
amount invested. Given an initial sum of £100, after six months we have £100 + £5 (interest) = £105
and after one year we would have £105 + £5.25 (interest) = £110.25.

Calculation takes place as follows:

2x1
0.1
A = EIOO(I + 7) = £110.25

i.e. divide the annual rate of interest (10 per cent in this case) by the number of payments each year,
and multiply the power of the bracket by the same number of periods. More generally:

nt
A=A 1+—
100 x m

where m is the number of payments per year.

EXERCISE !f you save £1000 for four years and get 10 per cent interest, how much do you earn with (a)
simple and (b) compound interest?

aﬂﬂ Answer: (a) 4 x £1000 x 0.1 = £400

(b) £1000 (1.1)* - £1000 = £464.10

1B.1.3 The use of present value tables |

The growth of an investment is determined by the interest rate and the time scale of the investment
as we can see from the multiplicative factor:

t
14—
( 100)
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Any mathematical term of this kind can be tabulated to save repeated calculations. In this par-
ticular case, the tabulation takes the form of present value factors (see Appendix F), which can
be used indirectly to find a compound interest factor. These factors are the reciprocal of what is
required:

1

t
14—
( 100)

present factor value =

Hence:

t
1
1+— | =
100 present factor value

If we were interested in the growth over eight years of an investment made at 10 per cent per annum
we could first find the present value factor of 0.4665 from tables and then use the reciprocal value of
2.1436 to calculate a corresponding accumulated sum. It should be noted that the use of tables with
four significant digits sometimes results in rounding errors. While such tables are very useful, we
would often perform these calculations on a spreadsheet.

What amount would an initial sum of £150 accumulate to in eight years if it were invested at a
compound interest rate of 10 per cent per annum? Using tables:

1

Ag =150 x
0.4665

=150 x 2.1436 = £321.54

Depreciation

In the same way that an investment can increase by a constant percentage each year as given
by the interest rate, the book value of an asset can decline by a constant percentage. If we use r as the
preciation rate we can adapt the formula for compound interest to give:

t

,
A =Al1-—

' “( 100)

where A becomes the bookvalue after ¢ years. This is called the declining balance method of
depreciation. A definition from the government is given below.
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=((() Percentage Change

A definition is given on the government site called Business Link: Decide whether to
lease or buy assets

Understanding depreciation of assets
The value of your tangible or physical assets — such as vehicles, machinery and equipment —
will fall as they are used and eventually wear out. This is depreciation and is used in your
business accounts to write off the value of the assets you have bought over time.
Depreciation means the cost of the asset is spread, so it is written off against the profits
of several years rather than just the year of purchase. Depreciation is not allowable for tax.
Instead you may be able to claim the cost of some assets against taxable income as capital
allowances. For more information, see our guide on capital allowances: the basics.
To work out depreciation you need to know:

the date you started using the asset

the asset'’s estimated useful life

the asset’s initial cost

any possible value it may have at the end of its use — e.g. to be reused or
reconditioned, or as scrap

=> any costs that may be related to disposal

XX

Source: www.businesslink.gov.uk (accessed 19 December 2011)
© Crown copyright 2012 @ @ @

4

<]

Use the ‘declining balance method’ of depreciation to find the value after three years of an asset
initially worth £20000 and whose value declines at 15 per cent per annum. By substitution we obtain:

3
A, = £20000(1 = mj = £20000(0.85)° = £12282.50

4

The cost of a particular asset is £20000 and its salvage value is £8000 after five years. Determine

annual depreciation using the linear method.
The loss of value over five years is £20000 — £8000 = £12 000.
Annual depreciation (using the linear method) = £12000/5 = £2400
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A manipulation of this formula gives the following expression for the rate of depreciation:

A
r=1-t [—£ |x 100
0
where A is the original cost and A, is the salvage (or scrap) value after ¢ years (see Figure 1.18).
Figure 1.18 Declining balance method
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2
E28| The cost of a particular asset is known to be £20,000 and its salvage value is estimated at £8,000
4] after a useful lite of 5 years. Determine the book value of this asset at the end of each year using the percentage method
5
E By substitution in the formula, r= 16.74 %
o
B —__ £ =b9*($d
9 Cost 20,000.00 =b9*($d$6/100) .
10| Depreciation in year 1 (16.74% of £20,000)  3,348.00
1| Book value, end of year 1 16,652.00
12
13 Depreciation in year 1 (16.74% of £16,652)  2,787.54 =b9 - b10
14 Book value, end of year 2 13,864.46
15
16 | Depreciation in year 1 {(16.74% of £13,864.4€  2,320.91
17 Book value, end of year 3 11,543.55
18
19| Depreciation in year 1 (16.74% of £11,543.5¢ 1,932,390
20| Book value, end of year4 8,611.16
21
(22| Depreciation in year 1 (16.74% of £0611.16) _1.608.91
23| Book value, end of year § B8,002.25

5 Mote that we do not get the scrap value exactly, due to rounding erors
Accountants tend to adjust the last years depreciation to aliow for this

-_'9

An alternative to the percentage method of depreciation is to use linear depreciation, where a

constant level of value is lost each year. To calculate linear depreciation each year, we divide the total
loss of value by the number of years.
A comparison of the two methods shows the extent to which the loss of value is spread across the
time period. If a percentage method is used, the loss of value will be mostly accounted for in the early
years. It is important to note that there is not a unique correct annual value, but that the calculated
value does depend on the model being used.

Present value

The formula for compound interest can be rearranged to allow the calculation of the amount
of money required now to achieve a specific sum at some future point in time given a rate of interest:
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What amount would need to be invested now to provide a sum of £242 in two years’ time given that
the market rate of interest is 10 per cent?

By substitution we obtain:

1
VAT Ry
4 Ll

100

= £242 x 0.826446 = £200

A, = £242 x

The amount required now to produce a future sum can be taken as a measure of the worth or the
present value of the future sum. A choice between £200 now and £200 in two years’ time would be an
easy one for most people. Most would prefer the money in their pockets now. Even if the £200 were
intended for a holiday in two years’ time, it presents the owner with opportunities, one of which is
to invest the sum for two years and gain £42. The choice between £200 now and £242 in two years’
time, however, would be rather more difficult. If the interest rate were 10 per cent, the present value
of £242 in two years’ time would be £200. Indeed, if one were concerned only with interest rates there
would be an indifference between the two choices.

Present value provides a method of comparing monies available at different points in time. If dif-
ferent projects or opportunities need to be compared, then looking at the total present value for each,
provides a rigorous basis for making rational choices between them. The calculation of the present
value of future sums of money is referred to as discounting (using discount factors).

A definition is given here.

=((() Net Present Value (NPV)

Definition from Global Investor: Net Present Value (NPV)

The present value of an investment’s future net cash flows minus the initial investment. If
positive, the investment should be considered (unless an even better investment exists),
otherwise it should not. It is a calculation based on the idea that £1 received in ten years
time is not worth as much as £1 received now because the £1 received now could be
invested for those ten years and compound into a higher value. The NPV calculation
establishes what the value of future earnings is in today’s money. To do the calculation
you apply a discount percentage rate to the future earnings. The further out the earnings
are (in years) the more reduced their present value is. NPV is at the heart of securities
analysis. Analysts use predictions of a company's future earnings and dividend payments,
appropriately discounted back to current value, to establish a fundamental value for the
shares. Simplistically, if the current share price is below that value, then the shares are, on
the face of it, attractive. If above it, they are overvalued.

Source: Finance-Glossary.com (accessed 19 December 2011)
Reproduced by permission of Global Investor, http://www.global-investor.com/ @ @ @
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CHAPTER1 MATHEMATICAL BACKGROUND

You need to decide between two business opportunities. The first opportunity will pay £700 in four
years' time and the second opportunity will pay £850 in six years' time. You have been advised to
discount these future sums by using the interest rate of 8 per cent.

By substitution we are able to calculate a present value for each of the future sums.

First opportunity:

A, = £700 x — = £700 x 0.7350 = £514.50

(1+i)4
100

Second opportunity:

! = = £850 x 0.6302 = £535.67

120
14+—
100

A, = £850 x

On the basis of present value (or discounting) we would choose the second opportunity as the better
business proposition. In practice, we would need to consider a range of other factors.

The present value factors of 0.7350 and 0.6302 calculated in this example could have been
obtained directly from tables (see Section 1B.1.3); as you can see from the present value factors given
in Appendix F. We can explain the meaning of these factors in two ways. First, if we invest 73%2 pence
at 8 per cent per annum it will grow to £1 in four years and 63 pence (0.6302) will grow to £1 in six
years. Secondly, if the rate of interest is 8 per cent per annum, £1 in four years” time is worth 73%
pence now and £1 in six years” time is worth 63 pence now. All this sounds rather cumbersome, but
the concept of the present value of a future sum of money is fundamental to investment appraisal
decisions made by companies. This is illustrated in the following example.

A business needs to choose between two investment options. It has been decided to discount future
returns at 12 per cent. The expected revenues and initial costs are given as follows:

Estimated end of year revenue

Year option 1 option 2
1 300 350
2 350 350
3 410 350

Costinyear0 300 250
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In calculating the present value from different options we generally refer to a discount rate or the rate
of return on capital rather than the interest rate. These rates tend to be higher than the market interest
rate and reflect the cost of capital to a particular business. Net present value (NPV) for each option is
the sum of the constituent present values.

The present value factors can be obtained directly from tables or calculated using (1+ 0.12) for the
years t = 1 to 3. In this example, the costs are immediate and therefore are not discounted.

Although the total revenue over three years is slightly higher with option 1, the value now to a
business is higher with option 2 (see Figure 1.19). A more immediate revenue presents a business
with more immediate opportunities. It can be seen in this example that option 2 offers the business
an extra £50 in the first year which can itself be used for additional gain, and is especially useful in
maintaining cash flow.

The comparison of these two options depends crucially on the ‘time value of money’, that is the
discount rate, the estimates given for revenue and the completeness of information.

Figure 1.19 Present values

Home Insert Page Layout Formulas Data Review View Get Started @ = S
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1
z Revenues Present Values r= 12 %
Present

3| Value  Option 1 Option 2 Option 1 Option 2
4| Year
5| 1 0892857 = 300 350 | 267.86 31250 |
6| 2 0797194 = 350 350 27902 | 27902
7] 3 071178 | 410 350 29183 | 24912
8
5 Present Value 83870 | 84064 .
1
11 Cost -300.00 | -250.00
1] —
13| Net Present Value (NPV) 53870  590.64 [

EXERCISE Construct the spreadsheet model for the above example. Use your model to evaluate the two
ﬁii options using a discount rate of (a) 8 per cent and (b) 14 per cent.

T D
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=((() Discounted Cashflow

Definition from Global Investor: Discounted Cash Flow

A method of evaluating an investment by estimating future cash flows and taking into
consideration the time value of money. It is a formula closely related to Net Present Value
which springs from the idea that £1 received in ten years’ time is not worth as much as
£1 received now because the £1 received now could be invested for those ten years and
compound into a higher value. Discounted cash flow applies a discount rate to future cash
flows to establish their present worth. Added to the company's terminal value (i.e. what
you'd get if you sold its assets), this gives you a total value for the whole asset.

Source: Finance-Glossary.com (accessed 19 December 2011)
Reproduced by permission of Global Investor, http://www.global-investor.com/ @ @ @

1B.3.1 Practical problems |

This type of exercise looks straightforward in a textbook, but presents a series of problems when it is
to be used in business. Initial costs of each project to be considered will be known, but there may be
extra costs involved in the future which cannot even be estimated at the start, e.g. a change in tariffs
in a country to which the company exports, or increases in fuel costs. All further cash flow informa-
tion must be estimated, since it is to come in the future, and is thus open to some doubt: if we are
dealing with a new product these cash flows are likely to be based on market research (see Chapter 4
on survey methods).

A further practical difficulty is to decide upon which discount rate to use in the calculations. This
could be:

the market rate of interest
the rate of return gained by the company on other projects

the average rate of return in the industry
a target rate of return set by the board of directors, or

N2 20 2 2

one of these plus a factor to allow for the ‘riskiness’ of the project — high-risk projects being
discounted at a higher rate of interest.

High-risk projects are likely to be discriminated against in two ways: by the discount rate
used, which is likely to be high, and in the estimated cash flows that are often conservatively
estimated.

All attempts to use this type of present value calculation to decide between projects make an
implicit assumption that the project adopted will succeed.

Net present value is only an aid to management in deciding between projects, as it only consid-
ers the monetary factors, and those only as far as they are known, or can be estimated: there are many
personal, social and political factors which may be highly relevant to the decision. If a company is
considering moving its factory to a new site, several sites may be considered, and the net present
value of each assessed for the next five years. However, if one site is in an area that the managing
director (or spouse) dislikes intensely, then it is not likely to be chosen. The workforce may be unwill-
ing to move far, so a site 500 miles away could present difficulties. There may be further environmen-
tal problems, which are not costed by the company, but are a cost to the community, e.g. smoke, river
pollution, extra traffic on country roads.
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The internal rate of return

The method of calculating the internal rate of return is included in this chapter because
it provides a useful alternative to the net present value method of investment appraisal. The inter-
nal rate of return (IRR), sometimes referred to as the yield, is the discount rate that produces a net
present value of 0. This is the value for r, which makes the net present value of cost equal to the net
present value of benefits.

=((() Internal Rate Of Return (IRR)

Definition from Global Investor: Internal Rate of Return (IRR)

A measure of the return on investment taking into account both the size and timing of cash
flows; alternatively, the interest rate which, when used as the discount rate for a series of
cash flows, gives a net present value of zero. To understand this, remember that £1 received
in ten years time is not worth as much as £1 received now because £1 received now can be
invested for ten years and compound into a higher amount.

Source: Finance-Glossary.com Accessed 19/12/2011
Reproduced by permission of Global Investor, http://www.global-investor.com/ @ @ @

Suppose £1000 is invested now and gives a return of £1360 in one year. The internal rate of return can
be calculated as follows:
net present value of cost = net present value of benefits

£1360
(1+r)

£1000 =

since cost is incurred now and benefits are received in one year. So,

1000(1+ r) = 1360
1000 + 1000r = 1360
r = 360/1000
r =0.36 or 36%

The internal rate of return cannot be calculated so easily for longer periods of time and is esti-
mated using a spreadsheet, a graphical method or by linear interpolation.

Choosing the value of r to use is a matter of guesswork initially, but by using a spreadsheet you
can quickly find the NPV for a range of values of ». By changing the value of  used we can adjust it
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Suppose £1000 is invested now and gives a return of £800 in one year and a further £5660 after two
years. We can proceed in the same way:

£800 , £560
=+

£1000 =
O+r) (1+r)?

Multiplying by (1 + r)? gives:

£1000(1 + r)* = £800(1 + r) + £560

£1000(1+ r)*> — £800r — £800 — £560 = 0

£1000 + £2000r + £1000r? — £800r — £1360 = 0
£1000r? + £1200r — £360 = 0

The solution to this quadratic equation (see section 1A.5.3) is given by r= —1.4485 or 0.2485. Only the
latter, positive value has a business interpretation, and the internal rate of return in this case is 0.2485
or more simply expressed as 25 per cent.

until we get an NPV of zero. A screen shot from such a spreadsheet is given in Figure 1.20 and can

@ be downloaded from the digital platform. (file CSE1.xlsx)

EXERCISE Build a spreadsheet in such a way that it can accommodate a wide range of values for r.

LR

11B.4.1 The internal rate of return by graphical method |

To estimate the internal rate of return graphically we need to determine the net present value of
an investment corresponding to two values of the discount rate . The accuracy of this method is
improved if one value of r gives a small positive net present value and the other value of r a small

negative value.

We are now able to plot net present value against #, as shown in Figure 1.20. By joining the plotted
points we can obtain a line showing how net present value decreases as the discount rate increases.
When net present value is 0, the corresponding r value is the estimated internal rate of return,

9.3 per cent in this case. You may wish to draw this graph.
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Figure 1.20 Here PVFis the present value factor and PV is the present value
L[]
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Suppose an investment of £460 gives a return of £180, £150, £130 and £100 at the end of Years 1, 2,
3 and 4.

Using a table format we can determine the net present values of this cash flow for two values of r.
In this example, r=8% and r = 10% provide reasonable answers.

Incremental payments

In Section 1B.1.2 we considered the growth of an initial investment when subject to com-
pound interest. Many saving schemes will involve the same sort of initial investment but will then
add or subtract given amounts at regular intervals, or incremental payments. If x is an amount
added at the end of each year, then the sum receivable, S, at the end of ¢ years is given by:

1

1+
r)' ( 00) -
N +—

S=A)1+
100 /100
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@ An outline proof of this particular formula is given on the online platform.

EXAMPLE 1

A savings scheme involves an initial investment of £100 and an additional £50 at the end of each year
for the next three years. Calculate the receivable sum at the end of three years assuming that the
annual rate of interest paid is 10 per cent. By substitution we obtain:

£5o1+£3 £50
100 ) ~

10/100

S = £100(1+£ +
100

= £133.10 + £165.50 = £298.60

The sum is in two parts, the first being the value of the initial investment (£133.10) and the second
being the value of the end of year increments (£165.50). An alternative is to calculate the growing sum
year by year.

Initial sum £100
Value at the end of year 1 £110
+ increment of £50 £160
Value at the end of year 2 £176
+ increment of £50 £226
Value at the end of year 3 £248.60
+ increment of £50 £298.60

If the rate of interest or the amount added at the end of the year changed from year to year it would
no longer be valid to substitute into the formula given.
In the case of regular withdrawals, we use a negative increment.

EXAMPLE 2
It has been decided to withdraw £600 at the end of each year for five years from an investment of
£30000 made at 8 per cent per annum compound.

In this example, we have a negative increment of £600. By substitution we obtain:

—£600)(1+ 0.08)° — (—£600)
0.08

S = £30000(1 + 0.08)° + (

= £44079.84 — £3519.96 = £40559.88
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1B.5.1 Sinking funds |

A business may wish to set aside a fixed sum of money at regular intervals to achieve a specific sum at
some future point in time. This sum, known as a sinking fund, may be in anticipation of some future
investment need such as the replacement of vehicles or machines.

@ad

How much would we need to set aside at the end of each of the following five years to accumulate
£20000, given an interest rate of 12 per cent per annum compound? \We can substitute the following

values:

S =£20000

A, = 0 (no saving is being made immediately)

r=12%

t=5 years
to obtain:

5
£20000 = 0 4 X0 +0.12" - x
0.12
£20000 x 0.12 = 0.7632x
X = £3148.37

where xis the amount we would need to set aside at the end of each year.

\1B.5.2 Annuities \

An annuity is an arrangement whereby a fixed sum is paid in exchange for regular amounts to be
received at fixed intervals for a specified time. Such schemes are usually offered by insurance com-
panies and may be particularly attractive to people preparing for retirement. See, for example, the
quotes in the following Mini Case.

Annuity quotes

e

MANY PEOPLE FIND THE CALCULATIONS tedious or complex and most companies offering annuities also
offer calculators to see the effects of your proposed investment. An example is given here.

(Continued)
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Annuity Rates Table-Standard
Last reviewed: 16 December 2011

The table below shows standard annuity rates are for a pension of £100000 after the tax free lump
sum of £33333 has been taken. Rates for males and females are shown. These rates are based on
a central London postcode and other areas in the UK, such as Peterborough or Liverpool could be up
to 4 per cent higher or Dundee and Newcastle could be 5 per cent higher.

Income is gross per year (before deduction of tax) and payable monthly in advance for the whole of
the annuitant’s life. No medical enhancements are included in these rates.

Male Standard Annuity Rates

Level rate no  Level rate + 10- 3% escalation no

Age guarantee year guarantee guarantee
Male 55 £4,998 £4,966 £3,176
Male 60 £5,388 £5,340 £3,606
Male 65 £5,972 £5,863 £4,227
Male 70 £6,854 £6,567 £5,089
Male 75 £8,150 £7,576 £6,209

Female Standard Annuity Rates

Levelrate no  Level rate + 10- 3% escalation no

Age guarantee  year guarantee  guarantee
Female 55 £4,783 £4,766 £2,979
Female 60 £5,180 £5,150 £3,361
Female 65 £5,735 £5,668 £3,915
Female 70 £6,470 £6,314 £4,675
Female 75 £7,520 £7,224 £5,742

Source: Reproduced from http://sharingpensions.co.uk/annuity_rates.htm by permission of SharingPensions.
co.uk (accessed 19 December 2011)

i

How much is it worth paying for an annuity of £1000 receivable for the next five years and payable at
the end of each year, given interest rates of 11 per cent per annum? \We can substitute the following
values:

S = 0 (final value of investment)
A, =-£1000 (a negative increment)

r=1%

t=5years
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to obtain:

(=1000)(1+ 0.11)° — (~1000)
0.11

0=A0+0.11° +

:1mmm+oﬂf—1wo
0.11%x (1+0.11°

1000 1
= x|1=
0.11 1+0.11°

= £1000 x 3.69545 = £369.45

0

where A is the value of the annuity. (Note that 1/(1 + 0.11)° = 0.56935 from Appendix F)
The present value of the annuity is £3695. We could have calculated the value of the annuity by
discounting each of £1000 receivable for the next five years by present value factors.

1B.5.3 Mortgages |

A common form of mortgage is an agreement to make regular repayments in return for the initial
sum borrowed, mostly in buying a house. At the end of the repayment period the outstanding debt
is zero.

What annual repayment at the end of each year will be required to repay a mortgage of £25 000 over
25 years if the annual rate of interest is 14 per cent? We can substitute the following values:

S = 0 (final value of mortgage)
A, =—£25 000 (a negative saving)

r=14%
t = 25 years

to obtain:

25
0 = —£25000(1 + 0,147 + X1HOIHT =X
0.14
(14014 x0.14
(1+0.14% -1

= £25000 x 0.1455 = £3637.50

x = £25000

where xis the annual repayment.
The multiplicative factor of 0.1455 is referred to as the capital recovery factor and can be found
from tabulations.
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Using a Mortgage Calculator:

Figure 1.21 An example of an online mortgage quote
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Source: www.cml.org.uk/cm/consumers (accessed 19 December 2011)
Reproduced by permission of the Council of Mortgage Lenders.

Annual percentage rate (APR)

For an interest rate to be meaningful, it must refer to a period of time, e.g. per annum
or per month. Legally, the annual percentage rate (APR), also known as the actual percentage
rate, must be quoted in many financial transactions. The APR represents the true cost of borrow-
ing over the period of a year when the compounding of interest, typically per month, is taken
into account.

We can develop a formula for the calculation of the APR. The balance outstanding at the end of
one year is given by:

A =

0

+_
100
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Suppose a credit card system charges 3 per cent per month compound on the balance outstanding.
What is the amount outstanding at the end of one year if £1000 has been borrowed and no payments
have been made?

To just multiply the monthly rate of 3 per cent by 12 would give the nominal rate of interest of
36 per cent which would underestimate the true cost of borrowing. Using the method outlined in
Section 1B.1.2:

balance outstanding = £1000(1 + 0.03)"? = £1425.76
interest paid = £1425.76 — £1000 = £425.76

From this we can calculate the APR:

__ total interest paid in one year «
initial balance

_ £42576 _ 4 589
£1000

APR 100

where m is the number of payment periods, usually 12 months, and r has become the monthly rate
of interest. The total interest paid is given by:

r m
S=Al+—| —-A
"( 100) ’

To calculate the annual increase we compare the two:

s A0(1+rj — A, "
APR= > — 100 %100 =||1+—— | —1{x100%
A A 100

0

EXAMPLE 1
If the monthly rate of interest is 1.5 per cent, what is (a) the nominal rate per year and (b) what is the
APR?

(a) The nominal rate = 1.5% x 12 = 18%
(b) APR =1[(1 + 1.5/100)"? = 1] x 100% = 19.56%

If the nominal rate of interest is 30 per cent per annum but interest is compounded monthly what is
the APR?

The monthly nominal rate = 30%/12 = 2.5%
APR = (1 + 2.5/100)2 = 1] x 100% = 34.49%.
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EXAMPLE 2
What monthly repayment will be required to repay a mortgage of £30000 over 25 years given an APR
of 13 per cent?
To obtain a monthly rate, r per cent, let:
[(T + 7100)? = 1] x 100% = 13%
(1 +r/100)2-1=0.13
7100 = (1 + 0.13)"2 - 1
r=1.024

To calculate the monthly repayment, x (see section 1B.5.3), let A, = -£30000, r = 1.024 and
t= 25 x 12 = 300. Then:

x = £30000 x — 291024 _ 34000

1— 1
(1.01024)*®

Conclusions to Part B

Throughout this part of the chapter we have made assumptions about payments and inter-
est, but how realistic have these been? An early assumption was that interest was paid or money
received at the end of a year - this is clearly not always the case, but the assumption was made to
simplify the calculations (and the algebra!). For compound interest we have shown how to incorpo-
rate more frequent payments, and the same principle could be applied to all of the other calculations

in this chapter.

The calculations shown have also assumed that the interest rate remains constant for the period of
time given, usually several years. As we have seen in the UK and elsewhere, interest rates do fluctuate
and, at times, change rapidly. Businesses know and expect interest rates to fluctuate within certain
limits and allow for this. When evaluating a project, managers may consider a number of scenarios
perhaps using a spreadsheet model. A few contracts do involve fixed interest rates, e.g. hire-purchase
agreements, but the vast majority of business contracts have variable interest rates. If we try to incor-
porate these variable rates into our calculations of, say, net present value, then we will need to esti-
mate or predict future interest rates. These predictions will increase the uncertainty in the figures we
calculate. As we have already noted, the higher the interest or discount rate, the less likely we are to
invest in projects with a long-term payoff. However, since the interest rates charged to borrowers and
lenders tend to change together over time, the opportunity cost of using or borrowing money should

not be much affected.

The calculations can be seen as providing a basis for making business decisions but they do
assume that projects can be evaluated completely in these financial terms. Management may need to
take account of increased concerns about the environment and future legislation. Decisions may be
seen as part of a long-term strategy and not taken in isolation. The ‘big unknown’ remains the future.
It is not possible to predict all the changes in markets, competition and technology. Indeed the major
challenge is responding to the changes and being flexible to future requirements. The Mini Case

studies and the definitions show how these ideas are used in practice.
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In both Parts A and B of this chapter reference has been made to additional resources that can be
found on the book’s online platform. Specific to this chapter these resources include:

=> Proof of the sum of an arithmetic progression

Figure 1.20 spreadsheet file CSE1.xlsx

A 2 2

Proof of the sum of a geometric progression

Proof of the formula for finding the roots of an equation

Reference to advanced topics in matrix algebra and calculus in Part 7 of the online platform,

including solving simultaneous equations by matrices.

Questions for Parts A and B

Part A questions

There are no discussion questions for Part A

Multiple choice questions
1 The value of 4(17 - 8 + 2) is:

a. 20
b. 18
c. 30
d 52

2 What amount of tax (levied at 20 per cent)
must be paid on a car whose list price,
excluding tax, is £8000?

a. £160
b. £1600
c. £280
d. £590

3 Inasale, a dress shop reduces all of its
prices by 30 per cent. For one particular
dress the sale price was £140. What was
the original price of the dress?

a. £200
b. £170
c. £182
d. £186.67

4  What is the value of 62 + 972

a. 16.5
b. 39

c. 405
d. 117

For the following geometric progression
find the common ratio:

3, 15, 75, 375, 1875,....

a. 3
b. 11
c. 5
d. 15

Convert 5(x + 4) - 3(x + 2) to a simpler form:
a. 8x-26

b. 8x+14
c. 2x+26
d 2x+14

Find the value of x and y that satisfy these
two equations simultaneously:

3x+2y=28;x-3y=2

a. x=7,y=3
b. x=2,y=8
c. x=12,y=2
d x=8y=2

If a straight line goes through the points
(-1, 6) and (6, 0), what is the gradient of
the line?

a. 7/6
b. -6/7
c. 6/7
d -1

‘4

@ @
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Exercise questions

1 Find the value of each of the following:
(a) 16—12x4+8+2
(b) (16—12) % (4+8) =2
() 9-3(17+5(5-7))
(d) 83(2+4)-2(5+7)

2 A man buys a car for £4500 and pays a deposit of 20 per cent. Interest is charged 2.5 per cent
on the outstanding balance. He repays this balance over 24 months. How much is the monthly
instalment (to the nearest penny)?

3 A shopkeeper buys 40 articles costing 2p each and sells them at 3p each. What is the
percentage profit?

4 Using the logarithm rules expand/simplify the following:
(i) Log(16/x)
(ii) Lg(x'/4)
(iii) Lg (8x*/5)

) ,Og[m

" - | Hint, don’t try too much in one step
x'(x—1)

For each of the following, find x in terms of y:

5 4x+3y=2x+2ly
6 x+y+3x=4y+2x+7y—2x
7 x*(xX* +4x+3) —3y(4y + 10) —x* — 4(x* — 10) = 3x* — 2y(6y — 10)

Simplify each of the following expressions:
8 a’xa’
9 (a—b)a/b

10 a*(a® + a®—a'%)/a*

1 6x(2 +3x) —2(9x>—5x) —484 =0

Expand the brackets and simplify the following expressions:
12 a(2a+b)

13 (a + 2b)?
14 (a+Db)(a—Db)
15 (3x +6y)(4x—2y)

For each of the following arithmetic progressions, find (a) the tenth term and (b) the sum given that
each progression has 12 terms:

16 5,8,11,14,17,...
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17 57,49,41,33,25,...

18 If the third term and the sixth term of an arithmetic progression are 11 and 23 respectively,
determine the ninth term.

For each of the following geometric progressions, find (a) the seventh term and (b) the sum given
that the progression has ten terms:

19 4,12,36,108,...
20 4,3.2,2.56,2.048, ...

21 If the third term and the fifth term of a geometric progression are 225 and 5625 respectively,
determine the sixth term.

22 Construct graphs of the following functions:

(a) y=0.5x 0<x<20
(b) y=2+x 0<x<15
() y=25-2x 0<x<15
(d) y=2x+4 3<x<6
(e) y=3
(f) x=4-05y 0<x<5
(g) y=x"-5x+6 -2<x<6
(h) y=x-2x*+x-2 —-2<x<6
23 Solve the following simultaneous equations:
(a) 4x+2y=11; 3x+4y=9
(b) 2x—3y=20; x+5y=23

24 Find the roots of the following functions:
(a) ¥*=3x+2=0
(b) ¥*-2x-8=0
(c) ¥*+13x+12=0
(d) 2x*—6x—40=0
(e) x*—6x*—x+ 6 =0 (Hint, use a graph)

25 A demand function is known to be linear [P = f{Q)], and to pass through the following points:
Q=10,P =50and Q = 20, P = 30

Find the equation of the demand function.

26 A supply function is known to be linear [P = fQ)], and to pass through the following points:
Q=15P=10and Q =40, P =35

Find the equation of the supply function.

27 Use your answers to questions 25 and 26 to find the point of equilibrium for a market having
the respective demand and supply functions.
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28 A market has been analyzed and the following points estimated on the demand and supply

curves:

Output demand Price
1 1902
5 1550
10 1200

Output supplied Price
1 9
5 145
10 540

(a) Determine the equations of the demand and supply functions, assuming that in both cases
price = floutput), and that the function is quadratic. (NB. Neither function applies above
an output of 20.)

(b) Determine the equilibrium price and quantity in this market.

Part B questions

Discussion questions

1 How would you explain the terms nominal and real to a manager who was unfamiliar with them?

2 Should a company try to include environmental (or social) cost in its calculation of net present
value? How could these be incorporated into the calculations?

Multiple choice questions

1 Interest is: 4 £1000 to be received in four years time
a. The payment for a loan when interest rates are 10 per cent is
b. The cost of capital currently worth:
c.  The price of money a. £600
d. All of these b. £683
c. £909

2 If£200 is invested at 5 per cent simple

interest, after three years the total sum will be: d. £1000
a. £210.00 5 A project gives net income of £500 in year
b. £215.00 one and £300 in year two for a cost now of
c. £230.00 £400. If interest rates are 5 per cent what is
d. £231.53 the net present value?
3 If£200 is invested at 5 per cent compound a. £200
for three years, the total amount will be: b. £348
a. £210.00 . EZ?)(S)
b. £215.00
c. £230.00
d. £231.53
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6 A project has an NPV of £20000 at an 8 A store card charges 1.75 per cent per

interest rate of 10 per cent and an NPV month on purchases, what is the APR?

of £5000 at an interest rate of 15 per cent. a. 1221%

Estimate the internal rate of return: b. 14.1%

a. 11% c. 20.2%

b. 13.3% d. 23.15%

c. 1% 9 A building soci half of

4 14.6% uilding soc1et)f pays half of a percent

per month on savings, what is the APR?

7 You need £50000 in three years time and a. 0.5%

can get an 8 per cent interest rate. How b. 6%

much should you save each year? . 6.17%

a. £3175 d. 79.59%

b £15401 10 In making investment decisions you

c. k16667 should bear in mind:

d. £24038 ’

a. The time value of money
b. The payback period

c. 'The internal rate of return
d. Atleast one of these

Exercise questions

A sum of £1000 has been invested at an interest rate of 3.2 per cent per annum for six
years, What is the value of this investment, if interest is paid (a) as simple interest and
(b) compounded each year?

An investment of £50 000 has been made on your behalf for the next five years. How much will
this investment be worth if:

(a) the rate of interest is 10 per cent per annum?

(b) interest is paid at 2 per cent per annum for the first £10000, 3 per cent per annum for the
next £15000 and 5 per cent per annum for the remainder?

(c) the rate of interest is 3 per cent per annum but paid on a six-monthly basis?

A company supplies its marketing manager with a new car every three years. They can either
buy the car out-right or lease it for the three year period. The new car will cost you £30000 but
it will lose 20 per cent of its value immediately and 10 per cent per annum thereafter. Leasing
the car will cost the company £300 per month. Based on costs alone, should the company buy
or lease the car?

A company buys a machine for £7000. If depreciation is allowed for at a rate of 16 per cent per
annum, what will be the value of the machine in four years’ time?

A firm is trying to decide between two projects which have the following cash flows:

Year

Project 1 2 Y 4

| £10 000 £5000 £6000 £4000
Il £12 000 £4000 £4000 £4000
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If Project I is discounted at 15 per cent and Project IT at 20 per cent, which project should be
chosen?

A company has to replace a current production process. The current process is rapidly

becoming unreliable whereas demand for the product is growing. The company must choose

between alternatives to replace the process. It can buy:

(a) either a large capacity process now at a cost of £4 million, or

(b) a medium capacity process at a cost of £2.2 million and an additional medium capacity
process, also at a cost of £2.2 million, to be installed after three years.

The contribution to profit per year from operating the two alternatives are:

Contribution (Em) at year end

10

1"

12

13

1 2 3 4 5 6

1. Large process 2.0 23 2.8 28 2.8 28
2. Medium processes 2.0 20 2.0 24 2.8 28

Assume a discount rate of 20 per cent. Present a discounted cash flow analysis of this
problem and decide between the alternatives.

Comment on other factors, not taken into account in your discounted cash flow analysis,
which you think may be relevant to management’s decision.

You have decided to save £1000 at the end of each year for the next five years. How much will
you have at the end of the five years if you are paid interest of 2.4 per cent per annum?

You have decided to save £1000 at the beginning of each year for the next five years. How much
will you have at the end of the five years if you are paid interest of 2.4 per cent per annum?

A sum of £5000 was invested four years ago. At the end of each year a further £1000 was added.
If the rate of return on the investment was 12 per cent per annum, how much is the investment
worth now?

You require £4000 in five years” time. How much will you have to invest at the end of each year
if interest charged is 4.6 per cent per annum?

A customer credit scheme charges interest at 2 per cent per month compounded. Calculate the
true annual interest rate of interest, i.e. the rate which would produce an equivalent result if
interest were compounded annually.

Calculate the annual percentage rate (APR) of (a) 1.75 per cent per month compound,
(b) 5 per cent per quarter compound and (c) 8 per cent per half year compound.

Determine the monthly rate of interest compound given an APR of 26 per cent.



PART ONE

Lai

Understanding Quantitative
Information

Introduction

IN THIS FIRST PART OF the book, we are concerned with the ways of approaching prob-
lems and managing data. Working with numbers will be an important part of specify-
ing and solving a wide range of problems. We are increasingly able to get data quickly
and manipulate that data into forms that are useful to us. However, we need to be sure
that we are working on the right problem and that the data is valid for our purposes. Managers often
complain that:

= too much time is lost trying to solve the wrong problem, or
=> the solution was made to fit the data available, or

-> the solution found lacked imagination and creativity.

As we will see, it is important to clarify, and if necessary redefine, the problem we are working on.
The approach to problem solving needs to make good use of the information available and where
possible, give new insights into the problem situation. One only needs to look at the history of busi-
ness decline to see that using the same old answers to the same old problems is a recipe for failure.
We will encourage you to search for new sources of data and explore that data in a variety of ways.
‘Data’ is a very general term and can be taken to mean a few recordings or the outcome of an
extensive national or international survey. Whether the data is useful or not is another matter! An
item of data becomes information when it is organized to inform the user. We will look at ways to
clarify the purpose of data and the ways in which data can be managed. In all aspects of business or
organizational life we are likely to encounter increasing quantities of data. New technologies literally
put data at our fingertips — for example, share prices in New York, or stock levels in a warehouse
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some distance away, can be known in minutes. The Internet and mobile data devices have trans-
formed the flow and the availability of data. The ability to manage data, produce information and
work with problems are all important business skills.

When managing business problems, and indeed problems in general, we need to consider whether
to use only the information already available or whether to collect our own additional information.
One of the frustrating aspects of research is that time can be spent producing data only to find, at some
later date, that such information did exist and often in a more useful way. It is worth checking what
work has already been done. This type of desk research will provide figures of a general kind, for exam-
ple, the numbers of people by sex, region and income, but is unlikely to provide very detailed informa-
tion required for some specific tasks. Desk research may also inform our approach to data collection
and techniques of analysis. It is always helpful, for example, to find a questionnaire that has been used
in a previous study, looks good and may only require some modification. We are less likely to find
pertinent data on attitudes or opinions. The collection and presentation of data will require a balance
between that which we can obtain from other sources and data that will be original to our research.

Quantitative methods involve more than obtaining a few numbers and working out a few statistics.
A statistic is merely a descriptive number. To be of any value, statistics need to ‘paint a picture’ in
an acceptable and valid way. Quantitative methods provide a framework for working with statistics.
In addition to providing description, quantitative methods also include a number of ways of testing
ideas and modelling problems. It can be argued that to better understand what you see, you need
to compare your observations with models and representations. It is this ability to compare and
contrast, and to break down a problem, that is known as analysis.

Chapter 2 considers a more creative approach to problem solving that involves understanding a
problem and allowing time to think about the problem solution. As an effective problem solver, you
will need to be able to justify the methods (methodology) used, apply models when appropriate and
be aware of the measurement being achieved. Chapter 3 is about managing data from a variety of
sources, including the Internet. The use of survey methods is considered in Chapter 4. As you will
see, there is no one best approach. The approach used will depend on the user requirements, time
and cost. It is often said that the answers can only be as good as the questions. Questionnaire design
will be examined, and we consider the importance of a high response rate.
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Shopping Developments |LLUSTRATIVE
Limited Part | EXAMPLE

% -

SHOPPING DEVELOPMENTS LIMITED HAS A number of business interests in general purpose, smaller
retailing units. They have observed the growth of the nearby New Havens Shopping Precinct, and
the Hamblug Peoples’ Store in particular. They would like to know more about the usage of the
shopping precinct and plan to review the information they already have.

The company has the outcome of a market research survey conducted by a student who had
recently completed a placement year in the marketing department. The questionnaire was written
with the requirement of the placement project in mind and only part of the questionnaire and
coding sheet still remain available to the company. It is known that a quota sampling method was
used but that few other details remain. The relevant parts of the questionnaire and coding sheet
are as follows. ® ® @

THE QUESTIONNAIRE

SHOPPING SURVEY: New Havens Shopping Precinct Questionnaire number; ——

@ Is this your first visit to the New Havens Shopping Precinct? YES/NO
IfYES, goto Q.3

@ How often do you visit the New Havens Shopping Precinct? (TICK ONE)
[ Less than once a week
(] Once a week
[ Twice a week
[ Three times a week
L] More often than this

How long did it take you to travel here? (in minutes)

®
@ How did you travel here? (TICK ONLY MAIN MODE OF TRANSPORT)
[ Bus
[ Car
[J Walk
[ Other, please specify ———

@ Have you ever visited the Hamblug's shop? YES/NO If NO, go to Q.10

@ Have you been there today? YES/NO If NO, go to Q.10

(Continued)
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(Continued)

®

Did you buy any of the following items?

Fresh vegetables? YES/NO
Fresh fruit? YES/NO
Fresh meat? YES/NO
Pre-prepared meals? YES/NO
Frozen food? YES/NO

If NO to all items, go to Q.10

Appro><|mate|y, how much did you spend on food at Hamblug's today?
(WRITE INTOTHE NEAREST £) ..................

How many people do you buy food for? (WRITE IN NUMBER)

Which area do you live in? (TICK ONE)
[ Astrag ] Baldon
] Cleardon [ Other

THE CODING SHEET

Column number Description Coding used
1 Respondent number as questionnaire
2 Q1 1=yes, 2=no, 9 = not asked
3 Q2 1 =less than once a week

© 0 N oo o &

10
1"
12
13
14
15

2 =once a week

3 =twice a week

4 =three times a week
5 = more often than this
9 =no usable answer

Q.3 as given in minutes

Q4 1=hus, 2 = car, 3 =walk, 4 = other
Q5 1=yes, 2=n0, 9 = not asked
Q.6 1=yes, 2=n0, 9 =not asked
Q.7 (fresh vegetables) 1=yes, 2=no, 9=not asked
Q.7 (fresh fruit) 1=yes, 2=n0, 9 = not asked
Q.7 (fresh meat) 1=vyes,2=no,9=not asked
Q.7 (prepared food) 1=yes, 2=no, 9=not asked
Q.7 (frozen food) 1=yes, 2=no, 9 = not asked
Q.8 value given

Q.9 number given

Q.10 1= Astrag 2 =Baldon

3 =Cleardon 4 =_0ther

(Continued)




(Continued)

Shopping Developments Limited are expected to be planning more extensive market research
but believe the existing information will be useful. It is thought that a better understanding of the
shopping precinct and the Hamblug Peoples’ Store within it will help develop market research and

market development strategies.

It is known that Shopping Developments Limited wish to develop the concept of the general
purpose outlet within the shopping precinct environment. It is also known that the closeness of a
ferry port to the New Havens Shopping Precinct could be an important factor. _ |

PART | @

Visit the online platform

sav. You should try to find this data and print out a copy. It will be useful to check the number of entries

The data from the questionnaire, on the online platform, is in the EXCEL file CSE2.xIsx and SPSS file CSE3. @

and the correctness of the coding. ® ® @

Quantitative Information

Managing numbers is an important part of
understanding and solving problems. The
collecting together of numbers and other facts
and opinions provides data. This data only
becomes information when it informs the user.
The quantitative approach is more than just
‘doing sums'. Itis about making sense of numbers
within a context. To understand problems within
a context, it can be useful to work through a
number of stages: defining (and redefining) the
problem, searching for information, problem
description (and again redefinition if necessary),
idea generation, solution finding and finally,
acceptance and implementation. The use of new
ideas can be important at any of the stages.
Should we only be looking at methods to increase
sales, for example, or should we include other
factors like channels of distribution, packaging

and product design? Should we continue to use
street interviews or should we consider other
ways of getting feedback? One of the aims of
the book is to make you a better problem solver
by introducing a wide range of techniques and
show their application in a variety of business
problem situations.

The development of mathematical models
can provide a better understanding of the way
things work. Relationships are established using
variables (a quantity or characteristic of interest
that can vary within the problem context),
parameters (values fixed for a given problem) and
by making assumptions (things accepted as true).
Just the clarification of assumptions, like ‘the
product is competitively priced’ (where it may or
may not be) can be helpful when problem solving.

Data can come from existing sources
(secondary data) or may need to be collected
for the purposes of our research (primary data).

(Continued)
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(Continued)

Government publications like The Annual Abstract
of Statistics, The Employment Gazette and Social
Trends are all good sources of information. Of
increasing importance is the Internet which
can provide a fast link to traditional sources of
information but also access to a wide range of
data world-wide. We need to ask whether the
data found is appropriate, adequate and without
bias. Data can come from a census (a complete
enumeration of all those people or items of
interest) or from a survey (a selection from the
population of interest).

A survey can be based on methods that
give every person a known chance of inclusion
(probability sampling) or methods that rely
on the judgement of the interviewer (non-
probability sampling). A survey should be
designed and administered in such a way as to
minimize the chance of bias (an outcome which
does not represent the population of interest). If
the survey is likely to miss certain people out or
there is a relatively high level of non-response,
we would be concerned that the results were
not representative. ® @ @



The Quantitative
Approach -

Objectives By the end of this chapter you should be able to:

contrast quantitative and qualitative approaches
identify some of the key elements of problem solving
understand the importance of methodology
appreciate the use of models

distinguish between data and information

identify different types of data

understand the importance of the level of measurement achieved

S 2 2 2 2K 2K 2

appreciate the importance of quantitative methods in business decision-
making

NUMBERS PROVIDE A UNIVERSAL LANGUAGE that can be easily understood and a
description of some aspect of most problems. In fact, some problems can be described
almost entirely in numerical terms. The development of a departmental budget will
mostly involve the modelling of cash inputs and outputs (typically on a spreadsheet),
and the manipulation of numbers. In contrast, the recruitment of staff or the management of redun-
dancy may require only a limited use of numbers and a great deal of sensitivity to the people involved.

In making business decisions, we need to recognize the importance of the range of information
available and to what extent the problem is numerical by nature or non-numerical. It is useful to dis-
tinguish between the quantitative and qualitative approaches to problem solving. Essentially, the
quantitative approach will describe and resolve problems using numbers. Emphasis will be given to
the collection of numerical data, the summary of that data and the drawing of conclusions from the
data. Measurement is seen as important and factors that cannot be easily measured, such as attitudes
and perception, are generally difficult to include in the analysis. Qualitative approaches describe the
behaviour of people individually, in groups or in organizations. Description is difficult in numeri-
cal terms and is likely to use illustrative examples, generalization and case histories. The qualitative
approach can use a variety of methods such as observation and the written response to unstructured
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questions. Data may come in the form of script, for example, transcripts of interviews or observa-
tions such as video recordings.

The quantitative approach is about using numbers to help define, describe and resolve a wide
range of problems. However, it is about more than just doing sums’ Numbers will need to make sense
within a context. It is the context that will give meaning to those numbers and the relative impor-
tance of numerical and non-numerical information.

The number five for example, can mean the age of a child, the number of days in a typical work-
ing week or the number of seconds of air left in a diving cylinder (again the significance of the five
seconds will depend on the context — whether you are under water or not). However, the choice is
rarely a simple one between a quantitative and qualitative approach, and your research is likely to
have some element of both.

Problem solving

Quantitative methods can be applied in a wide range of problems. The results of a lengthy
and complex survey may be summarized by a variety of tables, charts and calculated numbers. These
summary numbers are called statistics. Trends in the economy, industry sector or market can be
identified and compared numerically. The calculation of a summary number or summary num-
bers should provide a description for the user. We only need to listen to political debate to become
aware of the importance of measures, such as the Consumer Price Index (CPI) or the seasonally
adjusted level of unemployment. The use of summary numbers will allow us to develop concepts
like probability (Chapter 9) and statistical inference (Part 4). The use of quantitative methods will
also allow us to build a model or models that capture our thinking about a particular problem. A
model describes how something works. A model aircraft can demonstrate the characteristics of the
real thing. A single equation or a set of equations can describe a business situation, like stock levels. A
breakeven model, for example, will describe the costs and revenue of a business (two relationships).
When costs exceed revenue the business will make a loss, when revenue exceeds costs the business
will make a profit and when these are equal, the business will breakeven.

Numbers can be used at four levels to help us solve problems:

> To describe a wide variety of situations, particularly when large quantities of data are
involved. At this level, we would be thinking about visual displays to explore the distribution
of the data and possible relationships. We would also be thinking about statistics such as the
mean and standard deviation which would allow us to identify typical values and the spread
of values.

= To evaluate previous decisions. Comparing what was happening before with what is
happening after a decision was taken helps us evaluate the efficacy of the decision.

= To allow the use of theory. Theory is there to help us. It is useful to be able to assert
that measurements follow a normal distribution or that a trend is significant in
statistical terms.

- To develop models (representations) of real problems and use these models to look for
improved solutions. A model will illustrate how we think things work, for example,
an engineered product such as a car, or a system such as the recording of accounting
information.

The use of quantitative methods is a skill that you can develop. It can make you more effective in
managing and solving a range of business and non-business problems. In the business world these
methods are used extensively in resolving:
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-> organization problems such as location analysis, or how to improve employee retention and
motivation;

=> accounting and financial problems such as the credit worthiness of customers, or the future
of capital markets and budgets;

= marketing problems such as the promotional mix in advertising, or market segmentation
and customer relationship management;

-> operation management problems such as inventory and production planning, assembly line
balancing and quality control.

We now work in an age of mass information. It is not unusual for a simple web search to offer 10 000
or more sites. Many of the sites will offer only partial information but perhaps a number of other
leads. If we are not careful we could drown in a sea of data. We need to be able to focus on the infor-
mation required (rather than all search and no solution!) and focus on the problem itself.

We see value in the old adage that knowing the problem is part of the solution. Business litera-
ture is scattered with examples of how individuals and organizations have failed to solve problems,
often with very serious consequences. Problems present themselves in very different ways and can
often be misleading. It is tempting just to collect some data, undertake some analysis, draw some
conclusions and then take action. We advocate such a structured approach to problem solving but
we also see problem solving as a process that needs to be managed, that is reflective and is based on
an understood methodology.

You will only get the right answer when you are working on the right problem!

You will find many examples of how to approach problem solving. The structured approach given in
Figure 2.1 is typical.

Figure 2.1
Make a start

The structural approach to ¢
problem-solving

Define the
problem

I

Search for
information

I

Problem
description and
redefinition if

necessary

.

Idea generation I

I

Solution finding

I

Acceptance and
implementation

@
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121.1 Making a start|

To illustrate this structured approach to problem solving let’s consider a problem that you have (or
we think you have). For you to have read this far would suggest to us that you have just started a
new quantitative methods course and want to make a success of it. ‘Making a start’ is about problem
sensitivity and being prepared to do something about it. Sensing that there is a problem does not
necessarily mean that we know exactly what it is or even how to go about solving it. It does mean
that we think a problem exists and we think we need to take some action. What we may observe at
this stage are symptoms of the problem. As an analogy, a patient may report to a doctor a tingling
feeling in his or her legs which would suggest the source of the problem is also in the legs but these
could be the symptoms of a more distant cause, perhaps a back problem. You may at this stage be
concerned about the quantitative methods course because it has a reputation for being difficult or
you have found mathematics difficult in the past. You may have bought this book because this was
the advice given by your lecturer and now feel that you should use it. Think about ‘where you are
now’ and ‘where you want to be’. Asking challenging questions can be a powerful part of this process.
What are your strengths and weaknesses? What would be a successful outcome?

12.1.2 Define the problem|

Many regard problem definition as the most important stage of problem solving. Problem definition
should clarify the problem you are working on for all those involved (often referred to as stakeholders
or actors) and be worded in such a way as to give insight into the problem. Two important concepts
used in problem definition are gap and problem owner. A problem can be seen as a gap between what
we have and what we want or where we are and where we want to be. This also involves the ideas of
perception and expectation. It you want a mountain bike and you have a mountain bike, in terms
of this definition you don’t have a problem. If Roger has a mountain bike but wants a Porsche, then
Roger has a problem!

In terms of the new quantitative methods course, the gap could be expressed in terms of the
knowledge required to pass the assessment:

In what ways might I acquire the knowledge required to successfully complete this quantitative
methods course?

The format In what ways might...?” IWWM...?) is seen as a useful way to start problem formulation.
It is important to recognize that a number of useful problem definitions are likely to exist. A good
problem definition is likely to be thought provoking and likely to have a specific focus (‘what should
I do to pass exams?” would be seen as rather vague and lacking problem awareness). In this case, the
owner is clear (you) and the gap given in terms of knowledge. If you have a good subject knowledge
but have difficulties with examinations, you might express the problem in the following form:

In what ways might I use my subject knowledge to improve my examinations performance?

This stage can be very creative and offer new ways of looking at old problems. Try it!

\ 2.1.3 Search for information \

A major theme of this book will be turning data into information. In this case, the problem defini-
tion could be used to produce a checklist of the information required. The technique known as the
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‘Five Ws and H, raises the questions of who, what, where, when, why and how. You should be able to
develop a range of questions, such as:

Who else shares this problem? Who can help solve the problem?

What information have I been given on this quantitative methods course? What subject knowledge
do I need?

Where can I find this information?

Where can I find examples of past examinations papers?

When do the revision classes take place? When will we be given the assessment dates?
Why do I need to attend lectures? Why do I need to buy the text book?

How can I acquire this knowledge?

How can I improve my revision techniques?

The answers to the questions become information when they become useful and inform your thinking.

2.1.4 Problem description (and redefinition if necessary) |

Having considered the problem in more detail and, being more fully informed as a result of fact find-
ing, you can often describe the problem or indeed redefine the problem in terms that clarify the pos-
sibilities of solution. If, for example, you now feel better informed about course content and course
support, you may wish to change the problem statement:

In what ways could I organize my time and other resources to successfully complete this
quantitative methods course?

'2.1.5 Idea generation|

It is often suggested that one of the major skills that managers of the future will need is the ability
to generate new answers rather than rely on a limited range of current solutions. If mathematics has
been a problem to you in the past, perhaps the answer is not to approach your study in the same way.
You may find that by taking time to ‘brainstorm’ your problem, a number of interesting ideas will
emerge:

=> attending a study group with other interested students;

=> using computer-based teaching material;

= focusing on what you know rather than what you don’t know;
=> thinking about problems outside of your course mathematically;
=> plotting progress on a wall chart.

At this stage, it is seen as important to defer judgement on the ideas produced even if they seem silly
or unrealistic. The concepts of walking around listening to music (the iPod), a boat that could fly
(the Hovercraft) or sending text by phone (text messaging) have all been seen as absurd in the past.
New products and services are based on the ideas and adapted ideas that we are currently prepared
to work with. At a later stage we can decide which ideas are worth keeping and working with, but at
this stage the flow of ideas and the quantity of ideas are of more importance. Ideas are the basis of
creativity and it could be the case that an unlikely thought or insight could offer the best future solu-
tion. Ideas then are a raw material to work with. To reject ideas at this stage is to limit the number of
ways you could consider solving the problem.
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12.1.6 Solution finding |

Ideas generated are likely to range from rather simple incremental changes to the bizarre. This is
the data we now work with. This is also the time to make judgements and develop options that are
realistic. Ideas can be clustered together and combined. As a result of fact finding and idea review, a
solution or set of solutions may emerge. In many cases the option of ‘doing nothing’ may also exist.
Solutions can often be usefully expressed in terms of what the problem owner can do to close the
problem gap. It could be that no single solution will solve the problem and that what is needed is
a management of the problem-solving process. As an example, consider a company that is seen as
having a quality problem. A number of ideas might emerge that could improve quality, but a gap
between what the company produces and what the customer expects could always open at some
future point in time. What is important to develop is a problem-solving capability. This capability
is enhanced by a fluency in both quantitative and qualitative approaches, a flexibility to manage a
diversity of ideas and an ability to challenge barriers to change in an acceptable way.

2.1.7 Acceptance and implementation

Having developed one or more ideas in such a way that they could address aspects of the problem, the
next important step is acceptance finding. The ideas may be good, but they also need to be acceptable
to the problem owner. We could suggest that you allocate one hour every evening to the study of quan-
titative methods. You might see the benefits of doing this but prefer to spend your evenings in other
ways. A good solution is one that is acceptable, can be implemented and produce the desired outcomes.

Shopping Developments |LLUSTRATIVE
Limited Part | EXAMPLE

e

SHOPPING DEVELOPMENTS LIMITED HAS AN interest in the New Havens Shopping Precinct and
have been considering market research and market development strategies. Suggest ways in
which the generation and the management of data could help the company. ® ® ®

EXERCISE What if you don’t know what to do?

== There can be times when you know there is a problem but find it hard to say what the problem
;_ L & is and know what to do next. A particularly useful site to help you in your troubles is:
www.mycoted.com
Browse this site and have a look at creativity quotes, creativity techniques and puzzles.
Using quotes can be an effective way of winning an argument. If you are short of ideas then

the available creativity techniques might help. Puzzles can be fun and can get you to think about
problems in different ways.
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Methodology

To use ‘any old method’ to generate a bit of data is not going to help you become an
effective problem solver, or indeed a trusted problem solver within an organizational context.
You may well be asked to justify your findings and conclusions against criteria such as reliability
and validity. Methodology is about devising an approach to your research that will work. If the
research is repeated then you should expect results to be consistent unless other factors are mak-
ing a difference. It is often a matter of debate as to whether the differences in new findings are
due to the methodology or due to the relationship being observed. If the latest political opinion
poll shows a change in voting intentions, we do need to consider whether this is due to a shift in
political view or whether it could be an outcome of the sampling process. We know that results
are likely to vary a little from sample to sample, but this variation should not overwhelm what
you are trying to measure. Your research should also measure what you say it’s going to measure.
It has been reported, for example, that residents have approved of traffic-calming measures, not
because of the impact on traffic flow, but because they are pleased that money is being spent on
their locality.

In any problem situation there is unlikely to be one obvious best method for getting research
results. You will have a choice of approaches. In addition to giving reliable and valid results, your
research will also need to be feasible. Research is generally carried out within agreed time and cost
constraints. You would not want your in-depth, scientifically predictive study of voting to report the
day after the election of interest over budget and late!

In the longer-term, it is the ability to manage the problem solving process in a range of situ-
ations that will be of most importance. The skill is in knowing what methodology to use. Typ-
ically, our approach will be structured and sequential. As a consequence of careful problem
definition, a population of interest could be identified. Given the purpose of the research, the
type of information required could be clarified and the means of collection devised. Checks
could be made on the quality of information and the findings could be reported using various
forms of summary.

Suppose, for example, we were asked to assess the views of young people regarding the change in
level of university fees. It would be tempting to list a few questions, ask a few students on the local
campus whether they would answer ‘yes’ or ‘no” and then work out the corresponding percentages.
But what does it mean? We would suggest that mostly such exercises are worthless. They are neither
reliable (could be repeated with an assurance that the findings would remain the same), valid (telling
us what it should be telling us) or develop your skills in research. It is important to assess research
findings and the approach to research critically before deciding whether the outcomes are useful or
not. A few questions regarding our example will make the point.

- Was the purpose of the research clear? So was the purpose of the research on student fees
clear? The answer has got to be no. We would want to know whether the research was only
to include current students, potential students or all young people. We would need to know
whether any subsequent analysis would attempt to relate the outcomes to other factors like
educational achievement and occupation of the family household. We would also want
to clarify what was meant by ‘young’ and the importance placed on other factors, such as
interest rates, subject and time allowed for repayment.

= Was this research necessary? Once the purpose of the research is clarified then it is possible
to search for existing information. It is likely that someone, somewhere has published
findings from similar research. You only need to look at the range of available government
publications, studies by the media or the records kept by businesses on personnel or
production to appreciate how easily data accumulate and how extensive data collections are.
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This kind of enquiry, whether looking through dusty old pamphlets or by giving key words
to a search engine on the Internet, is known as desk research’. It is often found that many of
the answers already exist and that you also find answers to questions you did not think to
ask. The use of primary and secondary data will be considered in Chapter 3.

= Was the means of data collection appropriate? However we collect data, we need to ensure
that the figures are representative and that they are sufficient. It is unlikely that a few
students on a local campus will be representative of young people. If our point of reference is
the UK, then we need to consider the geographical spread in addition to a fair representation
of different socio-economic groups. If we were to ask the students on the campus about the
change in student fees, it is likely that most would disagree with the policy (we would need
a representative survey of students to really know). However, if we were to ask the same
question of a more representative sample of young people (including the correct percentage
of those not continuing to higher education) the outcome might be different.

= What can we infer? The purpose of research is generally to provide a better understanding
of a phenomenon or situation through description and the development of theory. We use
our snapshot of information as a means of extending knowledge in a meaningful way. In this
case, the lack of definition and poor methodology give no real basis for the generalization of
our results.

The quantitative approach to problem solving and business decisions has developed within a sci-
entific tradition. Science has clearly helped us understand the world we live in and the scientific
methods have informed approaches to research and management. As the name implies, the scientific
approach is about being systematic in the collection of data, developing law-like relationships and
inference. At this point it is useful to distinguish between the inductive approach and the deduc-
tive approach. The inductive approach is based on the collection of empirical evidence in a specific
situation and then making a general statement to cover all situations. Having observed the impact
on employee motivation of imposed performance related pay schemes in a selected number of com-
panies, for example, we might try to generalize these findings as lessons for all companies. The direc-
tion of the inference is from the specific to the general. The deductive approach is concerned with
logic and mathematics. A theory or proposition can be built-up from accepted truths. If, for example,
we were told that Jeft’s earnings were greater than Roger’s and Roger’s were greater than Jon's we
could infer than Jeff’s were greater than Jon’s. That is, if A > B and B > C we can infer that A > C (a
deductive relationship). If we accept that a company can have a fixed element and a variable element
to cost, then deductively we can infer that total cost is the sum of fixed and variable cost. You will see
both the inductive and the deductive approaches used in this book.

Another useful way of understanding research methods is to contrast the positivist and
phenomenologist approaches. The positivist approach comes from the scientific tradition and is
essentially deductive. Ideas (hypotheses) are proposed based on reason and logic. Relationships
are suggested based on proposed or accepted theory. These relationships are examined using
experiments or other empirical data. The approach is structured and can be repeated in a range
of ways. Many of the statistical procedures in this book will follow this. The phenomenologi-
cal approach is based on the way people experience and understand the world. It is more con-
cerned with an understanding, in depth, of the social processes. The researcher is likely to use
observation and small-scale studies with the outcome often taking the form of case-histories
or case-studies.

The value of your research will be judged partly on methodology. If the methodology is convinc-
ing then your outcomes are more likely to be accepted. The choice of methodology is not necessar-
ily a simple one. You can produce reliable and valid results in a number of different ways. In more
complex studies, you may choose to combine several approaches to provide an overall description
(probably using quantitative methods) and illustrative examples (qualitative methods).
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Models

A model is a representation of real objects or situations. Modelling provides a way of express-
ing our understanding of such objects and situations through the use of simplified constructions, the
use of language, the use of diagrams or the use of mathematics. Modelling involves a transformational
process where outcomes are explained by a range of inputs and assumptions. If we think about a scaled
model of a dam, then the available flow of water (an outcome) will depend on how we manage those
inputs we control (variables such as the incoming flow of water during previous time periods) and the
assumptions being made (such as loss due to weather conditions and seepage). The transformation
process is the modification of flow due to storage. A model of modelling is shown as Figure 2.2.

Inputs Transformation O EeTES I

A model of modelling ! process

Assumptions

Models can include the use of descriptive statistics and the use of statistical theory (two major
reasons for working with numbers), but, in addition, attempt to show how we believe things work.
The benefits of attempting to construct models to explain what we see or understand include:

=> The necessity to have a good understanding of the object or situation. If we do not fully
understand the problem, or have missed some important aspect, then the chances are that
the model cannot be completed, will not work or will not produce the results expected. If,
for example, when modelling a dam, we do not adequately allow for the permeability of
surrounding rock, then we may never adequately predict the outgoing water flows. You may
have heard of the dam constructed in Spain that has yet to fill with water and may never do
so because of this problem.

=> The recognition of all relevant variables. To be useful, a model should be a simplification
of a problem of interest. To include all possible factors would just make the model more
and more complex, and not allow us as users to look at the key issues. We need to strike
a balance between those inputs that are significant and those that may have some minor
effect but do not have a major impact on the problem characteristics. There have been many
attempts to model the way sales respond to changes in the level of supportive advertising.
However, to simply plot the level of sales against the level of advertising ignores the fact that
sales will also depend on price, and may also depend on price last quarter and advertising
last quarter (evidence does suggest that many of these influences are time-lagged). If you
were to brainstorm this problem with colleagues you would soon obtain a long list that
would include factors such as quality, price of competitors and advertising by competitors.
The real issue to be addressed is what you want to achieve with the model. In most cases,
models attempt to show how a few key variables impact on the problem and the effects of
managed changes to these variables.

=> The understanding of relationships. To determine the outcomes from a model it will be
necessary to relate these to the inputs that we can vary and the assumptions being made.
A simple breakeven model will determine the level of sales at which profit is zero by the
comparison of revenue and costs. Therefore this model requires an understanding of both
the revenue and cost functions. These relationships may need to be specified in terms of
being ‘it for purpose’ rather than perfectly correct. A revenue function, for example, may

o
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be specified in terms of a known price multiplied by quantity, which is adequate in terms
of a simple breakeven model. However, in other models, we would expect price to be
allowed to vary with quantity (like the simple models used to describe supply and demand
in economics). In specifying a relationship, the choices need to be fully understood and the
assumptions clarified.

=> 'The ability to undertake analysis. The processes of defining or describing a problem can only
be steps in problem solving. The development of a model should allow us to better understand
how things work and to better understand the effects of any possible changes. A model should
encourage the use of ‘what-if” type questions. In looking at the breakeven possibilities for a
company, we should be asking ‘what if the fixed cost increases” or ‘what if the price increases.
As you will see, spreadsheet models in particular allow the user to easily change values so that
the consequences can be followed through. Part of the job of management is the evaluation
of alternatives and, as we intend to show, this can be improved by the modelling of a range of
activities, such as the control of stock or the characteristics of queues.

Models or modelling is particularly useful when we cannot work directly with the real objects or
situations. It is an expensive business to test a real aircraft to destruction or create the conditions to
examine company failure. Modelling is seen as a timely and cost-effective way of examining prob-
lems that can include both complexity and uncertainty.

12.3.1 Model abstraction |

Modelling allows us all the advantages of not working with the real thing. We can consider, for
example, the impact of reduced revenue flow or changed checkout systems without a business con-
sequence. In addition, modelling should allow us to think more conceptually and imaginatively about
the problems we need to deal with. Models can be classified in terms of their level of abstraction as
shown in Figure 2.3.

Figure 2.3
- Physical (or iconic) Least abstract
Model abstraction
Schematic
Analogue
Symbolic (or mathematical) Most abstract

A physical model or iconic model generally involves a scaled or simplified version of the real thing.
Cardboard cut-outs can be used to represent office furniture or materials-handling equipment. These
models find particular application within engineering, operations management and the sciences, but
only very limited use (generally for presentational purposes) in the quantitative study of business.

Schematic models are a more abstract representation of reality and include all forms of graphs and
diagrams. Organization charts showing job roles and authority are frequently used to describe how a
business works. Flowcharts are used to show how computer software works. As we will see, network
diagrams can show the various steps in project management. Schematic models give a visual picture
and it is often said, ‘that a picture is worth a 1000 words.
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Analogue modelling is where one factor, with different properties, is used to describe another.
Speed can be represented by a needle on a dial (a speedometer) or workflow by a liquid. Colours on
a map, for example, can represent height, water or forests.

Symbolic models or mathematical models use a range of numbers, letters, special characters and
symbols to represent problem situations. These models have the precision and neatness of mathemat-
ics but are the most abstract. A straight line is defined and can be understood by an equation of the
form: Y = a + bX. The straight line, itself, can model something like, ‘the steady increase in sales’ These
models may be further categorized as deterministic or probabilistic. A deterministic model will give
a certain outcome or outcomes once the inputs are known. Once costs and revenues are known, a
business breaking even can be modelled deterministically. In contrast, a probabilistic model will need
to attach measures of uncertainty to outcomes. The modelling of traffic flows or telephone calls, for
example, would need to allow for the natural variation and the uncertainty of events over time.

2.3.2 The development of a mathematical model |

A mathematical model will attempt to describe a problem of interest by a number of equations or
mathematical procedures. Relationships are established using variables and parameters, and by
making assumptions.

A variable is a quantity or characteristic of interest that is allowed to change within a particular
problem. The marks achieved by students in a mathematics test or the travel time to work would
typify the measurement of a variable.

A parameter is fixed for a particular problem. When evaluating the cost of running a car for a
one-year period, the cost of insurance would be seen as fixed and therefore a problem parameter.
In the longer term, the insurance costs are likely to change and would be represented by a variable.
Parameters are often described as fixed variables which, as the names implies are given a value for a
particular problem but may be given another value for another problem.

An assumption is something we accept to be true for the model we are working on. To assume
that the cost of insurance is fixed for the year is reasonable (and most assumptions are reasonable),
but ignores the fact that we can change or cancel insurance policies through the year. To assume
travel patterns or expenditure patterns remain stable during the period of a survey may be reason-
able but can still be subject to unseasonably bad weather or other unpredictable factors.

Suppose the cost of vehicle hire involves a fixed cost of £100, a daily charge of £25 and a mileage
charge of five pence per mile. In this case there are two variables, the number of days of car hire (which
we will call x) and the number of miles travelled (which we will call y). The fixed cost of £100 will not
vary in this problem and is recognized as a problem parameter (which is likely to be different for differ-
ent hire arrangements). The total cost (¢ in £s) can be expressed in the following algebraic form:

¢ =100 + 25x + 0.05y

It is assumed that no other costs, such as fuel or parking, need to be included. Typically assumptions
are not stated but are important when an interpretation of the results is required.

Mathematical notation (such as the use of =, +, x and y) allows a simply summary of the way
things are related. Once in mathematical form, we can then manipulate the expression to consider a
wider range of ideas.

If we are told that the vehicle hire was for five days and that the distance travelled was 723 miles,
then by substitution, the total cost can be calculated:

c=100+ 25X 5+ 0.05 X 723
=100 + 125 + 36.15
= £261.15
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Suppose now that we are told to work within a budget of £225 for a journey that will take four days.
By manipulating the equation, we can calculate the number of miles we can travel before exceeding
the budget. By letting ¢ = 225, we get:

225 =100 + 25 X 4 + 0.05y
225 =100 + 100 + 0.05y

We can now rearrange to get the equation in terms of y:

0.05y = 225 — 100 — 100
=25

Dividing both sides by 0.05 gives:
y = 500
This result does need interpretation. If we travel exactly 500 miles then our costs will match the

budget; if we travel more we will exceed the amount allowed in our budget and if we travel less
money will be left over.

2.3.3 Models of uncertainty |

To be able to calculate that a budget of £225 will fund a travel distance of 500 miles is the type
of result you would expect from a deterministic model. However, many problems have some ele-
ment of uncertainty and require an understanding of probability. Models that include uncertainty
are referred to as probabilistic or stochastic.

Typically, travel plans can include some uncertainty. Suppose you know that you will need to
travel at least 400 miles, but may need to travel further if important customers are prepared to see
you. Customer X would add 100 miles to your journey and customers Y and Z would both add
50 miles. However, you do not know if these customers will see you at this stage but you can make
a good guess at what the chances are (in Part 3 we will fully develop the concept of probability).
Suppose the chances for each customer are seen as being 50/50. In the notation of probability, a
50 per cent chance would be written as % or 0.5.

We can construct a table to show all the different possibilities — see Table 2.1.

Table 2.1 This table shows the number of possible outcomes to your travel plans given that you do not know
at this stage whether three important customers (X, Y and Z) are willing (Yes) or are not willing (No) to see you.

Additional Total mileage
Customer X (+100)  Customer Y (+50)  Customer Z (+50) mileage (additional + 400)
No No No 0 400
Yes No No 100 500
No Yes No 50 450
No No Yes 50 450
Yes Yes No 150 550
Yes No Yes 150 550
No Yes Yes 100 500

Yes Yes Yes 200 600
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Given that all the outcomes are equally likely, we could work out the average mileage:

400 + 500 + 450 + 450 + 550 + 550 + 500 + 600 _ 4000
8

x = =500

As we shall see in the coming chapters the mean, X, is important as a descriptive statistic and also
as an expected value. If we faced this situation a number of times, then on average, we would
expect to travel 500 miles. It could be that this time all three customers are unwilling to see you
and as a result you only need to travel the minimum distance of 400 miles or that all three custom-
ers want to see you and you will need to travel the maximum distance of 600 miles. In response
to this uncertainty, we are developing a probability model. Given that all eight listed outcomes
are equally likely we can talk about a one in eight chance of having to travel 400 miles or a one in
eight chance of having to travel 600 miles. We can also talk about this one in eight chance as being
12% per cent (1/8 x 100) or a probability of 0.125. The chance of travelling 500 miles is two in
eight, or 25 per cent, as this can happen in two ways; either only customer X is willing to see you
or only customers Y and Z.

Do not feel concerned if this seems a little baffling at this stage; the ideas of descriptive statis-
tics, expected values and probability will be fully explained in later chapters. The above calcula-
tion of the mean and the chance of each outcome has been simplified because the chance of a
customer being willing to see you has been a uniform 50 per cent. If this chance or probability
changed then we would need to develop an approach to manage this. In most problems we will
find that the outcomes are not equally likely (e.g. one in eight) and we will need to work with a
notation and theory.

2.3.4 Computer-based modeling |

Computers bring all the benefits of increased computational power and linkages to a mass of data,
but also the threats of information that lacks reliability and validity. Computers can take you on a
voyage of discovery or leave you struggling with a mass of emails and confusing data.

In this book we are concerned with the ways computing can support your use of quantitative
methods. The chances are (a probability statement!) that you will have access to a spreadsheet as part
of your course and that in future employment, computer competence will be expected. The approach
in this book is to understand the problem first and then search for data.

The level of abstraction is a useful way to think about computer-based modelling (see
Figure 2.4). It is true that we could work through any model without the use of a computer and
in that sense a computer is not magical. What we cannot do is match the speed of computers.

Figure 2.4
- Computational Least abstract
Level of abstraction
Analytical
Simulation

Expert systems Most abstract
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Computers do make calculations simple. If you model multi-channel queues, you are likely to
come across formula like:
1

_2(/1/,11) Ay xu
il (s=DIx(sxu—A)

0

We could do this calculation and the others that go with it by hand, but we think you will quickly
agree that this is a rather tedious way to proceed. A range of software is available that will do the
calculations for us, including spreadsheets. Having specified the model, in this case a queuing model,
a computer is used for computational purposes.

The ease of calculation and recalculation offered by computer software does facilitate analysis.
Once we can easily use formula like the above, we can begin to ask questions like:

> what if the value of s were to change from...to...?
= what if the value of N were to change from...to...?
= what if the value of p were to change from...to...?

Spreadsheets are a particularly effective way of developing computational models. They are struc-
tured in such a way that if a critical value, say for example the interest rate, is changed then all the
subsequent calculations are updated.

Those problems that can be solved by the use of mathematical techniques and manipulation are
analytical. A model showing how a company can make a loss or a profit or breakeven is a good
example of the analytical approach. Once the revenue and cost functions of a company are defined,
then the difference will measure profitability. The breakeven point is just a special case where profit
is equal to zero. However, there are a number of problems that cannot be modelled in this way. There
are times when the mathematics is just too difficult or the problem situation is not sufficiently under-
stood. You can see more of modelling in Part 6 found on the book’s online platform.

Simulation models (see Part 6 on the online platform) are not solved by mathematical manipulation,
although they are likely to use equations and distributions. What simulation models attempt to do is rep-
licate the characteristics of the problem situation and then, by experimentation, examine the outcomes of
varying inputs. A typical application would be the examination of queues in a supermarket where demand
patterns were complex. We could model the flow of customers using existing data and then consider
the impact on waiting time and queue length of adjusting the number of checkout points, for example.
It would be unnecessarily expensive for the supermarket to make structural alterations just to evaluate
whether four or five or six or any other number of checkouts was most appropriate. Even if the most suit-
able number of checkouts were known for a typical day, the simulation model could be used when events
were not typical, for example, the last day of trading before Christmas or the day of the local football derby.

Expert systems are concerned not only with the analysis required for problem solution as speci-
fied, but also advising on solution. Expert systems attempt to capture the ‘best thinking’ on problems
from a range of sources and produce approaches or ideas that offer solutions. Expert systems are
often most effective when relationships are logical rather than mathematical or where the problem
is only semi-structured. Expert systems tend to work well when information is incomplete or is not
clearly understood. An expert system has three major components:

= auser interface;
= aknowledge base; and
=> an inference engine.
We expect to see the use of expert systems continue to develop. As the flow of data increases and the

means of analysis becomes forever more sophisticated, we would expect improved user support in
the form of analysis and advice from your laptop, tablet, or mobile device.
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Measurement

Measurement is about assigning a value or a score to an observation. To label the respond-
ent to a survey as a smoker or non-smoker, or record precisely the dimension of a car component
involves measurement. Measurement is the representation of type, size or quantity by numbers. It is
this collecting of facts and opinions, often in numerical form, that we refer to as data. Data become
information when organized in such a way that it does inform the user.

The properties of the numbers assigned depend on what we wish to measure. Coding a male
respondent ‘0’ and a female respondent ‘1’ provides a very different type of measurement to record-
ing their finishing position in a cross-country race (first, second, third, etc.) or recording their
income last year. How we work with data will depend first on the type of data collected, and second
on the level of measurement achieved. The relationship between the two is shown in Figure 2.5.

Figure 2.5 Type of data and level of measurement

Type of Data Level of Measurement

I . .
Nina and Ravinder own cars,

Nominal |-~ Kristian does not own a car.
- = Categorical
-

— T~ In a local talent contest, Nina
>~  Ordinal |- came second, Ravinder third
Data and Kristian sixth.

- m\\ In a numeracy test Nina got
\ Interval -~~~ 55, Ravinder got 45 and

N P Kristian got 90.

\
L <
. . In a survey of travel time,
Discrete = Ratio ----- Nina took 25 minutes,

Ravinder 13 minutes and
Kristian 18 minutes.

Categorical data are, as the name implies, responses that are placed into distinct groups or cat-
egories that are non-overlapping. For example the variable ‘Gender” will have two categories, male
and female. The variable ‘Size’ could have three categories: small, medium and large. Categorical data
are associated with two levels of measurement: nominal and ordinal.

If responses are merely classified into a number of distinct categories, where no order or value is
implied, only a nominal level of measurement is being achieved. The classification of survey respond-
ents on the basis of religious affinity, voting behaviour or gender are all examples of nominal meas-
urement. For data processing convenience, we may code respondents 0 or 1 (e.g. YES or NO) or 1, 2,
3 (Party X, Party Y, Party Z), but these assigned numbers give no measure of amount or importance.
They do not relate to a meaningful origin or to a meaningful distance between the categories. We can-
not use arithmetic and calculate statistics like the mean and the standard deviation which do require
measurement made on scales with both order and distance. We can only count how many there are
within each category, make percentage comparisons (e.g. 30 per cent will vote for party X), present
data using bar charts (see Chapter 5) or use more advanced statistical methods (see Chapter 14).
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An ordinal level of measurement has been achieved when it is possible to place all the categories
in rank order according to some criteria. The preferences indicated on a rating scale ranging from
‘strongly agree’ to ‘strongly disagree’ or the classification of respondents by social class (occupational
groupings A, B, C1, C2, D, E) are both common examples where ranking is implied. Individuals
are often ranked as a result of performance in sporting events or business appraisal. In these exam-
ples we can position a response or a respondent but cannot give weight to numerical differences. For
example we could categorize respondents’ height as either ‘short’ or ‘medium’ or ‘tall’ but could not
determine, using those ranked categories, the difference say in centimeters between one respondent
and another. It is as meaningful to code a five point rating scale 7, 8, 12, 17, 21 as 1, 2, 3, 4, 5 though
the latter is generally expected. Only statistics based on order really apply. You will, however, find
in market research and other business applications that the obvious codings are made (e.g. 1 to 5)
and then a host of computer-derived statistics calculated. Many of these statistics can be useful for
descriptive purposes, but you must always be sure about the type of measurement achieved and its
statistical limitations.

Continuous and discrete data are indicative of responses placed on a scaled continuum, like a ruler,
that has both order and distance. Truly continuous data can take on any value within a continuum,
limited only by the precision of the measurement instrument. Time taken to complete a task could be
measured as 5 seconds or 5.17 seconds or 5.16892 seconds. You will have to decide the accuracy with
which to measure and report your results. To report an average weekly expenditure of £5.91689 would
be seen as having too much detail for practical purposes; the mathematical precision outweighs its
business significance. Typically we would quote this result to two decimal places (2dp): £5.92.

Discrete data on the scaled continuum can only take on certain values, usually whole numbers
(integers). The distance between the numbers on the continuum remains constant and implies a
counting scale (0, 1, 2, 3, 4.....). For example the number of people in a household can only be meas-
ured as 1, 2, 3, 4 and so on. In determining the average number of people in households surveyed as
1.8 implies that there is an underlying scaled continuum. However, 0.8 of a person is only meaningful
in terms of an average value that might be used in further analysis. For reporting purposes we would
need to decide whether to round our answer and quote an average of two people per household.

Continuous and related discrete data are associated with interval and ratio levels of measurement.
On these scales arithmetic operations such as addition, subtraction, division and multiplication is
permissible. For example, person A has a salary of £25000 and person B £32000. We can subtract
the two values to obtain the difference in salary (£7000), or we could divide the difference by 12 to
obtain the monthly difference (£583.33).

An interval scale is an ordered scale where the differences between numerical values are mean-
ingful. Temperature is a classic example of an interval scale, the increase on the centigrade scale
between 30 and 40 is the same as the increase between 70 and 80. However, heat cannot be measured
in absolute terms (0°C does not mean no heat) and it is not possible to say that 40°C is twice as hot as
20°C, but we can say it is hotter. In practice, there are few business-related measurements where the
subtlety of the interval scale is of consequence.

The highest level of measurement is the ratio scale which has all the distance properties of the
interval scale and in addition, zero represents the absence of the characteristic being measured. Dis-
tance and time are good examples of measurement on a ratio scale. It is meaningful, for example, to
refer to zero time and zero distance and refer to one journey taking twice as long as another journey
or one distance as being twice as long as another distance. Similarly we can refer to zero people in a
household and also refer to one household being twice as large as another household. Comparative
examples of the different types of measurement is shown in the previous Figure 2.5.

In summary, it is considered more powerful to achieve measurement at a higher level as this will
contain more discriminating information; it is more useful to know how many cigarettes a respond-
ent smokes on average (0 or more) than just whether they smoke or not. The measurement sought
will depend on the purpose of the research. If we are only concerned with whether respondents vote
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or not, then nominal measurement is sufficient. If we want a comparison of types of chocolate bar by
sweetness or appearance then we will need, at least, an ordinal level of measurement. If we want to
measure time or distance then we will want all the benefits of ratio measurement.

The difference between types of data and the importance of these differences will become more
apparent as you continue with your course in quantitative methods. It is worth noting, however, that:

-> continuous data can be transformed to categorical data;

=> the statistics developed for lower levels of measurement can always be used at the higher
levels, but not (with validity) at a lower level, e.g. statistics developed for interval data cannot
be used for nominal data.

Shopping Developments |LLUSTRATIVE
Limited Part | EXAMPLE

e

IF WE LOOK AT THE SHOPPING survey questionnaire administered in the New Havens shopping
precinct we can see that different types of data and levels of measurement were collected. The
table below shows some of these related to each of the questions, can you complete the table?

Question No. Type of Data Level of Measurement
1 Categorical Nominal
2 Categorical Ordinal
3 Continuous Ratio

4 Categorical ?

5 ? ?

6 ? ?

7 Categorical Nominal
8 ? ?

9 Continuous (Discrete) Ratio

10 ? ?

Scoring models

The process of making decisions is likely to be easier if we only need to make calculations
on a single factor, such as cost in £s or travel time in hours. It is also easier to justify our decision if we
can offer explanations like, ‘it was the lowest cost solution’ or, ‘it would minimize overall travel time’

However, a number of problems require a judgement on a range of information and this infor-
mation may be based on relatively limited measurement (see Section 2.4 Measurement). Scoring
models provide a way of combining such information and informing decision-making. The out-
come of a model cannot be a substitute for considered decision-making but can provide a useful
basis for thinking about the problem.

The example given is typical of scoring model problems; there is no simple, single criterion to
work with and a number of factors need to be considered.
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Suppose a company needs to select a new location and that the choice has been narrowed down to
three possible sites. Each of the sites is seen as having some advantages but also some drawbacks.
Managers have been consulted, but cannot agree on the best possible choice. A number of meetings
had taken place, but these were not always regarded as being productive. One of the problems the
managers faced was the number of factors to be considered, and the fact that these factors could not
easily be quantified. On one occasion, the availability of skilled labour was accepted as being most
critical, while on another occasion it was agreed that the quality of transport links was more important.

To construct a scoring model all the factors considered important should be listed and a weight
assigned indicating their relative importance (in the judgement of the managers). Then, on each of
the factors, each site should be given an agreed score out of this ‘weight’ or an agreed ranking (e.g.
Site A was given two out of six for amenities and two out of eight for distance). In our example, a total
for each Site is found (by adding the scores in each column), and the Site with the largest total is seen
as the winner. Table 2.2 shows the use of this simple, additive scoring model.

Table 2.2 An additive scoring model

Factors Weight Site A Site B Site C
Amenities 6 2 5 8
Distance 8 2 6 8
Housing 10 8 6 8
Safety 0 0 0 0
Services 14 10 8 9
Skilled labour 20 12 8 16
Transport 20 18 10 14
Total 47 43 48

The model can be adapted to meet the needs of a particular problem. In this case, safety has been
given a weight of zero, since the same safety standards apply regardless of site (and is therefore not
a factor in our decision-making). Skilled labour and transport were regarded as equally important
and given the highest weight in this example, of 20. In this case, Site C achieved the highest score and
would be regarded as the most-favoured choice. Given that scoring models are only really seen as
bringing together ideas and providing a basis for progressing discussions, the difference between the
48 for Site C and the 47 for Site A would not be regarded as particularly important.

The additive scoring model is used when higher levels of measurement, such as interval and ratio
scales cannot be achieved. It provides an easy summary of a range of factors that cannot be easily
combined using a common unit, such as £s. All that happens is that once weights and scores have
been agreed, a summing takes place and the option, a possible site in this case, with the largest total is
seen as the best choice. As a model it does help focus debate and can help avoid the problem of ‘going
round in circles’ It is not seen as giving the answer, but just informing the decision-makers of how
options ‘weigh-up. The main criticism is that the whole model is subjective. The results will depend
on what factors you choose to include, the weights that are chosen and the assignment of scores.

If we change the weighting given to skilled labour and transport (perhaps as part of a ‘what-if”
question), the scoring model would change as shown in Table 2.3.
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Table 2.3 The additive scoring model (with changed weights)

Factors Weight Site A Site B Site C
Amenities 6 2 5 3
Distance 8 2 6 3
Housing 10 3 6 3
Safety 0 0 0 0
Services 14 10 8 9
Skilled labour 10 6 4 8
Transport 10 9 5 7
Total 32 34 33

The outcome of a scoring model depends on the weights and how the scoring has been done. Sites
A and C both score strongly on the factors ‘skilled labour” and ‘transport’; if these factors are reduced in
importance (the value of the weighting reduced) we would expect to see a corresponding effect on their
overall totals. These models are based on judgement and agreement, and if this cannot be obtained then
the value of the modelling is reduced. The models do lend themselves to ‘what-if, type analysis and it can
be an interesting exercise to change values and monitor the consequences. It is generally accepted that
managers should be encouraged to ask questions like, ‘what if skilled labour becomes less important?’
or, ‘what difference would this investment make if we became less dependent on good transport links?.

In many circumstances, it is easier and more realistic to rank options rather than score them.
Typically, in market research, respondents would be asked, ‘which brand do you prefer?’ or, ‘rank the
following in order of preference’ In Table 2.4 preferences have been ranked.

Table 2.4 A multiplicative scoring model

Site A Site B Site C

Factors Weight Rank Score Rank Score Rank Score
Amenities 6 1 6 3 18 2 12
Distance 8 1 8 3 24 2 16
Housing 10 15 15 3 30 15 15
Safety 0

Services 14 3 42 1 14 2 28
Skilled labour 20 2 40 1 20 3 60
Transport 20 3 60 1 20 2 40
TOTAL 17 126 17

We need to be very careful working with ranked data. It is tempting to give the best or the first
number one (like the music charts), but if the option with the largest total is to be chosen then the
first should have the highest value and the second the next highest value and so on. In this case we
rank 3, 2, 1 and not 1, 2, 3. We are looking at a multiplicative ranking model (often referred to as
a multiplicative scoring model though technically we are working with ordered data). The weight is
multiplied by the rank and then the outcomes are added. Sites A and C share the highest score, and
in terms of this analysis we would say that we were indifferent between Sites A and C.

As you will have seen, the answers achieved depend on the model used. In this particular case
we would want more detailed information, including financial information, and would want to use
more sophisticated modelling.
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However, we can use scoring models to make the more general point that analysis is no substitute
for the human element in decision-making which also includes effective problem formulation, valid
and reliable data, appropriate analysis, the generation of creative ideas, effective communication and
managerial judgement.

Meaningful
measurement

ez

GETTING DATA AND MAKING CALCULATIONS can be the easy part. Understanding the real issues and
asking the right questions can be more difficult. Reporting average travel time or the variability in
competitors’ price can be a computational exercise. But how can you assess how customers will
respond to a change in product packaging or employees to changes in working practices?

Even if measurement is difficult, it can be important if you want to understand the issues facing
the world and you want to monitor change over time. If you visit the website of the New Economics
Foundation (NEF) (see www.neweconomics.org/publications/well-being) you will find details of a
report, ' The Happy Planet Index 2.0". The 2009 report is based on the analysis of the well-being of 143
countries of the world. Rather than using Gross Domestic Product (GDP) to measure the economic
growth, it uses a Happy Planet Index (HPI). The HPI is based on life expectancy, life satisfaction and
ecological footprint derived from the 143 countries data bases.

Consider an extract from the report given below:

‘In an age of uncertainty, society globally needs a new compass to set it on a path of real
progress. The Happy Planet Index (HPI) provides that compass by measuring what truly matters
to us — our well-being in terms of long, happy and meaningful lives — and what matters to the
planet — our rate of resource consumption.” — Executive Summary

HPI Goal

The goal of the HPI is to question what is valuable in life. It is based on two axioms: happy and healthy
lives are sought-after around the world; this is not a privilege of the current generation but also future
generations. The HPI combines progress towards these two goals in a single figure.

HPI by sub-region Central America, Mexico & Carribean
South America

South East Asia

North Africa

China

South Asia

Western Europe

Central Asia & Caususes
Middle East / South West Asia
Wealthy East Asia

Nordic Europe

Central & Eastern Europe
Southern Europe

Australia & NZ

Russia, Ukraine & Belarus
North America

Western Africa

Southern & Central Africa
East Africa

0O 10 20 30 40 50 60 70
HPI

© June 2009 NEF (The New Economics Foundation)
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(Continued)

In discussing the above figure the report indicates:

‘... the two top sub-regions are those of Latin America. Here, levels of life satisfaction and life
expectancy are high (perhaps surprisingly high to people from rich nations accustomed to regarding
the global South as a den of misery and disease). The two sub-regions boast ten countries with
levels of life expectancy higher than certain EU members (Hungary and Estonia), many of them
much poorer and with significantly smaller ecological footprints. As we have noted, some of the
highest figures for life satistaction are also found in this region — Costa Rica’s figure of 8.5 standing
out particularly. Other sub-regions that do reasonably well are South East Asia and North Africa.’

The HPI is still only as good as the raw data it is based on, and so it is worth being careful
in interpreting the small differences between individual countries. More can be learnt from
looking at the generally larger differences between groups of countries. Having said that,
a glance at the top of the table offers some clues as to what sustainable well-being might
involve. (pp 27-28)

Source: The Happy Planet Index 2.0 (2009) www.neweconomics.org/publications/well-being
© June 2009 NEF (The New Economics Foundation) Reproduced by permission.

Conclusions

The use of numbers is likely to be part of most organizational decision-making. Numeracy
is considered to be an important managerial skill - managers need to understand and work effectively
with numbers. In this chapter we have considered the quantitative approach to problem-solving.

The real skill of problem-solving is not about accepting problems as given, throwing data at them
and making decisions quickly. Substantive and complex problems need to be worked on and as
managers, you will need to manage the problem-solving process (see the Exercise ‘What if you don’t
know what to do?!’"). Problem identification and definition are critical stages. There is considerable
evidence from organizational studies that problem-solving is rushed and that considerable time is
spent solving the wrong problem. The example often used to illustrate this latter point is of customers
arriving at a busy hotel complaining about queuing for the lifts. Attempts at improving the capacity
of the lifts and the speed of the lifts are typically expensive and often make little difference to the
level of complaints. If mirrors or other decorative changes are made complaints often stop. Why? The
problem was being specified in terms of the speed and capacity of the lifts but, in fact, what custom-
ers were unhappy with was the wait for a lift. Once waiting for a lift becomes more interesting (you
can look at other people in the mirrors!) the reason for complaint disappears.

We need to build our approach to problem-solving on a ‘sound foundation’ It is methodology that
will make our results acceptable (see the Mini Case 2.1 ‘Meaningful measurement’). The objectives
of our work should be clear. If we are collecting our own data, then we need to clearly define those
people of interest to us (like all those that listen to Radio 1 at least once a week or those entitled to
vote at the next election) and ensure that they are fairly represented in any sample selection. We
should be able to justify our approach in terms of reliability (that what we do can be repeated and give
similar results), validity (we measure what we say we measure) and feasibility (we can deliver within
time and cost constraints).

In the quantitative approach we want to do more than just describe situations. To undertake
analysis we need to understand relationships (between variables), develop concepts and test theories.
A model provides a working representation of our problem. We can test whether the ideas we have
used to develop the model are adequate. We can change the model and look for improvement. We
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can change inputs into the model and study any difference this makes (try a ‘what-if” scenario). As
an analogy, to merely produce performance statistics would not tell us how a car engine works and
certainly would not help us if it did not start. Working with data is like working with a car engine, it
helps if you know how all the bits fit together.

\2.6.1 Online resources

@ In the introduction to Part 1 and in this chapter reference has been made to additional resources that
can be found on the book’s online platform. Specific to this chapter these resources include:

=> The Shopping Developments Ltd. questionnaire data in either the EXCEL file CSE2.xIsx or
the SPSS file CSE3.sav

- Reference to modelling and simulation in Part 6 of the online platform

In Part 8 of the online platform there are student guides on using EXCEL and SPSS.

Questions

Discussion questions

1

A medium-sized business operates a small fleet of vehicles. The existing practice is to allocate
to each driver a particular area. This area then becomes their ‘patch’ The drivers undertake
all the deliveries in their area and only help out in other areas in exceptional circumstances.
However, demand has becomes less predictable and some drivers complain that they have an
unfair workload. The business would like to see a more flexible use of vehicles and drivers.
What aspects of this problem would you regard as quantitative and what aspects would you
regard as qualitative?

You would like to assess the impact on your course of recent staft sickness. How could you
ensure that your approach was feasible, and produced results that were reliable and valid?

What is the difference between data and information?

What characteristics would a model of traffic flow at traffic lights have in common with a
model of customer queues at a checkout point?

Multiple choice questions

1

Information is: 2 The quantitative approach requires:

a. all the facts and figures a. ascientific rigour in the collection of
b. the creation of a database data

c. the selective use of data to inform the b. the selective use of data

user the correctness of calculation
d. asummary of the solutions d. all of the above

o



Primary data:

a. is collected for a specific purpose
b. can be any data

c. issupplementary data

d. isnone of the above

A parameter:

a. isa quantity or characteristic allowed
to change within a particular problem

b. takes a fixed value for a particular
problem

c. isalways the same value

d. isalways a different value

The level of measurement achieved by
recording the degree that a person reading
this book likes or dislikes its layout using a
scale one to five is:

a. nominal

b. ordinal
c. interval
d. ratio

Exercise questions

1
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The level of measurement achieved by
recording whether the respondent smokes
cigarettes or not is:

a. nominal

b. ordinal
c. interval
d. ratio

The level of measurement achieved by
calculating the travel distance of shoppers:

a. nominal

b. ordinal
c. interval
d. ratio

Scoring models could be used for:

a. acash flow forecast

b. breakeven analysis

c. clarifying the choices between options
that involve a number of factors

d. the evaluation of a saving scheme

You are given the following information on two types of photocopying machines. The Exone
has a fixed cost of £400 per annum and a running cost of £20 per 1000 copies. The Fastrack has
a fixed cost of £300 per annum and a running cost of £25 per 1000 copies. Express the cost for
each machine by means of an equation and calculate the cost corresponding to a requirement
for 10000, 20000, 30000, 40 000 and 50 000 copies per annum. Comment on your findings.

The following represent the variables used in a household survey. For each variable define the
type of data collected and the level of measurement used.

Gender Work status Age Persons Income Area
(@) (if) (iii) (iv) v) (vi)
Variable Codes:

Gender: Gender of respondent 1 Male; 2 Female

Work Status : Type of employment

1 Full Time; 2 Part-time (8-29 hours/week);

3 Part-time (under 8 hours/week)

Age : respondents age in years

Persons in Household: number of people living in the house
Income : Income of respondent

1 Under £5500; 2 £5500-7499; 3 £750-9499; 4 £9500-11499; 5 £11 500-14499;
6 £14500-18499; 7 £18 500 or over

Area Type : Type of residential area
0 Conurbation; 1 Other Urban; 2 Rural
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3 What type of data would you expect to get from the following questions? Make suggestions as
to how these questions could be improved?

a.  What do you dislike about your travel to work?
b. Do you usually travel to work (give main mode of travel):

(i) on foot? Yes No
(ii) by bus? Yes No
(iii) by train? Yes No
(iv) in your own car? Yes No
(v) in someone els€’s car? Yes No

(vi) by other? (please specify) . ..
c. How long does your journey to work take, in minutes, door to door?

What was your age last birthday? ___ years
e. ‘No further motorway construction should take place’
strongly agree 1
agree 2
neither agree or disagree 3
disagree 4
strongly disagree 5

4 You have been given the following extract from a scoring model used to compare three
products, A, B and C, in terms of marketing:

Factors Maximum points Product A Product B 