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Glossary

Digital repository An online library or archive of resources. These may be

passive silos of collected information, or more adaptive systems which

change in relation to input from users, as in the case of Amazon, for

example, which draws on knowledge of the user community and the

stored resources to recommend other titles.

Extranet Secure network used by companies to share business information

and applications with third parties (other businesses, suppliers,

partners, customers, intermediaries) securely across a public network

such as the internet. Used as a secure private section of the internet.

Global information system A system of hardware, software and spatial

data used for storage, retrieval, mapping and analysis of geographical

data.

Grid computing A means of solving massive computational problems

using large numbers of computers arranged as clusters embedded in a

distributed communications infrastructure. Grid computing works

flexibly across multi-user domains and involves sharing heterogeneous

resources from different platforms and systems.

Intranet Internal network used by companies to share files, utilize

websites and collaborate. This cannot usually be accessed via the

internet.

Middleware Software that mediates between an application programme

and a network. This facilitates interaction between disparate partners

and applications.

Portal A site featuring commonly used sources as a starting point, or as a

gateway to the web (web-portal). Typically these have search tools.

Supply Chain According to Christopher (1998), the supply chain is ‘the

network of organisations that are involved, through upstream and

downstream linkages, in the different processes and activities that

produce value in the form of products and services in the hands of the

ultimate consumer’.

VLE and MLE The UK JISC (Joint Information Systems Committee)

Steering Group points out that these concepts are still fluid, but refers to

the components in which learners and tutors participate in online

interactions of various kinds, including online learning.

They suggest that the related term Managed Learning Environment

(MLE) be used to include the whole range of information systems and
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processes of the College (including its VLE if it has one) that contribute

directly or indirectly to learning and learning management.

In effect, an MLE might consist of a whole range of different software

and systems that interrelate, share data and contribute to learning

management. A VLE refers to a specific piece of software that enables

learners and staff to interact, and includes content delivery and tracking.

Diagrammatic explanation and further details are available on

ferl.becta.org.uk/display.cfm?page=248
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Useful Websites

Decision support software based on construct theory. Used to support the

management of soft issues by creating shared representations of ideas

that can then be explored by the decision-making group.

www.banxia.com

Knowledge management company servicing oil and gas majors. Petro-

technics is a global leader in the development and operation of safe

systems at work.

www.petrotechnics.com

Large digital image archive providing web-based tools and services for

users to customize the system and the resources around individual or

organizational requirements.

www.scran.ac.uk

Self-organizing maps used to map information in cognitively intuitive

ways.

websom.hut.fi/websom/

The British Computer Society Sociotechnical Group supports a pro-

gramme of socio-technically based research, analysis, and education

and lectures. The site includes both upcoming events and the text of past

lectures.

www.sociotechnical.org

Socio-technical patterns in organisations.

www.bell-labs.com/cgi-user/OrgPatterns/OrgPatterns

xiii



 

Preface

When the same technology produces different results across operating

sites, you know there is another dynamic in operation. This book describes

the invisible architecture of those dynamics in some of their most familiar

and recurrent forms.

The scenarios are real ones, from contexts as diverse as defence,

manufacturing, engineering, ebusiness and virtual learning environments,

and highlight the problems that most typically impacted on cost, quality

and performance in extended enterprise systems.

The intention is to generate an awareness of the invisible structures and

forces in human information systems, and the extent to which this offers

both an opportunity and a challenge for system designers and managers.

The book highlights the extent to which these less tangible forces can be

harnessed to advantage through design that builds on this invisible

architecture. It also flags the potential for cost and risk where technical

and human information systems work in opposition to each other.

Case studies are used, rather than theory, to highlight strategies that

have practical applications for system designers and system managers

facing the growing raft of socio-technical problems that are a feature of

today’s extended enterprises.

Jenny Ure and Gudrun Jaegersberg
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Introduction

We know how to deal with the technology. It�s the people that are the problem.

CEO, oil and gas supply chain consultancy

Everyone has had the experience of starting a new job and thinking they

understand the way it works from the initial job specification, only to find

that very different structures and dynamics are also in operation, and that

this presents hidden (but very real) dangers for the uninitiated. A tacit

knowledge of the invisible barriers and conduits allows those in the know

to manage outcomes effectively. Such processes shape the performance of

social and socio-technical systems in ways that require consideration by

designers and managers mindful of the need to minimize potential cost

and risk, and the need to optimize performance across sites.

A concern with people issues, expressed clearly in many organizations,

underlines a growing need for senior technical managers to have well-

developed strategies for non-technical issues, as the focus of much

information and communications technology (ICT) design relates to the

migration of organizational processes onto web-based systems designed to

extend the range of business to business (B2B) and business to customer

(B2C) transactions across an increasing number of networked commu-

nities. Both designers and managers have a part to play in creating the

processes and the systems that are the vehicles for creating socio-technical

synergy.

Designers and managers of portals, extranets and supply chains

increasingly express concerns about the impact of these intangible

socio-technical problems on performance. In interviews, we were struck

by the consistency with which technical managers raised the same

concerns, across different industry sectors and different types networks:

l unpredicted costs and risks where apparently standard technical and

business systems are not compatible with local ones;

l lack of training in handling the soft processes that impact on the

competitiveness of extended enterprise systems;

l lack of management tools for mapping and managing these non-

technical problems.
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CUTTING RISK AND ADDING VALUE IN SOCIO-TECHNICAL
SYSTEMS

The cases here highlight recurring problems identified in interviews with

managers across a broad spectrum of industries, focusing particularly on

the need to align people, processes and technologies to greater advantage.

We use the term socio-technical for the sake of simplicity, but refer here

to the interfaces between technical systems and the many layers of human

architectures – from cognitive systems underpinning perception and

understanding, to the socio-cultural systems of local communities, to the

wider architecture of the socio-political, socio-economic and socio-

cultural systems in which they operate.

The first example in Chapter 1 describes a generic socio-technical

problem, to give the reader a sense of the socio-technical issues in context.

It is followed by examples of recurrent problems and strategic principles

drawn from different industry sectors. Finally all the scenarios are drawn

together in a summary of strategies for aligning technical and human

systems, including a short overview of how human systems process

information and manage knowledge

WHAT ARE SOCIO-TECHNICAL SYSTEMS?

Cliff Joslyn and Luis Rocha at Los Alamos National Labs describe socio-

technical organizations (STOs) as organizations that ‘involve the interac-

tion of physical systems that are ‘‘deterministic’’ with human systems

(cognitive, social, organizational, cultural, economic or political, for

example) which are less so’. This definition highlights a defining problem

– the fact that the architecture of human information systems is variable

and constantly adapted to the local environment, while the architecture of

technical information systems is standardized and less adaptive.

These go from cognitive networks, up to the social/cultural/organiza-

tional networks that structure society and shape outcomes. Networked

business systems have both a technical and a human component, in which

dynamic forces may be at odds, or in synchrony. In such systems, the

different strands can be differently constructed or aligned, resulting in

performance differences even where the same technology is being used.

Technology increasingly supports working relationships with external

groups whose cooperation is central to competitiveness, such as first-,

second- and third-tier suppliers, companies to whom aspects of a business

have been outsourced, and staff in partner organizations. As technology

extends the potential for collaborative partnerships, it extends the need for

understanding how these interrelated social, organizational and culturally

defined processes can be mapped and managed.

Invisible Architecture
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Many authors have contributed to the development of the concept of

socio-technical systems, from the early work of Mumford, Pasmore and

Trist to more recent authors such as Wanda Orlikowski who emphasized

the interaction of technical and human processes in the design and

management of extended enterprise systems. While discussion is limited

to the cases described here, we have highlighted relevant authors in the

sections for further reading for those who wish to follow up the associated

theoretical positions in more detail.

FIGURE 0.1 Technical, social and organizational strands in the socio-technical
whole

Introduction
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1 The Problem with Socio-
technical Systems

Software designed to standardise safety compliance procedures globally, was
actually increasing risk in some local operating sites.

CEO, safety compliance software company

How can different systems work together to create value rather than chaos?

The technical architecture of business systems may be standardized across

a distributed network, the associated human architecture of users and

operators is not. In many networked systems (e.g. intranet, portal, supply

chain) staff are used to solving technology-related problems, but when

people issues arise, individuals in the company feel less well equipped, and

knowledge of how they manage these dynamics is less accessible. These

problems were repeated to us by CEOs and senior managers in different

industry sectors in extended enterprises operating over multiple sectors.

They indicated concerns that success in the design and management of

complex B2B and B2C transactions was more than a technical issue and

posed challenges to performance levels and competitiveness that they

needed to address more effectively.

The examples we give in the book highlight the extent to which technical

and social systems are inextricably coupled in extended enterprise

systems, and suggest strategies used to align these to mutual advantage.

In providing them we hope it is apparent that there are a core of generic

scenarios common to system design anywhere, and some recurring

strategies for aligning the technical and the human resource to advantage.

The case that follows is intended to give an introduction to what we mean

by the term socio-technical in practical terms. It is also one of the most

recurrent scenarios, having been identified across multiple sectors in

different guises.

A TYPICAL SOCIO-TECHNICAL PROBLEM SCENARIO

Among the many managers interviewed, we encountered an astonishing

uniformity of concerns around very recognizable, and apparently generic,

problems. One of the most fundamental problems, occurring in varying

guises, is what we have termed the ‘local: global’ problem. This example of

knowledge management software from the oil and gas industry highlights
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the problem in context and one strategic approach to resolving it. In doing

so it illustrates some of the socio-technical issues associated with

designing or managing systems that must leverage diverse, distributed

human resources to cut cost/risk and add value in volatile, competitive

markets. It also shows the importance of understanding interrelated or

coupled processes, and developing strategies for harnessing them to

advantage – knowing that those same forces can also be destructive if

ignored.

CASE 1: ALIGNING LOCAL AND GLOBAL REQUIREMENTS

STANDARDIZING SYSTEMS IN THE SUPPLY CHAIN

Context
This case comes from an award-winning knowledge management

company (Petrotechnics, www.petrotechnics.com) providing safety com-

pliance software systems to a number of companies in the oil and gas

industry. It deals with the difficulty of both designing and subsequently

managing the implementation of safety compliance software and

standardized procedures across a very widely distributed and hetero-

geneous set of collaborating operators in the supply chain.

The intention was to meet standard specifications for services and

procedures across operations in several countries.

The assumption, albeit tacit, was that standardizing safety compliance

procedures would improve safety and cut risk.

Problem of Alignment
The problem arose when it became apparent that the standard

procedures recommended in the safety compliance software were being

ignored or incorrectly followed. This was particularly evident in one of

the Latin American operator sites. In many of our interviews it was clear

that managers were happy to ascribe poor compliance with systems to

the general ineptness or irresponsibility of local operators, or poor

installation and maintenance of the system by local support teams. Few

were able or willing to take the analysis much further.

Our interviewee had dug much deeper than this, however. As CEO of a

company offering safety-critical software on which various oil majors

relied, and being an engineer by training, he felt the need to unpick and if

necessary reengineer the process that was causing the failure of the

system. That system failure turned out to be as much social as technical.

On closer investigation with users, it seemed that standard safety

procedures were in fact not standard at all. They fell into two groups:

l the generic ones that relate to immutable laws of physics and human

physiology and can be standardized (global);

Invisible Architecture
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l those that vary according to local conditions, local cultures of

behaviour and local perceptions of what will work in those conditions

(local).

As new procedures were rolled out, local staff recognized that some of

these procedures either wouldn’t work, or were regarded as so

inappropriate as to be unworkable, and they were increasingly ignored.

In some cases another unofficial and therefore invisible and unmoni-

tored system had replaced the formally supported one. This then

established a de facto norm of ignoring standard procedures in general.

Thus even the generic safety standards were actually being more

frequently breached as a result of the attempt to ensure better safety

compliance across sites.

Ironically, standardizing safety procedures was actually increasing

risk. This falls into the category of what Peter Senge classes as an

archetype, where a failure to see the dynamics of the systemic process

can lead to fixes that actually create a vicious circle which is ultimately

counter to what is intended.

Two strands have to be aligned here – one technical and one human:

l the need to harness the benefits of standardization and interoper-

ability work across a global information system (technical interoper-

ability);

l the need to ensure that standards and procedures work on the ground

at the level of local information systems – cognitive, communicative,

social, organizational, political, economic or cultural (semantic,

social, organizational and cross-cultural interoperability).

Solution
The solution adopted here is a generically applicable one. It is based on

standardizing the universals online and on paper (those aspects that are

dictated by invariable principles, for example human physiology and the

laws of physics), and giving responsibility to locally knowledgeable

managers to interpret, specify and enforce the most locally viable

interpretation of the requirements.

l Central management now had a better understanding of the local

operational context and dynamics.

l Local managers had a clearer role as intermediaries in the process of

interfacing the knowledge and the policy gap between central and

local management.

l Local users had a functional variant of the procedures.

l System designers had clearer guidelines on what could be locked

down and what was likely to vary in the future.

From a safety and a business perspective, there was a reduction in non-

compliance or departure from the standard procedures that the company

had a remit to ensure for their clients. From a technical perspective, it

meant that ongoing changes and adaptations did not require complete

The Problem with Socio-technical Systems
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system redesign (which has time and cost implications) or constant

modification (which results in loss of design coherence or flexibility, loss

of dependability and knock on effects on system performance in other

areas).

IMPLICATIONS FOR DESIGN AND MANAGEMENT

The main point here is that many standard procedures and assumptions

are not standard in other contexts where people, processes and technology

relate in different ways, and where the cognitive, social and cultural

shapers of behaviour are also different. Some of these differences follow

recognized patterns associated with general cultural differences identified

in cross-cultural research – as for example in the supply chain cases

described in Chapter 4.

Often interviews with local managers or operatives highlighted a range

of issues that were common knowledge on the ground, but which were not

picked up as part of the kind of strategic analysis and feedback routinely

carried out for central management.

Social networks are unique and under-used systems for generating,

sharing and implementing knowledge of local environments. They are

evolutionary solutions to problems of knowledge management across

communities. The examples that follow go beyond simple alignment to

active leverage of this resource to create value for all the stakeholders.

CASE 2: LEVERAGING BACK- AND FRONT-END KNOWLEDGE

CREATING GLOBAL AND LOCAL VALUE IN WEB-BASED
REPOSITORIES
‘Modern high speed networks push back-end intelligence and front-end

intelligence in two different directions, towards opposite ends of the

network. Back-end intelligence becomes embedded into a shared infra-

structure at the core of the networks, while front-end intelligence

fragments into many forms at the periphery of the network, where the

users are. And since value follows intelligence, the two ends of the network

become the major sources of potential profits.’

M. SAWHNEY and D. PARIKH, 2001,

‘Where value lives in a networked world’

Problem
For many networked systems, the sheer diversity of stakeholding users

represents a barrier to interoperability, as in the case of the previous

example of safety compliance software. In some cases this very diversity

can also be used to advantage in maintaining the currency and

sustainability of shared assets.

Invisible Architecture
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Creating Value from Both Ends of the Network
Both technical and social information systems have the potential to

create value. Knowledge-based technology at the back-end can benefit

from front-end user knowledge to create, adapt or implement it in

different local contexts. Scran Learning Images is a huge digital image

archive with thousands of users. Web-based tools allow very diverse and

distributed user groups to create local value in very different ways. They

are able to use the technical engine to digitize, upload, share, reuse or

repurpose elearning resources in locally adaptable ways, including

external websites, and also as part of a sustainable shared resource for

the networked community as a whole.

Each user group uses the back-end system to digitize, upload, curate

and display their images under their own banner and to their own

specifications. As with just in time (JIT) production, the user is able to

FIGURE 1.1 Leveraging back- and front-end knowledge to create value for different
users

The environment allows users to leverage the technical resource to their

own ends. The platform is an open source sandpit for creative collaboration

across sectors or communities in the generation or repurposing of

elearning materials from pre-assembled units of text and images, either

as a final output, or as the basis for a more individually tailored resources

on a proprietary VLE or repository.

Copyright Scran Learning Images www.scran.ac.uk
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dictate the selection and individualization of the technical resource to

meet their own ends, while the archive benefits in many cases from

specialist resources created by an expert community of practice.

Value is thus created at both ends of the network, providing a

sustainable model for maintaining currency and use of the archive in

ways that meet the changing needs of very diverse user groups.

Maintaining the coherence of a technical system need not be at odds

with the need to respond to changing local requirements. The evolving

concept of pliant computing and of co-design is a reflection of this.

As the quote at the start of the chapter suggests, business value can

come from the aggregation of distributed local knowledge, and the

brokerage of both knowledge assets and business processes that create

value. Another example is the approach taken by one of the E-Social

Science Pilot Demonstrator Projects supported by the Economics and

Social Science Research Council. The ‘Grid Fusion of Global Data and

Local Knowledge’ project aims to improve the effectiveness of decision-

making about business policy and local government policy by exploiting

the unique strengths of the grid infrastructure to ‘establish secure

communications between data-holders with market knowledge and

scientists experienced in the application of analytical techniques that

require a high-performance computing infrastructure’.

The project aims to migrate the process of analysing corporate data

from a secure high performance computing (HPC) environment, to a

secure grid environment in the Asia-Pacific region to demonstrate model

building on real corporate data from global companies, at different levels

of aggregation. It leverages back-end technology on a large scale and a

range of unique local datasets on customer behaviour from the periphery

as the basis for creating value. Grid-based web services have the potential

to use huge technical resources to leverage huge datasets of hetero-

geneous and distributed information from the bleeding edge, where local

knowledge holds the potential for innovation or localization of marketing

strategy if it can be meaningfully aggregated and interpreted.

IMPLICATIONS FOR DESIGN AND MANAGEMENT OF SOCIO-
TECHNICAL SYSTEMS

Fire is a complex, dynamic phenomenon in which small differences in

initial conditions lead to large differences in outcome. Designing structures

to reduce risk of fire in the first place, and to facilitate rapid intervention

should it occur, are critical elements in a risk mitigation strategy . . . Such a

strategy assumes that an engineered building, with its occupants,

constitutes a socio-technical system, and that many buildings, with their

occupants, create a wider community that can anticipate, reduce, or

increase risk.

L. COMFORT, 2002, ‘Anticipating fire:

A socio-technical approach to mitigation’
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Socio-technical systems have complex dynamics in which small differ-

ences in initial conditions lead to large differences in outcomes. This quote

highlights the value of a design and management remit that encompasses

the social and the technical network as complementary knowledge-based

resources requiring synergy. The cases outline different kinds of synergy –

between central and local teams, or between systems that operate in

mutually reinforcing ways. In two of the cases, a symbiotic arrangement

uses the knowledge of two coupled systems to mutual benefit, highlighting

the importance of sharing knowledge across communities and across

systems. The ebusiness case that follows in the next chapter highlights

some of the very recurrent problems associated with sharing and reusing

distributed knowledge held by business and the technical teams designing

another kind of socio-technical system – large company extranet.
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2 Aligning Social and Technical
Systems to Create Value

Why create costs, when you can create value.

Anon

There are many contexts where invisible forces have tangible impacts,

which can be mapped and managed by alignment and leverage, by

conversion, or by more effective linkage. Often the means by which we

achieved this is so familiar we may fail to recognize it as such. Imagine a

world without maps for example. Until we agreed on conventions for

representing space and distance on paper,1 individual knowledge was

restricted to the shared limits of the visible horizon. The social validation

of this simple frame of reference, however, allows the distributed

knowledge of the many to be shared and used to facilitate the cost, speed

and effectiveness of travel beyond the immediate visual frame of reference.

In initiatives as diverse as business innovation systems, or knowledge

discovery systems, there is a growing awareness that the distributed,

agent-based architecture of society is a sophisticated information system

in itself, with dynamics and regularities that impact (positively or

negatively) on technical systems. Cognitive, social and cultural systems

are not neutral. The dynamics they generate follow patterns that

experienced managers have always recognized and used. The sudden

expansion of such systems across multiple regions has to some extent

moved practice beyond established wisdom. Patterns have emerged from

the evidence of high profile failures, where the extension of regional or

national business strategies have failed to generate expected outcomes

when exposed to the less familiar risks of the global market.

The concept of harnessing and converting information and energy

between systems is age-old. The sail harnessed wind energy to advantage,

in much the same way as the web-based ebusinesses increasingly harness

the knowledge and behaviour of users, or political enterprises have sought

to co-opt religious and commercial ones. The cases suggest two things of

relevance to designers and managers:

l the design of such systems has been constrained by technical frames

of reference, yet their use in practice is coupled to human ones –

whether social, cultural, organizational or political;
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l the apparent complexity of socio-technical systems masks a recurring

set of archetypes, or generic scenarios, knowledge of which provide

the potential to add value and cut cost/risk.

HOW CAN COUPLED SYSTEMS CREATE VALUE?

Socio-technical systems are coupled systems that can potentially harness

the information and knowledge generation potential of both technical and

human systems to shared ends. Luis Rocha’s ‘TalkMine’ project was an

early example of digital library software designed to do just that in ways

that have since been adapted by commercial companies.

Technical systems interoperate by mediating systems called middleware

that convert information from one system into a format usable by the

other system. Human social systems use metaphors, shared context and

shared frames of reference as vehicles for mediating understanding across

different groups.

The challenge for distributed systems of human and computer agents is

to create a means of drawing on the technical and the human resource to

mutual benefit.

DIGITAL REPOSITORIES

CASE 3: LEVERAGING THE TECHNICAL AND THE HUMAN
RESOURCE

THE �TALKMINE� DIGITAL LIBRARY PROJECT

Context
Digital repositories and libraries are traditionally very passive models of

networked systems. In addition to the problems of making this accessible

for search and retrieval by different user groups, such systems are often

unable to adapt to changing requirements, or to benefit from the

knowledge of the community of human users. Traditional information

retrieval algorithms do not effectively use the implicit knowledge

accumulated from usage patterns, or knowledge that users can hold

about related domains.

The user community is in itself a knowledge-based system, geared to

generating knowledge of the changing environment in which ebusiness

systems must compete.

The ‘TalkMine’ project has built particularly on the potential to leverage

coupled systems – the technical retrieval system of a digital library, and the

cognitive and collective retrieval systems of a distributed user-base. It

leverages the hidden knowledge in the system to push or recommend

Invisible Architecture
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books in the way that Amazon does, rather than relying passively on

users to know what they want in advance. Active recommendation

systems based on adaptive environments are both collaborative and

content based, because they integrate information from the patterns of

usage of groups of users and also categorize database content or

semantics in a manner relevant to those groups.

The designers describe this approach as ‘open-ended self-organization

and adaptation of integrated knowledge networks to (meet) the

particular needs of the users of such networks’ or more simply, as

Adaptive Webs. They are applicable to any searchable system, and have

already been applied to networks of published documents, websites,

networks of felons obtained from intelligence records, and gene

networks.

Coupled systems can therefore be designed in ways that create value by

supporting system-user learning or evolution. In this case this is used to

recombine knowledge in different information resources, to infer new

categories of keywords – or to recommend resources that particular user

groups have also found relevant in the way that, for example, Amazon

does.

STRATEGIES FOR ALIGNING SOCIAL AND TECHNICAL SYSTEMS

Both system designers and system managers need to cut costs and add

value. One of the strategies for adding value is the alignment of technical

and human information systems towards more effective generation and

management of knowledge – creating value for users and for the system.

The two strategies highlighted in this chapter are:

l aligning ‘coupled’ systems through a web-based interface;

l building technology around a cognitive or a social process.

The following example looks at the value generated by building the

technology around the cognitive process of searching for, and making

sense of, information, mapping the architecture of the technical system

onto the generic architecture of visual and cognitive information systems

of human users – essentially building on a common platform that all users

have and can use.

CASE 4: BUILDING TECHNOLOGY AROUND THE COGNITIVE
PROCESS

THE WEBSOM SELF-ORGANIZING MAP
Socio-technical systems build technology around the regularities of

cognitive and social structures and processes at those interfaces where

information can be exchanged and actions can be generated.

Aligning Social and Technical Systems to Create Value
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The example below is taken from a digital library of over a million

documents, organized around a measure of semantic similarity using

keywords. The web-based self-organizing map (WebSOM) is an ordered

map of the information space where similar documents lie near each

other on the map. The order helps in finding related documents once any

interesting document is found.

The WebSOM mimics the cognitive architecture of information repre-

sentation, clustering information in cognate sets, by degree of similarity

and difference. It also mimics the architecture of visual information

search and retrieval, such as scanning and zooming in from higher order

clusters down to sub-clusters, and finally to the individual document to

look in more detail.

This conceptual layering from higher-order categories of similar

objects, down to sub-categories is also a feature of cognitive organiza-

tion. From a user-interface perspective, it also facilitates the meaningful

presentation of very large datasets in context within the constraints of a

small screen. From an information processing perspective, it allows the

user to search more efficiently – drawing on contextual cues, and also

limiting initial search to a few higher-order categories before attempting

to engage with detailed content at a lower level. For human users, with

limited cognitive processing capacity, this allows rapid and effective

sense-making with large datasets – well beyond what would normally be

possible.

FIGURE 2.1 WebSOMs cluster information by a measure of semantic similarity
(websom.hut.fi/websom/milliondemo/html/root.html)

Invisible Architecture
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The WebSOM map gives a visual overview of thousands of digital library

documents contextualized in terms of their similarity or difference based

on a measure of semantic correlation. As new digital records are added,

this layered map assimilates them, and accommodates the visual record

in the same way as cognitive maps are assumed to do.

By building technology around the cognitive and the social process,

WebSOMs make it possible for users to understand and act quickly when

dealing with datasets that could not be processed by traditional means.

In terms of designing for grid computing, for example, size is not the

issue – it is sense-making that is important, since value will accrue from

the interpretation and implementation of this flood of information.

Agent-based defence systems provide classic examples of socio-

technical systems where users need to understand and act quickly

when dealing with large and diverse datasets. The speed and accuracy

with which agents in the field can make battle decisions is crucial in a

very direct sense. The variance in performance in ‘distributed agent-

based systems’ such as this, is increasingly assigned to the different ways

in which we select, structure and contextualize information to create

meaning and decide on actions.

CASE 5: BUILDING TECHNOLOGY AROUND THE SOCIAL
PROCESS

THE DIGITAL IMAGE ARCHIVE
Another strategy is based on the win–win principle of strategic alliancing,

sharing resources and knowledge to common ends, and thus offering

more for less. The web-based tool in the Figure 2.2 allows local users to

generate elearning objects from an image archive. These elearning

objects are then available to anyone sharing a password on the network

(local, regional, national or international, as required).

This provides:

l sustainable production of shareable, reusable community-specific

resources;

l a sustainable model for generating, updating and promoting new

resources to very distributed and heterogeneous users;

l new opportunities for collaborative networking, resource sharing and

collaboration.

The Common Information Environment (CIE) being developed by the

Joint Information Systems Committee (JISC) for the UK further and

higher education community is a similar concept for sharing and reusing

resources at a national level via a common hub. Aligning the aims,

resources and systems of stakeholding communities adds competitive

advantage, much as strategic alliancing has done in business consortia.

Aligning Social and Technical Systems to Create Value
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STRATEGIES FOR SENSE-MAKING AND KNOWLEDGE DISCOVERY

The WebSOM in Figure 2.1 highlights our dependence on contextual

frames of reference to extract meaning. In this case the system arranges

and structures the information in a form that builds on the structure of our

own software in cognition and perception. The reverse strategy can also

create dividends, facilitating knowledge discovery from the correlation of

previously fragmented or distributed information into cognate sets. Two

pieces of information, when put together in a context, may create further

insights that are not evident from the individual items. A useful analogy

here is the jigsaw. Two pieces may have little intrinsic meaning alone. Put

together they will increase knowledge of possible other linkages, and

eliminate other previously possible ones. They will also provide knowledge

of the collective whole being assembled. This information is not resident in

any of the pieces as individual elements – only in relation to each other,

and to the context of the whole jigsaw picture.

Many databases are never fully leveraged, for this reason, and the

following example suggests how providing the right cognate or social lens

can bring the meaning suddenly into focus in ways that can facilitate

interpretation, action and value.

From distributed data to situated knowledge: making sense of
terrorist communication data

A recent project at the Los Alamos National Laboratory pulled together a

range of heterogeneous datasets on the terrorists believed to be involved in

the Al Qaeda attack on September 11th. This included mobile phone data

and other information on locations and known personal links. The datasets

here were large and heterogeneous. Intuitive search by human users is

severely constrained. Mathematical analysis may capture significant

FIGURE 2.2 Creating reusable, online resources
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patterns not otherwise evident but, often, making sense of this data

requires organizing it around a familiar situated frame of reference within

which we already have operating rules.

Social networks have recently become popular as a means of scaffolding

this kind of information in ways that allow sufficient understanding to

enhance management of processes such as knowledge sharing or social

capital in the organization. In this case, reorganizing diverse datasets

around the communication network of the terrorist suspects generated

validation of known links in a graphically comprehensible way. This also

suggested likely relationships where current knowledge was not available

and probable ones that could be investigated, but would not otherwise

have been recognized as significant. In other words, knowledge of the

social context allowed the analysts to make sense of the information.

Getting information is not the problem, so much as making sense of it.

IMPLICATIONS FOR DESIGN AND MANAGEMENT OF SOCIO-
TECHNICAL SYSTEMS

All the information in these cases was available from the outset, but not in

a form that was evident to the users. Knowledge and value derived from

the way it was extracted and mapped onto a frame of reference users could

act on. Understanding and action are situated and the problem with many

networked systems is not the scale of the data so much as the difficulty of

making sense of it in ways which are of value to users, in this case in the

way it was structured, or represented.

The technical architecture in the TalkMine example (see Chapter 1) was

designed to map onto the existing cognitive architecture of human users.

By building on what is a common platform a degree of interoperability is

achieved, together with a degree of intuitive usability that adds value and

cuts costs. This is a classic means of leveraging the human and the

technical resources to advantage, and the most striking examples have

been developed in areas such as defence and ebusiness. These are both

volatile environments, where large, diverse information sets have to be

represented, shared, interpreted and actioned by distributed agents, and

where speed, cost and accuracy are often at a premium.

One of the difficulties is the perception of networked systems as

somehow independent of their users after the initial requirements analysis

phase. The constant addition and updating of user requirements is often

seen as a problem rather than an opportunity for leveraging the technical

and the human resource.

NOTES

1. The aboriginal ‘songlines’ represent a similar concept, shared in song and
ritual enactment rather than on paper, with each tribe preserving the knowledge
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of their particular bit of historical time and geographical space, as part of a larger
Australian whole (Chatwin, 1998).
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3 Aligning Knowledge and
Objectives in Enterprise Systems

Interviewer:
You�ve mentioned the problem of changes late in the design of the system. Can you
think of anything that might have helped avoid this?
Technical Manager:
A cluster bomb perhaps?

PORTALS: eBUSINESS

The development of extended enterprise systems, migrating and extending

the business process to web-based systems, is acknowledged to be a high-

cost, high-risk process that has its own raft of problem scenarios. A

surprising recurring feature of interviews with technical managers is the

non-technical nature of the most obstinate and costly problems. The

technical issues are often hijacked by human ones at every level: cognitive,

social, cultural, organizational, economic and political.

Context

Extended enterprise systems are unrivalled socio-technical systems and

depend on the integrated management of knowledge within a broad

spectrum of organizational transactions between people, processes and

technology. Effective design and management of such systems implies an

understanding of the individual elements, their interdependencies and the

means by which they combine to create value where appropriately

managed. The same elements, however, can cause crucial gaps, ambi-

guities and contradictions that have cost implications for an organization.

The example below is useful in highlighting:

l a range of recurring problem scenarios of a socio-technical and socio-

political nature;

l the difficulty of sharing knowledge across different communities;

l the difficulty of aligning the aims and criteria of different stakeholder

groups.

The third point is one that is often underestimated in knowledge

management discussions, but one that frequently overrides other factors.
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CASE 6: KNOWLEDGE SHARING IN SYSTEM DESIGN

THE eBUSINESS EXTRANET

Problem
This large financial services company aimed to make their system more

accessible to customers and to third-party intermediaries to allow, for

example, the facility to offer rapid quotes online in selling their (very

complex) financial packages. They decided it would be useful to

document the most recurrent problems encountered in the process,

with some of the principal strategies that had been developed to deal

with them. These were problems we recognized in many different

companies where the design process had been a painful one, and one

where a recurring collection of socio-technical problems and strategies

were evident. The initial problems often stemmed from the difficulty of

aligning the knowledge and aims of very different stakeholding commu-

nities:

l Aligning distributed knowledge in a shared frame of reference: A

business manager has knowledge of the business requirements rather

than the technical constraints. A technical manager has knowledge of

the technical requirements and may not understand the full

implications of a complex business such as finance, in a moving

market.

l Aligning aims, criteria and rewards: A business manager will be

rewarded for meeting customers’ needs faster and better than the

competition. A technical manager is more likely to be rewarded by his

peers for a coherent and robust design, on schedule and within

budget.

l Aligning views on proposed courses of action: A business and a

technical manager may have different preferred technical solutions to

meet the business requirements, and these will involve trade-offs and

compromises whose implications will not necessarily be immediately

obvious at the outset. Figure 3.1 shows the tensions at play in the

system design process.

In the initial phase the problem was a classic case of the difficulty of

knowledge sharing across domains heightened by the scale of the

operation, the diversity of different stakeholding partners, the volatility

of the market, and the sheer complexity of the product to non-specialists.

The problems that arose were recognized by managers involved in the

design of systems in many other organizations.
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Aligning knowledge

FIGURE 3.1 Tensions in system design

TABLE 3.1 Aligning knowledge

Phase 1 Aligning knowledge

Recurring problem Solution

Knowledge transfer across domains

requires a shared space, a shared language

and shared aims. However, distributed

departments do not have informal social

opportunities to develop this.

Co-location of project team representing

different stakeholder groups.

Shared space online as well as onsite to

support knowledge building through

dialogue and shared experience.

Knowledge assets are not available as there

is no historical data of expertise on

recurring problem-solution pairs.

Create a knowledge-base of recurring

problem–solution cases that are socio-

technical, and use agreed terms.

Knowledge is withheld or manipulated by

different stakeholders.

Co-located project teams identify what they

don’t know that might alter the nature and

sequence of project planning.*

Narrow view of required knowledge.

Difficulty in understanding the full

requirements and implications of complex

business processes.

Maintain a core team which has developed

(a) expertise and credibility across its

members’ areas of expertise, and (b) shared

frames and terms of reference.

* This was identified as central in collaborative project planning in oil and gas drilling systems, for

example. Here time was at a premium, and knowledge of interdependent activities provided

opportunities for cutting costs significantly by reengineering over a shorter period. (We are indebted

to Phil Murray of Petrotechnics for this example.)
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Typically, scoping the task was a problem that was understood very

differently by the business and technical communities collaborating on

the system. Technologists were keen to identify requirements early and

create a robust and coherent system on time, and within budget.

Business managers, on the other hand, had very different priorities. They

were keen to ensure that emerging requirements were addressed even if

this was late in the design of the system, with associated costs and design

complications. In the design of future systems, it was clearly of value for

the company to preserve and augment the knowledge of a range of

problems: solution scenarios as a means of cutting cost and risk, as well

as providing new staff with a resource based on core company knowl-

edge.

There is clearly a demand for cases that would allow companies to

build on successful solutions, and clever win–win scenarios are possible.

In most scenarios, however, technical choices must be made which trade

off costs and benefits. In such a context, a range of possibilities is

informative. Each solution will have pros and cons which benefit some

groups over others; the choice will ultimately be as much about power

relations between communities, as about knowledge of possible options.

Few people with experience of organizational decision-making will have

failed to recognize the role of formal and informal networks, and the

value of social capital. Some of the more interesting models of socio-

technical systems draw on structuration theory and enactment theory as

a means of understanding these dynamics.

It was clear from several cases that a project team drawn from

different disciplines also needed to be physically co-located wherever

possible. This provided a shared space that is difficult to recreate in

distributed contexts. The natural dynamics of social exchange support

the development of shared frames of reference, a jointly agreed modus

operandi and the reinforcement of behaviour that supports collective

project ends rather than the individual ends of departments, domains or

individuals. The checks and balances of social interaction are inherent

shapers of collective behaviour, generating the invisible structures we

call society. Trust acts like an authentication system in accessing the

power of a social network. Rewards contingent on particular behaviours

shape collective actions in particular ways. Power allocates rewards to

reinforce desired behaviours. This area is one of the most interesting

from a design and a management perspective. Although it is about

aligning the knowledge of social/organizational/professional commu-

nities to a common end, the means by which technology can extend or

enhance the cognitive and social infrastructure is still emerging.

Different perspectives on this are pulled together in the final chapter of

the book.
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Aligning objectives

In this stage, lack of understanding was compounded by the different

priorities and criteria of different groups. It was clear from discussion

with technical staff that success was defined (and rewarded) within this

domain by a system that was on time, on budget, and with a robust and

coherent design.

This was not a view shared by the various business factions, whose

main concern was not cost, not time and not the robustness of the

design. Their main priority was, understandably, to ensure that they

would be able to maintain, or possibly even enhance their ability to meet

TABLE 3.2 Aligning objectives

Phase 2 Aligning objectives

Recurring problem Solution

Competing aims and requirements. Ensure a detailed business plan is in place,

with criteria agreed and enforced, before

embarking on the technical design.

Constantly emerging requirements (creep)

leading to additional costs, risks and delays

as a design is repeatedly revised or added

to. Late changes are particularly costly and

impact greatly on other design aspects.

Separate core invariant elements from

peripheral and variable elements where

possible, to limit the cost and scale of

redesign while allowing flexibility to meet

the market requirements.

An initial solution of matching

requirements with set criteria of costs and

benefits is often overridden by lobby groups

in the senior management team who ‘move

the goal posts’ and undermine the official

change control processes.

Early mock-ups and prototypes make

stakeholders more aware of the real

implications, risks and opportunities of a

new system, leading to changes in priorities

and requirements at a late stage of the

build.

Getting support from management for

invisible or long-term initiatives which may

have implications for future

competitiveness.

Show the benefits and risks with other

company examples.

Share resources with other groups with

shared concerns.
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customers’ needs on the new system. Roles, rewards, objectives and

power relations clearly impacted on this stage of the project. As initial

mock ups were developed, and users became more aware of how the

system would impact on their activities, they became aware of new issues

and complications they wished resolved, and began to see the potential

for building in additional functionality. This is an unavoidable problem

in a volatile business environment.

Most design problems in socio-technical systems are what can be

termed wicked problems, where there are:

l continuously emerging requirements or requirement creep;

l moving goalposts – stakeholders’ view of the project develops and

conceptual or political positions change in unpredictable ways;

l unknown (often unknowable) aspects of system use in dynamic

environments.

As a result, requirements, priorities and associated design solutions are

constantly in need of revision. Constraints on time and budget are

exceeded as designers attempt to achieve a coherent and robust design

despite constant adjustments and restarts. The solution is never

complete. The solution has often been to act as if these were tame

problems and adhere to the more quantifiable and familiar technical

requirements, and minimize the impact of a range of emerging non-

technical requirements. In this case, the creep in ongoing requirements

led to a situation where the aims and criteria of those building the system

were directly at odds with those of the users. Late design changes

threaten the robustness of a well-designed system, and may mean a

complete redesign from first principles. This may result in extra cost, and

delay in completion and rollout.

At this point different groups started lobbying for their particular

requirements, or for their particular preferred design solution, or to

reconsider the criteria for adopting particular approaches previously set

by the technical designers. The political architecture of the organization

then determined the crucial interfaces and the final choice of design

solution in disputed instances. This stage was a stressful one for all

concerned, involving compromise in terms of both design and require-

ments, with substantial delays and higher costs than originally budgeted

for. Everyone recognizes this scenario and the potential cost of failing to

manage it, yet it is rarely planned for.

The design of the portal software around the business process required

that:

(i) the business process was fully agreed in advance;

(ii) the criteria (or the arbiters) for design choices were defined in

advance;

(iii) the process of identifying, validating and implementing those choices

was honoured.

Invisible Architecture

26



 

A surprising number of the negative scenarios encountered were

generic, yet most managers were unaware that other companies had

faced similar issues, and were reassured that this was so. The lack of a

platform for sharing such examples, and the human and the financial

cost savings implicit in this, underpinned the decision to attempt to

document some of these experiences, (know what) and document the

expertise associated with particular individual (know who). While much

of the experience and expertise was hard to document on paper, the

process of attempting to do so was a valuable opportunity to develop

some shared reference points as a basis for collaborative working, and

the mapping of expertise held by individuals allowed for collaborative

reconstruction of the relevant aspects in future eventualities

Aligning expectations

Having designed the system, more problems were still to follow.

Typically, the design of a new web-based system is oversold at the

outset, partly to generate buy-in from management. The first rollout of a

system to a very diverse audience, with high individual expectations, is

often disappointment, compounded with the annoyance of working with

the inevitable initial bugs in a new system.

Rolling out such an extensive new system necessarily highlighted

multiple minor problems simultaneously. The team were fire fighting on

several fronts. Their experience, and the experience of many managers has

been to do one of two things on subsequent projects. For example, if it is

possible, break up the project into chunks that can be rolled out separately

and better managed around the needs of particular groups. If, as often is

the case, the project cannot be broken up, they aim to under-promise and

over-deliver. This operates on the principle that you promise something

fairly straightforward and produce more than specified. This way, the

resulting offering is perceived as better than anticipated, despite the

inevitable bugs and interruptions of normal processes.

TABLE 3.3 Aligning Expectations

Phase 3 Aligning expectations

Recurring problem Solution

Hyped anticipation of outcome. Under-promise and over-deliver design,

and roll out discrete chunks, so human and

technical challenges are more manageable.

Cost and development time of prototype,

followed by changes to spec.

Collaborative prototyping of rapidly

generated mock-up.

Capturing knowledge of solutions to

recurring problems.

Matrix of organizational expertise.
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IMPLICATIONS FOR DESIGN AND MANAGEMENT OF SOCIO-
TECHNICAL SYSTEMS

As with most systems covered in the course of a range of separate projects,

the problems were not so much technical, as socio-technical and socio-

political.

Requirements are often emergent and contingent – they change during

the process itself. As system designers have had cause to note, the very act

of providing a first prototype is enough for users to see the whole system in

a new light and add further new or contradictory requirements that

threaten the project as a whole. So-called wicked problems arise from the

fluid and evolving nature of open systems such as business enterprises

operating in evolving markets. Every solution is one shot. Attempting to

solve wicked problems changes the problem space – you never get a

second shot. As earlier cases showed, these can generate a never-ending

loop of requirements creep that has a knock on effect on the costs, the

time to completion, the coherence and the robustness of a system that is

constantly modified. Although this example only covers the issues that

were brought up in interview, they were also typical of many other

conversations with managers of very different systems.

THE DIFFICULTY OF ALIGNING CONSTRUCTS AND MODELS

As the design of extended enterprise systems distributes knowledge

between diverse communities there is a strong argument for under-

standing the architecture and grammar of knowledge transfer in social as

well as technical networks. It would be hard to understand a football

match without knowledge of the spatial frame of reference (lines, goals,

touchlines, number of players etc) and of the process ‘grammar’ (order of

play, length of first and second half, permissible moves, penalties etc).

Equally, knowledge sharing depends on rules and norms, which are

socially constructed and enacted in ways that are known to the

participants, but may not be clear to outside observers.

Mental models and metaphors that relate to our generic experiences of the

world, particularly our physical and sensory experiences, are society’s

solution to the difficulty of sharing knowledge with groups from other

domains. We use it as a kind of inter-language to establishing a shared frame

of reference to understand what is brought to the table by different parties.

A file created by another program is either completely or partially

unreadable. Similar analogies come from natural information systems

such as biology or immunology, where the same biochemical information

is understood differently by different organisms. Managers are rapidly

becoming aware that human systems are also mediated in this way, with

the unfortunate complication that the software from which the knowledge
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originates varies from community to community and is not easily

accessible to inspection. The information itself does not therefore

constitute the message. It requires the program or context in which it

was created if it is to be accurately interpreted in actionable ways. Without

a shared context for what different stakeholder communities know, the

organization cannot really ‘know what it knows’ in the collective sense.

Creating collective frames of reference

In virtual or distributed communities, shared contexts may have to be

explicitly created for dispersed teams. There is a need for:

l shared spaces in which distributed teams can interact;

l shared frames of reference such as mental models, metaphors or

problem scenarios in which to define the context of both under-

standing and decision-making.

In the example above, workshops were provided to give the shared space
within the organization where stakeholders from different communities could
come together.

Using time and sequence as an organizing framework

The simplest frame of reference we use to integrate distributed knowledge

is the timeline (or the timetable). This is relevant not only to an

understanding of when and where particular problems could be anticipated

in a future project, but also where actions are required and decisions made.

It is worth stressing the view of knowledge as situated understanding and

action (see Chapter 6). It is through action that the value of knowledge is

unlocked, and action is always located in time and space.

Sequence, cost and speed of events are key criteria for success in most

projects, and problem scenarios are often mapped and managed in

relation to it, much as project tasks are organized in chronological order in

project management software. The timeline as a frame of reference reflects

the unifying need to map shared knowledge as a means of cutting project

development time.

Using the organization as a frame of reference

The central configuring metaphor for situating decision-making and

action with users often seems to be the organization in which the team

is situated and where team members share a social context with a defined

set of roles and rules for action such as:

l a conceptual frame of reference for collective understanding in

context; and

l a contextual frame of reference for decision-making.

Clearly, other professional environments might be situated in other

contexts representing defining roles, relations and transactions. In the
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case of this particular business organization, recurring design and

management problems tended to cluster in ways which reflected the

organizational structure itself. Creating a virtual space in which the

participants have roles seems a necessary requirement for the kind of

social and intellectual engagement of real actors in real contexts.

One of the biggest challenges to the design and management of

collaborative, networked systems on a global scale, such as supply chains

or grid-based web services, is the difficulty of sharing knowledge in a

dynamic environment, across diverse communities without a shared social

or cultural context that supports mutual meanings or situated actions. In

social networks, the generation of shared foundations is natural to us;

however, even these evolutionary solutions are limited by cultural and

linguistic boundaries.

Aligning aims as well as knowledge

It is worth noting that the problems encapsulated in these patterns are not

only associated with the difficulty of aligning knowledge across sites and

across sectors. They are also related to the difficulty of aligning competing

aims, or criteria, and are most evident at the decision-making stage. These

issues are as likely to shape decision-making and outcomes as the sharing

of relevant knowledge; for example, the criteria and aims of a design

TABLE 3.4 Situating recurring socio-technical problems within the context of the
organization

Organizational level Type of problem scenario

Senior/strategic management At senior management level there was an awareness

of people issues impacting on the effectiveness of

ebusiness operations that had originally been

conceived as largely technical challenges.

Operational/middle management Most socio-technical issues that were cited arose at

the level of middle management where general

strategies were translated into practice. This

typically related to the alignment of knowledge and

aims across stake-holding communities, e.g. trading

off technical and financial requirements such as

cost against emerging business ones.

Technical implementation Technical implementation obviously has human

factor issues, but these were not cited as serious

socio-technical issues that impacted on the success

of the project.
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community may be for a robust and elegant design with minimal delay

and complication, while the priority for the business community is to

optimize its own ability to respond to changing business opportunities and

requirements as they emerge, without being constrained by technical

considerations.

Using the problem itself as a frame of reference

The problem definition itself may allow the individual or team to identify

the key dimensions or forces which characterize it. These then provide a

basis for both identifying relevant knowledge and for organizing it.

Cognitive psychology suggests that we organize information in terms of

similarity and difference, using salient dimensions to create higher order

concepts and categories. This has huge advantages in terms of information

processing: it provides us with contextual and associational meaning and

reduces cognitive load. This is one reason why concept maps, for example,

allow us to make sense of large datasets much more effectively than tables

of raw data.

CASE 7: USING THE PROBLEM AS A FRAME OF REFERENCE

CAPACITY PLANNING
The following table (Table 3.5) provides an example of a capacity-

planning problem identified in a large American real estate company

operating in the very volatile ebusiness market.

Defining the problem collectively is arguably central to the process

because it is only then that distributed pieces of information, knowledge

or experience can be drawn together meaningfully around the salient

dimensions. Case-based reasoning, problem-based learning, scenarios

and patterns are among a long list of strategies to gaining a common

understanding between individuals and across organizations.

The problem is broken down into a set of key dimensions, each with an

associated solution. Having a range of solutions, each with different pros

and cons, is a useful way of reflecting on the options available. If the deep

structure of the problem is made explicit in this way, it is possible to see

how new technological options might create new solutions.

IMPLICATIONS FOR DESIGN AND MANAGEMENT OF
KNOWLEDGE-BASED SYSTEMS

The uptake and use of even more extended networked systems such as

grid-based web services will be influenced by the extent to which the scale

of emerging knowledge from dispersed communities can be used to

support sense-making or to advance collective decision-making. Access to

larger quantities of diverse sources of data, information and knowledge
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taken out of context is highlighting the difficulty of knowledge sharing and

sense-making across communities with different aims and frames of

reference.
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4 Cross-cultural Architecture in
the Automotive Supply Chain

JIT (Just In Time) procurement works in Germany. Why doesn�t it work in Brazil? It�s
the same technology, so what�s the difference?

Senior Manager, automotive manufacturing supply chain

The cases below are taken from a field study carried out in the automotive

industry in Brazil. They reveal some of the ways in which local realities can

have an impact on the extended enterprise. The application of so-called

global business concepts in different local cultural/social environments

highlights the fact that business concepts have their own cultural roots and

must be aligned with (or adapted to) the local social and cultural realities

on the ground, both in terms of the concepts themselves and the nature of

local management styles. These examples illustrate critical problem

interfaces between people, processes and technologies that become

evident when integrating business systems across communities with very

diverse geographical, conceptual and cultural mappings of space and time.

Constructs of space and time are central to lean management systems

that minimize time and use of space in the production process and

management style. These cases demonstrate how even small variations in

our internal or collective understanding of time and space, and the relative

priorities which we assign to them, can impact on performance at several

levels. In many contexts these differences were explained away as a general

lack of competence or responsibility, but a misunderstanding of condi-

tions and traditions can make certain problem scenarios highly likely. As

companies increasingly extend across underdeveloped regions to achieve

lower labour costs, these circumstances are more and more relevant to

managers as well as system designers.

ALIGNING PEOPLE, PROCESSES AND TECHNOLOGY IN A
MODULAR CONSORTIUM

The first example is taken from one of the first-tier automotive suppliers in

a modular consortium. Figure 4.1 gives a very simplified view of the

architecture of the production lines used in this type of manufacturing.
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In a modular consortium all first-tier suppliers are integrated into the

central production process and are located under the same roof as the

original equipment manufacturer (OEM). They assemble the modular

elements of the product (a car, in this example) on their own production

lines. These feed into the manufacturer’s production line in such a way

that each element is provided just in time (JIT) and just in sequence (JIS),

where and when it is needed. This concept has the advantage of

minimizing storage space (which reduces current asset, logistic and

warehousing costs) and transport time (required to move modular

elements between parts of the production lines).

Only a few hours’ supply is ever stocked in an open warehouse system

near the suppliers’ production lines, and second-tier suppliers must be

sited very close (at most 12–15 km away) to the modular consortium to

guarantee a supply that is synchronized with production. Warehousing

space is calculated on the basis of how long delivery takes.

A modular consortium is therefore designed to save:

l time (through the integration of activities in an optimal sequence and

the minimization of distances for transporting parts);

l space (through the local storage for a few hours of only the parts

required).

For this vision of synergy to be realized, all these interdependent processes

must be flawlessly orchestrated. There is little, if any, margin for error, so

failure of one supplier to keep up with the tempo of the main production

line generates costly disruption across the whole system. Where it operates

successfully, the modular consortium generates enormous production

capacities: in this example 250,000 vehicles annually (or one car leaving

the production line every 80 seconds).

Context and problem: Different concepts of space and time

In global markets, high-technology plants are often, perhaps even

typically, implemented in underdeveloped rural areas where high

FIGURE 4.1 Diagram of an OEM’s production line with integrated first-tier
suppliers’ production lines
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subsidies are granted, labour is cheap and space is not at a premium. This

is also the case with the modular consortium in the example. It has been

set up in an agricultural region with a tropical climate in Brazil. The

rhythm of life in these rural community cultures is in stark contrast to that

of the highly industrialized countries where the modular consortium was

originally developed. This region is typical of many underdeveloped

regions being characterized by:

l a poor transport infrastructure (insufficient to guarantee a supply that

is synchronous with production) with second-tier suppliers 2000 km

away;

l an inadequately skilled labour-force (low levels of basic education)

with concepts of space and time shaped by the demands of a rural

agricultural economy rather than an industrial one.

Here, space seems an almost unlimited resource (and so is cheap) and

time is measured in seasons rather than in vital seconds. In this case, the

warehouse space (sufficient for three production days) had been

extended/adapted to accommodate the realities of the locality, but there

is still a significant risk that the continuous flow of supply could be

interrupted (e.g. due to road conditions) and the alternative of air delivery

would increase costs dramatically. Figure 4.2 shows the cross-cultural

forces to be aligned.

Harmonizing the differences between these parallel worlds is central to

cost-effectiveness, and there are key interfaces where misalignments can

disrupt the socio-technical interface.

CASE 8: IDENTIFYING DIFFERENT CONCEPTS OF SPACE
AND TIME

FIFO SYSTEM AND WAREHOUSING
This case deals with an inventory-based method of warehousing used by

a first-tier supplier. As a result of the restricted warehouse space, random

FIGURE 4.2 Incompatibility of different concepts of space and time
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storage is used, which means that newly delivered articles will be stored

wherever there is space available, enabling better utilization of storage

capacity. The supplier combines random storage with the FIFO (first in,

first out) inventory evaluation system. This method requires that the

stock that is delivered first should be used first. In this case the process is

mediated by the FIFO board.

To ensure that the first items in are, in fact, the first items taken out for

use, the stock must be accurately registered and the time of delivery must

be clearly indicated. By accurate management of time of arrival and

location of storage, the parts can be rapidly and accurately retrieved for

delivery to the production line. If the associated rules are correctly

observed, the FIFO system is an ideal tool that minimizes the use of

warehouse space and speedily supplies the production line.

In this case, one employee was responsible for supplying parts to the

production line. He functioned as the human interface between the

system for allocating space in the warehouse and the system for ensuring

the sequence and timing of delivery of parts to the production line. The

individual was both observed and interviewed during his daily work. He

had difficulty in understanding that following the rules of the FIFO

system was a prerequisite for the functioning of the whole system.

Consequently, the process was subject to delays and errors. Parts were

missing or wrongly allocated on a regular basis, thus hindering the

rhythm of production. Frantic attempts often had to be made by other

workers to keep feeding the assembly line by searching for missing

materials. This confusion also generated further errors at the level of the

inventory process, which was by now based on incorrect indications of

what was in stock and what needed to be ordered.

This example is one of many similar observations seen across the

system. At first glance the response might simply be to assign this to

incompetence at the level of staff or local management rather than an

intrinsic flaw in the technical or the business concept. Yet the pattern of

failure from unpredicted implementation or production problems in

many of these cases was consistently linked to the aggregation of such

apparently minor deviations by human agents at different levels. When

the UK Ministry of Defence invested in a new procurement system used

in the Iraq wars, the problems with distribution of supplies was deemed

not to be a function of the technical design. The problem arose where the

technical system interfaced with the human one. It is here – in the no-

man’s land between technical and human system design and manage-

ment that problems typically arose.

The need to align people, processes and technology
In our main case, the rules imposed on the Brazilian producers were seen

by many local staff as unnecessary requirements to work a stupid system

imposed from elsewhere. Non-compliance with the rules was often

interpreted by the German managers as the incompetence, unreliability

or laid-back attitude of the local workforce.

Invisible Architecture

38



 

As well as the cultural and conceptual shapers of behaviour, it is worth

pointing out that often there are very practical reasons for poor

performance. The mechanics of what was actually happening on the

ground was rarely accurately investigated or communicated. Instruc-

tions, for example, were sometimes provided in German (or English) for

Brazilian operators, with obvious potential for error. Both sides tacitly

assumed incompetence in the other and the situation remained until

highlighted by a German research student on a placement to investigate

problems in that particular part of the supply chain.

ALIGNING PEOPLE, PROCESSES AND TECHNOLOGY IN THE
SUPPLY CHAIN

CASE 9: ALIGNING GLOBAL PROCESSES AND LOCAL
PRACTICES

STANDARD PROCUREMENT AND LOCAL PRACTICES

Context
In the automotive sector, as in many other industry sectors (including

the computer sector), a platform strategy is adopted. The platform (in

this case, a vehicle chassis) is used for different types of car in locations

worldwide to cut the cost of parts and standardize on production and

processes. The platform accounts for up to 60 percent of the cost of car

manufacture. As a result, client satisfaction is achieved through

competitive pricing (platform standardization) and variation in design

(different models). The flexibility offered by this approach is countered

by the risk incurred if the process fails. It is clear from this that extended

enterprises employing platform strategy need to be managed and

controlled as a flexible system of networked process chains. In terms of

procurement of parts/components, central strategies are applied to

realize economies of scale: to manage capacity, car manufacturers use a

set procedure for ordering parts. This standardized procedure requires

both a strict adherence to a sequence of steps and a timeline.

This example deals with the overseas supply chain of a German car

manufacturer with regional subsidiaries operating independently in the

Latin American market, each with its own central management teams

and production locations.

A Latin American logistics department coordinates processes between

the regional manufacturing plants. The team is also responsible for

information and material flow between Germany and Latin America. The

overall purpose is to anticipate problems (taking account of production

and delivery times) to avoid the costs of halting the production lines. If
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for some reason it is not possible to anticipate and order parts

sufficiently in advance, there is a risk production will be stopped.

Managers have a number of procurement strategies that allow them to

trade off the cost of production delays against the cost of alternative

means of acquiring parts rapidly.

The procedure for procurement prescribed by the German parent

company is based on a very strict regulation of tasks over time. The

saying ‘one thing at a time’ captures the German attitude towards linear

(consecutive) time planning where time is compartmentalized according

to different tasks.

Working effectively in such a system requires:

l strict adherence to the sequence of steps in the process chain;

l long-term planning and prioritization;

l an understanding of the whole chain of events and their short- and

long-term implications for costs, speed, quality assurance and so on,

if the sequence is altered.

As indicated earlier, employees in this part of Brazil where the Latin

American manufacturing was carried out are also deeply rooted in local

culture. Here social networks are powerful resources for solving

problems. Attitudes to work are often typified by:

l lack of urgency and forward planning;

l solutions that are socially reached rather than by organizational

procedures;

l short-term rather than long-term planning;

l flexible rather than rigid procedures;

l doing things in parallel rather than in sequence.

The networked process chains designed by the German management

team reflect their origins in German organizational structures and

approaches, which suit the JIT principles. However, as discussed earlier,

these concepts are at times counter-productive in an agrarian society and

particularly in Brazil, where fluid and undefined situations are a fact of

life. In such contexts:

l long-term planning can be almost pointless and planned actions

often fail to be realized in practice: laws, rules, deadlines tend to be

interpreted as a general guide to action rather than an essential

component of them (the spirit, rather than the letter, of the law);

l social processes are more permanent and less volatile than organiza-

tional ones, and are therefore accorded greater priority in choosing

solutions.

The procurement mismatch between the German and Brazilian cultures

is summarized in the following table.
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An awareness of these differences can provide a basis for choosing (or

avoiding) particular combinations of people, processes and technologies

to optimize compatibility, create synergies and minimize conflicts.

Even in such complex, dynamic systems, there are recurring patterns

that can be recognized and used to avoid unnecessary cost and risk.

The problem
A sudden and unforeseen increase in demand for a particular car model

required the Latin American central logistics department to alter its

production schedule. The plan was sent to the Brazilian manufacturing

plant with plenty of time for the staff to identify and order all the parts

needed for the cars’ construction. However, one component needed to be

bought from Germany with associated long delivery times. The order was

placed too late for delivery to be made in time for production, in spite of

the German procedures giving the procurement schedule in great detail.

The only solution available to the plant was to change the production

schedule and suffer the associated costs and loss of image incurred.

The need to align people, processes and technology
Platform strategy and global sourcing are intended to reduce costs and

create value. However, cultural forces driving organizational and social

behaviour are very often at odds and may act to actually increase costs

rather than create value, as seen in this case. Companies must therefore

balance cost reduction strategies associated with global standardization

against the risk of the system becoming dysfunctional through cultural

misalignment.

Further investigation of the reasons for the late procurement of the

component revealed that the Brazilian manager had in fact worked with

the rigid German management structure, but in a typically flexible

Brazilian way. He had used the German process as a guide rather than a

TABLE 4.1 Invisible architecture: The impact of cultural dynamics on standard
business processes

Cultural preference Germany Brazil

Avoidance of undefined

situations

High Low

Approach to time planning Long-term, prescriptive Short-term, flexible

Predominating concept of

time

Linear, sequential Synchronous, parallel

Approach to rules and

regulations

Rigid – the letter of the law Flexible – the spirit rather

than the letter
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set procedure, only ordering the component at a late stage because he

was aware of production difficulties at the manufacturing plant where it

was produced, and early ordering would not have solved the problem. As

he knew from personal contact that one of the German parent company’s

suppliers had an over-capacity that was not apparent on the online

system, he had relied on the social network. He had considered both the

social and the organizational processes as a means to achieve a solution

to the problem. This was seen as a breach of procedure by the German

parent company. The Brazilians, however, saw the rigor of German

planning as inflexible. Here again, the three strands (social, organiza-

tional and technical) worked at cross-purposes.

In the German company, however, these procurement processes run

smoothly because the strands are mutually reinforcing. There is no

misalignment and therefore no potential for conflicts of interest.

Processes in Brazilian companies also reflect the interaction of these

three coupled systems. In this case, trust in and reliance on social

networks may dictate a preference for solutions that are not aligned with

the more procedurally rigid organizational solutions embedded in the

architecture of the organization.

FIGURE 4.3 German parent company: Coupled systems as shapers of organizational
outcomes
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CROSS-CULTURAL POTENTIAL FOR CONFLICT: LOYALTY AND
IMPUNITY

CASE 10: MAKING INVISIBLE DYNAMICS VISIBLE

CHANGE OF PRODUCTION SCHEDULE
Brazil belongs to so-called collectivist cultures where the well-being of

the group as a whole is valued much more highly than individual

satisfaction. Harmony in such groups is extremely important; open

confrontation is seen as loss of face and social capital. Cultural studies

further contend that in collectivist societies, power is distributed very

unequally and very hierarchical power structures in companies are

particularly evident. The social and psychological distance between

employees and superiors tends to be greater and employees are not

involved in decision-making. However, they are extremely loyal to their

bosses and there is an expectation that this will be reciprocated. (The

concept of loyalty has its origin in the colonial system.) Formal behaviour

and recognition of status are important shapers of behaviour. Conflicts of

loyalty arise that affect how mistakes are dealt with. In such a context,

the boss cannot be seen to single out a subordinate for blame without

being seen to renege on an unwritten contract of loyalty: it is simply not

done without jeopardizing the whole basis of cohesion within the

extended group within the organization.

This is an area of relevance to many system managers in different

industries, since knowledge of, and adequate response to, errors is an

issue of concern because of:

l an impact on cost and competitiveness;

l the apparent inability of some plants to acknowledge individual error,

or act decisively and at the right time as expected;

l a history of such problems that suggested to European managers

either incompetence or lack of concern for the efficiency of the

system;

l worsening relations between central and local management as a

result of repeated exchanges on this matter.

The problem
As in the previous example, the introduction of a special car model to the

Brazilian market caused a shortage of some parts. According to the

production schedule, the planning manager checked the inventory and

the requirements for new parts. The quantity of parts to be ordered was

twice as much as the stipulated allocation. He requested an increase in

this, which was rejected due to a bottleneck in the supplier’s production

in Germany. In the subsequent course of events, he checked whether a

similar part was in stock. It was. He checked if this part was compatible

and could be used in production. It could, so he then adapted the
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production schedule and sent the decision to use this part to the central

logistics team in Latin America.

During the start of the production run, an error occurred. The quantity

of the part in question in the warehouse did not correspond to the

amount required, although this had previously been checked through the

inventory. This was a serious scenario, which could have resulted in a

delay on the production line or even a break in production itself.

Therefore alternative procurement options were again considered.

This time flying in the parts was the only viable option and was seen as

less costly than a break in production. The planning manager in charge

was not held responsible for his negligence (having seriously and

unnecessarily increased costs). The whole department defended him

and rejected the blame given to the planning department. Responsibility

was shifted to a higher level.

The need to align people, processes and technology
This case gives a deeper insight into the invisible architecture shaping

social and organizational behaviour. Although the cause of the mistake

had been obvious to the head of logistics he had not confronted the

planning manager with his negligence or held him formally responsible

for his mistake. This would have meant loss of face to the planning

manager and, at the same time, would have made employees question

the behaviour of a superior expected to offer protection to a team in

exchange for loyalty.

As a loyal and hardworking team member, the planning manager was

afforded the impunity normally given only to senior figures whose

authority and competence cannot be openly challenged. This had the

following results:

l From a Brazilian perspective, the social contract that ensured the

continued effective working of the team, with all its attendant

advantages, had been duly secured.

l From the perspective of system performance, the error of the

individual was addressed by training in procurement procedures,

but for the whole team rather than the individual.

l From the perspective of the German manager, there was puzzlement

and concern that no individual had been identified and held to

account, raising concerns about the competence and seriousness with

which the Brazilian management team was addressing the problem.

Obviously, the underlying cultural belief is that the group themselves will

balance deficits without pointing out individual weakness or incompe-

tence.

Impunity is embedded in a feedback cycle that shapes social

organizational behaviour as shown in Figure 4.4.
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This can be seen as a recurrent scenario because it is rooted in cultural

differences in the way mistakes are addressed in collective and

individualist cultures. Conflict is inevitable with individualist cultures

such as Germany, where little loyalty is shown to subordinates.

IMPLICATIONS FOR ALIGNMENT OF PEOPLE, PROCESSES AND
TECHNOLOGY IN EXTENDED ENTERPRISE SYSTEMS

The cases above have looked, in particular, at two different kinds of

behaviour-shaping mechanisms with the potential to impact on the cost or

effectiveness of extended enterprise systems.

Our concepts of time and space, for example, frame our understanding

of events in context, and therefore our choice of actions, by providing a

particular filter. The way our social and cultural systems structure and

validate interrelated concepts of power, social distance, loyalty and

impunity shape our behaviour, and our interpretation of others’

behaviour, in significantly different ways.

What are the implications of this for the designer or the manager of an

extended enterprise system? In key areas of performance, it is worth being

aware that these differences exist. For example, there will be differences

(sometimes predictable) in:

l the interpretation of a problem;

l the perception of the most appropriate solution;

l the assumptions about how business and society work most

effectively;

l the local viability of apparently standard concepts.

Cross-cultural awareness can help anticipate likely problem scenarios in

particular cultures, or suggest likely explanations for variations in

performance in certain areas. Cross-cultural strategies cannot solve all

FIGURE 4.4 Invisible architecture: The cycle of behaviour-shaping in a Brazilian
organization
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the problems but can help bridge the divide between these diverse

communities. One approach is to provide shared spaces and opportu-

nities.

This has been achieved in part through inter-regional training

programmes, for example, where people are exchanged on placements,

and multiple opportunities for cross-cultural and cross-organizational

dialogue and mediation are created giving people training to raise cross-

cultural awareness and developing skills (cross-cultural teamwork, cross-

cultural negotiating, language training etc). Other opportunities can be

created by integration of managers of target cultures into the core

management group (catalytic effect) and by recruitment of people with

cross-cultural experience (who can introduce a multicultural perspective).

As in the earlier case study of an extranet system design, much of the

benefit comes from the social opportunities to generate shared bench-

marks, terms and frames of reference within a social context, as a basis for

bridging the gap between increasingly diverse and distributed commu-

nities of practice. In this context, onsite and web-based learning provided

a means of increasing understanding and professional development to

build on the diversity of regional expertise towards collective ends.
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5 Strategies for Creating Value in
Socio-technical Systems

When Amazon started using user profiles to actively recommend books to
users, they were shaping the technology around a social process, using the
web-based interface as a means of leveraging the knowledge of their user
community, and seeking to convert that into competitive value. How effective
this is in the case of Amazon is not yet clear; however, it is one of the most
familiar examples of the approach.

The cases we have outlined so far suggest a range of strategies that align
people, processes and technologies to advantage at the interfaces between the
technical and the human architecture. These strategies include:

l using a common platform – designing technology around the

architecture of the cognitive or social processes;

l bridging the gap – human, technical or socio-technical middleware at

the interfaces where costs or value can be generated;

l creating new linkages between technical and/or human networks;

l aligning systems to create value.

Extended enterprise systems directly interface the technical and the human
architecture in ways that can create costs and risks or value, and in ways that
follow identifiable principles. The training traditionally provided for
designers and managers of distributed web-based business systems might
benefit from knowledge of recurrent socio-technical problems: solution
scenarios as a means of avoiding risk or adding value. The strategic planning
process for managers could also be better supported by adapting the existing
toolbox to highlight local knowledge of non-technical problems.

USING A COMMON PLATFORM

The most pervasive and probably the most generically applicable of the

strategies listed above is the first one – designing technology around the

architecture of the cognitive or social processes. These processes

constitute a common platform at a human level, which minimizes the

risk of misalignment and maximizes the potential for creating useful new

linkages, or tapping the knowledge and resources of other systems. The

WebSOM in Chapter 2 is an example of this in aligning cognitive and

technical systems in ways which enhance sense-making in digital contexts.
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BRIDGING THE GAP

Designing or managing extended enterprise systems requires considera-

tion of interaction and interoperability at interfaces where cost or value

can be created:

l horizontally across communities in technical, social and organiza-

tional strands;

l between layers of complexity or levels of operation.

Technical interoperability often involves middleware to mediate different

systems, or new and old legacy systems. This is equally applicable to social

and organizational systems – where people themselves can act as

intermediaries in creating shared frameworks for understanding across

professional communities or national cultures.

From the perspective of system managers, professional development

training that involves placements in different sites creates social and

organizational infrastructure as well as technical expertise. As we have

seen in the earlier cases also, it highlights the value of co-locating teams

for projects requiring the sharing of expertise towards a common goal, and

the reuse of established teams who have had the opportunity to bridge the

gaps at the conceptual and the social level as well as the organizational and

the technical level.

The computer chip is itself a series of mediating interfaces that allows

information at a software level to be communicated in readable ways in

the physical world. Reliable interoperability is about mediating commu-

nication in one system and communication in another, to create a new

and enriched information and action space between coupled systems.

The advent of the web and human imagination has created potential

socio-technical couplings and spaces that did not exist before, with an

ability to generate and shape social, business, cultural and political

transactions in ways that are only beginning to become apparent.

People as middleware

Social systems have a range of mediating strategies, structures and

processes for assimilating new knowledge, and developing shared

constructs of action in it. Educational theories such as constructivism

are rooted in this, as is the concept of web-based collaboration across

communities of practice (CoPs). People provide the middleware across

communities, and, in practice, professional development training with

placements in different sites are often used deliberately as a strategy to

enhance understanding, trust and loyalty that can act to shape future

interactions in preferred ways.

Structuration theory also looks at how societies create and enact their

own invisible rules of play, which they then enact and reinforce.

Enactment theory in particular has drawn on these to analyse how
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socio-technical communities structure themselves in the absence of

external controls. Chapter 6 goes into more detail (suggested further

reading is listed at the end of the chapter) and highlights influential

learning theories that analyse how this shaping happens at the level of the

individual and at the level of the distributed system.

Shared spaces

Families, schools, theatres all offer shared spaces in which we review,

communicate, adapt or validate the soft architecture of society. Our

understanding of actions in response to new information is mediated

through these. Society could be described as an adaptive system acting in

and on the environment with which it is coupled. Socio-technical systems

such as the supply chain extend beyond the range and scale of operations

for which it was originally designed.

In earlier cases, co-location of workers on cross-company projects was

identified as a strategy for building better shared understanding; the

exchanges mediated by people in casual social conversation in the coffee

room are not built into distributed or virtual communities. Increasingly

companies operating across regions incorporate professional development

training that involves short-term placements in different regions as

another means of mediating this gap through people.

Shared languages

Language between different communities draws on shared metaphors as

existing stepping-stones where there is no shared experience, shared terms

or frames of reference. As such it is a tool for brokering value between

communities who choose to collaborate towards common ends.

We saw this strategy earlier in case studies of social and business

networks, where people or systems create value across what have been

called structural holes in social networks by facilitating the sharing or the

replication of hitherto unavailable knowledge and more informed action.

Soft systems methodology, case maps and pattern languages are all

established methods for mapping relationships between human and

machine agents for system designers. These are often in a schematic visual

form – a kind of inter-language, or middleware – bridging the language and

conceptual landscapes of the technical designer and the business users.

CREATING NEW LINKAGES BETWEEN TECHNICAL AND HUMAN
NETWORKS

In social network theory, bridging these gaps or structural holes in the

human architecture has been used for the optimization of communication

networks in business contexts, as seen earlier. The concept of innovation

clusters also draws in part on the opportunities for this kind of cross-
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fertilization. The advent of the web has created potential technical and

socio-technical couplings, and potential socio-technical spaces that did

not exist before, but whose ability to generate and shape social and

business, cultural and political transactions is only beginning to become

apparent.

ALIGNING SYSTEMS TO CREATE VALUE

A range of strategies have been identified, such that existing knowledge,

structures or dynamic processes can be harnessed to the advantage of the

system as a whole, where possible, and to avoid gaps or ambiguities where

systems interact. An additional strategy here is to raise awareness of the

surprising number of recurring problem scenarios that are now recognized

in the design or management of these large distributed systems.

Obstacles to value creation

The key obstacle is the lack of awareness of recurring scenarios that cut

across sectors and systems. Managers we interviewed generally expressed

surprise and often relief to see that other companies had suffered the same

difficulties in designing, rolling out or managing ebusiness systems.

Clearly, many companies preferred not to publicize high-profile failures,

costly re-design and associated additional costs.

Clearly also, the fragmented distribution of responsibilities for discrete

parts of system design across stakeholding communities allows for grey

areas in between, for which there is either no responsibility, or a shared

one with no clear responsibilities or scoping. Identifying the missing bits is

crucial here. In a volatile market, operating across unfamiliar territory,

dealing with the unexpected and the unknown becomes crucial, yet is

often the responsibility of no one.1

One of the most successful knowledge management companies in the

North Sea oil industry bases its training on helping cross-sectoral project

teams to identify what it is they don’t know, as a first step in reengineering

collaborative processes.

A second obstacle is the perception of human factors, (particularly social

or cultural factors) as somehow vague, complex and hard to get a handle

on. The pleasant surprise in the course of the research has been the extent

to which a handful of strategies and scenarios account for a great deal of

the variance, regardless of sector. It is not necessary to understand all the

theoretical and practical complexities. It is necessary to know the

consistent patterns that emerge from that complexity, and the specific

ones that are known to arise in particular socio-technical or cross-cultural

contexts. I may not understand the circuitry in my computer, or the engine

in my car, but a few basic strategies allow me to bypass a fair number of

the problems that may come up.
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A third obstacle is the lack of a basic toolbox to put this into practice in

the real world context where tangible evidence is needed. There is a

pervasive view that human factors, and particularly social and cultural

factors cannot be represented in tangible ways that lend themselves to

consideration in the same way as, for example, financial information. Yet

there are ways of ranking their impact in terms of time spent on them, or

losses accrued which can be attributed to them, sufficiently to raise the

profile of key issues early, and associate them with particular sites and

scenarios. This is discussed further in Chapter 7.

NOTES

1. The American Indian story ‘Who Speaks for Wolf’ tells of a decision to move to
a new site, which was hastily agreed by the tribal elders without consultation
with the Wolf tribe. When they found themselves located in an area where wolves
were a real danger to the safety of the children, they elected always to ensure
everyone was fully represented in future decisions, thus limiting the danger of
operating on limited information.

FURTHER READING

Burt, R. S. (2001) Structural holes versus network closure as social capital. In Lin,
N., Cook, K. and Burt, R. S. (eds) Social Capital. Theory and Research. Walter,
New York.

Checkland, P. and Scholes, J. (1990) Soft Systems Methodology in Action. Wiley,
Chichester.

Mumford, E. (2003) Redesgning Human Systems. IRM Press, Hersey, PA.
Orlikowski, W. (2002) ‘Managing and Designing: Learning about Enactment’,

Workshop paper, MIT, May 2002. design.case.edu/2002workshop/Positions/
orlikowski.doc.

Prusak, L. (1997) Knowledge in Organisations. Butterworth Heinemann, Boston.

51

Strategies for Creating Value in Socio-technical Systems



 



 

6 The Architecture of Human
Information Processing Systems

Obtaining more powerful machines will not be the biggest problem in the future —
these will come anyway — rather the issue will be to get insightful and realistic
results out of them.

Francisco Gallo

Aligning technical and social architectures to advantage requires some

knowledge of the regularities and the dynamics of both. Training for

technical managers and software system designers gives little real insight

into information processing in human and biological systems.

Some approaches to system design now do draw on ethnographic

methodologies from the social sciences such as collaborative action

research and grounded theory. Soft systems methodology (SSM), unified

modeling language (UML) use case maps and scenario planning, for

example, are commonplace in requirements analysis.

Despite this, however, there is little sense of the architecture and

regularities of mind and society as distributed knowledge-based systems in

their own right.

INFORMATION PROCESSING IN NATURAL SYSTEMS

In the context of the networked enterprise, distributed human and

machine networks must make sense of shared information, and this

knowledge is an essential precursor to effective action, and the creation of

value.

Exploiting even more distributed and heterogeneous networks in future,

such as grid-based web services, will require an understanding of how

information is perceived, understood and converted into the kind of

situated knowledge on which performance and value depends. While

wishing to avoid theoretical discussions in a book of this nature, we feel

that a better awareness of how our own cognitive and our social systems

operate to generate, reuse and re-purpose distributed information and

knowledge is central to designing or managing the technical systems that

now mediate or extend these capacities. A particular problem in this

respect has been the differentiation of information and knowledge, and the

relationship between knowledge, action and perceived benefit. A very brief
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context is given here of the architecture of (a) the cognitive and (b) the

social architecture that acts as a shared ‘platform’ for human information

systems. We believe that cost-effective systems build on, and leverage,

these underlying dynamics and thus require knowledge of how they

operate. The very schematic overview in these pages is intended to provide

a context for this, and some suggested further reading is listed at the end of

the chapter.

THE COGNITIVE PROCESS

Figure 6.1 highlights the different stages in the cognitive process as a basis

for seeing where support, enhancement, alignment or intervention is

possible in the stages between the perception of information and the

actioning of knowledge in context.

For the purposes of this discussion, we take knowledge to be an adaptive

interface between information and action. It is information applied to

achieve a goal, solve a problem or enact a decision.

From the perspective of creating alignments between the architecture of

technical and human systems, the model is a means of making visible:

l the structural architecture (e.g. the nature of cognitive information);

l the process architecture (e.g. from selective perception of information

to knowledge generation and decision-making and situated action).

The diagram provides a simplified overview of the relationship between

information, knowledge and action. For the sake of simplicity we have not

included the motor aspects of perception as information is selectively

attended, nor the many ways in which the cognitive and the social

architecture impact on each other – the multiple feedback loops through

which perception, cognition and behaviour are modulated in response to

action. The intention here is to highlight the relationship between

information, knowledge and action as a process, and therefore to the ways

in which the process can be supported, or hindered, at different stages.

While Figure 6.1 is a vast over-simplification of a dynamic process, it

serves to highlight:

l the role of concepts in structuring knowledge of relations between

classes (situated understanding);

l the under-estimated role of constructs in structuring knowledge of

relations between actions and outcomes, leading to situated action;

l the role of feedback from the environment in reshaping or reinforcing

these in dynamic and adaptive ways;

l where and how technical, social, cultural or physical systems can

interface with this process – either positively or negatively.
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Phase 1: Perception

An initial understanding of the architecture mediating perception comes

from the basic building blocks of perception and cognition. Our

information-processing systems do not map one-to-one with reality, but

all display a deep structure, based on selection and interpretation that

builds on existing knowledge and expectations. This derives from the need

to process relevant information as rapidly as possible as the basis for

action – much as the reuse of patterns and frameworks in software design

can cut cost, time and risk.

For human information systems, speed of response and accuracy of

response evolved iteratively as a means of survival in a hostile environ-

ment. They continue to evolve in tandem with networked technology, in

the equally competitive forces of the competitive global business

environment.

Living organisms typically perceive and use a restricted number of

underlying dimensions (tacit and explicit) to select and interpret complex

information rapidly, affording competitive advantage where the speed and

accuracy with which knowledge can be created, transferred and acted on is

crucial. The following sections suggest how this happens, and why

sampling reality makes it difficult to transfer knowledge across wider

communities where there is no explicitly shared framework, and how

FIGURE 6.1 Knowledge as an adaptive interface between emerging information and
action
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crucial changes in the external environment are assimilated and

accommodated in cellular or social networks.

The basic unit of perception is similarity and difference, around which

we build dimensions of difference that are the building blocks for

understanding and action. The building block for cognition is the concept

or schema. The building block for action or behaviour is the construct.

Given that information systems have limited capacity for processing

information, the abstracting of information into a manageable number of

dimensions is a feature of all theories of human information processing.

The architecture of individual knowing, both explicit and tacit, starts with

the building blocks and the relationships between them.

Phase 2: Conceptual architecture

Conceptual maps of semantically similar clusters solve a lot of problems

for human information processing systems with limited capacity, limited

information, or limited time. They allow users to operate rapidly and cost-

effectively by performing operations on a manageable set of higher order

concepts, zooming into the level of detail only when necessary. (Visual

perception also operates this way, scanning and zooming in on target areas

rather than processing the entire field.) This allows for constant

accommodation and assimilation as new information is processed and

validated against existing examples in each conceptual category. The

existence of other examples can provide a benchmark for evaluating the

likely validity of new information or the need to extend or adapt the

defining characteristic of a particular category.

The existence of other users provides a further avenue for validating,

acquiring or interpreting new or unexpected information.

Interoperability in human information systems

The recurrence of particular solutions to the problem of knowledge

representation and knowledge-sharing across natural systems may have

implications for the design of knowledge management systems in socio-

technical contexts such as intranets, portals, supply chains and so on.

In natural information and communication systems there are generic

features that mirror those created in software systems:

l elements (e.g. actors, objects and concepts);

l constructed relationships;

l multiple perspectives.

A core of underlying categories for parsing our experience of the world

appears to be part of a generic architecture, which lends itself to reuse by

technical system designers. Action workflow maps, for example, have

agents and relationships which are analogous to these.
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Phase 3: Constructing and modelling action

Societies, communities and cultures invest a great deal of capital, social

and other, in maintaining, and occasionally adapting, shared bases. A great

deal of variation in performance is not accounted for by differences in

basic knowledge, but in our constructions of how to act on that knowledge

to achieve particular ends. The different constructions of Brazilian and

German operators in the automotive manufacturing supply chain in

Chapter 4 are a case in point.

In business systems, speed, cost and added value of new knowledge is

paramount. However, receiving information is several steps away from

making sense of it and implementing that knowledge in practice in ways

that create value. Currently, networked systems succeed in extending the

information available, but there is a need for more consideration of how

users will convert that into actionable knowledge towards shared ends.

Knowledge is not the problem

In interviewing technology managers and business managers, it became

clear that a perfect knowledge of each others’ areas of expertise would, in

itself, have done little to alter the choice of design solutions for extended

enterprise systems. Both groups typically had different aims, different

criteria for success and different bases for reward and reinforcement. It

was these which ultimately dictated preferred design and management

solutions. The promotion of preferred options, associated with particular

benefits for the contenders, was often a socio-political process. Knowledge

here was more for support than illumination unless very strict criteria had

been drawn up in advance, and strictly adhered to.

From concept maps to construct maps

While everyone is familiar with the concept map as means of sharing

conceptual knowledge, fewer people are aware that similar mappings

(construct maps) can be used to map our constructions of relationships

between actions and outcomes and to generate mental models. These

models of how things work strongly influence the way we act on

knowledge, yet they are often unconscious. They are also strongly shaped

by both experience (first- and second-hand) and by the models held by our

personal, professional or cultural communities – this is where cross-

cultural differences impact most.

By explicitly defining constructs of how we think things work, we

become aware of multiple views. These are often implicit, and rooted in

very different personal, professional and cultural experiences and beliefs.

The professional cultures of marketing managers and those of software

designers, for example, are built on very different models of effective

action, and very different criteria of what constitutes a successful outcome.
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Even if the two groups were to agree on the best course of action, the

actual outcomes would also be judged on very different criteria.

Social and socio-technical architecture

Social capital makes possible the achievement of ends that would be

impossible without it, or that could be achieved only at extra cost.

NAHAPIET and GHOSHAL, ‘Social capital, intellectual capital and

the organizational advantage’, 2000

As suggested earlier, social systems are also distributed, agent-based

information systems, designed iteratively over time to be cost-effective in

the generation, sharing and reuse of knowledge in a competitive and

volatile environment.

Human concepts such as trust can be construed as strategic responses

to these challenges (e.g. trust has been interpreted as a means of

optimizing outcomes and minimizing risk on the basis of past experience).

As networked systems increasingly replace or extend the range and nature

of social transactions they can benefit from building on this existing

architecture.

Designing or aligning distributed technical and human networks to

advantage requires some knowledge of the regularities and the dynamics

of both. Existing knowledge of how this can be managed is fragmented

across theoretical disciplines.

Actor network theory, social network theory, structuration theory,

enactment theory and dynamic systems theory are among a range of

theoretical approaches to the social architecture as a system, and a

grammar with useful principles and regularities.

Increasingly, the solutions from distributed systems in nature are

providing models for what have come to be called distributed agent-based

networks, where agents may be human or technical, and where the system

as a whole must adapt itself to volatile and competitive environments. It is

perhaps not surprising that survival in volatile physical and social

environments has shaped the visible and the invisible architecture of

biological systems in ways that have implications for socio-technical

systems.

Technical and semantic ‘interoperability’ are already well-established as

concepts. The interoperability of human and technical networks is still a

fragmented field, however, despite the huge costs and risks associated with

technically sound designs that fail to survive their first encounter with their

human operating systems.
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IMPLICATIONS FOR DESIGN AND MANAGEMENT OF SOCIO-
TECHNICAL SYSTEMS

Some of the examples in this book adopt the strategy of building the

technology around knowledge of the cognitive software we already have.

For instance, we categorize and represent what we know in terms of

similarities and differences. Concept maps organize information in this

way. Similar concepts are located in cognate sets, and make information

retrieval faster and more cost-effective by a range of reinforcing

mechanisms that draw on our own conceptual software.

Extended enterprise networks go beyond the reach of the evolutionary

mechanisms by which social groupings facilitate, modify and reinforce

their shared bases. (Socialization, acculturation, development of shared

values, the reinforcement of particular behaviour, the rooting of this in

shared stories, scenarios and roles.) The works of Piaget and Vygotsky are

primary sources for this, as are the works of recent authors drawing on the

structuration of behaviour in distributed social networks from insect

colonies to terrorist networks and military agents in the field. Some of

these are listed in the Further Reading section. While many are highly

specialized and technical, they represent some of the most fascinating

cross-disciplinary sources for socio-technical systems design and manage-

ment. They are made compelling by the fact that they describe iterative

natural solutions to the difficulties inherent in designing or managing

distributed agent-based systems in a competitive and volatile environ-

ment.

Networked systems have to compensate for the lack of a social glue to

create shared contexts, shared frames of reference. A shared stage with

known roles and preferred outcomes needs to be either hard-wired

genetically, or explicitly fostered by social, organizational or technical

means if distributed actions and distributed knowledge are to be

harnessed to advantage.

The cases clearly showed, for example, that by explicitly defining or co-

creating generic frames of reference, collaborating project teams are more

likely to be able to make collective sense of distributed knowledge across

different departmental and professional cultures.

At one end of the design spectrum this may take the form of constraining

actions to fit pre-defined technical parameters where there is little scope

for human input – neither adding nor subtracting value. In others it may

take the form of identifying useful cognitive, social or cultural dynamics

and using technology to extend or enhance these – adding value by

harnessing existing forces, but with an element of risk. This corresponds to

Hutchens’s approach of cognitive enhancement, or Burt’s approach to

social network theory – mapping information in terms of meaningful social

structures to support sense-making and contingent action in context.
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In terms of management, shaping or enhancing organizational beha-

viour around preferred outcomes is not only about mapping and aligning

knowledge; it is also about mapping and aligning appropriate action. This

can be mapped equally well, and is in other disciplines. Moreover, it

provides a missing link with the socio-political dynamics that is patently a

factor in decision-making.

Mapping knowledge and constructed actions

Concept maps have been one of the most pervasively used web-based

systems for supporting collective knowledge-sharing in this way: their

intuitive effectiveness builds on the cognitive architecture of information

processing. Their migration from paper to web has allowed them to aid

collective knowledge-sharing and knowledge-building across distributed

networks in ways not previously possible. This has created a genuinely

socio-technical tool that uses the storage and communication capacity of

networked systems, and the rich diversity of distributed knowledge across

multiple professional communities within a defined conceptual frame of

reference.

Construct maps have similar potential for making the invisible visible,

and supporting discussion of the benefits of particular choices of action for

particular stakeholding groups. While some of this is exploited in decision-

making tools such as Banxia (www.banxia.com), this is surprisingly under-

utilized in business, as compared with other disciplines.

Just as concept maps highlight differences in perceived relationships,

construct maps can highlight differences in perceived relationships

between actions, outcomes and benefits. In other practice based contexts

such as education, psychology and nursing, this is a long-established basis

for enhancing individual or organizational performance through discus-

sion with peers or expert others.

Networked organizations are increasingly seen as having the potential to

create value through social capital, yet the mechanisms whereby this can

be achieved are not clearly articulated in ways that are specific enough for

system designers or managers. Where examples exist, the principal

strategy is to build on the existing architecture of human systems. A

prominent example here is Burt’s mapping of social communication

networks within or between organizations, as a basis of identifying

structural holes, the bridging of which creates exchange and value.

However, these also have to go beyond consideration of information and

knowledge, and include consideration of the different constructions of

appropriate action, and the socio-political constraints and dynamics of

implementing it in practice.
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7 Implications for Designers and
Managers of Socio-technical
Systems

�System archetypes� or �generic structures� embody the key to learning to see
structures in our personal and organizational lives. The systems archetypes — of
which there are only a relatively small number — suggest that not all management
problems are unique, something that experienced managers know intuitively . . .
Just as in literature there are common themes and recurring plot lines that get recast
with different characters and settings, a relatively small number of these archetypes
are common to a very large variety of management situations.

Peter Senge, The Fifth Discipline, 1990, p. 94.

SEEING THE INVISIBLE ARCHITECTURE

Extended enterprise systems increasingly support working relationships

with external groups whose cooperation is central to competitiveness,

such as first-, second- and third-tier suppliers, companies to whom

aspects of the business have been outsourced, and staff in partner

organizations. As technology extends the potential for collaborative

partnerships, it extends the need for seeing how interrelated social,

organizational and culturally defined processes can be mapped and

managed in ways that create value rather than costs. ‘Seeing’ the cognitive

and the social processes in action in familiar contexts makes it easier to

identify recurring dynamics of this ‘invisible architecture’ and evaluate the

impact of different strategies for mapping and managing it to advantage.

We need to:

l make soft processes more visible by mapping concepts, constructs

and networks;

l make them more tangible by ranking and weighting;

l integrate measures of soft processes into the strategic management

toolbox.

In complex systems covering multiple organizational, geographical,

cultural and political communities, the impact of non-technical processes

on competitiveness is increasingly an issue of concern. In industry groups
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such as the automotive and oil and gas industry, variations in performance

across sites in collaborative enterprises are a particularly crucial

component in competitiveness – yet there is little in traditional training

to highlight either awareness of, or strategies for, aligning distributed

human and technical systems to advantage in this way.

Social networks are distributed information systems in their own right,

with architecture capable of operating in volatile environments, and with

incomplete information. They filter, reconfigure, reconstruct, adapt and

implement distributed knowledge to collective ends in ways which offer

both opportunities and challenges to system designers and managers.

We have tried to highlight a range of strategies to leverage the collective

technical and human resource to business advantage, such as:

l enhancing the reach of the cognitive, the social or the cultural process

for sharing or reconstructing knowledge;

l building technological systems around the cognitive or the social

network;

l mapping distributed cognitive or social behaviour in networks, as a

basis for enhancing or interpreting outcomes;

l identifying recurring socio-technical dynamics that can inform

choices in the design or management of distributed networked

systems.

IMPLICATIONS FOR TOOLS AND TRAINING

There would seem to be an argument for the development and use of case

studies in professional development as a means of putting recurrent

scenarios in a real and rich context for comparison, analysis and

discussion. Currently, awareness of the impact of socio-technical

problems on competitiveness is not matched by coherent guidelines for

identifying and dealing with them.

In addition, dependence on largely quantitative tools (e.g. indices of

financial costs or technical interoperability) could provide managers in

any technically mediated system with a potentially costly and misleading

misrepresentation of the emerging risks and opportunities. The capture

and transfer of tacit knowledge of less tangible social or socio-technical

processes in the different domains in the supply chain is arguably a

necessary element in the effective design and management of these closely

associated systems. The ‘dark continent’ in the knowledge available for

supporting decisions in the design and management of the supply chain is

increasingly an issue of concern to senior management and there are

numerous examples in practice of the potential cost of planning based on

limited knowledge.
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As networked systems straddle organizations and countries, they

increasingly connect disparate groups who cannot safely be assumed to

share common bases for understanding or for preferred actions. ‘Common

sense’ in one context may be neither ‘common’ nor ‘sensible’ in another,

where beliefs, interpretations and contexts for application are different.

The tacit knowledge that could inform better design and management of

processes and systems in the supply chain is in the system; however,

existing supply chain improvement tools currently are geared to mapping

more explicit and easily quantifiable knowledge.

Observations during supply chain improvement workshops in the UK,

Germany and Brazil suggest that although a wide range of tools were

evident as a means of ranking, categorizing, analysing and planning, the

capture and coding of knowledge for inclusion in the planning process

were used almost exclusively with quantifiable data such as costs from

particular domains. However, research suggests that a major impediment

to competitiveness in ICT-dependent organizations can be a lack of access

to knowledge about interdependencies between technical, social, organi-

zational and cultural systems.

Figure 7.1 summarizes the typical elements in the strategic managers’
toolbox. The list is derived from a set used in workshops to enhance supply
chain management in a consortium of oil companies.

The major problem with including so-called soft processes in system

design and management is the perception that these cannot be captured

for use with other quantitative measures. The default strategy in practice

has often been to leave them out altogether. One way round this is to use

subjective rankings or weightings to generate the kind of quantitative

measures that are compatible with the type of tools that are already in use.

In addition to quantitative feedback normally requested from distributed

centres, it should be possible to request rankings of the costs incurred and

the time spent on non-technical management processes. These would go

some way to providing the kind of early warning system that is lacking in

Figure 7.1 Typical supply chain improvement tools
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many extended systems. Additionally they would give a profile of emerging

areas of cost and risk which could inform design management or planning

priorities.

The typical tools for ranking (e.g. Pareto), prioritization (e.g. opportunity

potential assessment tools) and strategic planning (e.g. Porter analysis and

Boston Matrix analysis), can be used with qualitative data as well as

quantitative data (if this is captured and coded in the first instance).

Extending use in this way allows a more realistic inclusion of the resources

required to address the non-technical issues in the supply chain and,

perhaps, a more insightful focus on the less obvious factors affecting the

cost-effectiveness of the supply chain.

CONCLUSION

Funding agencies are increasingly looking at research on the potential for

synergies between social and technical systems – particularly in terms of

knowledge sharing and knowledge generation in distributed systems. The

thrust of research and development is moving from concerns about

technical interoperability to semantic interoperability between distributed

communities and synergies between coupled systems.

We hope that these cases go some way to raising awareness of the nature

and impact of interaction between distributed technical and human

systems – both as a challenge and an opportunity. They are intended to

highlight the fact that there are tangible structures and dynamics in socio-

technical systems and also recurring scenarios which have the potential to

cut costs, cut risks and add value in what is an increasingly high cost, high

risk endeavour. The comments of managers suggest the need for

dissemination of a wider range of strategies and tools at the level of

system design and strategic management, as well as a greater use of socio-

technical cases studies in undergraduate training and professional

development.
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Appendix: Glossary of
Theoretical Terms

SOCIAL NETWORK THEORY AND ANALYSIS

Social network theory is a relational approach that takes the unit of

analysis to be the set of elements and relationships and their properties, as

opposed to the properties of the individual elements. It analyses the

structure of relationships between individuals, groups or organizations

and relates this to behaviour or beliefs. The analysis techniques may refer

to different aspects of the communication structures of organizations such

as:

l communication patterns;

l identification of groups;

l communication roles (e.g. gatekeepers) and types.

It is associated with the original work of Barnes in 1954 on social networks

in Norway, and the work of Rogers in 1986 on communication theory and

the work of Burt (1992) on the ways in which value can be added through

analysis of communication flows in existing social and business networks.

A raft of new work is now emerging here in social psychology,

communications and business. Castells’ The Rise of the Network Society

(1985) is one of the more salient publications that build on this

conceptualization.

Knowledge of these structures can help predict or explain outcomes, or

likely relationships between nodes, where no data is available. For

example, in a business context, there may be efficient but invisible

networks of informal communication that explain organizational beha-

viour not evident from an analysis of the more visible formal channels of

communication.

If the organization can be represented as a network of actors, then

structure, form and the effects of technology can be represented by

describing the links (human and computer-based) between these actors.

This has obvious applications in networked systems where both human

and technical dynamics and relationships need to be considered.

It is fair to say that social network theory has provided a new set of tools

for analysis of socio-technical systems where the role of culture, power,

norms, expectations and so forth need to be included. A range of

applications is overviewed in Monge and Contractor (2003).
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STRUCTURATION AND ADAPTIVE STRUCTURATION THEORY
(AST)

This is derived from Anthony Giddens’s structuration theory in 1984, and

has increasingly been used to study the role of information systems on

organizational change. The theory views groups or organizations as

systems where the members create the structures that produce and

reproduce it. It focuses on the ways in which the members of social

systems themselves create and recreate the invisible architecture of the

system which regulates and coordinates behaviour. Systems and structures

are seen as acting to reinforce and recreate each other.

An outside observer might wonder, for example, why drivers follow

certain rules at lights and crossings where physical architecture does not

constrain options. The theory deals with the observation that members of

social groups produce, reproduce and observe agreed rules that are not

evident to those external to it.

This has been applied to the understanding of social systems that are

mediated by technical systems, and where both are potential actors in a

complex ‘coupled’ system geared to competitive ends. In this, the works of

DeSanctis and Poole (1994) and Orlikowski (2002) have been particularly

influential.

At a level below, developmental psychologists such as Vygotsky have

already established theories that deal with the ways in which these rules

and regulations can then be disseminated and validated within society as

part of the development and the cultural process of ‘assisted learning’

within the family or through interaction with significant others.

At a level above, the emergence of structure in initial system states has

long-term implications for subsequent development, and this provides a

link with more general theories of complex systems (see Systems Theory

below).

There are interesting parallels with complex adaptive systems in nature,

such as ant colonies where structure also evolves through complex

interaction in a distributed and autonomous system (Segel and Cohen,

2001). Distributed self-regulating in nature, systems provide continuity,

coordination and are adaptive – producing new rules and structures in

response to external change, without the need for external direction.

Increasingly, system designers are looking at the evolutionary strategies

evident in natural systems to achieve this degree of stability and flexibility

in the context of volatile and competitive markets. Increasingly, experi-

mental work in this area is based on system simulation of large agent-

based systems of human and non-human agents cooperating in a shared

environment such as the internet or the grid to achieve a task.
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ENACTMENT THEORY

Enactment theory follows on from this. It is a view of social construction in

which the action itself brings into existence structures and events. It

suggests that systems and organizations achieve continuity and stability in

the coordination of behaviour by the ‘enactment’ of those rules and

patterns of behaviour that have already been established. As in structura-

tion theory, the social system itself both produces and reproduces the

behaviour that creates it. It is associated with Weick (1995) in the context

of business organizations, and with Orlikowski (2002) in the context of the

use of technology in business contexts.

An interesting parallel comes from the ‘songlines’ in Aboriginal society

in Australia where the world has to be ritually sung into existence, or

enacted, with each tribe responsible for the preservation of the part of the

song relating to their own geographical area, and the Dreamtime ancestors

that created it. Without this enactment, the world of the Dreamtime would

disappear according to the traditional belief system, together with all the

embedded geographical, social and cultural rules for travel, trade and

interaction (Chatwin, 1998).

Enactment theory is consonant with other theories on the emergence of

structure in other distributed networked systems (see Systems Theory

below).

ACTOR NETWORK THEORY (ANT)

Actor network theory is an influential theory (abbreviated as ANT) initiated

by Bruno Latour and Michael Callon (1992) in the Ecole des Mines in Paris,

France. It focuses attention on the networks that engineers and scientists

create to get their projects done. These networks involve a range of

different resources, agents (e.g. human or computer agents) and types of

capital (e.g. social capital).

It has provided an array of concepts for describing the development,

design and management of science and technology in society, and a

systematic way of bringing out the invisible infrastructure of other

resources that contribute to scientific and technological achievement. It

relates to theories such as structuration theory and enactment theory in

that it derives from an analysis of the negotiation and representation of

identities, roles and strategies of interaction between agents in a social

network.

The most important of these negotiations is translation, in which actors:

l construct common definitions and meanings;

l define representivities;

l co-opt each other to achieve objectives.

Appendix: Glossary of Theoretical Terms

69



 

ANT differs from other sociological approaches in that it makes little

distinction between human and non-human actors or actants. It is also

unusual in that it does not assume that the beliefs and actions of actors

can be pre-determined. In this there are interesting potential links to

theories of dynamic systems design, and the means by which stable or

recurring patterns of behaviour develop in complex, dynamic, agent-based

systems in biology, defence and business systems involving networks of

human and technical agents.

A range of definitions from well-known figures in the field (Jay Lemke,

Michael Goguen, Michael Callon and Thierry Bardini) are available on

carbon.cudenver.edu/~mryder_data/ant_dff.html.

SYSTEMS THEORY

Sytems theory is a cross-disciplinary approach, which has come

particularly to the fore in the analysis of complex and adaptive systems

in nature (e.g. ant colonies, neural networks) and in society (e.g. global

business systems, agent-based defence systems).

The theory argues that even in very complex systems there is

organization, and there are stable patterns of behaviour, regardless of

the domain. The underlying rules through which these regularities are

created are seen as central to the understanding, design or management of

the wide range of systems in nature and society which are complex,

adaptive and self-regulating.

There are overlaps here with those theories already mentioned, which

deal with the structuring and the enactment of behaviour within systems.

Systems theory is, however, more concerned with the behaviour of the

system as a whole in response to these and other factors.

Networked business systems are among the complex networks that can

be looked at from this standpoint, in that they now encompass very

complex, coupled technical and human networks that adapt to changing

local and global needs. In this DeSanctis and Poole (1994) are seminal

authors.

More traditional and deterministic approaches that have been useful at a

local level have failed to provide a reliable means of anticipating or

managing the behaviour of such systems at the global scale. This has

fuelled a series of related theoretical developments (cybernetics, systems

theory, dynamical systems theory and agent-based systems) on the

structure and function of such systems.

Grid-based systems currently provide a central arena for this, having

moved from the challenge of designing and managing the technical

interoperability to the challenge of operating across different commu-

nities, with different perspectives, aims and modus operandi.
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SOCIO-TECHNICAL SYSTEMS

The socio-technical systems movement addresses the role of social and

technical dynamics in determining the outcome of work-based systems. It

grew originally from the early work of Mumford (2003), Pasmore (1988)

and Trist (1981) in the English coal mining industry, where mechanization

had decreased productivity. Trist proposed that manufacturing and other

systems involve the interconnection of both human and technical strands

to determine performance. The work of this group at the Tavistock

Institute has since been applied to networked information and commu-

nications technologies in business and other systems.

Extended networked systems in business contexts depend heavily on the

coordination of both technical and human systems across multiple

organizations. While the technical interoperability of these systems has

been addressed to a large extent, the interoperability of human networks

(cognitive, social, semantic, cultural) has only come to the fore as the cost

of ignoring it has become apparent.

As with other complex adaptive and distributed systems, socio-technical

systems display regularities that can be of use to system designers and

managers seeking to build on known synergies and avoid known risks in

what is a high cost, high risk enterprise. This book uses case studies to

highlight the impact of failing to address business systems as coupled

systems, and the potential for aligning them to competitive advantage.

Taylor and Felten (1992) also look at this in an American context.
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