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Abstract
The construction industry is highly fragmented, consisting of a large number
of very small companies that come together as members of non-collocated teams to
complete building projects, and who subsequently may never work together again.
The industry still faces various challenges in terms of human and organisational
issues. The Virtual Enterprise (VE), and other variations of the paradigm, relies on
forming
as
elements
an alliance or aggregation towards
networking organisations
being
Rather
VE
than
the
or
opportunity.
a completely new
purpose
specific
some
industry
its
has
form,
the
adopted
many of
characteristics
construction
organisational
in its modus operandi for some considerable time. The construction industry does not
in
faces
VE
many problems. These problems
and consequence
operate effectively as a
could be addressed by the development of ICT solutions geared towards digitally
enabling the VE.
The success of collaborative work, and the successful design and uptake of
such ICT tools to support that work relies not merely on the introduction of different
technologies,

however,

but

also on critically

analysing

`human'

aspects of

organisation. Using applied research and drawing on a central case study in which a
VE solution was developed, tested and evaluated in the context of `real world'
scenarios, the thesis addresses the socio-organisational

aspects of technological

intervention and seeks to answer four research questions dealing with the above. The
main results include recognition that whilst ICT are advanced enough to offer adapted
solutions to digitally
sufficient.
employing

enabling the construction VE, the technology alone is not

The construction industry is not yet ready to move to an approach
latest ICT

development, due to the need to manage human and

organisational issues central to technological intervention. The thesis finally offers
business recommendations

highlighting

and mapping

the critical

human and

organisational decisions that need to be considered.

X111

Introduction

Chapter 1
Introduction
Background; Aim and objectives; Methodology; Scope and
focus of the research; Background and contribution of the
researcher; Structure of the thesis; Conceptual model of the
thesis

1.1 Background
Construction is the largest industrial sector in the EU. As such it is also the
largest employer, and every job in construction engenders further jobs in other
firms
by
is
It
teams
of
separate
who come
non-collocated
sectors.
characterised
together for a specific project and may then never work together again. Furthermore,
there is generally no dominant actor to enforce ICT

solutions for the team,

information exchange is not normally contractually controlled, and the industry is
project oriented with all actors being involved in numerous projects concurrently.
Both organisations and individuals participating in construction teams bring their own
unique skills, knowledge and resources to the projects, including proprietary and
commercial software applications.
Current ICT solutions employed on construction projects tend to be fixed
rather than open, and frequently lack support (see Section 2.4.6 below). Recent
has
1998)
(Vakola,
Zarli
1999;
shown that the solutions in use present
et al,
research
including
that they are often prohibitively
characteristics

expensive particularly for

(SME),
(of
to
enterprises
size
which there are quite literally thousands
small
medium
in the sector - see Section 2.4), and offer only limited growth paths in terms of
hardware and software. Moreover, there is often a requirement to organise the
enterprise around the adopted technological solution (Rezgui, 2001). Within this
industry
faces
the
still
various challenges in terms of working practices
context
including communication, information exchange and management, co-ordination of
interactions between actors in dynamic business relationships, and co-operation in
planning and scheduling resources in non-collocated teams.

I
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The sector is in need of tools and infrastructures that support co-operation
between geographically dispersed teams. Such infrastructure should give construction
project participants increased flexibility

information
to
and effective access
project

industry
its
form,
format,
location.
Given
the
the
regardless of
and
above,
construction
in
it
in
does
do
(VE),
effect
as
a
virtual
enterprise
so
an efficient
operates
yet
not
is
The
theme
the
thesis
therefore
to research the possibility of providing
of
manner.
digital support for the industry in the context of a VE.

1.2 Aim and objectives
The thesis seeks to answer one main research question, and three subsequent
supporting and scoping questions:

1. Is the construction industry ready to move from a paper-basedapproach to
innovative
information
to
on
modelprojects,
an
collaborating and sharing
basedapproachmaking use of the latest developmentin ICT?
2. Is the technology advanced enough to offer adapted solutions to the very
characteristicsof the constructionindustry?
3. Is the technology on its own able to provide a solution to the needs and
aspirations of construction end-users?

4. Given the characteristicsof the constructionindustry, doesthe industry require
a new businessmodel in relation to the purchaseof ICT offering an affordable
for
SME
Clients
and
on projects?
and profitable solution
In order to answer these questions, the research methodology employed
following
the
to
eight objectives of the thesis:
satisfy
endeavours
1. Clarify the conceptof a Virtual Enterprise.
2. Understandthe current practices, limitations and barriers, in organisationsand
in
on projects the constructionindustry.
3. Provide a high-level process specification supporting ICT-based inter- and
intra-companycollaboration and communication in the constructionindustry.
2
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4. Provide a Conceptualisationsupporting the high-level processspecification of
Objective 3.

5. Monitor

/

Orchestrate and provide useful contribution towards the

developmentof a proof of the conceptof Objective 3.
6. Deploy the proof of conceptimplementationsinto real end-userscenarios.
7. Test and validate the resulting proof of conceptprototype deployment.
8. Analyse the outcome from the evaluation of the prototype and elaborate
businessrecommendations.

1.3 Methodology
The researchcontainedwithin this thesis is first and foremost applied research.
The main research question, in seeking to consider whether or not the industry is
`ready' to move from its current methodsof working to an approachthat utilises latest
ICT developments, implicitly addressesthe `soft', people issues, as it is humans
within their organisational context(s) who carry out the work. The research is
therefore also socio-organisational,as the primary focus in the main researchquestion
concernsthe human and organisationalaspectof technological developmentin a `real
world' context. The starting point of the methodology is a literature review that
focuses on three main elements: organisational theory, the VE, and the European
construction industry.
The methodology is driven by a central casestudy, which provides the test bed
for the ICT solution sought to enable the construction VE. This case study is the
recently

completed

OSMOS

(Open

System

for

Inter-enterprise

Information

Management in Dynamic Virtual Environments) project, funded by the European
Commission

under the IST programme (IST-1999-10491).

This case study is

supported by two related IST projects - the ICCI and VOSTER cluster projects - both
of which are ongoing at the time of writing. The OSMOS project adopted an action
research approach and followed an iterative and incremental development cycle.

3
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A flexible design is used to gather primarily qualitative data, though
employing a triangulation approach, and as the focus is applied research the
methodology incorporates field trials to test and evaluate the proposed solution in the

casestudy.

1.4 Scope and focus of the research
The scope of the research is encapsulated in the main research question, thus
combining human and organisational issues with technical development as explained
is
focused on primarily the human and organisational (i. e. `soft')
The
thesis
above.
issues, the procedures employed in modelling the organisations prior to development
of the technology, and the testing and evaluation of the overall approach taken and the
tools and systems developed.

The research for the thesis has been carried out primarily in the OSMOS
project and is therefore constrainedby the lifespan of that project though the two
cluster projects are ongoing and serve to add to and enrich the researchresults from
OSMOS and the literature.
The nature of the proposed solution under investigation is such that it could
result in introducing change, not mechanistically, but in terms of people; introducing
changes that may directly affect the way people work and potentially changing their
world view. Imposed changes are difficult

for people to accept and readily adopt,

thus, as this research is pragmatic in nature, a participatory methodology was seen as
one with a far greater chance of success, and thereby offering the possibility of more
in
`real
terms
of
a
world' context than a machine-minded approach
meaningful results
would offer.

1.5 Background and contribution

of the researcher

The Researcherwas originally trained as a cartographer, and was employed

for six years,initially with OrdnanceSurvey the UK nationalmappingagency and
subsequently with BP Petroleum Development Ltd. He then spent ten years in
4
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business,primarily in financial services. Since graduating in 1999 with a first class
honours degree in Information Technology, he has been employed as a researcher
working on the OSMOS, ICCI and VOSTER projects.
The Researcher took a leading role in the OSMOS project, contributing
throughout the complete project lifecycle. The main role was leading all of the human
including
the validation and testing of the solution, with a
aspects
and organisational
in
the requirements capture and modelling phases. In the ICCI cluster
prominent role
the Researcher is involved in all stages of the project throughout its duration, and is
leading the human and social issues work. The Researcher is also involved in all
lifecycle
the
throughout
of the VOSTER cluster.
project
stages

1.6 Structure of the thesis
Chapter 2- Researchcontext and backgroundreview: this chapterpresentsan
in-depth, critical, literature review for the study. The literature selection is basedon
the overall aims of the thesis as outlined above, and reviews the relevant aspectsof
organisationaltheory, the VE, and the Europeanconstruction sector.
Chapter 3-

Researchmethodology: this chapter includes a review of the

principles of research,a description of the derivation of the researchquestionsfor the
thesis, and the chosen methodology, including the methods and survey instruments
developedto collect the necessarydata.
Chapter 4-

Businessprocessmodelling: this chapter presentsthe high-level

modelling carried out in the requirement capture phase of the thesis case study (the
OSMOS project). It presents the method employed to capture and analyse current
processes, and presents in detail the resultant VE process model.

Chapter 5-

Proposed VE solution: this chapter presents the proposed

construction VE solution realised within the case study. It includes an in depth
description of the methodology and outcomes for the specification of the proposed
details
the prototype developedfrom this specification.
solution, and
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Chapter 6- Results: this chapter presents the results from the various surveys
described in Chapter 3. It includes results from the questionnaire survey, interviews
and field trials held within the case study project. The field trials test and evaluate the
VE prototype described in Chapter 5, and the underlying models and concepts from
Chapter 4.

Chapter 7- Discussion: this chapter draws together all of the elementsfrom
the preceding chapters to enable the research questions to be answered. It includes a
discussion
VE
the
the
to
the
and
problem
concept
as
applicable
research,
of
review
from
benefits
Chapter
6,
discussion
the
the
of
of
potential
results
and synthesis of
business
the
elaboration
of
recommendations, and
approach,
proposed
adopting
presentation of a `real world' exploitation of some of the concepts.

Chapter 8- Conclusion: this chapterconcludesthe thesis. It includes a section
addressing the answers to the research questions, the contribution of the thesis,
limitations of the research,and suggestionsfor possible future research.
There are 5 appendices for reference, which contain copies of the survey
instrumentsdevelopedand usedwithin the researchmethodology.

1.7 Conceptual model of the thesis
In order to facilitate understanding of the structure of the thesis, and to give
the reader an easily accessible, high-level, overview of the methodology employed to
below
depicts
`conceptual
Figure
1
the
the
of
study,
a
objectives
satisfy
aims and
form.
in
diagrammatic
the
thesis
model' of
Any meaningful research study involves a circular relationship with the body
in
knowledge
a given domain. This is depicted in Figure 1 by the bold
of extant
bottom)
(top
indicating that the literature review draws from the body of
and
arrows
knowledge, and ultimately, in answering the research questions the thesis in turn
should contribute to the body of knowledge.

The central case study of the thesis (OSMOS) is depicted as drawing on the
literature review itself. In terms of the Researcher'sinvolvement in the case study,
6
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and contribution to the body of knowledge via this thesis, the input from the literature
review was primarily concerned with grounding the human and organisational aspects
needed within

the requirements capture, processes, and evaluation and testing

elements.

Literature
Review

-,
-

Case study (OSMOS)
x,-

equirements

Tech. Design/
Prototype

Processes
Evaluation
Testing

Results &

Discussion

&

1_

VOSTER

ý_;
ý

research Questions
Figure 1: Conceptual model of the thesis
As the OSMOS project is a member project in ICCI and VOSTER, it feeds
forward to these supporting case studies, and together, all three contribute to the
results and discussion chapters of the thesis. (As ICCI and VOSTER are ongoing at
the time of writing, the results from these case studies also contribute to the literature
review for the thesis). It is from the results and discussion (with ongoing support from
the supporting case studies) that the research questions are answered, and from the
answers the thesis in turn contributes to the body of knowledge.
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Chapter 2
Research Context and Background Review
Review of organisational theory; Review of the Virtual
Enterprise; Review of the European construction sector.

2.1 Introduction
The overall driver of this thesis is the research question querying whether or
industry
is
in
latest
developments
to
technological
the
ready
adopt
construction
not
its
By
very nature this question demands the study
place of current working methods.
not only (nor indeed primarily)

of the technology, but also the nature of the industry,

the ways in which people and organisations work together, and so on; in short the
`human' aspects involved in technological change. This chapter presents an in-depth,
in
for
literature
the research process
the
study;
an
essential
phase
critical,
review
allowing the researcher to delimit the problem under investigation (Patton, 1990). The
literature selection is based on the aim and objectives of the thesis as outlined in
Chapter 1. It begins with a review of pertinent aspects of organisational theory: firstly
viewing the organisation as a system and highlighting

the structure, culture and

business
levels
management
and change
processes attributes; secondly reviewing
management issues, highlighting

the human factors relevant to technological

intervention; and thirdly reviewing the theory and concepts behind teamwork. The
following

literature
`Virtual
the
the
regarding
section reviews

Enterprise' (VE),

including clarification of the concept, a view of VE types and the VE lifecycle, and
emphasizing the key characteristics of the paradigm. The European construction
initially
is
then
examined,
addressing its definition and context; this is followed
sector
by a review of business processes and re-engineering; an examination of the use of
ICT in the industry; current ICT best practice; and a short review of available
commercial ICT solutions to the construction industry, finally, after summarising the
important characteristics of the sector, the construction industry as a VE is addressed.
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2.2 Review of organisational theory
The successof collaborative work, and the successful design and uptake of
ICT tools to support that work relies not merely on the introduction of different
technologies, but also on critically analysing the `human' aspects of organisation, as it
inevitably leads to changes that people either accept or resist (see for example Moniz
and Urze, 1999; Grudin, 1991; Cugini et al, 1999). Equally, the VE, being a
temporary alliance of organisations, requires the beneficial amalgamation of differing
its
each
with
own characteristics. This section therefore draws on the
organisations,
large body of research that has been carried out in relation to organisational theory.

2.2.1 The organisation as a system
It is widely agreedthat the approachof viewing an organisation as a system
offers insights into its workings (Robbins, 1987). This approach views the
organisation as a whole, but also within a larger environment (Burnes, 1996), and as
an open system having multiple channels of interaction (Mullins, 1993). Figure 2
depicts the organisation as a systemthat receives inputs from, and produces outputs
to, its environment (Senior, 1997).
Commonly within organisationsthere are two main sub-systems- the formal
and informal

sub-systems. (Miller,

1967), however, argues that there are four

principal sub-systems: the organisational goals and values sub-system, the technical
sub-system,

the

psychosocial

sub-system,

and

the

managerial

sub-system.

Nonetheless, these sub-systems are subsumed in the bounds of the two depicted in
Figure 2). Detailed descriptions of the processes and protocols within the formal subsystem of an organisation are often readily available, and apparently accepted and
informal
The
understood.
sub-system, however, is generally less well understood, and
has
influence
more
often
yet
on the organisation than is recognised at face value. It is
clear from Figure 2 that the major aspects of each sub-system are human in nature.
Indeed it is the people, who define any business organisation, whether it is a large
multi-national company, or a small/medium size enterprise (SME).
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INPUTS
"
"

ENVIRONMENT

materials
resources

The Organisation
Formal sub-system
management
strategy
goals
\

operations

structure

technology

culture

politics

leadership
Informal sub-system

"

"

Organisational
goal
achievement
employee
satisfaction

OUTPUTS

Figure 2: The Organisation as a System(Senior, 1997)

The development of organisational theory has evolved through varying
approaches: classical, human relations, and contingency theory (Burnes, 1996).
Various approaches have also been made to modelling enterprises, (Nadler, 1980;
Harrison,

1994; Rüegg-Stürm

2001)

according

to different

theoretical

bases

(including computer science, systems theory, production management, organisational
management), and to different application areas (information system design, business
process reengineering, etc.) (Chen et al., 2002). In the St. Gallen Management Model
(Rüegg-Stürm, 2001), which views enterprises from an organisational management
perspective, the organisation has been modelled as a complex system:

"

Manifold and not immediately apparentrelationships and interactions exist
betweenthe system'selements;

"

Due to the `idiosyncrasies' of, and various feedback effects between the
system's elements, these relationships and interactions are in a state of
continuous and only marginally predictable development;
10
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Results `emerge' from these relationships and interactions (i. e. the systems
behaviour): they cannot be traced back to the behaviour of individual
elements in any way, but originate in the interaction of the system
elements and depend principally
on particular patterns of ongoing
interaction (Rüegg-Stürm, 2001: 4).

"

Modelling

organisations has allowed better understanding of behaviour

through observation, description and analysis, yet the complexity of an organisation
(from such a systems perspective) indicates that the ability to predict behaviour is
fairly limited, and equally so is the possibility to design or operate the organisation in
a purely mechanistic fashion.
Figure 3 depicts the `core' of the organisation from a strategic and functional
perspective.

al8g\®5
Management

S«VGýVýes

CV\<Výgý
ýA

"Q
9

Processes

Context
Business Processes

Support Processes

Figure 3: Core of the model of thefirm ('model core) (Rüegg-Stürm, 2001)
The model is included here to aid understanding the orientation and workings
of the organisation within its context, and not as a normative endeavour. It depicts
three principal dimensions within the organisation:
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The first views the organisation from a process perspective (management: e.g.
orientation, strategy development, operations; business: e.g. market development,
supply chain management, innovation;

support:

e.g. human resources, finance,

information and IT, legal, etc.). Processes are an integral part of an organisation's
added value, recognised in Porter's (1985) primary and supporting activities within
the `value chain'. The importance of analysing processes has gained increased
prominence, however, with the increase in the use of ICT, and the advent of business
(BPR)
(Hammer and Champy, 1993; Davenport, 1993). A
re-engineering
process
horizontal, process view of the organisation, as opposed to the traditional vertical
view - around discrete functions such as purchasing, warehousing, production,
personnel, etc. - with planned interventions in the organisation's process, are now
seen as key to organisational development (Schnitt, 1993; Beckhard, 1969).

The second dimension views the organisation from the perspective of
is
directing
The
the
strategy
cultures.
of
an
organisation
strategies, structures, and
function of corporate activity in order to determine success- repeatedly `doing the
right things' (Drucker, 1967). The structure of an organisation then provides the coordination acrossand within processes,to ensurethat things are done in the right way.
The culture of an organisation embodiesthe common senseof purpose, which may
"find expression in a strong, explicitly stated or implicit vision and a harmonious
collective identity" (Rüegg-Sturm,2001:7). Charles Handy (1999:183-191) observed
four main types of organisationalculture, which he related to particular organisational
structures:
"

Power culture: frequently found in small entrepreneurial organisations
such as occasionally in trade unions, and in some property, trading and
finance companies. This culture is associated with a web structure, which
depends on a central power source exercising control.

"

Role culture: is often stereotypedas bureaucracy,and works by logic and
rationality. It stressesthe importance of proceduresand rules, hierarchical
position and authority. This culture is associateswith an hierarchical
(Greek temple) structure, with the role, or job description, often being
more important than the individual who fills it.

"

Task culture: is job or project oriented, `team' culture, where influence is
basedmore on expert power than on position or personalpower. The focus
12
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is on getting the job done rather than strictly prescribing how it is done. Its
accompanyingstructure can be representedas a net, the so-called `matrix
organisation' being a structural form of the task culture.
"

Person culture: this is unusual and does not pervade many organisations.
The individual is the focus of this culture, with a minimal structure that
in
it
is
if
individuals
decide
their
together
they
to
allows groups of
work
own interests to do so. Its accompanying structure is a `cluster', like a
galaxy of individual stars.

The culture of an organisation is particularly

important in instances of

technological intervention, as it is critical to success in organisational change (Section
2.2.2.1). It represents the basic assumptions, values and norms of an organisation's
members (Schein, 1990), and as organisations are societies in miniature showing their
own cultural characteristics (Silverman, 1970), culture, rather than structure, strategy
or politics, is the prime mover in organisations (Deal and Kennedy, 1982).

The third dimension views the organisation from the perspective of
development and change, in which evolutionary, incremental phases alternate with
more revolutionary phases,i. e. phasesof continual optimisation might be followed by
a phaseof fundamentalrenewal and transformation (Rüegg-Stürm,2001).

2.2.2 Business management levels and change management
Conventionally,

organisational management, control, and information needs

differ in their emphasis according to management levels within an organisation. Three
general levels have been defined, which are attributable to Robert N. Anthony (1965),
and despite recent trends towards `de-layering' (for example in large organisations
such as public utilities),

a similar management hierarchy is common throughout

organisations. Figure 4 depicts these levels of business planning. The Strategic level
concerns long term planning and decisions made by managers at the top of the
organisational hierarchy such as directors. The Tactical level concerns medium term
activities at the level of, for example, heads of departments and middle level
managers.
13
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Management
hierarchy

Strategic
planning

Management
control and tactical
planning
Operational
planning and
control

Figure 4: Levels of businessplanning (after Anthony, 1965)

The Operational level is the level at which the organisation's operationsoccur,
and day-to-day planning and decisions are involved. It may therefore generally be
taken, ipso facto, that those people at the `strategic' level institute organisational
change.
Change in organisations has been studied in depth from an academic
perspective (see for example Beckhard and Harris, 1987; Burnes, 1996; Cummings
and Worley, 1997; Senior, 1997). Organisationstoday are facing more changesthan
ever before, both at a radical, organisational level, and on an ongoing basis
(respectively, renewal and optimisation in Figure 3 above). Throughout the 1990s
managers have implemented numerous change initiatives to improve competitive
advantage, including total quality management,just-in-time, business process reengineering,team working, reorganising,downsizing, etc., and the implementation of
new technology has been both a reactive and proactive measure apropos them.
Ostensibly, the causality of such developments lies in the move from vertical,
bureaucratic organisational forms, which are suited to conditions of environmental
stability with predictable tasks, towards conditions of uncertainty, complexity and
14
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instability (e.g. Johnson et al., 2001). Indeed, at a revolutionary level it is believed
that in order to increase competitiveness, organisations need to become smaller
(Handy, 1989; Peters, 1993), whilst simultaneouslyglobalisation of trade, finance and
production, along with rapid technological change,have been exemplified by someas
causesof such uncertain conditions (e.g. Waters, 1995).

The literature relating to the management of change in organisations, points
out that key guarantors to successful change include commitment, involvement and
is
(McCalman
Paton,
1992).
It
and
clear that all organisations, and
shared perception
indeed each part of an organisation, has a culture, a structure, and systems that are
appropriate to that culture (Handy, 1999). Equally, individuals

who work in an

how
differ
have
Figure
5
their
own
cultures.
shows
and
various cultural
organisation
elements may influence organisational change.

Clearly, elements of organisational culture might support change, or on the
other hand put up defences against change. Academics and practitioners have
individual
both
to
the
concept of resistance
change, at
an
analysed

level, where

future,
feel
their
often
are concerned with potential loss
employees
uncertainty about
of territory and feel fear of failure related to new expectations and tasks, and at a
`team' level. A combination of personality factors such as the need for control, or
authoritarianism, and previous bad experiences in change, are related with high levels
of resistance to change (Wanberg and Banas, 2000; King and Anderson, 1993). Apart
from individual

and group factors, organisational factors such as organisational

structure, climate, culture and strategy also contribute to levels of resistance (Child,
1984). It can be argued, however, that though resistance to change is considered to be
problematic, it can become a tool for change management.
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information
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experimentationin
proce ses

Attitudesto

ORGANISATION'S
CAPACITY
TO
CHANGE

Degreesof willingness to
give people autonomyand
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'

conflict

Willingness to discuss
sensitiveissuesopenly

Degree to which the
organisation's structure
facilitates change

Figure 5: Organisational culture and change (Senior, 1997)
Beckard and Harris (1987) analysed a three-phase model indicating that
complex organisationalchangecan be conceptualisedas a movement from the present
state to a future state, the most important phase being the transition state, in which
analysis is made to bridge the gap. As a result, change is a matter of assessingthe
current situation, developing the right strategy and vision and designing the change
process.
2.2.2.1 Human factors in technological intervention

Much of the interest in changemanagementhas arisen from the introduction
of technologies in organisations, not least due to the early fears inherent in the
concept of `technological determinism' (see Winner, 1977; Dubos, 1968). It is now
clear, however, that designing new systems,which people will use, without analysing
their roles and the organisational culture, is a recipe for failure. It would be
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unconscionable to contemplate driving a car without ensuring there is sufficient high
quality oil in the sump, because the oil is the lifeblood of the engine without which
the engine is simply a collection of individual pieces of technology. The lifeblood of
an organisation is its people, thus in order to expedite acceptance of new technologies,
the human factors should not be ignored. To this end, the process of technology
development has, increasingly, to be user-centred. Much work has been documented
with regard to human-computer interaction (Shneiderman, 1988; Preece et al., 1994),
and benefits from involving
Mayhew, 1999).

usability in design and development (Grudin, 1991;

Despite their importance, acceptance of new technology is not

solely reliant on interface design and usability however. Indeed Paulk et al., (1993)
take a complete process view for developing and maintaining software in the move
toward a culture of software engineering and management excellence.

In the real world the usability of a software product, application or systemhas
to be adaptableto the needs of the user, and reducing the dangers of resistanceto
change on introduction of the new technology is a `two-way street'. Involvement of
the user from an early stage of the developmentprocess aids in both understanding
and overcoming resistance from both the managers' and developers' perspectives.
Evaluation (as well as testing) of software in development also allows deeper
in
field
The
the
of
of
understanding
real world needs
users.
use of scenarios
is
development
for
of collaborative technologies
evaluations recommendedespecially
(e.g. Cugini et al., 1999). Furthermore,learning issuesalso need to be addressed.For
example, in studying the use of knowledge management(KM) systems,Damodaran
and Olphert (2000: 412) note: "KM systemscannot be exploited to any real extent
unlessthere is learning and understandingof the potential they offer."
Despite research results pointing out the benefits of addressing the `soft
issues' (e.g. human, cultural and organisational issues), which can be explicitly
addressedthrough a user-centred approach (Damodaran, 1998), it is interesting to
note that managers'choicesfor technology adoption may still be made,reliant on peer
influence (Tingling and Parent, 2002). It is worth considering that such `mimetic
isomorphism' is not a formula for avoiding changemanagementproblems.
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2.2.3 Team working
Work in organisations is usually performed in groups or teams, and groups
play an important and pervasive role in our lives (Buchanan and Huczynski, 1997).
Organisations consist of many permanent and temporary groups (Cummings and
Worley, 1997) and managers spend an average of 50 per cent of their working day in
groups (Handy, 1999). The study of teamwork and its concepts are not new (cf.
Mayo's `Hawthorne' studies in the 1920s: see, for example, Schein, 1980), and it has
taken on a more conspicuous role and has been the focus of considerable further
research in recent years due to the increase in ICT use in organisations, and the
development of multidisciplinary
around multidisciplinary

teams. Indeed the structuring of organisations

teams formed around core processes is seen as a radically

new logic (Byrne, 1993; Cummings and Worley, 1997), despite Handy's (1999)
discourse on organisational structure and culture (Section 2.2.1 above).

In discussinggroups and teamwork, Handy saw, amongstothers,the following
organisationalpurposes,which he noted might well be combined or overlap:
"

For the distribution of work;

"

For the managementand control of work;

"

For problem solving and decision taking;

"

For information processing;

"

For information and idea collection;

"

For testing and ratifying decisions;

"

For co-ordination and liaison;

"

For increasedcommitment and involvement. (Handy, 1999: 151-152)

These may be extendedin terms of consideration for inter-disciplinary teams
however, the objectives of which Muir and Rance(1995) believe to include:
"- breaking down stereotypedattitudes;
"

improving the information flow ;

"

increasingefficiency and cost effectiveness.
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The determinantsof the effectivenessof teamwork largely dependon a variety
of factors, including leadership style, processes and procedures, motivation,
communication, purpose, etc. Being inherently human constructs, the effectiveness
necessarily also depends on the individuals who make up the team. Belbin (1981;
1996) considered individuals' personality traits with group behaviour, and linked
these to output performance. A result of his researchwas the identification of nine
distinct roles that would be neededto form a fully effective team:

Role and description
Plant: creative, imaginative,

Team-role contribution
Solves difficult problems

unorthodox
Resource-Investigator:

extravert,

enthusiastic,communicative
Co-ordinator: mature, confident,
a good chairperson
Shaper: challenging, dynamic,
thrives on pressure
Monitor-Evaluator: sober,
strategic and discerning
Teamworker: co-operative,mild,
perceptive and diplomatic
Implementer:

disciplined,

Explores opportunities, develops

contacts
Clarifies goals, promotes
decision-making,delegateswell
Has the drive and courageto
overcomeobstacles
Seesall options,judges accurately
Listens, builds, averts friction,
calms the waters
Turns ideas into practical actions

reliable, conservativeand efficient
Completer: painstaking,

Searches out errors and

conscientious,anxious
Specialist: single-minded,selfstarting, dedicated
Source: Belbin 1996: 122

omissions,delivers on time
Providesknowledge and skills in
rare supply

Table 1: Belbin's nine team roles

This mixture of people in a team would provide balance and with the full
compliment of roles ensurethat all tasks are achieved.In practice however, it is worth
noting that Belbin believes the full set of roles to be most necessarywhere rapid
change (in the workforce, technology, market-place or product) is involved, and that
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more stable groups can often get by without the full set of roles. He also noted that in
small teams, one person might have to perform more than one role (Belbin, 1981).

Whilst `working together' is a potentially vital ingredient for successful
teamwork,

it

remains

ambiguous and open to interpretation

by individuals.

Furthermore, effective teamwork also involves the consideration of issues linked to
how team members work together (Palmer et al., 1998). The study of teamwork has
further important connotations with respect to `virtuality' and the VE.

2.3 Review of the Virtual Enterprise
The Virtual Enterprise (VE), Virtual Organisation (VO), and other variations
of the paradigm, have been the subject of copious research in recent years. The
literature concentrates on varying aspects including: overall concepts, management
and technologies (Hale and Whitlam,

1997; Camarinha-Matos and Afsarmanesh,

1999; Goransen, 1999), creation and operation (Hoffaser et al., 2001; Larson and
McInerney,

2002),

process

(Guss,

1996;

Camarinha-Matos,

2001),

socio-

organisational aspects including teamwork (Cantu, 1997; Moniz and Urze, 1999;
Lipnack and Stamps, 2000; Lurey and Raisinghani, 2001), and so on.

This section draws on the literature to provide an overview and clarification of
the concept of the VE, potential types of VE and the VE lifecycle, and the key
characteristicsof the VE.

2.3.1 Overview
The rapid adoption and adaptationof ICT in business supports the notion of
Toffler (1980), who describes the third period of economic evolution, as the
`information wave'. Together with the plethora of literature regarding the information
superhighway and the Internet (which acts merely as an exemplar for the latter), a
body of literature both academic and journalistic, promotes ideas
of revolutionary
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changes and new business paradigms. For example, Gates (1995) suggests that with
the fall in price of computers, we stand at the brink of another revolution based
around inexpensive global communication; equally, Tapscott (1996) promotes the
`age of networked intelligence' that is producing a digital- and knowledge economy.
Much of the literature suggests that information and knowledge are seen as a new
economic resource, yet the importance of information is nothing new (Castells, 1996),
rather, the way information is accessed is new (Dutton, 1999), and new enterprise
models are altering the way information is managed and shared.

The emphasis of new business methods is toward Drucker's `knowledge
worker' replacing capitalists and proletarians, and whose productivity

will be the

challenge of the post-capitalist society (Drucker, 1993). The effects of convergent
ICT are clearly evident through the rapid increase in electronic commerce and the
widespread adoption of the term `virtual' from `virtual reality' to the `virtual state'.
Davidow and Malone (1992) expound the `virtual organisation' as a new kind of
business that is changing at an electrifying pace, and which promotes a vision of the
corporation of the twenty-first century whose importance cannot be overstated. They
reaffirm the notion of knowledge as power by illustrating the rapid pace of change in
computer technology and stating that "the most important power source of our own
generation is information processing" (Davidow and Malone, 1992: 2). With the
advent and exponential growth of the Internet, and widespread corporate utilisation of
Internet technologies, the globalisation of business has become a reality, concomitant
with which is the increased occurrence of virtual organisations and the VE. Hope and
Hope (1997) suggest that many of today's successful and accepted management
principles and practices are now out of kilter with the new competitive environment
of the third wave.

2.3.2 Clarifying the VE concept
Reviewing the literature relating to this area of researchreveals that different
commentatorstend to use the sameterminology for differing conceptsor purposes.In
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`virtual'
(1997)
Whitlam
Hale
that
the
note
and
virtual organisation,
conceptualising
became one of the major new buzzwords of the late 1990s, for which a common
definition applicable in all of its uses is difficult to find. The word virtual is now
Internet.
due
the
increasing
to
of
popular embracement
commonplace, and arguably
Common uses include: virtual enterprise, virtual corporation, virtual organisation,
in
terms of organisation; virtual manufacturing and
team,
office,
and virtual
virtual
to
through
to
virtual university, and more
processes;
relating
prototyping
virtual
Lipnack
From
instances
perspective
an
etymological
such as virtual shopping.
prosaic
intimately
has
Latin
(2000)
the
Stamps
that
an
root as virtue,
same
virtual
note
and
personal quality

of goodness and power. They also offer three contemporary

meanings:

"Not real" but "appears to exist," something "that appears real to the
fact
but
is
in
not
senses"
"Not the same in actualfact" but "in essence," "almost like"
Virtual as in "virtual reality, " a recent meaning invented for an
16).
Stamps,
2000:
(Lipnack
and
emerging capability.

For the purposesof this thesis, and relating to the conceptualisationof the VE
is
deemed
the
these
three
most
the
team
meanings
of
second
working,
and virtual
but
`virtually'
is
does
A
the
VE
is
or
acts,
same as,
exist; yet not
real, and
accurate.
`almost' like a regular enterprise or organisation.

The literature also offers a wide range of definitions for virtual enterprise,
interchangeably
virtual organisation, and virtual corporation, which are often used
with such terms as extended enterprise,inter-enterprise,smart organisation,network
organisation,and so on. Table 2 offers an overview of available definitions:
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Tapscott (1996: 50) - virtual corporation (virtual enterprise, extended enterprise,
interenterprise): the conjunctional grouping, based on the Net, of companies,
individuals, and organizationsto createa business.
Dutton (1999: 350) - virtual organization: operation involving many individuals,
groups, and firms in different locations using electronic networks to act as if they
were a single organization at one site.
Hale and Whitlam (1997: 3) - virtual organization is the name given to any
organization which is continually evolving, redefining and reinventing itself for
practical business purposes.
DeSanctis and Monge (1998) -a virtual organisation is a collection of geographically
distributed functionally and/or culturally diverse entities that are linked by electronic
forms of communication and rely on lateral, dynamic relationships for coordination.
Goranson (1999: 66) -a VE is a temporary aggregation of core competencies and
associated resources collaborating to address a specific situation, presumed to be a
business opportunity.
Camarinha-Matos and Afsarmanesh, (1999a: 4) -a virtual enterprise is a temporary
alliance of enterprises that come together to share skills or core competencies and
resources in order to better respond to business opportunities, and whose cooperation
is supported by computer networks.

Severwright and Singh (1998) - the Virtual Enterprisebusinessorganisationmodel is
being increasingly seen as offering tremendous competitive advantage for large
enterprises, enabling them to reorganise themselves as agglomerations of small
distributed working teams, where individuals are drawn from both within the parent
enterprisebut also from outside.
Lipnack and Stamps (2000: 18) -a virtual team is a group of people who work
interdependently with a shared purpose across space, time, and organization
boundariesusing technology.
Jarvenpaa and Leidner (1998) - we define a global virtual team to be a temporary,
culturally diverse, geographically dispersed, electronically communicating work
Table 2: overview of VE definitions

It is clear from the above that common characteristics appear within the
definitions, and the Researcherdoes not intend to create a new definition of the VE.
The virtual corporation, accordingto Davidow and Malone (1992) is centredon a new
kind of product or services the `virtual product'
business
paradigm whose
-a
impetus is driven by profitability and speed to market. Virtual
manufacturing and
virtual prototyping are encompassedin this view of the corporation, with outsourcing,
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teleworking

and strategic partnerships being key initiatives

(see e.g. Norton and

Smith, 1996). Recent research in the VOSTER project (VOSTER, 2003a) offers
further comprehensive definitions and clarification between terms, and suggests that a
VE represents a VO and is a particular case of virtual organisation: an example of a
VO could be a `virtual municipality',

associating via a computer network, all the

organisations of a municipality (e.g. city hall, municipal water distribution services,
internal revenue services, public leisure facilities, cadastre services, etc.) (VOSTER,
2003a: 11).
Goransen (1999), however, draws important differences between the VE and
virtual organisations, virtual corporations (and indeed electronic commerce), noting
that the term `corporation'

suggests that there is an inherent vision of corporate

identity, whereas:

`Enterprise conveysthe meaning that the sharedfocus is the project at
hand; corporation implies a conventional organization whose control is
centralized, which is not what we mean. The VE is unified by its mission
distributed
goals, not its control system." (Goransen,1999: 66).
and
`Extended enterprise' is seento be the closest rival term to VE, and is usually
applied to an organisationin which a dominant enterpriseextendsits boundariesto all
or some of its suppliers and/or customers. In some cases it is used about
manufacturing collaboration, which is continuous (mass production) (VOSTER,
2003a:11). The concept of Smart organisation is seen to bring new perspectivesto
managementdecision-making through the organisation, identifying the key practices
that enable successful organisations to deliver a stream of winning products and
services. Comparing these descriptions of Smart organisations with VO it may be
concluded that VO supported by networks enable the realisation of the Smart
Organisationconceptbut do not guaranteeit (VOSTER, 2003a:12).
The Researcherfinds that the most fitting overall definition of the VE is that
provided by Camarinha-Matos and Afsarmanesh, (1999a) (see Table 2), whilst
bearing in mind Goransen's note on its unification above. In this sense,it can be
argued that from a business perspective the agreementsmade between the relevant
actors also define the VE. Such agreementswill include both the extent to which
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information and knowledge are managed and shared and the tools made available to
do this, and also the degree of control employed. The research in the thesis therefore,
bearing in mind the construction industry context of the study (see Section 2.4), is
concerned with the VE rather than virtual corporation, VO, extended enterprise, or
smart organisation.

Finally, it should be noted that ICT is generally viewed as a potent defining
Camarinha-Matos
(1999a)
VE:
Afsarmanesh
to
the
and
state explicitly that
element
"cooperation is supported by computer networks", furthermore it has been observed
that "as an organizational

metaphor, the virtual

concept is a product of the

Information Age generally and the computer industry in particular" Snow et al. (1999:
17). The Researcher would contest however that, pace these authors, the VE existed
as a modus operandi, prior to the advent of mass computerisation (see Section 2.4.8).

2.3.3 VE type and lifecycle
The previous section indicates that the VE relies on networking organisations
forming
an alliance or aggregation towards some specific purpose or
as elements
opportunity. In analysing these concepts further, the entities that make up the VE
could include individual

organisations and/or indeed separate divisions

organisations. Goransen (1999) defines four types of VE

within

according to their

aggregation mode:
Type 1: An aggregation formed in response to an opportunity. In its pure
form, this is the prototypical (and most interesting) type where an entity
identifies an opportunity (or recognises a change) which takes
advantage of a core competency. Then the entity (normally the one that
recognises the opportunity) acts as organizer to identify and creatively
integrate partners with complementary, required core competencies.
Type 2: A relatively permanent aggregation of core competencies that
largely pre-exists, and which is seeking an opportunity. Generally, new
members must be brought into the partnership in order to address the
opportunity.
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Type 3: A supplier chain which, while using relatively conventional
business relationships, exhibits agility in responding to market needs.
Electronic commerce also fits into this group when it employs
traditional (albeit automated) business transactions.
Type 4: A bidding consortium. Such a group relies on relatively
But
it employs
business
its
interactions.
in
relationships
conventional
Virtual
it
in
to
as
a
acts
market needs, and
response
agile practices
Enterprise in representing collective capabilities to a customer.
Goransen (1999: 66-67)

The interesting point from this typology is that in all casesthe key to the VE is
the integration of partners. The integration of partners animates a VE for a purpose,
has
lifecycle,
dimension.
The
VE,
has
therefore,
temporal
which
a
a
which clearly
include
the same partners throughout.
not
may or may

Camarinha-Matos and

Afsarmanesh(1999a) presenta minimal lifecycle model as shown in Figure 6.
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Figure 6: Life cycle of a VE (Camarinha-Matosand Afsarmanesh(1999a: 11)
In providing ICT for the VE, integration becomes of paramount importance in

terms of the supporting technical infrastructure(s), as partners will

require

interoperability to share information in a seamlessway. For the technologies to be
successfulthey must be robust, easy to use and integrated with other systemswithin
partner organisations(May and Carter, 2000). From this it then surely follows that the
agreedinfrastructure needsto be able to accommodatepossibly very diverse partners,
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and varying purposes,according to the different stagesof the lifecycle of the VE. In
other words the VE will evolve, as depictedin Figure 6.
Furthermore, an organisation or partner may play different roles within a VE
during the various stages in the lifecycle. For example, Katzy and Obozinski (1999)
recognise roles including: Broker, responsible for marketing network competencies;
Competence manager to bring partners and competencies together; Project manager;
Auditor; Network coach, who is in charge of construction and maintenance of the
infrastructure, acquisition of partners, and rules for processes; and Manager inloutsourcing,

responsible for coordination

and communication

with the project

know-how,
technological
resources and the technology of the
offering
manager,
company towards the network.

While the integration of ICT is critical to the VE throughout its lifecycle, the
is
integration
business
the
the
processes
of
participating
companies
also
of
rapid
its
issue,
depends
business
VE
the
the
success
of
goals
on
ability
a
major
as
viewed as
to align the business processesand practices of partner enterprises (Presley and
Rogers, 1996).

2.3.4 Key characteristics of the VE
In the context of organisational theory, the VE is still seen as something of a
novelty, though it may be argued that in practice many of the `novel' concepts are
extensions to the familiar theory. From the corpus of literature, and in summarising
the literature and the preceding sections (mutatis mutandis), a number of common
factors or key characteristics emerge with respect to the VE, in terms of both technical
and `soft' issues:
"

Organisational flexibility

"

Transience

"

Increasedteamwork - cross-functionaland cross-organisational

"

Horizontal as opposedto hierarchical structure

"

Need for greater co-operation between companies

"

Exploiting core competencies
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"

Rapid response to opportunities

"

Functional and cultural diversity

"

Dynamic processes

"

Edgeless,permeableboundaries

"

Contractualrelationships

"

Facilitated by the use of ICT

"

Interoperability and integration of systems

As these characteristicsdifferentiate the VE from more traditional forms of
organisation, they may be seen as critical success factors for the VE. As such, they
need to be taken into account in ICT development to support the VE. Further to these
financial
in
factors
be
borne
there
that
and
are
economic
should
mind
characteristics
O'Brien
Al-Biqami
VE.
For
to
the
example,
and
with respect

(1998) suggest the

nature of ownership, the nature of control and the manner of work allocation within
an industrial setting. Reverting to the earlier discussion on change, the integration of
into
a VE support infrastructure creates changes to the ways in which
an organisation
the organisation operates (or at least that portion that is integrated). Furthermore, the
organisation faces the need to integrate different technologies to automate partial
processes (Moniz and Urze, 1999).

As the VE is unconstrained by traditional barriers of space and time the
question of trust also proves to be of consequenceat different levels: between
in
in
technology,
terms of the sharing of information.
the
and
partners/team members,
2.3.4.1 Virtual teams

The concept of virtual teamshas gained a good deal of researchattention in its
own right as well as in the context of the VE. In their influential work on virtual
teams, Lipnack and Stamps (2000: 18) offer a definition of a virtual team:

"A virtual team is a group of people who work interdependentlywith a
shared purpose across space, time, and organization boundaries using
technologies."
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From this definition, and taking a systems theory approach to virtual team
working, they have developeda simple four-dimensionalmodel (Figure 7).

Purpose

Time

People

Links

Figure 7: Virtual TeamModel (Lipnack and Stamps,2000: 116)
The Researcher includes this model here as he feels that it describes in
in
it
is
be
important
VE.
While
to
the
the
a
aspects
addressed
complete
microcosm
it
is
in
firmly
grounded many of the aspectsof organisational theory
simple model,
is
(2000)
haphazard;
Lipnack
Stamps
that
virtual
work
above.
and
note
not
reviewed
it
its
information
team
and
structures
manipulates
within a context that the
a
rather
team itself creates.The model links the four essentialingredients of a virtual team, as
people are linked together with a common (team) purpose to accomplish over time.
People populate small groups and teams of every kind at every level. Purpose holds
all groups together, but for teams,the task - the work that expressesthe sharedgoals
interactions,
is
Links
team
the
the
are
channels,
and
relationships
of
a
purpose.
unfolding over Time. The greatest difference between collocated teams and virtual
oneslies in the nature and variety of their links.
Interdisciplinary teamwork is an essential factor in the VE, and in terms of
team building it is interesting to note that recent work suggests that despite the
influence of Belbin (see Section 2.2.3 above), selecting suitable team membersbased
on their interpersonal strengths can be a complicated process (Palmer et al., 1998),
and that in a virtual context a demanding performance challenge tends to create a
team itself (Katzenbachand Smith, 1993).
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2.4 Review of the European construction sector
Worldwide, the construction industry is the largest industrial sector,
accounting for approximately

10% of gross productive effort (O'Brien

and Al-

Biqami, 1998), and it is indeed the largest industrial sector in the EU, representing
in
is
largest
1997).
It
GDP
(CEC,
Community
11%
the
sector
also
of
approximately
terms of employment, providing jobs for some 7% of the working population, with
jobs
in
further
in
job
two
the
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every
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literature,
Such
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the
and are ever changing.
statistics
abound
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1.4
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employs
excess
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alone
sizes,
of
varying
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includes
165,000
186,000
SME
(DETR,
2000),
private
and
comprises
million people
intensive
it
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highly
labour
Clearly,
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(Foresight,
2001).
therefore,
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contracting
industry sector.

The European construction industry does not have a single cohesive identity;
is
and
physical
climates,
economic
rather, each member state operateswithin varying
forms
displays
different
by
differing
of
contract,
uses
regulations,
governed
important
is,
in
however,
differences,
It
very
so
on.
and
organisational and cultural
Chapman
Grandjean,
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and
and
society
any
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shops
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disruption
fail
if
they
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widespread
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and
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Grandjean,
"
Chapman
1991: 29).
(Spencer
and
occur.
"... [the industry]

2.4.1 Defining the construction industry
Throughout history, one of the key conceptswithin the construction processis
the importance of the relationships between actors, regardless of whether the
construction goal is a relatively small housing project, or a major civil engineering
effort. Barnes (2000) notes that though a realistic view of what civil engineeringis
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includes the physical artefacts produced, and the processes of design and construction
involved in their production, this view misses out the way the actors involved in the
Revolution
Industrial
the
interact
At
the
the
time
of
process
with each other.
between
interaction
in
that
the
engineer and contractor as
was
process
predominant
`master and servant' (Barnes, 2000). The situation today has moved away from
individuals to complex interactions between companies. Furthermore, in the context
Internet
(and
technologies),
European
the
of
the
advent
with
market
single
of
international
increasing
have
to
industry
exploit
potential
actors
construction
opportunities.
By its very nature, therefore, it is a complex industrial sector, to which it is
difficult

to prescribe boundaries. Indeed, `construction' includes a wide variety of

techniques, involving diverse actors across different disciplines. Some of the actors
industry.
For
be
businesses
the
to
their
construction
of
any part
may not even consider
for
that
water circulation would
manufactures pumps required
example, a company
information
in
in
itself
key
terms
of
yet
construction,
as a
player
not necessarily see
information
in
about such
rely
on
project
actors
a
construction
management, other
`suppliers'
(under
to a particular
the
the
thus
umbrella
of
manufacturer
products,
industry
industry
Construction
statistics
actor.
process) constitutes a construction
therefore cannot include data for construction-related activities, as they are seldom
included
being
available,

in other manufacturing

or service industry

surveys

(Manseau and Seaden, 2001).
It may indeed be questioned, whether construction is an `industry' as such, or
industry'
is
`construction
For
this
the
term
the
work,
of
purposes
rather a process.
used broadly to encompass the complete concept from architecture, engineering and
construction, to facilities management, and with an acute awareness of the possible
industry
actors therein.
related

2.4.2 The construction industry context
The construction lifecycle covers an unusually long timescale in terms of the
manufactureand useful life of an artefact, from the initial idea and requirementfor a
31

ResearchContext and BackgroundReview

construction facility, through to its final destruction. Furthermore, each construction
project is a prototype as it differs in many respects from every other, and as the
product is so durable (and with a high capital value) it is usually repaired or altered
rather than being disposed of and replaced. The process of such alteration then
constitutes a further `construction' project within the total lifecycle, requiring another
set of actors and operations, needing access to legacy information, and creating new
information in turn. The industry is therefore highly `project oriented', and teamwork
is predominant, with actors coming together for a specific project, and possibly never
working together again. It is also very common for actors to work on several projects
concurrently

within

teams composed of different

partners. Despite the long

construction lifecycle, however, there is programme urgency, with ever-growing
pressure from clients to deliver high-quality facilities on time and on budget, yet
operating within razor-thin margins (Hassan and McCaffer,

2001; Rezgui, 2001;

Aberdeen Group, 2000). The sector is also highly regulated (Manseau and Seaden,
2001), which means that the information element also includes a considerable amount
of documentation relating to regulations and juridical matters.
The European construction industry is fragmented, consisting of a large
number of very small companies and relatively few large companies, and differences
remain between member states. In the UK and France, for example, the large
companies carry out a greater proportion of the work than in countries such as
Germany and Italy, and therefore the large firms play a dominant role (Spencer
Chapman and Grandjean, 1991). These disparities affect not only the division of
construction contracts between available actors, but also the process of innovation.
While new technologies are reshaping the way we live, think, and work, construction
is clinging to outdated practices (Broyd, 2000), is conservative, and slow to take up
new technologies - indeed is somewhat `backward' to the extent that in Europe it
appears to be trying to change its image but finding it very difficult to do so (CEC,
1997). Although

it is recognised that innovation

is a key factor in industrial

competitiveness (Porter, 1998), Research and Technology

Development

(RTD)

investment in the construction industry is still problematic. Finland, for example, has
a pragmatic and entrepreneurial culture with respect to technological innovation, yet
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the construction sectorusesless than 1% of its turnover on RTD-activities (Koivu and
Mäntaylä, 2001). Similarly, in France the share of RTD in construction (including
building and civil engineering) is about 1 to 2% of the total French RTD effort,

Salagnac,
in
(Campagnac
8-10%
to
the
and
compared an
share
national economy
2001).
In the UK, the Latham (1994) report, and more recently the Egan report
(DETR,

1998), identified

significant

in
construction,
problems

and suggested

improvements that could be made. In Europe similar problems are reported (e.g. CEC,
1997), and in many cases similar solutions recommended. However, due in part to the
lack of research investment in the sector, but also to the very nature of the industry,
the author contends that despite such reports being widely cited in the literature,
construction still faces many of the same challenges today.

2.4.3 Business processesand BPR

Due to the nature of the industry (fragmentation, project-based, short-term
faced
key
technology),
problems still
revolve around the
partnering, slow uptake of
fact that construction processes remain paper-based in terms of information
management, and that construction is a complicated exercise in coordination,
(Aberdeen,
2000).
(Tolman,
Research
1999; Bjork,
collaboration, and communication
1999; ECCE, 1998; Alshawi, 2001; et at) has emphasised the importance of
information to the industry, and the potential for improvement through the use of ICT.
However, ICT development and introduction has to be considered within the
it
is
intended
the
to improve.
of
actual
process(es)
perspective

Construction today involves a complex series of processesthroughout which
many different systems are involved, and which produce an enormous amount of
information. Researchin recent years(Kagioglou et al., 1998; Aouad et al., 1998)has
suggested and sought to equate similarities between the operations of the
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manufacturing industry with counterpartsin construction. Furthermore, it has been
noted that many of the issuesaffecting performance,productivity and competitiveness
are predominantly process related, as opposed to being focused on time, cost, or
quality elements that are addressedin contemporary `change' initiatives (Goulding
and Alshawi, 2002). Indeed much research has focused on processeswithin the
construction industry, both throughout the building lifecycle (e.g. Kagioglou et al.,
1998; Vakola et al, 2000), and also in more depth within specific phases (e.g. client
requirements: Kamara and Anumba, 2000).

Kagioglou et al. (1998) developed a Generic Design and Construction Process
Protocol within which were defined four generic stages in the design and construction

in
Table 3 below.
them
respective
phases
within
as
shown
processwith

Phase

Description

Pre project stage

"
"
"

Demonstratingthe need
Conception of need
Outline feasibility
Substantivefeasibility study and outline financial authority

Pre-construction

stage

design
Outline
conceptual
"
design
Full
conceptual
"
Co-ordinateddesign,procurementand full financial authority
"
Construction stage
"

Production information

"

Construction

Post completion stage
Operation
and maintenance
"

Table 3: Phasesof the GPP (after Kagioglou et al., 1998)
The assertion is that both efficiency gains will be made, and client business
needsbetter met, if all actors within a project can work to an agreedset of processes
and procedures.These results have to some extent been successfully embracedand
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adopted in the (UK) industry. Such an agreementmay inevitably require a radical
change in working practices, along with inherent change managementissues. The
problem still remains, however, of the predominance of very small companiesthat
make up the construction sector, and that many companiesmay not even be awareof
the importance of agreeingprocessprotocol.
This type of research can be seen to fall within the paradigm of Business
Process Re-engineering (BPR): a fundamental re-thinking and radical re-design of
business processes (Hammer and Champy, 1993). BPR involves

restructuring

(McKay and Radnor, 1998), and has been closely considered from an IT perspective,
is
in
IT
bearing
that
the
role
of
not simply to automate an existing process
mind
whilst
likely
be
(Davenport,
1993).
benefits
from
this
to
the
are
minimal
as
economic

Within Europeanconstruction research,Vakola (1999), under the activities of
the European funded Condor (ESPRIT-23105) project took a Business ProcessRedevelop
This
(BPR)
to
and
methodology.
stance,
aiming
a
new
strategy
engineering
2000),
included
BPR
(Vakola
Rezgui,
and
and
a
critique
of
methodologies
research
the work presented BPR as an ongoing cycle of successive steps including the
following eight stages:
"

Develop businessvision and processobjectives

"

Understandexisting processes

"

Identify processfor redesign

"

Identify changelevers

"

Implement the new process

"

Make new processoperational

"

Evaluate the new process

"

Ongoing continuous improvement

The Researcher feels that the important point from this model is that it is
grounded in business terms, as examination and understanding of existing processes is
linked directly to strategy ("develop business vision and process objective"). Again,
however, the Researcher feels it is not fully clear the extent to which such a model

35

ResearchContext and BackgroundReview

can be of use in the constructionindustry today, bearing in mind the context described
above.
It is clear though, from the literature and the above, that in developing ICT for
the construction industry, very close attention needs to be paid to the current business
processes. Furthermore, in human and organisational terms, it also indicates the need
for assessing the degree to which the actors carrying out the processes are aware of
the `process' nature of their work, and also their openness to change. This introduces
the notion

and importance

of professional

culture

in ICT

development and

implementation. For example, different actors, within the multidisciplinary
industry,
by
the
construction
will
necessitated

focus on different

teams

professional

priorities. Problems with co-ordination, collaboration, communication, documentation
and so on, rely on integrated processes between construction project actors. If
integration of processes between actors cannot be agreed upon, ICT will not in itself
provide a working solution. As has been noted:

"... impaired process integration cannot be solved purely by the
implementation of information communications technology and/or
management information systems; such applications manage and
data
discontinuities
than
address
process
process
rather
caused by
"
Moore
(2001:
Dainty
560).
and
non-interoperability.
participant
The construction process today, predicated in complex

operational and

commercial relationships that enable the boundary between design and construction to
be placed anywhere within a particular project and varied between different parts of
the same project (Barnes, 2000), appears, as is the case with so many other industry
sectors, to be ripe for change and realisation of efficiency gains via ICT. The key
however, in an industry whose actors are predominantly non-collocated and that is
faced with tight margins, lies in effective communication and collaboration. ICT
developments in such an arena can serve only to support and enable business
processes, but if it is supporting the wrong processes, the result is doing the wrong
things more efficiently (Lamont, 2002).
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2.4.4 ICT in use in the construction industry
Over the last decade, the construction industry has begun to embrace
technology to address the ever-growing pressure from clients to deliver high-quality
facilities

on time and on budget, resulting in ICT-supported

forms of project

management and support for business processes (Rezgui, 2001). It is difficult, due to
the characteristics of the sector, to achieve research statistics regarding the access to,
and use of, ICT throughout the industry. Expanding the statistics of the composition
of the industry in the UK alone for example, from a total of 163,426 firms of private
contractors in the year 2000, more than 50% comprised one individual (DETR, 2001).
Various surveys have been conducted in specific areas across Europe and elsewhere,
however (ConstructiT, 1996; Howard et al., 1998; CICA, 2000; BRE, 2001; Ng et al.,
2001; Samuelson, 2002), though Howard et al. (1998) note that surveys of the use of
IT are carried out in many countries in incompatible and misleading ways, and for a
variety of purposes. The results are therefore only indicative, allowing a limited
number of general conclusions. The following

sections draw on such surveys to

broadly indicate ICT use in the industry.

2.4.4.1 Access to and use of ICT
In 2000, Samuelson (2002) reported that 88% of all employees in the industry
work at workplaces with computers, which is approximately the same level as two
years earlier (Howard et al., 1998); most of those who do not, work at small
companies with less than nine employees and with a large proportion of skilled
workers. The survey points out that 54% of all employees in the industry have their
own computer, and 33% have a computer at home that is owned by their company.
The figures included both white-collar and skilled workers, with an indication that
access to a computer for personal use among white-collar workers had increased to a
high level in all categories of companies.

The most common types of software used in the industry are word processors,
administration software, e-mail software and spreadsheets.Computers are used for
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different operations;bookkeepingand invoicing being the common operationsthat are
most frequently performed with computers;tendering operations less so (Samuelson,
2002).
Construction industry actors began to embrace computer technology when
they recognised that computer aided design applications (CAD)

highlighted the

is
CAD
investment
(Aberdeen,
2000).
from
now widely
software
possible returns
hand
has
been
drawing
by
though
the
throughout
entirely
not
sector,
construction
used
is
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(2002)
Samuelson
According
the
to
common
software
most
replaced.
%
design
by
design
by
57
is
%
76
time
time
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of
engineers
and
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used
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by
hand
%
drawing
23
Architects
of the time while the engineers only
use
architects.
hand
On
%
11
the
the
time.
this
architects use model-based programs,
other
of
use
do
ADT,
AutoCAD
ArchiCAD
to
than
the
a
greater
extent
engineers,
who
and
such as
not use them at all.
Much computer software has been developed for scheduling and resource
planning processes, though such operations are performed with computers by a
surprisingly

low share of the industry, with

14% of contractors performing all

planning manually and only 10 % using computers all the time (Samuelson, 2002). It
is worth noting however that different types of engineers need different kinds of
little
for
For
and
engineers
use
software
a
more
example
architects
applications.
planning, with 27% of engineers performing planning with computers all the time.
Software tools are also available and used for costing and budgeting
operations. Whilst specially developed costing software with databases for prices and
is
in
the
the form of common spreadsheets
solutions
used
are
products
available,
often
designed locally. Samuelson (2002) states that property managers were found to make
the most use of computers for this purpose, whilst contractors have the lowest use.
However, it is remarkable that there are architects, engineers, and contractors, who
perform this totally manually.

The ConstructiT (1996) survey distinguished the following six main areasof
ICT use in the constructionprocess:
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"

Management,supervisionand administration

"

Commercial management

"

Legal, health and safety

"

Planning, monitoring and control

"

Delivery and material handling

"

Production on site and off site

The companies surveyed all indicated that ICT use is important in all of the
above areas, yet the significant result showed that apart from planning, monitoring
in
into
high,
fell
ICT
ineffective use.
the
the
use
all
of
areas
category
of
and control,
2.4.4.2 Communication
Communication takes place at different levels in the construction process:
be
(which
teams
themselves
may
virtual), between teams and departments, and
within
with external partners. Increasing use and reliance on technology for communications
is somewhat tempered though when considering the fact that most end-users in the
construction industry are not computer-literate (Rezgui, 2001). The processes of
design and construction involve a substantial tacit knowledge, which complicates
communication

between

different

professionals

(Bower

et al.,

2001).

Most

information used during the design-and-build process of a construction project is
conveyed using documents, which are most of the time exchanged, for contractual and
legal reasons, on a paper-based medium, even when produced using computers
(Rezgui, 2001). However, use of the Internet and web-based services are increasing.
Company websites are also common, but electronic trade is not widespread in the
industry, with 64% of all employees working at workplaces that do not use electronic
trade at all (Samuelson, 2002).

Minutes of meetings are the document type most commonly sent digitally,
with descriptions, and orders, invoices and tender enquiries showing much lower
levels of computer transfer. The minimal use of digital communication in thesecases
might dependon security problems and/or lack of standardsfor digital signatures.
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Despite electronic communication between processes being supported,
communication

is still

conducted orally and with paper-based mediums, using

telephones and fax machines, and although companies exchange data electronically
(predominantly using email or removable disks) there is generally no significant use
of direct electronic data exchange throughout a project.

2.4.5 Current ICT best practice
Many of the current ICT best practices lay in the field of information and
knowledge management,which despite interest and effort put in by many leading
companies,is a discipline still in its infancy (Rezgui, 2001). Many practitioners and
limitations
have
the
of current approachesto managingthe
acknowledged
researchers
information and knowledge relating to and arising from a project (Choi and Ibbs,
1995). Someof the key reasonsfor theselimitations are:
"

Much constructionknowledgeresidesin the minds of individuals.

"

The intent behind decisionsis often not recordedor documented.

"

People responsible for collecting and archiving project data may not
it.
those
the
of
use
specific
needs
who
will
understand

"

Data are usually captured and archived after people with the project
knowledge may have left for anotherproject.

"

Lessonslearnedare not well organisedand are buried in details.

"

Since people move from one company to another it is difficult to reach
hidden
historical
the
meaning
of
who
understand
original report authors
project data.

"

New approaches to the management of knowledge within and between
firms imply major changes in individual roles and organisational
processes. While potential gains are desired, the necessary changes are
resisted. (Rezgui, 2001).

Key developments in the application of ICT in the construction sector in
recent years,that are viewed as current best practice in the domain include: document
managementsystems,product data technology, groupware systems,decision support
systems,data warehousesolutions, mobile services, and eCommerce and eBusiness
solutions. Table 4 gives an indication of the potential benefits of each of these
technologies.
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Technology

"

Reuseof knowledge and lessonsstoredwithin
Document
documents
box'
documents:
`black
the
opening
of
managementsystems

"

Product data

Cross-disciplinary information integration through

"

technology
Groupware systems

product modelling and model-basedapplications
Managementand tracking of the project lifecycle,
information exchangeand schronisation, workflow
Knowledge elicitation, human-like problem solving
mechanismsthrough casebasedreasoning
Centralised,filtered and value addeddata,with

"
"
"

"

Decision support
systems
Data warehouse
solutions

multidimensional user view of the information base

Mobile services

Mobile connectionto the (virtual) enterprise
information systems,facilitating site activities

eCommerce and
eBusiness solutions

requiring high mobility
Allowing services to be provided via corporate
portals, providing means for electronic transactions

Table 4:ICT developmentsas current bestpractice in the construction domain.
The literature provides quite clear evidencethat ICT use is widespreadwithin
the construction industry, yet integration of tools remains problematic, and training in
ICT is still widely required. Furthermore, many companies are still using the same
basic tools they have been using for a decade,and attemptsto leveragethe benefits of
ICT merely automatethe traditional paper-basedmethods, with many of the resultant
tools being adapted to specific needs of designers, consultants and contractors.
Equally, many of the more advanced solutions employed are `in-house'
developments.As construction project consortia are often formed on an ad hoc basis,
there is often no dominant actor to enforce ICT solutions, and as information
exchangewithin a project does not generally include the client, there is little or no
contractual control over the systems used. Consequently communications, and
exchange and sharing of electronic information between partners within a project
team, are hindered due to the use of computer systems from differing software
vendorswith varying file formats.

2.4.6 Commercial solutions for the construction industry
The automation of tasks within companiesmay have some benefits in itself notwithstanding any issues of change managementthat need to be overcome on its
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introduction - but the tools that emergedo not addressthe underlying problems faced
by the industry. With the increased use of Internet technologies and e-commerce,
commercial tools and solutions are being developed, some of which are targetedto
constructionindustry actors.

Commenting on the move towards e-solutions, King (2001) cites Jay Walker,
(http:
//www.
Priceline.
of
com
priceline. com - an e-commerce solution for
chairman
the travel industry) as saying: "if they're to succeed, new Internet businesses must
is
"
This
than
problem,
rather
simply
automate
an
old
process.
a
real-world
view
solve
however surely as true for designing electronic tools for established businesses and
industries. In the construction domain the problem is not simply with ICT tools, rather
with the accessing, sharing, communication capabilities and relevance of tools, and
the process of information management generally. Moves to address some of the
founded
have
been
in
domain
teamwork
the
associated
with
virtual
of
problems
extranets

and

peer-to-peer

solutions.

Solutions

such

as

`Groove'

(http: //www., groove. net) and `Ikimbo Omniprise' (http: //ikimbo. com) have appeared
in the marketplace. Groove - developed by Ray Ozzie, the inventor of Lotus Notes
(http: //www. lotus. com) - offers a peer-to-peer collaboration platform allowing direct
interaction among users, including calendar and discussion tools, shared workspaces,
for
Omniprise
teams.
the
work
groups
or
up
of
and resources
setting
ability

to

set up

groups,

share and exchange files,

also offers the

and enable real-time

communications. Such tools, however, though they can be implemented quickly, still
address only a subset of the challenges above.

Various commercial web-based electronic document management (EDM)
systems are also available, offering document and workflow managementservices
across the Internet, some of which are tailored specifically to the construction
industry. These solutions aim to address more comprehensively the problems
mentioned above throughout the building lifecycle. Table 5 gives an overview of
someof the key offerings available:
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Company

1

Bricsnet
www. bricsnet.

com

Buzzsaw
www. buzzsaw. com

BuildOnline
www. buildonline. com
Citadon
www. citadon. com

Primavera
www. primavera. com

Groupe Le Moniteur
www. lemoniteurexpert. com

offering

ASP-integrated technology, services and information. Building &
Operations management technology for corporate real estate
executives to manage the information they need to rapidly deploy
buildings and efficiently manage operations from one central location.
Project specific collaboration solutions, and architectural modelling
and CAD tools. Database of worldwide building product information,
plus procurement facilities.
Project management services capable of hosting multiple projects,
adding project members and designating permission levels to project
drawings and documents stored in a central location. Provision of
Autodesk design tools. Project hosting and online meetings facilities.
Business-to-business e-commerce services. Platform independent
project collaboration facility, allowing sharing and communication of
information. Secure repository for hosting tender documentation online, linked to the collaboration tool. Tendering and procurement tools.
Interactive information exchange between buyers and suppliers.
Collaborative project management including document management
and business process management systems. Online marketplace for
purchasing and support for the bidding process. Print services for
project related plans, drawings and specifications. Financial services

gearedtowardsthe real estatelending process.
Comprehensive project management software including scheduling
and resource planning tools, some of which are available in foreign
language versions. Contract management and project administration
solutions with document management. Tools to enable purchasing of
materials, services and equipment.
Prosys Online -a project management internet server. Services include
project directory listing companies, members, groups, roles, and rights.
Electronic exchange and management of any type of documents.
Viewing, redlining and downloading files of any format. Relating and
linking of documents. Workflow processes. Structured or full text
search, query and reporting. Alerts, reminders, acknowledgement of

receipt. Construction specific modules. Simplified or advanced
administration.Online help, documentation,training and support.
EDM
SGTi
The
system provides a set of functionality for storing,
OTH/Derbi
archiving and exchanging documents, including drawings and written
documents, in a structured manner. The system also offers a number of
www. sgti. com. fr
advanced services, including a function to co-ordinate the approval
process of documents; a change request management service; an
advanced construction specific financial tool; and a subsystem (GPP)
that is dedicated to the production and management of drawings in a
multi-actor environment.
Reference: the information was sourced from the addresses listed

Table 5: Overview of Internet building solutions

The first five of the companiesselectedand displayed in Table 5 are offering
international products, which are not largely diffused and used in some countries
(especially, for example, in France). Indeed, Buzzsaw, Citadon and Primavera are
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American organisations.Bricsnet is a Belgian organisation and BuildOnline claims to
be the first business-to-businesse-commercesolution specifically for the European
construction industry. Each of the solutions mentioned above has enjoyed some
successsince their introduction, and boasts many large corporations as customers.
The product offerings from GroupeLe Moniteur and Derbi are both of Frenchorigin.

It is noticeable that the services offered by these companies are based
currently

on their

own, already available, software applications.

This is not

unsurprising, as they are commercial ventures; for example Buzzsaw emerged as a
spin-off from the design-software company Autodesk, and thus offers Autodesk
software solutions. The Researcher feels, however, that due to the tight margins by
which construction actors are constrained, achieving integration by investment in such
`closed' offerings is not a suitable solution. Indeed in the dynamic situation of
construction project consortia, information sharing and exchange based on a solution
that effectively ties the companies to one supplier may prove to be no better than inhouse, ad hoc solutions when new companies become involved. ICT infrastructures
based
solutions,
on open standards are required.
offering open

Furthermore, the use of ICT to enablebusinessin the construction industry is
not simply a technical question, but also a cultural issue. The commercial services
offered cater well for architects, for example, who often have high exposure to the
technology, whilst many of the smaller enterprises involved in the building lifecycle
may have little or no ICT experience. Solutions need, therefore, to be user friendly
and intuitive.

2.4.7 Summary of the characteristics of the construction industry
The preceding sections indicate that the construction industry exhibits
characteristics that differentiate it from other industrial sectors. In summary these
include:
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"

The sector is heterogeneousand highly fragmented, dependingon a large
firms,
different
predominantly
professions and
number of very
small/medium size enterprises(SME).

"

It is one of the most geographicallydispersedsectors.

"

Construction is highly project oriented, and any ICT used within a project
must be deployable and profitable within one project to all/several
partners.

"

Teamwork is predominant in the industry, requiring all actors involved to
in
together
cooperation.
effectively
work

"

Each construction project is a prototype. The final products are very
durable, non-transportable, and when obsolete are most often repaired,
disposed
than
transformed
of and replaced with new.
rather
or
modernised

"

The sector is highly regulated; rigorous regulations and standards involve
(local,
levels
provincial, national).
of
governments
several

"

The entry-level for new contractorsis relatively low.

"

The sector is very labour intensive, with high mobility of the workforce
becomes
technology
more
construction
needs
as
skills
growing
and
sophisticated.

"

Business relationships are temporary and often short-term, bringing
together partners who may never work together again.

"

Within a project VE there is often no dominant actor to enforce ICT
solutions.
Information exchangewithin any construction project is mainly between
is
than
the
not, therefore,contractually controlled.
and
client
others

"

in
involved
All
numerousprojects at the sametime.
actors are
"
These characteristicsplay a large part in shaping the researchefforts for the
industry, as they also implicitly point to problematic issues. The introduction and use
in
both
due
in
ICT
to
the characteristics of the sector
some
respects
construction,
of
be
blessing,
but
development,
has
hoc
to
to
also to some
only
a
not
proved
and also ad
extent to add to the problems (Dado, 2002). There is a de facto recognition of the now
familiar phenomenon of `islands of automation' (Hannus, 1998) in construction,
ICT
is
for
(particularly
the
still not
reason
application
which
one
of
state-of-the-art)
paying dividends in the industry. There is still a need for integration of differing
technologies and effective communications.
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The
industry
VE
construction
-2.4.8
Comparing the characteristics of the industry above, to the review of the VE
(Section 2.3.4), indicates that the construction industry has in fact adopted the modus
its
in
for
due
VE
decades.
it
hasn't
however,
What
to
the
part
achieved
operandi of
conservative and somewhat technophobic nature, is effectively operating as a VE. In
its
VE
the
to
to
construction
of
problems,
effectively
and
overcome
many
order
work
in
it.
believes
digitally
The
Researcher
that
that
technology
order
will
enable
requires
to develop pragmatic business solutions, the above characteristics have to be closely
addressed in developing such enabling technology for the sector. Many of the
in
human
and
organisational
nature, which means that
are
pointedly
characteristics
social and, ultimately,

economical considerations have to be made rather than

concentrating the development process on the technology alone. From a technological
international
has
become
Internet
the
the
standpoint

standard for

electronic

be
key
future
Adoption
to
the
technology
may
of
and
adaptation
of
communications.
the sector, but the fact that construction is such a labour intensive industry points
clearly to the need for a focus on human issues: its people bring the industry to life,
not merely its technology.

2.5 Conclusion
This chapter presented a critical review of the literature for the thesis, the
literature selection being based on the themes and overall objectives of the study. A
from
followed
theory
of
relevant
aspects
organisational
was
with reviews of
review
the literature regarding the VE, and finally that examining the European construction
sector.

It is clear from this chapter that rather than the VE being a completely new
organisational form, the construction industry has adoptedmany of its characteristics
in its modus operandi for some considerabletime. It is also clear, however, that the
sector faces many problems, which could be addressedby the development of ICT
solutions gearedtowards digitally enabling the construction VE (and therebyrealising
the commonly held view of the `VE paradigm').
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The characteristicsof the sector suggestthat in researching,developing, and
evaluating and testing such potential solutions, the human and organisationalaspects
require particularly close attention.

Although much researchwork has alreadybeen carried out in the construction
arena,there is still an ongoing needfor further research,to which this thesis adds.The
literature review gave the Researchera `conceptual framework' upon which to base
the specific researchtools to be usedin the rest of the study.
The following chapterpresentsthe researchmethodology for the study.
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Chapter 3
Research Methodology
Principles of research; Derivation
Methodology chosenfor the thesis.

of the research questions;

3.1 Introduction
Following the literature review in the previous chapter, this chapter presents
the methodology used for the thesis. The first part of the chapter draws on the
literature and offers a discourse on the principles of research methodology, the
importance of purpose, research design, and research approaches. The second part
then details the research questions being addressed through the thesis and how they
The
be
third part of the
the
to
research
objectives.
and
summarises
asked,
came
for
based
describes
the
the
thesis,
the
then
chosen
and
methodology
rationale
chapter
on the literature review and research questions.

3.2 Principles of research
A substantial literary corpus exists concerning the principles of research,
including definitions, methods, design, tools, approaches,strategy, and so on. In the
midst of the literature there also exist many contradictions in the use of terminology
relating to these abundant elements,and ongoing (often heated) debatesconcerning
different practitioners' employment of research `methodologies' or `paradigms'.
Indeed, `research'itself provides a dynamic, somewhatrecursive researchtopic, from
which copious (and, at times, contradictorily confusing) advice is offered. A very
brief observation of definitions of `research' shows that as an art it incorporates
inquiry,
of
elements
experimental design, data collection, measurementand analysis,
interpretation and presentationof results (e.g. Greenfield, 1996); a processaiming to
better understandthe complexities of human experience,and in some genresto take
action basedon that understanding(e.g. Marshall and Rossman,1999). From this, the
Researcherbelieves that the driving elementin researchis purpose.
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3.2.1 The importance of purpose in research
It is from the central position of purpose that informed decisions should be
made regarding the methods and tools to use in a study. Indeed, the Researcher
considers differing purpose to be the progenitor of available research paradigms. The
aim of this chapter is not to add to the debate over research methodology; rather it is
to clarify some of the elements prior to elaborating the methodology selected for the
current study, notwithstanding which, however, some comment on the debate is fitting
at this point. The Researcher contends that some of the debate about research
in
fact
be
could
mitigated through perusal of much earlier work
methodologies
regarding scientific paradigms such as Thomas Kuhn's seminal work on scientific
revolutions

first published in 1962. In Kuhn's work

`paradigm' has two main

interrelated but distinguishable meanings. Firstly `it stands for the entire constellation
of beliefs, values, techniques, and so on shared by the members of a given
community'

(Kuhn, 1996: 175). Secondly it denotes one sort of element in that

becomes
the basis for
an
exemplar,
or
concrete
puzzle-solution,
which
constellation,
future work. Kuhn explicitly stated that it is this second sense that is philosophically
the deeper, yet discussions of (particularly more sociological as opposed to purely
scientific) research methodologies appear to focus on the first. Kuhn noted:
"A paradigm is what the members of a scientific community share, and,
conversely, a scientific community consists of men who share a
paradigm. Not all circularities are vicious, but this one is a source of
real difficulties. Scientific communities can and should be isolated
without prior recourse to paradigms; the latter can then be discovered
by scrutinizing the behaviour of a given community's members. (Kuhn
1996: 176)

Given this, different researchpurposes in different settingswill clearly require
the particular methodsmost fitting to the attainmentof a viable researchsolution. The
researchmethodology chosenfor a particular study is certainly important, but care is
surely prudent in order to avoid the risk of what some commentators refer to as
`methodolatry' - the privileging of methodological concernsover other considerations
(Chamberlain,2000).
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Patton (1990:150) seespurposeas the controlling force in research,and offers
the following typology of alternativepurposes:

(1) basic research to contribute to fundamentalknowledge and theory;
(2) applied researchto illuminate a societal concern;
(3) summativeevaluation to determineprogram effectiveness;
(4)formative evaluation to improve a program; and
(5) action research to solve a specific problem.

Patton (1990:158) continues, stating: "there are not hard-and-fast lines of
demarcation between these five different types of research." They in fact form a
its
development
for
from
knowledge
theory
own sake, to action
and
continuum
immediate
Along
this continuum, researchers
at
solving
problems.
aiming
orientation
engaged at different points feel very strongly about researchers at other points. (This
is manifest to the extent that some basic and applied researchers do not view
formative evaluation and action research as `research' at all). As a final observation
on the above debate, it is worth noting for example, that where Patton (1990) includes
it
be
`purpose',
may
also
viewed as a `method' (Baskerville and
action research as a
Wood-Harper, 1996), or indeed used as a `research strategy' or a `theory of social
science' (Peters and Robinson, 1984).

The purpose of researchmay range for example from the purely scientific,
researchingcauseand effect, in which casetraditional laboratory experimentsmay be
the best method, to the socio-organisational,for which more `applied' or `action'
oriented research demanding quite different methods may be better. The purpose
being addressedthrough the researchquestions in this thesis is aligned more to the
latter, therefore the rest of the chapter draws more on the literature regarding `social'
researchrather than that pertaining to `scientific' inquiryper se.
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3.2.2 Research design
From clarity of purpose an appropriate research design can be chosen. It is
is
(which
is
design
different
from
data
that
collection
methods
worth noting
research
another source of confusion in the literature). Research design gives logical structure
to a research inquiry, thus data for any design can be collected with any data
design
logic
is
irrelevant
how
data
the
to
the
the
of
collected
are
collection method;
(de Vaus, 2001). Research design "deals with a logical problem and not a logistical
it
is
from
distinct
"
(Yin,
1994:
29),
therefore,
a work plan, which
also,
problem,
details what has to be done but itself is a result of the research design. In defining
de
(2001:
9)
design,
Vaus
postulates:
research
design
is to ensure that the evidence
of a research
obtained enables us to answer the initial question as unambiguously as
possible. "
"The function

The aim therefore is to ensurethat the relevant evidenceis collected to answer
the research question(s), to test theory(ies), to prove hypotheses, etc., in a convincing
be
do
decisions
have
data
In
to
this,
to
types
made
regarding
what
of
need
order
way.
to be collected and analysed, and the methods employed.

The research design will

be
describe
to
the
the
nature
of
methods
employed within the
number
and
generally
dangers
(In
(Sarantakos,
1998).
to
the
avoid
of the aforementioned
order
research
in
in
describing
the following
research methodology,
semantic problems

the term

`research approach' is used to encompass what others have called methods, tools,
instruments, etc., to examine the elements that may be used once the research design
is decided).

3.2.3 Research approaches
The researchapproach employed will depend to some extent on the research
perspective adopted. Three perspectives have been defined that are "the most

dominantandprovidea theoreticalbasisfor the methodologies
in
employed the social
sciences." (Sarantakos,1998: 35). Theseperspectivesare detailed in Table 6.
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Criterion

Positivism

Reality is:

Objective
Subjective
Perceivedthrough the Created
Interpreted differently
senses
by people
Perceiveduniformly
by all
Governedby universal
laws
Basedon integration
Creatorsof their world
Rational individuals
Obeying external laws Making senseof their

Human beings
are:

Without free will

Both objective and
subjective
Complex
Createdby people,not
nature
Full of contradiction
Basedon oppression
and exploitation
Creatorsof their
destiny

world

Oppressed, exploited

Not restricted by
external laws
Creating systemsof

Brainwashed,misled
Hindered from
realising their potential

meanings

Science is:

Purpose of
research:

Basedon strict rules &
procedures

Basedon common
sense

Conditions shape-life
but can be changed

Deductive
Relying on sense

Inductive
Relying on

Emancipating,

impressions
Value free
To explain social life
To predict courseof
events
To discover the laws
of social life

interpretations
Not value free
To interpret social life
To understandsocial
life
To discover people's
meanings

Relying on values

empowering

To explain, interpret
and elucidate
To disclosemyths and
illusions
To emancipate,and
empower

Table 6: Theoretical perspectives in the social sciences (after Sarantakos, 1998: 35)

Disagreements abound in the literature regarding the use of `quantitative'
indeed
`qualitative'
to
their respectivevalue. From
compared
methods,
and
methods
the perspectivesdetailed above,it is clear that quantitative and/or qualitative data may
be useful dependingon the criterion (or criteria) being researchedand the perspective
taken. In virtually all areas of social research (including applied fields such as
education, businessmanagement,etc.), researchdesignsbased largely or exclusively
on the collection of qualitative rather than quantitative data are now consideredto be
respectableand acceptable(Robson, 2002). However, researchdesignsare often still
equatedwith the employment of either one or the other. For example, social surveys
are typically classedas quantitative research,evaluatedagainst statistical, quantitative
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research methods and analysis; case studies are seen to typically to fall into the
category of qualitative research, adopting an interpretive approach to data studying
things in context and considering peoples' subjective meanings (deVaus, 2001). A
third camp, advocating a combination of quantitative and qualitative research further
complicates this situation.

3.2.3.1Surveys
It is possible to distinguish two broad types of survey: descriptive and
is
designed
for
fact-finding
descriptive
1992).
The
(Oppenheim,
survey
and
analytical
to count, and is therefore enumerative. Census surveys are a good example, and in
cases where it is not possible or feasible to count everyone, a sample is used from
which inferences are made about the population as a whole. Descriptive surveys do
not `explain' things or indicate causal relationships. Analytic surveys on the other
hand are used for analysing causality - answering the `why' questions that an
enumerative survey cannot (Oppenheim, 1992). Such surveys allow examination of
relationships between variables.

Quantitative data
Quantitative data are the predominant data collected in scientific experiments,
descriptive surveys, and indeed any type of research that allows categorisation of the
object(s) being studied into ways that facilitate counting. They are generally collected
through

standardised observation instruments, questionnaires, highly

interviews,
complexities

etc. Through

the collection

and analysis of quantitative

structured
data the

of the world can be decomposed and assigned numerical values

(Kerlinger, 1986). Being numerical, very large amounts of quantitative data can be
readily analysed using computerised statistical analysis tools and programs, thus
allowing surveys to draw on large population samples. Clearly they are ideal for
descriptive survey, but they also allow analysis of causality through the distinction
between `independent' and `dependent' variables. An independent variable is one that
has an impact upon a dependent variable, whilst a dependent variable is an effect of
independent
an
variable. There are basically three types of quantitative data analysis:
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univariate, bivariate, and multivariate (Bryman and Cramer, 1990), which are the
analysis of a single, two, and more than two variables respectively, and the variables
themselvescan be classified into types:
"

Nominal (sometimes categorical) - classification in terms of a concept
(discretecategories);

"

Ordinal - classification in terms of categories,but the categoriescan be
orderedor ranked (e.g. `more' or `less');

"

Interval/ratio - classification is also in terms of categories with the
differences between categories being identical. These are variables that
have
large
but
a
number of categories
which
are, strictly speaking, ordinal,
(e.g. multiple item questionnaire measures);

"

Dichotomous - classification into only two categories (e.g. male or
female). They are usually classed as nominal, but can sometimes be
ordinal (e.g. pass or fail).

There are some obvious benefits associatedwith quantitative data such as:
data
(Miller,
data
the
are
easily
standardised
of
easy,
comparison
numbers make
1994), and they are less susceptible to subjective interpretation, which allows
hand,
data
On
the
other
quantitative
collection
of
validity.
assessment
straightforward
doesrely on the use of a standardisedapproach,thus people's experiencesare limited
to certain predeterminedresponsecategories(Patton, 1990).
Qualitative data
In contrast to quantitative data, qualitative data are "a source of wellin
identifiable
descriptions
and explanations of processes
grounded, rich

local

contexts, " Miles and Huberman (1994: 1). The purpose of qualitative inquiry is to
produce findings (Patton, 1990: 371), and the culminating activities of qualitative
inquiry are analysis, interpretation, and presentation of findings. Qualitative data
is
done
data
the
through assembling, and
and
analysis
of
words,
of
consists mostly
clustering the words into semiotic segments, allowing the researcher to contrast,
compare, analyse, and bestow patterns upon them (Miles and Huberman, 1994). In
large studies, unlike the case with quantitative data, which are amenable to the use of
digital analysis programs, in order to make sense of massive amounts of qualitative
data they first have to undergo reduction in volume, which

then allows the
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identification of such significant patterns.This data reduction occurs continuouslyand
even before the data are actually collected anticipatory data reduction is occurring as
the researcher decides which cases, which research questions, and which data
collection processesto choose(Miles and Huberman, 1994).
Qualitative data are collected through three principal sources: in-depth, openended interviews,

direct observation, and written

documents. The data from

interviews consist of direct quotations from people about their experiences, opinions,
feelings, and knowledge in response to open-ended questions (Patton, 1990). Openended questions enable the researcher to understand and capture the points of view of
other people without

predetermining

them in prior

selection of questionnaire

categories (though it should be noted that questionnaires can also contain questions
that allow open-ended responses). Further sources include administrative and archival
data
(Yin,
Qualitative
1994).
are used to develop concepts as opposed to
records
applying already established ones, and to understand and explain phenomena, and
is
investigative
research
essentially
an
qualitative
process.
Samples for qualitative data tend to be more purposive than random (which is
the case for quantitative data collection). This is due partly to the initial definition of
the universe being more limited, but also because social processes have a logic and
coherence that is unmanageable in random sampling (Miles and Huberman, 1994).
There are no formulas for determining significance with qualitative data, and no
straightforward tests for reliability and validity, which means that the researcher must
ensure diligence in fair representation of the results gained from the data

In many ways the contrast between quantitative methods and qualitative
methods is a trade-off between breadth and depth. Qualitative methods permit the
evaluation researcherto study selected issues in depth and detail becausethe data
collection is not constrainedby predeterminedcategoriesof analysis(Patton, 1990).
Triangulation

Research generally employs one basic methodology and one basic method,
taken from one methodological context
the
the
qualitative
quantitative
or
(Sarantakos, 1998). Over the years, many authors have argued forcefully that
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qualitative methods should replace the dominant quantitative methods, a view that has
been strongly opposed by the advocates of quantitative methods. It has also been
argued however, that this classification has created an artificial line and given rise to
unnecessary conflicts among scientists (Gummeson, 1991). As mentioned above,
there is a third camp that advocates the use of a combination of quantitative and
qualitative methods. Combining different methods of data collection, for example
surveys and experiments,

experiments

and observation,

or

observation

and

documentary methods when studying the same social issue is called triangulation, and
is equally employed by quantitative and qualitative researchers (Sarantakos 1998).
Triangulation

is thought to enhance the rigour of research and allow the

researcher:
"

to obtain a variety of information on the same issue;

"

to use the strengths of each method to overcome the deficiencies of the
other;

"

to achievea higher degreeof validity and reliability;

"

to overcome the deficiencies of single-method studies;

"

to enhance interpretability (Blaikie, 1991; Sarantakos 1998; Robson,
2002).

For example, in a primarily quantitative study, the interpretation of statistical

analysesmay be enhancedby a qualitative narrative account (Robson, 2002). Denzin
(1989) distinguished four types of triangulation:
"

data triangulation: the use of more than one method of data collection
(e.g. observation, interviews, documents);

"

observer triangulation: using more than one observer in the study,

"

methodological triangulation: combining quantitative and qualitative
approaches;

"

theory triangulation: using multiple theories or perspectives.

There are researcherswho disagreewith the concept of triangulation however,
and many writers have discussedthe problems (e.g. Blaikie, 1991; Denzin, 1989;
Silverman, 1985). The arguments include: that generalisations of this kind are
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unfounded,that expanding the spectrumof methodsemployed to collect the data does
not necessarily guarantee better results (Sarantakos 1998), and that triangulation
opens up possibilities of discrepancies and disagreements among the different
sources,for example interviews and documentsmay be contradictory (Robson,2002).
The Researcher, however, contends that triangulation has great value,
especiallyon the considerationthat:
`If the aim is to change the world rather than study it, the sole view can
be confidently stated. But triangulation is an acknowledgement that
social research is rarely decisive and that confidence is often best
established by collecting and presenting a number of viewpoints. "
(Shipman, 1997: 106).
Questionnaires

It is a fact that surveysare often carried out on the basis of insufficient design
and planning (if any at all), and that whilst `fact-gathering' can be an exciting and
tempting activity, the questions for a questionnaire should not be produced by the
interesting
trying
to
think
things to ask (Oppenheim, 1992;
of some
researchersimply
Robson, 2002). With poorly conceptualiseddesigns, there is a very real danger that
the weaknessesin the design are frequently not recogniseduntil the results have to be
interpreted,at which point it is too late to repair.
Questionnaire construction is a very demanding task, requiring important
considerationbeing given to format, what types of questionsto ask, and the length of
the questionnaire, and it should be presented so that it is clear, easy to read and
attractive to the respondent, and most importantly, that it achieves its purpose
(Sarantakos, 1998). The questions should be designed such that they directly help
achieve the goals of the research.Thus, a good questionnairenot only addresssesthe
research questions, but also gets the co-operation of the respondents, and elicits
accurate information (Robson, 2002). Furthermore, a questionnaire will not emerge
fully-fledged; it has to be created, adapted,developed and piloted to ensure that it
works as intended (Oppenheim, 1992). The questionnairerespondentshave to be able
to understandthe questionsin the way that the researcherintends, have accessto the
information neededto answerthem, and be willing to, and actually answerthem in the
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form called for by the question. It may therefore be necessaryto alter the languageof
the question so that it is both understandableand unambiguous to respondents
(Robson, 2002).

Questionnaireshave both advantagesand disadvantages.Table 7 illustrates the
main advantagesand limitations.
Less expensive than other methods
Produce fast results

Can be completed at the respondent's
convenience
Anonymity

i
Do not allow probing or clarification

Motivating respondents to participate

Researcherdoesnot know whether the
intendedperson answeredthe questions

Less opportunity for bias
Stable, consistent, uniform measure
Objectivity

Impossible to check question order
followed
No opportunity to collect further
information via observation
No supervision therefore partial response

Wide coverage

possible
Table 7: Advantagesand limitations of questionnaires

Interviews

Conducting good interviews is an art that requires considerableinterpersonal
skills on the part of the interviewer. He or she must be able to put the interviewee at

ease, pose questions in an interested manner, be able to strike rapport with the
respondentin a short spaceof time, be awareof non-verbal cues (body language),and
at the same time note down responseswithout interrupting the interview flow, and
give support and prompting without introducing bias.
Interviews in qualitative researchcan be classified into three types based on
the degreeof structureor standardisation(Sarantakos,1998; Robson,2002):
"

Fully structured interview: predetermined questions with fixed wording,
usually in a pre-set order. A structured interview is in reality a
questionnaireread by the interviewer asprescribedby the researcher.

"

Semi-structured interview: predeterminedquestions, but the order can be
modified based on the interviewer's perception. While some are closer to
structured interviews, others are closer to unstructured interviews.
Questionwording can be changedand explanationsgiven.
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"

Unstructured interviews: have no strict procedures to follow and can be
completely informal. The interviewer lets the conversation develop on the
basis of certain research points, formulating questions as and when
required and employing neutral probing.

The degree to which interviews are structured dependson the researchtopic
and purpose, resources,methodological standardsand preferences,and the type of
information sought, which of course is determined by the research objective
(Sarantakos, 1998).
Interviews generally rely solely on open-ended questions, yet the interviewee
if
fact,
is
introduced
by
`leading
In
bias
questions'.
an
asking
not
must ensure
interview is going well there should hardly be any need for questions as such, the
interviewer may merely suggest a topic with a word, or a trailing sentence, and the
interviewee will `take it away' (Oppenheim, 1992).

The main disadvantagesin interviewing are leading questions, interviewer
bias, cost of conducting interviews, and consistencyin both question presentationand
data analysis.It is almost essentialfor interviews to be recorded on tape. This allows
detailed analysis afterwards, for there is much that will escapethe interviewer during
the actual interview (Oppenheim,1992).
3.2.3.2 Casestudy
Until recently, the authors of `methodology' texts consideredcasestudy to be
`soft
itself,
dubious
by
a
methodological
option', whose real value was
as
and
value
of
as an exploratory precursor,or as a complement,to an experiment or survey (Robson,
2002). It is worth noting, however, that:
"Case study research is remarkably hard, even though case studies have
traditionally been considered to be "soft" research. Paradoxically, the
"softer" a research strategy, the harder it is to do. " (Yin, 1994: 16)

Today, case studies are considered to be a valid form of inquiry, not as a
second-rank research stepping-stone to quantitative studies, but as a research
enterpriseof their own (Sarantakos,1998; Robson, 2002). They are particularly valid
when the research context is too complex for survey studies or experimental
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strategies,and when the researcheris interestedin the structure,processand outcomes
of a single unit (Sarantakos,1998).
As a form of research, case study is not a methodological choice but a choice
of what is to be studied, and is defined by interest in individual cases, not by the
methods of inquiry used (Stake, 2000). The case therefore, is the situation, individual,
is
interested
it
is
in
(Robson,
the
or
which
research
group, organisation
whatever
2002). As a scientific inquiry, the aim is to study social action, openly and flexibly,
within its real-life context, especially when the boundaries between phenomenon and
(Sarantakos,
1998; Yin,
are
clearly
evident
context
not

1994). In studying the

phenomenon in its natural setting, the research is conducted via interaction and
communication
important

with, and as interpreted by, the respondents; this highlights the

criteria of openness, communicativity,

naturalism

and interpretativity

(Sarantakos, 1998).

As phenomenon and context are not always distinguishable in real-life
including
data
data
technical
a
set
of
characteristics,
collection
and
analysis
situations,
strategies,are defining elementsto casestudy. The casestudy inquiry:
"

copeswith the technically distinctive situation in which there will be many
more variables of interestthan data points, and as one result

"

relies on multiple sourcesof evidence,with data needing to convergein a
triangulating fashion, and as anotherresult

"

benefits from the prior development of theoretical propositions to guide
data collection and analysis.(Yin, 1994: 13)

Case study as a research strategy therefore comprises an all-encompassing
method using multiple sources of evidence, in which the logic of design incorporates
specific approaches to, and employs a number of methods of, data collection and data
analysis (Yin, 1981; Yin, 1994; Sarantakos, 1998). The use of triangulation (Section
3.2.3.1) in case study research far exceeds that in other research strategies. It allows
an investigator to address a broader range of historical, attitudinal, and behavioural
issues, but the most important advantage presented by using multiple sources of
evidence is the development of converging lines of inquiry, thus any fording or
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conclusion in a case study is likely to be much more convincing and accurateif it is
basedon severaldifferent sourcesof information (Yin, 1994).
Case studies can include both single- and multiple-cases. In some fields,
multiple-case studies have been considered a different "methodology"

than single-

case studies however, Yin (1994) views the choice between single- and multiple-case
designs within the same methodological framework, the important point being that
every case should serve a specific purpose within the overall scope of inquiry.
In summary, the important points of case study research are that it is:

"A

strategy, i. e. a stance or approach, rather than a method, such as
observationor interview;

"

Concerned with research, taken in a broad sense and including,
example, evaluation;

"

Empirical in the senseof relying on the collection of evidenceabout what
is going on;

"

About theparticular: a study of that specific case;

"

Focused on a phenomenon in context, typically in situations where the
boundary betweenthe phenomenonand its context is not clear; and

"

Undertaken using multiple methods of evidence or data collection.
(Robson,2002: 179)

for

From the above it can be seenthat casestudy researchis highly appropriatefor
researchin information systems,and ICT in organisations.In such researchthere is a
need to study not only the technology, but also to consider managerial and
organisational questions, and indeed how innovation interacts with its proposed
context. Benbasat et al. (1987: 370) believe there are three reasonswhy case study
researchis viable for information systemsresearch:
"

the researchercan study information systems in a natural setting, learn
about the stateof the art, and generatetheories from practice.

"

the case method allows the researcher to answer "how" and "why"
questions,that is, to understandthe nature and complexity of the processes
taking place.

"a

case approach is an appropriate way to research an area in which few
previous studieshave beencarried out.
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3.2.3.3Action research
Action research has been used in the field of social science since the 1940s as
a research strategy that integrates theory and practice through change and reflection
(Lewin, 1947; Argyris, et al., 1985; Reason, 1993), but it still has yet to draw a large
following in the main stream of social science (Baskerville and Wood-Harper, 1996).
It aims to pursue action and research outcomes concurrently, using components that
resemble both consulting and field research. The process of action research is
generally thought to involve a spiral of self-reflective cycles of:

"

planning a change

"

acting and observing the process and consequences of the change

"

reflecting on these processes and consequences, and then

re-planning and so forth (Kemmis and Wilkinson, (1998: 21).
The social basis of action research is involvement, its operation demands
"

is
both
the
the systemunder consideration,and of the
of
and
action
required
changes,
people involved in that system(McNiff, 1988).
Robson (2002) aligns action research with a `real world' research emphasis,
suggesting applied rather than pure basic research, policy rather than theoretical
research (cf. Patton's purpose continuum, section 3.2.1 above). In questioning how
different (if at all) action research is to other types of research, Sarantakos (1998)
concludes that it uses the same type of research model as other research types, with
some modifications regarding the role of the respondent and the manner in which data
is
collection
conducted. McNiff

(1988) sees action research as attempting to make

sense of situations from a completely different standpoint to that of the `traditional'
view of research involving an experimental group and tests to measure their progress.
She claims that action research "is research with rather than research on" (McNiff,
1988: 3).
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In terms of information systems research, Susman (1983) detailed a five
phase, cyclical, action researchprocess as depicted in Figure 8. At the heart of the
cycle is the systemor environmentunder research.

Diagnosing
OOOW(

000000000
.
Specifying
XKKýý

C

Learning

Action
Planning

Client-System
Infrastructure
C
Evaluating

Action
Taking

Figure 8: Theaction researchcycle (Susman,1983)
The five phases of Diagnosing, Action Planning, Action Taking, Evaluating
iteratively
duration
Learning
Specifying
throughout
the
then
out
of the
are
carried
and
is
by
from
this
action
research
regarded
standpoint
many as the
and
process,
research
ideal research method for information

systems research (Baskerville

and Wood-

Harper, 1996).
The elements that characterise action research, according to (Sarantakos,
1998: 113) are the personal involvement of the researcher, the emancipatory nature of
the research, the active involvement of the researched, and its opposition to certain
established policies and practices (which sets action research within the parameters of
the critical perspective cf. Table 6 above).

Some authors see lack of impartiality of the researcheras a disadvantagewith
action research. As Benbasat et al. (1987) note, the action researcher is not an
independentobserver, but becomes a participant. Furthermore, Robson (2002: 216)
points out: "if notions of collaboration and participation are taken seriously, then
somepower of decision about aspectsof the design and data collection are lost by the
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" A further disadvantageis that action researchis context bound, thus not
researcher.
easily allowing for generalisationsto be madeto the wider world.

3.3 Derivation of the research questions
In reviewing the principles of research above (Section 3.2), it was stated that
the Researcher believes that the driving element in research is the purpose. It could be
said that without a genuine purpose research suffers the danger of becoming a mere
learning.
in
in
branch
The
interest
this study
subject
or
of
purpose
a particular
passing
is to work towards finding a viable solution to a real world problem. This problem is
located in the domain of the European construction sector.

From the literature review (Chapter 2) it becomesclear that the construction
industry in general could be viewed as having operatedas a Virtual Enterprise (VE)
for some considerable time. It is also clear, however, that it does not effectively
in
history
industrial
VE;
time
this
and
at
a
when
many
other
sectorsare
operateas a
in
favour
ICT
their
to
alter
own
advanced
modus
operandi
of the VE
employing
in
defined
the literature.
paradigm as
The underlying

problem

being addressed therefore, is that whilst

the

its
for
industry
like
VE,
ICT
a
support
communication and
operates
construction
information exchange still needs improving; interactions between actors are still not
well co-ordinated; and ICT support for Information and document management varies
from one company to another, but overall is still done in a traditional and ad hoc way.
In short, a solution needs to be found that will digitally enable the construction
industry, which leads to the main research question of the thesis:

1. "Is the construction industry ready to move from a paper-based
approach to collaborating and sharing information on projects, to an
innovative model-basedapproach making use of the latest development
in ICT? "
It is inevitable with any considered research effort that the act of asking a
pertinent and searching question of a particular branch of learning, will lead to yet
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more questions.That indeed proved to be the casewith this main researchquestion.
Furthermore, in asking this overarching question, the Researcherrecognisedthe need
to realise a scopeto ensurethat the question could be answeredwithin the constraints
of a doctoral thesis. The thesis therefore aims to addressthree further, related and
delimiting, researchquestions.
The literature relating to the VE indicates that one of the key characteristics is
the integration of partners. As the `links' between the people in the virtual teams that
constitute the VE are supported by ICT solutions, it follows that a high degree of
integration and interoperability is required with and between the different technology
elements as well. Reviewing the fragmented nature of the construction industry,
together with the fact that SME actors dominate it, and bearing in mind the disparate
technologies already in use, led to the second research question:

2. "Is the technology advancedenough to offer adapted solutions to the
very characteristics of the construction industry? "
Reviewing

the literature regarding organisational

theory emphasised the

inherent `human' nature of organisations, the influence and importance of the
informal elements of the organisational system, and the change implications intrinsic
to technological intervention. The lessons contained therein suggest that in attending
to the need to digitally enable the construction industry a balance is required between
on the one hand, integrated information infrastructures, tools and systems, and, on the
intrinsic
the
to this sector. This
and
complexities
other,
organisational peculiarities
then, begs the third research question:
3. "Is the technology on its own able to provide a solution to the needs
and aspirations of construction end-users? "

As the characteristicsof the construction industry indicate, it is a sector that
survives on razor thin financial margins, is dominated by a few very large and
influential companies,and is highly labour intensive with growing skills needs.These
facts, combined with the precedingquestionsgave rise to the final researchquestion:
4. "Given the characteristics of the construction industry, does the
industry require a new businessmodel in relation to thepurchase of ICT
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offering an affordable and profitable solution for SME and Clients on
projects? "

3.3.1 Summary of research objectives
The main aim of the thesis is to find balanced answersto the above research
questions, which address the underlying problem. In order to fully address the
problem this aim can be convertedinto a number of objectives:
1. Clarify the concept of the virtual enterprise.

2. Understand the current practices, limitations and barriers, in organisations and on
industry.
in
the
construction
projects
3. Provide a high-level process specification supporting ICT-based inter- and intracompany collaboration and communication in the construction industry.

4. Provide a conceptualisationsupportingthe abovehigh-level processspecification.
5. Monitor/orchestrate and provide useful contribution towards the developmentof a
proof of the conceptof the abovespecification.
6. Deploy the proof of conceptimplementationsinto real end-userscenarios.
7. Test and validate the resulting proof of conceptprototype deployment.
8. Analyse the outcomesfrom the evaluation of the prototype and elaboratebusiness
recommendations.

3.4 Methodology chosen for the thesis
It is clear from the literature review and the above discussion of the research
questions that the problem being addressed is posited in the arena of advanced ICT
use in an organisational setting. The Researcher's background, experience and
research interests are in the socio-organisational aspects of such problems as opposed
to the highly technical issues. The research contained within this thesis is applied
research, investigating pragmatic solutions to a `real world'

problem, rather than
66

ResearchMethodology

purely theoretical research.The Researcherconcurs with the view of Hakim (1987),
who seesthe difference between what she terms as `policy' researchand theoretical
in
research terms of emphasis. For her, the main features that distinguish policy
researchfrom theoretical researchare:
"an emphasis on the substantive or practical importance of research
findings,
`statistically
than
significant'
and
on merely
results rather
second, a multi-disciplinary approach which in turn leads to the eclectic
and catholic use of any and all research designs which might prove
helpful in answering the questions posed. " (Hakim, 1987).

The researchdesign in this thesis incorporates a central, driving, case study:
the OSMOS project (section 3.4.2), which is centred on action research principles.
This is added to, and enriched by research and results from two further (ongoing)

(section
3.4.3), and the ICCI project (section 3.4.4).
VOSTER
the
project
studies:

3.4.1 Literature review
As already stated in the introduction to Chapter 2 (section 2.1), literature
review is an essentialphasein the researchprocessallowing the researcherto delimit
the problem under investigation. The reviewing process of suitable literature is
in
the
starting
any researchstudy, which was of course the casewith
point
generally
this thesis. However, with the `body of knowledge' being continuously addedto (at an
ever increasing rate it appears),it is prudent to be iterative in one's approach to
literature review. The Researcherhas, therefore, approachedthe literature reviewing
processas a dynamic element in the methodology, especially in the awarenessof the
fact that the field of learning continues to be added to in the interval between
obtaining the results of one's research,and completing the writing up.

3.4.2 Introduction to the OSMOS project
As aforementioned, the OSMOS project is the driving case study for the
thesis. It is via this project that the objective of testing and validating a potential
solution to digitally enabling the constructionVE was realised. In effect it was usedas
the main `test bed' for the thesis research.OSMOS (Open System for Inter-enterprise
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Information Managementin Dynamic Virtual EnvirOnmentS) was a Europeanfunded
project (IST-1999-10491), carried out over a 27-month period betweenJanuary2000,
and March 2002.
The overall aim of OSMOS was: "to enhance the capabilities of construction
enterprises, including
specifying,

SME, to act and collaborate effectively

setting up and promoting

model-driven,

by
projects
on

value-added, Internet-based

flexible services that support team work in the dynamic networks of the European
industry.
"
construction

3.4.2.1 The OSMOS consortium

The OSMOS project was driven by the needs of end-usersand the market,
through the expertise of European leading construction businesses, including
construction IT service providers, and European leading research centres. A
following
the
six organisationsundertook the work:
comprising
consortium
Derbi - Derbi is a subsidiary of the French consulting engineering firm
Groupe OTH (OTH). Foundedin 1970,the company is engagedin three main fields
of

activity:

Research, software and application design and development;

implementation of solutions for computerised data exchange; and network
managementconsultancy.
CSTB - The "Centre Scientifique et Technique du Bätiment" (CSTB) is the
French national public research establishment in the construction field. CSTB's
activities cover four major fields: research,technical consultancy, quality assessment
and knowledge dissemination.
Granlund - Granlund is the largest engineeringcompany in building services
in
in
Finland.
Founded
1960, it employs 280 people, and is privately
consulting
by
(mainly
the employees). The company's main activities are building
owned
services design, facilities managementconsulting, and development of design and
facilities managementsoftware.
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JM - JM AB (publ) is Sweden'slargesthousing developer,with an increasing
focus on project development of both residential and commercial properties. Founded
in 1945, it employs approximately 2500 people, and is a public company. Restricting
most of its activities to the particular niche of housing construction, JM undertakes the
complete building

detailed
development
from
land
to
the
of
acquisition
project

development plans.

ISI-USAL - The Information Systems Institute (ISI) was founded as a
businesses
in
leading
Salford
between
University
the UK. The
the
of
and
partnership
ISI research centre involved in the OSMOS project, one of the most successful in the
UK and internationally recognised, is focused around information and management
systems applied to the built and human environment.

VTT - Technical Research Centre of Finland, is the largest research
in
largest
Europe.
The
in
Nordic
the
the
research
and
one
of
countries
establishment
four
design
focuses
involved
in
OSMOS
VTT
the
on
main
activities:
project
group of
information
data
and
networking
product
methodology, project management,
technology.
3.4.2.2 The OSMOSproject methodologyand work plan
The OSMOS project adopted an action research approach (pursuing action and
3.2.3.3
By
to
time
the
the
see
section
adhering
above).
outcomes
at
same
research
incremental
iterative
the
consortium adopted an
and
principles of action research,
approach to address the objectives of the project. The project duration was 27 months,
iterations
(of
being
three
the
out
across
carried
nine months each). Each
with
work
iteration allowed the consortium to assessand validate the OSMOS infrastructure, and
in
implementation
to
the
the
relation
potential
risks
address
of the proposed solutions.
Figure 9 graphically represents this approach.
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Figure 9: OSMOS Iterative and Incremental Approach

A single iteration of the project was carried out across six work packages
(WP) (including

dissemination),
and
ongoing project management

interdependent, providing feedback in a cyclical manner.

which were

The four technical work

packageswere:
1. WP 1: Stateof the art and requirementscapture.
2. WP2: Architecture definition and specification.
3. WP3: OSMOS infrastructure implementation.
4. WP4: Evaluation and organisational recommendations.

The Researcherwas involved in the project throughout its complete lifecycle.
He led all of the human and organisational aspects of the project including the
in
(WP4),
testing
took
the requirementscapture and
a prominent role
validation and
(WP1,
in
WP2),
had
phases
and
role
all other aspectsof the
a contributory
modelling
project.
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3.4.3 Introduction to the VOSTER project
VOSTER (Virtual Organisation Cluster) is a European funded project (IST2001-32031), being carried out over a 30-month period from December 2001 until
May 2004. It is a cluster project initially clustering 29 EU projects (one of which is
OSMOS) and accompanying measures that are researching the VO and Smart
Organisations, covering elements of the complete lifecycle of a typical VO. The
VOSTER consortium comprises thirteen European organisations (including the ISI,
University of Salford) representing eight different countries.
The aim of the project is to collect, analyse and synthesize the results from a
number of leading European research projects on Virtual Organisation (VO). The
main objectives of VOSTER

are to consolidate VO related concepts and their

relationships, VO types, characteristics and indicators into a reference model; identify
and recommend useful approaches for VO modelling;

identify and promote best

practices for VO formation and operation (particular focus on SME); identify relevant
technologies and standards and assess their potential for VO infrastructures and
interoperability;

define

functions

of VO

infrastructures

and suggest ways to

implement them; and promote VO approaches in European industries.
The Researcher is involved in all stages of the project throughout its duration.
Research results from VOSTER form a part of the methodology in this thesis, to
enhance the VE research of the main case study, and also to aid in generalising the
results.

3.4.4 Introduction
IM

to the ICCI project

(Innovation co-ordination, transfer and deployment through networked

Co-operation in the Construction Industry) is also a European funded cluster project
(IST-2001-33022). It is being carried out over a 28-month period from September
2001 until 31st December 2003. The project initially clusters six EU projects (one of
is
OSMOS). The ICCI consortium comprises nine European organisations
which
(including the ISI, University of Salford) representing six different countries.
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The project is addressing a wide spectrum of construction industry related
issues dedicated to ICT: Virtual Enterprises and eWork, concurrent engineering,
virtual

collaborative

workspaces; e-Business and e-Commerce applications

in

construction, organisational and social issues, and legal and contractual conditions for
ICT use and deployment in construction organisations and projects. It is trying to
establish a critical mass of European involvement to meaningfully start the process of
change that is now required in the construction sector.
The Researcher is involved in all stages of the project throughout its duration,
issues.
is
leading
Methodologically,
the
addressing
organisational
and
social
work
and
the results from ICCI, particularly those regarding organisational and social issues,
from
form
important
the
the
main
case
study,
and
advance
results
and
an
part
enrich
of the discussion in Chapter 7.

3.4.5 Methods and instruments
The Researcherhas employed a number of methods and developed various
research instruments to produce the results he required for this thesis, which are
described below. The main instruments developed include a questionnaire dealing
in
VE,
IT
the first iteration of OSMOS; an
the
was
used
construction
which
and
with
interview guide employed in a series of interviews during the second iteration of
OSMOS; and field trial evaluation forms used in field trials during all three iterations
of the project. Whilst all of these instruments were used for the specific purposes of
the OSMOS project, the Researcher designed them primarily for the purposes of this
thesis.
The questionnaire and interviews were used to glean information from people

employed at different levels within the industrial organisationsin France,Finland and
Sweden(Derbi, Granlund and JM respectively).The questionnaireswere aimed at the
operational/tactical levels, whilst the interviews were aimed at the strategic/tactical
level. This is depicted in Figure 10, which is based on the concepts of Figure 4 in
Chapter2.
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Interviews

Questionnaire

Levels of business planning

Figure 10: Levels of targeted personnel
It is worth noting here, that especially in terms of the questionnaire and
interviews, the Researcher's intentions met with some strong initial resistance from
the industrial partners in the consortium.

3.4.5.1 Questionnaire
As already mentioned, within the OSMOS project, the Researcher led the
It
devoted
to
recommendations.
was
organisational
and
evaluation
work package
within

this work package that the IT and construction

VE questionnaire was

developed. However, the results had some bearing on the other work packages in the
project, as the questionnaire also validated the requirements capture and provided
feedback to the modelling efforts in the second iteration.
The questionnaire was designed to research factors that are often neglected in
to
technical
study
and
also
capture
within
projects,
requirements
and
analysis
systems
how the organisations actually work, taking into account the informal as well as the
formal sub-systems. It was divided into six sections:
"

including personal information such as
Information
information.
department
tenure,
organisation,
and company specific
name,

"

Information

General

Technology - including use of computers, skills and training

needs.
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"

Teamwork - including composition and effectiveness of teams,
communicationsmethods,and information sharing.

"

Business Environment - including organisation culture and structure, and
decision making processes.

"

Business Processesand Organisational Change - including awareness
and the importance of business process, awareness of change, and
perception of change.

"

Knowledge Management - including information
methods, and legal aspects.

storage and sharing

The themes of the different sections are based on the concepts reviewed in
Chapter 2. The questions were designed to elicit both quantitative and qualitative data.
A copy of the questionnaire appears in Appendix 1.
In developing the questionnaire, the Researcher took advice from other people
knowledgeable in the VE and organisation development fields. Using this feedback
the questionnaire was further reviewed to eliminate any ambiguity before a final
version was issued for pilot testing.

A pilot test of the questionnairewas made among the OSMOS partners,which
intended
in
language
France and
the
a
with
respondents
revealed possible
problem
Finland. The Swedish partner commented that the English language would not be
problematic. French and Finnish language versions were then produced. An initial
reluctanceto the questionnairewas voiced, due to its length, the number of responses
in
due
the
the
the context
to
validity
of
questions
required and also
concernsregarding
of a technical project.
In terms of sampling and analysis, the initial intention was to distribute the
questionnaires electronically to 40 people chosen at random in each of the end-user
organisations. This would ensure a representative sample and expedite the completion
process. It was stated in all cases however, that a sample of 40 people in each
impossible
be
to provide, and that lists of staff e-mail addresses
would
organisation
could not be released for the purposes of random sampling. The questionnaire was
finally distributed to 25 people at Derbi, 25 people at Granlund and 27 people at JM.
On distribution of the questionnaire, a covering letter was attached explaining the
purposes of the survey, and emphasising anonymity. The principal

aim of the
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questionnairewas to create a profile of the industrial organisationsin terms of all of
the areasthat would be impacted by the introduction of a digital VE solution. Due to
the relatively small numbersof questionnaires,although the Researcherdid employ an
during
for
Science)
(SPSS
Statistical
Package
Social
the
tool
electronic analysis
quantitative data analysis,there was little need for deepstatistical analysis.
The results from the questionnairesurvey appearin Chapter6.
3.4.5.2 Interviews
The Researcher carried out semi-structured interviews in the three industrial
partner organisations of OSMOS. The aim of the interviews was to analyse the
strategic positioning of each organisation and its technological and organisational
based
interviewees
The
on seniority and
choice
of
was
capabilities and competencies.
in
in
the
the
the
participants
company,
and
resultant
same
years of experience
interviews were senior people such as managers, senior managers and owners of the
company.

The Researcherhas many years' experiencein interview situations, and so was
interviews,
during
interviews
himself.
As
the
to
the
an aid
and in
conduct all of
able
order to ensure consistency between the various interviews, an Interview Guide was
developed (a copy can be found in Appendix 2). The guide clusters questions under
four themes: Business environment; IT in construction; VE integration services; and
Change. The guide was quite literally an aide-memoire for the Researcher, and the
order and wording of questions was not of consequence. All of the interviews were
recorded on audiotape and the Researcher received no objections when asking the
interviewees if this was acceptable.
Four interviews within OTH/Derbi, six interviews within Granlund and four
interviews within JM were conducted. The interviews lasted from 25 minutes to one
hour each and took place in the offices of each interviewee in the cases of OTH/Derbi
and Granlund, and by telephone between Sweden and the UK in the case of JM. The
language used throughout was English. There were no problems or difficulties
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because
of the use of a foreign language,which can perhapsbe explainedby
reported
the seniority of the participants.
The results from the interviews also appearin Chapter 6.
3.4.5.3 OSMOS Field trial evaluation forms
Towards the end of each of the three iterations of the OSMOS project, field
trials were held to test and evaluate the OSMOS approach in an iterative and
incremental manner. The Researcher developed evaluation forms to be completed by
the people taking part in the field trials in each of the industrial partner organisations.
These survey instruments, in line with the technology, were also improved and
developed iteratively. In the first iteration the forms were focused mainly on usability
issues, and each participant in the field trials completed the same form. By the third
iteration, the VE tools had developed to the extent that fully realistic end-user
introduced,
different
be
with
participants taking on different roles in
scenarios could
the VE and therefore evaluating different aspects of the approach. The different
`roles' were arrived at according to the field trials scenarios in each country (see
Chapter 6), and were based on perceived VE roles as discovered in the requirements
capture research (see Chapter 4).
For the final field trials the Researcher designed three evaluation instruments.
Firstly, the `VE Server Administrator and Third Party Service Provider' evaluation
form (a copy of which is presented in Appendix

3). This evaluation tool was

developed as a basic questionnaire requiring only tick-box responses. The majority of
the questions are grouped into two categories: Integration, and Training. Following
these categories a generalised question eliciting

ranked responses regarding the

perceived importance of potential business benefits that may be gained through the
introduction of the OSMOS approach was also included, designed to evaluate the
overall approach in a generic fashion. A space was also provided for any other
additional comments the respondent's might wish to make.

Secondly, the `VE Project Administrator and User' evaluation form (a copy of
which is presentedin Appendix 4). This evaluation tool was also developedas a basic
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questionnaire requiring

only

tick-box

includes
and
responses

the same final

generalised question described above and space for further comments as required. The
into
four categories: Usability,
questions
majority of
are grouped

Training, Job

effectiveness, and Organisational effectiveness.
Both the VE Server Administrator and Third Party Service Provider evaluation
form and the VE Project Administrator and User evaluation form are in the format of
basic `tick-box' questionnaires. Four boxes are provided for the recording of answers
in the form of a Likert scale with scores from 1 to 4. A score of 1 denotes `not at all';
a score of 4 denotes `very much'. For the field trial in France the questions were
translated into French. The language was not felt to be problematic for the testers in
Finland and Sweden, however, so the questions remained in English. (It should be
noted here that a VE Server Administrator and Third Party Service Provider form was
in
field
Swedish
trial as this trial was focused solely on users).
the
not used
Thirdly, the `Observer' evaluation form (a copy of which is presented in
Appendix 5). In order to ensure that the people testing the system could concentrate
fully on the task at hand in the scenario, rather than having to break off to hand write
`qualitative' answers, it was decided to have at least one independent observer present
at each field trial in the second and third iterations. The observers' role was to gain
further information from the participants completing the other evaluation forms. This
triangulation

measure was used to add validity

to the research results. It was

recognised that different perspectives would be taken between the different people
involved in the field trials according to their roles within the scenarios, thus for
example, a participant ticking an answer of `1' (Not at all) would have a varying
reason from that of another participant, and so the observer was asked to gain further
`qualitative'

information

for answers at the extremes of the scale. Further to the

questions presented on the evaluation form, the observers were also asked to glean
any other comments and observations that the participants felt necessary to make.

The evaluation form presents the observer with open questions in two
sections: five questions directed to those people acting as the VE Service Providers;
and twelve questions to those acting as VE Project Administrators/Users. The first
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two questions in both sections are the same, asking if the respondent feels that the
found.
The
improved,
be
remaining
errors
were
or
not
and whether
software could
three questions in section one (VE Service Provider) request comments regarding
the
to
methods,
possibility
current
compared
gains
efficiency
potential

of issues

information,
handling
the
and any other comments.
contractual
of
arising regarding
The remaining questions in section two (VE Project Administrators/Users)

were

designed to implicitly test the added value of the OSMOS approach. The questions are
including
direct
in
to
management,
aspects
way
evaluate
and
an understandable
posed
benefits
business
through the provision
and
acceptance,
change,

of third party

services.
The results of the final (i. e. third iteration) field trials are detailed in Chapter 6.

3.4.5.4Modelling
It is clear from the literature review that many of the business processes in the
In
fully
to
industry
order
methods.
on
paper-based
are
still
reliant
construction
develop a pragmatic ICT solution to digitally enable the construction VE, current
in
digital
VE.
In
be
the
have
the
to
to
required
processes
analysed ascertain
processes
the OSMOS project the Researcher was deeply involved in this process, where both
intra-company information processes and inter-company interaction processes were
analysed. From the analysis of these processes, a generic process model was
developed (and refined in an iterative manner throughout the project) to specify the
high level processes required in the VE. The method used for modelling these
in
Chapter
described
IDEFO.
The
the
are
modelling exercise
results of
processes was
5. From the high-level process model for the VE, the lower level processes (i. e. the
technical functionality

initial
be
the
then
the
and
modelled,
solution)
could
of

proposed system specified. In order to achieve this an object oriented modelling
approach using the Unified Modelling Language (UML) was employed. The details of
this are presented in Chapter 5.

This modelling methodology (a combination of IDEFO and UML) enabled a
deepcomprehensionof the industrial end-userorganisations' businessprocesses,from
78

ResearchMethodology

the level of the overall creation of a VE, through to the specifics of the required
technical functionality, in a consistentmanner.

3.5 Conclusion
For any research study, the importance of choosing the methodology best
suited to the aims of the researchshould not be underestimated.However, it is also
important to ensurethat considerationsof the methodological `purity' of the study do
not overshadowthe aims. Having describedthe principles of researchand pointed out
the importance of logical designbasedon explicit purpose,this chapterthen explained
the provenanceof the researchquestions that are to be answered.The methodology
employed for this thesis includes an extensive literature review, which has already
been presentedin the main, in the previous chapter, and is driven by a central case
is
is
based
This
the
that
study
of
action
case
on
principles
research.
study
is
from
in
by
Researcher
two
the
still
other studies which
supplemented research
involved. A variety of tools have been used, employing both quantitative and
is
by
data
The
and
analysis.
chosen
methodology
rationalised
collection
qualitative
the pragmatic, `real world' nature of the purposeof the research.
The following chapter presents the business process modelling that was
carried out within the requirementcapturephaseof the OSMOS project.

79

BusinessProcessModelling

Chapter 4
Business Process Modelling
Methodology; The OSMOS Generic Virtual Enterprise Process
Model.

4.1 Introduction
As already shown in Chapter 2 (section 2.2.1), central to the core of the
organisation are the business, management and support processes. In defining the VE
(section 2.3.2), it was shown that interdisciplinary teamwork is an essential factor in
the VE, and one of the key elements in such teamwork is the purpose for which the
virtual team is established. In order to move towards answering the main research
question of the thesis, it is necessary to model the processes (which, if they are well
researched, will directly achieve the purpose) that are required to digitally enable the
construction VE.

This chapter presentsthe high-level modelling carried out in the requirement
capture phase of the thesis case study (the OSMOS project). It first details the
methodology used in the requirement capture phase, including some initial problems
that were faced, defines perceivedVE roles discovered in this analysis,and identifies
inefficiencies and contractual, IPR and legal issues that deserve consideration. The
following section then presentsthe high-level businessprocessspecification.

4.2 Methodology
The businessprocessmodelling presentedin this chapter constitutes the first
stage in the development and delivery of a digitally enabled construction VE
platform, i. e. it aims to fulfil the third objective outlined in Section 1.2 above: to
provide a high-level process specification supporting ICT-based inter- and intracompany collaboration and communication in the construction industry. Once the
high-level processesto enable the construction VE were uncovered, they could be
80

BusinessProcessModelling

further decomposedat a system functionality level, ready for the development of
suitable tools to be tested in the context of digitally enabling the construction VE.
(The low level modelling, and development of tools that could be tested and
validated, is presentedin Chapter5).
The process modelling was carried out in the context of the requirement
capture phase of the central case study of the thesis. In order to arrive at a high-level
human
for
business
(i.
the
the
processes
e.
and organisational actions and
specification
steps taken to achieve the purposes) of the VE, the requirement capture phase
intra-company
information
three
elements:
processes and
consisted of
practices; interinformation
in
intraICT
the
and
practices;
and
company processes
used
supporting
and inter-company processes and information practices. The first of these elements
provided a consistent view across the three end-user organisations taking part in the
in
Granlund
JM,
France, Finland and Sweden respectively), of
(OTH/Derbi,
and
study
how the organisations interacted and managed information on construction projects
conducted within their organisations, according to the phases of the construction
lifecycle that they most commonly operate. Analysis of the data obtained from this
element revealed limitations in the working methods (see Section 4.2.4), and also
provided input, regarding the types of ICT used, to the third element. The second
element provided a consistent view across the three end-user organisations of how
they interacted and managed information on construction projects conducted with
external partners. As shown in Chapter 2 (Section 2.4.8), the modus operandi of the
construction industry has in fact been that of a VE (though not efficiently supported
by ICT). This second element therefore posed the question of how the construction
organisations currently managed their processes in a virtual context. Analysis of the
data from this element provided the primary input to the modelling of the generic
processes required in the digitally enabled VE (Section 4.3). Furthermore, as with the
first element it also revealed limitations in the working methods (Section 4.2.4), and
provided input to the third element. The third element analysed the organisations'
currently used software applications, in order to establish which types of applications
might require integration within the VE. (As the focus of the thesis is the human and
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digital
the
aspects
construction VE, the remaining sections
organisational
of enabling

concentrateon the secondof thesethree elements).
The processesstudied were elicited from the construction organisationsin the
form of IDEFO diagrams (described in the following

section). On receipt of the

inter(especially
IDEFO
Researcher
the
the
the
analysed
processes
completed
models,
company processes in the context of this thesis) by comparing the models from the
three organisations, and extracting the common processes that enabled inter-company
(i. e. `VE') operation and information management. It should be noted again here, that
this procedure was carried out in an iterative and incremental fashion across the
lifecycle of the main case study of the thesis. The first iteration results were analysed
with a view to developing a digital VE platform that could be tested initially via field
trials conducted within separate organisations. It was not until the third iteration that
the complete high-level VE processes (in the form of the OSMOS Generic Virtual
Enterprise Process Model (GVEPM) - see Section 4.3 below) could be fully tested
and validated. In analysing the IDEFO models, processes were also extracted that
showed where an individual organisation had activities that others might not have
been explicitly addressing at that time. For example, Derbi were already using their
own proprietary Electronic Document Management System (EDMS) as a basis for
setting up a `VE' via configuring roles and access rights between different companies
taking part in an inter-organisational construction project. They were aware of the
need for different VE `roles', but the process showed inefficiencies (see Section 4.2.4)
due to the organisation not having explicitly formulated those roles.

4.2.1 Intra-company processes
In the first iteration of the procedure for eliciting and analysing the
construction organisations' businessprocesses,an internal template was provided and
distributed to the organisations for them to detail their business process and
information practices as well as the ICT supporting their core businessprocesses.The
use of this template proved somewhatto be a failure. It consistedof a `questionnaire'
format providing the organisations with boxed areas in which to present textual
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descriptions
hardware

of: their processes in terms of `Use Cases'; their current software and
infrastructures;

applications

interfaces

between

implemented

the various

software

information
in
business
IT
terms
and
process
skills
of
used; and current

management

interactions

practices,

between

teams

on

projects,

and common

construction applications. It was found that the templates provided caused some
in
being
in
information
however,
between
the
supplied
end-users,
resulting
confusion
varying formats that were difficult to analyse. For the second iteration an example
elaborated by Granlund) was suggested, using IDEFO functional

format (initially

format
below
Figure
11
1993).
(NIST,
the
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shows
an
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Figure 11: Suggested Format for Process Analysis
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This format allowed the end-usersto presenttheir current processesas IDEFO
diagrams, and to include additional information to describe the activity being
modelled and the operational context in which it is applied, plus the actorsinvolved in
the activity, any existing pre-conditions and/or post-conditions, exceptions,and other
is
is
(It
Researcher
to
that
the
the
aware
activity.
worth
mentioning
remarks pertinent
it
limitations
for
description,
is argued that this
IDEFO
the
of
alone
process
and
of
standardisedformat enhancedthe procedure).
The resultant models, which are presented in full in appendixes to Wilson,
(2001 a) provided a comprehensive view of the intra-company business activities and
the methods of information handling between actors. This was the first step towards
the specification of a high-level business process model for the construction VE.
(These models are not presented here as they were primarily

focused on intra-

company, rather than `VE' processes per se).

It is worth noting that from the failure of the initial template, the Researcher
chose to focus on the particularly `soft' issues, for example IT skills, in the separate
questionnaire survey (see Chapter 6, Section 6.2), rather than confusing the issue of
eliciting the businessprocessesat this stage.

4.2.2 Inter-company

processes

The next phase of the requirement capture was an analysis focused on the
current managementof teams and other actors in the context of a VE. This analysis
(which also employed the above template) provided a comprehensive view of the
inter-company interactions of the actors commonly involved in a constructionproject.
The results of the analysis indicated the many variables to be taken into account
during the life of a VE, including the requirement for processesat each stageof the
VE lifecycle (creation, operation, evolution, dissolution - see Figure 6 above). As
noted above, the procedure for modelling the high-level processeswas iterative and
incremental, and at each stage the nascent GVEPM was discussed in detail with
representativesfrom'each of the construction partner organisationsinvolved, resulting
in constantrefinement and strengtheningof the evolving concepts.
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As noted in Chapter 2 (Section 2.4), the construction industry is characterised
by (amongst other things) project work. In the first part of this section, it was stated
that the processes were viewed according to the phases of the construction lifecycle in
involved
the
most commonly operate. The organisations
organisations
which each of
involved

do in fact tend to focus their operations on differing

phases of the

construction lifecycle, and in different disciplines to some extent. Derbi/OTH, for
building
design
lifecycle;
Granlund
focuses
involved
in
is
the
on
complete
example
and, predominantly, maintenance (i. e. facilities management (FM) towards the end of
the building lifecycle); and JM covers the period from the acquisition of land until the
in
housing
the
construction
phase
projects.
of
planning

It became clear during the

industry
in
from
differing
VE
that
the
these
ought
construction
perspectives
a
analysis
to be contemporaneous with the lifecycle of any specific building project, or indeed
for
building
lifecycle
together
the
a
come
of
where
enterprises
phase
any particular
involved
in
Depending
therefore, a single
the
that
on
actors
particular phase.
project
VE may for example exist for the complete lifecycle of a building, whilst others may
design
during
the
phase or FM phase. Each of these examples would
only
exist
require

different

infrastructures,

available

services,

information

management

in
full
in
Wilson,
(The
models
produced
are
presented
so
complete
and
on.
practices,
(2001b), and are not presented here due to space considerations).

The analysis of the models highlighted interactions and processesthat were
common to all of the end-usercompanies,and also those that were specific to each,
according to their individual perspectives in terms of the building lifecycle.
Furthermore it became clear that actors would be required to take on specific VE
"roles" according to their requirementsfor provision, operation, maintenance,and use
of a digitally enabled construction VE. (Three potential "roles" within the VE were
revealed,which are presentedin the following section).
The combined results of the methodology described for requirement capture,
provided the basis for the specification of a high-level businessprocessmodel for the
entire construction VE. This model is intended to illustrate the generic processes
in
i.
VE,
the
e. those processesthat would need to be considered in each
required
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indicated
instance
VE.
The
that
capture
requirement
models
of
a
construction
separate
whilst eachVE - contemporaneouswith a construction 'project'- would require tools
lifecycle;
VE
throughout
the
the
tools
static
not
remain
and
services
may
and services,
indeed due to the rapid development of new ICT tools the generic process model
incorporate
for
have
to
activities
provision, maintenance and removal of
would
servicesas required.
Early versions of the GVEPM were predicated on a highest-level activity that
focused on providing and maintaining a VE service. This activity then decomposed to
three activities: Provide and manage VE integration services, Provide VE service, and
Maintain

VE service. From the above discussion it emerges that the highest-level

be
VE
`platform'
to
the
and
use
would
manage
required
activity

(i. e. the digital

VE),
decompose
the
to two
to
construction
which
would
enable
solution provided
VE
Provide
Provide
and
and maintain
and
maintain
services,
activities:
quite separate
VE project. In this solution (described further in Section 4.3 below), two distinct roles
for
be
a company or entity that may wish to act as an overall
one
can
accommodated,
VE Service Provider (see below) and one for a company or entity that may wish to act
as a provider of services to be made available to users via the `platform' provided by
the former. Furthermore the process model also allows for multiple projects to be run
concurrently, with different configurations according to the specific VE requirements.

4.2.3 Perceived roles in the digital construction VE
As noted in the previous section, through detailed consultation with the
industrial end-user organisations during the iterative requirements capture phase, three

potential roles within the OSMOS VE model emerged.The three roles are:
A.
B.
C.

VE ServiceProvider: a companywishing to provide the complete OSMOS VE
systemand serviceswill take on this role.
Third Party Service Providers: companies taking this role will provide
servicesthat will plug in to the OSMOS system.
VE Client: this role includes any companythat will sign up to the OSMOS VE
Service to run a project.
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in the context of the OSMOS solution are

These roles and their relationships
depicted diagrammatically
Building
owner

in Figure 12 below.

Designers

Maintenance
firms

Contractors

Building
users

Role C:
OSMOS
Clients

VL ADMIN
TOOL

OSMOS

Services

via API

zEXISTING APIs
..._..

Role B:
Third Party

EXISTING APIs

Service

Company Ys
Applications

Company X's
Applications
Company

Role A:
OSMOS
Service
Provider

VE SERVICE
MGMTTOOL

INFO
BROWSER

Company

X services

Providers

Y services

Figure 12: OSMOS Model and Proposed Roles (source: Wilson, 2001a)
In essence,the concept of the digitally enabled construction VE is to federate
services and/or tools, and make them available to the people working

in virtual teams

in order for them to employ the tools to their purposes. With the tools and services
being made available through links that are provided
people can avail themselves
effectively

of such instruments

two types of tools/services

operate, manage, and ultimately

-

firstly,

by Internet technologies,

in their

own time.

those that will

There are

be used to create,

dissolve the VE (according to the VE lifecycle,

Figure 6), and secondly services provided

the

see

by third parties (i. e. other than the VE

service provider and the client). Thus, a VE Service Provider offers its web-based VE
service to clients

(individuals

and/or organisations)

via the Internet.

Third

Party

Service Providers offer their own applications and services to clients through the API
of the platform

provided

by the VE Service Provider.

This allows the clients to

receive a complete VE management service that is customised to their specific project
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4.2.4 Identified Information

and Process Inefficiencies

During the analysis of the processesand practices of the industrial end-user
organisations in the OSMOS consortium described above, a number of process
inefficiencies that were presentat that time were identified.
4.2.4.1 Process Limitations in OTH/Derbi

Three different kinds of process inefficiencies were identified within
OTH/Derbi for which it was hoped a digitally enabled construction VE would help:
the set-up complexity of an adaptedteam-work solution, the risk of non-addedvalue
in
limited
the
services,and
capacities terms of services.
The complexity of the set-up processwas more a reaction of the usersthan a
technical problem remaining unsolved. Setting up a VE with their existing Electronic
Document Management System (EDMS) SGTi, required a methodology led by an
EDMS consultant and meetings with the construction project management (the owner,
the architect and the engineering design teams). There was no default configuration to
immediately address the needs of the actors. Once the methodology was achieved, a
certain level of autonomy was given to the VE administrator who generally belonged
to the construction project management. But transferring the VE management from
the provider to the administrator could not work without teaching the administrator
how to manage the system. The actors themselves also had to be taught how to carry
out their own tasks on the system. A solution to these inefficiencies was seen to be a
`light' version of SGTi (i. e. one made available rapidly and at low cost via a web
browser, and not necessarily including all of the available functionality of the full
EDMS), integrating more and more services through the proposed VE solution.
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From this the secondinefficiency emerged:it was necessaryto provide actors
with a large number of services adaptedto their process needs and requirements.In
their existing practices, Derbi had tried to imagine links between SGTi and Internet
sites, but this would not give the dynamic effect expectedby users. A more openly
available and larger view was required.
The third recognisedinefficiency, the risk of non-addedvalue services,can be
divided into two classes: non-added value service due to the functionality itself, or
non added-value service due to the way users manipulate the system and diverge from
the original aim of the functionality.

To ensure that functionality

is added value

services, it is important that they are based on information and documents standards
used. Some functionality is at the level of documents (creating files with different
documents), others are closer to the production tools, and each time production tools
are involved, a standard must be used. Non-value added services might also result in
incorrect use of the system. For instance, architects often complain about EDMS
because they have the impression that it tends to produce an artificial number of
document indexes, while the number of different versions is less important in the case
of paper document production (especially for drawings). This means that services
promoted and integrated to the digital VE must diffuse an acceptable quantity of
information

to the user. This is also an important issue regarding any potential

reengineering and help required for users adopting the proposed tools.

4.2.4.2 Process Limitations in Granlund
The existing Facility Management (FM) systems delivered by Granlund were

based on client server architecture and thus problematic in large, geographically
decentralised environments. Large installations can contain several thousand
buildings at many different locations that are maintained by a centrally located
maintenance organisation supported by local service personnel. At that time such
casescould only be handled by dividing the building databaseinto several smaller
sub-databasesthat were subsequentlymerged back to the main databaseat regular
intervals. Such a practice is error prone and leadsto substantialadditional effort.
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It is often the case, especially in smaller renovation projects where facility
data has to be updated, that building owners need to allow limited accessto the FMsystemto external consultantsfor short periods. At that time such arrangementswere
led
inefficient
to
temporary,
and
usually
problematic
solutions. Large installations
from
problematic
a maintenancepoint of view. Software updateshad to be
were also
installed on all workstations connected to the system, a process that is expensive,
time-consuming,and heavily burdensthe IT-support personnel.
The existing FM systems were also primarily aimed at professional FM-users.
They had a rich set of features, which led to a rather steep learning curve. Thus they
were not well suited for more occasional use by, for example, ordinary building users.
This led to problems in implementing services such as help desks.

4.2.4.3 ProcessLimitations in JM
Several systems for information storage co-existed at JM at this time, and
frequently the same document was saved multiple times in different locations. This
often led to problems, not only in terms of storage capacity, but also in terms of
versioning control of the entire information repository system.In some casesexternal
third-party databaseswere used offering a documentmanagementservice to end-users
on projects. However, these solutions revealedto be rather inefficient and often time
consuming for users. Additionally, there was no direct link between external thirdparty databasesand the internal information systemsat JM.
There was a clear lack of effective IT support during the design stage. If, for
example, the design manager did not have access to a CAD facility, he was effectively
out of the communication chain, and could only rely on paper-based drawings. It was
possible to use simple CAD-viewers (on free download) for drawing management, but
in most cases these do not provide enough functionality

and do not support some

important drawing standards and formats such as plt and dwg. The most common
tool for exchanging information was the email system, which was easy to use and
formal
training. Email systems do not, however, offer satisfactory
no
required
solutions in terms of addressing more general actor needs and requirements.
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JM felt it needed a systemwhere all project information could be stored and
made accessiblefor all participants in a project, regardlessof whether the information
was created internally or externally, and for the user to be able to view the
information regardlessof the software in which it was created.

4.2.5 Contractual,

IPR and legal considerations on projects

During the process analyseswithin the requirement capture phase described
above, various potential sources of litigation, due to contractual, legal and intellectual

property rights (IPR) issuesbetweenpartners on projects, were also identified. These
were found to fall into broad categoriesincluding:
"

Database and project knowledge ownership on projects.

"

Validity of electronic signatures.

"

Security and integrity of information in both static form and in
transmission.

"

Risk of perceived non value-added properties of electronic information
(e.g. extensive and inappropriate use of indexes).

"

Problems in relation to the dematerialization of information contained in
paper project documents.

In the light of theseissues,it was clear that in designing the high-level process
specification

for the VE the need for the controlling

influences of contractual

agreements, agreement of management protocols and procedures, and the legal
in
is
environment
which a project
carried out should be included. Furthermore, much
of the output from any construction VE operation will be in the form of information,
whether it is product (or service), operational, process, or archive information. At the
lower,

functional

specification,

level therefore, logging

activities,

storage and

transmission of information and data, and rights of access to and reuse of information
demand consideration.

4.3 The OSMOS Generic Virtual Enterprise ProcessModel
The analyses described above, to describe current business processesand
information practices and interactions between virtual teams, helped to understand
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in
current and perceived practices terms of managing a VE. By abstractingfrom these
analyses,it was possible to begin specifying the high-level processesfor the digital
construction VE. This specification was also achieved using IDEFO modelling, and
the resultant processmodel is presentedhere. The model is termed the `Generic VE
ProcessModel' (GVEPM), as by its very nature, the model is intended to be generic,
allowing the VE solution to be implementedthroughout the construction industry (and
perhapsultimately to other industrial sectors).
As aforementioned, in the first iteration of the project, an initial proposed
GVEPM was developed based on the earlier analyses achieved at that time. That
model was used as the basis for the system specification and development of the first
prototype VE tools, which were also field-tested. The field trials results, and further
analysis of the end-users' processes for supporting the VE, highlighted shortcomings
in the early model, and these were taken into account in the second iteration (allowing
for the perceived VE roles, and concurrent multiple projects). At the beginning of the
second iteration therefore, the original model was redesigned, and an initial revised
GVEPM was produced and delivered to the end-users for approval. After much
consultation a second revision was designed, which was detailed to a very deep level
in order to substantiate the concepts and discover the points at which the processes
modelled actually become system functionality. This tentative interim model showed
the direct mapping between the end-users' current practices, the proposed generic
solution design and the actual system design. Finally, the GVEPM as presented below
was defined after identifying and removing the lower level functionality aspects that
were more correctly at the `Use Case' level. These Use Cases were then defined in the
specification of the OSMOS VE solution (see Chapter 5).

The model is presented as a set of IDEFO diagrams with supporting text
basic
the
processesrequired in the operation of the proposedsolution.
showing
Figure 13 shows the top-level (A-0) activity of the model and its interface to
the process environment. The activity representsall the actions required to manage
the VE platform, and to use the platform to run a complete VE Project (eachproject,
as statedbeing a VE) from initial client requirementsto the end of the contract.
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VE Service
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Title:
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Tools

Manageand Use OSMOS Platform

Number. I

Figure 13: Node A-0 of the OSMOSGeneric Virtual Enterprise ProcessModel

The overall inputs are Requirementsand Third Party Services. Requirements
include Project Requirements, Client Requirements, Legal Requirements and Industry
Requirements as appropriate. Third Party Services are provided through or are made
legal
The
the
time
OSMOS
Platform.
the
at
and
operating
environment
via
available
(or
A
forces
the
service) and accompanying
activity.
product
control
current market
information in varying formats form the outputs. The VE Service Provider using the
OSMOS Tools performs the activity (the tools developed are described in Chapter 5).

This activity decomposesto Provide and Maintain VE Services and Provide
in
AO
(Figure
14).
VE
Project
Maintain
node
represented
and
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Figure 14: Node AO- Manage and Use OSMOSPlatform

Provide and Maintain VE Services - this activity involves the provision and
Input
VE
to the activity
through
the
the
platform.
of
services
available
management
is the Third Party Services. The legal environment operating at the time and current
market forces, which will dictate the types of services currently available, controls the
activity. The output is a set of managed and maintained VE Services, which form both
input to and control over the Provide and Maintain

VE Project activity. The VE

Service Provider using the OSMOS Tools performs the activity.

This activity

decomposes to node Al (Figure 15).

Provide and Maintain VE Project involves the provision and managementof a
VE Project. The inputs include the managedVE Services, the Client Requirements,
and the VE Project Requirements. Client Requirements may change as available
services, software applications, etc., are developed and included via the maintenance
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Tools performs the activity. The activity decomposesto node A2 (Figure 16).
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Figure 15: Node Al - Provide and Maintain VE Services

Node Al consists of four activities that are carried out to ensurethe provision
Services.
VE
of
maintenance
and
Register VE Services - this activity involves the actions required to register
those services made available to the VE Service Provider by Third-Party Service
Provider companies. Input to the activity is the available Third Party Services. The
legal environment operating at the time and current market forces control this activity.
The activity's output is VE Services that can be offered through the VE platform (and
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thus forms input to Provide VE Services).The VE Service Provider using the OSMOS
Tools performs the activity.
Provide VE Services - this activity allows the VE Service Provider to offer
Third Party Services to Clients via the VE platform. Input to the activity is those
Third Party Services registered to the VE Service Provider from the Third-Party
Service Provider companies. The legal environment operating at the time and current
market forces control this activity. The activity's output is VE Services provided via
the VE platform (and thus forms input to Maintain VE Services). The VE Service
Provider using the OSMOS Tools performs the activity. It must be noted here,
however, that the Researcher contends that some Third Party Services may be offered
directly to Clients by Third-Party Service Provider companies rather than directly
through the VE platform. Such cases would occur on an individual project basis, and
the involvement of the VE platform would simply be to act as a gateway to the
services. In these instances the Third Party Service Provider would perform that
portion of the activity.
Maintain

VE Services - this activity involves the ability to add, upgrade,

and/or remove services as required, and as available. Such services are controlled
according to the current market forces. Inputs to the activity include provided VE
Services and also the managed VE Services that are the output of the activity.
(Clearly,

if a service is upgraded, for example, this may affect the required

maintenance of the service). The VE Service Provider using the OSMOS Tools (and
any necessary Third Party Service Provider Tools) performs the activity.
Remove VE Services - this activity allows the VE Service Provider to remove
services from the VE platform. The input to the activity is managed VE Services, and
it is controlled by the current market forces. When a service is removed from the
platform a record of the action must be made (for contractual reasons). The VE
Service Provider using the OSMOS Tools performs the activity.

Node A2 (Figure 16) consistsof six activities that are carried out to ensurethe
provision and maintenanceof a VE Project.
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Figure 16: Node A2 - Provide and Maintain VE Project
Make Contractual Agreement - this activity involves the actions required in
the formation of a contractual agreement between a Client and the VE Service
Provider relating to the operation of a VE Project. The input to the activity is the
Client Requirements for the proposed VE Project, and it is controlled by the Legal
Requirements. The outputs from the activity are the Contractual Agreement, which
forms a control over the other five activities in this node, and the VE Project
Specifications satisfied under the Contractual Agreement. The VE Service Provider
performs the activity.

Set up VE Project Workspace- this activity allows the VE Service Provider to
logging
facilities, required VE and
the
servers,
computer
necessary
resources,
allot
Third Party Services etc., to a VE Project once a Contractual Agreement has been
made. The activity takes the VE Project specifications as its input, and is controlled
by both the Contractual Agreement and the Legal Requirements.Within the activity a
VE Project Administrator will be registeredand the VE Project will be initialised with
the servicesselectedfor its operation. Output from the project therefore, includes the
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RegisteredVE Project Administrator (who performs the Operate VE Project activity),
initialised
its
VE
Project
the
with
selected services. The VE Service Provider,
and
using the OSMOS Tools performs the activity.
Configure VE Project - this activity includes all the actions required to
configure the VE Project established under the terms of the Contractual Agreement
from its initialisation

to its actual launch. Inputs to the activity are the VE Project

Requirements, the Initialised VE Project with Selected Services and also, potentially,
already operational VE Projects. (This is because a VE Project that is already in
operation will require re-configuring after certain events such as changes to access
is
).
The
controlled by the terms of the Contractual
activity
rights, actors, etc.
Agreement, and the VE Project Management Committee. Output from the activity is
the configured VE Project. The VE Project Administrator performs the activity using
the OSMOS Tools. The activity decomposes to Node A23 (Figure 17).

Operate VE Project - this activity representsall the actions required to operate
a VE Project, in terms of Actors, Roles, Access Rights, and Services.Its input is the
Configured VE Project, and the Contractual Agreement, Legal Requirements,and the
VE Project Management Committee control it. Output from the activity is the VE
Project (in its operational phase).The VE Project Administrator performs the activity
using the OSMOS Tools. The activity decomposesto node A24 (Figure 18).
End VE Project and Dismantle Infrastructure - this activity occurs at the end
of the VE Project's

lifecycle

and represents the actions required to complete

dissolution of the current VE Project. The VE Project is the input, and the Contractual
Agreement and Legal Requirements control the activity. The outputs include the
Product (or service) created by the VE Project and all of the information generated
and created by the VE Project. The VE Service Provider is responsible for carrying
out the activity.

Archive Project and End Contract - at the end of the VE Project lifecycle the
VE Project information is archived (and distributed, reused, disseminated, etc.)
according to the Contractual Agreement, and the contract is ended. The input to the
activity is information (to be archived). The terms of the Contractual Agreement
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Node A23 (Figure 17) consists of six activities that are carried out to configure
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Figure 17: Node A23 - Configure VE Project
Services - this activity allows the VE Project
Administrator to configure the VE Services and other Third Party Services assigned to
Configure

Assigned

the VE Project to meet the needs Project Requirements. Inputs to the activity include
the initialised VE Project with the services selected and assigned to it, the VE Project
Requirements, and the agreed VE Procedures from the Agree Management Protocols
is
The
Procedures
activity.
activity
controlled by the terms of the Contractual
and
Agreement. The outputs from the activity are Configured VE Project Services and the
Service Methods available to them. The VE Project Administrator

performs the

activity using the OSMOS Tools.
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Identify Actors - this activity representsthe actions required to nominate and
confirm the Actors to be involved in the specified VE Project. All potential Actors
form the input. The output is the designatedVE Project Actors, to whom specific
Roles can be assigned for the project. The activity is controlled by the Project
Management Committee and the terms of the Contractual Agreement, and is
performed by the VE Project Administrator using the OSMOS Tools.
Agree Management Protocols and Procedures - this activity represents the
actions required to decide and agree upon the modus operandi of the VE Project (e.g.
code of behaviour, responsibilities, course of action etc.). The output of the activity is
the agreed VE Procedures (including document procedures, agreement regarding
intellectual property rights (IPR) for work resulting from the VE Project, etc.). The
activity is both controlled and performed by the Project Management Committee.
Define Roles - this activity represents the actions needed to identify and
delineate the Roles within the specific VE Project. It takes the agreed VE Procedures
for input. The output is precisely defined VE Project Roles that can then be assigned
to the relevant Actors, with prescribed access rights and responsibilities.

The

Contractual Agreement, Agreed VE Procedures, and the Project Management
Committee control the activity. The VE Project Administrator,

using the OSMOS

Tools performs the activity.
Assign Roles - this activity represents the actions needed to assign the Defined
Roles to the Actors. Inputs to the activity are the Identified Actors for the project and
the Roles as defined for the particular VE Project. The Contractual Agreement,
Agreed VE Procedures, and the Project Management Committee control the activity.
The VE Project Administrator, using the OSMOS Tools performs the activity.

Launch VE Project - this activity takes the Configured Project Services,
Agreed VE Procedures and Assigned Roles, under the control of the Project
ManagementCommittee, to launch the specific VE Project. A Configured VE Project
is the resultant output, and the VE Project Administrator, using the OSMOS Tools,
performs the activity.
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Node A24 of the model (Figure 18) consists of five activities required to
in
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Figure 18: Node A24 - Operate VE Project
Manage Actors - this activity comprisesthe actions required to administer all
actors participating in the current project. Actors and their Roles are closely related
be
be
VE
Project,
Roles
Roles
to
a
and
as
may
need
reassigned,
or
new
may
within
defined during the VE Project lifecycle, the output from the Manage Roles activity

is
forms
The
from
Actors.
Managed
this
the
a
control
on
activity.
output
activity
also
Manage Roles - this activity comprisesthe actions required to administer the
Roles as assigned to respective Actors. The output from the activity is Managed
Roles.
Manage AccessRights - this activity representsthe actions required to support
the information needs of the Actors participating in the VE Project (e.g. sharing,
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in
dissemination,
archiving,
workflow
and scheduling),
exchange, communication,
terms of AccessRights attachedto Roles in the VE Project. As well as the Configured
VE Project, the activity also takes the Managed Roles as input. The output from the
is
activity ManagedAccessRights.
Use Services - this activity includes all the actions required for the Actors to
be able to use the VE Services and Third Party Services available to the specific VE
Project. (This activity may also include the need for training in the use of unfamiliar
Configured
As
VE Project, the activity also takes
the
as
well
software applications).
the Managed Roles and their respective Access Rights as input, and the VE Project
Actors also perform actions in the activity (using the services). Legal Requirements
and the terms of the Contractual Agreement act as further controls to the activity. The
output from the activity is the operational VE Project.

Manage VE Project Services- this comprisesall the activities the VE Project
Administrator needs to be able to perform to ensure the Assigned Services for the
specific VE Project are available to the Actors of that project, thus enabling
continuation of the operationalVE Project.

4.4 Conclusion
This chapter presented the methods and overall results of the requirement
capture phase with respect to digitally enabling the construction VE. After some
initial

problems, a consistent method for describing and detailing

the current

industrial
the
organisations was established. This
processes and procedures within
in
from
high-level
IDEFO
the
set
of
models
process
a
which
overall
resulted
specification to support the construction VE was developed. This was achieved
through abstractions of the initial models, but also taking into account the actual
inefficiencies

and other issues gleaned from the analyses. This ensures that the

is
robust and pragmatic, rather than being a theoretical vision of the
resultant model
ideal processes for the VE.

The Researcherwas not aware of other publicly available generic process
models specifically relating to the VE at the time of the developmentof the GVEPM.
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From the results of the VOSTER cluster (VOSTER, 2003b), however, it is clear that
other projects made quite similar models, also focusing on management and
understanding of the VE at a human actor level, and definition of processes/rules for
in
human
level
terms of the system definition. The Researcher
the
at
management
firmly believes, therefore, that the resultant high-level specification is grounded in
`real world'

needs, and is generic enough to be used throughout the construction

industry (and possibly also in other industrial sectors).
The analysis also revealed a set of three perceived VE Roles required to
create, operate, evolve, and ultimately dissolve an authentic construction VE, which
take into account the need for provision (and indeed maintenance) of integrated ICT
tools and services.

From the developmentof the GVEPM, the VE solution can now be specified
and developed,and theseobjectives form the content of the following chapter.
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Chapter 5
Proposed VE Solution
Specifying the digital construction VE Solution; Development of
the construction VE prototype;

5.1 Introduction
In referenceto the virtual team model from the literature (Section 2.3.4.1), the
GVEPM can be seento addressthe real world purpose in the VE. From the high-level
processesit is necessaryto determine the low level functionality of the technology to
in
links
for
VE,
turn
the
the
addresses
required
virtual team working.
which
enable
This chapter presents the construction VE solution as realised within the

first
(the
OSMOS
The
the
thesis
part of the chapter
project).
of
central case study
initially presents the continuation of the modelling methodology to specify the
functionality of the OSMOS VE solution, and is followed with descriptionsof models
functionality
OSMOS
API.
business
the
the
to
the
and
of
solution,
elaborated provide
The second part of the chapter describesthe development of the VE platform, the
technologies used, the way in which integration and interoperability have been
Party
Services.
developed
OSMOS
Third
the
tools
and
compliant
and
addressed,

5.2 Specifying the digital construction VE Solution
It is worth mentioning that both prior to, and throughout, the processesof
kept
literature
VE
the
the
and
on
prototyping
solution,
a
close
watch
was
specifying
regarding emerging ICT. This review served the two main purposes of ensuring not
only that informed decisions were made regarding the technologies employed to
realise the solution, but also to facilitate understanding of the advanced ICT concepts
for everyone involved in the project. It is interesting to note that this review also
highlighted some of the security issues that need to be considered in the VE, and
introduced some technologies used for exchanging data (including XML).
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The use of a Java-basedapproachto implement the VE solution was decided
decision
lightly;
indeed
This
the
was
other
stage
of
project.
not
made
at an early
options were also researched and considered (including Microsoft technologies and a
CORBA-based solution). Java provides many advantages as a whole, especially that
be
deployed
VE
to
the
the
on any system connected to
ability
of
solution
offering
of
the Internet, regardless of platform choices. Such an implementation would also
is
inherently
important considering
APIs
Java
the
that
provides,
many
which
utilise
the key objective of integration. The consortium made a key decision to use and adopt
open source standards and technologies.

5.2.1 Definition

of the Use Cases

Having defined the GVEPM (Chapter4), eachof the nodesat the lowest levels
of the IDEFOmodel were further decomposedand describedas a set of Use Cases,i. e.
be
business
descriptions
level,
how
VE
textual
the
the
would
platform
set
of
at
of
a
used.Furthermore someof the resultantUse Caseswere decomposedinto smaller Use
Cases if they were found to be too complex. An example Use Case, from the
registration of a Role on a Project (GVEPM node A242 Manage Roles, Figure 18
above) is provided in Figure 19. This shows how the Manage Roles process was
broken down into a number of individual Use Cases. Each Use Case was then
describedin a textual format that statedwho performed it and what the actor expected
the VE systemto do. The examplegiven is for the Register ProjectRole Use Case.

ltcgistcr

PmjectRok

Manage

VEProject Administrator entersthe systemand
queststhat a new VEProjectRoleis created,by
oviding the necessarydetails (suchas descriptionof
at ProjectRole). Thesystem,after checkingthat the
ojectRoledoesn't already exist,notifies the VEProle
iministrator of the successfulcreation of that

VE Project
Administrator

etr

Figure 19: From process modelsto Use Casedescriptions
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5.2.2 From Use Casesto System Design
From the point that the Use Caseswere defined, the OSMOS consortium used
an Object-Oriented approachto systemdesign,which itself is a subsetof the Rational
Unified Process(Rational Corporation, 2001), using the Unified Modelling Language
(UML) (Object Management Group, 1999). This approach is widely known and
acceptedwithin the Information Systemscommunity, and not describedin detail here
(seeBarker, 2000, for an overview and Bennett et al., 1999, for a detailed exploration
of the design process). However, a brief overview of the process is given before
presentingthe results of the designphaseas a set of conceptualmodels.

Figure 20: From Use Casedescriptions to ConceptualModels
Firstly, as shown in Figure 20, the textual descriptions of the Use Caseswere
examinedthrough Noun PhraseAnalysis. The nouns were extracted from such textual
descriptions, grouped together and arrangedinto a list of potential classesthat could
be used within the system.This list was then analysedto remove repeating or similar
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names, potential

attributes

and actual Actors

(human users or external systems),

which left a list of classes of objects that would be required by the VE system. The
resulting classes were then used in the conceptual modelling

and design of the system.

Relationships between such classes were examined and discussed based upon the Use
Cases, which helped in the design to define the attributes and relationships

between

classes of objects.

In parallel to this effort, each Use Case was also analysed to decide how the
classes and objects discovered above would interact within the VE system, to satisfy
the expectations of the calling Actor. The results of such analysis were presented as a
set of UML Sequence Diagrams, one per Use Case, such as the example given in
Figure 21.
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Figure 21: From Use Case descriptions to technical design

These diagrams aided in deciding upon the methods or services provided by
such objects. In addition, careful analysis of such diagrams helped in the definition of
the API by considering the architecture of the VE system at this stage, and further
classes required for purely technical reasons (e.g. a Database object that may be
required for persistent storage of other objects in the system).
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Indeed, the approachof producing thesemodels in parallel with the Sequence
Diagrams raised a number of questions within the SequenceDiagrams that were
Consequently
this
Models,
Conceptual
by
the
versa.
and
vice
answered working on
increased
benefits
iterated,
and
stability
as
such
considerable
producing
processwas
Conceptual
OSMOS
here:
the
from
task
The
are presented
one
outputs
validity.
Models and the OSMOS API.

5.2.3 The OSMOS Conceptual Models
The Conceptual Models show the underlying philosophies and business logic
The
VE.
implemented
by
the
be
a
the
of
context
solution within
that would
enforced
but
design
from
the
were also strongly
above,
and
phases
analysis
models evolved

influenced by the careful analysis and simplification of relevant parts of the models
CONDOR
1996)
(Brown
COMMIT
in
and
two
et
al.,
other projects:
produced
(Rezgui and Cooper, 1998).
5.2.3.1 OSMOS High-Level Security Service
The OSMOS High-Level Security Model is concernedwith the management
VE.
It
to
the
Actors,
Projects
addresssomeof
the
attempts
of
provision
overall
and
of
&
VE
issues
to
as:
rights
that
such
the primary
management of a
are central
responsibilities and contractualobligations.
An Actor (see Figure 22) is an electronic representation of a user in the VE
Actors:
There
types
two
of
are
system.

OrganisationActors,

which

represent

Company,
for
VE,
legal
and
a
example
entities within a
organisations and other
HumanActors, which represent individual people who work for an OrganisationActor.
In the second case, the usual information is held about a user, such as name, address,
it
below,
discussed
be
However,
also
as will
email address, telephone number, etc.
holds
(i.
for
Subscription
information
the
e.
user
objects
particular
about what
contains
be
InformationMetadata
that
to
objects
user
wants
notified of changes).
which

More

importantly,

to

make

the

administration

of

enforcing

DefaultAccessRights to particular objects easier, a user can only interact with any
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object

in the OSMOS

VE architecture

the ProjectRoles

through

(s)he has been

allocated. An Actor must hold at least one ProjectRole.
Please note: on this diagram * refers b Ze+o Or more" and ,. ' refers to 'One or nore'
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Figure 22: OSMOS High Level Security Model (Class Diagram)
A VEProject
VEProject),

corresponds to an actual ProjectRole that is held within a VE (or

such as `Project Manager',

because it allows
performed

the OSMOS

a task within

`Client',

`Secretary', and so on. This is vital

System to capture

the VE and the ProjectRole

some semantics

about who

in which they performed this

task, and is also used to enforce access rights (AccessRights)

to certain methods,

functions, options, etc (TechnicalMethods) on a particular SystemObject or service.
ProjectRoles
that the Organisation

are actually assigned to OrganisationActors.

This is to clarify

is contractually

project, to deliver

responsible, in a construction

goods and services. It is HumanActors
Organisation-Actor
OrganisationActors,

that, through

their daily work,

allow the

to do this. Therefore, it makes more sense to assign ProjectRoles to
and then allow the OrganisationActor

to decide who, in their

company, will carry out each ProjectRole on behalf of the organisation.

ProjectRoles
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in
for
differ
defined
VE
Project
they
the
as
question,
would
entirely
on a projectare
to-project basis.
The vast majority of objects within the OSMOS VE Architecture inherit from
the SystemObject object, which allows control over the access to any Operation of
is
holding
for
This
ProjectRole.
the
a
particular
vital
system,
anyone
within
any object
because control of access will

also be required to objects within

directly
that
are
not
related to InformationObject-type
architecture

the OSMOS
objects being

managed. This enforces desired rules, for example a user will be unable to modify his
or her Actor profile to assign himself or herself a ProjectRole of VE Administrator, or
to modify access rights for ProjectRoles in general. Allowing

permission to invoke

this operation only to users holding the ProjectRole of Project Administrator

can

enforce this.
The alternative to this is controlling access based upon Actors themselves.
However, during the lifetime

it
is
VE
of a
more likely that users will

change

frequently whereas the ProjectRoles held by those users would stay relatively static.
Therefore, the VE will be easier to administer in terms of access rights if these are
based upon ProjectRoles and ProjectRoles are assigned to Actors. To illustrate this
concept, taking an object of type InformationVersionMetadata

called `D2.1,

for

example, one of the Operations of this object could be `OpenDocumentO. It may be
desirable to allow all users holding the ProjectRoles of `Architect',

`Client' and

`Project Manager' to be able to open this document. However, it may be undesirable
to allow those that hold the ProjectRole of `Secretary' to do so. Firstly, the
`OpenDocumentO' operation finds out the ProjectRoles assigned to the user who has
logged in, and checks if (s)he is authorised to invoke this operation. If the user is
authorised then the document is opened; otherwise the user is presented with an
unauthorised action message. Therefore, using DefaultAccessRight
`D2.1'

object, those holding

Manager'

a ProjectRole of `Architect',

can invoke the method `OpenDocumentO',

whilst

ProjectRole of `Secretary' cannot, and this is automatically

objects, for the

`Client'

or `Project

those holding the
enforced when the

`OpenDocumentO' operation is called. In cases where an Actor holds more than one
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ProjectRole, then of course each ProjectRole needs to be checked to see if accessis
granted.
The whole concept of deciding access rights based on ProjectRoles, rather
than directly on VEParticipants, and also to base access rights on TechnicalMethods
instead of the usual CRUD (Create, Read, Update and Delete) metaphor used in the
limit
based
VE
IT-based
the
to
to
allows
access
operations
on
systems,
majority of
their meaning rather than how those operations are carried out. This approach was
successfully demonstrated in the information management models of the COMMIT
(Brown et al., 1996) and CONDOR

(Rezgui and Cooper, 1998) projects. The

AccessRights extends this, although the discussion here concentrates on two specific
classes that inherit from AccessRight.
An AccessRight, as discussed above, is either a DefaultAccessRight
SpecificAccessRight.

The

DefaultAccessRight

allows

access for

or a

a particular

ProjectRole to a particular method for all objects that are instances of a particular
class. For example, all 'users holding the ProjectRole of `VE Manager' may be
allowed to call the `modifyProjectRoleO'

operation on all objects of the class

VEParticipant; whilst not allowing any other user holding a different ProjectRole to
do this. However, there may be occasions where all users that are holding a certain
ProjectRole, e.g. `Project Manager', will need to be able to call that same method,
`modifyProjectRoleO',

instance
on a particular
of the class VEParticipant, e.g. `Joe

Smith'. This can be done by using the SpecificAccessRight as well as the default right
presented above. So, in this example, all `VE Managers' and `Project Managers' can
call the `modifyProjectRoleO'

in 'Joe Smith', whereas only `VE Managers' can call

the same method in any other VE Participant object. When discussing access to a
particular method of a particular object for a particular ProjectRole, therefore, a
SpecificAccessRight will override that object's DefaultAccessRight.
does not exist, then the latter will

If the former

apply. Every class should have a set of

DefaultAccessRights for each of the ProjectRoles within the VE architecture.
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5.2.3.2 OSMOS Information

Management Service

The OSMOS Information Management Model is split across two separate
diagrams for easeof explanation. The first (Figure 23) covers three of the four main
information
information
by
the
ownership and
versioning,
model:
areas supported
details
information,
(Figure
24)
between
the
second
semantic relationships
information classification.
: 3nformationMetadata
2

tt

.", 3nfoYmationVersionMetadata
describesa versionof

is pan of

t',
Is . owned"by

3
,,

:: Actor; f,; ý.
lÄArnacr

describes 3 points

:: Relationship

s3nformationobject

Is stored In

: 3n&o

itionRepository.

Is of type

i
E:3telationsbipType

Figure 23: OSMOS Information Management Model (Class Diagram)

An InformationObject could be a word processor document, an IFC File, a
does
Service
Provider
The
VE
drawing,
CAD
the
not
server
of
etc.
spreadsheet,a
holds
descriptions
files.
It
metadata-type
of these objects, and a
simply
such
store
in
These
they
to
stored.
stored
a
are actually
objects are actually
reference where
Document ManagementSystem provided by a Third-Party Service Provider, such as
SGTi at Derbi for certain types of document, or a Product Model Server for other
types. An InformationMetadata object is stored within the VE Service Provider's
server. It contains a description of what that object is, who uploaded it, where it is
list
date/time,
keywords,
`subscribers'
the
a
of
and `owners' of that object, etc.
stored,
This metadatainformation is stored in an InformationMetadata object that is stored in
the VE Service Provider server's Registry.
Information versioning
The model supports Versioning of Information. Contrary to what is written
is
is
in
document
held
location
the
the
of where
stored
actually
an
above
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InformationVersionMetadata

object, along with other metadata that is specific to that

has
in
date/time
brief
description
(such
the
of
what
changed
new
version,
as
a
version
InformationVersionMetadata
Each
etc).
version
number,
of upload,
referenced to

one InformationVersion

object

(which

itself

object can only be
can have many

InformationVersionMetadataobjects describing its many versions). In this way, every
information
is
for
OSMOS
that
through
of
passes
stored
single version of every piece
reference purposes (and is therefore available in the event of contractual or legal
disputes).
Information ownership
An InformationVersionMetadata

object also holds a reference to an Actor

is
This
to signify that the document the InformationMetadata object describes
object.
is `owned' by that particular Actor. This Actor can then define the AccessRights for

that particular object if (s)he so desires.This feature would be important if workflow
in
included
be
the VE (as Ownership could then imply Responsibility
to
serviceswere
for a certain piece of information at a certain point within a workflow).
Semanticrelationships betweeninformation
In earlier designs (Harvey et al., 2001), only two types of Relationship
between information (or InformationMetadata objects) were defined. These were
either Aggregation or Referencetype relationships. This enforcementwas seento be
too restrictive as an individual project may have a requirement for other sorts of
relationship that are specific to that project.

The final model therefore generalisedthe concept of a Relationship, so that
RelationshipTypes can be defined at the Project level. Each instance of a
RelationshipType, a Relationship object, can then be formed between two
InformationMetadataobjects, which is where the semanticsof that relationship can be
captured. Indeed, examples of RelationshipType objects could themselves be
`aggregation' and `reference'.

An

object (InformationMetadata) is

said to

have an `Aggregation

Relationship' when it conceptually contains, or is part of, another object
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(InformationMetadata).

Although

indicating

a direct Association

or Aggregation

in
have
it
UML
this,
this
that
shown
using
method
could
means
would
relationship
have been impossible to show how the semantics behind this relationship would be
in
the model. The ability to capture the semantics behind an aggregation
captured
relationship

is vital

to allow

the user to state, if

applicable, how the first

InformationMetadata object is related to the second InformationMetadata object. This
knowledge, unless explicitly

stated, can be lost when a user who wasn't closely

involved in the creation of these objects reads the document at a later stage in the
project. One example of such a relationship could be an aggregation relationship
between a Car and an Engine object. The semantics that need to be captured about this
relationship would be something along the lines of "The car contains an engine
because without the engine, the car wouldn't move! "
Similarly

the notion of a `Reference Relationship'

is present. Such a

into
play when one object (InformationMetadata) needs to refer to
relationship comes
another. Again, although indicating a direct Association relationship in UML could
have shown this, using this method means that it would have been impossible to show
how the semantics behind this relationship

would

be captured. The implicit

knowledge that can be captured and stored about this relationship is again of
tremendous potential value to aid the understanding of users, especially if they are
new to the VE. The ability to capture the semantics with added value for the business
behind this relationship is vital to allow the user to state, if applicable, how and why
the first InformationMetadata

object is related to the second InformationMetadata

object. One example of such a relationship could be a reference relationship between
a word processor document and a spreadsheet. The semantics that need to be captured
about this relationship would be for example "This document refers to financial data,
this is available in: ". Because relationships are defined at the InformationMetadata as
opposed to the InformationVersionMetadata

level, they `automatically' cascade down

the line when new versions of documents, etc. are produced.

A final, slightly more complex, feature of the OSMOS Information
ManagementModel is that of Information Classification. This has evolved from the
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InformationElementSemanticClassification

class that

was

proposed

in

the first

iteration of OSMOS (Harvey et al., 2001). Based upon the feedback from the endusers, it was felt that this area needed to be revised thoroughly

and more explicitly

defined at the modelling stage.
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Figure 24: OSMOS Information

Information

Classification

Model (Class Diagram)

classification

Information can be classified in a number of ways on a project. An object (for
example a word processor document) could be classified by its status (e.g. draft,
released), by project-specific identifiers such as work packages (e.g. WP1, WP2,
WP3), by its type (e.g. MSWord Document), by the project's iteration (e.g. 1,2) or by
its semantics (e.g. Project Deliverable). The problem is that such classification
schemes change on a project-by-project basis, depending on how the VE members
agree to manage their data.
The Classification Model (Figure 24) was developed to support this fact. It
allows the user to view the information held by a VE Project based upon certain
criteria. These criteria are based upon ClassificationSchemes defined at the VE
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level.

Project

Taking

the

scenario

mentioned

above,

examples

of

ClassificationSchemesinclude Workpackage Number, Semantics, Status, Type of
Document and Iteration. For each of these schemes,a set of Classifications would be
defined at the VE Project level, such that classifications for `Status' could be Draft,
Work in Progress, Approved, Unclassified, Signed Off and Delivered. For
`WorkpackageNumber' they could be 1,2,3,4, Unclassified, 5 and 6 and so on.
The Model states that for every piece of information managed by OSMOS, its
InformationMetadata object must be referenced to one Classification object for each
ClassificationScheme. As new versions of the information object are produced over
the course of the project, then the object's

author updates the Classifications

accordingly. This therefore allows different Actors to have different views of the
same information that is managed by the OSMOS Server.

To conclude, the OSMOS Information Management model allows the VE to
integrate a set of repositoriesas information datawarehouses(the `Third-Party Service
Provider' serversdiscussedabove) and make them accessibleto the applications,endusers and OSMOS VE Services. The OSMOS Information Management Service
in
by
to
those
take
those
repositories, allowing
part projects
provides addedvalue
who
to locate, then view, all of the information held in a project; to specify relationships
between information; to classify information; and to track and manage versioning
(including describing the differencesbetween versions) of information, regardlessof
the physical location and technical structureof such objects or files.
In addition, the final iteration of OSMOS looked at further integration of the
OSMOS Communications Service with the Information Management Services,
becauseit was felt that project information is valid regardlessof the form in which it
is transferred (e.g. as an e-mail, fax, document, etc). Messagesshould therefore be
handled in much the same way as other types of information managed within
OSMOS.
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5.2.4 The OSMOS Core Services API
In addition to the aforementioned models, the OSMOS API defines a set of
API calls for the High Level Security Service, the Information Management Service,
the Service Manager Service and the message-based communication service. This
API is technologically neutral and, as discussed below, can be invoked in a variety of
ways.

5.2.4.1 OSMOS High Level Security Service
The OSMOS High Level Security Service was, for a number of technical
documentation,
into
(such
as
efficiency,
easier
etc),
split
a number of smaller
reasons
services:

"

The ActorManagementService deals with managementof Actors, both
Human and Entity

"

The OSMOSSecurityService provides "high-level" API calls, such as for
managementand checking of Default AccessRights.

"

The ProjectManagementService provides API calls for managementof
Projects on the server.

for
API
The
ProjectRoleManagementService
the
calls
provides
"
managementof ProjectRoleson Projects on the server.
These APIs provide all the functionality that has been utilised in the OSMOS
Web-basedVE Server and VE Project Managementtools (seesection 5.3.1.5).
5.2.4.2 OSMOS Information Management Services
The OSMOS Information Management Service provides a number of API
calls for managing Information within projects on the OSMOS Server. The OSMOS
Web-based Information Browser makes use of this API. For a number of technical
reasons (such as efficiency, easier documentation, etc), this was split into a number of
smaller services which all rely on the InformationMetadataService

and (to some

extent) the OSMOS High Level Security Services.

"

The CrossReferencingService deals with the handling of relationships
betweendifferent InformationMetadataobjects.
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"

The InformationMetadataService provides API calls that deal with the
management of metadata about information held within a Project. The
documents/objectsthemselves described by this metadata are stored on
EDMS or other Third Party Services. It also deals with multiple versions
and referencesthe Classof such documents.

"

The ObjectClassificaitonService provides API calls for allowing projects
to classify their own information (i. e. InformationMetadata).

"

The RepositoryManagementService
provides a set of API calls for the
management of built-in file/document/object repositories on the OSMOS
VE Service Provider Server.

5.2.4.3 OSMOS ServiceManager Services
The OSMOS Service Manager provides a number of API calls for managing
the integration of Core and Third Party Services within the OSMOS Server. Because
of its nature, this service is highly integrated into the framework of the OSMOS VE
Service Provider Server. The Service Manager is not used for managing access to
services

and

methods

for

individual

OSMOSProjectManagementService),

Projects

(this

is

done

using

the

or for defining access rights allowing Actors

access to such services (this is done using the OSMOSHighLevelSecurityService).
The Service Manager API consists in the methods of the Service Manager component.

5.2.4.4 OSMOS Message-based Communication Service

The OSMOS Message-basedCommunication Service is offered by the means
of a Communication Service Manager that provides Communication Services to
OSMOS projects. These Services can be configured for a project at the role level, by
the VE Project Administrator, or at the user level by the user.

5.3 Development of the construction VE prototype
The models presented in the previous sections served to provide a
conceptualisation decomposed from and supporting the high-level process
specification described in Chapter 4. With these models in place, the prototype VE
platform and tools could be developedready for testing and evaluation. As indicated
in the previous sections, the underlying modelling underwent iterative and
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incremental development (as did the high-level process modelling). This procedure
itself.
for
development
This section of the
technology
the
true
the
of
was of course
chapterpresentsthe final prototype development.

5.3.1 Development of the VE Service Provider server and API
The OSMOS VE platform federates services inside a common framework, and
allows their use and collaboration. The services are often distributed, heterogeneous
programs, and developed by several companies. The OSMOS framework handles two
(TPS).
Core
Services
Third
Party
Services
Services:
and
categories of
5.3.1.1 Core Vs. Third Party Services
Core Services

The Core Services are the heart of the OSMOS VE framework. They are VE
Service Provider components designed, developed and maintained by OSMOS VE
framework providers. They provide common functionalities for every OSMOSenabled VE information system, such as Actors Management, Roles Management,
ProjectsManagement,and so on, by implementing the OSMOS APIs.
The API and the businesslogic as designed in the SequenceDiagrams were
implemented as a set of Java interfaces and objects. These objects were persisted into
MySQL, a freely available and standards-compliant Relational DBMS (available for
free download for many platforms at http: //www. mysgl. com). The mapping between
Java objects and relational tables was provided by the open source Castor package
(available

for

free

download

for

any

platform

that

supports

Java

at

http: //castor. exolab. org). Everything (except MySQL) runs in a standard Java Virtual
Machine (available for free download for any platform from http: //iava. sun.com) and
has been tested extensively on Windows and Linux platforms.
Third Party Services (TPS)

TPS are Third-Party Service Provider applications made available via the
World Wide Web. They provide high-level tools (Facilities Management,Building119
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in
VE,
Client
)
VE
to
EDM,
the
to
the
and they
enable
working
end-user
etc.
oriented
framework
(using
OSMOS
Core
Services
OSMOS
to
the
work
within
an
rely on
features

such

as

Cross-Referencing,

Access

Rights

Management,

Actors

Management, etc.) The OSMOS framework is an entry point for accessing TPS, and
the user, according to his or her role will use them transparently in the VE.

5.3.1.2 System Architecture
The VE Service Provider Server is made up of Core Services, TPS and an
`Execution Framework' for these services, allowing their collaboration and access. As
implemented
Objects
Java
TPS
Core
Services
the
the
and
as
were
as
above
noted
Web-enabled applications. A closer look at the underlying infrastructure of the VE
Service Provider Server, also known as the OSMOS Service Manager, is now
presented.

The Service Manager is a VE Service Provider Server software component
OSMOS
The
Core
TPS
Services
described
is
handle
to
above.
and
as
whose role
Services `registration' process will be used to illustrate this. When a Core or TPS
Service is to be included in an OSMOS framework, the administrator of the VE
Service Provider Server has to register it into the Service Manager. For Core Services,
the registration process is the binding of an Object Reference into the Service
Manager. Once the reference is known, any Object can be used transparently as a
Core Service. For TPS, the VE Service Provider Administrator

has to provide an

XML API (describing their published methods) and register this into the Service
Manager. The TPS Web Site is then made available from the OSMOS framework.
This approach is similar to the Web Services Description Language (WSDL) concept
that has emerged with the SOAP technology from the World Wide Web Consortium
(bttp: //www. w3c. or.g).
The Service Manager is fully dynamic, and it allows run-time registration (or
de-registration) of both Core and TPS Services. It also provides some Introspection
(also known as Reflection) features, allowing Run Time Type Information about
Services
Core
TPS
such as the methods and parameters that they
and
registered
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is
Services
Core
Third
Party
both
invocation
The
also
and
of methods on
support.
have
do
to
(using
Delegation),
that
Service
Manager
by
the
clients
not
so
provided
directly.
Services
the
manage underlying
5.3.1.3Accessing the OSMOSAPI over the Internet
All the programs described above are Java Objects, local to the Java Virtual
Machine (JVM) where they are running. A mechanism allowing remote access to the
OSMOS API had also to be implemented. It was decided to implement a `Gateway' to
(RMI)
Invocation
Method
by
Java
Remote
Server
the
Service
Provider
VE
the
using
technology. This powerful Distributed Objects feature, included by default within the
Java Language, allows the creation of Server Objects that are available to Client
Objects running in a separate JVM, regardless of the location, i. e. making these
Internet.
the
transparently
a
network
or
over
objects available
The OSMOS API Invoker is a remotely available Server Object that allows
Service
invoking
by
Internet,
the
API
OSMOS
the
the
methods on
over
access to
Manager registered Core and Third Party Services. When a client invokes a method of
Service
delegates
invocation
API
Invoker
to
the
OSMOS
the
API,
OSMOS
the
the
Manager, and then sends back the return of the call to the client. The OSMOS API
Invoker also helps to handle security issues. It is the only entry point to the VE
Service Provider Server (including Core and TPS APIs), and it relies on the OSMOS
Security Service to do Access Rights Checking for each invocation on the OSMOS
APIs. So, if an invocation cannot be granted, the OSMOS API Invoker rejects it by
throwing a specific Exception.

5.3.1.4 Interoperability

Issues - The `X' Layer

Since the beginning of the VE platform development it was realised that the
OSMOS framework had to provide technology-neutral access to the VE Service
Provider Server.As shown above,the framework is entirely Javabasedand accessible
by only the OSMOS API Invoker. To overcome this an interoperable layer basedon
XML was built on top of this component.The key concept is to describemethod calls
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in XML and receive the returns in XML as well. Using this mechanism,any client can
express an XML method description, invoke it, and handle the result of the
invocation. This approach again is strongly inspired from the SOAP and XML-RPC
specifications from the World Wide Web Consortium, who had the idea of describing
and executing procedural calls using XML to hide any implementation detail to the
client. At the time of developmentSOAP was not fully mature.
Using the HTTP protocol to carry these XML messagesprovides a simple
request-reply mechanism, similar to the invocation of a method. Thus, the `X' Layer
is implemented as a Java Web Server, serving OSMOS-specific

requests only. It

accepts HTTP requests containing valid OSMOS method descriptions and invokes the
methods using the OSMOS API Invoker over RMI.

Below is a simple example of an XML method invocation description (for
authenticationof a user):
<XMLRequest>
<user_id>ROLE_A_ADMINISTRATOR</user_id>
<project id>SERVER_ADMINISTRATION</project id>
<service_type>CS</servicetype>
<service_name>ActorManager<Iservice_name>
<method>
<name>authenticateUser</name>
<params>
<param>
<name>login</name>
<value>mylogin</value>
</param>
<param>
<name>password</name>
<value>mybirthdate</value>
</param>
</params>
</method>

</XMLRequest>
Since clients can invoke methods using XML, the returned values for these
methodsalso have to be formatted in XML.
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The methods of the Core Services (i. e. OSMOS API Calls) return Java objects
OSMOS
framework
Thus,
the
to convert these Java
a
mechanism
allows
or values.
types into XML documents. A `Java-to-XML'
including
values,

converter was written so that return

`Business Objects' of the OSMOS API such as HumanActor,

Project and OSMOS Client can be expressed and handled in XML. When the `X'
Layer receives an XML request, it:
"

Handles and parses the request, finding out which Core Service, method
and parameters have to be invoked;

"

Invokes the requestedmethod (using the OSMOS API Invoker);

"

Gets the invocation returnedvalue (Java object);

"

Converts it to an XML message using the Java-to-XML converter;

"

Sends back the XML message to the caller.

Using this mechanism,the invocation of a method on a TPS can be entirely
realisedusing XML. The responseof the invocation example would then be like this:
<osmos response><result><value>TRUE</value></result></osmos response>
TPS are Web enabled,and thereby the return type of a method invocation is a
string, usually containing HTML or XML. In the OSMOS case, they will always
return HTML becauseOSMOS targetedThird Party Services are classical Web Sites
and not Web Services. Thus, the return does not need to be converted to XML in
invocations.
Services
Core
opposition with
Invoking a Third Party Service using the OSMOS API Invoker returns a Java
object wrapping the HTTP response as a string. The `X' Layer then receives the
content of the reply and returns it to the caller. Therefore, when the `X' Layer
receives an XML invocation request, it:

"

Handles and parsesthe request,finding out which Service and method has
to be invoked;

"

Invokes the requestedmethod (using the OSMOS API Invoker);

"

Extracts the HTML resulting of the HTTP request that was sent to the
target Web Site;

"

Sendsback the HTML messageto the caller.
123

Proposed VE Solution

The caller then extracts the HTML from the responseand handles the result,
`X'
Layer
displaying
HTML
By
by
these
the
the
using
mechanisms,
page.
usually
provides a simple and technologically independentaccessto the whole OSMOS API.
5.3.1.5 OSMOS tools (reference implementation)
Several tools have been developed that provide users with access to the
OSMOS platform. The tools basically make calls to the OSMOS API and invoke
functionality.
deliver
It should be noted that these tools
to
methods
a
given
required
only constitute reference implementations. With OSMOS API responsedelivery in
XML, such tools can easily be customisedusing templates,style sheets,etc.
VE Service Provider Server Tool

This tool (implemented using Java Swing classes)provides functionality to a
OSMOS VE Service Provider Server Administrator to manage the server. Available
functionality includes:
"

Service management and API invocation logging;

"

Core service registration and deregistration;

"

TPS registration and deregistration;

"X
"

layer registration and deregistration;
TPS monitoring service.

VE ServerAdministration Tool
This tool (presented using Java Server Pages) is a web-based environment for
facilitating the configuration and maintenance of the VE Service Provider server. It is
to be noted that this tool is a simple interface to relevant API calls for initialising a
VE project. The basic functionality provided by this tool includes:
"

Set-up, initialisation, and removal of VE projects;

"

Registration of organisations and employees;

"

Configuration of accessto core and third party services;

"

Audit trailing and monitoring of usagepatterns;

"

Systembackups.
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VE Proiect Administration

Tool

This tool (Figure 25) is basically a subset of the VE Server Administration
tool and is developed in particular to configure and manage any VE project. Once a
project has been set up, control is passed over to a "VE Project Administrator"

who

then uses this tool to configure and manage it. Some of the basic functionality offered
by this tool includes:
"

definition, maintenance and deletion of instances of OSMOS
objects such as: VE participants, Project roles, Technical classifications,
Information metadata, Information repositories, etc.

"

Creation, modification, and deletion of relationships between different
project specific objects

"

Management of VE participant organisation metadata, e.g. employees,
roles, accessrights, etc.

Creation,

-

n 'a 'i i
-0

ý3-i ýl -16 :0

;a ID --.
) 'Y'R =--I
the OSMOS Project
Administration Tool
generated for the Withington Hospital
Project

"

Wlthington Hospital
0 Add New Role
1 Manage Organisation,
4

Manage People

0

Update Details

Project:

Wlthington

I

Hospital

0 Details

146087080102099079994752100001
The Hospital in South Manchester

OSMOS ID
Description

Return To Project

Available Project Roles on this Project

WRhington Hospital Project's Actors

EumnauchOff
_T?... T"; uiir c

P.;

ppL4ý
.

!!. 4ff

ýrýicri

ý usn H rstx
kdul

S3n,.. i (Sarn lI

rzi

Available Core Services on this Project

Fiv. aJ! '91til+ýya:Vd+'ý
ý:. el3rv, sý

vrrr;ý.fvt;ýrrau:a

Figure 25: VE Project Administration Tool
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of the Third-Party

5.3.2 Development

Services

Service Provider services may be integrated at any time into the

Third-Party
OSMOS

Service Provider

framework

through

TPS registration

offered

through

the VE

Service

Provider Server tool. Here a TPS may be registered, and its available methods and
associated parameters identified. Figure 26 shows a screen shot of an early-developed
TPS registration interface.

Third Party Services
Third Party Se v... (ase popup to dispiav server..

I

$- Reload tree...

0- Q Google
Q

OpenOSMOSHome
Q0

openOSMOS

0"40 HTTP-Relateddetails
Q© Parameters
" query

Figure 26: Third Party Service (TPS) registration

Once a TPS has been registered the service is no different than an OSMOS
Core Service from the perspective of the end-user (VE participant). The actual
difference is that method invocation on the service takes place at the service provider
(Third-Party Service Provider) end rather than at the OSMOS VE Service Provider.
An example of the same is shown in Figure 27, where the services developed by two
OSMOS partners are `plugged in' to the OSMOS core.
Within

OSMOS, two of the partners made their services available to OSMOS

clients. The services offered are `OSMOS
invoking

methods of the OSMOS

compliant'

as they have a capability

API and vice versa. In a similar

of

fashion, other

services may also be adapted (through wrappers) and be made OSMOS compliant.
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__JL

__________

_____internet_

-Technical data
management
"Reactive
maintenance
"Preventive
maintenance

Figure 27: OSMOS Core and OSMOS compliant TPS services provided by the
OSMOS partners

The TPS developedunder and made available to OSMOS, relate to document
in
by
in
Finland
Granlund
DERBi
France
FM
provided
and
management and
briefly
described
below.
These
services
are
respectively.
5.3.2.1DERBi, France
DERBi

offers OSMOS compliant services for

electronic document

industry.
based
targeted
to
the
communications
construction
and
email
management
The document managementservice allows documentsto be stored on the basis of a
defined codification mechanism that can be later used for easy document retrieval,
interface
for
based
the
service
clients to
email
communication
provides an
while
include:
documents.
functionalities
The
the
and
share
main
of
services
communicate
Electronic document management service:

"

Store documentson a server

"

Searchfor documentsusing simple criteria

"

Access documentmeta-information

"

Retrieve documents

"

Createdocumentfolders

"

Manage documentversions
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Email based communication service:
9

Email consultation

"

Sendemails

"

Retrieve emails

5.3.2.2 Granlund, Finland
Granlund offers OSMOS compliant services targeted for building users and
maintenance companies to use for FM. Concentration is on those services that clearly
have a need for location independent functionality and thus are suitable in the form of
web-based services. Provided services target technical data management and both
reactive and preventive maintenance. The main functionalities offered include:
Technical data management services:

"

Add/Edit/Delete object

"

Edit object attributes

"

Edit object instructions

Reactive maintenance services:

"

Add a servicerequest

"

Get servicerequests

"

Confirm a servicerequest

Preventive maintenance service:

9 Print weekly work order

5.4 Conclusion
This chapter presentedthe specification and development of the construction
VE prototype solution. Following the development of the high-level processmodel,
the modelling methodology was completed using an Object-Oriented approach to
system design and specification. OSMOS Conceptual Models were developed to
specify the High-Level Security and Information Management services and the
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technologically neutral API. The proposedVE solution was developedin Java,using
XML over HTTP API calls via the `X' Layer middleware technology.
Referenceimplementationswere developedfor the OSMOS VE tools and TPS
interoperation
integration
for
OSMOS
framework.
the
and
via
available
made
were
Following the development of the tools and services as described in this
chapter,the following chapter includes presentationof the results from the final field
trials and evaluation of the proposed VE solution.
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Chapter 6
Results
IT and construction questionnaire results; Interview results;
Testing and evaluation of the VE prototype

6.1 Introduction
It was stated in Chapter 2 that the main research question that the thesis is
human
involved
demands
the
the
to
study
of
and
organisational
aspects
answer
aiming
in technological change, and not merely the technology itself, i. e. the constant theme
of conducting `real world' research. The previous two chapters take into account the
purpose, links, and lifecycle of the VE. It is imperative therefore also to closely
in
both
far
dimension,
`people'
their
the
as possible
current
situation,
and
as
address
in a simulation of what the future situation could be.

This chapter therefore presents the results from the various surveys
incorporated in the researchmethodology (Chapter 3). In the first section the results
from the `profiling' questionnaireare presented.The secondsection then describesthe
interviews
iteration
in
from
the
the
results
obtained
qualitative
conducted
second
of
OSMOS. Thirdly, the chapter offers a detailed presentation of the final field trials
held in the OSMOS project to test the proposedVE solution in simulated real world
scenarios,and a synthesisof the results obtained.

6.2 IT and construction questionnaire results
The principal aim of the questionnaire survey was to create an initial profile of

the OSMOS industrial end-user organisationswith respect to the areaslikely to be
impacted by the introduction of a digitally enabled VE solution. As mentioned in
Chapter 3, the Researcherfaced great resistanceto the questionnaire, the result of
which was that the number of responsesreceived was so small that there was little
in-depth
for
The
here,
include
therefore,
statistical
analysis.
results
presented
need
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be
to
those
enough
statistical
significance
reliable, and the results are
with
only
in
the questionnaire. Table 8 summarisesthe
to
the
categories
according
presented
return rate of completed questionnaires across the three organisations: 77
distributed,
59 were returned completed with none spoiled, and
were
questionnaires
in
65%,
77%
rate
excess
at
an
average
managed
a
return
of
of
organisation
each
overall. The results are presentedaccordingto the questionnairesection categories.(A
in
be
found
Appendix 1).
the
can
questionnaire
copy of

Table 8: Questionnairesreturn statistics

6.2.1 General Information
Overall the responses indicated that the people surveyed covered a diverse
in
a multi-disciplinary
of
specialities
selection

environment, with over 50% of the

respondents having some form of managerial and/or leadership responsibilities (the
questionnaire was directed to employees at the operational/tactical

level of the

organisations).
Question 1.9 asked the respondents to list the main factors they think are
critical to the future growth and success of their company, and to rank them in order
of importance. This question was answered by 68% of the respondents. It elicited
qualitative responses, which could be categorised into four main areas:

"

Human Resources- factors including knowledge and training, motivation,
and competence.

"

Organisation / Process - factors including teamwork,*political decisions
and customerrelations.

"

Production - factors including costs, market knowledge and product
development.
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"

Technology management.

factors including

new

technologies

and information

Up to four factors were indicated by the individuals who responded,with the
least
factors
(88%)
The
two.
giving
at
overall
concerning production were
majority
important,
followed
by
human
be
the
the
to
closely
most
predominantly
perceived
factors covered by the human resources and organisation/process

categories.

Technology, however, was perceived to be of least importance in terms of these
categories, with only 11% suggesting any factors at all.

6.2.2 Information

Technology

All of the respondents indicated that they use computers in their work with
86% using Office

applications,

and only

42% using computers for project

management. 88% of the respondents indicated that computer training was available
to everyone in the company. It is interesting to note that the areas of greatest need for
training were indicated as Office software applications and project management tools.
The project management tools result is expected, as this was the category with the
lowest computer usage. However, the Office software proving to be the highest
training need of all, yet also the category most used, puts into question the efficiency
of use of the employees' everyday applications.

6.2.3 Teamwork
Results from this section of the questionnaire show that the vast majority of
people (86%) work as a member of a team or teams. Furthermore, 84% said that they
work as a member of a team on a daily basis. These figures are perhaps not surprising
given the nature of construction work, but it is important to analyse how people work

togetherin teams,their views about teamwork, and common problems they face.
Question 3.5 asked `How would you characteriseworking in teams in your
organisation?' The Researcherswas eliciting simple adjectives in responseto this
question. 61% of the respondentsansweredthis question. The answerswere initially
categorised into positive and negative responsesreceived, and 80% proved to be
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positive. The following question asks `what teamwork problems have you had to deal
with? ' 53% of the respondentsgave replies to this question. Once again thesereplies
in
be
found
fit
the
to
and
can
analysis
process,
grouped
were
within three broad
categories:
"

including distributed
factors
Information
managing information, and lack of information.

"

Organisation - factors including time scheduling, and meetings.

"

People - factors including communication, availability of people, and
individualism.

information

handling,

A significant 71% of the answers could be categorised into the people
category. Availability

of people was the most common problem, poor communication,

progress reporting,

and finding

the right

team members were also included.

Surprisingly, however, answers also included `differing opinions', `lack of formality',
Once
is
`individuals
trouble'.
this
that
the
again
causing
analysis
emphasis
and
shows
issues,
but
human
the references to individualism suggest that
and
organisational
on
in
is
lack
there
the methods and ethos of teamwork.
a
of
understanding
perhaps
Question 3.10 asked `Which of the following methods does your team use for
communications within the team? ' Ten options were given including the non-specific
option `other'. Figure 28 shows the five significant categories indicated from those
available and how the responses compare in percentage terms.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

telephone

e-mail

informal
gatherings

groupware

scheduled
meetings

Figure 28: Communicationmethodswithin the team
133

Results

Clearly, almost everyoneuses the telephone and a significant percentageuse
informal
is
interesting
It
to
that
as
people
rely
on
note
many
gatheringsas they
e-mail.
do on e-mail, and more so than scheduledmeetings.It can be seenfrom Figure 28 that
few people currently use groupware. The unfamiliarity suggeststhat in designing
be
tools
should
given to usability aspects.
great
consideration
collaboration
Furthermorethis also points to potential future training needs.
Question 3.15 asks `What problems do you experience with the information
you share?' 53% responded to this question and the answers were once again grouped

into more generalcategories:
"

Information - factors including volume of information
management.

and information

including
factors
involvement
in
People
people's
"
processes, and skills.
" Technology - factors including hardware and software.
In terms of the volume of information a paradox emerged: whilst some people
mentioned information overload, others noted that there is too little information being
shared. Versioning
incompatibility

and

storage problems

and formatting difficulties.

were

Differing

significant,

exacerbated by

communications methods and

issues
included
human
The
as
also
perceived
problematic.
use of computers were
differing

levels of IT skills, and people not checking their e-mails. Again the

responses here point out the importance of people and process issues, but equally
technical virtual working problems regarding information sharing and collaboration.

6.2.4 Business Environment
Question 4.4 then asks `What is the most difficult aspectof your job? ' Once
into
the
categories:
answers were grouped
again

"

Information - factors including information management and categorising.
People - factors including training and personnel management.

"

Time - factors including schedulingand time management.

"

It is noticeable here that technology does not feature as a specific categoryin
the analysis, but is included as part of the technical/economic/humanmix in the
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people category. Information concerns include searching for and keeping track of
information,

secrecy of communications, and stressing the level of importance of

information.

People aspects include specific learning such as with databases and

keeping up with

technologies in general, plus motivation

of personnel. The

predominant aspects here (57%), however, relate to time. Short time scales and time
management, simultaneous management of projects, and problems with scheduling
are all-important and appear to leave a lack of time for adequate training. Once again,
the fundamental concerns of the process owners reach beyond the need for
technology, and human and organisational factors emerge as areas of greatest
concern.

6.2.5 Business Processes and Organisational

Change

Regarding businessprocesses98% of the respondentsansweredthat they are
business
the
of
processesrelated with their jobs, with only 5% indicating a
aware
scoreof less than 4 on a6 point Likert scale(increasingawarenessfrom 1 to 6).
53% of the respondentsansweredthat they had faced a major changein the
organisation in the previous 24 months, with only 10% of theseindicating technology
changes.In terms of attitudes to change 74% respondedto the question relating to
their attitude to change, with 87% indicating that they had a positive attitude. In
comparison 75% responded to the question relating to the company's attitude to
indicating
73%
those
change,with only
of
positive.

6.2.6 Knowledge Management
Question 6.9 asks `How do you feel about the idea of an internally shared
databaseof knowledge?' Question 6.10 asks `How do you feel about the idea of an
externally shared database of knowledge?' Answering these questions required
marking a box in a group that scalesfrom `not at all happy' to `very happy' and 97%
of the participants answeredthesequestions.Figure 29 and Figure 30 show the range
of answersreturned to thesequestions.
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Figure 29: Feelings regarding an internally shared databaseof knowledge
14
12
10
8
6
4
2
0

Not at all
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Figure 30: Feelings regarding an externally shared database of knowledge

It is noticeable that the graph in Figure 29 trends strongly towards `very
happy' compared with the graph in Figure 30, which shows a more even spreadof
healthy
however,
Overall,
tendency towards the need
these
show
a
results
responses.
136

Results

for information

and knowledge sharing. This finding corresponds well with the

issues
in
importance
these
to
earlier questionsabove.
and
attached
concerns
Despite the problems faced in carrying out the survey, and the relatively poor
level of reliable results, the questionnaire was successful in achieving the profiling
(i.
Furthermore
the
that
were
reliable
e. statistically significant within the
results
aim.
sample), gave the Researcher positive feed forward to the requirement capture for the
iteration
of the project, and were useful as a triangulation method with the
second
interviews.

6.3 Interview results
As describedin Chapter 3 (3.4.5.2) the Researcherconductedinterviews in all
three of the industrial partner organisations.Each of the interviews was recordedon
audiotape.This ensuredthat no details were missed in the later analysis,and equally
as importantly allowed the Researcherfreedom to make additional notes basedon the
non-verbal cues received. The analysis followed an interactive process of data
collection, data display, data reduction, and drawing/verifying conclusions(Miles and
Huberman, 1994). This section presents the analysed results from the interview
transcripts. They are grouped according to the four themes in the interview guide
(Appendix 2) and per company. The interviews were conducted with senior people
within the organisations,including owners. Although it is clear throughout the thesis
which organisations were involved in the OSMOS project, the interviews were
in
conducted an ethical manner in which anonymity was assured.The results are
thereforerecordedunder sobriquets.
6.3.1 Business Environment

6.3.1.1 Company A
The work is project based, team working is the dominant method, in small
teams, and the environment is not one of strict hierarchy. There is a generalmanager,
but the communication channels are open, which allows good interpersonal
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communication and co-operation. It is worth noting that working in teams is in itself
perceived as a way of motivating people, as an interviewee commented:
`Because the teams are very small we can have a very direct
management and speak to each person for two or three minutes every
day about what he's doing, and what he will be doing in one month. This
is good for keeping motivation'
Sharing information

and experience from other projects seems to be a

common practice in this company. This climate supports the exchange of information
and direct communication, which ultimately has a positive impact on the project work
and motivation levels. All of the interviewees highlighted the importance of general
meetings where every group has the opportunity

to present their activities and

projects. The interviewees stressed that these meetings act as ways of solving
problems,

sharing

information

and knowledge,

increasing

team

spirit

and

standardising procedures and process, thus contributing to quality assessment.

6.3.1.2 Company B
This company's structure is also based on teamwork; the structure is flat,
though there are managers and team roles such as team leaders and members with
clarified responsibilities and roles. A third of the interviewees highlighted the fact that
the team `spirit' supports the functioning of the team. Although all of the interviewees
feel that working in teams is a good way of dealing with construction projects, they
highlighted problems with the formation of groups. The formation of teams depends
on resources, analysis of skills, availability

and workload. The main problem is

availability of employees. One team leader described the process of formatting the
team:
`When I need to create a team, I have a list of all the available people
and what they are doing, how much they have to do each week, and I
know the skills of different people. I can see who is available in terms of
time, and whether they have the necessary skills. The biggest problem is
when the best person for the job simply has no available time'

The way people are motivated in the organisation is well explained in this
interviewees
The
company.
mentioned various ways of motivating group members.
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Apart from the common motivators such as salaries and working conditions, the

senior members who took part in the interviews emphasised meaningful and
level
best
in
the
team working:
as
and
of
autonomy
motivators
work,
challenging
`In order to motivate people the first thing is to check what kinds of
things they are doing. It's important to give them things they are
interested in'
Training opportunities are available in the company and employees can choose
their courses according to the project needs. Interviewees stressed that training aims
to cover a broad area of expertise allowing both technical and management aspects to
be included. The choice of training courses is based on individual needs and team
roles and responsibilities. On-the-job training, where more experienced members of
staff can share their expertise and experience, was preferred, though sometimes it is
difficult
very

to offer such training to less experienced people due to hectic

timetables. There is no structured way of sharing `lessons learned' or other
information and as a result each project depends on the way people co-operate with
each other and on the member's expertise and experience. Although the culture of the
company is very open, innovation is not supported through business processes.
Although

into
listen
take
and
consideration suggestions and
senior management

comments, the company's culture does not encourage enough new and innovative
ways of working and co-operating.

6.3.1.3 Company C
The organisational structure is flat, which facilitates communication

and

decision-making. According to the participants, this flat structure and a quite open
culture encourage and facilitate innovation. All the daily operations evolve around
teams and projects. It is clear that the company encourage and increase motivation by
introducing more interesting work. Although there is no formal training schedule,
people can choose their training programme and they are encouraged to undertake
training courses (though these are mainly technical).
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6.3.2 IT in construction
6.3.2.1 CompanyA
IT applications are widely used, and although e-mail is widely known and
used there is no full integration and communication among the subsidiary companies.
This creates many problems and the employees are working toward setting up a server
to enable wide communication and exchange of documents and information. One
interviewee described the communication process in the company:
'There are still a lot of problems of communication for two reasons. We
have one man one screen, the IT part is quite good, but the problem is
that we don't have the tools to communicate easily within the company
and that's a big problem. I can give an example of this: there are three
subsidiaries of the company that are working for the same client, yet the
three directors of those subsidiaries don't know they are working for the
but
have
This
internal
it
is
problem
can
repercussions to
an
same client.
the exterior, and to the relations we have with the client. We don't have
here.
have
We
Intranet
network
a network where we can share
an
printers, etc., but it's not easy to send a message to another person
internally. We also have some problems with the Internet because all the
subsidiaries are independent, and each subsidiary has personal access
to the Internet. The company is aiming to have just one server for all the
companies. An Intranet would be useful. We have a little paper, which
but
information,
the problem is that it's printed I think six
contains some
times a year, and that's not enough. With an Intranet you can capture
information easily and more frequently'.
Some processes such as drawing production are computerised whilst others are
not, which creates difficulties.

All the interviewees agreed that business processes

need to be changed and then automated. Some long-standing employees were
reluctant to use new technological applications, whilst younger employees respond
positively to a continuously changing environment. Overall, the level and frequency
increased
has
dramatically
during recent years and the company
use
of
computers
of
culture is quite supportive to new technologies, though it does take time to change:
'For the global organisation of the company, communication for very
simple thing, and all the things that we don't pay attention to because
'they've always been done that way, could be very much improved if we
use the new technologies'
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6.3.2.2 Company B
Age appears to have a major impact on the use of computers in this company,

fact
interviewees
highlighting
feel
that
the
the
younger
employees
more
with
have
better
basic
the
skills than their older
and
use of computers
confident with
introduction
This
to new technologiesand use
toward
attitudes
may affect
colleagues.
of software. The company's policy aims at offering structured training, allowing all
the employeesto benefit and eventually adapt to a continuously changing world. In
some casestraining is compulsory becauseolder employeesneed to learn how to use
daily
is
for
their
that
operations.
crucial
new software
The various levels of use of technology cause problems in team working. For
example, older employees are used to drawing on paper whilst younger employees
designs.
in
As a result, it is difficult to create a coAutoCad
their
to
order
produce
use
friction
due
to
teams
operative climate among

from different ways of working,

different mentalities and approaches. Age is not the only factor that creates tension in
teams regarding the use of technology. Sophistication and complexity of software also
create tension in relationships because some people (e.g. engineers) are able to use
them adequately but others cannot cope with their requirements.

6.3.2.3 Company C
IT applications are widely used in projects in this company. The interviewees
indeed
for
friendly
to
technology
tools,
to
the
and
use
easy
need
user
and
stressed
achieve a paperlessoffice where the employeescan deal with their daily operations
without delays. There is no structuredway of sharing knowledge and information and
disseminating lessonslearned from previous projects, which can negatively affected
the final product or service. However, the interviewees highlighted the role of the
companyIntranet where employeesare able to sharenews and information.
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6.3.3 Integrated services
6.3.3.1 CompanyA
The interviewees viewed as very ineffective the methods for sharing
information, exchanging knowledge and disseminating information. Storage and
distribution of information is not based on an effective system supported by
technological applications.The following is from an interview with a senior manager:
'If we want to look for something in the text, in the specification, and
find different projects dealing with the same thing, there is no means
today except for asking people. This is unreliable, and time consuming
and you don't really find the information you want. I feel sure that the
first company in building engineering that will have a really efficient
system to do that will improve its productivity. A lot of legacy
information is in people's heads, and with staff turnover and people not
talking enough to one another a lot of information is lost. If we want to
create a new museum for example, and use information from all the
built
different
by
the
museums
subsidiary companies, there is no means
today. You would give a phone call to each different company, and
later
three
maybe
months
you would have only a part of the answer. If
we had a system to ask a question to an organised database instead, it
would be really efficient.

There are many problems in the relationships/semanticsamong documents
containing various piecesof information. One interviewee stated:
`For example, between the specifications of electricity and the
different
HVAC,
is
information that is produced
there
specifications of
by the one and used by the other. There is an electrical list with all the
devices, and you find the equivalent, which is not exactly the same
document, but if we change something in the first document, it should
immediately create a modification on the other. What is important for us
is not the process between the one and the other, but the link; which
should create something like an automatic Table of Contents'

There is no notification of changes in documents and employees need to
in
telephone
communicate via
order to get answers on changesand latest versions.
This way of working is quite ineffective becauseit relies on the physical presence,or
availability, or indeed ability, of people to confirm the latest versions of documents.
In addition there is no consistencyamongdifferent companiesand teams,for example
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there is no consistencyin naming files indicating the relationship betweenthe file and
the paper document. Apart from notification of changes in documents automatic
is
referencing also needed:
`Sometimes people create a new project with information from an old
one, but if there was another in between, and the information from that
is more relevant than the one being used, information can be missed. If
we could organise what we produce with automatic references, the right
information would be used. Because everything is organised in
documents,
a reference to a norm or another document is
standalone
dynamic
If
it
was
static.
a
reference to something, we could change the
address, and the different people with the same information could be
informed immediately'
E-mail was suggested by all as a way of giving notification

of changes in

documents. It is important to note here that participants also suggested incorporating a
filter, which would be able to organise information in different categories indicating if
the message is from, for example, the architect. All the participants agreed that some
groups in the company are reluctant to use e-mail and other technological applications
mainly because they are not familiar with the effective use of the systems. Age was
seen to be a major factor, which differentiates groups in the company. It has to be
noted here that some senior people in the company do not use computers. Although
electronic diaries were suggested as something useful for the future, there were some
concerns because some people don't trust technology and don't have the skills to use
it effectively. Concerns were also expressed regarding information and knowledge
is
There
no strong culture supporting the unity of the
sharing among subsidiaries.
information
as
of
group and
a result exchange
and knowledge is not facilitated. Two
of the participants suggested building a very structured repository for storing and
disseminating knowledge and experiences.

6.3.3.2 Company B
the daily operations evolve around teams and projects, with the
communication process based on face-to-face meetings. It is difficult to schedule
All

meetings and form teams because of the availability of each member. Electronic
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diaries were suggested as a way of improving communication and videoconferencing

because
of the company's projects abroad.
very
useful
something
as
was regarded
Two of the interviewees argued that some information systemsare complex
have
factor.
Young
being
the
difficult
to
employees
a
moderating
age
use,
with
and
do
to
ones
who
to
older
operate computers easily and effectively, as opposed
skills
is
learn
Although
to
have
the
time
the
new
programmes.
e-mail
confidence
and
not
in
As
live
don't
feel
to
a result, a
confident
a
paperless
office.
widely used, people
in
ignoring
keep
files,
in
the electronic
them
the
e-mails
and
company print
minority
mail folders:
'We are still in computer work but with a lot of paper. In this company
we have come quite a long way - we have a document management
system where paper would be unnecessary, but still you have a memo of
from
it
it
the paper
person
prints
out
and
and
every
reads
a meeting
If
they used electronic methods they would
the
than
screen.
on
rather
have a file where they can access it at any time, rather than in a folder
on a shelf

It has to be noted here that the culture of the company is based on informal
discussed
is
hierarchy
Although
there
over
coffee.
and
are
an
projects
where
meetings
As
decision
are
a result,
communication
channels
open.
making
process,
an organised
the company's culture is characterisedby trust and opennesswhere people are not
afraid of exchanginginformation and sharingtheir knowledge and expertise.
6.3.3.3 Company C
Sharing information and knowledge systems are not adequately developed.
Although there are many ways of exchanging information such as e-mail, the intranet
and Internet, there are many problems such as location of saved information,
accessibility from outside, security and access. Two of the interviewees commented
that the intranet is adequate and covers all the needs of existing projects, yet they
prefer to print documents related to projects and keep them in files. All of the
drawings are produced electronically and all information relating to the projects are in
highlighted
fact
form.
The
that people need to search for
the
participants
electronic
documents in the intranet, but the searching is time consuming and it is difficult to
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find the storage location. Versioning is also problematic. The process should be
improved and madeuser-friendlier.
E-mail is used for notification of changesto documents but it is ineffective
because not everyone checks their e-mail every day. A database can be checked for
interviewees
felt
is
it
The
but
documents
time
and
complicated
consuming.
changes of
that the company needs a notification system, and a portal or a common interface
be
difficult
because
busy
facilitate
Meetings
to
this.
can
set
schedules,
up
of
would
involved
in
different
being
projects and groups concurrently, and as a
employees
it
is
difficult
result

to find mutually convenient meeting times. A popular solution

indicate
from
diary.
Participants
the
the
that
was
electronic
all
participants
suggested
technology

is the way forward

and they would

like

to see electronic time

booking/electronic diary, instant notification of changes in documents and drawings,
integrated
in
facilities
in
future.
their
the
system
and videoconferencing

6.3.4 Organisational change
6.3.4.1 CompanyA
There have been many technological changes in this company. Some years
ago everything was on paper, but now all drawings are produced electronically.
Although some people resisted this change, the need for production without delays
dramatic
According
intense
there
were
changes.
and
as
a
result
many
and errors was
to one interviewee:
`Some of the older people who had the drawing skills had some
difficulties with the change and they didn't want to use the software.
This was sometimes a problem because they had this habit to go back to
the old method each time, and we had to tell them again that this was the
new way of working'

There were many problems with the document managementsystemsbecause
there was no structured way of registering and retrieving a document. All the
documents had to go through administration for registration and before being sent
outside the company. Today new software enables the above process with direct
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is
low
degree
to
technological
There
change
of
resistance
a
retrieval.
registration and
in the company, thus technology implementations are usually successful. However, all
interviewees agreed that it is very difficult to make people work with computers in the
to
is
difficult
It
to
co-operate and use
groups
of
people
some
convince
also
same way.
is
but
failures
there
the
because
system,
of
of previous
the new technology
involved
from
to
or
people
senior management
communication of strategic plans
interviewee
An
by
the
presents an example:
change.
affected
When we introduced the system of Internet accessfor all the engineers
they were very happy. But because of the system problems they were
So
back
if
disappointed,
to
their
they
we
now,
old
methods.
went
so
very
have
Internet,
to
tools
these
to
we
e-mail,
etc.
use all of
want
demonstrate that they are really viable'

6.3.4.2 Company B
This company continuously deals with changes.Although the company has
because
is
decade,
last
to
there
of
the
mainly
resistance change
grown quickly over
in
failures
introduction
change
the continuous
of changes and some previous
implementation. Two interviewees suggested involving people more in decisionboth
Although
technological
many
changes
regarding
planning.
making and strategic
Again,
is
introduced,
issues
the
the
slow.
still
pace
of
change
were
and management
become
in
differences
tensions,
which
computer
skills
create
more
age problem and
intense in a changing context. The open communication channels can support
in
discussed
Changes
in
this
meetings and
are
company.
continuous change
jobs.
As
daily
to
their
and
related
operations
on
changes
can
comment
employees
commented:
'I do think that the people who are going to be affected by change have
the correct level of involvement, the way it was done in our department
department
We
discussed
I
it
in
think.
the
our
meeting right one
was
the good sides and the bad sides, and how it would affect our work in a
discussion
After
that
everyone was convinced that the profits
year or so.
discomfort
be
bad.
big
Without
initial
that
some
would not
so
were so
this discussion, however, there could have been much more resistance'
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6 3.4.3 Company C
.
This company also faces many changes and the coping strategies are based on
explaining the need for change, involving people from the beginning and analysing
the impact of change on their jobs. The flat structure of the company and the open
communication

channels facilitate

the adaptation

to continuous

technological

here
large-scale
has
be
It
that
to
changes are always less welcome than
noted
changes.
small scale ones. Again age is seen as a factor affecting change implementation. As
interviewee
commented:
one
'When I started at this company there was no e-mail, and not everyone
had a computer. There was no intranet or Internet either. There was
some resistance with the move towards doing so much of our work using
computers, but this was mostly from the older people'

6.3.5 Comparison of results between organisations
The interview process (and indeed the questionnaire) researchmethods have
combined human and organisational factors with technological considerations, in
order to work towards answering the research questions of the thesis. This section
draws comparisonsfrom the aboveresults between the different companies.
In all three companies the business environment shows key elements of team
working

in a project

based environment,

which

is not strictly

hierarchical.

Furthermore, team working is seen as a positive factor in engendering motivation in
company A,

and company B views team spirit

as positively

supporting the

functioning of the team; both company B and company C suggesting that people are
motivated by the opportunity for more interesting work in an autonomous setting.
Company A emphasises the importance of good communication, seeing this as a
cultural issue rather than just a technological consideration, though it is significant
that under the heading of `IT in construction'

company A notes a lack of

communication among subsidiary companies. From this technological perspective,
communication is linked with information sharing and in all three companies, the
is
into
information
sharing
put
question, with company C and company B
efficacy of
noting no structured way of sharing lessons learned between projects. Whilst email is
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is
feeling
there
that
method,
and
sharing
a
a
communication
general
as
widely used
the technology is not used to its fullest extent, the moderating factor of age being
issue
regarding technological use and indeed change. Each
as
a
cultural
noted widely
in
degrees
has
faced
the
change
recent
years,
considerable
with
varying
companies
of
involvement
levels
for
early
of
at
all
as a
users
of acceptance, and admitting a need
issues
important
for
Both
technological
the
and
cultural
suggested as
positive aid.
future progress by the participants point to a need for improved consideration of the
ways in which training is offered within the companies.

The semi-structurednature of the interviews allowed the respondentsto speak
feely of issues of concern and in triangulating

the results with those from the

information
four
key
themes
of
sharing, organisational culture and
questionnaires,
team working, acceptance of change, and training emerge. These themes are further
discussed in Chapter 7, Section 7.4.1.

6.4 Testing and evaluation of the VE prototype
As noted in Chapter3 (section 3.4.5.3), field trials were conductedtowards the
iterations
three
the
of the OSMOS project. The field trials therefore
end of each of
allowed incremental evaluation of the proposed VE solution as the development
first
from
the
the
two sets of field trials provided important
and
results
progressed,
feed forward to the ongoing developmentprocessin the following iterations.
This section describesand presentsthe results of the final field trials, which
in
Sweden.
held
France,
Finland
and
were

6.4.1 Field trials descriptions
6.4.1.1 Field trial in France

The French field trials took place in the training room of Derbi at the OTH
headquartersin Paris on Friday 8 February 2002. Two sessionswere organised,one
held in the morning, the other in the afternoon, involving professionals who were
chosenbasedon their professional experienceand skills. The target of the field trials
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was to test a range of value added services to construction professionals available via
the OSMOS VE web-platform,

with

selected scenarios representing significant

building
lifecycle.
The
building
the
trials
the
the
scope
of
was
whole
of
processes
lifecycle, according to the objectives of OSMOS, involving all three of the OSMOS
Chapter
Service
Provider,
VE
Client:
Party
Third
(VE
Service
Provider,
see
and
roles
4, section 4.2.3).
The tools used in the field trial included the internet-based OSMOS Server
Administration Tool and OSMOS VE Project Administration

Tool, accessed through

OSMOS
the
with
middleware solution providing the
navigator,
web
commercial
a
integration
interaction
for
the
mechanisms
necessary
of third
communication and
(TPS)
and the secure, tracked and transparent management of
services
party
information. TPS tools used included the SGTi EDMS developed by Derbi and the
Ryhti FM system developed by Granlund, both of which were accessible via OSMOS
by all VE participants.

The first session of the field trials involved IT professionals who are
experiencedin the managementand use of electronic platforms supporting VE. These
in
development
SGTi
tools, one of them administers
the
of
participated
professionals
the SGTi servers, and the other is responsible for the support and training of SGTi
clients.
The second session involved professionals from the construction industry that
have some knowledge of ICT. They are experienced in managing construction
projects and teams both at the design and site works stages. They either co-ordinate
the work as project managers or are involved in the project as participants. They
Clients,
VE
the
the professionals who will sign up to an OSMOS VE.
represent

The sessionswere organizedaccordingto the following agenda:
1. Presentation of the OSMOS project: objectives, methodology, concepts
and results

2. Presentationof the trials objectives
3. Unrolling of the scenariosusing the OSMOS platform
4. Evaluation and discussionusing the user and observerevaluation forms
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A set of "educational" slides was used to present the project and the objectives
OSMOS
(items
2
The
hosted
1
trials
the
platform
and
above).
was
on DERBi's
of
LAN.

The roles used in the field trials scenariowere as follows:
"

VE Server Administrator - providing, maintaining and administering the
OSMOS platform;

"

Third Party Service Provider - providing OSMOS compliant business
tools that are plugged in to the OSMOS platform;

"

VE Project Administrator - managing the VE project, defining and
held
by
the VE participants;
the
assigning
roles

"

VE Project participants - actors from the construction industry that are
involved and participate in the VE, whether organisations or people.

6.4.1.2Field trial in Finland
The Finnish field trial was conducted at Elisa Oyj, one of the largest
telecommunication companiesin Finland. Elisa has over 7000 employeesand a large
technical facility management (FM) databasethat contains detailed FM data from
field
different
facilities.
The
days
400
trials
three
were
performed
at the end
over
over
building
2002.
Eight
January
the
representing
people
owner, a maintenance
of
company and a FM consulting companyparticipated in the test. The target of the field
trial was to test the setting up of a VE, accessto and usageof web-basedFM tools and
interaction between different actors in a role-based FM environment. The field trial
was mainly performed in a real production environment with `live' data; however, the
VE Manager tool used for configuration of the VE was partly tested with a copy of
the `live' data.
The tools used in the field trial were the GranlundWeb browser, a web-based,
OSMOS-enabled

information-browsing

tool used to access the RyhtiWeb

FM

services, and the Granlund VEM (VE Manager), an implementation of the web-based
OSMOS Virtual Enterprise Management Tool.

The testing scenario was that of setting up a VE, and communicating FM
problem request messagesto the RyhtiWeb tool using the Helpdesk service. The
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Helpdesk was selected because it involves communication between actors holding
severaldifferent roles. The Maintenanceservicewas also testedduring the field trial.
The set up for the field trial involved actors from three different organisations:
"

Elisa Oyj

(Building owner and building users)

"

ISS Palvelut Oy

(Maintenance company)

"

Olof Granlund Oy

(Facility managementconsultant)

The project ('object group' in the RyhtiWeb terminology) was limited to span
the FM services of a single office building in the centre of Helsinki. Within the
project, the VE manager defined five different roles using the Granlund VEM tool:
"

VE Manager

(Granlund)

"

Facility Manager

(Elisa)

"

Building User

(Elisa)

"

MaintenanceManager

(ISS Palvelut)

"

MaintenanceWorker

(ISS Palvelut)

The eight actors involved in the field trial were added to the VE using the
Granlund VEM tool. All the actors were given usemames and passwords, and
information for title, forename and surnamewere recorded. The users were assigned
to the project and they were given roles with access to different Helpdesk
functionality. Some of the roles also included accessto other FM services like the
Maintenance service, the Document service and the Technical Data Management
service.
During the field trials actors holding the different roles interacted with the FM
System in the following way:
VE Manager

-

Createa project (object group) for the selectedoffice building

-

Create 5 roles with appropriate access to RyhtiWeb FM services

-

Create 8 users and assign roles to the users

Assign the usersto the project

Building User
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-

Add several facility management maintenance requests

-

Monitor the progress of the requests

MaintenanceManager
-

Create work orders from the maintenancerequests and dispatch them to
the maintenanceworker in charge

-

Monitor the progressof the work orders

-

Add ad hoc tasks

Maintenance Worker:

-

Handle work orders and report work done

-

Report ad hoc tasksperformed

based
Print
the
work
orders
on
weekly
maintenanceplan
The Facility Manager had full access to the Helpdesk, Maintenance,
Document and Technical Data Managementservices for browsing and reporting data
between
interaction
the other participants.
and monitoring
6.4.1.3 Field trial in Sweden
The Swedish field trial was performed at Carasoft's office in Stockholm.
Carasoft AB is an established IT company, specialised in document management.
They develop systems for LANs, the Internet and WAP. The objective of the field
trial was to show that it is possible for different end users in the same project to work
in
bank
The
Document
different
tools
trial
tools
the
still
communicate.
were:
and
with
system (a Document Management Service based on Carasoft's software that is used
by JM in real life projects); User workstations (OSMOS Client) with a web browser
and IMAP-enabled email software client (Microsoft Outlook).

The field trial scenario followed a workflow in which a working order
containing instructions to complete a painting job in a new apartmentwas completed.
This scenario was chosen becauseit often occurs in an ordinary project and it also
involves many actorswho can benefit from easiercommunication methods.
In total there were five people who performed the field trial. Each of the
in
function
JM. These people have responsibility
specialised
represented
a
attendees
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for JM's IT development,JM's document management,and other internal processes.
Two of the people also representeda constructionproject organisation.
The field trial started with a presentation of background information regarding
faces
in
before
has
done
JM
the
the next three years.
the
projects
company
and
what
At the end of the trial a discussion was held on how JM can use the knowledge and
the results from the trial in the company's future development. Carasoft then
presented their future plans with their products, and how the help of the OSMOS
improve
them.
will
project

The roles for the actorsinvolved in the trial were:
"

Project Manager

"

Sub-Contractor

"

Future Building Owner

"

Current Building Owner

The focus of JM in the OSMOS project is as an end-userorganisation,and as
in
VE
tested
the
the trial. The project group was
the
was
provision
of
not
actual
such
already set up in an OSMOS server at the commencementof the trial and a service
focus
The
during
field
this.
the
trial was the ability of
main
administer
would
provider
the project members to work using the tools that they normally use and are familiar
be
still
able to exchangethe necessarydata required within the scenario.
and
with,
The sub contractor (in this casethe painter) changedthe statusin a work order,
which he reachedthrough an internet-baseddocument managementsystem.When the
been
building
had
the
changed
new
owner then confirmed that the constructor
status
could be paid. The confirmed order was recognisedby the current building owner's
invoice
for
the
accepted
payment.
who
controller,
This workflow scenario passedthe data through different systems,triggering
actions from each partner, whilst they successfully used their usual tools for
exchanging the data. This demonstration was important for the end users, showing
them that the task is possible using the tools that they already know (e.g. low entrylevel) to handle project information.
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6.4.2 Description

of the Interfaces

Used for the Field trials

This section provides some illustrations of the interfaces used and tested in the
trials. Third party services (TPS) were used in all three of the field trials, whether
through full integration

of the tools, or as OSMOS

VE server administration

and the provision

`aware' versions. Testing of the

of TPS took place in the French and

Finnish field trials but not in the Swedish trial.

dokumentbanken
List

Filnamn

Dokumentkiass

Status

LGH94, DOC

Beskrivning

Arbete

an====

Figure 31: User interface of the Document bank tool
As noted before, the field trial in Sweden was conducted purely from the
had
VE
the
already been set up with the appropriate TPS.
users' perspective and
Figure 31 and Figure 32 illustrate that the tools used in the Swedish field trial were
indeed OSMOS aware; Figure 31 above shows the Document bank EDMS as it was
used to make a search for the correct document in the field trial. Figure 32 then
illustrates the same tool being accessedthrough the OSMOS web-based information
browser (WIB) interface.
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Datum
2002-01-28
:1

Markara
all.
tjffa,

i Arran,

1

Figure 32: The Document bank tool accessed via OSMOS

The successful integration of TPS is further illustrated below as applied in the
French and Finnish field trials, with the different organisations testing varying
implementations

interface
in
Figure
33
the
the
tools.
their
shows
used
respective
of

French field trial for registration of new TPS. This tool is a version of the reference
implementation.
within
required

From this interface the HTTP-related

SGTi are visible,

details of documents held

together with the parameters - both static and dynamic -

for the passing of information

via the OSMOS

core. Figure 34 in turn

illustrates the interface available to the VE Server Administrator

in the French trial.

In the Finnish field trial the user interface was modified and made more
organisation specific, following a similar design layout to that of the Ryhti FM tool
with which the personnel are already familiar. This is illustrated in Figure 35,
showing the Granlund Virtual Enterprise Manager tool allowing TPS methods to be
assigned to the `Administrator' role. This use of familiar interfaces was an important
distinction in these final field trials, compared to the trials in the previous iterations.
155

Results

ptl
't A171)
IYNmallnn
M,ý"rw .,
lVxv'I!

n l'w 11M anlvk. 'V
90T
ýf Iýu: l

ý... illin»

11
NNiFM!

i

.,

It;

paa maa tla: um. e
"HT1P. ra. l. ddm0.
POST
SiW1Udncto[NU)Wfflt
0 "Pxbn.
la.
"IN.
D

ot. am

Oocumen D
Slelk Pre. Mas

"

POST
5pIN11 Mlo[DacDMeHOSmot. elm
P "Pdsneter"
LW ID
" WmNd h
0 D. -M1)
Sidk Pdsmebre
p0
Ilal Eacumerr
P OHITP-F"
edtlelel
POST
SpIN11 dlpeDOtumerMOntwe.
tlm
P
Pdsneters
" UesrN
" VemName
" Clase111ca1brrNdne
" Blanc Pdamelere
®fia

4 tree

Figure 33: Interface for registration

"'

.ir3
Pdc6MY.
'a

-!

R ýuyn

j

:MOs

ýý%

'a
Aý.

Rnlcýfv

-. ý

"ý Urnowu

,ýn

b

0k

,j

Mr

j

al'
aua2

SG1! ýI Y'd. W kýud+

ýý
Shw

ýi J«yTMI2I

of TPS in the French trial

3i

di SIA WXON

ýe'vý

/V tO

Youws cwrevdyusingthe

oSMOSs, rV..
Adccmiemrien
Tool

Tesrrsen
.................
0 Md NewRula

Project

DOCLItnents

4 DeMruy Project
a Manage OrganiaaIrons

5220

Protect Configuration
IA Project linke

Fetot!TI:

123

40 Managa R. J. A Semcee

Yaniol

124

fC Manage Role B Samcec
5i Manage People
p

02: 1 YUQ 5 `:.:ID 5223

7LC': ri

Update DNana

0 Add CIas. Ificahn: SCneme
0

X

Selacl Clea dlion

'.:ASýilýillll..

5224

`1.W,

5223

ý

Srnema

5226

V Md Relationship Type
Select Reloionehip Type
Q Register New No

....

..

007

D S. kct Docurrrm
<: Back

,"ý,

Figure 34: VE Server Administrator

:3I

interface in the French trial

156

Results

. 101
a

Eat 0br. Frvaen toss b*
C

Nt. I12p,

'-'7

45

h

"O

fRrht

II

Jw.

Jd Faune.

tar

ln, li. i

-/

J

--1"

II9

""""

"

-, ýýý, uýý. ýtw

"1

rJný

ORANLUNO

Role:

AJminisirai

of
Snndc. Wn

not (m role

SeMcoa/methnde

WVNW Ad

Ihode Ier r&o
in

WWV Technical
Add obl. ct(Reed
Mn. )
Edit obleas(ReaWlnle)
Delete oblea(ReedAV
d. )
Mnbulec(ReedNJnlo)
Instnxtoni
(ReedtNh Iln)

J
IJ

Advenced(Reed/Wme)
WWW Memlenence
weakly
work orders(ReedN4me)
Special work orders(Reed/Wht.
WA'N

)

HelpOeck

HelpDeck Requecter(ReedMhne)
Manege requests(Reed/M te)
HelpOeck Conknn(ReedM4nu)
VAVW Documents
Opereaonal manual m Rekeenel(ReeNwme)
SGT. List docvment(WedAVnb)
Caedoc(Reed/Wme)
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A comparison of Figure 31, Figure 36 and Figure 37 illustrates well the use in
the field trials of tools that participants already use in Sweden, Finland and France
respectively.
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Figure 37: The SGTi web-based interface

6.4.3 Synthesis of the Field Trials Evaluation Results
The results reported below are divided into two main sections. The first
section provides results from the VE Server Administrator and Third Party Service
Provider evaluation forms (see Appendix 3). This section is divided into two subsections for the field trials in France and Finland. The following section reports the
forms
(see
User
Appendix
from
VE
Project
Administrator
the
and
evaluation
results
4), and is subdivided into sections for the trials in France, Finland and Sweden
respectively. For the French and Finnish trials an amalgamation of the responses from
the user evaluation forms and the additional information gained from the observer
evaluation forms (see Appendix 5) is presented. The results are grouped under the
category headings from the particular evaluation forms, with the further heading
`business benefits' reporting the responses to the generalised question included in
each of the user evaluation forms.
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6.4.3.1 Synthesis of the VE Server Administrator

and TPS Provider results

Table 9 below presents a summary of the results from the field trials. The table

is organised by the country in which they were held and categorised by the evaluation
form criteria.

mess
efits

Easy integration of OSMOS tools into
existing architecture.
Easy integration of own tools into
OSMOS architecture.
Other services can be added quickly.
Improved availability of services and
increased exposure.
Difficult maintenance of TPS.
System enables efficient management of
IT support for the VE.

Easy integration of OSMOS tools into
existing architecture.
Some difficulty with integration of own
tools into OSMOS architecture.
Other services can be added quickly.
Increased exposure of services through
successful integration and implementation.
Difficult maintenance of TPS.
System enables efficient management of IT
support for the VE.

Improvements required in terms of userfriendliness.
Good high-level security.

No requirement for improvements in userfriendliness.
Good security.

Training required, preferably under a
structured training programme.

Low training requirement

1.
2.

1.
2.

3.

Ability to attract more clients
Increased client
satisfaction/improved team working
Improved project management

Improved day-to-day operations
Ability to attract more clients

Table 9: Summary of VE Server and TPS Provider results by country

Whilst the French field trial reported that the integration of TPS is very well
designed and implemented, in Finland the process proved slightly less easy. However,
the Finnish trial then reported that once integration was achieved it would allow
in
is
important
This
terms of the
the
an
result
services.
company's
greater exposure of
be
has
been
to
tested until the
OSMOS
that
the
able
not
aims of
approach, and one
field trials of this final iteration. As shown throughout the thesis, one of the
fundamental objectives in the VE is integration and interoperability of ICT. It is
significant therefore that in both the French and Finnish field trials integration to the
OSMOS platform of TPS was achieved successfully. The notion of making such
services available quickly in a plug-and-play fashion does not preclude the fact that
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initial integration of a service to the OSMOS platform may take some time. However,
for
be
been
has
then
that
this
service
service
can
quickly
a
particular
achieved
once
deployed in any VE that wishes to work via the OSMOS platform. These trials have
Granlund's
being
integrated
in
Ryhti
tool
the
the
with
concept,
proved
positively
Finnish trial and both Derbi's SGTi EDMS and Rythi being integrated in the French
trial. (Furthermore it is worth noting that although the integration process was not
directly tested in the Swedish field trial, the Document bank EDMS was also
successfully made OSMOS aware). Some work may still be required on the part of
the TPS providers to enable easier maintenance of the integrated services, but in
business terms both field trials report that integration of their tools to the OSMOS
improve
implementation
their
exposure
upon
would
of an OSMOS powered
platform
VE.

In the French trial it was noted that there were still some concerns over the
`user-friendliness' of the interface. Similar remarks did not result from the Finnish
trial however. In the first two iterations of the project the field trials reported such
it
being
but
the
tools
tested at those times were reference
that
noted
was
problems,
implementations only. The results from these current field trials show the importance
interfaces:
developing
Service
Provider
VE
their
the
user
companies
own
specific
of
for the Finnish field trial Granlund had developed their own interface, whilst for the
French trial the referenceimplementationsof the OSMOS tools were usedagain.
In terms of security of confidential and contractual information the results
have shown that there are no great concerns and the OSMOS Security Service
functionality has proved adequate at a high level. It is worth noting that, as reported
from the French field trial, security at a lower level is to some extent the responsibility
into
integrated
the
a specific VE platform.
service providers
of

The results from both of the field trials show that it is felt that some training
will be necessaryfor companieswishing to use the OSMOS platform. This is also an
important outcome, especially if a company has to consider whether or not to
introduce a formal training programme. It is noticeable however that the perceived
in
lower
for
the Finnish field trial results, and this again may be
training
was
need
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for
had
being
VE
the
fact
tools
the
that
the
provision
of
platform
used
attributable to
been adapted and provided greater familiarity to the participants. For live
implementation and exploitation of the OSMOS platform, documentationdetailing the
it
is
be
the
have
that
to
available,
and
also
clear
made
the
would
system
use of
for
form
have
training
to
TPS
material
of
provide some
would
companies offering
first
for
time.
the
tools
their
end-usersusing
Inclusion to the VE Server Administrator and TPS Provider evaluation form of
the generic question regarding potential business benefits proved to be a useful
OSMOS
The
to
in
the
the
approach.
ability
attract more clients
of
validation
exercise
is
benefit
important
business
the
two
the
sets
of
results,
which
across
most
was clearly
in business terms, a significant consideration indeed.

6.4.3.2Synthesis of the VE Project Administrator and User results
Table 10 below presents a summary of the results from the field trials
by
held
in
by
the evaluation
they
the
were
and
categorised
which
country
organised
form criteria. It is worth noting that due to the small number of responses from the
Swedish field trial some of the results had to be treated with caution. In such cases the
Finnish
French
to
the
results.
and
only
refers
synthesis

Overall, the results reported regarding the usability of the tools showed a very
in
Sweden.
The
in
Finland
only
acceptance
above
average
and
positive acceptance
from
French
There
the
dissatisfaction
were some concerns
results.
came
real
interface
from
the
the
there
and
navigability,
as
were
of
regarding user-friendliness
VE Server evaluation results above. Again it is noticeable that where Granlund had
implementations
for
the
tools
the Finnish trial, the results were
of
used organisational
in
OSMOS
The
terms
the
of
added-value
of
approach
concern
main
positive.
very
from theseusability problems reported in the French trial is that there may be possible
data inconsistency between OSMOS and the TPS. Such problems were not reported
from either of the other two field trials. This suggeststhat it may be a problem
issue.
being
The
French
integration
the
tools
than
to
the
rather
a
usability
of
relating
field trial also questioned the ability of the system to manage large projects. The
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Finnish field trial results showed quite the opposite of this, though this point is
difficult to prove in field trials of this nature.
Criterion

France

Finland

Sweden

Usability

Good overall layout but not
easy to use.
Difficult to navigate.
No search capabilities.
Some errors reported, but easy
recovery.
Good response times.
Questioned capability of
managing large projects.
Possible data inconsistencies.

Very easy to use.

Easy to use.

Very easy to navigate.

Acceptable navigability.

No specific errors reported.

Some errors reported, but
adequate recovery.
Satisfactory response
times.

Training

Training required, preferably
under a structured training
programme.

Training required, preferably
under a structured training
programme.

Job eff.

Improvements to daily work.
No significant improvement in

Improvements to daily work.
Improvement in speed of

speed of working.
Gains in quality of work.

working.
Significant gains in quality of
work.
Good efficiency gains.
Prepared to use the tools.

No significant efficiency gains
Prepared to use the tools.

0r2 eff.

Faster set-up of project teams.

benefits

Training required,
preferably under a
structured training
programme.
Improvements to daily
work.
Improvement in speed of
working.
Slight efficiency gains.
Prepared to use the tools.

Improved co-ordination.
Good info management simpler and faster access.
Good security.
Good improvement in info

Considerably faster set-up of
project teams.
Strongly improve project
management.
Much better co-operation.
Improved co-ordination.
Good info management
simpler and faster access.
Good security.
Good improvement in info

sharing.
Good improvements to
external communications.
Support for multiple projects.
Acceptable to clients.
Increased competitiveness.

sharing.
Good improvements to all
communications.
Support for multiple projects.
Acceptable to clients.
Increased competitiveness.

sharing.
Good improvements to
external communications.
Support for multiple
projects.

1.

1.

1.

Improve project management.

Business

Very good response times.
Full confidence in ability to
manage large projects.

2.

Improved project
management.
Improved day-to-day

3.

operations.
Improved team working.

2.
3.

Improved project
management.
Improved team working.
Improved day-to-day

Improve project
management.
Improved co-operation.
Improved co-ordination.
Slightly simpler and faster
access.
Average security.
Good improvement in info

2.

Improved project
management.
Improved day-to-day
operations.

operations.

Table 10: Summary of VE Project Administrator and User results by country
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In viewing the synthesised results presented in the above table, and comparing
the results from France, it may be argued that a contradiction emerges in the case of
the usability
`usability'

and organisational

effectiveness categories. For example in the

inconsistencies"
data
"possible
category

are reported, whereas in the

`organisational effectiveness' category, "good information management - simpler and
faster access" is also reported. Philosophically a contradiction cannot exist, and it is
be
by
the
that
the
argument
of
an
apparent
contradiction
can
premises
checking
only
be
It
`usability'
therefore,
that
the
to
should
noted,
questions
regarding
exist.
not
seen
in
layout
the software.
the
and
arrangement,
and
navigation
of
use,
ease
concern
Questions are also included concerning the responsiveness of the system in terms of
information,
and
return
of
messages
speed, error

and the overall functionality

inevitable
bugs
is
It
that
will be found in any new software system,
almost
provided.
intended
indicate
highlight
bugs
to
their
this
any
and
errors,
and
was
also
section
and
in
from
The
i.
how
the
the
them.
could
questions
user
recover
easily
severity - e.
`organisational effectiveness' category, on the other hand, were constructed to
for
GVEPM,
design
basis
the
the
the
the
was
processes
of
which
underlying
validate
and implementation

importantly
but
tools,
the
equally
of

to validate the overall

OSMOS approach in terms of added value and real business benefits.
As in the case of the VE Server and TPS Provider results, the results here
be
in
live
implementation
full
that
training
would
required
a
agreement
of the
showed
OSMOS powered VE. It is also agreed that the training provided should be in the
form of a formal structured training programme. This outcome suggests an important
business recommendation.

The results regarding questions concerning job effectiveness agreed overall
that the OSMOS approachwould improve the participants' working methods.This is
borne out quite positively by the fact that all of the participants agreedthat they would
be preparedto use the tools in a live implementation. It is interesting to note that the
field
from
French
highest
trial
the
the
returned
second
average score in this
results
case. This suggeststhat the concerns expressedover the usability of the system are
OSMOS
that
to
the
the
underlie
overall
processes
approach.
secondarycompared
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The results suggest that implementation of the OSMOS approach would allow
project teams to be set up more rapidly than the current methods employed. This
OSMOS
the
of
overall
shows
a
positive
attainment
objective of the ability
result again
to deploy a flexible

adapted teamwork solution in a limited

amount of time.

Furthermore all participants agreed that project management would be improved,
indeed this proved overwhelmingly to be the most important business benefit that the
respondents felt the approach would offer. In terms of co-operation in planning and
scheduling resources the only concern was reported from the French trial. The
comment made here that OSMOS seems to be useful for users involved

in

construction projects with external partners and that it is not really for internal use is
valid, however as OSMOS is addressing the VE, co-operation in planning and
scheduling resources would not be simply an internal issue anyway. As such, this
concern should be treated with some caution in the overall results. All participants
agreed that co-ordination of interactions between individuals

and teams would be

improved. These results are especially encouraging as these factors were found to be
important concerns in the interviews (section 6.3 above). Collectively,

the trials

in
information
terms
of
management, sharing of information and
showed good results
its security in transmission, and support for communications. Indeed the participants
all agreed that communications with external partners would be improved. All of
these results are encouraging when considering the key challenges faced in the
construction industry context.
In terms of the acceptability of the approach to the end-user organisations'
clients and the possibility

for improvements in competitiveness, the French and

Finnish trials both showed positive responses. These questions can only be considered
fully in terms of the OSMOS approach as a whole, and as both of these field trials
tested the complete process the results are again very encouraging.
As the overall aim of this thesis is pragmatic, aiming to research real life
working in the dynamic VEs of the construction industry, these positive responses
regarding job and organisational effectiveness are an excellent result. It is also
in
that
the
participants
all three of the trials felt that there would be
significant
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businessbenefits gained through implementation of the OSMOS platform. Overall the
results showed that improved project management would be the main benefit,
followed by improved day-to-dayworking and improved team working.

6.5 Conclusion
This chapter presentedthe results obtained from the surveys and evaluation
the Researcher has conducted. Despite the paucity of completed questionnaires, the
results obtained fulfilled the purpose of providing the Researcher with initial profiles
involved
in
industrial
the central case study of the thesis. They
the
organisations
of
also formed the groundwork in the triangulation method prior to the interviews, which
greatly enlarged the view of the state of construction organisations. The third thread,
to which the previous surveys had had input - the field trials to evaluate the proposed
VE solution - was also presented.

The following chapter aims to bring together all of the elementsfrom this and
the precedingchaptersof the thesis.
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Chapter 7
Discussion
Review of the problem; Review of the VE concept; Discussion of
the research results; Towards the digitally enabled construction
VE; Initial exploitation

7.1 Introduction
The preceding chapters of the thesis have presented the research from the
from
literature
to
the
through
testing and evaluation
the
results
gained
review
of
point
VE
The
is
draw
this
to
the
solution.
construction
aim
of
chapter
proposed
all of the
of
key elementstogether in a discussionto enablethe researchquestionsto be addressed.
The chapterbegins by revisiting the problem addressedby the study, followed
it
has
in
been
VE
the
the
concept
and
manner
which
of
with a re-examination
is
discussion
from
in
There
then
the
the
the
a
of
research
results
research.
employed
discussion
by
followed
benefits
the
a
of
potential
of adopting the
chapter,
previous
business
final
The
the
of
recommendations.
elaboration
proposed approach and
sectionpresentsa successful`real world' exploitation of some of the concepts.

7.2 Review of the problem
The literature regarding the VE indicates that as an organisational paradigm
its
in
As
Chapter 3 (section 3.3), the
support.
shown
computer networks provide
European construction industry faces the problem that whilst it operates its business
like a VE, and has done so for some considerable time, it does not do so effectively,
largely because (as the characteristics of the sector show) its ICT support for business
factors
is
These
are the provenance of the subject matter of this thesis,
poor.
processes
i. e. digitally

enabling the construction VE. The purpose of the thesis is to work

towards a solution by answering four research questions that arise from this problem,
fulfil
Researcher
the
in
to
these
to
questions
aimed
eight research
answer
order
and
objectives (section 3.3.1).
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7.3 Review of the VE concept
The first research objective was to clarify the concept of the VE, which was
principally achieved through the literature review (Chapter 2). (As noted in Chapter 3
(section 3.4.1) literature review is a recursive process, and elements of the literature
from which the Researcher clarified the VE concept were actually brought to his
attention via involvement in the VOSTER project). Some of the key aspects of the VE
that have proven to be central to the research are encapsulated in the VE types defined
by Goransen (1999); the lifecycle

model (Camarinha-Matos

and Afsarmanesh,

1999a); the VE roles (e.g. Katzy and Obozinski, 1999); and the virtual team model
(Lipnack and Stamps, 2000) (see section 2.3 for all of the aforementioned).

The thesis researchindicates that in the construction industry the VE should be
viewed as being that of Goransen's`Type 1' wherein the aggregationis in responseto
an opportunity recognised by an entity that organises and creatively integrates
partners with complementary,required core competencies.Or so, it is arguedhere, it
could be if the appropriate digital VE infrastructure were available. The VE solution
developedwithin the thesis casestudy (OSMOS) meets the needsof this scenarioas it
offers the (imperative) integration of partners capability via the model basednature of
its design, integral to which is the definition of the required roles. The obvious
limiting factor to this, given the nature of the construction industry, is that what is
required is for some enterprising,non risk-averse champion to take on the pioneering
role of that organising entity, equippedwith such a VE solution.
With respect to the VE lifecycle, the OSMOS GVEPM took into account the
complete lifecycle of the VE at a very high level. However, research from the
VOSTER project (of which OSMOS is one of the clustered projects, but which only
began three months prior to the completion of OSMOS) indicates that in the majority
of researchprojects, in terms of VO life-cycle support, there is a clear focus on the
`creation' and `operation' phases.The `dissolution' phase remains almost untouched
(Figure 38), and the actual functionality supported is rather limited (CamarinhaMatos, 2003). This is certainly true in the caseof the OSMOS solution.
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Secure data exchange
Sharing and visibility rights

Partners search and selection
Contract negotiation
Definition of rights

Orders management
DBP planning & scheduling
High level coordination
Collaborative engineering

Join/Leave procedure
Infrastructure configur.

Creation
issolution

Evolution

Liabilities definition
Access rights definition

Add / remove partner
Change roles

Figure 38: Functions in VO life-cycle support (Camarinha-Matos, 2003: 13)
It is interesting to note, however, that the OSMOS consortium arrived at the
concept of the VE Roles (VE Service Provider, Third Party Service Provider, and VE
Client) quite independently of other research initiatives, which have reached similar
conclusions on this.
The virtual teams element of the VE has been addressed in some considerable
detail throughout
concept, including
contractual
flexibility,

the thesis, as have many of the other key characteristics
integration and interoperability,

relationships,

horizontal organisational

of the VE
structure,

change caused by necessary ICT support, organisational

and so on. These aspects will

be discussed at appropriate points in the

remainder of this chapter.

7.4 Discussion of the research results
7.4.1 Emergence of key themes from the survey results
Virtual teams bring people together across disciplines, departments, functions,
and geographical locations. ICT provides the platform, but ultimately it is the people
that make the projects work. The importance of the human element and the way that
168

Discussion

has
been
for
in
taken
the research for
not
granted
other
each
people co-operate with
this thesis. The results from the questionnaire and interview surveys, the literature
industry,
the
the
construction
of
and the analyses of
characteristics
review regarding
intra- and inter-company requirements within the industrial end-user organisations,
limitations
the
Researcher
the
of
current
practices,
and
understanding
a
good
gave
barriers in organisations and on projects, which satisfied the second objective of the
thesis. Integrating the results from the questionnaire and interview surveys led to
business
findings
key
to
the
aspect of the VE. Indeed four main themes
related
some
Section
6.3.5):
6,
(Chapter
emerged
Information sharing
Difficulties with information sharing proved to be faced by all of the OSMOS

industrial organisationsbecauseof technical and business reasons.It is important to
by
databases
far
knowledge
that
were
seen
as
undesirable
more
externally shared
note
internal
is
due
lack
in
This
to
than
the
the
ones.
a
surveys
of trust and
participants
of
has
Clearly
technology
to play a very important role
clarification of objectives.
information
improving
sharing,
and
supporting
and
enabling communications
business process and integrating services, but the role of culture is very important,
is
for
building
in
There
the
a
need
organisationsthat will
virtual
context.
particularly
in
knowledge
dissemination
information
and
sharing
virtual teams, and will
support
learning.
Explaining
facilitate
the strategic vision, encouraging participation
openly
linking
it
involvement
and
with the right rewards are
and managingperformance
and
three important stepstoward enhancinginformation sharing.
Organisational Culture and team working

Characteristics of the `participatory' type of culture such as horizontal
involvement
in
decisionparticipation
channels,
and
communication
open
structure,
information
facilitate
and
of
sharing
virtual teams. The analysis of
making, enhance
in
industry
face
indicated
the
teams
that
construction
many problems including
results
lack of availability and time planning. `Bureaucratic' cultures cannot facilitate these
hinder
they
the changeprocess.Motivation
teams
can
as
a
result,
and
cross-functional
important
finding
is
from
the
this research. High motivation
an
culture
of
part
as
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levels and job

satisfaction

are critical

success factors

in

any organisational

environment and even more important in a VE. Introducing interesting work and a
important
two
the
tasks
same
project
are
suggestions, which
within
choice of various
have been tested in two of the participating organisations with good results.

Acceptanceof change
It is very interesting to note here that there were positive attitudes towards
faced
Although
the
users
continuous changes, some of which
of
end
some
change.
indicated
direction.
toward
This
that
the
a
positive
climate
results
successful,
were not
finding may be explained by the fact that there is dissatisfaction with the existing
system, which underlines the need for change. However, there is a need for planned
change in order to manage virtual teams, which are characterised by continuous
found
be
to
In
technological
terms
change
age
was
a strong moderating
of
changes.
factor in each organisation. As may have been suspected, younger employees are able
to use technology more effectively and are more open to new ways of working than
their older colleagues. The difference between age groups in the frequency and
in
tension
technology
the
all the participating companies.
causes
of
use
capability of
Understanding

people's

fears

and

concerns,

encouraging

involvement

and

in
the
targets
the
the
of
objectives
change
are
main
order
participation, and explaining
to cope with potential resistance to change.
Training
The results indicated that training

is important

particularly

in project

On-the-job
is
training
software
packages.
and
suggestedas a feasible
management
is
hectic
there
the
of
problem
schedules and lack of availability.
solution although
Another suggestion is to build and implement a training plan, which will take into
for
To
teams.
setting
up
virtual
ensuresuccesswith such
required
skills
consideration
be
job
descriptions and
required,
and
a
needs
analysis
would
clarification
of
a plan,
team roles and responsibilities, and the organisation's strategic plans. Managersoften
because
do
intended,
frustrations
many
change
projects
not
evolve
as
a reason
express
for this being lack of training. Employeesneed to have education and support in order
to cope with the requirementsof the new technology.
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To conclude, important strategiesfor coping with changeinclude:
"

Assessingorganisationalculture with an emphasison informal and formal
communication and structure;

"

Supporting participation and involvement;

"

Understandingof people's fears and concerns;

"

Setting up a training strategy aiming at offering education and support.

7.4.2 Validating

the proposed construction VE solution

7.4.2.1Emergence of critical successfactors for the evaluation
In the ICCI cluster project the Researcher has been involved in research into
the methods used for modelling in construction related projects. It was discovered in
the analysis of other projects' modelling methods that the relationship between the
developed scenarios and the supported industry

processes is rarely explicitly

detailed
in
development
The
the
the OSMOS case study, based
of
models
represented.
is
therefore somewhat unique amongst
the
processes
actual
end-user organisations'
on
in
OSMOS
The
tools
tested
the field trials were based on
similar research efforts.
(the
GVEPM
derived
from
the
provision of which satisfies the third objective
models
in
development
it
the
the
thesis)
of the GVEPM that the concept of the VE
and was
of
Roles (VE Service Provider, Third Party Service Provider, and VE Client) emerged.

The UML modelling phase,in the specification of the digital construction VE
fourth
(the
objective), producednot only the functional processesfor the VE
solution
Core Service, but also the OSMOS API. Another of the key factors in the concept of
the VE is interoperability and integration of systems,and the OSMOS API is the main
underlying technical developmentthat enablesthis in the proposed solution. Bearing
in mind the discussion from the literature regarding the `closed' nature of
commercially available tools to assist the construction industry in collaborative
working, the capability for open integration of applications becomes even more
significant. Furthermore, as one of the key themes emerging from the survey research
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relates to computer training, construction industry actors would benefit from a VE
systemthat allowed the plugging in of tools with which they are already familiar, and
interface
from
through which to gain accessto their tools.
also
a user-friendly
From the above discussion a number of critical success factors emerged,
which ultimately neededto be testedvia the field trials:
1. GVEPM - as this model underlies the OSMOS solution, the field trials needed to
be conducted in such a way that they validated the processes. These generic
processes were derived from the current processes undertaken in the OSMOS enduser organisations, and rather than being a representation of ideal processes they
represent the activities required to enable the construction VE.
2. VE Roles (VE Service Provider, Third Party Service Provider, and VE Client)
the validity of these was measured in the course of evaluating the GVEPM.

3. The OSMOS API - this was testedthrough the scenariosset up within the field
trials in which serviceshad to be made available. Successfulrapid integration and
had
be
to
the
achieved to reach the real added-valuefor
use of
servicesprovided
OSMOS VE Clients.
4. Usability and acceptance - these factors had to be met in order to ensure the
successfultake up of the constructionVE tools in the real world.
It is clear from this discussionthat the main aim of the approachtaken was in
the provision of services to VE Clients. As such companies in the real world will
include SME, who may initially be scepticalof the benefits of the digital construction
VE solution, and who may not have great experiencein using ICT solutions, it was
critical that the processesmet real businessneeds. Furthermore it is critical that the
use of the software can be learnedas quickly as possible.
7.4.2.2 Validation of the field trials against the critical successfactors

The synthesisof the evaluationresults from the OSMOS field trials in Chapter
6 (Section 6.4.3) shows very positive results according to the criteria used for the
evaluation process.The results can now be used to examine whether or not the above
critical successfactors were met:
1. GVEPM - the field trials in France and Finland tested as far as possible the
complete set of processesin the model (the only noticeable exceptionsbeing the
activities involving the making of the contractual agreementfor the VE project,
agreeing managementprotocols and procedures, and ending of the VE project).
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The results provided no arguments against the processes, and as the business
benefits that would be expected to be gained show overwhelmingly that the
improve
approachwill positively
project managementand working methods (both
day-to-day operations and team working), the Researcher feels that the trials
in
the
endorsed processes the model.
2. VE Roles (VE Service Provider, Third Party Service Provider, and VE Client) the roles were accepted as a strong underlying concept within the consortium, and
the participants in the field trials who were previously unfamiliar with the project
also found agreement in the concept. The roles were of great significance to the
development of the digital construction VE, however in real world
implementations the actors involved would not need to refer to them in an explicit
in
implementations
Indeed
that may occur after completion of the
such
sense.
project, whilst the roles are mutually exclusive in the underlying theory, it is
unlikely that they will be exclusive to specific companies.
3. The OSMOS API - the field trials have shown successful integration of services
to the OSMOS platform, with encouraging results all round. The potential existed
within the field trials for any API call to be required, and the results have not
implemented
the
software. The rapid integration and
shown any problems with
from
has
been
the trials.
possible
proved
use of services

4. Usability and acceptance- the field trials have shown positive acceptanceof the
approachby the users (especially where they were adaptedby the OSMOS endhigh
for
by
and
a
potential
acceptance
clients.
user organisations)
In terms of economical evaluation of the approach, and estimations of time
saved, although these have not been specifically quantified the results show that they
do
that
they
not pose significant barriers or threats to real world
were consideredand
implementation and a real world commercial offering of the digital construction VE
following this approach.
The plug-and-play provision of third party services emerged as a unique

selling point of the approach,key to which is a unique OSMOS API. The field trials
have shown that this potential for plug and play is eminently attainable once a TPS

has been successfullyintegratedonce.
The development of the prototype, its deployment in the field trials, and the
subsequentanalysis of the trials satisfy the fifth, sixth, and seventh objectives of the
thesis, and the first part of the eighth objective (analysis of the evaluation outcomes).
The second part of the eighth objective was to elaborate business recommendations
from the proposedsolution.
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7.5 Towards the digitally enabled construction VE
7.5.1 Discussion of the likely benefits of the proposed approach
It was shown in Chapter 4 (section 4.2.4), that during the modelling of the
processesseveralcurrent information and processinefficiencies were identified.
OTH/ Derbi identified set-up complexity as an inefficiency

in the solutions

that the company could at that time propose to organise virtual working, and for
improvement
inefficiencies
A
these
to
was
sought.
solution
which an
was seen to be a
light SGTi version, integrating more and more services via the digitally enabled
construction VE. The final field trials have shown that this is possible, as SGTi was
integrated to the OSMOS platform and made available to all actors in the scenario in a
default
in
fashion
the OSMOS tools.
thanks
to
configuration
a
standard
plug-and-play

A further inefficiency, which led directly from this, was the need to provide
actors with more than a limited number of services. In their practices at that time,
Derbi had tried to imagine links between SGTi and Internet sites, but found that this
by
dynamic
the
effect expected users.Here again the field trials, with
would not give
the successfulintegration of more than one TPS, and availability across the Internet
via web browsers,have proved that the proposedVE approachoffers a more open and
larger view. The benefit gained as a result of the integration via the OSMOS API is
that the user is offered more services,which can evolve according to his/her changing
needs. This in turn is also good business for the TPS provider, as the user will be
invited to remain a client for theseservices.
The FM systemsbeing delivered by Granlund at the time of the requirements
capture were based on client server architecture,which proved problematic in large,
geographically decentralisedenvironments.The field trials also demonstratethat the
proposed VE solution offers a strong benefit in addressing these inefficiencies
through the integration of Ryhti, allowing VEs to be set up for any part of the FM
process.
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JM noted that there was a need for a system where all project information can
be stored and be accessible for all participants in a project, regardless of whether the
information was created internally or externally. The user must also be able to view
the information regardless of the software in which it was created. Furthermore, the
in
had
be
there
to
to
are
great
use
variations
computer
easy
since
system also
knowledge among users, both within

JM and amongst the external consultants

different
federation
OSMOS
for
The
JM.
through
the
services
of
working
platform,
interfaces,
is
familiar
further
benefit
through
a
of adopting
especially when accessed
the approach of the proposed VE solution. This benefit addresses these inefficiency
in
field
demonstrated
the
trials.
was
successfully
problems, which again

The above gives some specific examples of benefits, and though it was
inefficiencies,
OSMOS
these
they are
the
consortium
who
reported
partners within
interesting
is
industry.
It
to note that the results
the
throughout
common problems
from the field trials (which were gleaned from participants who had no prior
involvement in the OSMOS project) support these points and several others as well.
From the OSMOS server set-up and TPS integration sessions of the field trials,
fact
include
for
that
benefits
the
the
that
system
allows
other
services
emerge
positive
the VE to be added quickly, and that the approach would facilitate efficient
for
IT
the
a computer enabledVE. Thesebenefits are
required
support
managementof
important as they constitute sizeabletime saving, and also make allowance for the fact
that the end-usersfor whom the servicesare provided need not be concernedwith the
technical details, but can continue to work at their own core businesses.It is also
important
from
likely business benefit that
the
that
these
most
results
significant
(which
for
these
taking
roles
on
people
equate to the VE Service Provider
emerged
is
Provider),
Service
Party
Third
the ability to attract more clients.
and
From the field trials sessionsfocusedon the end-usersseveralclear benefits of
the OSMOS approach emerged.The most highly rated business benefit in terms of
importance was shown to be significant improvement to project management.As the
construction industry is highly project oriented, and the models underlying the
VE
to a construction project at any stage of the
approach align any one particular
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lifecycle, this is certainly a feature from which the industry as a whole could benefit.
The aim of achieving agility in the VE (faster set-up of project teams) has also been
proved possible from the results of the field trials, and concomitant with this are the
perceived improvementsto team working and the potential for significantly improved
in
a virtual environment. The results from the research
external communications
carried out in the first two iterations of the project, showed clear concerns with
scheduling and availability of human resources.By adopting the proposed approach
and the businessprocessesfor explicitly identifying all potential actors in a particular
VE Project and assigning clearly specified roles to those that will comprise the VE,
these concerns can be met and allow clear identification of available resources.The
results indicating that improvements would be found in day-to-day working are also
beneficial, especially as the participants were not aware of the business process
bearing
development
in mind that
the
tools,
the
that
of
and
analysiswork
underpinned
the survey researchindicated that daily operationsin organisationsare often of greater
concernto usersthan innovation and developmentactivities.
Inefficiency in information sharingwas also highlighted as a common problem
from the survey research.Information overload is a perennial danger,but equally so is
the potential for not receiving the specific information one directly needs.The field
trials results indicated that all participants felt that the proposed VE solution would
information.
benefit
in
is attributable in
improvements
This
the
sharing
of
offer good
no small measureto the accessrights assignedto specified roles in the conceptual
models.
Evidence is also provided from the field trials that the benefits of the approach
are not restricted to the end users or service providers. There was a strong indication
from the participants in the field trials that tested the entire approachthat use of the
systemwould be acceptableto their clients.
The clearestbenefit that ariseshowever is the plug-and-play provision of TPS,
making such services available to other companies,particularly SME, who currently
do not have accessto specialisedtools, possibly due to prohibitive costs. The OSMOS
field trials have demonstratedthe concept of making such provision with the result
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that the participants in the trials voted positively that they would be prepared to use
the proposedconstruction VE approachin their work.

7.5.2 Business recommendations
The conceptual basis for the process involved in setting up and maintaining
the construction VE through the OSMOS platform

(the GVEPM)

was validated

through the field trials. This suggests the first organisational recommendation that can
be made in the migration path to using the approach. As illustrated above, the process
for setting up the computer enabled construction VE is less complex than the methods
that had already been attempted prior to the OSMOS project. In defining and
recommending the GVEPNI, it is not the intention to prescribe a rigid methodology to
be `imposed' on the companies that wish to adopt such a VE solution or indeed the
industry in general. Rather the intention is to show that the processes have been tested
facilitate
the migration path.
those
that
adoption
of
processes
will
and accepted, and
The GVEPM is grounded in actual real world process analyses, and as the proposed
solution to digitally

enabling the construction VE has been researched in full

recognition of organisational theory elements, it is clear that for virtual team working
to succeed, organisational flexibility

is key. The researcher feels that the GVEPM can

be viewed as a new `paradigm' (note Kuhn, 1996; see section 3.2.1), but also that it is
open to enhancement and improvement by those who wish to pursue it. As has been
shown

in

the thesis, the VE

relies

on 'horizontal

organisation

with

open

communication channels, and so on. There is, however, always a requirement for
control in organisations, whether they are traditionally

formed or follow the VE

paradigm. What has to be guarded against however is the potential for `imposing'
unwarranted control on organisations. Wilson

(1999: 676) notes that the virtual

organisation, as a manifestation of industrial devolution, has resulted in a relentless
managerial drive towards conformity

in the demands of greater efficiency. This

adoption of processes will inevitably mean some changes to working practices for
organisations. Although

the survey results revealed a generally positive attitude

towards change in the OSMOS end-user organisations, this might not be the case
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industry,
the
and therefore training in, and awarenessof, the possible
elsewhereacross
need for a changemanagementprogrammeshould be considered.
The GVEPM addresses the processes required for all roles within the proposed
is
VE
TPS
VE,
to
the
a
provider,
a
an
organisation
provider or an
whether
approach
end-user of the system. In terms of TPS provision, the field trials have validated the
ability for plug-and-play of a number of services. Recommendation must be made for
the providers to ensure that adequate training in their use is made available for the
(i.
The
trials also prove that the approach
the
these
end-users).
e.
services
clients of
integration
to
the
of services, for example more than one
allows openness with regard
EDMS can be made available. It is, therefore, advisable (and indeed prudent from a
business point of view) that the TPS providers carry out there own SWOT analyses
for the services they intend to provide.

From the VE Project administration perspectivethe processesin the GVEPM
have shown to be beneficial in terms of configuration of the project and of coursethe
managementof actors. It was not possible, due to the limitations of scope, to fully
model and test the activities involving the making of the contractual agreementfor the
VE project and agreeing the managementprotocols and procedures. However, the
in
inclusion
these
specific
of
processes the model ensure that the actors involved in
any particular VE can be sure that their agreed methods of working control the
integrally.
(Although the
therefore
to
throughout,
adhered
are
and
necessaryactivities
Researcherhas constantly been aware that contractual, IPR and legal issueswill arise
in the processof providing digital tools to enable the construction VE, it was outside
the scope of the thesis to researchdeeply into the prevailing laws with regard to
issues
litigation
that may arise in collaborative work.
the
organisations and
potential
Companies already working in the international arena should be aware of the
requirementspertinent to their businessesin their own countries).
With referenceto the four key themes that emerged from the synthesisof the
field
7.4.1),
(section
the
trials results showed strong benefits of the
researchsurveys
information
to
management,sharing and communication. The
approach with regard
in
built
to the OSMOS tools offer validated processesfor assigning rights
methods
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and roles within the organisations partaking to the VE, and the adoption of these
business
a
strong
recommendationin itself.
processesconstitutes
For organisationsthat hope to act as VE service providers using the proposed
is
implementation
the
recommendation
approach, a compelling
of their own user
interfaces for the VE tools. This proved particularly successful in the Finnish field
trial, and furthermore it can be seen as a positive recommendation for the real world
uptake of the OSMOS approachas evidencedin section 7.6 below.

7.5.3 The need for training in the construction industry
The need for training in the construction industry has been recognised for
quite some time (e.g. CEC, 1997; DETR, 1998). The results from the researchin the
thesis case study concur with this, and the Researchercontends that training is a
is
being
in
industry
the
that
adequatelyaddressed.Recommendations
still
not
problem
in terms of culture such as embracing changeand ensuring motivation within teams,
and the possible need for redesign or reengineering of processesfor the digitally
issues
VE
training
as much as the need to train people in the
enabled
paradigm reveal
indicate
The
that although employeeshave
technologies.
use of new
survey results
for
devoted
training,
they
to, or certainly primarily focused
are
generally
opportunities
Researcher's
issues.
from
The
the
technical
survey and field trials work in
on,
results
the OSMOS casestudy, have fed directly to the ICCI project, in which the Researcher
has recognisedthat training in many areasof organisation need to be addressedin the
construction sector.
The proposed digital construction VE solution from OSMOS, and the
developments in all of the projects clustered under the ICCI umbrella are research
results at the cutting edge of technological development. Thus the prototypes
developed offer companies in the sector a vision of the competitive advantageand
other possibilities that the future promises. To achieve exploitation of advancedICT
innovative
implementation
technologiesbut also new working
the
of
requires not only
practices,organisationalstructuresand cultures. The challenge therefore is to develop
an equally compelling vision of these innovative ways of working. Individual skills
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are the root to achieving this, and individuals need the skills to use the new
technology and adopt the new working practicesas depicted in Figure 39.
Individual
learning needs

New ICT
developments

Advanced
tools and
services

U

f

New competitive
environments

New working
practices,
processes,
organisational
strictures

Figure 39: The learning

Partnering,
globalisation, flexible
working, distributed
teamwork, VE

challenge

To deliver the sought-aftercompetitive advantagealso requires that the speed
future
from
to
the
the
of migration
existing status quo
envisioned
state is faster than
that of other competitors. Fast-track migration requires acceleratedlearning to take
place throughout the sector, for which a learning and training strategy is required to
bridge the gap betweenwhat is current, and what is possible (Figure 40).

"Pervasive use of ICT
"Dynamic capability
-Effective communication
"Seamless Information sharing
"Easy to use and accessible
web-based services

-Lowuptakeof ICT
-United understandingof ICT
Gam
-Inadequate preparation for

"Poorccmunkaboon
shaft
"PoorInfoamaöon

Key performance
indicators
e.g. PMs using ICT tools;
supply chain exploiting ICT;
acceptance and adoption...

Figure 40: Learning and training gap plan
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7.5.4 Decision aspects of business recommendations
The above sections indicate potential benefits of the advocated approach to
digitally enabling the construction VE, and high-level business recommendations
towards this. What is clearly emerging from the researchis that much of the impetus
towards adopting such an advanced solution will rely on decisions that need to be
taken from the actors involved bearing in mind that learning and training is a key
enabler to future success.This section offers a decision map that highlights the `soft'
factors that the Researcherbelieves should be taken into consideration as a result of
the researchpresentedhere.
In order for the digitally enabledconstruction VE to be adopted appropriately
and widely in the real world, an actor (or actors) would be required to accept the risk
of being the first adopter of such an approach.According to the results the VE roles
are acceptedin the context of the field trials (and are apparently further validated by
similar approachesfrom other studies whose results were not available until around
the same time as the results from the OSMOS case study). The primary roles that
Provider
TPS
Provider,
Service
VE
those
and
as without these
of
require adoption are
there is no possibility of VE Project Administrators or Users. In terms of whether or
User,
decisions
to
the
the
to be made will
approach
of
a
not an actor subscribes
largely depend on the provisions made by the VE Service Provider(s) and TPS
Provider(s), and whether or not the potential User seesa clear businessbenefit from
adopting the approach.(This of course can also only be assessedin real terms once
actors have decided to provide the necessaryservices, and would become a much
easierdecision to make basedon the experienceof early adopters).
Assuming that an actor has decided to become a prime mover in adopting the
advocatedapproach and making available a VE platform, further considerationsthen
have to be made in terms of the two roles VE Service Provider and VE Project
Administrator. In terms of the role of VE Service Provider decisions naturally needto
be made regarding technological provision, to ensure that the necessarytools and
infrastructure arc available, and such decisions would need to be aligned to the
technical requirementsof potential TPS Providers. Equally, actors intending to adopt
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the role of VE Project Administrator

(who may not necessarily also be VE Service

Providers) would also have to make decisions concerning

technology,

including

the

personnel's ability to use it, acceptance of the tools, etc. However, the

organisation's

concerns here are the decisions that need to be considered with respect to the `sot'
issues

highlighted

recommendations.

from

the

research

and

considered

the

within

business

Figure 41 graphically maps these decisions.
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Figure 41: `Soft' aspects decision map

A key problem in the industry is that of availability of personnel, as shown in
the results above. Uptake of the advanced approach to the digitally

enabled
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construction VE proposed in the thesis would inevitably require new skills to be
learned. The decision map in Figure 41 takes as a starting point that an organisation
intends to adopt the advocated approach (assuming the role of VE Service Provider
decisions
key
VE).
The
VE
Project
Administrator
with respect to the
and/or
within a
`soft' issues involved in the migration path begin with questioning whether or not
appropriate staff are available to assume the VE roles required. If the answer is
negative then clearly staff need to be found. This presents the first risk that the
organisation faces: the decision has to be made whether or not the risk of assigning
someone to the required role, which is not initially his or her core business, is worth
taking. If this decision is taken then there are inevitable training requirements. The
person appointed (as, for example, VE Project Administrator) will need to be trained
in the overall concepts of the digitally enabled VE approach and specifically the VE
be
level
to address,the
Furthermore,
knock-on
the
will
organisation
effect at
roles.
a
involved
in
be
VE
that
to
the
a
who
may
all
culture of
personnel
ensure
organisation
Project have a shared vision and understanding of the reasons for adopting the
further
include
training aspects) will
(which
provision of
approach, and plans
may
have to be considered with regard to effectively managing the resultant changes. If the
decision is made to train the required staff at this point then the decision to the first
question is affirmative - staff are (at that point) available.

In the case of an organisation with staff already available, the first
consideration is to objectively assessthe nature of the organisation. As the thesis has
shown, the VE requires a flexible approachto organisation. If the organisation is not
flexible then further decisions need to be made considering wide ranging effects in
three key areas:potential need for re-engineeringbusinessprocesses(BPR), altering
the structure of the organisation (flat structure), and managing the changes.As in the
previous case,the key decisionshere can all be seento require training (to a greateror
lesser extent), and the result is an uncertain outcome (dependanton whether or not to
take theserisks).
If an organisation does decide to take on these changes, or can already
confidently decide that in assessingthe nature of the company it is that of flexible
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organisation, the next key assessmentpertains to the structure and culture inherent in
the organisation. Again, as shown within the thesis the VE also relies on a flat
organisational structure and a participatory culture (in which a shared common vision
and commitment exists). If this is the case, then the decision to adopt the advocated
approach is at its lowest risk in terms of human and organisational issues. (This
corresponds to following the top branch of the map to its end). If the outcome of this
question is negative however, again there is a change requirement that needs to be
assessedin terms of the risks involved.
The map indicates that the issues that result from negative responses to the
required question points all require a degree of training for an adequate resolution. In
terms of training in organisations, particularly regarding technological intervention, as
is the case here, the Researcher believes that this research is showing an important
in
issues,
in
for
(due
`softer'
technical
to
training
and not merely
need
some neglect)
discipline. In order to meet the best organisational requirements to take advantage of
the digitally

enabled VE,

organisational flexibility,

key concepts from

organisational

theory

such as

ignored
be
from
BPR
should
not
culture, structure, and

training plans and strategies. Equally, change management strategy should be taken
into consideration in planning learning and training.

7.6 Initial exploitation
To complete this discussion chapter, it is worth noting that Granlund has
exploited some of the concepts from the researchand developmentsin the OSMOS
project in the `real world'. This sectionpresentsthis exploitation.

7.6.1 The situation at the beginning of the OSMOS project
When the OSMOS project started at the beginning of 2000, Granlund's
Windows-based solution for technical facility management(FM), Ryhti, had a strong
position in the Finnish market. There were over 200 installations of the software,
mainly in Finland but also in Scandinavia, the UK, Germany and Hungary. Many of
184

Discussion

the customers were big Finnish building owners with hundreds of buildings, and in
some cases in excess of a thousand. Characteristic to these Windows-based
installations, were big FM databaseswith a limited number of users (1-20 people), the
software typically being usedover a local areanetwork (LAN).
Ongoing

trends in

technical

FM

include

outsourcing

of

services to

maintenance companies, the use of FM consultants, and an increasing need to
distribute FM services to a larger audience. These trends made the use of LAN-based
services problematic
and Granlund realised that the use of the Internet in combination
with the OSMOS concept offered a solution to the problem by allowing new and
existing Ryhti customers to set up virtual enterprises for all parts of the FM process.

7.6.2 The current situation
RyhtiWeb is Granlund's implementation of the OSMOS concept and is fully
compatible with the existing Ryhti platform. RyhtiWeb is a direct result of Granlund's
participation in the OSMOS project and enablescustomersto set up FM-basedvirtual
enterprises in an intranet/extranet/internetenvironment. RyhtiWeb has incorporated
the central concepts from the OSMOS models, i. e. the ability to register any third
party service to the VE and control the accessto both data and servicesthrough a rolebased scheme. RyhtiWeb also enables entities to be linked, i. e. cross-referenced
acrossserviceboundaries.
By the end of February2002, Granlund had installed RyhtiWeb to six existing
Ryhti customers in Finland and Germany. Granlund also has a partnership with an
application service provider offering RyhtiWeb to smaller customersor for a shorter
period. The current RyhtiWeb customersare presentedin Table 11.
Currently the main interest in the OSMOS concept among customers is its
ability to provide role-based, location independent access to FM services and data for
a large number of users. The FM Helpdesk service is a typical example of a service
that involves interaction between a large number of users holding different roles.
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Company
Senaatti

Profile
Senaatti Properties is a government owned

Project Size
The FM database

Properties

enterpriseresponsiblefor managing and
letting the property assetsof the Finnish
state.The property stock includes
university, office research,and cultural and

contains over 2000
buildings in
Finland.

Elisa
Communications

other buildings.
Elisa Communications is a leading
telecommunications company in Finland

The FM database
contains 400 office

and employs 8000 people. The company
provides fixed network voice, data and
internet servicesfor residential and

and
telecommunication
buildings.

corporate customers. The company's
networks host over one million fixed
telephone and over 1.3 million mobile

Wärtsilä

subscriptions.
Wärtsilä Corporation is the leading global
ship power supplier and a major provider
of solutions for decentralisedpower
generationand of supporting services.

Hundredsof
thousandsm2 of
industrial buildings.

Wärtsilä employs around 10,000 people

Nokia

The Civil
Aviation
Administration

Tapiola

Nokia is the world's leading supplier of
leading
supplier of
and
a
mobile phones
mobile, fixed and IP networks. Nokia has
18 production facilities in 10 countries and
researchand developmentin 15 countries
around the world. Nokia employs around
54,000 people.
The Civil Aviation Administration
maintains Finland's network of airports
and the air navigation system.CAA's
airport network consistsof 25 airports and

Hundredsof
thousandsm2 of
industrial buildings
in Finland,
Germanyand
Hungary.
Hundredsof
thousandsm2 of
national airport,
aviation and office

the organisation employs 1,872 people.
The Tapiola Group is the largest mutual

buildings.
Hundreds of

insurancegroup in Finland.

thousandsm2 of
office buildings.

Table 11: Granlund's RyhtiWeb customers
While most of the customer companies are using only various FM services
through RyhtiWeb, Senaatti Properties is focusing on integrating FM and electronic
document management (EDM) services through RyhtiWeb. Senaatti Properties is
using a large number of external building consultants to produce maintenanceplans
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and reports of the building mass located all over Finland. Maintenance reports consist
of a group of textual and graphical documents related to a specific building describing
both short and long-term maintenance activities required. The goal of Senaatti
Properties is to utilise RyhtiWeb as an extranet entry point to the FM and EDM
services so that the external consultants could store their maintenance plans directly
into the system, thus creating a link between buildings and documents. The RyhtiWeb
browser would provide a logical view to the building data and the EDMS would act as
a document repository. Through a role-based access scheme the data would be
accessible both to the organisation's own personnel and to users from external
organisations.

7.7 Conclusion
This chapter presented a discussion drawing together all of the various
first
In
in
dealt
two sections the overall
the
the
elements
preceding chapters.
with
problem addressed by the thesis and the VE concept were reviewed to establish the
four
from
the
discussion.
In
the
study
surveys
the
case
results
context of
a synthesis of
key themes emerged in relation to the `soft' aspects of the research. In discussing
development of the proposed solution to digitally enable the construction VE, four
in
field
from
be
trials
factors
the
tested
to
results
order to
critical success
emerged
into
it.
discussions
taken
These
then
the
account to
validate
of
research results were
reveal potential benefits likely to be achieved through the adoption of the proposed
solution, which led to the elaboration of some business recommendations regarding
the migration path to adopting this approach to the VE. After assessing the need for
training in the construction industry, and taking this into account with the previous
sections regarding potential benefits and business recommendations, the chapter
presented a decision `map' to consolidate the business recommendations from the
perspective of key human and organisational issues. Finally, the chapter presented a
successful exploitation of some of the underlying concepts. It has been demonstrated
in this chapter that the eight research objectives of the thesis have been achieved,
which enables the research questions to be addressed in the concluding chapter.
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Chapter 8
Conclusion
Addressing the research questions; Contribution
Limitations of the research; Future research

of the thesis;

8.1 Introduction
This chapter concludes the thesis. The first section provides answers to the
research questions based on the findings from the study as a whole. In the second
section the Researcher's
perception of the contribution of the thesis research is

addressed.This is followed by an account of the limitations of the research,and the
final section offers some thoughts on potential future research that have emerged
through the processof completing the current study.

8.2 Addressing the research questions
As described in Chapter 2 (section 3.3) the main research question is
supported by three further questions that to some extent aid in scoping it. In
addressing the research questions therefore, it is logical to deal with these
`supporting' questions first.
Research question 2:
"Is the technology advanced enough to offer adapted solutions to the
very characteristics of the construction industry? "

The subject area of the study originates from the need to digitally enable the
construction industry VE. As was initially shown from the literature and subsequently
elaboratedupon in the efforts required in the central casestudy, the characteristicsof
the construction industry indicate that it has been operating in the mode of a VE that
is inefficient due to various causes,including inadequate technological support. A
technological solution, it has been shown, had to support the central business
processes; allow integration of systems and interoperability between disparate
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applications used in non-collocated teams; the creation, management and operation of
the VE, and so on, whilst at the same time take into account the fact that the industry
runs on razor thin margins.

The technical solution developedand tested was basedon a methodology that
combined IDEFO modelling and UML techniques, producing conceptual models to
address these fundamental features. Java was selected as the programming language
in which to develop both the underlying functionality and the user interfaces for the
solution. From the models a unique API was developed that allowed services to be
integrated to the core system of the VE, and interoperability

was facilitated by a

middleware technology. From the results of the OSMOS field trials it is clear that the
technical aims were satisfied adequately, and indeed that the models were robust
enough to deal with the requirements, including management of roles, access rights,
semantic relationships between information elements, etc. In terms of the middleware,
the `X' layer provided a simple and technologically independent access to the whole
OSMOS API. Since the completion of the OSMOS project SOAP technology has
is
from
It
for
be
the
to
apparent
advanced enough
such
purposes.
as
a
standard
used
above that the technology is indeed advanced enough to offer the required solutions.
Research question 3:

"Is the technology on its own able to provide a solution to the needsand
aspirations of construction end-users?"
Whilst the technology needed to be advanced enough to support the
characteristics of the construction industry, the construction end-users' needs and
aspirations go beyond what is achievable by automation and digital support. The
technical solution developed largely achieved what was expected from the perspective
of support. But this raises a point that the Researcher believes cannot be stressed
strongly enough in technological development and intervention in the real world:
simply that support is the main function of the technology. It is a tool to be used to
adequately assist in achieving a purpose. In conceptualising the VE, however, the
technology forms only a portion of the elements that define it. It is people that work in
teams, on projects, and in organisations, and the purpose for which they do that is a
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human construct. The approach to modelling the solution in the OSMOS project was
firmly grounded on the real world requirements of the construction industry. Systems
analysts and software developers quite rightly claim that their designs are human
centred because they are there to support real needs in achieving purpose. To allude to
a famous cartoon, the Gatling gun is there to be used if only the soldier with his
inadequate solution will break off from the task at hand to take a look! But needs and
aspirations go beyond what even a sound technological solution can offer - witness
the many IT failures over the course of history, and the many excellent technologies
that are completed successfully and then never implemented because whilst they
work, they are not accepted. It is known for example, that many IT failures occur
because the informal methods and processes people actually use in their work are not
modelled. Even given the apparent success of the OSMOS field trials, there were still
some quite marked differences in the responses of the participants, despite the fact
that they were testing the same concepts and technology. On reflection it would be
somewhat naive to claim that the technology on its own would be able to provide a
response to the real needs of the end-users.
Research question 4:

"Given the characteristics of the construction industry, does the industry
require a new businessmodel in relation to the purchase of ICT offering
an affordable andprofitable solutionfor SME and Clients on projects? "
The researchshows two main strands to the answer for this question. Firstly
the results in the thesis have shown that education and learning continue to pose a real
problem. The rapid pace of technological change, and indeed organisational change,
exacerbates this problem. Furthermore, even in recognising the gap that needs to be
bridged between current ICT usage and the potentials best practice can offer, the SME
dominance of the industry means that for example, introducing a training strategy or
an ICT strategy in one firm is fine, but the same training or ICT strategy will be
meaningless to a company employing four people if it was developed for a company
employing for example sixty people. But this does not alter the fact that the human
and organisational factors of the research still indicate a need for such strategies to be
added to the business model.
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Secondly, the very nature of the industry in terms of financial margins means
that costly research into, and purchase of the `correct' ICT is not possible for many
over-busy, SME actors. What the thesis indicates, however, is that a possible solution
in this respect may be made available. By federating services from various noncollocated organisations, and making the tools and services they have to offer
available via ubiquitous web browsers, a potential new business model would be that
of `rental' ICT services via a platform designed to support a VE.
Main Research question:
"Is the construction industry ready to move from a paper-based
approach to collaborating and sharing information on projects, to an
innovative model-based approach making use of the latest development
in ICT? "

In the preceding chapter it was shown that in Finland, Granlund have
successfully
development

exploited

some of the concepts resulting

in the OSMOS case study. This would

from

the research and

suggest an unequivocal

affirmative to the above question. However, this is not the complete answer. As the
answers to the above questions have shown, the ICT are definitely advanced enough
to offer adapted solutions to the industry, but the human and financial elements still
prohibit

immediate advancement. The very fact that Granlund have successfully

interested some very large players to their web based FM tools proves that certainly in
those cases the industry is ready to alter its approach with respect to the concepts
used. What is not clear, however, is the extent to which the majority of the industry
would react to such developments as are proposed in the overall approach to adopting
a digital

solution

to enable the VE,

concomitant

with

the possible process

reengineering and potential change management involved. On reflection, therefore, it
is too soon to claim that the answer to this question is `yes'. The Researcher believes
that what is required is for an innovative model-based approach such as the solution
researched in this thesis to be implemented and adopted in full by a `prime mover', an
entrepreneurial spirit who is prepared to take the early risk. In taking this risk such a
prime mover would be recommended to take heed of the types of decisions that
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should be considered regarding the human and organisational aspects of digitally
enabling the construction VE (as mapped in Figure 41).

8.3 Contribution

of the thesis

The research contributes to the body of knowledge on three levels: to
modelling

and technology, to IST research methodology, and to the construction

industry in the `real world'.
In terms of modelling, firstly, as was stated in Chapter 4 (Section 4.2.1),
IDEFO has limitations when used alone for process description. The combination of
IDEFO and UML modelling methodology used however, proved to overcome these
high-level
IDEFO
in
By
the
to
produce
shortcomings
process
using
a novel way.
diagrams from which the functionality could be modelled using UML in an iterative
business
industrial
deep
the
organisations'
end-user
way, enabled a
comprehension of
processes, which resulted in a robust set of models to underpin the proposed solution.
Secondly, the GVEPM developed in OSMOS, on comparison with other VE models
in VOSTER, proves to be a well-grounded approach, forming a paradigm for the
construction industry. Thirdly, the OSMOS API has been proven as a successful
technical development in enabling the construction VE, as evidenced not only by the
OSMOS field trials, but also by Granlund's exploitation.
In terms of research methodology

(and IST projects in particular),

the

methodology used in the OSMOS project shows the direct benefit of recognising that
technology research is not only about the technology. Whilst most research projects
are investigating developments that will be adopted possibly many years in the future,
and this can be seen to be the case in OSMOS as well, the iterative and incremental
methodology that included many human and organisational aspects often neglected in
this type of research, which OSMOS employed, contributed greatly to the fact that
one of the partners of the project has exploited some of the concepts developed.

In terms of the construction industry, the open - as opposed to proprietary solution proposedis well suited to SME on tight margins. Furthermore, if the concept
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of rental services federatedthrough such a platform is more widely disseminated,this
could have a lasting effect on the industry's modus operandi.
As the central casestudies of the thesis are collaborative in nature, it is worth
knowledge
body
Researcher's
to
the
the
of
specifically noting
personal contribution
within and further to the above. Throughout the lifecycle of the central case study
(OSMOS),

and also on a currently ongoing basis in the supporting case studies

(within the ICCI project in particular), whilst the Researcher has been honoured and
privileged

to work with some of the pre-eminent minds in technical and indeed

construction ICT, and VE research, a constant battle has been fought to ensure that
human and organisational issues are included in the process. This thesis would not
have been possible without the Researcher gaining successful acceptance that such
issues are important enough to allow the type of surveys on which the thesis has relied
in answering the research questions. Furthermore, the critical field trials carried out to
test and validate the advocated approach would not have drawn together the human
and organisational with the technical elements without the Researcher's management,
leadership, and persistence in approach. The central focus of researching the key
human and organisational aspects of advanced ICT research culminates in the thesis
with the elaboration (within Chapter 7) of business recommendations, and the unique
decision mapping toward the goal of real world implementation of such an approach
to digitally enabling the construction VE.

8.4 Limitations

of the research

In researchingthis area, it is clear that many varied but interconnectedfactors
for
literature
into
in
Even
to
the
the
concentrate
come
areason which
play.
selecting
review, the Researcheris aware that the findings may not be sound in some respects
becauseof other topics that may have a direct effect but which had to be overlooked
through the limitations of time and scope.
Whilst the Researcherbelieves the GVEPM to be a sound paradigm that adds
to the body of knowledge, it has to be reiteratedthat it could (and indeed ought to) be

193

Conclusion

from
decomposed
the
the
that
to
the
activities are adequately
all of
extended
extent
top level through to the dissolution of the VE.
Although someconsiderationto contractual, legal and IPR considerationshave
been made throughout the casestudy, this is a complex areathat requires much deeper
researchthan has beenpossiblewithin the scopeof this thesis.
The nature of the VE entails various partners directly sharing information and
high
degree
This
documents.
of security, which
a
requires
systems, and exchanging
has not been addressed deeply in the study. Furthermore, the subject of `trust' as a
in
issue
deserves
this thesis.
that
was not paid
attention
cultural
also
The Researcher is also very aware that robust economic evaluation was not

be
to
for
in
achieved.
ought
the
research
applied
addressed
casestudy, which,

8.5 Future research
As stated in the derivation of the research questions for the thesis, it is
inevitable that any consideredresearcheffort will ultimately produce more questions
Researcher
five
the
themes
brevity
it
intends
For
the
than
to answer.
only
sake of
believes should be addressedfollowing this thesis are mentioned here.
As the above section shows there are limitations to the current thesis, which
be
the
to
future
It
for
be
model
completely
useful
would
research.
can
recommended
involve
in
doing
idea
dissolution,
the
from
VE
to
research
should
so
and
construction
different sized organisations on a `level playing field'. The industry is still dominated
by a handful of large organisations, and many firms are disadvantaged by the leverage
the larger firms have. The concept of the digitally enabled VE for the construction
industry should be expanded upon, looking at all of the security, legal and contractual,
and socio-organisational aspects throughout.

Whilst interconnectivity and information sharing are not new topics, the
industry.
in
is
limiting
the
document
construction
efficiency
problem of
structure still
It would be beneficial to conduct researchinto the concept of `intelligent' documents
for the sector, but not only at the technical level. It is the human that requires the
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document; therefore it is the human's needs that should be directly and explicitly
addressedin such research.If the informal processesthat real actors use to carry out
their daily tasks are fully analysed,it should be possible to model the nature of the
documentsthey require.
Learning and training in the construction industry is a complex topic due in
many respects to the SME-dominant nature of the industry. More research is required
to study the real needs of the industry, and web-based tools and programs created that

can be accessedthrough a browser to give the learner interactive situation based
scenarios.
The concept of rental services for the construction

industry should be

researchedas a serious long-term paradigm shift. The fact that managersstill make
their choices of technology due to mimetic isomorphism, often due to the fact that
they simply do not have the time to spendon researchingthe most suitable technology
for their own situation would be alleviated if they had the availability of rental tools.
Finally, as already alluded to, the Researcherbelieves that it is only through an
initial entrepreneurialspirit taking the necessaryrisk that the digitally enabledVE can
be truly adopted as a construction industry norm. Many revolutions in business are
started in such ways, and it is the prime mover in an organisation that differentiates
the leadersfrom the followers. On a completely non-technical note, it would be highly
enlightening to study the true role of the prime mover in large organisations,and the
extent to which differing organisational cultures suppress the development and
retention of such people.

8.6 Closing comments
Due to the nature of the industry, and the economic importance of construction
in all developed societies, the research into technology use in the construction
industry will undoubtedly continue for many years to come. In researchingfor this
thesis, the Researcherincreasingly feels that the importance of the human aspectsin
technological development are still inadequately addressed in the construction
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industry, and would like to finish on a very wise caveat from the man regardedas the
founder of the UK civil engineeringprofession:
Stone, wood and iron are wrought and put together by mechanical
keep
the
is
the
but
to
of
part
animal
the
right
work
greatest
methods,
(1724-92)
Smeaton
John
machinery.
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OSMOS IST-1999-10491
IT AND CONSTRUCTION VIRTUAL ENTERPRISE QUESTIONNAIRE
This questionnaire will be used simultaneously in three European countries: the
phrasing of some questions may therefore be slightly unfamiliar to you. You will note
that the questionnaire is anonymous, and your answers will be kept strictly
confidential.

Where a question refers to `you' please answer from your own viewpoint. The terms
`organisation' and `company' are used synonymously. Where a question offers the
response 'other', please specify.

1.1 Please state the name of your company:
1.2 How many employees are there
within your company?
1-50
51-100
101-150
151+

Q
Q
Q
Q

1.6 What level of market share does
your company have?
0-10%
11-25%

Q
Q

26-50%

Q

51%+

Q

1.7 Who are your main competitors?
1.3 How long have you worked at this
company?

1.4 What is your job title?

1.8 Please list the main strengths of
your department, and rank them in
order of importance.

1.5 In which department do you work?
IT
Marketing

Q
Q

Human Resources

Q

Commercial

Q

Production

Q

Design
Other

Q

1.9 Please list the main factors you
think are critical to the future growth
and success of your company and
rank them in order of importance.

2.1 Do you use computers in your
work? (If `no'please go to Section 3)
Yes El

2.2 How long have you been using
computers?

No Q

Very confident

Not at all
10

2Q3Q4Q5Q6Q

2.5 For
Q
Q
Q

Word-processing
E-mail
Presentation

Q
Q
Q

Spreadsheet
Database
Internet

CAD/CAM
Document Printing

Q
Q

Project Management
SAPr3

Q
Q

Other

2.6 Is computer training available to
everyone in your company?
Yes Q

No Q

2.8 Do you perform any work tasks
that you feel could be improved by
using computers?
Yes Q

2.7 What further training do you feel
you need at present (if at all)?

2.9 If 'yes', what are they?

No Q

3.1 Do you work as a member of a
team (or project group)? (If `no' please
go to section 4)
Yes Q

3.5 How would
you characterise
working in teams in your organisation?

No Q

3.2 How frequently do you work in
teams?
Q
Q
Q
Q

Every day
Once a week
Once a month
Very rarely
Other

3.3 How many
participating in?

teams

are

3.7 Does your team use an electronic
communication and scheduling system
(Groupware)? (If 'no' please go to
Q3.10)

you

No Q

Yes Q
3.4 How many people work in your
team(s)?

Not at all
1Q

2Q

3.8 If 'yes', what type of application?

4Q

3Q

5Q

Very effective
6Q

3.10 Which of the following methods does your team use for communications within
the team?
Telephone
E-mail
Fax
Groupware

Q
Q
Q
Q

Informal gatherings

Q

Other

Voice mail
Memo
Notice board
Scheduled meetings

Q
Q

3.11 Which of the following methods does your team use for communications with
other departments?
Telephone

Q

E-mail
Fax

Q
Q

Groupware
Informal gatherings
Other

Q
Q

Q

Voice mail
Memo
Notice board

Q
Q

Scheduled meetings
Internal post

Q
Q

3.12 Does your team work with external companies? (If 'no'please go to Q3.16)
Yes Q

No Q

3.13 Which of the following categories of information do you share?
CAD drawings
Spreadsheets
Financial
Project proposals
Project planning
Other

3.14 Which

of the following

Q
Q
Q
Q
Q

Documents
Database tables
Legal
Contractual
Presentations

methods does your team

Q
Q
Q
Q
Q

use for external

communications?
Telephone
E-mail
Fax
Groupware
Informal gatherings
Other

Q
Q
Q
Q
Q

Voice mail
Memo
Notice board
Scheduled meetings
Postal service

Q
Q
Q
Q
Q

3.15 What problems do you experience with the information you share?

3.16 If you could change your team's communications practices, what would you
change?

3.17 How do you think that your teamwork methods could be improved in the future?

4.1 How would you describe the culture of your company?
Bureaucratic

Q

Participatory

Q

Autocratic
Innovative

Q
Q

Other
ý`"

4.2 How would you describe the structure of your company?
Flat

Hierarchical
1Q

2Q

3Q4Q5Q6Q

4.3 How does your company view individual technical ability?
Not at all
1Q2Q

4Q

3Q

4.4 What is the most difficult aspect of
yourjob?

5R

Very important
6F1

4.6 Do you generally participate in
team/department decisions?
Yes El

4.5 To whom do you go if you need
advice?
Manager
Team leader
Colleague

Q
Q
Q

The team (as a group)

Q

NoQ

4.7 Please indicate your answer to the
statement: "Task assignment in my
company is decided by... "
Q
Q
Q
Q

Consensus
Centrally
Senior manager
Team leader
Other

Other

4.8 How effective do you feel this method of task assignment (Q. 4.7) to be?
Not at all
1F1

2Q

3Q

4Q

5Q

Very effective
6Q

4.9 Do you feel that the decision-making process could be improved?
Yes Q
4.10 If 'yes', how?

r6

...ý:;ti

No Q

5.1 Are you aware of the business processes'

related to your job?

Not at all
1Q

2Q

3Q

Very much
4Q

5Q

5.2 Are the processes computer based?
Not at all
1Q

2Q

3Q

6Q

Completely
4F

5Q

6Q

5.3 Do they have supporting documentation?
Completely

Not at all

1Q

2Q

3Q

4Q

5.4 Were you formally trained to carry out these processes?
Not at all
1Q

2Q

3F1

4Q

5Q

For all of them
5Q

5.5 How important do you feel processes are in your company?
Not at all

1Q

2Q

3Q

4Q

5R

5.6 Do roles in your company follow procedures?

2Q

3Q

4Q

6Q

Very much

6Q
Always

Never

10

6Q

5Q

6Q

5.7 Have there been any major changes within your company in the last 24 months?
No Q
Yes Q
5.8 If 'yes' please describe the main one (If `no'please go to Q5.12):

5.9 What were the main reasons for the change?

5.10 What were the main consequences of the change?

5.11 Was there any resistance to the change?
Not at all

10

2Q

3Q

Very much

4Q

5.12 How would you describe your attitude to change?
Negative
2Q
1Q
3Q
4Q

5Q

6Q

5Q

Positive
6Q

5.13 How would you describe your company's attitude to change?
Negative
tivQe
2 E]
3 EJ
4Q

5Q

Positive

6F1

A business process is a set of tasks performed to achieve defined business
a
outcome (e .g. detail
planning)

I

6.1 Do you use any of the following in your work?
Internet

Q

Intranet
Extranet
Electronic Document Management
Distributed Database

Q
Q
Q
Q

6.2 How do you access company specific information (e.g. code of practice, quality
standards)?

6.3 How do you access project specific information (e.g. project CAD drawings,
project specification document)?

6.4 How do you access industry specific information (e.g. regulations)?

6.5 Does your organisation store legal documents electronically?
Don't know Q

No Q

Yes Q

6.6 Does your organisation store contracts electronically?
Don't know Q

No Q

Yes Q

6.7 What security measures does your organisation have for such documents that
are stored electronically?

6.8 What is the legal position if electronically stored legal documents or contracts are
lost due to technical problems?

Not at all happy
1El

2E3Q

Very happy
4Q

5Q6

6.10 How do you feel about the idea of an externally shared database of knowledge?
Not at all happy
1Q

2Q

3Q

40

5Q

Very happy
6Q

6.11 Someone in your organisation devises an innovative new way of working that is
adopted in the workplace. In such a situation, should this method be shared openly
with other departments of the organisation?
Yes Q

No Q

6.12 If an employee in your organisation has a new idea will this idea be stored
electronically on the network for everyone to see?
Yes Q

No Q

6.13 If you had a new idea would you be prepared to make it available in a shared
database of knowledge?
Yes Q

No Q

6.14 If 'no' why not?

6.15 If an employee brings some specialist knowledge to the organisation, should
this knowledge be stored in a shared database of knowledge?
Yes Q

No Q

6.16 Would you be prepared to make your own specialist knowledge available in a
shared database of knowledge?
Yes Q
6.17 If 'no' why not?

Thank you for taking the time to complete the questionnaire.
Ian E Wilson
Research Fellow
Information Systems Institute
University of Salford
Salford
M5 4WT
United Kingdom
E-mail: I.E.Wilson@salford. ac. uk

Tel:

(44) 161 295 5853

Fax:

(44) 161 745 8169

No Q
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Interview Guide
Name of intcn"iew ec:
Organisation:
Position:
Date and Location:
1. General Introduction
1.1 Now, first of all can you tell me a little about yourself?
(Nature of work, department,position)

1.2 What can you tell me about the natureof your organisation?
(Aims and objectives, policies, businessenvironment,competitors)

2. Business Environment
2.1 How would you describethe structureof the organisation?
(Structure, communications,culture)

2.2 How would you describethe climate within your organisation?
(Relations betweensupervisor/subordinatelcolleagues,
communications,appraisals)

2.3 What is the dominant method of working within the organisation?
(Team work / individuals)

2.4 How docs the organisationencourageits personnel?
(Rewards, motivation, team support, training)

2.5 How doesthe organisationdeal with innovation?
(Encouragcldiscouragc,changeimplications, R& D)

222

3. Information Technology
3.1 How do you feel about the use of IT in your organisation?

How doesthe use of lT today compareto the situation 5 years ago?
(Efficiency, usefulnessof computers,main purpose,training)

3.2 Are there any areas of the organisation that you think would benefit from the
introduction of computers?

If so, what are they?

Why do you feel computerisationwould be beneficial?

Are there any plans to introduce this? (Strategy)

3.3 How do you view the future use of computers in the organisation?
(Planned introduction, changes, acceptance of technology)
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4. VE Integration Services
4.1 How do people relate different types of information? [E. g. where a part of a CAD
drawing relates to a particular section of a Word document. ]

If you could be provided with a servicethat allows you to view all the available
information related to anotherpiece of information, is this be somethingyou would
find useful?
(Documentcross-referencingservice)

4.2 How widely is email used within the organisation?

What are the main purposesfor which staff use email?
How do you think your email systemcould be improved?

4.3 How are you currently notified when a documentor piece of information you are
interestedin is updated?

If a systemwas made available to you that would allow people to be automatically
notified by email when specific topics, files, folders, they are interestedin are
updated,is this somethingthat you would find useful in the organisation?

Would you encourageyour staff to use it?
Does the organisationuse email archives?
Mailing lists?
What do you think of thesetools?
(Email basedcommunication service)
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4.4 How do you currently track the progress of your work activities/ processes?

How doesthe organisationcurrently decidethe order of eventsin your work
activities?

Would you be in favour of a systemthat would monitor and track work activities?
Would you be in favour of a systemthat would notify usersof specific events?
(Workflow service, describing and defining processes,identification of
inefficiencies/bottlenecks)

4.5 Does the organisation face any problems due to the number of different software
applicationsin use?
What are they?
How would you suggestthey could be resolved?

Would you be in favour of a tool that would give software applications the ability to
requestservicesfrom other software components,without the needto open another
application?
(Application inter-working services)

4.6 What methods do you currently use to schedule meetings?

What do think about the idea of a tool that would allow personnelto view (and
possibly update)other people's calendars(where they have specific responsibilities or
havebeengrantedpermission)?
How would you feel if other employeescould accessyour calendarto reserveyour
time for meetings/events?

If you were notified automatically and had the right to acceptor reject?
(CSCW, Scheduling service)
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4.7 How do you normally conduct meetings?
Do you have facilities for video conferencing?
Remotemeetingsvia, for example,electronic messageboards/newsgroups?
Sharedworkspace(e.g. BSCW or for collaborative design)?
Do you think theseserviceswould be useful?
Would you encourageyour staff to use them? How?
(Conferencingservice, CSCW, team working, IT/Businessfocus)
4.8 Does the organisation have plans in place to introduce any of these facilities?
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5. Change
5.1 What major changeshave you seenin the organisation?
(IT based?IT/Businessdriven?)
Why did this/thesechange(s)occur?

5.2 Who was involved in the changeprocess?
(Only management/management and supervisors/subordinates? )

5.3 How did you feel about the change?
How did others feel about the change?
(Acceptance, resistance, consultation)

5.4 How were the future usersinvolved in the developmentprocess?
(Involvement)

5.5 What changesdo you envisagefor the future of the organisation?
(IT/businessbased?)

5.6 Why do you seethesechangesoccurring?
(Strategy, competition; are the changes in terms of technology alone? Personnel?
Team/working practices? )
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Appendix 3:
VE Server Administrator

TPS
Provider
and

Evaluation Form
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VE Server Administrator and Third Party Service Provider evaluation
form for the 3rd iteration OSMOS Field Trials
Pleaserespondby entering a crossin one of the boxes (1-4) for eachquestion.
Very much

Not at all
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1. Integration

1. Is it easyto integratethe VE Manager/WebBrowser into your
existing network architecture?
2. Is it easy to integrate your own applications (proprietary or

otherwise)into the OSMOS architecture?
3. Do you feel that the systemallows other servicesto be added
quickly?
4. Would this improve availability of these services compared to the
current situation?
5. How efficient is the process for registering VE services?

6. Does the systemallow easymaintenanceof TPS?
7. Does the systemallow easyremoval of TPS?
8. Do you feel that implementation of this systemwill allow greater
exposureto the servicesyour companyoffers?
9. Overall, do you feel that the softwarewill enableyou to efficiently
Enterprise?
for
Virtual
IT
the
a successful
support required
manage
2. Training
1. To what extent do you think your companywill have to invest in
training (a ServerAdministrator)?
2. To what extent do you think userswill require training in the TPS
being provided?
3. Would the companyneedto invest in formal training (e.g. a
structuredtraining programme)?
Overall, please indicate which of the following business benefits you think will be gained through the
introduction of this system, and rank them in order of importance (using 1 as most important, 2,3... )
Improved day-to-day operations
Ability to attract more clients
Positive impact on the final product/service
Increased competitiveness

Improved project management
Improved teamworking
Increased client satisfaction
Other (please specify):

Pleaseadd any further commentsyou would like to make:
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Appendix 4:

VE Project Administrator and User
Evaluation Form
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VE Project Administrator and User evaluation form for the 3rd
iteration OSMOS Field Trials
Pleaserespondby entering a crossin one of the boxes (1-4) for eachquestion.
Not at all
1234

1. Usability
1. Do you feel the system is easy to use?

Very much

2. Are the links and buttons clearly understandable?
3. How easyis it to learn how the systemworks?
4. Is the systemeasyto navigate?
5.
6.
7.
8.

Is the system easy to exit?
Were you satisfied with the response time of the system?
Do you get sufficient feedback from the system?
Does the system return information quickly enough?

9. Did you encounterany errors,bugs, or unexpectedresults when
using the software?
10. Were you able to recover easily from these
errors?

11.Does the s stem rovide the functionali

ou would ex ect?

2. Training
IT To what extent do
you think your companywill have to invest in
training (a Project Administrator)?
2. To what extent do you think users
will require training to be able to
use the system?

3. Would the companyneedto invest in formal training (e.
g. a
structuredtraining programme)?

3. Job effectiveness
1. Do you think the system could improve your daily work?
2. Do you think it would improve the speed of your work?
3. Do you think it would improve the quality of your work?

4. Overall, do you feel that you would becomemore efficient in your
work with this system?
5. Would you be preparedto use thesetools in your work?
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Very much

Not at all

4. Organisational
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effectiveness

1. Doesthe systemallow project teamsto be set-upmore rapidly than
your current method for this process?
2. Will the systemimprove project managementin your organisation?
3. Will the systemfacilitate better co-operationin the planning and
schedulingof resourceson projects?
4. Do you think there will better co-ordination of interactions between
individuals and teams using this system?
5. Does the system give you simpler accessto information?

6. Does the systemgive you faster accessto information?
7. Does the system provide secure transmission and sharing of
information?
8. Does the system improve information sharing compared to the
methods currently used?
9. How well does the system support communications?

10. Would communicationswithin your team(s)be improved?
11. Would communicationsacrossthe organisationbe improved?
12. Would communicationswith external project partnersbe improved?
13. How effective is the system for managing
services on projects?
14. How well does the system support
multiple projects?

15. Do you have confidence in the security
aspectsof this system?
16. Do you think the systemwould be acceptableto
your clients?
17. Will the use of this systemhelp your companyto
attract more
clients/contracts?
18. Do you think the use of this systemwill increasethe
competitivenessof your company?
19. Do you think the use of this systemwill help improve the quality of
the project's final product/service?
Overall, pleaseindicate which of the following businessbenefits you think will be gainedthrough the
introduction of this system,and rank them in order of importance (using 1 as most important, 2,3... )
Improved day-to-dayoperations
Ability to attract more clients
Positive impact on the final product/service
Increasedcompetitiveness

Improved project management
Improved teamworking
Increasedclient satisfaction
Other (pleasespecify):

Pleaseadd any further commentsyou would like to make:
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Appendix 5:

Observer Evaluation Form
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Observer evaluation form for the 3rd iteration OSMOS Field Trials
1. VE Service Provider

1. If you feel the software could be improved pleasecomment:

2. Pleasedescribeany errors,bugs, or unexpectedresults you may have encountered
during the trials:

3. Please comment on the efficiency gains you feel will be made using this process for
setting up a construction VE (in terms of the time saved) compared to the method
currently used:

4. Do you envisage any issues or problems
regarding the handling of contractual
information (e.g. Contractual Agreement)? Please
comment:

5. Pleaseadd any further commentsyou would like to make:
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.

VE Project Administrators / Users
1. If you feel the software could be improved pleasecomment:

2. Please describe any errors, bugs, or unexpected results you may have encountered
during the trials:

3. Pleasecomment on whether or not you think the softwarewill be robust enoughto
meet a VE manager'srequirementswhen there are large numbersof actors,roles,
objects, classesand accessrights:

4. Do you expect any issues
or problems regardingthe security of information? Please
comment:

5. Does the systemoffer advantages/disadvantages
in helping to preservethe integrity
of data through versioning?

6. How do you feel the systemwill improve the managementof projects within your
organisation?

235

7. What changes to your organisation's current way of working do you think would
emerge with the introduction of a system like this?

8. How well do you feel that people will accept these changes?

9. Do you think that the introduction of this systemwill changethe relationship
betweenyour organisationand other organisations?

10. Do you think that your clients (e. building
g.
owners) would accept the use of this
system?

11. What businessbenefits do you feel are introduced through the provision of the
Third Party Servicesmade available to you in this test scenario?

12. Pleaseadd any further commentsyou would like to make:
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