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FOREWORD: Volume 1

Innovation, Globalization and Competitiveness
in the Construction Industry

The construction industry is one of the most important industries in any country. Itis a
dynamic industry that has the same characteristics in developed as in developing coun-
tries. Construction projects are complex with numerous issues that must be addressed
before and during execution. Also, it is the only industry where workers intentionally
work themselves out of a job. The projects are site specific and are constantly changing
as the work progresses. These changes are what make the industry interesting and chal-
lenging. As an illustration, constructors contract to deliver a project to an owner within
a prescribed time and for a given price based on a set of plans and specifications. In order
to remain competitive and to satisfy the demands of the owners, constructors have to
become more innovative. Firms who before would not try anything different are now
exploring and implementing new technologies in every aspect of their business so as to
remain competitive. Further, with trade barriers between countries effectively reduced
and in some instances nonexistent, we find that firms are now forming alliances with
owners, suppliers, constructors and designers in different countries so as to have a com-
petitive edge in the market place.

The recognition of these global changes in the industry is the reason why this vol-
ume on Innovation, Globalization and Competitiveness is timely. Firms who fail to incor-
porate innovations in their business will continue to struggle and may eventually go bank-
rupt. Only firms who have strong leadership in construction business processes will
remain profitable and viable.

Globalization has made it possible for firms who previously would not venture out-
side their country to now seek opportunities elsewhere. Distance is not the issue that it
once was. With improvements in information technology, both in hardware and software,
collaborations between firms in different countries are now common. This technology is
vital for the management of the many pieces of information needed to complete a project.
It is particularly effective in construction because projects are complex and require input
from designers, and suppliers who may be from different countries. We have not begun
to take full advantage of globalization and innovation in the construction industry. In
developing countries, there is an acute need for infrastructure to help them develop their
economies, while in developed countries, the infrastructure is in need of rehabilitation
and renovation. Itis argued that Globalization will help to improve the quality of the built
environment and provide owners of construction projects with the opportunity to work
with those firms that provide the best value, regardless of their physical location.
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FOREWORD: Volume 2

Project Delivery Systems, Quality and Workfoce

In the construction industry in the United Sates, and very likely in other countries, there
has been a continuous change in project delivery systems in response to increasing owner
requirements, fast track scheduling, concern for cost over runs and the high cost of liti-
gation. In the United States, in the 70’s, the move was to use professional construction
managers (CM) in the construction process. The view at that time was that with con-
struction managers representing the owners, there would be a decline in litigation and in
cost and schedule overruns. However, with the evolution of this delivery system, firms
started developing hybrids by assuming risks in performing certain aspects of the con-
tract. The initial thought was that if the traditional lump sum general contracting system
were corrected, the adversarial relations (between constructors and owners or construc-
tors and designers) that plagued the industry would be solved. Regrettably, the problem
in the industry was not just changing the project delivery system. It required a change in
culture, value and relationships.

In the agency construction management system, the construction firm assumes the
role of an agent to the owner in a relationship parallel to that of the designer and mainly
administers work by other construction firms. In the at-risk construction management
system, the qualified construction firm is also the constructor of the project, acting much
like a general contractor during the construction phase. In at-risk construction manage-
ment the construction firm assumes the role of an agent for pre-construction services. At
some point, prior to the start of construction, that firm assumes the risk of delivering the
project at a given price. The at-risk construction manager holds contracts with other trade
sub-contractors and may or may not self perform work. However, the at-risk construction
manager is responsible for the means and methods for delivery of the completed work.
Owners of construction now expect constructors to assure them of quality projects and
safe construction sites and to have a qualified and trained workforce on their projects.
Indeed, in some instances, firms are evaluated and selected based on how well they score
on some of these factors.

Regrettably, the industry is faced with shortages of workers who even when available
may not be well trained. Further, the industry is plagued with a negative image with the
consequent result that there are fewer new entrants into the workforce. The ability of the
industry to meet the needs of the economy lies in its ability to develop innovative project
delivery systems and to find ways to attract and train more workers. What is obvious is
that the industry cannot maintain the status quo and must, of necessity, explore and imple-
ment new strategies in its operations.
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INTRODUCTION: Volume 1

Innovation, Globalization and Competitiveness in the Construction Industry is concerned
with three themes:

Innovation in the Construction Industry

Globalization & Competitiveness

E-Commerce & the Construction Process

Papers under the theme Innovation in the Construction Industry range from business
improvement to innovation to the impact of innovation on the built environment. Thus,
these papers provide a broad and yet in-depth view of innovation in the industry. The
papers have been purposely arranged to end with the value of innovation to the owner, the
primary user of the built environment.

Globalization and Competitiveness starts with the core issues that influence global-
ization and ends with its impact in some countries. The range of topics covered in this sec-
tion provides a broad and yet coberent reading of the complexity of globalization.

The third section deals with E-Commerce and the Construction Process. The influ-
ence of e-commerce on the global economy is common in most of the papers. This sec-
tion ends with a presentation that demonstrates the potential of e-commerce.

The Structure of the Volume
In order to better organize the topics in this symposium, the papers have been arranged in
two volumes. Each volume focuses on three themes. Volume One covers Innovation in the
Construction Industry, Globalization and Competitiveness, and E-Commerce and the
Construction Process.

Volume Two covers Innovative Project Delivery Systems, Quality Improvement and
Safety in Construction, and Construction Workforce Issues. This arrangement was chosen
to make it easier for the reader and also to maintain some consistency within each theme.

Standard

There is now a demand for papers published and presented in a symposium of this nature
to be of quality similar to referred journals. For this Symposium, 190 abstracts were
received and 150 accepted. The authors of the accepted abstracts were then invited to sub-
mit full papers. Of the full papers submitted, 115 were accepted and the authors were
asked to incorporate the comments and suggestions from the reviewers in their final draft.
Each paper was thoroughly checked by three reviewers. The standard achieved in the
review process insures that the papers meet the standard expected in referred journals.

Acknowledgments

We would like to take this opportunity to thank all members of the organizing committee
for their valuable contributions. Also we would like to extend special thanks to the staff of
the University Conferencing Center and in particular, Ms. Diane Henderson and Ms. Jamie
Moser for their assistance in working with the publishers. Thanks are also due to the CRC
Editorial staff for their assistance in publishing the papers for “The 10% International
Symposium of the W65 Commission on Organization and Management of Construction.”

Ben Obinero Uwakweh Issam A. Minkarah
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INTRODUCTION: Volume 2

Project Delivery System, Quality and Workforce are concerned with these themes.

Innovative Project Delivery Systems

Quality Improvement and Safety in Construction

Construction Workforce Issues

The papers under the theme Innovative Project Delivery Systems cover topics from
innovative contractual relationships between contractors and subcontractors to a compar-
ative analysis of procurement systems between countries. These papers provide insights
into the efforts and creativity employed by the stake holders in trying to develop delivery
systems that best meet their needs.

Quality Improvement and Safety in Construction covers topics from safety of con-
struction work zones to the development of a national system of certifying competent con-
struction enterprises. The papers in this section are particularly timely as they present
issues that are relevant to providing quality in construction projects.

The section on Workforce Issues starts with the principles that are necessary for
effective workforce management and moves to the impact of HIV/AIDS in the construc-
tion industry. Virtually all countries have workforce concerns. In the developing countries,
there is a large pool of untrained workers, while in the developed countries, there is a
shortage of qualified workers. The topics in this section address the need for the industry
to focus on construction worker productivity.

The Structure of the Volume
In order to better organize the topics in this symposium, the papers have been arranged in
two volumes. Each volume focuses on three themes. Volume One covers Innovation in
the Construction Industry, Globalization and Competitiveness, and E-Commerce and the
Construction Process.

Volume Two covers Innovative Project Delivery Systems, Quality Improvement and
Safety in Construction, and Construction Workforce Issues. This arrangement was chosen
to make it easier for the reader and also to maintain some consistency within each theme.

Standard

There is now a demand for papers published and presented in a symposium of this
nature to be of quality similar to referred journals. For this Symposium, 190 abstracts
were received and 150 accepted. The authors of the accepted abstracts were then invit-
ed to submit full papers. Of the full papers submitted, 115 were accepted and the
authors were asked to incorporate the comments and suggestions from the reviewers in
their final draft. Each paper was thoroughly checked by three reviewers. The standard
achieved in the review process insures that the papers meet the standard expected in
referred journals.

Acknowledgements

We would like to take this opportunity to thank all members of the organizing commit-
tee for their valuable contributions. Also we would like to extend special thanks to the
staff of the University Conferencing Center and in particular, Ms. Diane Henderson and
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Ms. Jamie Moser for their assistance in working with the publishers. Thanks are also due
to the CRC Editorial staff for their assistance in publishing the papers for “The 10%
International Symposium of the W65 Commission on Organization and Management of
Construction.”

Ben Obinero Uwakweh Issam A. Minkarah
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Business Improvement through
Innovation in Construction Firms:
The 'Excellence' Approach

Herbert S. Robinson', Patricia M. Carrillo, Chimay J. Anumba®
and Ahmed M. Al-Ghassani*
Department of Civil and Building Engineering, Loughborough
University, Loughborough, Leicestershire LE11 3TU, UK

ABSTRACT

Major construction industry review reports as well as recent initiatives such as
the Construction Best Practice Programme in the United Kingdom (UK) have
identified performance improvement as a key issue. There is now a realization that
business performance should not only be based on short-term financial measures
but on a comprehensive range of measures incorporating long term objectives as
well. The Excellence Model, developed by the European Foundation for Quality
Management (EFQM) is an alternative, increasingly seen as a more robust
approach for achieving a balanced performance, and for identifying the drivers of
innovation in order to sustain long term strategic objectives. This paper addresses
the key issues involved in the implementation of the EFOM Model and concludes
with an outline of how the model can be used as an innovative tool to develop a
recommended strategy for performance improvement.

INTRODUCTION

Major construction industry review reports and recent initiatives such as the
Construction Best Practice Programme (CBBP) and Construction Productivity
Network (CPN) in the United Kingdom have identified a number of improvement
themes. Traditional approaches for measuring improvement are often backward-
looking and financially driven, usually resulting in short-term benefits. There is
now a realization that performance should be based on a comprehensive range of
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4 Innovation in the Construction Industry

measures reflecting short and long-term objectives of organisations. The Excellence
Model, developed by the European Foundation for Quality Management (EFQM,
1999c¢) is increasingly seen as a robust approach for achieving a balanced business
performance. However, the role of the model in facilitating innovation and learning
in organisations has not been addressed.

This paper presents the concept of the 'Excellence' approach, demonstrating how
the Excellence Model can facilitate the development of an improvement plan
underpinned by an innovation strategy to support continuous business
improvement. It starts with a brief review of the drive for business improvement,
which is followed by a discussion on the use and the barriers in implementing
business performance measurement models based on the experience of large
construction organisations in the United Kingdom. The issues and stages in the
implementation of the Excellence Model are then addressed from the
operationalization of the concepts of 'Excellence’ to the identification of
performance gaps and improvement opportunities. The paper concludes with an
outline of how the model can be used as a planning tool to develop an innovation
strategy as an integral part of a continuous performance improvement plan.

RESEARCH METHODOLOGY

This study is part of an ongoing research project investigating the relationship
between knowledge management and business performance. A variety of research
methods are used including literature review, questionnaire survey and semi-
structured interviews. The literature review identified the key aspects and issues in
performance measurement models. The questionnaire survey identified the types
of business performance measurement models used in large construction
organisations, highlighting factors that could hinder the successful implementation
of performance measurement models. In- depth semi-structured interviews with
senior managers and directors in selected construction organisations provided
detailed information on the implementation aspects of the Excellence Model.

THE DRIVE FOR BUSINESS PERFORMANCE
IMPROVEMENT

Performance improvement has been the subject of recent initiatives in the
construction industry in United Kingdom. Pressure for change appears to be
imcreasing also in the construction industry as a result of complex factors including
changes in the market conditions and client expectations. The drive for continuous
improvement is therefore gaining momentum, as construction organisations are not
only expected to deliver projects within a given time and budget but also to a high
quality by increasingly demanding clients.
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Performance Improvement and Organisational Strategy

There are two elements to a performance system. Firstly, the performance issues
need to be identified i.e. to translate what needs to be improved to performance
indicators, and secondly, the performance issues should be measurable. Quality
does not improve unless it is measured (Reicheld and Sasser, 1990), and 'what gets
measured gets attention, particularly when rewards are tied to the measures'
(Eccles, 1991). Approaches for improving business performance have evolved over
the years from simple quality inspection to total quality management and investors
in people. However, these approaches often separate quality principles from the
results, hence most business improvement initiatives have failed to achieve their
desired impact because of the lack of an explicit connection between quality
principles and results. This is often due to a narrow interpretation of quality issues.
Quality is not simply a problem to be solved, it is also a competitive opportunity
{Gavin, 1987), and should therefore be an integral part of strategic management.

Strategic management has traditionally been divided into two distinct aspects.
The economic aspect typically deals with the formulation of strategy (industry and
competitive analysis) whilst the management aspect largely deals with the
implementation of strategy such as structure, measurement and reward system, as
well as resource allocation. However, Leavy (1996) argued that new emphasis has
emerged shifting the centre of gravity from external industry organisation and
market structure to internal processes and competencies. This means that
organisational capability i.e. the ability of organisations to improve business
processes and increase competencies through innovation and learning, is now
central to securing competitive advantage. Measurement is also becoming
increasingly important as an integral part of performance improvement but it is
often the financial aspects that are measured.

The Need for Comprehensive Performance Measurement

The dominance of financial aspects in performance measurement is largely
driven by practices in traditional accounting systems with a disproportionate
emphasis on short term indicators such as cash flow, profit, return on capital
employed, turnover and quarterly earnings (Whiting, 1986). However, reliance on
financial indicators as key performance measures can, at best, result in short term
benefits. This point is also illustrated by Sommerville and Robertson (2000) who
argued that ‘an organisation adopting the principles of Total Quality Management
(TQM) quickly appreciates that financial measures on their own are very limited in
reflecting the wider aspects of achievements and progress in general’. This narrow
measurement approach is often at the expense of understanding the key connections
to process, product and people measures that influence financial performance. Such
short-sightedness can have adverse effects on the long-term competitive
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6 Innovation in the Construction Industry

opportunities, as organisations with limited performance-based approaches tend to
pay less attention to other crucial aspects of their business.

Measurement of people, product and process performance in business is therefore
essential in identifying areas for improvement. However, most businesses lack
rigorous performance measures for their processes (Hammer and Stanton, 1999).
The need for comprehensive performance measurement approaches has recently led
to the development of key performance indicators (KPIs) for construction in the
United Kingdom. The purpose of KPIs is to enable measurement of project and
organisational performance throughout the construction industry, and for
organisations to benchmark towards achieving best practice (Department of the
Environment, Transport and the Regions, 2000). Other approaches include Hoxley's
(2000) 26-item scale for assessing quality in construction professional service
organisations. Sinthawanarong (2000) also developed a methodology using
indicators reflecting cost, time, safety and quality factors as the most crucial
variables determining construction project performance. Although these approaches
are specific to the construction industry, they reflect a growing trend in the wider
business context that performance should be treated as a multi-dimensional
measure. Construction organisations are beginning to focus on a range of quality
measures reflecting product issues (e.g. defect rates, client satisfaction, society
view), process issues (e.g. safety, procurement) and people issues (e.g. employee
satisfaction and involvement) to facilitate business improvement. As a result, some
construction organisations are now implementing various types of business
performance measurement models, and their experience of using such models are
discussed in the next section.

THE 'EXCELLENCE' APPROACH

The Excellence Model introduced by the European Foundation for Quality
Management is a universal model developed to encourage organisations to adopt a
forward-looking approach by focusing on a broad range of measures reflecting the
wider business environment. The EFQM was created in 1988 by fourteen leading
European businesses as a not-for-profit organisation 'to promote an approach to
management for all organisations operating in Europe that would lead to
Sustainable Excellence’. The membership is now well over 750 organisations from
most European countries reflecting most sectors of activities/ industries in the
private and public sectors. The Excellence Model incorporates measures for
leadership, processes, policy and strategy, people and society issues to assess
performance. It is, therefore, increasingly seen as a more robust approach for
achieving a balanced performance. Also, it provides an explicit approach for
identifying the drivers of innovation and learning to create and sustain competitive
advantage. Although the Excellence Model has been around for 10 years, it has
only recently been taken up in construction organisations. However, it is expected
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that more organisations within the construction sector will adopt it as the
implementation barriers are gradually being overcome and the business benefits of
using it becomes increasingly clear.

The Experience of Large Construction Organisations

A growing number of construction organisations are now adopting a performance
measurement and improvement model reflecting the need to improve their business
performance by focusing on wider business performance issues. A recent survey
shows that over a third are using either the Balanced Scorecard (BSC) or the
Excellence Model (EM) with a higher proportion using the Excellence Model
(22.6%) than the Balanced Scorecard (13.2%). About 11.3% are using both the
BSC and EM. A quarter (26.4%) are using other measurement systems, mainly the
Egan KPIs, related approaches or bespoke models. The rest (22.6 %) do not use any
performance measurement system. Although the Excellence Model and Balanced
Scorecard has been around for over 10 years, they have only been taken up recently
in construction organisations, The survey shows that both models have been in use
for the same period ranging from 6 months to 6 years. But on average the
Excellence Model has been in use for a slightly longer period (2.75 years) than the
Balanced Scorecard (2.60 years). About 43.9% of the organisations have adopted
the EM as a performance measurement and improvement tool for at least 3 years
compared to 45.5% for the BSC. In terms of the business benefits of using
performance measurement models, 17.4% rated the Excellence Model as very
good, 43.5% good, and the rest (39.1%) were unsure. The corresponding figures for
the BSC are 21.1% (very good), 42.1% (good) and 36.8% unsure. About 57.1%
rated the KPI, related approaches or bespoke models as good, 28.6% are unsure and
the rest rated them as poor. None of the organisations rated the EM or the BSC as
poor or very poor. The slightly higher overall rating for BSC probably reflects the
view that the BSC is often considered simpler and easier to use and understand.

However, there were some concerns about the implementation of the models.
Difficulties in determining and monitoring indicators and data were identified as
the most significant barriers. In-depth semi-structured interviews with large
construction organisations reveal that they are already nsing some key performance
indicators (KPIs) such as construction time, construction cost, defects, client
satisfaction, profitability, productivity and safety. These KPlIs are often project-
related measures rather than corporate. Also, the measures are often lagging
reflecting past performance. Some organisations recognise the limitations of
lagging measures and are now making attempts to incorporate leading measures in
their business performance measurement models. Problems associated with
determining and monitoring indicators include choosing the wrong measures and
not aligning measures to organisational strategy. Data collection is also a key
problem as most construction organisations are at the infancy stages of
implementation. It is also difficult to compare KPIs because of the difficulties
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8 Innovation in the Construction Industry

involved in data gathering and lack of standardization. Financial resources to
implement the models have also been cited as a barrier given the low profit
margins, and low investment in research & development often associated with
construction organisations. Some also argue that implementation takes a lot of time
requiring significant changes in personnel and resource allocation. Figure 1 isa
comparison of the barriers identified with respect to two different types of business
performance measurement models - the Excellence Model and the Balanced
Scorecard. A five-point rating scale is used ranging from the least significant (1) to
the most significant (5).

Data

Financial
resources

Time

Determining/ Type of BPM Model

toring ~
S B Balanced Scorecard
indicators

[ Excellence Model

Implementation barriers

24 28 32 3.6 4.0

Level of importance

Figure 1 Barriers in the implementation of the Excellence Model and the Balanced
Scorecard

Other problems highlighted include excessive emphasis on scoring, insufficient
emphasis on continuous improvement and difficulties in understanding the model.

THE CONCEPTS OF 'EXCELLENCE'

Excellence is defined ‘as outstanding practice in managing the organisation and
achieving results' (EFQM, 1999b). It is underpinned by eight fundamental concepts
shown in Figure 2. The successful implementation of the "Excellence' approach
depends on the application of eight fundamental concepts as follows:

e Customers' needs are to be clearly understood;

® A strong leadership is required providing clarity in the organisation;

© 2003 by CRC Press LLC



Business Improvement in Construction Firms 9

¢  Processes must be owned, managed properly and regularly improved;

e  People must be empowered and encouraged to fully participate in the
organisation;

e  Continuous learning and innovation should be the lifeblood of the
organisation;

e  Partnerships should be developed based on mutual benefit and trust;

e A public oriented approach reflecting the concerns and aspirations of
society is essential in the delivery of services; and

¢  Consideration of all stakeholders involved will lead to excellent results.

Results Orientation

Public Responsibility . Customer Focus

Partnership Development Leadership & Constancy of Purpose

Continuous Learning, ‘ ' / Management by
Impr Proceses and Facts

People Development & Involvement

Figure 2 Fundamental concepts of 'Excellence'. Source: EFQM (1999b)

The five key drivers identified by Egan (1998) for a radical change in the
construction industry are all incorporated in one form or another in the 'excellence
concepts. Adopting each of these concepts provides significant benefits to
organisations including organisational agility, cost reduction, opportunity
identification, and performance optimisation (EFQM, 1999b). For example, the
customer focus concept means that the customer 'is the final arbiter of goods and
service quality, and market share is best optimised through a clear focus on the
needs and requirements of current and potential customers'. Significant benefits to
be gained from a customer-focus approach include increased market share,
minimisation of transaction costs, a clear understanding of how to deliver value to
the customer and long term success.

4
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10 Innovation in the Construction Industry

Several stages are required in the implementation of the 'Excellence’ approach.
These stages are discussed in the subsequent sections.

Operationalization of the Concepts of 'Excellence’

The first stage involves incorporating the eight fundamental concepts into an
organisation's business plan. This is achieved by adopting the Excellence Model as
a strategic tool in the business plan with criteria reflecting the enablers and results
of an organisation as well as showing the links between the enablers, results and
innovation and learning components (see Figure 3). The Excellence approach
encourages organisations to concentrate on actions needed to achieve an all round
excellent performance rather than concentrating on financial performance only.
There are five enabling criteria; leadership, policy and strategy, people,
partnerships and resources and processes.

Enablers :> Results

People
gk Results
. ) Key
Leadership ;::gtt::g&y Processes ' C;:;?J:‘::r == Performance
Results
Partnership & |  Society
Resources | Resuits

Innovation and Learning

Figure 3 The Excellence Model. Source: EFQM, 1999a
Identification of the Requirements of the Business Plan

The second stage involves asking a series of questions to identify gaps in the
implementation of an organisation's business plan and to determine the responses
required. Examples of the questions include: are the goals/mission and vision
statements in the business plan adequately translated into policy and strategy? what
are the processes required for the delivery of goods and services? are the people in
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the organisation capable of implementing the policies and strategies? are the
partnership and resources available to support the processes? what leadership is
needed to achieve the required results?

Development of Performance Measures

The third stage is about determining appropriate measures to reflect the enabler
criteria, so that performance can be measured and monitored. Each of these
enablers has its own sub-criteria reflecting the goals of the organisation. Examples
of sub-criteria and measures are shown in Table 1.

Table 1 Examples of selected measures

Criteria Sub-criteria/ Metric Definition Data Source Reporting
Measures Frequenc
Leadership | e leadership * %age of staff with e intenal survey | monthly
potential leadership potential
index e intemal survey | monthly
® |sadership e %age of staff
clarity index understanding direction
of organisation
People e staff turnover | e %age of staff leaving o personnel report | monthly
e customer * nos. of customer ® customer monthly
satisfaction complaints questionnaire
index weekly
» public * nos. of press complaints | e newspapers
perception
Policyand | e business e %age of staff meeting e strategic plan annually
strategy objectives business objectives and
and plan targets
Partnership | e suppliers o nos. of complaints from | » supplier survey | monthly
& perception suppliers
resources » revenue from » project report annually
partnership » revenue per head of
employee
Processes e improved ¢ nos. of new ideas » business quarterly
processes implemented improvement
o health and report monthly
safety record | e nos. of accidents e safety report
e bid/win ratio monthly
& nos. of bids won out of « tender report
total submitted tenders

These sub-criteria and measures could also reflect the objectives at different
levels of an organisation - departmental, functional, corporate or project level. As
the Excellence Model is robust, different measures and weightings could also be
used to reflect the strategic objectives or priorities of an organisation. For example,
if the strategic objective of the organisation is to expand, measures such as bid/win
ratio and workload could be given higher significance. If, on the other hand, the
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strategic objective is to maximise stakeholders' involvement, then measures such as
staff turnover, customer satisfaction index and public perception could be given
significant weightings.

Assessment of Results

The fourth stage is assessing the results. The enablers provide the results - in
terms of customer, people, society and key performance results reflecting the
organisation's financial and non-financial outcomes. The results are assessed by a
range of techniques from opinion -based perception measurement to highty
structured evidence-based approaches for measuring and monitoring changes in
performance scores/ indicators determined from various sources. Assessment can
be carried out by external assessors, externally trained internal assessors using a
range of inputs such as facilitated workshops, questionnaires sent to staff,
customers and suppliers.

The results are assessed on trends, targets, comparisons, scope and benchmarked
against other organisations. Scoring is usually from 0 to 100%. But there is also the
alternative Pathfinder Card, which is a useful tool for organisations that chooses not
to score. Its purpose is simply to help identify improvement opportunities and build
improvement plans. It is achieved by asking a series of questions that can be
answered quickly while doing the self-assessment. The concepts illustrate that the
evidence for achieving excellent results is underpinned by a range of measures
called enablers. Excellence is therefore not just limited to financial results
demonstrating the outcome of past performance but also includes evidence from
other stakeholders that serve as leading indicators for future financial performance.
These leading indicators include measures for customer satisfaction, people
(employee) satisfaction and society view. However, customer, people and society
results are in turn driven by enablers - processes supported by leadership styles, the
existence of a clear policy and strategy, partnership and resources in the delivery of
goods and services (products).

Evaluation and Identification of Improvement Opportunities
The fifth stage involves evaluating the results, identifying improvement
opportunities and assessing the implications for innovation and learning. The

results are evaluated using the RADAR (Results, Approach, Deployment,
Assessment and Review) logic.

The RADAR logic means that organisations' need to:
¢  determine the Results it wishes to achieve

¢ plan and develop the Approaches it is to use
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e systematically Deploy those approaches

e  Assess and Review the approaches and then prioritise, plan and
implement improvement

The improvement plan will focus on gaps identified, and some of the activities
will also have a knowledge and innovation dimension. The Excellence Model
therefore provides the basis for organisations to move away from reactive
(backward-looking) to proactive (forward-looking) or innovative indicators.

DEVELOPMENT OF AN IMPROVEMENT PLAN

Recent changes in the UK construction industry such as partnering, supply chain
management and increased awareness of the benefits of process mapping are a
reflection of the growing need to innovate and to improve performance. The
Excellence Model recognises that the innovative and learning capacity is onc of the
key factors for organisational excellence, as it is connected through a feedback
process to the results achieved. This explicit connection signifies the importance of
innovation and encourages learning in improving results. Organisational
performance is maximised when it is based on the management and sharing of
knowledge within a culture of innovation which then leads to continuous
improvement. There are several types of innovation; systems, breakthrough and
incremental (Marquis, 1988; Abernathy and Utterback, 1988). Systems or radical
innovation are characterised by major discoveries that can change the whole
character of an industry. Breakthrough innovation deals with significant changes
but of a lesser scale. The third type - incremental or evolutionary innovation - deals
with the ‘ordinary, everyday, within-the-firm kind of technological change without
which industrial firms can, and do, perish' (Marquis, 1988).

Towards an Innovation Strategy

The Excellence Model provides a coherent framework for measuring the
'innovativeness' or innovation capacity of organisations, particularly the
incremental (evolutionary) type of innovation required for continuous business
improvement. A number of indicators could be developed for the improvement plan
as part of an innovation strategy to reflect the degree of innovativeness or the
innovation potential of an organisation. These indicators could reflect the different
components of the model as well as the types of innovation from incremental
(evolutionary) to systems (revolutionary) innovation. For example, measures could
be introduced for the number of new ideas converted into business ventures,
revenue from new business partnerships, new business processes identified,
proportion of staff rated as innovative and number of knowledge and innovation
champions. Innovative potential of leaders is absolutely crucial as 'continuous
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innovation occurs largely because a few key executives have a broad vision of what
their organisations can accomplish for the world and lead their enterprises towards
it' (Quinn, 1988). Such visions are important to attract and retain quality peoplc as
well as to nurture their innovative and creative drives. Kono (1984) also
emphasised the importance of innovative management to project clear long term
visions for their organisations that go beyond simple economic performance
measurements. The Excellence Model is a framework that facilitates innovative
management as it recognises that excellent organisations should look beyond
simple economic performance measurements.

Innovation Phases

Innovation is a set of processes that evolves from the recognition of a need to the
utilisation and diffusion of a product (goods/ services) arising from that need. Table
2 shows the phases involved in innovation.

Table 2 Innovation Phases. Source: compiled from Marquis (1988)

Innovation Phase | Activities

Need recognition Identification of a new idea which involves the
recognition of both technical feasibility and demand
Idea formulation Fusion of a recognised demand and a recognised
technical feasibility into a design concept

Problem solving Gathering of information at hand and exploring through
R and D where information is not available

Solution Verification of the technical feasibility and demand
which were originally recognised

Development Resolving uncertainties with respect to market demand
and the problems of scaling up production

Utilisation and Testing the demand for the products to achieve sales,

diffusion profits and returns on investment

Marquis (1988) argued that small incremental innovations contribute
significantly to commercial success, and the recognition of demand is a more
frequent factor in successful innovation than technical potential. The Excellence
Model facilitates incremental innovation as it identifies gaps and continuous
improvement opportunities. It is also demand driven i.e. customers are recognised
as central to business activities. Quinn (1988) noted that most innovative
enterprises 'consciously tap into multiple outside sources of technological
capability, and the first of these is their own customers'. The growth of Private
Finance Initiatives (PFI), Public Private Partnerships (PPP) or Service Delivery
systems in the UK construction sector is also in response to this customer-centred
approach (Corley et al, 2001).
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The interaction with suppliers and other partnerships, sometimes in completely
unrelated industries also provides a rich source of innovative ideas, in which totally
new concepts and opportunities are created. The increasing reliance on supply
chain management and partnering in the construction industry is a clear indication
of the importance attached to interacting with suppliers and other partnerships in
order to continuously improve business performance.

Some large construction organisations are now redefining their strategies, as
partnerships, customer and society views are becoming increasingly important in
the delivery of products (services/goods). Organisations now recognise that a
customer-driven approach through feedback from satisfied as well as disaffected
customers can direct attention to key issues and help develop vital customer capital
to continuously improve performance (McColl-Kennedy and Schneider, 2000).
Constant product feedback through better targeting of customers can drive changes
in processes which in turn can stimulate process actors (people) to become more
active in learning, sharing knowledge of best practice, and searching for new
knowledge, ideas and innovative approaches. Table 3 shows the different maturity
stages for innovation using the 'Excellence' approach.

Organisations at the start-up stage will be characterised by the identification of
improvement opportunities, which will be acted upon only by a selection of key
staff. At the maturity stage, organisations will become regularly involved in
innovation, as improvement activities become part of the organisation's culture. A
key factor in the drive for innovation is the identification of a 'knowledge and
innovation champion' - a crucial mechanism for the sharing and transferring of
knowledge in construction organisations (Egbu, 2000). Research and development
capability is also an important factor. Gann (2001) argued that research and
development capability of construction organisations need to be improved to be
able to absorb and apply the results of research for industrial use. However, the low
investment in R & D, which has fallen by 80% since 1981, is damaging the
industry's ability to keep abreast of innovation in processes and technology (Egan,
1998). The 'Excellence’ approach will encourage organisations to continuously
search for incremental improvement opportunities, and in the process innovative
solutions can be identified which can lead to new ways of delivering products.

Table 3 Innovation maturity stages. Source (EFQM, 1999)

Innovation Status Characteristics
Start up stage improvement opportunities are identified and acted on
On-the-way stage continuous improvement is an accepted objective for
every individual
Mature stage successful innovation and improvement is widespread
and integrated
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CONCLUSION

Business improvement is vital for construction organisations but there is a need
for a sustained approach recognising that incremental innovation is central to
continuous improvement. The 'Excellence' approach has been presented as a
framework that provides an explicit link between organisational results and
innovation and learning to support continuous performance improvement. The key
stages in the implementation of the Excellence Model from the operationalization
of the concepts to the identification of improvement opportunities are discussed.
The development of an improvement plan is also outlined as the basis for
implementing innovation strategies that are not only aligned to business
performance measures but also consistent with the overall business goals and
strategic objectives. Knowledge management is vital for innovation and as part of
an on-going research project, the 'Excellence' model is being explored as a tool to
facilitate the introduction and assessment of knowledge management initiatives
necessary to drive innovation for continuous business improvement. Further
development of the role of innovation using the 'Excellence' approach is being
addressed through a project examining the relationship between knowledge
management and business performance.
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ABSTRACT

A theoretical framework is developed to capture innovation processes in
construction projects. Different stakeholder organizations are divided into two
major interest groups while planning and implementing innovation in a project.
The external, inter and intra-organizational pressures that the groups face are
presented in a generic form in the framework. The wide-ranging dynamic picture
would help depict the spectrum of interrelated problem areas in fostering
innovation in construction projects. The identification and analysis of these
problem areas would enable the development of effective guide to design effective
solutions. Such solutions would be key to stimulating innovation in the construction
industry.

Key words: INNOVATION, CONSTRUCTION PROJECT ORGANIZATIONS,
PROBLEM AREAS, COMPREHENSIVE FRAMEWORK

INTRODUCTION

Despite of the general understanding that innovation is an effective entry point
concept to step up productivity and economic advantages, there are wide ranges of
internal and external hindrances in construction industry that thwart the attempts
and processes of the concept itself. The internal barriers include rigid
organizational structures; resource scarcity; embedded non-resilient attitude,
values, working culture and resulting resource allocation decisions, and the external
ones include adverse institutional and regulatory framework and perceived market
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conditions (Tatum, 1984, 1986; Nam and Tatum, 1989; Gerwick, 1998; Markides,
1998). Further, the mutual interactions of these two sets of barriers are the general
causes of skepticism and reluctance in implementation of innovation. A deeper
query in construction sector revealed that these barriers crop up due to more subtle
reasons emanating from the tacit institutional set-up and resulting organizational
behavior patterns.

Unlike other products, final construction products essentially demand
coordinated efforts from all the stakeholders’ in the supply chain within a limited
time frame of project duration. Inter organizational coordination of different
specialized organizations is a challenge in construction production process. Close
information and resource exchange between the organizations which is one of the
prerequisites of innovation determination and implementation is yet another
challenge. The separate specialized organizations jointly working for one single
project may not be motivated for thinking, determining and implementing
innovation in that particular project; rather, most likely they would be more
concentrated in completing the project to fulfill their individual interests. Tatum
(1986) and Winch (1998), thus state that fragmentation in construction makes the
mnovation more difficult than in other industries. There is more subtle challenge of
integration of the organizations on the ground of alignment of their fragmented
motivation.

This paper presents a theoretical framework that attcmpts to capture how the
organizations are interrelated and expected to behave when there is a process of
innovation in a construction project. The framework would be useful to trace the
problems and causes, of construction innovation process in a project, which could
serve as an initial step to design effective solutions. Construction project
participants who are planning to introduce innovation in their projects would find
this paper useful and instructive.

THE PROBABLE SOLUTION

The General Observation

The manufacturing sector, though not free of problems, is ahead of construction
sector in innovation implementation (Lenard, 2001). Construction sector is lagged
behind the demand of customers while manufacturing sector, in general, is found to
be successful in preceding customer demand by introducing alluring innovative
ideas and products. The unique research and development (R&D) function focusing
on concerted effort in innovation and functionally integrated with other
organizational units has been identified as the key of the success in widespread
innovation in the Japanese manufacturing firms (Wakasugi, 1992). Likewise the
success of Japanese automobile industries is attributed to long-term management
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commitment (Cusumano, 1988). Quinn (1985) elucidates crucial factors to the
success of innovative small companies as, need orientation, experts and fanatics,
long time horizons, low early costs, multiple approaches, flexibility and quickness,
incentives and availability of capital. For the large companies, success factors
include top-level understanding, vision, a commitment to customers and solutions,
a genuine portfolio strategy, a flexible entrepreneurial atmosphere, and proper
incentives for innovative champions. Quinn (1985) further indicates that the
innovative process is inherently incremental and probabilistic. Major innovations
are best managed as incremental, goal-oriented, interactive learning processes and
only highly committed entrepreneurs can tolerate such innovation chaos. Drucker
(1985) also emphasizes on committed systematic innovation to manage the paradox
of choosing one of the alternatives, of continuing regular and certain business, or
going together with disorderly unpredictable innovation process. Markides (1998)
gives clues for strategic innovation in terms of the challenge in dismantling status
quo attitude in organization for periodic rejuvenation. He explains that ups and
downs are bound to prevail, but a strategy should be formulated during the peaks of
ups so that rejuvenation can be realized in one way or the other. As the strategic
innovation will be different from the status quo, he emphasizes the need for
separate institutional support for formulation and implementation of strategic
innovation.

Tatum (1989) explored some opportunities for innovation in the construction
sector out of its unfavorable set-up. He illustrates that the necessity of specific
projects, the opportunity for design-construction integration, process emphasis,
variation in methods, and the capability and experience of personnel offer some
significant advantage for innovation in construction as compared with other
industries. In order to foster these opportunities, he points out that the
organizational structure, culture, supportive policies and priorities, flexibility in
unit size and grouping, intra and inter organizational coordination, and staffing to
satisfy specific requirement for key positions, are the key elements. He claborates
the supportive policy for innovation in construction firm as long-term viewpoint,
broader view of risk, implicit vertical integration, importance of planning and
innovation culture itself. Gerwick (1998) explains that innovation requires both the
receptive and accommodating environment along with sound management system.
He asserts that in order to generate motivation towards innovation, it should be
ensured that contracting and management procedures enable the realization of
economical and profitable results from the utilization of the innovation.

Nam and Tatum (1992) divide the factors that induce construction innovation
into two sides: demand side (owner and market) and supply side (available
technology). They observed that in most successful processes of construction
innovation, technology plays a critical role in inducing the owner’s demand as well
as in formulating problems, and the owner’s mindset is one of the factors that
enables or inhibits innovation in construction. So they deduce that progressive
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owner and formal R&D effort for technology development are the important factors
that increase size and rate of innovation.

The Favorable Approach

Review of current knowledge has identified different threads of contributions, in
the field of innovation in manufacturing and in construction sector, which can be
summarized into two basic categories. First, based on logical deductions or case
studies, a list of factors that affect innovation are prescribed in most of the
literature. Second, as long term measures, there is emphasis on integrated R&D
activities and separate sub-organization to deal with organizational innovation
needs and implementation strategies. However, a comprehensive framework to
capture the whole innovation processes in the construction sector is still missing
(Tatum, 1986). As construction is a complex system industry (Nam and Tatum,
1988; Winch, 1998), the tool or thinking paradigm needed to comprehend the
whole innovation processes in construction might be different from the mere
prescriptive guidelines.

Prior to proceeding for finer analysis, it is necessary to work out a thinking
paradigm and an effective framework that serve as foundation and structure for a
research agenda. The nature of the problem in construction innovation is an inter-
organizational as well as intra-organizational problem, with multiple arrays of the
stakeholders and their aligning and conflicting interest variables. It is a high order
system problem. The relationship between the variables in the system is not
obvious and straightforward, the short-term solution does not work for the long
term and the long-term solution is painfully unacceptable in the short run; the
problem is a highly non-linear system problem (Van de Ven et al., 1999). There are
multiple feedback relationships between the variables indicating the multitudes of
interdependency. The time delay between action and corresponding consequence is
difficult to conceive and appreciate. These very characteristics of high order, non-
linear, multiple feedback and time delay (Forrester, 1961) make the process of
innovation implementation in the organizational set-up (Gross et al., 1971, pp. 30-
31) of construction sector highly dynamic and complex. Such a complex problem
demands a holistic vision for a probable higher leverage solution set (Senge, 1990;
Gerwick, 1998).

THEORETICAL FRAMEWORK

A holistic framework has been prepared referring simulation models developed
by Sterman et al. (1997) and Repenning (2001). They basically prepared dynamic
models for the manufacturing sector which address the problems of innovation
implementation. The dynamic concept of generation of innovative attitude,
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commitment and their behavioral consequences are captured and adapted in the
case of construction project scenario.

The main concept behind this new framework is to capture innovation dynamics
within a whole construction project organization. It is an aggregated generic
framework and can be applied to capture a possible spectrum of different
construction innovation cases. The concept of motivation alignment, integration
and their influence on the innovation is implicitly incorporated in the framework.

In order to generalize a project organization which is implementing an innovative
idea, it is divided into two major blocks. One is the stakeholder organization in a
project that comes up with the innovative idea and proposes it. This stakeholder
organization is termed as “Origin Organization” (O0), implying the origin of
innovation. The other block is all the relevant stakeholders in the project whose
support is needed for the OO in order to implement the proposed innovation. This
supporting block of organizations is termed as “Supporting Organizations” (SOs).
A detailed discussion of the theoretical framework, depicted in Figure 1, is
presented below.

Pre-Implementation Phase

The reason why an organization would come up with an innovation is the
expected achievement of tacit or explicit goal(s) by implementing the innovation.
The OO in a project comes up with innovative idea in order to achieve its intended
goal(s). The goal could be conditioned by the perceived external constraints such as
project scope, own capability, perceived capability of the other stakeholders and
perceived regulatory or legal constraints. OO also need to demonstrate firm
commitment in order to achieve its intended goal. A higher level of goal would
demand a higher extent of commitment. The more the desired commitment, the
wider would be the gap between the prevailing state of commitment and the desired
commitment. The perception of the gap or discrepancy is the cause of pressure
(Zaltman et al., 1973) for OO’s management to work for the stipulated innovative
steps. The pressure is translated into a set of standards or norms that should be
followed in the OO and works as normative pressure from its management to
induce operational commitment at the project level (indicated by the loop L1 in
Figure 1).
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Fig. 1. Framework of Construction Innovation Dynamics

In order to implement the innovation, the OO should coordinate and work with
relevant SOs in the project. The SOs are also conditioned by their own sets of
different goals and preferences. The goal sets of different SOs could be
heterogeneous. When the OO coordinates with the SOs it is hypothesized that the
proposal of the new idea would get translated into normative pressure from the
former to the latter organization. The strength of pressure however depends on the
decision power of the OO in the project and perceived attractiveness of the
proposal. The SOs may or may not perceive the innovation proposal as a means to
assure their individual goal fulfillment. It depends on the nature of the proposal and
perception of the SOs. Thus the perception of the proposal further conditions the
goal levels of the SOs. If the SOs are convinced that the proposal would be helpful
in fulfilling their goal, they would have distinct management commitment to work
for the innovation, which would be translated into normative pressure and
operational commitment at their respective organizations (indicated by the loop L4
in Figure 1). If they are not convinced, then their managerial and operational
commitment would be feeble; or they might be reluctant in going with the
innovation. This commitment trend of the OO and the different SOs is an indication
of alignment of motivation at pre-implementation stage.

Implementation Phase

Any innovative idea would get implemented in a construction project only if the
OO puts in adequate managerial and operational commitment, and has supportive
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commitment of the SOs. The commitment to fulfill the goal leads to concerted
effort among the different parties. Therefore, the commitment level of the OO and
SOs would be translated into their respective effort in implementing the innovation.
However, it is necessary in a project organization that the effort of the OO and SOs
should be streamlined towards their respective consenting results. The effort of the
00 may be streamlined towards their intended goal, but the effort of the SOs may
or may not be in the line of the OO’s expectancy. There are many factors, like the
level of operational commitments, conflict in goal, coordination of the effort,
knowledge and information exchange between the OO and SOs, which affect the
effort consistency. This concept of consensus and coordination in the effort of the
stakeholders towards the consenting result of innovation is termed as effort
consistency. It is a surrogate variable to represent the degree of integration in a
project organization.

The levetl of consistency in the effort determines the effectiveness of the effort
itself. The more effective the effort, the less would be the discrepancy or
disagreement in favorable result for the OO and SOs. The favorable results are
directly instrumental in inducing more commitment towards the innovation.
Therefore, the less the discrepancy in favorable result, or the more the favorable
results for different stakeholders, the more would be their respective commitment
level.

The loop (L2 or L3), that contains the commitment-induced effort, the resulting
effort consistency, the consequent result judgment and the result-induced
commitment in turn, could exhibit two scenarios. First, if the effort is influential in
enhancing the overall effort consistency, then the loop would be a reinforcing loop.
That means the variables in this loop have potential to reinforce each other. Second,
if the effort is not influential in enhancing overall effort consistency, then the loop
would be a limiting loop. That means the variables in this loop would have limited
potential to reinforce each other. In the first case, there would be high possibility of
sustaining the innovation with favorable result if there is adequate operational
commitment. However, in the second case, there would not be any possibility of
sustaining innovation even with adequate operational commitment. Therefore it is
necessary that the OO and SOs exert effort collectively and consistently so that
each would get favorable result and consequent enhanced commitment for
sustained innovation implementations.

DISCUSSION

Implementation of innovation in a construction project organization is a complex
process. First, at the pre-implementation phase, an OO should come up with an
innovative idea with a distinct goal and commitment. The expected goal and
commitment is highly dependent on the industry environment perceived by the OO.
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The OO may be reluctant to take a risk at this very initial phase of innovation
implementation. Even if the OO is optimistic with its new idea, it has to coordinate
with the other stakeholders in the project organization. These stakeholders possess
their own goals, culture, values, influential power, and technical and managerial
capability. They may or may not perceive that the new idea would be helpful in
achieving their goals so that they can work with commitment. There is a question
of alignment of motivation at this stage. Even if the management of the QO and
SOs are committed with the new idea, there is challenge in gaining operational
commitment in their respective organizations. It takes time and resources to prepare
the operational body of each organization to implement the new idea. Even after
preparing the operational bodies, there is still a high chance of getting
inconsistency in their respective effort, as the construction is highly heterogeneous
process with complex localization. Integration and coordination between the QO
and SOs is a challenge to hamess consistent effort from them. Inconsistent effort
would produce unfavorable results that may not be conducive to enhance further
commitment and further effort. Even if the results are favorable, as construction is
normally a single volume production process, there is less chance that the results
would be instrumental in stimulating further implementation of the same
innovation. So, these very processes can create hurdles and disincentives for
fostering innovation in construction. The decision processes embedded in the
framework are conditioned by surrounding perceptions and the action followed by
the conditioned decisions affect the surroundings which in turn forces to take
further decisions and actions. Clear understanding of these processes would help
design effective decision structure to foster innovation in construction.

CONCLUSION

This paper has attempted to a sketch a holistic picture depicting problem areas in
innovation in construction. The theoretical framework proposed in this study
highlighted various stages of innovation like initialization, attitude formation,
initial coordination, operational coordination, and implementation coordination,
which are critical for successful implementation of innovation. The stages and
decisions taken in each stage affect the working conditions of multiple
organizations within the project team as each of them has a different working
period and goals. Clear understanding of these causal relationships is crucial in
order to design effective decision rules in construction organizations.

This paper however gives only a glimpse of “why” innovation is so difficult to be
implemented successfully in construction projects. For the question of “how”
effective measures can be developed and tested, further testing and validation of the
framework might be necessary.
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ABSTRACT

The process of planning and erecting a building only starts if the client has made
a decision to build. Building depends on the client, it is production by ovder. From
the beginning on the building is determined by the specific needs of the client. On
the one hand constructional problems can originate from these needs, which can
only be solved appropriately through innovative ideas. On the other hand new
constructional solutions offered by construction companies can lead to a better
performance of the building or the building process. In both cases risks arise from
the novelty of solutions. Little or no experience in using new construction methods
or a lack of knowledge about the long term behaviour of new material can cause
the client to refuse the use of an innovation in the building project. Therefore, for
construction companies understanding the behaviour of the client concerning
innovation is a prerequisite for developing and introducing novelties. This paper
presents the results of an investigation, which was carried out by interviews with
professional clients. The investigation aimed at determining the importance of
innovative constructional solutions for the client, the demands of the client for
realizing innovative constructional solutions and the incentives for innovative
constructional solutions set by the client. With the findings of the investigation
conclusions for the innovative activity of construction companies could be drawn.

INTRODUCTION

At the latest since the beginning of the 1990s the subject of innovation has
become important in construction industry, too. A great number of publications
show that the interest in innovation processes in construction industry has
increased. Up to now most of these contributions do not go beyond reflections on
plausibility though, and there is still a lack of empirically based findings. The
empirical works have so far focused on examining organisational aspects of
innovation processes in construction projects (Slaughter, 1998) and companies
(Laborde and Sanvido, 1994) as well as on finding out the influencing factors on
the innovative behaviour of the whole branch of industry (Seaden et al., 2000) or
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specific groups of companies (Barrett et al., 2001). These works often regarded the
changed needs of the clients as the reason for the importance and the necessity of
innovations. What has not been examined up to now are exactly these needs of the
clients or their attitude towards innovations in construction industry as a reaction to
their changed needs. This is particularly surprising, because as in no other industry
the client in construction industry has a considerable influence both on the
constructed facility and on the process of planning and execution (construction
process).

The construction process of a constructed facility will only start, if the client has
taken the decision to build. Building means manufacturing depending on the client
or producing by order. The specific concepts the client has on the usage have to be
taken into account from the start of the construction process. On the one hand such
concepts can lead to problems that can only be solved properly by innovative ideas.
On the other hand new solutions to a problem suggested by the company can help
to considerably improve the characteristics of the constructed facility and with this
contribute to the fulfilment of its function or the efficiency of the construction
process. In both cases a certain risk arises from the novelty of the solution to the
problem. Few or no experience at all on how to deal with new construction
methods or small knowledge of the long-term behaviour of new materials can serve
as examples for reasons that might induce the client to object to the application of
innovative constructional solutions in a construction project. Understanding the
client’s attitude towards innovations is therefore a prerequisite for the successful
development and introduction of innovations by companies in the construction
industry. This paper is intended to contribute to this understanding by presenting
the results of a study on exactly the mentioned attitude of the clients with respect to
innovative constructional solutions.

THE CLIENT’S POSITION IN CONSTRUCTION INDUSTRY

One of the peculiarities of the construction industry as compared to the
manufacturing industry, which produces goods for an anonymous market, is that in
construction industry the production is depending on the client. It is not the
construction company that takes the initiative to produce a constructed facility.
Normally the construction process only starts, when the client has decided to build.
Therefore, the characteristics of the construction industry are more similar to those
of the service sector than to those of a branch of industry. Consequently,
construction can be called a producing service (Syben, 1999). As it is the client
who sets off the production of a constructed facility, his specific aims and ideas
with respect to the constructed facility and the construction process have to be
considered from the start. These aims and ideas are about the place, the type, the
dimensions and the design of the constructed facility as well as about the deadline
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for finishing it. Moreover, by choosing the procurement strategy the client also
chooses a certain organisation of the construction project.

Organisation of construction projects and innovation

Traditionally the client chooses an architect, who takes on the task of planning
the constructed facility, supervising the construction process and co-ordinating the
executing companies. With an increasing number of participants in the project, who
are connected with each other, the complexity of the constructional task and with it
the demands on the architect are increasing, too. But it is the client who is left with
the risks arising from this, as every single company is directly accountable to the
client for the services it performed. As a consequence, during the last few years
clients have — especially with bigger construction projects — tended to choose
procurement strategies which, for example, have only one party to the contract to
execute the construction of the facility. This one company then takes on the task of
co-ordinating all services that are necessary for the construction with regards to the
works' procedure and time. At the same time it takes on the economic risks
resulting from the contractual relations with the companies that carry out the
services. Co-ordinating can in this case mean to co-ordinate different systems of the
constructed facility as described before (like for example carcassing and interior
works) or it can include different constructional levels of value added (like for
example planning and execution). The highest degree of integration is reached, if a
company or a group of companies is responsible for the whole system of a
constructed facility over its whole life cycle (Girmscheid, 2000).

The client gains two advantages from this. First of all, he can delegate a part of
his tasks to others. This is important, because many clients do not have the
qualification to completely fulfil all their tasks. The second advantage is the
creative freedom that results from delegating parts of or the whole constructional
task to the responsibility of one company. By viewing the constructed facility over
its whole life cycle, the interdependencies between the single components of the
system ,,constructed facility and the influences of certain life phases on the
components as well as on the system on the whole can be recognized at an early
point in time and be deliberately designed. This brings about more and more
possibilities to find innovative solutions that will optimally transfer the client’s
aims into a constructional solution (Girmscheid and Hartmann, 2001).

One disadvantage of this procurement strategy is that the client looses the direct
control over and the influence on the construction process. While delegating tasks
and responsibilities was meant to reduce the client’s difficulties in dealing with the
complex constructional task, in this case he has to rely on one single company. To a
great extent he has to be able to be confident that the company engaged is acting
strictly according to his interests and will transfer his constructional aims and ideas
into a technically and economically ideal constructed facility (Syben, 1999).
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Developing confidence is even more difficult, when there are innovative
constructional solutions involved, the effects of which on the constructed facility
and the construction process can hardly be assessed because of their novelty. The
client can only to a limited extent transfer the risk that is resulting from this to the
company, i. e. through guarantees. There will always be uncertainty on the question
if the aims concerning quality, costs and time can really be achieved.

QUESTIONS AND METHODOLOGY OF THE
EXAMINATION

The following questions directly arise from the last mentioned points:

e  Which are the aims a client nowadays has with regards to
constructional solutions?

e Which possibilities for innovative constructional solutions does
the client see, when following his aims?

¢ To what extent does the client’s choice of a procurement strategy
depend on the possibility of implementing innovative
constructional solutions?

¢  Which factors contribute to building up confidence on the side of
the client, if the procurement strategy is fostering innovation?

¢ How does the client solve the problem of uncertainty that goes
along with innovative constructional solutions?

e  Which conclusions can be drawn for the innovative action of
construction companies from examining the client’s attitude
towards innovative constructional solutions?

It can be assumed that the clients in construction industry will give different
answers to these questions. Especially when dealing with a complex constructional
task, the clients will handle it differently depending on how often they have already
been building. Clients like big companies or the state, who have been building
several times, mostly have a lot of experience gained from former projects. They
know the companies on the market and often have their own staff for planning,
controlling and managing tasks. Because of their competence in construction they
are faced with a lesser complexity of the constructional task than clients who — like
families or small companies — build only once or seldom. This is why the study, on
which this paper is based, concentrated on the small group of professional clients,
who often build. Within this group priority was given to private clients, as they
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have more freedom to choose a procurement strategy than state-run clients have.
Furthermore, the study was restricted to a group of clients which is only doing
building construction. Included in the study were three banks, one insurance
company, one trading company, one airport company and one university. These
Swiss large companies build office buildings, branches, research centres etc, in
order to use it within their own concern, that is for internal clients. By this they take
on two roles, they are the investor and the user. The study is based on semi-
structured interviews. The interviews were taken with the heads of the construction
and real estate department of the companies. In the following the results of the
interviews are presented.

THE CLIENTS" AIMS AND POTENTIALS FOR
INNOVATION

The aims a client is trying to reach do not just refer to the constructed facility and
its usage, but also to the construction process. This process includes the working on
and the transport of physical objects as well as the exchange and the processing of
information. It starts with the strategic planning and lasts until the product, the
constructed facility, is finished. Its organisational design can be found in the
constructional project and the process itself is interacting closely with the
constructed facility, because the aims that are connected with the constructed
facility are materially transformed in the construction process. The interviewed
clients could see useful potentials for innovation through product and process
innovations applied to the constructed facility as well as to the construction
process.

Aims concerning the constructed facility and product innovation

The predominant aim among the aims concerning the constructed facility, which
have gained greater importance during the last few years, is the desire to keep the
costs for operation and maintenance low. It is increasingly reflected on the
economy of a constructed facility over its whole life cycle and it has been found out
that not only the costs of planning and execution are relevant for the economy of a
constructed facility, but also the costs of the usage period, which at 70% of the total
costs are far more significant.

Another aim concerning the constructed facility is its flexibility. Due to the
increasingly shorter product cycles in the manufacturing industry constructed
facilities have to be adaptable to changes that result from technological reasons as
well as be flexible with regards to its area. This means that constructed facilities
have to be planned and built in a way that will make it easy and inexpensive to re-
use them later on. This is difficult with extremely specifically used constructed
facilities like with kitchens, where a flexible design will soon be uneconomic.
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Closely linked to the flexibility is the desired quality of the structure and the
facility equipment. Because of the fast changes in usage parts of the constructed
facility have to be replaced before their life cycle ends. The degree of quality is
therefore chosen according to the period of usage and not necessarily according to
the whole life cycle of the constructed facility. In some cases the period of usage is
so short that a comparatively low degree of quality is regarded as being sufficient.

According to these aims concerning the constructed facility the client will most
of all attach importance to innovative solutions that aim at low costs in usage and
flexible structures and facility equipment. Potentials for innovation are therefore
mainly to be found in product innovations like new materials or new design
principles.

To keep the costs for usage low, as starting-points for innovations especially
technical installations for heating, ventilation and climate were named. The
following example will illustrate this. A client wanted to build an office building
that would save the environment and energy, while this would not affect the
working comfort of his staff members. These aims could be reached through
different solutions that were innovative at the time they were applied. One of them
is for example a thermo-active ceiling that will cool the room in summer and heat it
in winter using the concrete of the ceiling as a heat storage. Moreover, by using a
combination of brise-soleil and plastered balconies, an ideal shading can be
achieved and a totally glazed facade can keep the rooms from heating up. A
photovoltaic system produces as much energy as is used by the screens of personal
computers.

Up to now the attempts that are made to make constructed facilities flexible
mostly concentrate on steel and reinforced concrete framed structures,
economically optimal designed ground plans, mobile walls, useful window
arrangements etc.

Aims concerning the process and process innovation

The client’s aim concerning the process to plan and build a constructed facility in
as short a period of time as possible is not new. It takes on a new meaning though,
due to the above-mentioned changes in the usage of a constructed facility. If, for
example, planning and executing a constructed facility takes two years, during this
time the ideas about its usage may have changed considerably. A short period of
planning and execution is therefore an essential aim, taking into account the fast
amortisation of the invested capital, too.

This leads us to another aim: trying to keep the costs for planning and execution
low. This is not new, too, but due to the mutual dependence of this aim and the time
for planning and execution it is also essential, although it is more and more loosing
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its importance as the sole criterion for the placing of orders. It is replaced by a
comparison of price and service that technically and economically assesses the
constructional solution over its whole life cycle. A prerequisite for this is, however,
that the surplus value of a constructional solution is evident.

Here, innovative potentials are mainly to be used through process innovations
like for example new construction methods, new machines and equipment or a new
organisation of the execution process.

The construction of a test bed for aircraft turbine engines, which had to be done
quickly and as inexpensive as possible, can serve as an example for the realization
of these process-related aims achieved by process innovation. Due to a lack of
space the test bed had to be built on an existing parking lot. Therefore an
underground car park had to be integrated into the test bed. As the soil had no good
quality, a new process engineering solution, the modified cover-and-cut
construction, was developed.

Typology of constructed facilities

Three different types of constructed facilities can be distinguished according to
these aims of the client and the innovative potentials connected with them, see

Table 1.

Table 1 Typology of constructed facilities

Constructed Constructed Constructed
facility type 1 facility type 2 facility type 3
Usage time 50-70 years 50-70 years 10-20 years
without changes with changes without changes
in usage in usage in usage
Flexibility low high low
Quality high, during the | high, during single | low, during the
whole usage time phases of usage whole usage time
Costs of primary primary secondary
the usage
Costs of secondary primary primary
planning and
execution
Planning and secondary primary primary
execution time
Innovative product innovation product and process innovation
potentials process innovation
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Type 1 has a life of 50-70 years, during which the usage of the constructed
facility does not change. This means that the flexibility of the constructed facility is
low, while the desired quality is high. The structure and the facility equipment have
a long life and are not exchanged or repaired very often. The reflections on the
economy thus focus on the phase of usage of the constructed facility and with it on
minimizing the costs of the usage. The costs for planning and execution as well as
the execution time play a minor role. Their amount and duration depend on their
contribution to the reduction of the costs for the usage. Potentials for innovation
can be found in the product, the constructed facility.

Type 2 has a life of 50 — 70 years as well, but its usage is subject to change. As a
consequence the flexibility of the constructed facility is comparatively high and the
desired quality with respcct to the single phases of usage is high, too, while it is low
with respect to the whole life cycle. This means that some parts of structures and
the facility equipment are designed in a way that their life corresponds to the
duration of their single phases of usage. The costs for planning, execution and
usage have to be balanced and optimized together. The time for planning and
execution in this case is directed towards the quickest possible commission of the
constructed facility. Potentials for innovation lie both in the constructed facility and
in the construction process.

Type 3 has a life of only 10 — 20 years without changes in usage. The flexibility
of the constructed facility is low. The desired quality is low, too, as the structure
and the facility equipment are only designed for the short period of the constructed
facility’s life. As a result of the short life the costs for usage are less important than
those for planning and execution. These costs have to be optimized together with
the time for planning and execution. Potentials for innovation therefore exist in the
construction process.

This typology helps to find out, if the client pursues specific procurement
strategies, in order to foster innovative constructional solutions.

PROCUREMENT STRATEGY AND INNOVATION

The choice of a procurement strategy manifests itself in a certain organisation of
the construction project. The organisation of the construction project regulates the
co-operation of those who are involved in the project and therefore to a great extent
determines the possibilities for innovative action. There are two criteria that the
clients regard as substantial for choosing the procurement strategy or the
organisation of the construction project.
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Complexity

The first criterion is the complexity of the constructional task. Complexity in this
case means the multitude of components of the constructed facility (parts of the
structure, installations) and the diversity of the relations between these components
as well as their interaction with the surroundings of the constructed facility. In
addition the complexity of the constructional task includes a dynamic aspect. The
type and the interaction of the components is not set in advance, when the planning
process starts, but is subject to continuous changes. These changes mainly result
from the needs and aims of the client that have only been roughly formulated at the
beginning of the planning and are only put in concrete terms when the planning
progresses.

Due to the multitude and diversity of interactions between the components this
means that the different architects and engineers who are involved in the planning
have to work together as a team from the start, in order to be able to in time assess
the effects that single decisions may have on the constructed facility on the whole
and to be able to react to it. Moreover, the clients want this team to be open to
farther specialists, if necessary. By forming a planning team at an early point in
time the clients also lay the foundation for product innovations as they have been
described for the types 1 and 2 of constructed facilities. However, including
executing companies is often regarded as unnecessary and sometimes even as
problematical by the clients.

It is regarded as unnecessary, because the clients do not consider the knowledge
on the execution to be of much relevance for a good constructional solution. The
reason for this is surely to be seen in the field of activity of the clients. In building
construction the demands on the execution are generally regarded as relatively low.
Alternative tenders offered by executing companies show that this is not applicable
for all constructed facilities in general. These tenders often represent more
economical and sometimes innovative alternatives for the execution of the
constructed facility that is the subject of the tender. While the clients appreciate
alternative tenders by the companies, which mostly refer to the process innovation
of types 2 and 3 of the above mentioned typology, they stress at the same time that
there are few possibilities for them and that the executing companies often do not
have the capacities of time and staff to be able to work it out. It was criticised at
this point that some clients regard the working out of innovative solutions by the
executing companies as a service that is free of charge.

Including the executing companies in the planning phase is seen as problematical
by the clients, because it results in the application of organisational models that do
not provide a wide range of freedom for the client to change something later. These
organisational models include only one company that is supposed to do the whole
execution or the whole planning and execution. The company carries out the
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constructional task for a flat rate and in exchange takes all the financial risks and
the risks with regards to time of the planning and execution. As far as innovative
solutions are concerned this actually is an advantage for the clients, because they do
not have to take on the particular risks innovations cause. But the flat rate is based
on a certain agreement on the services, which leads to a rigorous management of
supplements by the companies in case any changes are made later. Organisational
forms of construction projects in which the responsibility for the planning and/or
execution services is taken by one company are therefore usually only interesting
for a client who has a clear concept of his aims from the start. In all other cases the
desire to be able to change something later has a higher priority for the client than
an increased potential for innovations. Another reason for this is that the clients do
not believe that companies offering integrated services are able to develop
innovative constructional solutions. This leads to the second criterion that induces
clients in construction industry to choose a certain organisation of the construction
project — confidence in the companies.

Confidence

Although compared to other clients professional clients in construction industry
are in a position to assess constructional solutions, even they lack the special
knowledge that is nceded to understand and to assess technical details and complex
correlations. Where they lack the knowledge, they are forced to trust in the
planning and executing companies.

First of all this means to have confidence in the professional competence of the
planning companies. The interviewed clients expect the planning companies to
have a high level of knowledge, that includes both the latest technical
developments and their applications, whether they have been particularly successful
or not. Here references play an important role, as they represent the company’s
experience. Along with constructed facilities that have been carried out by the
company competent staff members can serve as references, contributing to the
building up of confidence on the side of the client through personal contact either
from former projects or by delivering a convincing presentation of the project.

Of prime importance is that the client has to regard himself as a member of the
organisation of the construction project and not just as the one who ordered the
constructed facility. As a member of the organisation the client wants to be
included in discussions on the planning, so that he can take rational decisions.
When clients transfer the taking of decisions to planning and executing companies,
they consider it to be of great importance that the decision-making is transparent,
because in this area they still do not have confidence in the companies. They are
not sure, if the companies will definitely provide for the planned quality of the
product and sometimes they get the feeling that the companies try to receive a
greater margin by performing a low-quality job. Moreover, they do not have insight

© 2003 by CRC Press LLC



The view of the Client 39

in the configuration of the costs and therefore lack the confidence that there is a
balance between the services and the price.

This is why confidence is a decisive criterion for choosing the procurement
strategy and, as a consequence, for the possibility to innovate. For, on the one hand,
the formation of a team, in which all those involved in the project are included in
time, is a prerequisite for innovative constructional solutions. On the other hand, it
is essential for the comprehensive formation of a team, that takes into account both
the planning and the execution phase, that the client has confidence in the ability
and the willingness of the companies involved to build a constructed facility that
meets the client’s demands and is technically and economically optimal. The clients
emphazised that they do not prefer a certain procurement strategy. They take the
decision depending on the situation and on the constructional task.

RISKS AND INNOVATION

The most important characteristic of innovations is their novelty, which is closely
linked with another characteristic, the uncertainty. Uncertainty in this case is a
situation in which it is impossible to name the probabilities of the relevant outcome,
neither subjectively (by experience) nor objectively (statistically measurable). This
means that little or no experience with innovative constructional solutions and — as
a result of the complexity of the constructional task - the incomplete information
cause an uncertainty on the question if the aims of the innovative action will
actually be reached. Clients in construction industry are always faced with
uncertainty, because they have to make decisions on the construction itself, the
deadlines and on financial aspects without being able to get an exact idea of the
finished product, the constructed facility. This uncertainty brings about certain
risks, which in the case of innovative constructional solutions include an additional
aspect. While normally the client’s uncertainty is due to his lack of competence in
this area, with innovative solutions it is extended by the uncertainty on the part of
those who are actually the competent persons in this field. There are a couple of
possibilities, how the client can react to these uncertainties.

Transferring risks

One possible reaction is to transfer the risks to the companies and to have
confidence in their competence to deal with the risks. The question of building up
confidence has already been treated in this paper. It has an effect on the way people
handle risks, too. Companies that are accountable for planning and execution will
only take on the risks connected with planning and execution, too. The clients have
the impression that this causes the companies to look at constructional solutions
solely from a point of view of planning and execution. Often the effects on the
usage phase of the constructed facility are not taken into account. This is why the
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clients are sceptical about the product innovations of types 1 and 2 of the typology,
where the success of the innovative action can only be determined during the usage
phase and the clients are forced to take on the major risks. As a consequence,
clients rather accept the process innovations of type 2 and 3, where the positive
effects already manifest themselves at the end of the construction project, for
example in the economy of time and costs, and where the companies take the risks.
It would therefore be logical to make one of the planning and/or executing
companies accountable for the operation and maintenance of the constructed
facility. But the clients still have a sceptical attitude towards contractual
arrangements like this, because the companies in this case demand an extra
payment for taking on the risks and the clients believe that it is still impossible
today to sufficiently enough estimate the costs for the future operation and
maintenance, so that they are not in a position to assess these additional costs. As
long as this is not possible, they will prefer to take the risks of the usage period
themselves.

Minimizing risks

The client will do his best to keep the risks as low as possible by collecting as
much information as possible on the potential effects of innovative solutions. There
are several sources of information he can use for this purpose. If the solution is only
new to the client, he will ask specialists who already gained experience in realizing
this solution. However, his own competence in the field of construction is of great
importance, too. A client will have his own department of architecture and
engineering, which is acting independently on the market and by this is
permanently able to gain new technical knowledge and experiences.

Another source of information are objects of reference, where a certain solution
has been applied in a similar way. The fact that simply copying innovative
solutions may cause problems can be illustrated on the example of Corten steel.
This steel alloy, which is oxidising to a certain extent thus producing a passive
protective layer and making the application of a protective coat unnecessary, had
been used for the first time in the US and was discovered in Europe later, too. The
Europeans made the same mistakes the Americans had made earlier disregarding
that this material requires a special structure. Whole buildings had to be demolished
as a consequence of this.

This is why clients nowadays increasingly rely on expert’s reports. However,
tests made in laboratories in connection with this only have a limited meaning, as
building material and components are always examined isolated from the whole
system of the constructed facility and their long-term behaviour can only to a
limited extent be simulated.
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Taking on remaining risks

In the end there are always risks left which have to be taken by the client. The
amount of risks the clients are willing to take is largely depending on the surplus
value that is expected from the innovative solution. This could for example be
considerable price benefits, savings in energy or low maintenance costs. The
prerequisite for this, however, is that the risks have to be known and can be
estimated. Solutions with a high degree of novelty are therefore hardly ever
accepted by the clients.

A company culture fostering innovations finds its expression in the willingness to
take the risks that come along with innovative solutions. A company culture
fostering innovation obviously had a positive effect on the development of
innovative constructional solutions and dealing with the risks involved in the
companies of the interviewed clients, too. The department for construction and real
estate of one client for example has a far-reaching scope of action. The
management only sets the goal in advance, while the department is free to
formulate the demands on the constructed facility. This encourages them to develop
good constructional solutions. At the same time the department has budgets at its
disposal, i.e. an internal energy fund, with the help of which it is possible to finance
extra costs caused by innovative solutions.

CONCLUSIONS FOR THE INNOVATIVE ACTION OF
CONSTRUCTION COMPANIES

Based on the results that have been presented here some recommendations for
the innovative action of construction companies can be made:

e  Principally the client’s requirements include both product and
process innovations. However, many construction companies
nowadays not only lack the financial resources and resources
in staff, in order to use the innovative potential, but also the
ability to do so. This is why introducing an innovation
management is one of the most important tasks of companies
in construction industry.

e - Along with the internal preconditions there has to be a
relationship based on confidence between the clients and the
planning and executing companies, so that innovations can be
successfully developed and introduced. It is the confidence
that decides, if the client is willing to transfer the competence
to make decisions to the companies thus providing freedom for
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innovative action. The companies can gain the client’s trust in
them mainly by showing their competences and allowing
insight in the way they make decisions. For this purpose they
have to increase their own marketing activities. This does not
just mean sending advertising leaflets, but it should also and
especially include the manners and behaviour of staff members
during the construction process. Only by this competence and
transparency can be communicated effectively.

e  The aspect of confidence is linked to the risks the clients are
willing to take in connection with innovative constructional
solutions. Clients will only accept innovations, if the
advantages and risks of the solution can be clearly assessed.
For the companies this means that they have to keep their
technical knowledge at the latest level, that they have to find
projects which have been executed in a similar way, that they
have to learn from mistakes which were made in other projects
and, last but not least, that they have to present the solutions
they suggest in a convincing way.

e  Due to the complexity of the constructional task the
professional knowledge of different companies has to be
united. Here team work is the key to innovative constructional
solutions. For this purpose the ideas of prestige and
competition, which are still quite common in construction
industry, have to be overcome.

e One of the difficulties that prevent the clients from choosing
procurement strategies which are fostering innovation is the
fact that the clients often want to change some parts of the
planned constructed facility later on or that they can only name
their precise aims while the planning process is already going
on. This is a challenge for the companies to try and help the
clients to be able to formulate their aims at an early stage.
Technical aids like visualizing and methodical aids like
Quality Function Deployment should be increasingly tested for
their applicability, should be further developed and applied.
The same is true for aids for assessing life cycle costs.

As these recommendations are only based on examinations of a certain group of
clients in construction industry, other groups of clients should be taken into account
in further studies. It is only by this that a far-reaching understanding of the needs
and the attitude of clients towards innovative constructional solutions can be
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developed and measures for fostering the innovative action in construction industry
can be successfully worked out.
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Construction Sector System and
Innovation in Stock Management

Jean CARASSUS

Construction is playing a new role within the economy. It is no longer focused on
massive production but on the services provided by the built environment. This
evolution calls for a new approach of the construction industry summed up in the
“construction sector system” analysis. It also calls for new methods to study
innovation in services activities. Some elements of such a new methodology are
implemented to analyze innovation in rental housing companies.

A NEW ROLE OF CONSTRUCTION WITHIN THE
ECONOMY?

The economic growth experimented by most developed countries between the
late forties and the beginning of the seventies was succeeded by a recession period
lasting until the beginning of the nineties in the United States and until the end of
this decade in Europe. This recession period represented mutation times.

In the general evolution of the economy, what kind of mutation did the
construction industry face during those mutation times in several developed
countries?

Between the late forties and the beginning of the seventies, the role of the
construction industry was to complement the significant and relatively regular
economic growth through the massive development of housing projects, non-
residential buildings, and civil engineering infrastructures.

The dimension of the construction stock developed within the phase of growth
has become highly significant in several developed countries. So far, the
refurbishment and maintenance works of such stock in France, the United
Kingdom, Italy and the Scandinavian countries, amount to approximately half of
the construction firms business, including civil engineering projects (Carassus,
1999).

Furthermore, both firms and civil services have turned the upgrading of their
stock management into an area of increasing concern. The quality and the
reasonable cost of the service rendered by their buildings and civil engineering
infrastructures have become of the essence.

44
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The popularity gained by the « Facilities Management » trend translates this
concern, while the professionalization of in house building management or the
outsourcing of this management are being fostered.

The expansion of processes not only in charge of production but also built
environment management, over long periods of time, reflects the same evolution. In
fact, several mechanisms have been created to foster such trend, such as Private
Finance Initiative (PFI), Private and Public Partnership (PPP).

Such evolution is all the more marked as the profitability of service activities
related to maintenance and management is higher and less cyclic than construction
site activities.

Therefore, our hypothesis is that the mutation faced by the construction industry
in the nineties changed its role within the economy.

While during the 1950-1960-1970 period, the goal of construction was to
massively build all the works necessary to meet the needs of the economy, since the
nineties the emphasis is placed on the management of the service rendered by such
works all along their life cycle.

The requirements of sustainable development, which focus on the need to
increasingly master medium and long-term consequences, not only regarding
production, but also management of the works during their whole life cycle have
strengthened this change of role within the economy. This focus on the service
rendered by the works calls for a new approach of the construction industry.

FROM THE CONSTRUCTION INDUSTRY TO THE
“CONSTRUCTION SECTOR SYSTEM”

The mesoeconomic literature' offers several possible unifying concepts: industry
sector, production chain, economic meso or sector system, and industry cluster.

Following de Bandt (1991) and Gilly (1997), and taking into account the
observations of Saillard (1995), du Tertre (1995) and Boyer (1990), we will use the
economic sector system concept (Carassus, 1998, 2000).

The construction sector system can be defined as the organized complex of
relations between productive and institutional actors taking part in the production

! The mesoeconomic level is intermediate between the macroeconomic level centred on the
national economy and the microeconomic one focused on the firm.
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and the management of services provided by the built structures, throughout their
life cycle.

The economic sector system as applied to the construction sector is close to the
concept of “construction product system” suggested by Australian industrial
economists (AEGIS, 1999).

The construction sector system is wider than the construction industry. It is made
of three main groups of activities.

The first group of activities concerns the continuous management of the existing
stock of structures. Continuous management is a three-dimensional service activity:
asset management (strategic stock management by decisions to purchase, sell,
renovate, demolish, build), property management (heavy renovations and
administration), facilities management (managing services provided to the end-
user, care taking, operation, everyday maintenance). Profit in this first group of
activities is recurrent, not depending on the cycles and may be high.

The second group of activities concerns the short-lived design and complex
production assembly on itinerant sites. This group of activities covers on the one
hand service activities involving project management (order, design, co-ordination
and control of new construction and refurbishment operations) and, on the other
hand, the construction firms works. Profit in this group of activities is volatile,
depending on the construction cycles and for the construction firms often low.

The third group of activities is focused around the industrial production and
distribution of materials, components, equipment and plant implemented,
assembled, installed by construction firms on worksites. Profit in this third group of
activities depends of the industry; it is often linked with the construction cycles®.

2 Being the subject of work in progress within a CIB (International Building Council) group,
this sector system approach is being implemented in nine developed countries. The

« Construction Industry Comparative Analysis » Project group, which we are co-ordinating,
is a joint group of CIB Working Commission n°55 « Building Economics » and n°65

« Organisation and Management of Construction ». It aims to compare the Australian,
British, Canadian, Danish, French, German, Lithuanian, Portuguese and Swedish
construction industries on the basis of this method.
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Table 1. Taking into account services: construction sector system approach versus
construction industry analysis.

Construction industry
Analysis

Construction sector system approach

The industry
aim

To build buildings and
infrastructures

To produce and to manage the services provided by the
structures throughout their life-cycle

Role of the
existing
stock

Not taken into account

Very important role of the existing stock:

Weight of the stock
High part of the repair & maintenance works
Important role of stock management

Activities

Construction firms

Stock management firms
Project/site (clients, engineering, construction) firms
Industry (materials, machinery) and distributors

Profit
formation

Depending on cycles

Stock management: recurrent, non cyclical, high
Project/site: cyclical, low

Industry: depends on the industry, linked with the
construction cycles

Processes

Especially new
construction

Three kinds of operational configurations of actors:

Production
Production & management
Management

Institutional
regulations

Sometimes taken into
account

Structures regulations (building permits, construction
codes, product and service certification)

Firms regulations (firms standards, labor
management, prices)

Environment of the firms’ regulations (procurement
methods, funding, tax, R&D support, education and
training).

When dealing with innovation, one of the consequences of approaching
construction in terms of a sector system is to prioritize service innovation,
particularly regarding the management of the service rendered by construction

works.

However, most of the research done on innovation in the construction field deal
with production (CIB 1997, Manseau and Seaden, 2001). Methodologies focused
on production and technological innovations are not suitable to services activities.
It is therefore necessary to take into account recent research done on innovation in
the field of services.

SERVICE: A SET OF CHARACTERISTICS AND
COMPETENCES

The overall framework of the analysis used is that of both institutional economics
(Amable and alii, 1997, Boyer and Didier, 1998) and evolutionist economics
(Nelson and Winter, 1982). The methodology used for the study of innovation in
the stock management services is the one stated by Gallouj (Gallouj and Weinstein,
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1997, Gallouj and Sundbo, 2000, Gallouj, 2002). Such methodology results from
the analysis of the service economy premises of Gadrey (1996) as well as Saviotti
and Metcalfe (1994) on technological change indicators.

F. Gallouj highlights five kinds of services, namely: « quasi products » (whenever
the service is highly standardized), operational or manual services, informational or
relational services, intellectual or professional services, and finally the combination
of products and services.

According to the analysis perceiving service as a set of characteristics and
competences, the final characteristics of the service result from the simultaneous
mobilization of competences (coming from the service provider -C,- and the client
-C’4-) and technical characteristics T, (material and immaterial).

Figure 1: Service as a set of characteristics and competences

Service provider’s
p

competences
(e )
Client’s €1
competences c2
C’1 Yi
C2 Ck Y2
c inal characteristics
L™ Y; of the service
Cy
ep )
Cp T1 v
T2 m
T
T,
"~ J
Technical characteristics Source: Gallouj, 2001

(material and immaterial)
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Innovations are particular movements of those characteristics. Innovation is
developed according to different innovation models. Gallouj proposes a six-model
typology of innovation.

Radical innovation proposes a completely new service, that is to say a new set of
characteristics and competences C,, C’p, Ty, Yoy,

“Improvement” innovation just modifies the significance of a given
characteristic.

« Incremental » innovation deals with the addition of a supplementary service
characteristic. « Recombinative » innovation combines several services in order to
create a new one.

« Ad hoc » innovation is an inmovation that suits the particular needs of a client.
«Formalizationy innovation is aimed at formalizing, formatting, and standardizing
both the provider’s competences and the service characteristics.

Innovations evolve according to different possible innovation trajectories. There
are four kinds of innovation trajectories, namely: the material transformation
trajectory OM (Y), which corresponds to a modification in the material basis of the
service; the information processing trajectory HI(Y), corresponding to new data,
new uses of data, network sharing of information, etc; the methodological
trajectory OK (Y), dealing with the implementation of formalized methods for
knowledge processing; and finally, the « pure » service trajectory OC (Y)
corresponds to the direct mobilization of competences, regardless of any material,
informational or methodological support.

It is suggested to test this methodology with seven important European rental-
housing companies, which have decided to implement an innovation process within
the framework of an important research and development contract with the
European Commission.

HOUSING MANAGEMENT

The SUREURO Project (SUstainable Refurbishment EUROpe) is aimed at
innovating the refurbishment and management processes of housing stocks. The
senior management of seven companies that have the support of research centers
and consultant organizations pilots the project’.

* This four-year project (March 2000 - February 2004) involves seven social housing
companies and thirteen research centers and consultant organizations. It is worth 10 M €
(10,9 M US $), half of which is financed by the European Commission. The project partners

© 2003 by CRC Press LLC



50 Innovation in the Construction Industry

Bearing in mind the five-category service typology, the management service of
rental housing (and construction stock, in general terms) is obviously the
combination of products and services (such as hotel accommodation, transport or
tourism industry). This combination of buildings and services is handled by the
housing manager, who calls for the support of several suppliers (cleaning
contractors, lift operators, heating firms, maintenance contractors, and so forth).

These suppliers can play an important role (positive or negative) in the
implementation of the innovation plan. Therefore, it would be worthwhile to
complete Figure 1 by introducing competences C’, of the housing manager’s
providers, as well as those of the user, i.e. in this specific case, the tenant and this
yields C”7p.

It is equally important for both the manager and the suppliers, to differentiate
between front office (direct relationship with the user) and back office activities
(service management process), as several authors do (Teboul, 1999, Veltz, 2000).

Figure 2 gives a simple representation of the housing management activity as a
set of characteristics and competences.

INNOVATIONS, CHARACTERISTICS AND COMPETENCES

The innovations implemented within the SUREURO project are mainly the result
of an innovative process of know-how transfer from a « sender » enterprise to
« receiver » ones, together with improvements of the transferred know-how by the
latter and the research centers.

Ten innovations will be taken into account for the analysis. Table 2 describes the
changes made on the characteristics (final and technical) and competences (the
housing manager’s, the suppliers’ and the tenants’) required for the implementation
of innovations or resulting from them.

come from seven countries: Denmark, Finland, France, Germany, Netherlands, United
Kingdom, Sweden.
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Figure 2: Housing management as a set of characteristics and competences

ousing man s competences
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e Front office
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services, maintenance,
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Strategy, innovation,
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Final characteristics
of the service Y

Technical characteristics T,

Housing: surface, area, number
of rooms, heating, cold water,
hot water, ventilation system...
Residential unit: thermal and
phonic insulation, elevators,
parking lot, park land...
Housing Manager's and
Suppliers’ technical
charateristics : computets
networks nroduction chaing

e Dwelling: space, comfort,
sanitation. ..

e Residential unit:
cleanliness, maintenance,
security, environment
quality, parking
availability...

o Localization:
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schools, public services, shops,

public transport. ..
e Housing manager’s
services:

front desk, claims...

o Community services:
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waste management, use of
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Table 2. « SUREURO » innovations and alteration of the characteristics and competences

strategic management

for the community

financial aspects

Innovation DY, Final DG, Housing manager’s | OC, Suppliers’ AC Tenants’ AT, Technical characteristics
characteristics of the competences competences competences
service
1 « Sustainable » portfolio & «sustainabley services | A strategy, marketing, & information system

2 New information system on
residential units and
corresponding market

O adaptation of
residential units to the
market

& information system
and analytical capability

A information system

3 « Sustainable » management
of refurbishing project

& water and energy
consumption, waste
management

O human resources,
suppliers monitoring

O capability for
making proposals

4 New methods for tenants’
participation

& refurbishment and
housing management
tailored to the tenants’
needs

A consultation capability

A capability of
architects, design
offices, construction
companies

& capability for
making proposals

A different works
from consultation

resulting

energy services « 3 liters »*

5 Residential unit with low-cost

O heating costs
O energy consumption

> providers co-
ordination

& capabitity of
architects, design offices
(new materials)

A tenants behavior

& insulation, heating
production and management

6 Solar panels for water heating

A renewable sources of
energy

A industrial  material
industry services

A water heating systems

7 Sorting of household refuse

A refuse management

O refuse management
setvices

A refuse management system

8 Sorting of refurbishing site
waste

O waste management

£ construction
company services

O osite waste
systemn

management

9 New consumption
information system (gas,
electricity, water)

O cost of heating and
water

A energy and water
conswmption

A information system

A information system

10 Tenants” training in
environmental management

A environmental
1 nent by tenants

A training

O managerial
capability

* The « 3 liters » residential unit results from a refurbishment process that makes the annual consumption of energy swing from 20 equivalent

liters of fuel per m? to 3 liters per year, as compared to 7 liters for ordinary refurbishment.
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The analysis method is productive: it mainly allows characterization of
innovations, according to the highly variable scope of the conditions to be met for
successful implementation and the equally variable scope of the improvements
made to the final service rendered to the users and the community.

It is worth highlighting that except for innovation number 4 (new consultation
methods with tenants) and number 10 (tenant’s training in environmental
management), the innovations analyzed mainly concern back office activities of the
manager and the suppliers.

INNOVATION MODELS AND TRAJECTORIES

According to Gallouj’s six-category innovation model, most of the innovations
are either “improvement” or “incremental” ones.

Table 3: « SUREURO » innovations and innovation models

“Improvement” innovations

5 Residential unit with low-cost energy «3 liters»

6 Solar panels for water heating

8 Refurbishing site waste management

9 New information system on consumption (gas, electricity, water
“Incremental” innovations

2 New information system on residential units and corresponding market
3 «Sustainable» management of refurbishing projects

7 Sorting of household refuse

10 Tenants’ training in environmental management

Ad hoc “innovation”

4 New methods for tenants’ participation

“Formalization” innovation

| «Sustainable» portfolio strategic management

It is also interesting to use Sundbo’s four-category typology (1998) inspired by
Schumpeter’s one (1934): service innovations (new service), process innovations
(change in the service elaboration procedures), organizational innovations (change
in the management modes), marketing innovations (marketing, sales, and so forth).

Table 4: « SUREURO » innovations and innovation typology

Service innovations

5 Residential unit with low-cost energy «3 liters»

7 Sorting of household refuse

Process innovations

6 Solar panels for water heating

8 Refurbishing site waste management

9 New information system on consumption (gas, electricity, water)
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Organizational innovations

1 «Sustainable» portfolio strategic management

3 «Sustainable» management of refurbishing projects

4 New methods for tenants’ participation

10 Tenants’ training in environmental management

Marketing innovation

2 New information system on residential units and corresponding market

The innovation trajectories typology is functional, with only one category
excepted. Four innovations deal with a material trajectory, three with an
informational one, and other three with a methodological one. None of them
follows a « pure service » trajectory, without any material, informational or
methodological supports. This kind of trajectory must hardly concern a kind of
service combining products and services; it may concern « pure » services, such as
lawyers, doctors, etc.

Table 5: « SUREURO » innovations and innovation trajectories

Material innovation trajectories

5 Residential unit with low-cost energy «3 liters»

6 Solar panels for water heating

7 Sorting of household refuse

8 Refurbishing site waste management

Informational innovation trajectories

2 New information system on residential units and their market
9 New information system on consumption (gas, electricity, water)
10 Tenants’ training in environmental management
Methodological innovation trajectories

1 «Sustainable» portfolio strategic management

3 «Sustainable» management of refurbishing projects

4 New methods for tenants’ participation

CONCLUSION

It is clear that the analysis we propose on the evolution of the construction
industry (from works to service, from production to management, and from flows
to stock) calls for a new methodological approach on the study of the service
activities and innovation within the field of services. Such methodological
approach must be tailored to the specific features of construction sector. The
methodology broad lines tested in this document show the first elements, which in
the future should be identified and delved in a dynamic way into within more
significant implementation areas.
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ABSTRACT

This paper is primarily informed by a research study, which is aimed at
improving our understanding of the role of knowledge management (KM) and
intellectual capital (IC) assets on organisational innovations in project based
industries. It employs a combination of research approaches, including
ethnographic interviews, semi-structured interviews, postal questionnaires and the
analysis of archive documents. The study takes a social science perspective to
explore the perceived benefits and challenges associated with managing knowledge
and intellectual capital in organisations. In addition, it explores how organisations
monitor and evaluate, if at all, the achievements of knowledge assets. Similarly, the
factors that favour effective implementation of KM and IC in organisations are
examined together with the link between such factors and their role in
organisational innovations. Innovation can be considered as the successful
exploitation of an idea, which is new to the unit of adoption. Viewed as a process
dependent on the tacit knowledge of individuals, motivated by the capacity for
intuition and creativity in every human being, it could be inferred that the
cultivation of an environment conducive to human creativity and freedom of
thought is essential for innovation generation. This paper argues that KM and IC
management is important pre-requisites for this process to succeed. It concludes
that KM and IC contribute to process and product innovations in different complex
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ways. The role of culture, networking (systems and people), motivation,
organisational structure, strategy and innovation trajectory are important in this
regard. From a construction industry context, there is very little empirical study on
the measurement of the contributions of knowledge management and intellectual
capital on incremental and radical innovations in projects and in the wider
organisational context. There is therefore ample scope for research in this area for
the benefit of the practitioner community.

Keywords: Innovation, Intellectual capital, Knowledge management

INTRODUCTION

In the last ten years knowledge management (KM) has emerged as a significant
concept, both in the academic world and in practice. Numerous studies have
documented the changing nature of business environments from an industrial age to
an ‘information age’ and ‘knowledge society’ (Scarbrough et al., 1999). Knowledge
is fast overtaking capital and labour as the key economic resource in advanced
economies (Edvinsson, 2000). However, the management of knowledge is a
challenging issue that requires clear understanding. It has been suggested that
strategies, processes and systems are required to exploit the existing knowledge
assets or ‘intellectual capital’ (IC) and to encourage the generation of new
knowledge assets within organisations (Egbu et al., 2001a,b). Moreover, knowledge
management (KM) is emerging as a vital activity for organisations to preserve
valuable knowledge and exploit the creativity of individuals that generates
innovation.

Innovation is viewed as a major source of competitive advantage and is perceived
to be a pre-requisite for organisational success and survival (Egbu, 2001a; 1999).
The ability to innovate depends largely on the way in which an organisation uses
and exploits the resources available to it. A vital organisational resource, at the
heart of innovation, is knowledge (Nonaka and Takeuchi, 1995). Among the first fo
incorporate KM and IC into the organisational fabric were the Skandia Insurance
firm. Skandia appointed a Director of IC in 1991, which sparked others to create
new appointments of chief knowledge officer (CKO) or chief learning officer.
Increasingly, KM has become an explicit reality and many organisations have
formally implemented KM strategies or created KM departments. KPMG (1998)
conducted a multi-sectoral study in which 43 per cent of organisations have a KM
initiative in place. Of these, one in ten considered KM to be ‘transforming’ the way
in which they do business (as cited in Robinson et al., 2001b). Thus, KM is
becoming increasingly important for organisations wishing to improve performance
and competitiveness.
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Understanding how organisations manage knowledge assets and IC involves due
cognisance of a number of factors. It involves an understanding of the strategies that
underpin KM practices within organisations, the structure and culture that sustains
KM, the tools and technologies that support KM and how organisations measure the
effects of KM. Empirical investigation of these factors will help to identify the ways
in which KM and IC affect organisational innovations.

RESEARCH METHODOLOGY

The research on which this paper is based was conducted between October 2000
and October 2001. The research employed a combination of qualitative and
quantitative research methods. Nineteen (19) ethnographic interviews were
conducted among five UK project-based organisations to reveal contextually rich
descriptions about the nature of KM in these organisations. The interviewees were
chosen from senior management, middle management and junior level personnel.
These interviews conducted served as multiple case studies. To supplement these
findings postal questionnaires were distributed to project-based organisations in UK
construction, manufacturing, aerospace and the utilities. Fifty-five (55) usable
questionnaires were received. Of these, 40 were from the construction industry. The
interviews were analysed using the NVIVO software package that assisted in
establishing relationships between variables. The postal questionnaires were
analysed statistically using the SPSS software package.

CHALLENGES ASSOCIATED WITH MANAGING
KNOWLEDGE IN CONSTRUCTION

Typically, the UK construction industry contains a small number of relatively
large firms and a very large number of quite small firms. About 95% of construction
firms employ fewer than eight people. The fragmentation of the construction
industry reflects the economics of production, encouraging small firms organised by
trade or craft. Construction firms typically involve relatively low capital investment.
There are also relatively low barriers to entry and exit of firms within the
construction industry.

There are characteristics of small firms, which impact upon their ability to access
and transfer knowledge. Firstly, this is related to their perceived technological
weakness (specialised range of technological competencies, inability to develop and
manage complex systems, inability to fund long-term and risky knowledge
management programmes). Again, investment in formal and informal training and
education in the acquisition and sharing of requisite knowledge is more challenging
for smaller than for larger organisations. Other perceived dis-advantages of small
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organisations include little management experience, power imbalance if
collaborating with large firms, difficulty in coping with complex regulations and
associated cost of compliance (Rothwell and Dodgson, 1994). However, small size
organisations could be said to have organisational strengths, which could stand
them in good stead for managing knowledge assets. In the main, small firms often
do not need the formal strategies that are used in large firms to ensure
communication and co-ordination. This less-formal strategies in small firms, it
could be argued, ease the communication of knowledge, improve informal
networks, increase speed of decision-making, improve the degree of cmployee
commitment and receptiveness of novelty (Rothwell and Dodgson, 1994). Smaller
organisations also tend to react faster to changing market requirements.

The construction industry is characterised by projects, by short-term employment
and by temporary coalitions of contractors and subcontractors. It is also perceived
to have an adversarial culture. It could be argued that the nature of projects does not
lend itself to knowledge management practices. For a start, projects are temporary
events whereas knowledge management programmes are almost always seen as long
term investments. Projects are also seen as temporary coalitions of individuals and
teams who come together for the duration of the project and then disband after the
end of the project. This latter characteristic of a project poses some challenges in
terms of knowledge management. These include the difficulty of building trust
among project team members, motivating project staff and operatives during the
project period. These are important issues for knowledge management. The project
culture is also likely to be different from an organisational culture. The project
manager also has the project objectives (e.g. cost, time, quality, safety, and
environmental issues) as the overriding project concerns as it is on the fulfilment of
these objectives that he/she is normally judged. There is also the added
complication in project environment, which is the fact that there may be members of
the wider project team (i.e. thosc involved in the project supply chains) who, for
many reasons, may not have the interest, drive and commitment towards knowledge
management, There are also those who are committed to the project for a very short
period (e.g. a week or two or even less) and who are bound to ask the question -
‘what is there for me (WITFM) in knowledge management anyway?

It is however worthy of note that that project knowledge is not just made up of
the explicit type which is easily documented and archived. There is also the tacit or
implicit Knowledge. It is equally important to remind us that projects are made up
of people, many of whom have requisite skills, knowledge, competencies and
wisdom. Some will also bring with them knowledge dimensions from previous jobs,
which could provide innovative solutions to their new projects. Knowledge
management from a project perspective is about harnessing individual and project
knowledge to the benefit of the project. The challenges, therefore, for project
managers and leaders of projects are, firstly, to recognise the particular constraints
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imposed on knowledge management processes by the project environments.
Secondly, to find the means of creating, transferring, sharing, implementing and
exploiting individual and project knowledge in such a way that they lead to project
success and provide benefits to project clients.

Many innovation processes in the management and procurement of construction
activities are becoming increasingly interactive, requiring simultaneous networking
across multiple ‘communities of practice’ such as professional groups, functional
groups and business units. This networking involves communication and
negotiation among different social communities with distinctive norms, cultural
values and interest in the innovation process. This therefore means that knowledge
needed for innovation is distributed within organisations and across organisational
boundaries through different supply chains. In the UK construction industry, there is
a steady increase in collaborative working practices, such as partnering, alliances
and joint ventures. In addition, projects are growing in complexity and cost, and
clients' demands and expectations are also increasing more than ever before. This
presents a situation where organisations have to collaborate and share knowledge,
skills and expertise, in order to meet the needs of the clients. In sharing knowledge,
however, organisations need to be both mindful of the communicative behaviours
and practices associated with knowledge exchange as well as the 'knowledge
paradox'. Organisations will have to be open to formal and informal information
and knowledge flows from both networks and markets. At the same time, they must
protect and preserve their intellectual capital and knowledge base because it is upon
this latter point that survival depends.

KNOWLEDGE MANAGEMENT, INTELLECTUAL CAPITAL
AND INNOVATION

There is some inconsistency and confusion between the terms KM and IC. There
is an abundance of literature on both, each dealing with the same issue — the value
of knowledge as an organisational asset. However, few make a direct link between
the two concepts. IC was neatly defined at the ICM Gathering in 1995 as
“knowledge that can be converted into profit” (as cited in Harrison and Sullivan,
2000, p.34). KM is about the process of conversion and how knowledge is
effectively managed to produce profit in an organisation. IC is made up of three
components: human, structural and customer capital (Edvinsson, 2000; Bontis,
1998; Bontis et al., 2000). Structural capital describes the internal structure of an
organisation, such as its strategies, core competencies and culture, which is always
context specific. Customer capital encompasses the external intangible assets of an
organisation, External forces play a part in determining the market position and
strength of an organisation. Customers are the principal determinants of this
position (Smith and Saint-Onge, 1996). However, it is asserted that the human
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capital in an organisation is the most important intangible asset, especially in terms
of innovation (Edvinsson, 2000; Stewart, 1997; Brooking, 1996). The unique tacit
knowledge of individuals is of immense value to the organisation as a whole, and is
the “wellspring of innovation” (Stewart, 1997). Identification of the different types
of knowledge available to an organisation is the first step to understanding how to
manage them. Therefore, KM is intrinsically linked to IC.

An important aspect of the study on which this paper is based is concerned with
the impact of KM and IC on organisational innovations. The study therefore
attempts to assess the ways in which project-based organisations foster innovation
through effective management of knowledge and IC.

The views of the respondents to the postal questionnaires were sought as to the
extent to which KM, whether informally or formally, contributed to innovation. By
responding to a list of innovation constructs, the respondents provided this
information using the following rating scales: ‘to a very high extent’, ‘high’, ‘low’,
‘not at all’ and ‘not applicable’. The results are presented in Table 5.1.The
categories ‘to very high extent’ and ‘high’ were combined. The percentage
responses were calculated and presented in descending order of KM impact on
innovation.

Table 5.1: The impact of knowledge management on innovation

INNOVATION CONSTRUCTS Responses (%)
Very high/high
N =52
New technology that has internal benefits to the company | 55
New process that has benefits to the company 49
New approach to providing services to customers/clients | 40
New procedures for obtaining goods/services 35

New product that provides competitive advantage for the | 35
company
New external relations e.g. partnering, joint ventures 31
New administrative policy e.g. incentive schemes, | 29
bonuses

An examination of Table 5.1 reveals that about 50 per cent of the respondents
noted that effective KM could lead to the exploitation of new technologies and new
processes to benefit the organisation. However, many of the respondents did not
perceive KM to make a very high/high contribution to other types of innovation.
Perhaps this relatively low rating is, in part, to do with the fact that organisations do
not have measuring instruments to capture the impact of KM on innovation. This
tends to support another finding (see below) of the study relating to the lack of
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formal measurement of KM and IC in project-based organisations. Moreover, other
findings have suggested that most of the project-based organisations that
participated in the questionnaire do not have highly developed KM strategies,
structures or culture. It is asserted that there is a lack of awareness about the
benefits of KM specific to each organisation and how KM has the potential to
contribute highly to innovation. There are different types of innovations in project-
based organisations. Those listed in Table 5.1 are seen to be important to the
competitive advantage of project-based organisations. A further observation of
Table 5.1 reveals that 55 per cent of respondents claimed that KM makes a very
high/high contribution to the development of new technologies in an organisation.
This suggests that respondents associate KM programmes with the implementation
of new IT more than other types of innovation. The wider implication to this is that
KM programmes are being viewed as a mechanism to further the dominance of IT
in the workplace. Growing pressures on project-based industries to save time and
money by incorporating technologies into the business process may be having an
impact on the types of innovation being generated. Only 35 per cent of respondents
noted the contributions made by KM, to the introduction of a new product, as being
very high/high. Egbu (1999) argues that “a key feature of the construction industry
is the domination of it’s product” (Egbu, 1999, p.119). The impact KM is perceived
to have on process innovation is marginally higher. Although the scores remain low,
the introduction of new processes and new approaches to providing services to
customers were all ranked slightly higher than product innovation. It could be
suggested that this indicate a marginal awareness that KM has a greater impact on
the introduction of new processes rather than new products. In a study of four
innovative construction companies Egbu (1999) states that the ‘real’ innovation
which changed the organisations’ capabilities and provided competitive advantage,
is the shift to process from product.

MEASURING THE IMPACT OF KNOWLEDGE
MANAGEMENT IN ORGANISATIONS

Organisations innovate in different ways. Project-based industries are subject to a
range of constraints that impact upon them in different ways. Therefore, the way in
which each organisation measures the success of innovation is different and should
be understood in the context of that organisation. Understanding the innovation
trajectory which an organisation embarks upon gives us a better understanding as to
whether the organisation has been successful at innovating or not.

The postal questionnaires generated responses relating to the extent to which
project-based organisations had formal measurement systems to measure the
contributions of knowledge or IC assets. The responses about formal measures of
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KM were also broken down into groups according to the size and types of industry
and presented in Table 6.1.

Table 6.1: Formal measurement of KM in project-based organisations

Formal Method
Size of Organisation | Industry for Measuring | Total
Sector Knowledge
Management N =46
YES NO
SMALL Construction 7 7
Manufacturing 4 4
Aerospace 2
Utilities 1 1
Totals - 14 14
MEDIUM Construction 1 8 9
Manufacturing 1 1
Acrospace 1 1
Utilities 2 2
Totals 1 12 13
LARGE Construction I 15 16
Manufacturing 2
Aerospace 1 1
Total 1 18 19

From Table 6.1, it is evident that only 2 (or 4.6%) of the 46 valid respondents
indicated that their organisations had a formal method of measuring the effects of
KM and IC. One is a medium-sized construction organisation and the other is a
large construction organisation. It is possible that these organisations have greater
economic power than smaller organisations and therefore, have invested more in
formalising policies for improving competitive advantage. It is recommended that
further research be done into developing opportunities for smaller enterprises in the
formal measurement of KM.

There are many dimensions to consider when attempting to implement a formal
measurement programme to capture the impact of KM and IC. One main challenge
associated with measuring the effects of KM and IC is deciding what exactly to
measure. There is a danger that too many measures will obscure the focus of
organisational goals. Organisations should aim to only measure what is strategically
important for growth and meeting business imperatives. Managers should not lose
sight of the strategic goals specific to the organisation. In project-based industries
the measurement of KM is, indeed, a challenging issue. The operational
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environment is characterised by fragmentation and diversity. In such an
environment, knowledge and IC is constrained to individual projects and
quantifying the overall effects of this requires enhanced transferability of
knowledge across project teams. The effect of knowledge and IC on individual
projects does not reflect the overall performance of the organisation, so the
challenge for project-managers is to somehow integrate these processes.

As aforementioned, only two respondents claimed to have a formal system for
measuring the effects of KM and IC. Further investigation reveals that both
respondents measure the contribution of KM to new ideas and existing systems and
processes highly (see Table 6.2).

Table 6.2: The extent to which the contribution of KM is measured

Organisational Variables Respondent | Respondent
A B

Contribution of KM to meeting | Low Very High

client/customer needs

Contribution of KM to new ideas High High

Contribution of KM to existing | High High

systems and processes

In addition, it is evident that a difference occurs in the measurement of the
contribution of KM to meeting client/customer needs. Respondent A reports a low
degree of measurement while respondent B reveals a very high degree of
measurement. This result suggests that in the two organisations that formally
measure KM, there is a clear commitment to measuring the contribution of KM to
the specified variables.

Another question was asked among the same sample frame (N=53), to identify
the extent to which knowledge sharing is formally monitored or documented as part
of the organisational culture. Responses were much the same with only 5.5 per cent
claiming high levels and 50.9 per cent claiming that monitoring and documenting
knowledge sharing is done on a low or very low level. These responses reflect that
some organisations have some measures in place but would not categorise them as
measuring KM. In addition, it implies that developing formal methods for
measuring KM in organisations is constrained further by the absence of any
monitoring systems. This result corroborates the finding with regard to measuring
KM in project-based organisations discussed above.
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A CONDUCSIVE CULTURE AND ENVIRONMENT FOR
EXPLOITING KNOWLEDGE FOR INNOVATION

The issue of organisational culture is complex. Culture evolves over time and is
shaped by internal and external forces that impact on an organisation. The social
networks in organisations are an inherent part of the organisational culture and it is
necessary to understand and evaluate the types of people and social networks that
exist in the participant organisations. KM depends ultimately on people and their
commitment to share, transfer and exploit their own knowledge assets. In project-
based industries, especially construction, there is a great deal of occupational
specialisation. For each project task there is a highly skilled professional to deal
with it. Encouraging people to share knowledge and consequently developing a
knowledge-sharing and knowledge-creating culture depends on the nature of
relationships in organisations. Fundamental to this is the issue of trust. One of the
senior managers interviewed noted that through daily informal meetings with
employees about day to day issues trust is incrementally built up among the staff.
He stressed that trust networks are an essential part of reciprocity among staff and
confidence in the organisation. He further noted that “when people begin to have
trust in the system you start to get the pay back”

Essentially, knowledge sharing is a cognitive process. Sharing tacit knowledge is
a highly personal activity that demands an environment characterised by trust,
respect and reciprocity. When individuals engage in the transfer of tacit knowledge,
relationships are developed. It is a managerial responsibility to build the right kind
of relationships where tacit knowledge exchange adds value to the organisation as a
whole. Only then is innovation generated that will lead to competitive advantage.
Nonaka and Konno (1998) suggest that innovation can be generated through the
development of ‘ba’, a shared social space that acts as a platform for emerging
relationships where individual and collective knowledge is developed. In other
words, an organisational culture where the knowledge sharing process becomes
embedded and tacit knowledge of individuals can be turned into corporate
knowledge and exploited for competitive advantage.

Moreover, it has been asserted that the development of a Community of Practice
(COP) in which individuals become members of ‘professional families with a
strong sense of reciprocity” (Egbu, 2001b), is useful for KM. Informal networking
within and across project teams and the organisation is an effective way to share
knowledge and generate innovation.

Organisational culture is context specific. However, the study attempted to
identify the cultural characteristics of project-based organisations (i.e. construction,
aspects of manufacturing, the utilities and aerospace) and the extent to which they
impact on key knowledge management issues. The rating scales used are 5= To a
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very high extent, 4= High, 3= Low, 2= Very low and 1= Not at all. These are also
used to compute the mean values. The result is presented in Table 7.1.

Table 7.1: Cultural variables and knowledge management

CULTURAL VARIABLES MEAN
VALUE
(N =53)
Use of IT to share knowledge 3.5
Teaching employees their rights and responsibilities 33
Recognition of teamwork 3.2
Encouragement to try new work practices 3.1
Cultivation of a learning-by-doing culture 2.9
Ability to share knowledge in training and development 2.8
Encouragement to share ideas about common work practices 2.8
Risk-tolerance 2.8
Identification and implementation of best practices of | 2.6
competitors
Viewing mistakes as experimentation, rather than attaching | 2.5
blame
Monitoring and documenting the impact of knowledge sharing 1.7
Measurement of the effects of knowledge sharing 1.7

The higher the mean score, the greater the extent to which the cultural
characteristic is perceived to impact upon KM. An inspection of Table 7.1 reveals
that the highest mean score relates to the use of IT to share knowledge. This would
suggest that organisations are investing more in IT than any other cultural variable.
This would appear to be a symptom of a wider issue. Organisations tend to
implement tools and technologies to support KM initiatives before implementing a
clear and identifiable KM strategy. It is important to stress that KM is not just IT, it
encompasses a holistic management philosophy, which should be integrated into the
corporate strategy. The author asserts that implementing KM practices that are
purely based on IT is less successful than those, which incorporate organisational
and people issues. Recognition of teamwork and the cultivation of a learning-by-
doing culture are also rated relatively highly.

Unsurprisingly, the lowest scores in the table are with regard to measuring,
monitoring and documenting IC and knowledge in an organisation. It is important
that organisations begin to give due cognisance to the measurement of KM and IC
benefits. It is through this that continuous improvement and organisational renewal
can be achieved (Egbu, 2000). It is recommended that the individuals in an
organisation be valued, through trust and respect, as this has the potential to
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encourage tacit knowledge sharing. Valuable knowledge emerges predominantly
from the social networks in an organisation and individual creativity should be
encouraged through the establishment of a supportive organisational culture.
Culture is evolving and cannot be changed quickly or for short-term goals. It is
shaped by a number of variables that are context-specific and long-term.

CONCLUSIONS AND RECOMMENDATIONS

This paper has considered the increasing role and importance of knowledge
management and intellectual capital for improved innovations and competitive
advantage in project-based organisations. The main challenges facing organisations
in the exploitation of KM for improved innovations also received some coverage.
Organisations are at different stages in the knowledge management implementation
trajectory. The effective exploitation of KM depends on many factors, which
include people, organisational structure and culture. Organisational culture needs to
be nurtured to incorporate the notions of continuous learning, openness, flexibility,
the ability to encourage creativity in individuals and establish trust, respect,
reciprocity and value systems to support KM.

Innovation depends ultimately, on strategic priorities of project-based
organisations. The development of a KM strategy, a supportive organisational
structure and culture and the introduction of appropriate IT, will all contribute in
some way to the implementation and exploitation of innovation.

The quantitative data reveals that the contribution made by KM on innovation is
perceived to be less striking than posited by many researchers. This is largely due to
the lack of formal measures of the impact of KM on innovation. It is clear that KM
is often associated with the growth of IT in organisations, suggesting that KM
should be understood more as a holistic and integrative management philosophy
rather than one, which focuses overwhelmingly on IT.

Evidence from the study on which this paper is based also suggests that there is
scope for improved awareness of the contribution of KM and IC in construction
organisations. There is also very little empirical study on the measurement of the
contributions of knowledge management and intellectual capital on incremental and
radical innovations in projects and in the wider organisational context. There is
therefore ample scope for research in this arca for the benefit of the practitioner
community.
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ABSTRACT

The decision to use standardization and pre-assembly is often not made early
enough in the construction design process. Adapting traditional designs at a later
stage is clearly inefficient. There is a reluctance among clients and contractors
within the construction industry to adopt recent UK government and industry
initiatives and employ innovative technologies, because they cannot see the “pay
back”. This paper describes issues raised within research to develop an interactive
toolkit for measuring benefits and locating value in the supply chain, in order to
inform the standardization and pre-assembly decision-making process.

The toolkit incorporates a model which evaluates the benefits of using
standardization and pre-assembly for construction projects from feasibility,
through design and construction, to handover, operation and decommissioning.
While some benefits are measurable in monetary or non-monetary terms, other
benefits may have a considerable influence on the success of the project or business
enterprise, yet are not easily measurable in quantitative terms. Some measures
may be obtained directly from project records while others require detailed
analysis of project data. Furthermore, there may be a trade-off between an
increased cost in one phase of a project and a benefit in another phase or a
subsequent project.

The work described forms part of the UK Government funded IMMPREST
Research Project (Interactive Model for Measuring Pre-assembly and
Standardization Benefit across the Construction Supply Chain).
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INTRODUCTION

Recent UK government reports, including the Egan Report “Rethinking
Construction™ (1998), produced by the Construction Task Force, discuss the need
for performance improvements in the UK construction industry and identify supply
chain partnerships, and standardization and pre-assembly (S&P) as having roles in
improving construction processes. Egan (1998) also notes that the construction
industry needs to learn from good practices within other industries, using similar
tools and techniques for performance measurement and improvement. The report
proposed the creation of the Movement for Innovation (M4I), through which the
construction industry has responded to its recommendations.

In this context, research is being undertaken at Loughborough University to
develop an interactive toolkit for evaluating benefits, in order to inform the S&P
decision-making process and thereafter measure its success. The work described
forms part of the IMMPREST Research Project (Interactive Model for Measuring
Pre-assembly and Standardisation Benefit across the Construction Supply Chain),
which is funded by the UK Government. There is a consortium of collaborating
companies from across the UK construction supply chain.

DEFINITIONS

Standardization

Gibb et al (1999) define standardization as “the extensive use of processes and
components with regularity, repetition and a background of successful practice” and
describe the different types of standardization.

*  Generic project standardization: international standards, e.g. ISO 9000,

e  National standardization: standards within a country or group of
countries,

¢ Client standardization: standard elements, processes or procedures
specified by a particular client, e.g. corporate logos, contractual

practices,

¢  Supplier standardization: standard components, sub-assemblies or
products specified by a supplier or entire industry sector,

e Project standardization: the decision by a project team to use standard
procedures or components for a particular project.
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Pre-assembly
Gibb et al (1999) and Gibb (2000) describe the various types of pre-assembly.

e  Pre-assembled components and sub-assemblies: e.g. window frames or
complete windows, including glazing and ironmongery,

¢ Non-volumetric pre-assembly: pre-assembled units that do not create
usable space, e.g. building services ductwork or cladding,

e Volumetric pre-assembly: pre-assembled units that create usable space
and are usually fully factory-finished internally, e.g. toilet pods, plant
rooms or modular lift shafts,

¢ Modular building: a building comprising one or more volumetric units
which form the actual structure and fabric of the building, e.g. motels or
classrooms.

Terms used synonymously with pre-assembly include “prefabrication”, “off-site
fabrication” and “off-site manufacture”. “Modularization” embraces concepts used
in both pre-assembly and standardization.

BENEFIT

In a toolkit for evaluating the benefits of standard processes, standard
components and pre-assembly, Gibb (2000) uses the concept of three categories of
benefit, as developed in Construct IT (1998):

¢ Efficiency — benefits which are financially measurable, e.g. by use of
cost records, time sheets,

¢  Effectiveness — benefits which are measurable but not always in
monetary terms, e.g. greater certaioty of cost and time estimating,

¢  Performance — benefits which have an influence on the outcomes of a
project or business enterprise but are not easily measurable in
quantitative terms, e.g. better working relationships, improved health
and safety.

e A second concept of benefit measurement, identified during the data

collection process, is the directness of the measure. Some data for
evaluating benefits can be obtained directly from sources such as cost
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records, project time records, material costs and direct human resource
costs. Other data may be obtainable, but only after detailed analysis of
project data which may delay the decision-making process. Other data
may exist in an incomplete form; for example, records of time lost
because of accidents give only a partial evaluation of the health and
safety benefit.

The term “benefit” implies an increase in efficiency, effectiveness or
performance. The use of S&P for some elements of a construction project may
produce decreases in efficiency, effectiveness or performance, this is termed a
“disbenefit”. A benefit in one phase of a construction project may give rise to a
disbenefit in a later phase. Conversely, a disbenefit in one phase of a construction
project may produce a benefit in a later phase of the same project, or in a future
project.

There is a need to develop robust measurement techniques, which will allow
evaluation of the effect of these trade-offs. There is also a need to evaluate any
perceived detrimental effect which represents a barrier to the use of S&P.

RESEARCH DESIGN AND METHODOLOGY

Research aim and objectives

The aim of this research is to investigate methods for measuring and comparing
the benefits of S&P against traditional construction, in order to develop a robust
evaluation model for informing the S&P decision-making process.

The objectives are to identify the benefit factors that need to be considered in
such an evaluation, the data required for assessing the effect of these factors and the
location of the required data within the supply chain. The research will also
identify and evaluate tools and techniques for measuring the benefits of different
construction processes. For “performance” benefits which are not measurable in
quantitative terms, the research is investigating the performance measurement tools
and techniques used in construction and other industries.

Methodology

The early research involved a survey of previous studies on applications of S&P,
including the successful pilot study at Loughborough University, COMPREST
(Cost Model for Pre-assembly and Standardization), which investigated the S&P
design and construction processes within the mechanical services sector.
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Literature on performance measurement and analytical techniques used in
construction and in wider business and management disciplines is being reviewed;
this includes documents and presentations on benchmarking and key performance
indicators produced as a result of UK government initiatives.

Primary research data is being obtained from collaborating companies, using case
studies and questionnaire surveys to investigate perceptions of how and where in
the supply chain benefit accrues, and for whom it is a benefit.

BENEFIT FACTORS

In addition to the COMPREST pilot study, described above, other research has
identified factors which describe the benefits and disbenefits from using standard
procedures, standard processes or pre-assembly. This includes the MEDIC
(Modular Engineering Design Integrated Construction) research project at
Nottingham University, UK. Publications which identify benefit factors include
Neale et al (1993), Gibb (1999, 2000), Gibb et al (1999), Wilson et al (1999) and
Gibb and Isack (2001). The benefits cited by interviewees are not the same in all
research exercises, because different construction projects have different priorities.
For this reason, any benefit measurement model needs to include the flexibility for
construction personnel to specify their own priorities.

Benefit factors identified by the research described above can be grouped
together to assist with identifying the appropriate measurement technique, as in
Table 1. Where a factor could be categorized under more than one heading, care
must be taken to ensure that there is no double counting when evaluating the
benefit. The list is intended to be illustrative and is not exhaustive.
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Table 1 Benefits of using Standardisation and Pre-assembly

Cost

Time

People

Risk

Quality

Health and
safety

Environment
Beneficial
processes/
operations

Detrimental
processes/
operations

Efficiency

Performance
Efficiency
Effectiveness
Efficiency

Performance

Effectiveness

Performance
Efficiency
Effectiveness
Performance
Effectiveness
Performance

Efficiency
Effectiveness

Performance

Efficiency

Performance

Reductions in: total project costs, overheads and
preliminaries costs, in-house costs and fees,
component design and production costs.

Better value (better solution for the same cost).
Reductions in: overall project time, design time,
construction period, comimissioning period, on-site
time, site and other management time.

Reduction in delivery lead times. Off-the-shelf
availability of components.

Greater efficiency, smaller project teams, fewer
people on-site, fewer claims.

Better teamworking, transfer of knowledge to
subsequent projects, clarity of roles and
responsibilities. Input to the design process by the
manufacturer, greater understanding by the client.
Reduced financial risk because of greater certainty
of cost and time estimating and completion date.
Reduced on-site storage.

Reduced risk, evaluated qualitatively when hard data
are not available.

Consistent quality of components and reduced need
for quality assurance checks.

Better quality of final project, fewer defects. Better
interfaces between components.

Facility for off-site quality checks, earlier on-site
weatherproofing, less snagging.

Increased site safety, fewer on-site accidents.

Improved off-site working environment.

Reduced energy use, transport, waste, site damage.
Simplification of construction process, better
planning of work schedules and less disruption.

Increased facility to reproduce projects, centrally
driven processes, easier maintenance, secure supply
chain, easier integration of design.

Cost of setting up manufacturing facility, extra stage
in supply chain, additional logistics costs in storage
and handling of larger units.

Perceived lack of flexibility by client, difficulty in
conforming to urban planning requirements.
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DATA COLLECTION AND MODEL DEVELOPMENT

Pasquire and Gibb (1999) note that the decisions to use S&P are still based on
anecdotal evidence rather than rigorous data as there are no formal measurement
procedures or strategies available. The COMPREST pilot study highlighted the
poor availability of cost information and the need for improved data collection
procedures. A major element of the research is therefore the collection of project
data.

Data for mechanical and electrical services is being collected on major UK
construction projects, including airports and city centre office complexes, with the
project’s collaborating partners and other companies across their supply chains.
Projects using S&P are compared with those using traditional methods. Additional
data was collected at a research workshop for industry stakeholders.

The IMMPREST research project uses the collected data and the measurement
techniques described in this paper to develop a database and a benefit evaluation
model to identify which individual techniques or combinations of techniques are
most appropriate for the analysis of specific scenarios. The benefit measurement
model includes the flexibility for construction clients and contractors to specify
their own priorities. The model does not include detailed cost data which would be
commercially sensitive and would require constant updating.

TOOLS AND TECHNIQUES

Cost

While cost records are available for measuring cost efficiency benefits, value
management techniques enable improved cost performance, i.e. greater added
value, to be achieved and measured. Ashworth and Hogg (2000) describe value
management as comprising value planning, in the carliest stages of a project, value
engineering, in the detailed design and construction phases, and value analysis,
following the completion of a project. Evaluation techniques used in value
management include life cycle costing, which takes account of costs in use as well
as during design and construction, and functional analysis system technique
(FAST).

Ding (1999) describes the technique of Economic Cost-Benefit Analysis (CBA)
to evaluate alternative options in construction projects, with the use of net present
value (NPV) to measure financial benefits and resource costs over time. She
explains the use of multiple criteria decision making (MCDM) which applies
weights and scores, rather than financial measures to evaluate project options.
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Benchmarking and key performance indicators

Ashworth and Hogg (2000) and Rossiter (1996) both note the importance of
benchmarking in improving the performance of the construction industry. While
Rossiter (1996) defines of benchmarking as a process of collecting data for
comparing companies, he also states that it can be used to compare operations or
functions within a company. The essence of benchmarking is that it uses key
performance indicators to evaluate processes. Similar techniques can be used to
evaluate the benefits of S&P by comparing operations with those of traditional
construction methods. A report from the Construction Industry Research and
Information Association (CIRIA, 1998) recommends the wider use of
benchmarking in construction.

A report on the use of key performance indicators (KPIs) from the KPI Working
Group of the UK Department of the Environment, Transport and the Regions
(DETR, 1999) describes measures of performance for construction within seven
main groups. These are summarized in Table 2. The report gives examples of KPI
calculations, some involving monetary or other quantitative calculations and others
involving weighted or normalized scores.

The M41 Working Group on Respect for People (DETR, 2000) has developed a
set of toolkits with checklists and scorecards which are being trialled within
companies and on projects to produce benchmarking performance data.

Christopher (1998) describes the use of logistics performance indicators for
benchmarking the logistics and supply chain processes; his three key performance
measures are quality of service, i.e. order achievement, time and cost.
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Table 2 Key performance indicators

Time Time for construction, time predictability, time to
rectify defects

Cost Cost for construction, cost predictability, cost of
rectifying defects, cost in use

Quality Defects, quality issues on handover

Client satisfaction Client satisfaction, including client specified criteria

Client changes Change orders by client or product manager

Business performance  Financial and other measures of performance by the
company or project
Health and safety Accidents and fatalities

Time

Reductions in time at different stages of a project give rise to efficiency benefits
measurable in terms of human resource costs, equipment hire costs etc. which are
classified under other factors. However, time reductions in one operation will not
reduce the overall project time unless that operation is on the critical path.
Christopher (1998) describes techniques in strategic lead-time management which
allow the benefits of reduced delivery lead times to be evaluated.

People

While some human resource benefit factors can be directly measured using time
sheets and personnel records, other factors are less easily measurable. The M41
toolkits (DETR, 2000) include measures for employee satisfaction, staff tornover,
absence from work, safety, working hours, training and development and pay. The
relevant toolkits are: Off-Site Working Environment, Career Development and
Lifelong Learning, and Diversity in the Workplace.

The discussion of teamworking and partnership across the construction supply
chain is developed in many texts, including Bennett and Jayes (1995) and Cornick
and Mather (1999). Holti ez al (2000) describe the role of cross-functional teams in
managing project costs.

Risk
Risk assessment is covered by many texts including Smith (1999) and Koller
(1999). Measurement of risk is obtained from a combination of impact and

likelihood. Where hard data are available, this measure may be calculated as:

Value of risk = Monetary value of outcome x probability of outcome (%) (1)
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Monte Carlo analyses and decision trees may be used to evaluate the risk where
there are multiple options. Sensitivity analysis is a quantitative technique for
exploring the effects of economic changes on a project. Where hard data are not
available, impact and likelihood may be measured on a multi-point scale, very low,
low, ... high, very high, and combined to produce a composite score.

Processes and operations

The CALIBRE toolkits, developed by the UK Building Research Establishment,
measure and classify construction activities as Added Value, Non Added-Value,

Support or Statutory to enable non added-value time to be identified and reduced or
eliminated.

Following on from various texts on lean thinking in other industries, Flanagan et
al (1998) describe the application of lean principles to construction. Their four
steps to achieving lean design and three steps to achieving lean supply, summarized
below, include the use of S&P, as in other lean production environments,
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Table 3 Lean principles in construction

Four steps to achieving lean design: Three steps to achieving lean supply:
Focus on design Process improvement
Maintain customer focus Use technology to support the

reengineered process
Eliminate non value-adding processes Managing supplier relationships
Focus on the supply chain

Quality

Baxendale (1997) observes that quality costs comprise prevention costs, appraisal
costs, internal failure costs and external failure costs. The costs involved in the first
three of these, e.g. maintenance, inspection, reworking, wastage, can be identified
and directly measured. Some external failure costs may be identified and measured,
e.g. correction of errors, repairs, replacement of faulty materials and litigation; these
are the known effects of customer dissatisfaction. There may also be unknown and
unknowable effects of customer dissatisfaction, e.g. future lost business.

The principles of total quality management (TQM) include continuous
improvement in quality, reliability and customer satisfaction by examining and
improving processes, rather than results. The use of S&P can be treated as an
example of process improvement.

Health and safety

The M4 toolkits (DETR, 2000) include measures for occupational health and
safety. The relevant toolkits are: Health and Safety in Procurement and Design,
Health, Site Safety, On-Site Welfare, and Off-Site Working Environment.

Environment

Wathey and O’Reilly (2000) describe the international standard for
environmental performance evaluation (ISO14031) and the performance indicators
which may be used to evaluate the financial and non-financial environmental
impacts of a project or enterprise.

FURTHER RESEARCH PROPOSED

Further collection of data for mechanical and electrical services is being carried
out by trialling a paper version of the model on case studies with the project’s
collaborating partners and other companies. The research will then be extended
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from the Mechanical and Electrical Services sectors to Frame, Envelope and
Internal works.

To develop the model further, the research will use interviews and questionnaires
to investigate how and when the model is used. The model will be evaluated by
industry stakeholders at a second research workshop, The model will be made
available to collaborators electronically and also via a restricted access area of the
project website, www.immprest.com

An iterative process, such as the Delphi method, will be used to refine the model.
The refined model will be published and disseminated using a CD-ROM, which can
be used to assist decision-making by estimating the potential benefit of future S&P
applications.

CONCLUSION

The research work being undertaken aims to produce an interactive toolkit to
assist the standardization and pre-assembly decision-making process. The value of
this research is in identifying and employing techniques for evaluating opportunities
to use innovative procedures and products which will increase the efficiency and
competitiveness of construction clients and contractors. It makes an important
contribution to the agenda for improved construction performance set out in the
Egan Report (1998).
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Management Innovation In The
Danish Construction Sector

Christian Koch
Department for Civil Engineering
Technical University of Denmark

INTRODUCTION

The Danish construction sector has been marked the later years by a debate,
fuelled by several public investigations, on the disappointing development of
productivity in the sector. One of the identified reasons for this is the difficulty
within the sector with innovating management and organisation (Byggepolitisk task
force 2000). A recent survey on excellence in management, based on CEO-s
answers to questionnaire thus shows construction as the poorest managed sector in
terms of results, systems, human resources and management (Dansk excellence
index 2001).

This paper proposes to develop a specific focus on management innovation. The
assumption is that although management innovation share features with innovation
in general, management innovations share special features in terms of content, the
journey (or diffusion) and the barriers for appropriation. There is a specific focus on
commodified management innovations, concepts such as Business Process
Reengineering and Knowledge Management. The paper presents an understanding
of the content and novelty of such packaged management innovations and three
perspectives on the travel of the innovation; the neoinstitutional, the knowledge
transfer and the social shaping. The paper concludes that it is the social shaping
perspective that provides the most promising conceptualising of the journey of
management innovations. According to this perspective management innovations
should be regarded as change programs or political programs, and negotiation
processes, forming alliances around the innovation, is seen as crucial. Cases of
management innovation are then presented distinguishing two types. Type 1 is
“readymade”-concepts from other sectors which is appropriated by firms and type 2
is sector appropriation over longer time and innovating across companies. Barriers
and actor coalitions around the innovations are discussed and it is concluded that
management innovation does have specific features that justify a more specific
focus in the future.

85
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METHOD

The paper is explorative in character. It builds on previous studies about
management concepts in manufacturing (Koch et al, 1997, Heusinkfeld et al, 1999).
This material is combined with theoretical perspectives from innovation studies
such as innovation economics and social constructivism. The concepts and frames
are applied to construction and especially construction management.

The paper does not present a systematic meso or macro study of management
innovation in construction sector. It uses material on the macro and meso
development in combination with (micro) case studies of management innovations
in construction firms (Koch 2001a,b). Moreover it builds on master thesis and
students reports in the Danish Technological Uuniversity (DTU)-course “new
production concepts in construction”. The knowledge management case is thus
drawing on Bellouki (2001), and Simonsen (forthcoming). The description and
analysis of the multiskilled teams are in two cases built on reports from experiments
done under the auspices of the ministry of housing and in one case on dialogues
with actors involved in a currently running experiment with multiskilling. The cases
have been chosen because of the richness of their material.

MANAGEMENT INNOVATION

Innovation is, since Schumpeter, often defined as developing and implementing a
new idea (Van de Ven et al 1999). The content of “idea” is qualified by splitting it
up in product and process innovation, or in product, program and service- versus
administrative innovations (Van de Ven et al 1999, Clark & Staunton 1989). As
Clark and Staunton notes there has been a clear tendency to black box innovation
into technological equipment, technological products (artefacts) or other
technologies. Nevertheless the concept has gradually opened up, as the
understanding of innovation, and its role in developing enterprise, develops. In
construction it is equally clear, that there is a tendency towards more and more
focus on process innovation. (Bang et al 2000). Moreover Van de Ven et al divides
the administrative innovations into new procedures, policies and organisational
forms. Given the above introductory characteristic of management in Danish
construction, there seems to be a need to conceptualise management innovation as a
distinct part of innovation. This conceptualisation is needed to focus the efforts on
management within construction. Management innovation is thus defined as
developing and implementing new ideas in managerial activities and support
systems. Managerial activities encompass assignment of tasks, coordination,
communication but also issues like leadership and style. The support systems for
management are IT, organisation and human resources. Thus management
innovation overlap with innovation in its traditional conceptualisation.
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The content of a management innovation

Management innovations might grow up from inside in a construction company.
It might continue to reside in such a context. There is however a very clear tendency
to adopt packaged and even commodified management ideas and those are the focus
here. Commodified management ideas or concepts include such as CRM, BPR and
TQM. They are perhaps the most elaborate and explicit management innovations. A
critical reading of management concepts aids us in understanding the content of
management innovation as such. Huczinsky (1993) and Grint (1995) argue that a
management concept usually contains theory, some experiences that are made
abstract and general. A concept contains a diagnosis of problems and some
suggestions for solutions. Furthermore, it contains methods for analysis and
suggestions for the management of change. More implicitly the concept contains a
view on man and organisation. Finally, some practical experience is obligatory. The
political program might relay on a long-term vision, when forwarding short-term
change (Grint, 1995). Summarising these characteristics we have formulated a
frame for understanding a change program, a management concept in the following
bullet points (Koch et al 1997):

e  Main definition

¢  Problemdiagnosis

e Scope

e  Understanding of man and organisation
e  Procedures

e Results

As Winch (1998) rightly point out criticising innovations in general, the majority
of them are developed to fit with mass-producing companies in manufacturing or
service. They thus usually need appropriation for most construction companies even
in the core of the idea. Appropriation terms profound implementation of an
innovation with accompanying change of the innovation itself and the surrounding
organisation (Clark & Staunton 1989, see also Fleck 1991). The novelty of a
management idea can always be discussed and it is quite often a rebundling of
existing ideas. Moreover novelty is relative to time and context and that some
construction firms might need to appropriate an idea quite heavily even though it is
well developed and stabilised within manufacturing.
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THE JOURNEY OF MANAGEMENT INNOVATIONS:
THREE PERSPECTIVES

Although the linear model of innovation diffusion is still prevalent, in for
example state policy proposals, the last ten years interest in innovation and its
spread has developed other understandings of the journey (Van de Ven 1999).
There is today a well under pinned body of works arguing for other understandings
(Fleck 1991 and many others). Moreover there has been a separate interest in the
spread of management ideas drawing on neoinstitutionalism, social shaping and
knowledge transfer perspectives. The focus for all these positions has been the
packaged commodified management ideas, or concepts.

The neoinstitutional perspective

The neoinstitutionalist perspective is by far the most developed and widespread
of the two perspectives on management concepts discussed here. Numcrous books
and articles discuss the dynamics of management recipes, ideas or discourse as
examples of the isomorphism which is the central thesis of neoistitutionalism (Scott
& Meyer 1994). The main observation within the neoinstitutionalism have been
summarised by Scott & Meyer (p34):

”Overall the institutional image of modern organisational life suggests
organisations that are; a. Somewhat ritualised, b. Internally decoupled, c.
Isomorphic with environmental patterns and rules in their identities, structures and
activities, and d. Broadly showing isomorphic patterns of change over time”

The studies of management concepts encompass a broad spectre of concepts and
national and international contexts (Abrahamson 1996, Abrahamson & Fairchild
1999, Ravik 1998 and others). Central to the majority of these studies is the
assumptions of stability of the recipe which is spread. The perspective typically
understand the process through literature studies where the number of articles and
books published on a subject is taken to be a proper description of the process the
concept is “running through” over time (see Ravik 1998 and Abrahamson &
Fairchild 1999). Variants of the concept are not discussed. Rather these are either
taken for granted or the variants not understood as important enough. Revik 1998
notes that there can occur differences in the content of concepts but

“ A literature review will quickly reveal a bundle of elements which is recurring
in most contributions and which can be claimed to be the core of the concept” (p55)

This common content is then used as basis for counting articles and representing
the process as a bell shaped curve, a cycle. The contents of the concepts are the
substance that the organisational actors will mimic as part of the building of
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isomorphism. The content is thus understood as symbolic and ritually oriented,
although terms like knowledge producers and knowledge consumers are used to
describe concept originators and receivers. Neoinstitutionalists thus
characteristically understand the journey dynamics as far from rationalistic. The
role of the actors is downplayed, since the social authorisation (Revik 1998), the
rites and symbols have strength to “break” through which goes beyond conscious
choices of rational actors. In the neoinstitutionalist perspective, the dynamics of
ever more concepts is seen as a part of the process towards isomorphism. This is
seen as a discourse like dynamic, where development of rhetoric is central.

The Knowledge Transfer perspective

With the increasing focus on learning, knowledge, competencies and management
of knowledge, the acquisition of necessary knowledge, the transfer, has become a
topic for a number of contributions (Nonaka &Takeuchi 1995 and others). The
main observation within the knowledge transfer perspective is that contemporary
organisations need to acquire knowledge from external sources in order to survive
in an information society. Although management concepts as vehicle for the transfer
are not frequently discussed, the perspective does occur. Van Veen, Karsten &
Sanders 1997 thus discuss management concepts as tools for knowledge transfer
drawing on Nonaka & Takeuchi-s framework for understanding the production of
knowledge. Van Veen et al distinguish between knowledge producers and
knowledge copiers, as it is also often done within neoinstitutionalist studies.
Knowledge producers, argue Van Veen et al, are the enterprises within which the
knowledge in the management concept is created. The knowledge is then
externalised and made accessible for others in various ways, in books, via
management consultants etc. The knowledge copying is the internalisation process
in Nonakas & Takeuchis’ framework. This is when a company adopt the
management concept. Where neoinstitutionalists are sceptical towards the content
of and rationality of the knowledge, the knowledge transfer- position are often
rather uncritical towards the potential political, symbolic or ritual character of the
concepts. Moreover the position seems to have a strong belief in the stability of the
concept and the actors ability to make strategic choices in taking knowledge
onboard. In the knowledge transfer perspective new economic demands forces
enterprises to be more competent in transferring new knowledge, which is seen as
crucial for competitiveness.

The social shaping perspective
The content of a concept has a striking overlap with Kuhns notion of “paradigm”,
which he uses to describe the development of scientific knowledge and

communities. Therefore the sociology of scientific knowledge, social shaping and
social constructivism has been mobilised to conceptualise the phenomenon of
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management concepts. The sociology of scientific knowledge after Kuhn has moved
to the dircction of studying how scientific knowledge is socially constructed.
Although the focus is on scientific knowledge, the contention is that knowledge in
general is not different (Collins 1990). Moreover the interest is on how actors
collectively work at stabilising fact through negotiation, coalitions and enrolment of
others. Studies of management concepts (Grint 1985, Furusten 1996) within social
constructivism are however still rather diverse in their understanding. The main
observation within a combined organisational politics and sociology of knowledge
perspective is however that management concepts are socially constructed and
negotiated. To stabilise a concept coalitions and alliances is needed across the
boundaries of an organisation. Another strand adopt organisational politics as point
of departure. Within organisational political a new management idea is a political
programme (Koch et al 1997). The political programme is shaped in interaction
between different actors, building alliances and overcoming barriers and resistance.
When actors enrol in the alliance the content of the concept usually changes. Within
the political process perspective as described here, the dynamics of ever more
concepts in a continual stream is seen as socially constructed. The main actors
behind this are the consultancy companies, for whom the concepts are commodities
to be sold. New concepts are in this context product development. On the other
hand the enterprises also have a certain room for manoeuvre in order to develop
their organisation in the direction that contemporary is believed to be more
competitive.

Summarising the perspectives, there are examples of clear differences between
them. A management innovation and it process of travelling can be understood as
frictionless transfer of stable knowledge or as a political program that needs to be
negotiated and which will change over time in this process of making alliances. As
the perspectives are different it should be noted that there also exists a number of
eclectic oriented mingled versions. It can be mentioned moreover that the literature
on innovation network increasingly adopts views across these three positions. There
is often a resonance between the content and direction of a management innovation
and a certain group of managers or a managerial position, professional gurus and
professional networks (Swan et al 2001). Several authors have noted a tendency of
Zigzag in the sequence of implemented management innovations (Midler 1986).

THE DANISH CONSTRUCTION SECTOR

The development arena (Jergensen and Serensen 1999) in question here is the
Danish construction sector. The actors represented are roughly the same as in other
national construction sectors. A relatively active state and a high proportion of
organised labour can be seen however as a national characteristic. It should be
mentioned that three large contractor companies by now dominate contracting and
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equally three large civil engineering companies dominate consultancy and design in
construction.

There is moreover very little research and development in construction
management methods in DK at the public research institutes, that goes for
university research, sector specific applied research and technological service
institutes (Bygge/bolig 2000, Byggepolitisk taskforce 2000: 143).

Management innovation in construction can be divided into two groups with
different journcys and dynamics. One group of innovation target areas of
construction, where the companies, with the usual appropriation efforts, can adopt
general management innovations. This type is labelled, optimistically, “here and
now buy in” below. Examples could be large construction companies, contractors or
civil engineering companies adopting balanced scorecard or strategic planning.
Another group of management innovation needs more fundamental reconfiguration
by sectoral actors before being applicable. Examples could be multi-skilled teams
on the building site, Business Process Reengineering cutting across several parties
and the transition from lean production to lean construction.

Type 1: Here and now ”buy-in”

Most of the exemplars of this kind of management innovation in Danish
construction is single enterprise change. Among the larger Danish construction
firms, there are thus examples of appropriation of Balanced Scorecard, Enterprise
Resource Planning, Human Resource Management and Supply Chain Management.
All these innovations have been developed in another context, typically on an US-
development arena with enterprises, consultancy and universities participating. The
innovations are however conceptualised in such a general way that they would
apply and appeal directly to larger construction firms. It thus seems to be a pattern
that the big six (3 contractors and 3 civil engineering consultancies) usually are first
movers in introducing a management innovation. This is also the case in the
example below about Knowledge management.

Type 1 Case: Knowledge Management

There are from the very start several origins for the ideas on knowledge
management (KM)(Swan et al 2001) and the ideas develop over time throughout the
nineties. The IT- sector and related actors discuss knowledge engineering in the
eighties and this is in the nineties gradually developed into an understanding of IT
as central in managing knowledge. The Porter’s discourse on strategic advantage in
management fuels the core competency discourse (Hamel & Prahalad, 1990), which
again contribute to learning and creating knowledge positions (especially Nonaka in
1994 and later). Finally the economists discourse on Intellectual Capital (OECD,
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Mortensen 2000) and knowledge accounting contributes. As Swan et al demonstrate
the boom in literature commences in 1996 and continues to have ambiguous content
and be characterised by “hyperactive supply side” comprising all the major
consultancy companies in promoting-alliance with IT-suppliers of KM systems.
Early Danish construction adopters include Rambgell. Rambell starts developing
holistic accounting in the early nineties, which is an appropriation of the European
Quality Award model, which again stems from total quality management
(Erhvervsfremmestyrelsen 1997). Also but later Carl Bro and COWTI adopt the
strategy of human capital accounting. It is likely that this company appropriate
human capital accounting because an alliance and a “must do” imperative are built
up. All of the three possess management consultancy competencies and COWI has
added a public project on knowledge accounting in the late nineties (in contrast to
Rambell who contributes to the public program already in 1997. In parallel to this is
likely that the trade association FRI (association of consulting engineers) acts as
disseminator of the IT/management oriented variant of KM with its activities on the
subject in 1996-1997 (Bertelsen, 1996). The information from Danish media and
professional association activities on the subject covers the period from 1998-99
and 2000. In this period, first the 1T-based and later the management-based variants
of KM flourished. Medium size civil engineering companies such as Birch &
Krogboe and NIRAS have by 2001 adopted and appropriated Knowledge
management in its latest variant. Several case studies carried out by the author and
his associates demonstrate some of the characteristics of the single company
appropriation (Koch 2001 a,b). The innovation is “let into” the organisation at the
firm level, not at the project level, as many product innovations are (Winch 1998).
The appropriation is a cumbersome process, the enterprises struggle with tensions
in management (for example between HR- and KM-managers), getting IT-support
for knowledge sharing in place and have problems embedding the innovation in the
project processes. When implementing the innovation, project groups was formed
and in this process the changes was negotiated and the innovation appropriated to
the specific context. Examples of appropriations include whether or not to reward
use of Intranet information resources, whether or not to have knowledge managers
and with what profile and what parameters to include in the knowledge accounting.
As it can be noted, public debate, international consultancy companies, internal
consultancy departments, state development programs and a trade association for
consulting engineers all play a role in the journey of the concept. All of these,
except the last, operate across sectors and are not construction specific actors. The
innovation “knowledge management” is characterised by continual development
and by the existence of several variants, which coexists. There is thus a continual
interaction between what the companies do and what the fashion promotes.
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Type 2: Long Term sector appropriation

Most of the exemplars of this kind of management innovation in Danish
construction is crosscutting innovations, which targets what Gann coins one of the
“ghosts” of construction: the cooperation among and across the parties (Gann,
2000:5). Among the larger Danish construction firms, there are examples of
appropriation of Partnering, Lean Construction, Multiskilled teams and Business
Process Reengineering. These innovations have been developed on the construction
sector development arena, typically drawing on an international construction
development arena with enterprises, consultancy and universities participating. That
the innovations originally stem from other sectors is less important since it is
through the “internal construction” development that they gets (re-) conceptualised
in such a way that they would apply and appeal directly to construction firms.
Business Process Reengineering is thus developed in a program and project
coalition within the state development program called “process and product
development” (Erhvervsfremmestyrelsen, 2001). Lean construction has been
“imported” to Denmark by NIRAS, an engineering consultancy company drawing
on international experiences (Bertelsen, 2001). Partnering is in 2001 promoted by
the contractor-employers association (Danske Entreprenerer) and by several other
central actors including one of the three largest contractors, NCC. This however is a
result of a long process. Below multiskilled teams are discussed as exemplar of type
2 management innovation.

Type 2 Case : Multiskilled teams

Semi-autonomous teams have a long tradition in construction itself in the shape
of teams of craftsmen. It is on this background and on the corresponding
contracting-structure as well as employment contract structures that one might find
the reason why multiskilled teams is not that prevalent in Danish construction.
Teams as such, have flourished several times in other sectors, such as
manufacturing and IT. The classical variant is the semi-autonomous groups building
on the socio-technical and quality of work life tradition (Eijnatten 1993). Around
1990 the Japanese production principles introduced a series of management
innovation were (another variant of) teams were one of them. The literature often
distinguish these two as strong and weak teams, since the former is associated with
a substantial withdrawal of management, with upskilling and autonomy. The latter
on the other hand represents a team which is without these characteristic, but do
have common planning and share tasks (Koch & Buhl 2001). Although the process
is definitely not free of friction, teams is today a relatively well embedded
innovation in the leading Danish manufacturing companies, and covering 22 % of
manufacturing firms in Denmark (Csonka 2000). Multiskilled teams in construction
are a management innovation which has been under way for quite some years
(Burieson et al 1998, Haas et al 2001). In construction the original team innovation
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has been reshaped into a form of organisation which encompasses task solving
across crafts in combination with some co-determination in management decisions
such as fine-scheduling. Multiskilled teams are reported to be feasible on market
conditions (Burieson et al, 1998).

In Danish construction however, teams continue to exist only as subsidised
demonstrations projects (Boligministeriet, 1997, 1999, Byggepolitisk task force
2000). Moreover the concepts has predominantly been used for specialised
contracts such as renovation/ urban renewal. And some actors on the arena would
prefer to see the concept contained into a speciality for urban renewal or the like.
The employment contract system that relates to crafts and to piece-rate, is a
surmountable barrier if multiskilling is to be established as a development project.
Under such conditions special negotiations with unions can be carried out securing
that wage and contract systems are not hindering the new organisation. However in
a clean market situation this is maybe more problematic.

CONCLUSION

There is an urgent need for an increased focus on management innovation in
construction. This paper has proposed to develop this as specific focus, departing
from the assumption that management innovation did differ from other innovations
in their content, in the network of promoting actors and barriers to be overcome.
Three perspectives on the travel of management innovation were initially presented.
Through the cases it has been illustrated how the content of 2 management
innovation is unstable and negotiated. The social shaping, political process and the
network perspective therefore seem more promising as conceptual frame around the
journey of management innovation rather than traditional innovation economic and
management oriented studies. Also neoinstitutionalism “struggles” with a too strong
focus on stability of the content and the understanding of publications/rhetoric as
the centre of an innovation. The explorative cases presented show how management
innovation is special in terms of its macro actor coalition. In the type 1 “here and
now buy in”- management innovation, international consultancy companies, internal
consultancy departments, state development programs and a trade association for
consulting engineers, all of them play a role in the journey of the innovation
“Knowledge management”. All of these, except the last, operate across sectors and
are not construction specific actors. Moreover none of these would be active in for
example product innovation, that would be other programs. The type 1 innovation is
let into the organisation at the firm level, not the project level as many product
innovations are (Winch, 1998). This travel route constitutes specific but classical
internal barriers since top- management initiatives frequently have problems with
embedding innovations in the projects (Winch, 1998). In contrast, some of the type
2 innovations might be introduced through projects as part of the bidding
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conditions. Nevertheless multiskilled teams did not yet came further than the
subsidised demonstration projects and still cannot be said to have been appropriated
in Danish Construction. The actor coalition consists of the state in two roles as
promoter of industrial development in construction and as responsible for urban
renewal and thereby builder. Batriers include first the institutional split between the
players, which implies that it is necessary to establish and maintain cooperation
across them. Second the contracting system and the employment contract system.
All barriers which to some extent are different from those in a product innovation
setting with respect to the players and the actor coalition.

The case studies have shown companies struggling with appropriating
management innovations and how they occasionally successfully reconfigure the
concepts as long as they are internally used. The type 2 case opens up for an
analysis of barriers related to the development arena as such. There are clearly
permanent inter-organisatoric collaboration issues, but it can also be underlined that
the innovations system seems to be characterised by the very little construction
management research and development. This is under scrutiny and there is a belief
in a R&D-push created by public investment in knowledge and innovation in
general and more specifically also in management research (Taskforce 2000).
Along with Gann, pointing at a feature of the type 1 case, it should be noted that the
absorptive capacity of construction firms of academically grounded innovation is
not indefinite. As stated in Gann, the case underlines the importance of an internal
infrastructure in the firms, which should mobilise such innovations. It could in a
more speculative manner be observed that there is a need to build a community of
practice among the participants in the construction development arena to aid the
appropriating of innovation. Current initiatives by universities to offer masters in
construction management might be helpful. But barriers have to be overcome in a
sector marked by competition and temporary alliances. Another central issue resides
in the direction to chose to engage the effort: should it be towards appropriation of
generally available management concepts and/or to endeavour into building
development arenas, which are more internal in the sector. In management
innovation there is hardly any choice: the commodified concepts will be the
dominant form in the years to come.
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ABSTRACT

Despite the proliferation, in recent years, of new management initiatives in the
UK and other construction industries, very little research attention has been
directed towards understanding the mechanisms and processes by which such
initiatives are implemented. This paper reports on vesearch in the UK designed
specifically to focus upon the challenges of implementation and the problems of
attempting to diffuse knowledge about new ways of working throughout the
construction firm. The paper presents a discussion of the factors likely to influence
the management of change within the construction firm and reports on the early
stages of a research project designed to investigate the impact of new management
initiatives within the construction firm.

INTRODUCTION

A host of new management initiatives have emerged in recent years in the UK
and other construction industries world-wide, in response to increasing client
demands for the more effective construction and delivery of new buildings. These
initiatives, which include partnering, supply chain management, benchmarking and
value management, are very diverse. However, they share in common the idea that
construction companies need to examine and if necessary adapt their ways of
working — their business processes and cultures — if they are to respond effectively
to competitive pressures.

Despite the extent of change, however, there remain significant gaps in our
understanding of the issues involved in implementing new practices and in effecting
cultural change. This is partly due to the inherent complexity of the concept of
organisational culture, but also due to the problems of sustaining change by
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capturing and diffusing knowledge and leaming from one project to the next.
Importantly too, the human resource management implications of change and the
effects of change management processes themselves often tend to get overlooked.
There is therefore a pressing need for research that systematically examines the
factors affecting the adoption and implementation of new ways of working and the
improvement of associated knowledge management and organisational learning
capabilities.

This paper reports on ongoing research funded by the UK’s Engineering and
Physical Sciences Research Council (grant reference GR/R12831), which is
concerned specifically with identifying and examining the factors influencing
culture change and knowledge management practices across a range of related
management initiatives in construction. The paper outlines the conceptual
framework guiding the research and the methodology to be employed. The research
sets out to explore the nature of change processes in contractors of different size
(small as well as large), as well as firms engaged in different types of activity (e.g.
building and engineering). The paper highlights some of the factors likely to
encourage and inhibit knowledge management and culture change strategies needed
to implement new management initiatives. It also draws out some of the likely key
implications for human resource management strategies within the construction
firm.

BACKGROUND TO THE RESEARCH

Radical change in the way in which the construction industry develops and
delivers its products and services has been the theme running through recent
agenda-setting reports in the UK such as Constructing the team (Latham, 1994) and
Rethinking construction (Construction Task Force, 1998). Taking its lead from
recent advances in manufacturing management best practice, the Egan Report, for
example, calls for improvements in quality and efficiency by the creation of more
integrated project processes of product development, project implementation,
partnering in the supply chain and production of components. A similar
determination to encourage more efficient, effective and integrated project
processes in construction is found in other recent initiatives, notably the Movement
for Innovation (M°I), sponsored by the Department of the Environment, Transport
and the Regions (DETR), and the Engineering and Physical Sciences Research
Council’s (EPSRC) Innovative Manufacturing Initiative.

The result has been a host of industry initiatives that have developed in recent
years that have sought to provide the means whereby construction firms can rise to
the challenge of becoming more innovative and responsive to client needs and
produce better quality products more efficiently and effectively. These initiatives
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include: partnering and integrated supply chain management; standardisation of
products and processes; the greater use of IT applications to support project
management; benchmarking and continuous improvement programmes; value
engineering, value management and risk management; and various internal cultural
initiatives such as business process re-engineering and team-building. The extent of
these initiatives is reflected in the wide range of on-going activities associated with
programmes such as the Construction Best Practice Programme (DETR), the
Construction Productivity Network (CIRIA) and the industry-led CRINE Network
and ACTIVE Engineering Construction Initiative. So far, across the industry, many
important lessons have thus been learned and insights gained from practical
experience in developing and applying such innovative tools and techniques.

Culture Change and Managing Knowledge

Although these innovations are of course very diverse, they share in common the
underlying presumption that a change in culture is needed that brings construction
practice more in line with best practice and current thinking in other industrial
sectors, most notably manufacturing. It is believed that construction firms can thus
improve their competitive performance by reconfiguring their business processes
and applying experience and innovative techniques from other industrial sectors to
deliver projects more efficiently and effectively. However, there remain significant
gaps in understanding the issues involved in implementation and in effecting any
such cultural change across different contexts. Part of the reason for this is the
paucity of research examining the social, political and psychological dimensions of
attempting to implement new technological and managerial mechanisms, tools and
techniques. Indeed, recent overviews of research in construction have highlighted
the pressing need for further research into cultural aspects of change in the
construction setting and the importance of supporting human resource management
strategies and practices (EPSRC, 1999).

Research on partnering, for example, has shown that it has significant potential
benefits, but that these depend upon sustaining a number of behavioural and
attitudinal changes to support collaboration in both the short and long term (Bennett
and Jayes, 1995, 1998; Holti and Standing, 1996; Barlow et al, 1997; Bresnen and
Marshall, 1998, 2000a, 2000b). Moreover, greater steps towards collaboration in
the supply chain depend crucially upon the persistence of appropriate socio-
economic conditions that make continuity in the relationships between clients,
contractors and suppliers feasible (Construction Productivity Network, 1997).
Similarly, it has long been recognised that the potential benefits of IT arc only fully
realised if technological applications are in harmony with social systems and user
needs (Swan and Clark, 1992; Swan, 1995; Scarbrough, 1996). For example, the
success of IT applications to enhance integration via information sharing and ‘open
book’ dealings may hinge crucially upon there being some degree of trust in the
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relationship. Performance improvement initiatives, such as benchmarking,
continuous improvement and value management may also have significant benefits
in helping reduce project costs and increase value. However, their impact in the
longer term is predicated upon there being mechanisms available for capturing,
extrapolating and, more importantly, applying the knowledge and learning
generated.

Although research has stressed the importance of changing attitudes, beliefs and
values to support the introduction of new integrative and performance-enhancing
tools and techniques, emphasising the importance of change is not the same thing as
explaining how it is achieved. Commonly, prescriptions for implementing
innovative approaches fail to trace through their behavioural consequences, with the
result that recommendations for “pest practice’ can fail to achieve the required
degree of social realism that makes them pertinent to practising managers and
appropriate to their circumstances. Part of the task of research must therefore be to
understand the factors influencing processes of diffusion, take-up and
implementation of new ideas, not only throughout individual organisations, but also
through identifiable ‘communities of practice’ with shared interests in the same
practical recommendations (Brown and Duguid, 1996).

A FRAMEWORK FOR UNDERSTANDING KNOWLEDGE
CAPTURE AND LEARNING IN THE CONSTRUCTION FIRM

Attempting to appreciate fully the problems involved in implementing all of the
above initiatives is of course very ambitious. However, an important start can be
made by identifying and examining the factors that influence the types of
knowledge and expertise required and the impact that these have upon the practical
implementation of certain types of innovative management practice, such as
partnering, benchmarking and value engineering. In turn, this can help produce a
clearer modelling of the processes involved in implementing change in the
construction firm.

The problem here is that the widespread diffusion of innovations requires that
they be context-free in order to maximise their portability and transferability (across
projects, organisations and sectors). However, implementation of these ideas is
context-specific: companies need to make them work according to their particular
needs (cf. Swan and Clark, 1992; CRISP 1999). In the process, a tension is created
between the more abstract formalised tools and techniques available and the internal
management processes used in attempting to apply this knowledge to practice
(Hislop et al, 1997).
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Moreover, a key problem facing any attempt at achieving sustained cultural
change in the construction industry is the difficulty in attempting to develop, apply,
capture and transfer knowledge and learning in what is essentially a project-based
environment. There are a number of reasons why this is a particular problem,
which can be grouped according to three main sets of factors.

*  Project-related factors. The one-off, customised and complex nature of
many projects makes it difficult to apply the knowledge gained on one
project to projects being undertaken elsewhere, often in very different task
circumstances and in response to the needs of particular clients. Projects are
also transient and life-cycle based and this can make it extremely difficult to
establish the repetition and routinisation necessary to apply standardised
techniques and codified knowledge (Edelman et al, 2000).

o  Contract-related factors. Because of the significance of contracting, lack
of continuity in relationships between clients, contractors and others in the
supply chain is the norm within the industry and this lessens opportunities for
learning. Obviously, the commercial relationship itself may also inhibit the
development and diffusion of knowledge and expertise, to the extent that it
reflects a high level of competition or a low level of trust (Bresnen and
Marshall, 2000a, 2000b). Furthermore, because of the multi-organisational
nature of project organisations (Cherns and Bryant, 1984), project
management processes occur at the interstices between organisations. Any
knowledge and learning generated is therefore likely to serve quite divergent
organisational purposes and perhaps only partially ‘map onto’ management
processes in individual organisations.

¢  Organisational cultural factors. Any knowledge and learning generated is
likely to be influenced by different professional and functional perspectives
represented by the organisations involved. One implication is that
knowledge and information may ‘make sense’ to organisations in very
different ways because of the different systems of meaning being applied (cf.
Trompenaars, 1994; Weick, 1995). Another is that there may be problems
encountered in the internal diffusion of knowledge due to the existence of
different frames of reference. Functional specialisation is of course likely to
be an important source of such differences and may even reflect the existence
of different ‘subcultures” within the organisation (e.g. Meyerson and Martin,
1987). Problems are also likely to be exacerbated by vertical differentiation
and, especially, the spatial and psychological distance created by the
separation of site and office-based activities.

These factors taken together suggest a number of important features of, and
constraints upon, the capture, diffusion and retention of knowledge and learning
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associated with new ways of working within the firm. First, that the diffusion of
knowledge and learning about new ways of working has important social
dimensions, as opposed to being purely technical problems requiring technical
solutions (Scarbrough, 1996). For example, is it sufficient to develop IT-based
tools and techniques for capturing and sharing knowledge and learning? Or does
work need also to be organised (and people incentivised) so that such techniques
are used effectively (Scarbrough et al, 1999)? Processes of knowledge capture,
transfer and diffusion obviously need also to be able to attempt to capture more
“tacit’ types of knowledge associated with new ways of working (Nonaka, 1994).

Second, that an important element in capturing and retaining such knowledge
involves codifying and embedding it within a shared system of meaning that cuts
across organisational barriers and boundaries and reaches those it is meant to reach
within the complex web of relationships involved in any project. This process is
made extremely difficult by the many cross-functional, cross-professional and
cross-organisational systems of meaning, language, values and norms that new
developments are expected to embrace. ‘Partnering’, for example, can mean many
different things to different people (Barlow et al, 1997), as too can concepts like
‘value’, ‘risk’, ‘performance’ and ‘trust’ (Kramer and Tyler, 1996). Indeed, the
very meanings of such terms may need to be negotiated.

Third, that such knowledge and learning needs to be able to transgress spatial,
temporal and cultural discontinuities associated with internal differentiation and
lack of consistency of relationships at individual, team and organisational levels, if
longer term learning is to occur. This raises questions about how new initiatives
effectively ‘cascade’ down the organisational hierarchy to affect relationships at
operational levels; how they diffuse throughout organisations from one project team
to another; and how they survive the departure of key individuals who take their
‘tacit’ knowledge and skills with them.

Knowledge Management, HRM and Change

There are two further common threads that run through the above discussion
concerning the relationship between culture change and managing knowledge.
These concern the existence or otherwise of supportive human resource
management practices (cf. Legge, 1995; Scarbrough et al, 1999), as well as
appropriate strategies or practices of managing change (cf. Collins, 1998).

With regard to human resource management (HRM) practices, many of the
nitiatives mentioned earlier place a strong emphasis upon the tacit skills and
knowledge of individuals and groups (for example, the inter-personal skills and
team-working attitudes required by partnering). Such knowledge is notoriously
difficult to capture and codify, because it depends upon the intuitive know-how of
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individuals (Blackler, 1995; Nonaka, 1994; Nonaka and Takeuchi, 1995).
However, it may be especially difficult to capture and diffuse when teams are
constantly dishanded and re-assembled, as is normally the case in construction.
Again, lack of continuity — this time at the individual level — becomes a factor
inhibiting knowledge diffusion and learning (Bresnen and Marshall, 2000c).

It is therefore likely that staffing practices and other HRM dimensions (especially
team selection and training and development in appropriate skills) have an
important potential impact upon the capture of knowledge and expertise and cross-
project learning, but that this potential is untapped. For example, socialisation
processes resulting from recruitment, induction and training have an important part
to play in creating and reinforcing ‘encultured’ knowledge (Blackler, 1995) and in
sharing ‘tacit’ knowledge (Nonaka and Takeuchi, 1995). However, a more
pragmatic approach to staff selection and deployment based on availability is
unlikely to produce such effects. Similarly, do reward and staff development
practices encourage the retention and development of appropriate skills and
abilities? HRM strategies as a whole are underdeveloped in construction (Druker et
al, 1996) and the focus of a good deal of debate elsewhere (e.g. Legge, 1995).
However, this by no means precludes being able to assess the effects of different
parts of the ‘package’ of HRM measures upon knowledge transfer and
organisational learning.

With regard to managing change itself, the manner in which change is introduced
and the ways in which attempts are made to transfer and diffuse knowledge and
learning may have a crucial effect upon cross-project learning. Research into
partnering, for example, stresses the importance of continued senior management
support for the concept, a supportive culture and even partnering ‘champions’ to
mobilise support where necessary and increase the chances of enthusiastic
acceptance (Bennett and Jayes, 1995, 1998; Barlow et al, 1997). More general
management research makes it clear that any organisational change disrupts existing
routines and patterns of authority, status and power, often with negative effects (e.g.
Pettigrew and Whipp, 1991). Consequently, understanding the effects of internal
contextual factors and the consequences of different implementation processes (e.g.
whether participative or not) is crucial. It is certainly well established that different
approaches to change can have a considerable impact upon whether new initiatives
are enthusiastically accepted or whether they encounter indifference or resistance
(Kotter and Schlesinger, 1979).

RESEARCH AIMS AND METHODOLOGY

The research that is being conducted to explore these issues was designed to
identify and examine the factors influencing culture change and knowledge
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management practices within a range of different types of construction firm and
across a range of related initiatives (e.g. partnering, benchmarking and value
management). Particular emphasis is being placed upon charting the impact of
human resource management and change management practices influencing the
development and implementation of new management practices and new ways of
working.

The broad intention of the research is to yield insights that contribute towards a
clearer modelling of the processes involved in implementing change in the
construction firm. Its specific objectives are:

e To identify and examine the factors encouraging and inhibiting knowledge
management and culture change stratcgies needed to implement new initiatives
within construction firms

¢ To identify the human resource management and change management practices
supporting such initiatives and to assess their impact upon the diffusion of
knowledge and learning throughout the organisation

* To generate analytical tools and practical recommendations that firms can use
to improve their ability to implement and manage new initiatives

The Unit of Analysis and Cross-Sector Comparisons

The research will pay particular attention to examining crucial within-firm
cultural similarities and differences and their effects, especially those pertaining to
the interface between site-based and office-based staff. Much existing research on
innovative management practices in construction takes the project as the unit of
analysis. This enables project management processes and concerns to be directly
addressed. However, the downside to this is the difficulty in extrapolating any
lessons learned to other types of project. This research, in contrast, takes the
construction firm as the unit of analysis, focusing upon internal management
practices and policies and how these may be developed to address a wide and
diverse range of operating requirements linked to quite different project objectives.
This reflects the still overwhelming need for the development of internal
capabilities that enable individual firms to respond effectively to commercial
opportunities and threats — including those presented via collaborative working
within the supply chain (e.g. Holti and Standing, 1996).

A further important feature of the research is the emphasis on comparing and
contrasting approaches to change found in different types and sizes of construction
firm. Many recent initiatives in construction draw heavily upon the experience of
large-scale firms, often in particular sectors (partnering and the oil and gas sector is
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one obvious example). As a result, the effects of organisational size and cross-
sector differences tend either to be ignored or assumed to be neutral. However,
there is good reason to believe that such differences matter. With regard to size, on
the one hand, for example, it might be that larger contractors are able to employ
specialists to develop more systematic IT systems and HRM practices that support
knowledge diffusion and learming associated with new ways of working. On the
other hand, smaller firms may suffer less from problems caused by internal
complexity and thus be more responsive and adaptable to external pressures and
changing conditions. With regard to type of work, companies specialising in a
narrow range of work, for example, may find it less of a problem dealing with the
effects of internal differentiation than do firms whose portfolio of work is more
diverse and heterogeneous.

Research Methods

Current knowledge concerning the above concepts and ideas and how they apply
to the construction setting is patchy to say the least and arguably nowhere near the
point at which it is possible to think in terms of producing tools for quantifying the
effects of ‘cultural’ variables (Bresnen and Marshali, 2000a). Moreover, the
framework outlined above emphasises the elusive, subjective nature of many of the
key concepts involved, their complex inter-relationships and the dynamics of
change associated with the implementation of new management techniques.

These features of the research problem and the importance too of grounding any
practical recommendations in an appreciation of context mean that the research
inevitably needs to take an in-depth, qualitative case study approach (Bryman,
1989, Yin, 1989). Case studies allow one to explore the complex relationships
between culture change, knowledge management and HRM practices in a holistic
way. They also help ensure that comparisons and contrasts can be drawn across
different projects and that views and opinions can be elicited from different parts
and levels of the organisation.

The main form of data collection will consist of semi-structured interviews with
samples of staff selected systematically from across a range of relevant
organisational locations and levels. Interviews will be conducted with senior
operational and personnel staff, as well as a range of site and office-based staff,
including representatives from different functional groups (e.g. engineering,
planning, surveying). These interviews will be supported by the collection of
documentary evidence and, where appropriate, the use of direct observation.
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CONCLUSION

At the time of writing, the research outlined above is in its very early stages and,
consequently, results are not available. The paper has therefore attempted to outline
the conceptual framework and methodology to be employed for the research and to
highlight some of the key themes and issues that emerge from considering the
nature of implementation processes in the construction setting. To summarise, it
has been suggested that existing research is limited in the light it throws on the ways
in which project, contractual and organisational cultural factors enable or inhibit
attempts to implement change. It has also emphasised the importance of supporting
human resource management practices and of understanding the effects that change
management strategies themselves have on the implementation of new initiatives in
as complex an organisational setting as that found in construction.
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Integrating Knowledge Management
and Innovation in Civil Engineering

Christian Koch
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Technical University of Denmark

INTRODUCTION

This contribution discusses on a conceptual and empirical level how knowledge
management and innovation can be integrated in the effort to maintain and develop
competitiveness of civil engineering firms. Civil engineering is facing several
challenges. Products are becoming increasingly complex and multi-facetted and at
the same time manufacturers of components and contractors increasingly take over
parts of the design tasks. Elements of the future competitive strategy could be to
increase horizontal collaboration in the supply chain, including partnering, the use
of IT (Lakka and K&hkdnen, 2001) and management innovation. This paper focuses
on the second strategy. Knowledge Management (KM) encompasses the use of
information systems and soft management tools such as organisation, training and
office design (Sverlinger, 2001, Koch 2001). Innovation management is viewed as
an issue of establishing internal and external networks, leading innovation
processes characterised by unforeseen events and as political action of establishing
and maintaining coalitions.

The proposed link between innovation management and knowledge management
emphasises the role of leadership exercised on the backbone of an existing and
established infrastructure. It is argued that KM can be a central lever for some
construction firms in realising innovation, if the focus moves from the
infrastructure to leadership. The case illustrates this point. The civil engineering
company has well established management routines handling existing knowledge,
but lacks explicit innovation management initiatives. Leadership is generally
established by top level management but needs to be better coordinated and
orchestrated with other managers and employees and requires to be developed
focussing on innovation.

The article is structured as follow. After presenting the method, the paper states
the prime challenges for contemporary civil engineering companies.
Conceptualisations of knowledge management as well as innovation management
are then presented. Leadership is subsequently discussed as a possible integration
field. This is followed by a presentation of the case enterprise analysed through first
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a knowledge management perspective, second an innovation management
perspective before we conclude.

METHOD

The main conceptual approach in the paper is interpretative sociology. The
theoretical elements stem from management; sociological and economic
approached to innovation and anthropological contributions to the discussion on
knowledge and on management of knowledge.

The paper’s empirical part draws on case material from a single Danish
engineering company covered by two studies. The first, is a short qualitative study,
the second is an in depth ethic ethnographic study (Denzin and Lincoln 2000,
Martin 2001). The company has been visited several times by the author but it is
investigations carried out by Rolf Simonsen which is the backbone of the material
used here (Simonsen, forthcoming). Simonsen was employed for five months in a
cooperation project between the Danish Technical University (DTU) and the
company with the aim of studying and improving KM in the company. Simonsen
participated in three projects, doing participant observation and carried out
interviews and dialogues with members of the organisations. This was
supplemented with written material from the company.

The company, which is 2 medium size firm, is treated anonymously here. This
implies that certain engineering specificity and dates are kept unclear on purpose.

THE CHALLENGES OF CIVIL ENGINEERING COMPANIES

Civil Engineering companies face challenges from several angles:

o  Component’s manufacturers, contractors and other players in
the construction industry to an increasing degree develop
capabilities to manage parts of the design process, which
previously were the domain of civil engineering companies.

e  There are more and more materials and components available,
wholesalers and manufacturers gain advantages and strive at
innovating their products. The competence building on these
materials and components by the other actors in construction is
delayed or lacking.

e  Products of civil engineering become more complex, and
become integrated systems solutions and services. Many firms
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need both to develop new capabilities and to establish alliances
with partners to deliver (Gann, 2000).

¢ New ways of managing, new IT-solutions create a change push
on the civil engineering companies (as with many others)(Egbu
and Sturges 2001).

e Globalisation and capital concentration implies options and
challenges for merging, strategic alliances, new competition

The focus in the present paper is on the challenges related to new ways of
managing internally, which is however carricd out in an context tainted by the other
challenges.

KNOWLEDGE MANAGEMENT

Knowledge Management is a still contested and emergent term. At the same time
multiple perceptions on knowledge, knowledge production and management
flourish (Sverlinger 2001, Koch 2001). Here Knowledge Management (KM) is
defined as management activities that frame and guide the knowledge production in
an organisation. The knowledge production in itself can be understood as a
combination of retrieval, arrangement, creation and erasing of knowledge. Some
authors believe that a clear distinction can be made between data- information-
knowledge or between different types of knowledge like tacit and explicit (like
Davenport and Prusak, 1998, Nonaka and Takeuchi, 1995). These distinctions are
tempting in their clarity, but less applicable in practice (Robertson et al 2001). The
position adopted here thus refrains from such distinctions and lean towards
understanding knowledge as contextual and cultural. There is also a lack of
consensus on which tools and activities characterise KM. But across the
contributors one can point at a set of generic areas with certain common activities.
Corporate and strategic management, information systems, organisation, human
Resources, office design and culture are common denominators.

Within corporate and strategic management one can direct at the formulation of
a knowledge management strategy, the communication and clarity of it (Sverlinger
2000). The appointment of a responsible top level manager and or a knowledge
officer is another central activity. The effort to bring evaluation tools in place,
monitoring knowledge as an asset and calculation knowledge balances have been
central (Bukh et al 2001). Information systems were initially thought as the central
tool of KM (Ruggles 1998) and are still understood as having an important role
(Robertson et al 2001). Systems include technologies such as Intranets, groupware,
list servers, knowledge repositories, database management, dataware-housing,
datamining and knowledge action networks (Blumentritt and Johnston 1999,
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Ruggles 1998). Organisation focuses on establishing network on specific
engineering topics and a changed role of middle management. Human resources
relate to developing competency profiles, designing recruitment and training and to
designing reward system (Davenport and Prusak 1998, Swan et al 1999, Sverlinger
2000). Office design relates to a shift from traditional open office landscapes and
cells; where individuals either work in parallel on tasks that are assigned to them or
in singular offices (Duffy 1997). This traditional form was an underpinning of
hierarchy, where managers and senior expert employees have their own offices,
whereas clerks, junior employees and others work in open spaces. In the new office
concepts a direct support for different knowledge activities is sought (Duffy 1997)
the office is supposed to support group interaction, intensive individual knowledge
work (cells) and networks. The culture aspect has been addressed by the literature
on knowledge intensive companies (Alvesson 1995) and on communities of
practice (Wenger 1998, Brown and Duguid 2000). KM is here about “installing” a
knowledge sharing culture, which will often collide with existing organisational
cultures, for example constituted by professional groups (Bloor and Dawson 1994).

The knowledge production within construction is closely related to projects
realising “one of a kind” production. The knowledge production is however also
relying on the ability to re-use and mobilise existing knowledge on the different
element of the construct. The end-product site is central in the process and is
moved for every project. Moreover a central characteristic is the organisation of the
supply chain which exhibits a specific division of labour and institutionalised roles
such as the manufacturers of basic parts, the engineering companies, the building
companies (including groups of craftsmen) and the builder. Although there are
examples of transcending these institutionalised roles, they are roughly maintained
in the majority of building projects. Therefore every project needs some kind of
cross-organisational organising, thus making the knowledge production process an
inter-organisational task. The design phase usually encompasses such collaboration
with one set of actors, whereas the realisation phase features the site, where the
building is realised, as another coordination space across the mentioned groups.

INNOVATION MANAGEMENT

Management of innovation is increasingly seen as best conducted through
establishing and maintaining networks, where these are aligning internal and
external elements (Mcloughlin et al 2001). Gann thus points at successful
improvements in the nineties in UK construction industry, where he demonstrates
that structured approaches to promote innovation involving collaboration between
industry, government and research were put in place (Gann, 2001). Winch takes a
more ambivalent view on the combination of internal and external alignment and
point a number of hindering factors in innovation, such as price structures (Winch,
1998). Winch rightly points out that the majority of innovations in construction
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need to be developed and appropriated within projects, which are temporary
alignments of internal and external resources. The construction sector is thus
marked by reactive project based product innovation (as also for example the
majority of the machine tool industry is). A central problem is to embed such
innovation in the company on a more permanent basis and across projects. It should
be added though, that Winch implicitly focuses on product innovation rather than
(internal) process innovation.

Innovation processes has an emergent character and involve political action and
coalition building (Van de Ven et al, 1999, McLoughlin et al, 2001. Setbacks shifts
in criteria as shocks are part and parcel of the process. Van de Ven et al and
McLoughlin et al also underline the understanding of innovation as a multi-actors
activity, in contrast to quite some writers, who still underline the position of a
single champion as central. Winch perceives the principal engineer or architect as
having a central role in innovation (Winch 1998). Van de Ven et al discuss the
coalition building in term of intersecting leadership roles (see below)

Learning and knowledge are in newer innovation management literature seen as
central sources and central features to management tasks (Leonard-Barton 1995).
Gann (2000), in his discussion on construction innovation, argues that the needed
knowledge in innovation is expanding faster than resources for training and
rescarch. He identifies this process in two dimensions: The breadth of knowledge
measured by new specialist disciplines and the depth of knowledge measured in the
extent of education needed. The argument is that successful innovation needs a
mode 2- regime of knowledgeable team players (Gibbons et al, 1994, Gann,
2000:227).

Summarising, innovation management has, following Gann, three main
components: Leadership, competent interdisciplinary people and appropriate
infrastructure to support implementation.

THE POTENTIAL FOR INTEGRATION?

Given the strong knowledge component of innovation and the induced interest of
knowledge within innovation management and given the further interest in among
other things human resources, one should think that and integration of innovation
management and knowledge management would be straight forward. As described
above however knowledge management (KM) has a much broader focus on
handling knowledge in an organisation than innovation management and moreover
the innovation component of KM is actually weak. Finally KM leans heavily
towards management and gives little attention to leadership.
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Integration of two types of management should preferably leads to some sort of
added value. Moreover it should offer companies using state of the art management
a step forward. The argument herc is that a potential integration should add
something new to existing activities. The argument here is therefore to integrate the
two areas from a perspective of leadership. Van de Ven et al —s conceptualisation
of innovation leadership understands it as active and collective (Van de Ven et al,
1999: 97, see also Bryman, 1999). It contains four intersecting management roles:
sponsor, mentor, institutional leader, critic, and relates to the entrepreneur who
carries out the innovation process.

Innovation and Knowledge leadership could focus on what Ven et al label
“learning by discovery”. Since KM and innovation management has provided the
necessary infrastructure (Gann, 2000:228). The leadership aspect is then to create
space and frames, which could be done by the mentor, and to be a critical towards
new knowledge (Van de Ven’s role of the critic). In the beginning, knowledge will
be articulated as relatively weak fashion as claims, but which might be extremely
important for new product’s development.

THE CASE

The engineering company described below, actively work with knowledge
management as part of its corporate strategy. The elements of knowledge
management are corporate and strategy management, information systems,
organisation, training and personnel issues, office design and culture.

The company employs around 500 members of staff. The organisation is matrix-
like. The focus horizontally considers customer groups and/or products, whereas
the vertical focus concentrates in major areas of competence. The company have
major competencies, albeit with different emphasis, within:

e Heating and Sanitary Engineering
* Electrical Engineering
¢  Building Physics
¢  Construction Management
¢  Consultancy
Top level management was renewed roughly ten years ago. Since then a number

of new management recipes has been adopted including strategic planning, new
office, branding and IT. It should be noted that leadership clearly plays a role in the
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acts of top level management. It is understood here however a general type of
leadership such as communication of strategic goals.

The knowledge management

The KM strategy for the company is directly linked to corporate competitive
strategy and is organised with close links to top level management, as one member
of the board of directors is responsible for knowledge management as such. The
company has ongoing KM activities and takes further initiatives to realise KM.
Knowledge and innovation play a role as part of the external branding of the
company as well. The company has implemented means to evaluate its strategy and
its knowledge component. The company employs several I7-systems including
accounting/ERP, CAD and project management tools. All these systems play a role
in managing knowledge in storing and providing different forms of information.
Several of the systems were implemented before the knowledge management
strategy was made explicit, but a further and more integrated use has been a central
element of KM. Especially the intranet and an enterprise portal has been positioned
as central in the first effort of KM. Moreover integration between systems has
become a central preoccupation. In both companies however employees receive the
effort with ambivalence and the KM-functions of various kinds are not used
overwhelmingly. The Intranet is used to store and support information on various
knowledge areas. The capture of best practices and the facilitation of professional
networks are central elements. Also more “mature” explicit information such as
standards, guidelines, templates for formulas and other documents are part of the
intranet-facilities, not to mention e-mail communication, bulletin boards and
corporate information. The aim is that codified knowledge is to be supported by
Intranet. The organisation is characterised by an emphasis on projects as the main
value adder. The emphasis is on small organic departments and fewer hierarchical
levels. Three types of managers intersect and each contributes with management of
knowledge activities: department and project managers as well as managers of
professional networks. KM means focusing on and enhancing existing professional
disciplines. These professional networks acknowledge proposals for best practices,
which are then registered in the companies Intranet. There is a strong element of
Human Resource Management in the KM. Recruiting and training are important
ways of developing knowledge resources. Moreover there is a large emphasis on
making the staying in the company very attractive in order to keep the knowledge
acquisitions in the company by trying to develop loyalty among the employees. The
management position is however that employement turn over could be improved.
The company has experienced a fall in the (previously long) length of employment,
after expanding considerably over the last years. Training is used as part of KM but
is not uncontested, since some managers and employees feel they mostly learn by
participating in direct project work. The company has rearranged parts of the office
space as part of an effort to physically support sharing of knowledge. The shared
open spaces are organised according to the departmental structure in order to
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support exchange of knowledge within the same specialism. The projects typically
cuts across departmental structures and thus still have to meet formally and the
member have to interact in other ways. The co-local fashion of interaction is
therefore less prevalent and E-mails and phone are largely used. There is an
attempt to downplay hierarchy by letting the department manager work in the open
space among the other employees. However corporate management has been
strengthened, at the same time. Different department cultures exist, although this
was not systematically investigated. It is likely that a managerially instailed
“knowledge sharing” culture will collide with project-dynamics as well as
professional cultures, which is enforced by the KM-IT and organisation component
(support for professional networks).

The management of innovation

The company was for many years, as many other civil engineering companies
characterised by the lack of explicit management of innovation. The company did
not have and still does not have a R&D-department and innovation is handled as a
project. Seen from a corporate management perspective there is as a result a lack of
control over the development and prioritisation within existing and potential
innovation portfolios.

However, new product and methods are adopted within the on going projects.
And in a2 number of competency areas the company has followed innovative
development paths. These specialists’ areas include special equipment for
manufacturing industries, facilities for office buildings and others. The
development of new products (product innovation) occurs in these areas within the
frame of interaction with customers and it creates a positive cumulating of
knowledge and competency related to a engineering specialism. There is also a
clear path dependency for these innovations, certain highly focused and specialised
skills generate relatively high turn over. The focus is however not stronger than the
portfolio of projects and of competencies are relatively broad-spectre.

A major strategy-work commenced several years ago and still ongoing
encompass a series of what can be labelled internal process innovation, but no
explicit product innovations. On the other hand prioritised areas of compctencies
and knowledge management activities are part of the effort. The company has
carried out and finalised a series of process innovation projects. The Knowledge
management group is an cxample. Top level management described the project and
a project group was assigned resources to develop KM-tools. The group carried out
elaborate discussion on existing practices and found quite a few aspects they
thought could be improved. The group described a number of practical process
suggestions, which could be used internally. One example is an ex-ante quality
review instead of an ex-post one. The idea departed from experiences with the
quality procedures. When a project is finalised, it is exposed to a quality review by
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experienced engineers. Often this revealed a lack of mobilisation of the company’s
full knowledge in the area. The idca was then to introduce such experiential
knowledge into the project process, immediately after a quote had become a
project. The knowledge management group delivered an internal report with its
suggestions. It was then decided to test the “ex ante quality review”-proposal in a
project. A project was selected and the ex-ante review scheduled and carried out.
The project was halted however shortly after, because the customer went into a
financial crisis. More attempts to implement will be hopefully be made in the
coming period.

The internal knowledge management project is an example of process innovation
management. Within the process the group develop quite strong understandings of
the KM-innovation problems. When trying to implement and embed the proposals
however, they and top management face traditional barriers of engineering
companies, especially the “single project”- logic. Lately the company has decided
to form an innovation team. The innovation team has five members, all top-level
managers each with a area of responsibility within innovation. Those are both
internal and external and include international affairs, new cooperation forms,
business processes and IT and two areas of business development in relation to
customers. It is still too early to evaluate this initiative, but it is clearly the closest
the company has been to explicit innovation management.

DISCUSSION AND CONCLUSION

The aim of this paper has been to explore the possible integration of innovation
management and knowledge management in a civil engineer company. Initially the
two forms of management were conceptually identified and it was argued that
leadership might be a possible common area. The case focused on the company’s
knowledge and innovation management. It clearly reflected the general tendency to
view knowledge management as management in the sense of establishing and
maintaining routines, rather than involving leadership. The company thus employs
process innovation to reach a proper status for the management routines. Most of
these routines are however best at tackling existing knowledge and information,
whereas the creation of new, innovation, needs other forms of management. They
are important infrastructure but cannot in themselves be innovative.

The innovation management discourse focuses on leadership, resources and
infrastructure as central for innovation. In the case company, the innovation team
could be an important lever for such leadership. But equally important are the
coordination between the three types of managers: department managers, project
mnagers and managers of professional networks. These manager groups should
preferably cover the intersecting leadership roles. This leadership could be an
extension of the Van de Ven’s framework in the sense that “content”-leadership is
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included in using the managers of the professional networks in an orchestrated
interplay with the others. As noted, leadership is generally established by top level
management but needs to be better coordinated and orchestrated with other
managers and employees. Its development needs to be focussed on innovation.

The internal knowledge management project in the case is an example of process
innovation management. When trying to implement and embed the proposals
however, they and top management face traditional barriers of engineering
companies especially the “single project”- logic. There is clearly a danger that
innovation effort in civil engineering continues to be framed by this logic, maybe
knowledge accounting as part of knowledge management can develop a new form
of accountability, which enlarges the single project frame.
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ABSTRACT

Building Projects in Japan, are undertaken in accordance with Japan’s
particular contract customs. For example, when the general contractor has assisted
the architect in drawing up the documents, he will most often not receive
remuneration for his assistance. Also, the architect is often selected by ways of
exclusive relationship with the client. In this case, the architect and the owner
develop a mutual understanding from a very early stage, and much of the
conceptual design is drawn up without charge. “Building Contracts” do of course
exist in Japan, but this form of business custom ofien takes precedence. Often, a
contract is formed at a later date only after the task has been completed to a
certain degree.

Although there ave a number of problems in this kind of Japanese style project
management, it has been long accepted in Japan as the natural matter of course.
Recently however, with the downturn in Japan's economy, the number of people
beginning to reconsider this style has increased. It is also becoming difficult to
continue this Japanese form of project management because of the increased
number of buildings in Japan being designed by foreign architects.

In the subcommittee on project management in the Architectural Institute of
Japan (AL]), virtual building projects are created, and become the main part of a
new experiment. This is called Virtual Project Management (VPM). The VPM is a
form of role-playing test involving all those involved in a project, the owner, the
architect, the engineers, and the general contractor, and simulates and reveals
what problems may occur under the traditional Japanese style of project
management. One of the most difficult problems seen in the simulation was
deciding how to what system of procurement to adopt in a project. This is because
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after deciding not to use the traditional Japanese building methods, no one was
able to effectively evaluate any possible new methods to introduce in its place.

This paper is therefore a proposal on how to proceed smoothly in selecting a
method of procurement by using information technology. Deciding upon a system
of procurement is just one of the activities involved in a building project. In this
paper, we have broken down these activities, chosen fo focus on procurement, and
would like to introduce a related piece of software. Using the Analytic Hierarchy
Process (AHP), this software quantifies both the owner’s demands and the
procurement systems, and links the two. This idea was first proposed in 1993 by
Ichikawa (1994), but in this paper it has been improved by the use of the Visual
Basic language.

SELECTING A PROCUREMENT SYSTEM

Until now, many methods have been proposed to evaluate quantifying
procurement systems. For example, Skitmore and Marsden (1988) put together 7
types of procurement systems, including Negotiated Traditional, and Turnkey
Contracting, which evaluate systems by quantifying 7 utility factors such as speed
and certainty etc. Cheung ef al. (2001) built on these ideas, researched studies done
in the past and more widely investigated the selection process of these utility
factors. In that paper they compared the mutual relationship of utility factors using
the AHP and was logically speaking of the same school of thought as Ichikawa
(1994) and the authors of this paper.

How quickly the owner can decide on procurement system is the most important
problem. For example, through a survey done in Saudi Arabia, Alhazmi (2000) and
colleagues showed that public owners select all of the design and build. However,
notwithstanding the fact that we must have a large sample size to gain an accurate
understanding of the general trend, even if conditions are all the same, the next job
will not necessarily produce the same results as the last. It is important to have a
system in place to support the selection of a procurement system under a number of
different conditions.

PROCUREMENT SELECTION IN THE VPM

The VPM was but into practice under the following conditions. The International
Institute of Architects (IIA; a fictitious organization) was celebrating 50 years since
its inception, and it was decided by the administrative board to renew the facilities
of the main office in Tokyo, and the construction committee instructed was
instructed to make a start. Two of the responsibilities of the construction committee
were presenting recommendations to the investors, and to submit proposals
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regarding the future project manager. Through this, a procurement system with the
objective of the construction commiitee acquiring an acute understanding of the
process involved in the project, and one where they could independently participate
in management was sought after.

At present, the IIA owns a site and a building. The gross floor area of the
building is 3,000m”. The completion date for the project has not been set, however
the expense of having to move to a temporary office for the duration of
construction must be considered. As the budget set by the administrative board is a
provisional one, the construction committee plans to swiftly submit a requirement
proposal to the administrative board.

The biggest problem in the VPM was how to allocate responsibility when
attempting to settle on the projects conceptual design. The owner in the VPM was
the construction committee and the administrative board. The first debate was
whether it would be more advisable to entrust the conceptual design to the project
manager (PMr). The construction committee argued that IIA had the extra
commitments such as the responsibilities of keeping its members informed,
examination into whether the design and build was desirable, and whether or not it
was deemed profitable, all of which exceeded the capability of the construction
committee.

The tasks which seemed inappropriate were as follows: investigation and
enquiries into business aspects, investigation into numerous conditions of law,
correspondence with government and municipal offices, drawing up basic plans,
creating project management plans, investigation into the ordering system for
construction, selection of the architect, a timescale of operations, budget planning,
and planning to attract tenants.

Given these weaknesses, which procurement system would be the most
appropriate for the owner to select? What kind of system would give the owner
maximum satisfaction? These are all problems that the owner needs to solve.

PROCUREMENT SYSTEM SELECTION SUPPORT SYSTEM

In the “PM Selection Support System” proposed in this paper, the owner decides
upon the alternative procurement systems using the AHP, and then quantifies them
their respective characteristics. The owner then selects the appropriate procurement
system by taking into account the data output for each.
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Selecting Alternatives

In this paper, we have selected the alternatives in the procurement system down
to the following generalized 6 contract systems: separate, traditional, design and
build, pure construction management, construction management with guaranteed
maximum price, and construction management at risk. These are not evaluated
directly, but instead indirectly as “factors to form a pattern”.

The Evaluation of Project Characteristics by the Owner

The general format is that the owner, by way of a questionnaire survey will
compare the characteristics of each project, and quantifying them. In this paper,
from the results from Ichikawa’s survey, the owner of the VPM cannot only select
the most appropriate owner for the job, but we can also predict comparative
numerical results representing how this new owner might think regarding project.
From these figures, we can gain [0, 1] numerical values from the AHP.

As shown in the left-hand side of the stratum-structure in Figure 1, on the lowest
level, through substituting the numerical values for the owner’s opinion, his
opinions can be quantified. This system has been set that the total of the internal
values of the divided groups will be 1.0. This is the origin of the principles of the
AHP.
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Flesas @ & wei JNting 10 Sach OF th Srojects SN obed st s
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Figure 1 Input screen of PM Selection Support System
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Quantifying the Characteristics of a Project

One of the substituted values from each level in the last section is chosen and are
multiplied together. This gives a quantified value of the projects characteristics. For
example, the projects characteristics of “Seek reliability in terms of quality and
stability” as shown in Figure 1 would be as follows:

“Project demands (0.4)” X “Priority on quality (0.2)” X “Seeking reliability in
terms of quality and stability (0.33)” =0.0264.

Conversion

Weight is placed on the characteristics of each project. The weight is the
influence of this characteristic on the procurement systems functionality and is
evaluated by an experienced professional. In this paper, we have used the data
gained from Ichikawa’s survey. The weight is derived from the functionality of
each system. Thus the value each procurement system is gained.

Selection of a Procurement System

Next, we attempt to attain the value of another weighting. That is weighing the
influence of the functionality of one procurement system against its alternatives.
This can then be used as the ultimate evaluation of the procurement system. Again,
this paper uses the influence scores gained in Ichikawa’s survey.

APPLICATION TO THE VPM

As noted above, because this system was developed with Visual Basic, we must
verify its effectiveness. Ichikawa has proposed a logical solution method using the
AHP in an above section, but a definite application for users had not yet been
developed. In this section of the paper, we will explore the developed application.

© 2003 by CRC Press LLC



128 Innovation in the Construction Industry

=il . 210 %
. PM SELECTION SUPPORT SYSTEM m usmtfying Process of Projct Clarscteristics

Pl 1o d wei g Tor eac e ooy arechs
erpme thes Tl of esch tha gk i 100 CEECTION OF P

e oharseierues of B ot

Figure 2 Output screen of PM Selection Support System

In “case 17, we took just the concerns of the owner regarding risk. The owner of
the VPM had the same characteristics as noted above, and asked for the general
construction costs to be logically and clearly presented. This has in fact been seen
amongst many Japanese owners recently, and seems to be an increasing trend. The
VPM owner is also aware of appropriately spreading project risk. The outputs for
this actual example are shown in Figure 2.

The resulting outputted data is shown on the right-hand side of Figure 2. The
“Pure Construction Management” of the VPM owner was a score of 0.199, and was
judged as the most suitable. The next best score was “Design and build” with
0.152, and the worst characteristic evaluated was “Traditional”.

DISSCUSION

Using the “Selection Support System” it is possible to, in a very short time, select
an effective alternative procurement system. While using this system, the owner
can change his priority order little by little, and can investigate which procurement
system to employ. Through using this simulation, “Selection Support System” can
prove to be very effective.
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Through the owner of the VPM choosing the “Pure Construction Management”
as his procurement system, he have his wish of fulfilled of having all costs
displayed. However, the owner, who through the VPM decided that the design and
build was not appropriate, and chose the second option of “Design and build” by
using this “Selection Support System”, is somewhat of an ironic result. Although
methods were thoroughly investigated to ensure the owner of the VPM is
successful in his project, a problem occurred when it was found that the most
applicable procurement system for that project was not yet available in Japan.

CONCLUSIONS

In this paper, we proposed the idea of “Selection Support System” while
referring to a number of actual examples using the VPM. This system quantifies the
owner’s intentions using the AHP, and promptly displays the most appropriate and
effective procurement system alternatives to the owner. This system made it simple
to discuss management in the VPM smoothly. There are also many other tasks in
the VPM, and the methods for their logical implementation must be investigated in
the future.
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ABSTRACT

Construction contractors and providers of construction-related services receive
impulses from other business sectors. While inspiration has come to construction
from the manufacturing industry for most of the twentieth century, management
models developed in other parts of the service sector have only more recently won
acceptance. Industry specific technical and administrative constraints can be
expected to affect the ability to implement and benefit from practices associated
with mainstream service management.

In order to identify patterns of adoption of service management practices,
Swedish companies, both construction-related and non-construction, have been
surveyed here. Interview responses show that construction companies are aware of
modern service management practices and that a number of these practices have
been adopted. Just which practices have been adopted can largely be explained by
reference to sector specific constraints, in particular the durability and immobility
of built facilities. From this analysis, it is possible to question the simple time-cost-
quality goals for traditional improvement of the construction process. This should
affect how we assess the potential for innovations in the management of
construction processes.

CONSTRUCTION AS A SERVICE

For many years, firms in the construction sector have looked to leading
manufacturers as a paradigm for the industrialization of construction (Brochner,
1997). The emphasis has shifted. Sometimes, manufacturers have been seen as more
efficient because of their ability to draw benefit from mass production based on
standardized components; more recently, their methods of encouraging and
implementing innovative technologies have been in focus. Riley and Brown (2001)
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have recently warned against transfer of manufacturing practices to construction,
arguing that the distinction between construction as a project culture and
manufacturing as a company culture is relevant and an obstacle to transfer. From an
innovation viewpoint, the development of business processes and not just project
processes is now seen as crucial for the construction sector (Gann and Salter, 2000).

Lately, globally competitive manufacturers have shifted towards emphasizing
combinations of tangible and intangible products, drawing lessons from advances in
the development of mass services for individual consumers. As it is easy to argue
that most firms in the construction sector actually deliver services (Holm, 2000), it
is worth asking how construction functions in a service management perspective,
and there is a growing number of investigations into service aspects of construction
(Al-Momani, 2000; Hoxley, 2000; Love et al., 2000; Torbica and Stroh, 2001). To
an increasing extent, manufacturing resembles construction when production is
projectified, customers become involved more closely in the design and
manufacture of unique products with no intermediate prototypes, and outsourcing
raises the reliance on subcontractors. Thus it seems that most types of production
are moving towards a single mainstream set of practices, almost regardless of
traditional sector differences.

Firms in the construction sector are either totally to be classified as service
producers, notably those like architects and engineers who produce pure
information services, or property owners who lease space to firms and households,
also a typical service offer; construction contractors can be viewed as being
dominated by service features, while firms that produce turnkey homes come close
to the position of the traditional automotive manufacturer.

The last two decades have seen a rapid development and codification of service
management practices, not least the body of practices known today as CRM,
customer relationship management, The present investigation analyses how service
management practices have been adopted or rejected by firms in the construction
sector. The assumption is that the pattern of adoption can be explained by
fundamental technological features and constraints of construction and constructed
facilities, and that these elements can be identified.

There are three important service delivery processes related to construction:
design, actual construction and facilitics management. These are intimately linked;
the product quality of the design service process affects both the product and
process quality of the construction process on site, and the product and process
quality of construction affects the guality of the facilities management process.
Obviously, there are several interpretations of ‘customer’ that arise from there being
more than one process. The end customer is identified here as the user of a building,
but even that interpretation leaves us with a degree of ambiguity; there are both
employees and visitors in most offices.
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SERVICE MANAGEMENT PRACTICES

Current practices associated with good service management can be divided
roughly into customer orientated and employee orientated. However, there is no
clear consensus among researchers on how to structure the field of service
management. Influenced mostly by Gronroos (2000) and Heskett et al. (1997), the
following classification of practices has been applied here.

First, there is a set of management practices that are aimed at the market and
customers. Here we find market segmentation and the differentiation of approaches
to various segments of customers. There are also models for the development of
services, with or without customer involvement in design and delivery. A crucial
issue is the development of service process qualities, often with a focus on the
service encounter. There may also be the development of additional or augmented
services on a more or less individual customer basis. Other practices related to
these are the offering of service guarantees and the introduction of routines for
service recovery when service delivery has failed. A major area concerns models
for encouraging and using feedback from customers, directly to the frontline,
through periodical meetings, interviews or standard surveys of customer
satisfaction. Closely related is the evolution of easily accessible records per
customer.

Secondly, with an aim primarily at service firm employees rather than customers,
we find practices such as service quality focused recruitment procedures and
devising rewards linked to quality feedback from customers. In a geographical
dimension, there are policies and methods for homogenizing service delivery at
multiple sites. Often more easily identified, there is the flattening of hierarchies to
reduce the distance between top management, frontline staff and customers.
Furthermore, there is frontline empowerment, intimately linked to the existence of
information systems that provide access to prior information on customers.

Finally, there is the development of visions and strategies for the service firm and
communicating these to employees, suppliers and customers.

TWO SURVEYS

The diffusion of service management practices among companies that deliver
construction-related services is studied here by contrasting a number of such
companies with other service companies.

Two surveys with semi-structured interviews were carried out in 2000 and 2001
with a total of 41 managers, working as project managers, marketing managers or
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sales managers in construction-related and other service firms in Western Sweden.
Many but not all of these held regional functions in companies with a greater
geographical coverage. In-depth interview questions were related to management
practices and were formulated partly with inspiration from the Service Profit Chain
Management Audit (Heskett et al., 1997). For each type of practices, pairwise
comparisons were performed by the same team of interviewers; at least one of the
firms had to belong to the construction sector, while the second firm was chosen
from the broader service sector. This does not exclude that in a few cases both firms
were from various parts of the construction sector.

Construction and construction-related services were represented through two road
contractors, one of which was municipally owned, one housing contractor and one
general building contractor. There was also one supplier of prefabricated mobile
housing units. Pure information services providers included two engineering
consultants, three architectural firms and one property development consultancy. On
the property side, there were representatives of both housing and commercial
property companies from the private sector, one municipal housing association and
one student housing association. There was also one provider of facilities
management services.

Non-construction-related companies in the two surveys included three
information technology and telecommunications service companies, three hotel
chains, one fast-food restaurant chain, one catering group, one travel agency, one
office services provider, one express delivery group, one establishment of higher
education, and finally one car sales function.

DIFFUSION OF SERVICE PRACTICES

Which practices were found in the companies in the surveys? Interview findings
are presented here according to types of service management practice. The intention
is also to highlight differences between construction-related companies and other
companies. The distinction between customer orientated and employee orientated
practices should not be taken too strictly, since practices such as ‘frontline
empowerment’ intend to combine both orientations.

Customer orientated practices
Seven types of practices can be classified as mostly customer orientated. These
are represented here roughly according to a process view of customer relations,

beginning with the initial identification of potential customers and ending with
feedback practices.
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Market segmentation

Of the two engineering consultancies in the survey, one aimed at a broad range of
project types and had implemented a customer database carlier than the other
consultancy, which was more narrowly focused on construction technology and on
large customers, loyal over a long period, more than ten years. One architectural
firm concentrated its customer satisfaction efforts to customers who were either
quite satisfied or dissatisfied; key customers were allowed to select which team they
were to work with. A commercial real estate company had recently introduced a
customer care programme, based on three customer segments, where also profit and
growth per segment could now be analysed. One housing association preserved
loyalty among potentially exiting tenants by giving them preferred access to the rest
of their stock. In one hotel case, there is a sharp line between business guests during
workdays and weekend leisure guests; earlier guests are targeted for marketing,
using a detailed database.

Service development

In addition to the widespread use of customer questionnaires for input to the
development of new or improved services, one housing developer used behavioural
studies. It was reported from both construction and non-construction companies that
employee availability had been increased as a consequence of questionnaire
surveys. As expected, customers are often involved in construction design. A
regional contractor had developed its services because of client demands on quality
and environmental issues. However, there were no companies who went as far as
calculating their costs against the increase in customer value for new services.

Additional services

No additional services such as new kitchen equipment were offered by a private
sector housing provider, in contrast to one software company that often modified its
standard version and adjusted prices accordingly. On the other hand, another
housing association tried to influence the municipality to raise the standard of
school and other services in the area. Residential tenants were given free events and
museum tickets to preserve loyalty in another case. One commercial real estate
company now offered its office tenants optional electricity supply contracts and
waste disposal. One hotel group had unbundled its services and had started charging
separately for breakfasts.

Process qualities

One housing provider worked with those tenants who disturbed other tenants,
instead of evicting them. One software company had accommodated its products
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and processes to the fact that many of their customers were highly sensitive to
disruption of their own primary production processes. The two engineering
consultancies had both obtained ISO certification for their quality systems, although
the construction focused engineers tended to give priority to end product quality
while those engineers who worked for a broader spectrum of customers gave
priority to raising the service value. Also, the mobile buildings supplier thought in
terms of product quality being more important than service qualities in winning
customer satisfaction. Architects pointed to the creative nature of their work as an
explanation for their lack of interest in quantifying service quality. One catering
company used ‘mystery shoppers’ to gauge process qualities.

Service guarantees

Except for clauses in the standard forms of contract used in construction, and the
implicit guarantee in a certified quality system, nothing was found that matched one
hotel chain that guaranteed satisfaction within a 15-minutes limit.

Service recovery

One engineering company that depended on a small number of loyal customers
had no formalized rules for settling of service conflicts with these. Routines for
service recovery were found mostly in companies where loss of customers was
expected to occur due to service failure. The mobile buildings supplier would
respond immediately through the customer’s project manager, just as the architects
and engineering consultants had project managers as obvious recipients of
complaints. Other service providers tended to have specific staff for handling
complaints.

Feedback from customers

Almost all companies spent considerable effort on questionnaires to customers,
either annually, after the completion of projects, or to tenants when they wished to
move. Usually, external survey expertise was bought. Results were used as an input
to service development. These feedback practices were widespread but more of an
innovation in the construction sector companies.

Employee orientated practices

Five service management practices with an emphasis on employee relations have
been selected.

© 2003 by CRC Press LLC



Applying Principles of Service Management 137

Recruitment

Changes in recruitment practices were noted. One real estate company reported
that their previous emphasis on technical skills of new employees had been
modified by taking personality traits into consideration. A similar development
could be identified by the travel agency that used to recruit sales staff from their
pool of travel guides at foreign destination, but now looked more for individuals
with process quality skills. This shift was also accompanied by greater reliance on
individual recommendations from their present employees.

Quality-based rewards

Regardless of sector, there were very few cases of employee rewards being based
on feedback from customers, in questionnaire form or otherwise. Union traditions
were also mentioned as an obstacle to bonus payments to frontline workers.

Multisite operations

Companies that operated from offices in more than one region indicated an
evolution towards stricter management of their brand and a new emphasis on
unitary outward appearance. Nevertheless, local initiatives and local ways of
working were encouraged among the construction-related companies, and there was
little evidence of regional transfer of customers or of knowledge, although company
intranets have started to make their appearance in a few cases.

Flat hierarchies

Several examples of flattened hierarchies were found. The municipally owned
road contractor had reorganized according to business categories and abolished
certain middle management positions at the same time. The property development
consultants had created a flat pool organization in the wake of turbulence after
acquiring another company. Companies that had not reorganized mentioned that
their information flows between employees had increased greatly, for example by
introducing regular meetings where all levels, including workers, were able to
participate.

Frontline empowerment
One chain of hotels offered the clearest example of well-defined rules for what
frontline staff were allowed to do to satisfy individual customers. The emphasis on

frontline empowerment is spreading, however. In one case, residential area
managers may now procure small repair work from external contractors. Comparing
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the travel agency to a commercial property owner, the latter had only recently taken
the frontline relations seriously. However, traditional labour relations were
mentioned as an obstacle to the empowerment of individual construction workers.

Visions and strategies

The development of a strategic market vision was compared for a road contractor
subsidiary of a large national construction group and an IT consultancy.
Respondents in both companies emphasized simplicity, credibility and clarity of
company vision, for both customers and employees. However, the rapid rate of
development in the IT industry leads to a need for frequent updating of the
corporate vision, which contrasts with the stability of markets and technologies
experienced by a road contractor. For the road contractor, reference projects are
important for its credibility, while reference customers are important for the IT
consultancy. How positioning was interpreted also differed, profit as a criterion for
project choice being mentioned by the road contractor.

CONSTRUCTION SECTOR CONSTRAINTS

Using the survey results, it is possible to systematize factors that constrain the
choice and implementation of service management practices in construction and
construction-related services. Behind these constraint factors, there seems to be two
fundamental characteristics of built facilities: their durability and their immobility.
Nam and Tatum (1988) also recognize complexity, costliness and high degree of
social responsibility as three other fundamental characteristics, but durability and
immobility are the two prominent characteristics in the services perspective.
Although there are constraints that depend on both the long-lasting nature of most
buildings and their fixed location, a distinction between durability and immobility
constraints can be made.

Durability of built facilities

Unlike most other services, the product quality resulting from the construction
process is difficult to assess rapidly. Hidden faults, if any, may emerge after years
of use. Since the physical product is intended to be durable, the production process
is lengthy, which means that both customer and provider can be expected to change
their priorities while the process is running. This is often linked to heavy
involvement of the customer in service design. Taken together, these features make
construction projects resemble large, customer-influenced software projects rather
than mass-produced, standardized and rapid services.
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An intended long life of the product is at least one of the explanations why new
technologies emerge slowly in the construction sector. A low rate of introduction of
new construction technologies stabilizes positions and market strategies of
companies that are active in the sector. Instead, it is the growth of more powerful
information technology that seems to drive changes in market positions for these
companies, because it supports better coordination in a sector already characterized
by multicontractual project relations.

For markets where physical product quality no longer offers competitive
advantages for companies, it is easily understood that softer process qualities gain
importance. But competition in construction tends to depend on both product
quality and process quality.

In addition, government regulation of construction and construction-related
services is extensive. If rent control leads o excess demand in a market, cost-
minimizing building owners will concentrate on retaining existing tenants,
preferably without any relocation. The regulation of labour relations may reduce the
scope for wages and bonuses that are differentiated according to service quality
delivered.

IMMOBILITY OF BUILT FACILITIES

In general, services are either delivered where the producing company is located
or where the consumer is. Construction as a service is usually delivered at a site
determined by the customer. This localization partly explains why the construction
frontline often is constituted by subcontractor employees, in contrast to rapid
consumer services where customers come to the producer and are served by
employees that have gone through in-house training in explicit, standardized
procedures, but have acquired little or no experience in handling technical
complexities.

The immobility of built facilities is related to the fact that they are often tied to
the creation of a technical or natural monopoly such as a large bridge over a river.
Infrastructure monopolies of this type are commonly the object of public ownership
or other forms of control. Because of this, public procurement of construction
services is a significant type of market relationship. Demands on the impartiality of
public buying probably explain why contractors use reference projects rather than
reference customers in the public sector.

A fixed location is fundamental for the management of facilities, especially the
management of negative or positive external effects that the activities of one facility
user may have on neighbour users. Frontline staff need broad technical creativity to
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remedy product faults on the spot, as the profitability of introducing specialized and
standardized routines is reduced by the cost of employces moving several times per
day between locations. Tacit knowledge of the unrecorded characteristics of a given
building can be vital for efficient delivery of services to those who work or live
there, and that cannot be provided by a short programme of company training.

IMPLICATIONS FOR CONSTRUCTION PROCESSES

This analysis of how companies have implemented service management practices
indicates that the durability and the immobility of built facilities have consequences
for how construction and related services can learn from other companies outside
the manufacturing sector. In time, we should expect the first wave of uncritical
enthusiasm for process quality questionnaires to subside and be replaced by
feedback practices that recognize specific features of construction-related services
(Bréchner, 2000).

If we look at construction processes as intended to support the core processes of
building users and then apply commonly accepted service practices, there is reason
to question the goals in terms of just time, cost and (product) quality that have
guided the development of innovative construction processes for many years.
Instead, there should be more concern with service process qualities or, in other
words, how the service is delivered to the customer. Therefore, the development of
innovative applications of information technology in construction should give
priority to features that increase the ability to manage successive changes in
construction projects, regardless of whether the initiative for technical changes
comes from customers or suppliers of construction services. Mutual communication
between project participants, using a wide range of both simple and more
sophisticated media, is a key issue when quality dimensions such as empathy and
responsiveness are allowed to influence the choice of information technology tools.

In addition, there remains a challenge in reforming the criteria used in public
procurement, where the requirements for impartiality when appointing contractors
may preserve a situation where excessive effort goes into attempts to provide
‘perfect’ original specifications and an information technology support for
processes based on the assumption that changes should be avoided or minimized
during the subsequent process of construction. But customer co-production, in
particular co-specification and co-re-specification during the production stage,
emerge as a salient feature of construction and construction-related services. IT
innovation that supports this type of co-production is liable to have a strong impact
on construction activities. This amounts to a plea that construction process models
are really to be seen as customer participation models.
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ABSTRACT

Modern organisms are adapted to a wide variety of habitats and lifestyles. The
processes of evolution have led to complex, interdependent, well-designed
mechanisms of today’s world and this research challenge is to transpose these
innovative solutions to resolve problems in the context of architectural design
practice, e.g., to relate design by nature with design by human.

In a design by human environment, design synthesis can be performed with the
use of rapid prototyping techniques that will enable to transform almost
instantaneously any 2D design representation into a physical three-dimensional
model, through a rapid prototyping printer machine. Rapid prototyping processes
add layers of material one on top of another until a complete model is built and an
analogy can be established with design by nature where the natural lay down of
earth layers shapes the earth surface, a natural process occurring repeatedly over
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long periods of time. Concurrence in design will particularly benefit from rapid
prototyping techniques, as the prime purpose of physical prototyping is to promptly
assist iterative design, enabling design participants to work with a three-
dimensional hardcopy and use it for the validation of their design-ideas.

Concurrent design is a systematic approach aiming to facilitate the simultaneous
involvement and commitment of all participants in the building design process,
enabling both an effective reduction of time and costs at the design phase and a
quality improvement of the design product. This paper presents the results of an
exploratory survey investigating both how computer-aided design systems help
designers to fully define the shape of their design-ideas and the extent of the
application of rapid prototyping technologies coupled with Internet facilities by
design practice. The findings suggest that design practitioners recognize that these
technologies can greatly enhance concurrence in design, though acknowledging a
lack of knowledge in relation to the issue of rapid prototyping.

INTRODUCTION

Design Research intends to promote a rethinking of techniques in relation to
architectural design processes, confronting conventional desigh practices. Today,
through research as well as practice, the role of design and designers in society has
been questioned, as well the authority of design action across cultural boundaries.
Current research converges around the application of computer technology to
design. New computationally based approaches have been developed, creating new
challenges for design exploration, including new types of representations, the study
of imaging and image synthesis, the use of computational media as vehicles for
representation and encoding of design knowledge.

Our research is focused on inquiring into how a broader concern for the
environment and the issues of nature can be translated into a set of viable design
strategies, forms and technologies at the edge of new directions in architecture. In
this research study, we think of architectural design in terms of two different design
activities: the design by human and the design by nature.

The design by human process can be defined as the creation of an object
representation that meets a set of requirements. During this process, designers take
a specification for a product to be designed, which contains a set of requirements
the product must satisfy, and generate many solutions to solve it (Figure 1). This is
a complex and iterative process where each design solution opens new and possible
more complex sub-spaces of design solutions, requiring a wide range of knowledge
and expertise. This design activity is described by Archea (1977) as a problem-
solving process, a process of ‘puzzle-making” where architects search for unique
sets of assemblage rules throughout the design process, culminating in an
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‘internally consistent fit between a specific kit of parts (the architectural elements
and the attributes or ideas) and the effects of the blending of all parts, assembled in
a certain way’.

On the other side, desigrn by nature is the process through which all the
organisms dynamically adapt to the external environment and perform its different
functions - respiration, reproduction, sensing, movement, etc. This is a process of
past-present- and future transformation, because each natural organism is part of a
population of similar organisms, but it is also a product of past populations that will
supply the future ones. Therefore, design by nature can be described as an
evolutionary transformation process with a unique goal: the survival of each
population of organisms through the correct adjustment to the environment. This
kind of design process emerged with the origins of natural life, almost after the Big
Bang, and has been optimised throughout years and years of natural evolution.
When we study remarkable examples of adaptability transformations performed by
natural organisms, provided by sciences such as Biology, Zoology, Botanical,
Genetics, Biomechanics and many others, it is evident that design by nature is an
extraordinary process of fitness coupled with the survival characteristics required
by the environment.

Being design by nature an optimised problem-solving process performed by
natural organisms to successfully respond to the challenges imposed by the natural
environment, lessons from nature can be used to support and optimise the other
problem-solving processes characterising the design by human activity. This
process of borrowing the best from nature (Vincent, 1995) has been named
biomimetics (Vincent, 1995; Jeronimidis, 1995).

Ydea/necessity .
Design Design phase
l specification
Design phase eneration of
the initial space

of design
solutions

l

Preparation for
execution \

Discussion/

. New spaces of :
tion of - . i
design solutions design solutions i
‘ Design optimisati !
Execution T -

Selection of the
design solution

Figure 1 Design activity and product development process.
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Our research focus on the new concept of biomimetics, through the investigation
of different principles borrowed from the nature that are translated into effective
and easily implemented computer tools to support the problem-solving process of
design by human in the field of architecture.

THE WHEAL OF DESIGN

The ‘wheal of design’ (see Figure 2) is the name of an interdisciplinary effort,
aiming to develop computer-based procedures to complement and strengthen the
design process, exploring possible improvements to the cooperative design
environment that will take advantage of the various opportunities provided through
information technology. Moreover, this research project is investigating different
principles borrowed from the nature towards the support of the activity of design by
human in the field of architecture, as we stressed above. The word ‘wheal’ is used
here in association with the notion of motion, progress, evolution and dynamics, as
well in relation to the simultaneous involvement and commitment of all design
participants.

Our current research revolves around the application of computer technology to
design, involving five different fractions of this wheal of design:

Virtual design: (i) the study of a virtual design environment, through the use of
computer-aided architectural design systems, (ii) numerical simulations using the
finite element method (FEM) and (iii) optimisation techniques combined with FEM
computer codes for material and topological optimisations. Referring to this last
issue, we are exploring processes of organic evolution as possible rules for
optimisation schemes through the so-called Evolutionary Algorithms, representing
a class of stochastic optimisation procedures based on the modern theory of
evolution.

Rapid prototyping: design synthesis performed with the help of newly rapid
prototyping systems using additive techniques. An analogy with the natural lay
down of earth layers, which shapes the earth surface, a natural process occurring
repeatedly over long periods of time, can be established with rapid prototyping
processes.

Research methods: a combination of psychological and statistical methods to
evaluate client/user quality perceptions (Bartolo, 2001, Galha, 2000).
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Figure 2 The wheal of design.

Knowledge based systems: the development of design processes through artificial
intelligence tools. In this field we are exploring the use of databases of known
design solutions to solve new problems. This approach, derived from psychological
models of the human memory structure, is based on the premise that humans
generally solve new problems by modifying solutions to previously solved
problems.

Internet: the Internet use as a multimedia and interactive communication channel
to facilitate design collaboration and group decision-making.

This paper presents the results of an exploratory survey formulated to investigate
how design practitioners apply different types of technological media, from the
physical model through to computer technologies, how they combine the real and
virtual aspects of a multimedia design environment, how members of a design
team, often geographically dispersed, manage to overcome the barriers posed by
distance and different levels of expertise. The preliminary findings of this enquiry
are presented later in this paper.
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CONCURRENCE IN BUILDING DESIGN

Concurrence in building design requires the simultaneous interact and interplay
of all design phases, on top of the co-operation and commitment of all the different
participants in the design process (Reddy et al, 1993; Tuikka and Salmela, 1998).
This collaborative and simultaneous process requires coordination to ensure a
reliable exchange of information and an effective reduction of the time and costs of
the design phase, on top of a real improvement in the quality of the design product
(Bartolo and Bartolo, 2001a,b,c; Bartolo and Galha, 2000).

Many coordination processes require making decisions that affect the activities
of a group. For instance, in sharing rcsources a group must somchow decide how to
allocate the resources. Reddy ef al. (1993) argue that co-decision making implies
both the allocation and sharing of responsibilities among participants, and a flexible
support for various co-decision making processes. Ellis and Wainer (1994)
underline the importance of both the synchronization of activities, the ‘activity-
level coordination’, and the synchronization of concurrent access to shared objects
or models, the ‘object-level coordination’. Thus, coordination methods are crucial
to access common resources, to assure that updates are consistently communicated
to all team members and to harmonize concurrent tasks.

A collaboration process is a process where individuals share a common goal and
work together towards a common aim. The members of the design team, cach with
specific key skills, different viewpoints, goals and constraints, must
communicate/interact throughout the design process, trying to achieve a balanced
solution. Information sharing, common data models and shared data are considered
the basic requirements for collaborative work (Reddy et al. 1993), but not enough
to establish a ‘shared understanding” among the participants (Toye ef al. 1994).
Knowledge integration, through collective idea generation and discussion, is also
fundamental for an effective collaborative work. Thus, Lonchamp (2000), Poltrock
and Engelbeck (1997) highlight the importance for the concurrent design process of
a good collaboration and effective information based in a ‘co-decision making’.

RAPID PROTOTYPING

Rapid prototyping is a collection of processes in which physical objects arc
quickly created directly from computer-generated models (Bartolo and Mitchell,
2001, 2000). Figure 3 describes the basic steps required by these systems. The
basic concept of rapid prototyping is the layer laminate manufacturing process
within which three-dimensional (3D) structures are formed by laminating thin
layers representing cross-sections of the digital model created on a CAD/CAM
system (Johnson, 1994). The model, which should be an enclosed volume, is
tessellated through a process that generates a mesh of triangular elements used to
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create the sliced model, which contains the set of two-dimensional cross-sections of
the model. Afterwards, the sliced model is used to create the physical replication of
the computer model by the rapid prototyping machines. Therefore, rapid
prototyping techniques are in general additive building processes, similar to 2D
printing and plotting technologics using both vector-based and raster-based

imaging techniques. The various techniques include laser sintering, lamination,
extrusion, ink-jet printing and photolithographic systems (Kai and Fai, 1997).

Rapid prototyping machines, through the generation of physical models quasi-
instantaneously, enable all the distinct tasks of the design process to occur almost in
parallel, facilitating concurrence in design. Design integration can particularly
benefit from these rapid prototyping techniques, as the prime purpose of physical
prototyping is to promptly assist iterative design, enabling design participants to
work with a three-dimensional hardcopy and use it for the validation of their
design-ideas (Bartolo and Bartolo, 2001a,b,c; Bartolo and Galha, 2000).

Rapid prototyping also allows the implementation of a reverse design, facilitating
the re-design of an existing product. Through reverse design (see Figure 4), the
shape of an existing product is digitised, creating the correspondent surface model,
which can then be manipulated (re-design process), and finally the model of the
new product can be produced using rapid prototyping techniques. In architectural
design, the digitisation can be done using sophisticated computer vision techniques
and image-based modelling systems.

CAD model Tessellated model Slicedmodel

Physical model

Figure 3 Steps required to produce physical models using rapid prototyping systems.
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DESIGN REDESIGN
Idea of a product Existing product
Digital Model Digitisation
Physical model Digital model

v

Product re-design

v

Physical model

Figure 4 The role of rapid prototyping in a design and redesign process.

Together with the study about the use of rapid prototyping systems as tools to
enhance collaboration, concurrence, commitment and quality in architectural design
as described in this paper, our group has been involved in research regarding the
development of new and improved rapid prototyping systems under the project
LRAM (Leiria-Reading manufacturing programme, see
www.rdg.ac.uk/psc/lramp.pdf) and the project “Two photon writing processes in
organic polymers”, both supported by UK funding.

THE INTERNET TO FACILITATE DESIGN
COMMUNICATION

Today, people use the Internet as a powerful multimedia and interactive
communication channel to engage in a new kind of information exchange. This
exchange of information can involve different types of digital media, such as text,
image, video, and audio. The introduction of an IT- networking environment in
architectural practices will enable new ways of digital working partnerships to
emerge, exploring the opportunities generated by media technologies. Finch and
Luebbe (1997) report that design professionals use these media technologies within
their design offices (local network systems such as Ethernet) or among
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international sites (world network systems such as the Internet). Design studios can
promote group projects among geographically dispersed teams, enabling both the
communication through a distributed virtual prototyping system and the interaction
in real time by distant design teams. Videoconferencing facilities can enable a face-
to face interaction, facilitating the development of new concepts combined with
emerging communications media (Maxfield et al, 1998; Sariyildiz ef al., 2000). To
manage and synchronise this process of information technology, the architecture
for computing, communication, and electronic information must be robust, coherent
and integrated (Tuikka and Salmela, 1998), on top of being cost-effective to use,
operate, and support. Moreover, the association of the Internet and local Ethemet
network systems with rapid prototyping machines will facilitate a “mutual
understanding”, facilitating collaborative design and group decision-making.

METHOD

An e-mail questionnaire was formulated and sent to a geographically dispersed
sample of design practitioners to understand how designers approach three-
dimensional synthesis using the speed and accuracy of the computer coupled with
the physical models produced by a rapid prototyping machine, as well to perceive
how useful these new technologies can be to achieve an effective participation of
both the client/user and the constructor/supplier throughout the design process.

This ongoing e-mail questionnaire is divided into four sections, concerning the
following issues: (1) personal details of the design practitioners and
characterisation of the design firm, (2) to assess of the effective usage of CAD
technologies by design practitioners, (3) to identify the level of knowledge in
relation to rapid prototyping technologies, the degree of its use and its importance
for design processes and finally (4) to understand the importance of the Internet
tools for the design process.

RESULTS

The findings report the analysis of 150 questionnaires received, from Australia,
Brazil, Canada, France, India, Iran, Italy, Netherlands Portugal, Spain, South
Africa, USA and UK.

On section 1, the design practitioners were asked for information on their
academic degrees, professional skills and business where they worked, besides
some personal details such as gender and age. From our sample of returned
questionnaires, 75% are architects and 25% industrial designers, with a male
percentage of 71, distributed as following: 38% (aged from 25 to 34), 35% (aged
from 34 to 44) and 27% (aged above 44). Most of the answers, 71%, came from
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small firms with less than 50 employees, while 18% work in companies with more
than 100 employees. In Section 2, the design practitioners were asked to answer
several questions on CAD systems, to understand how their organisations use them,
to what purpose and what kind of difficulties were experienced.

The answers acknowledge a widespread usage of CAD systems. Designers
currently use these systems to produce working drawings, prime presentations,
design approvals, 3D renderings and animations. Most of designers (78%) use
CAD to create both 2D and 3D design representations. It is apparent that the
creation of 3D models in CAD is widespread, which is an important finding
emerging from this exploratory study. If designers can easily create solid models,
then they own the necessary skills to use RP systems. Consequently, RP systems
could be integrated into the design environment just as conventional printers are
used today. Though a large amount of designers, 81%, use frequently CAD
systems as a tool to communicate with the client/user, a significant proportion of
respondents, 63%, have experienced difficulties to communicate with the
client/user, corroborating other findings from other studies (NEDO, 1983; Peng,
1994 and Sonnerwald, 1996). Clients/users major difficulty appears to be the
understanding of design representations produced by CAD systems.

In section 3, the design practitioners were asked about their knowledge and usage
of rapid prototyping technologies. They were also invited to express their view on
potential benefits of these systems in terms of client/user involvement, quality of
the design product, time to achieve a good design solution, costs, etc. Only 35% of
the designers claimed to know RP technologies though, through their subsequent
answers, it was found that the respondents (54%) perceived rapid prototyping and
conventional CAD/CAM systems as similar systems. On the other hand, 81% of all
respondents believed its introduction in the design process would be beneficial.
This was an interesting finding, apparently recognising the need to divulge RP
technologies among design practitioners, possibly through its introduction in
architectural curriculum, similarly to what had already happened with the inclusion
of RP issues in engineering curriculum. Moreover, it seems that the great majority
of architectural firms frequently use model makers to produce their physical
models, spending too much time and money in this process, between two and ten
weeks, according to the complexity and size of the model. The main advantages of
the use of RP technologies in architectural design studios are indicated in Table 1.

Section 4 relates to the use of the Internet tools. The great majority of
architectural firms (54%) frequently use both local and world network systems all
through the design process. Moreover, most designers (82%) use the Internet
facilities to communicate with clients/users realizing its potential to change design
processes. The main advantages and disadvantages of the Internet facilities in
architectural design practices are indicated in Table 2.
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CONCLUSIONS AND FURTHER RESEARCH

Concurrent design involves the interaction between diverse ‘cross-functional’®
teams of individuals who may be scattered over a wide geographic range. To
integrate design requires the skills of many designers and experts, where each
participant creates models or tools to provide information to other participants.
Information sharing and activity synchronisation have key roles into the concurrent
design environment. It is vital to develop a new design approach to overcome the
barriers posed by distance and different levels of expertise. Advanced computer
design representation packages, rapid prototyping and network technologies can
play a key role in this new approach.

This concurrent approach will imply that designers, clients/users and constructors
to be involved from the very beginning of the design process. Thus, interaction
between the activities of design and construction management will be possible with
advantages in terms of time, costs and quality. In this paper we have only explored
the influence of concurrence in design. Future research will address the impact of
concurrent design over the construction management activity.

The questionnaire results suggest a high level of agreement relatively to the
importance of using innovative techniques to rapidly produce physical
representations of the design idea, as it would enable designers to make physical
models directly from CAD models, though the deficient knowledge of RP
technologies by design professionals is considered an obstacle for their actual use.
Moreover, the results show that the Internet is understood by designers has a
restriction to creativity because of its deficit in human contact. This exploratory
study was important not only to identify the extent of the knowledge and effective
application of rapid prototyping technologies by design practitioners, but also to
use as a benchmarking tool for the next stage of the research. The next step
involves the development of a computer network system using RP technologies
towards the implementation of a concurrent design environment.

© 2003 by CRC Press LLC



154 Innovation in the Construction Industry

Table 1 Advantages of Rapid Prototyping in the Architectural Design Environment

Client/user involvement

Time to achieve the best

solution

® Facilitates the conceptual design phase, ® Faster

helping the design creative process ®  Quicker changes
® Promotes ownership and commitment ® Reduces time to achieve a
¢ Improves client/user confidence and solution

motivation ® TImproves the decision
¢ Enables to enhance design reviews making process
Communication between the design team, Costs

the client/user and the constructor
¢  Better communication and coordination ®  Effective cost reduction

of information
® Improves integration among different

disciplines
®  Makes easier to explain design details
® Beneficial especially to assess the

design merit of a scheme
®  Enables a mutual learning process

Quality of the design product Other benefits

® Better end products ® Enhances designers
®  Enables more testing enjoyment and satisfaction
® Representation is closer to the real ® Riskreduction

design product ®  Useful for different types of
e Will allow designers to produce presentations

multiple options, enhancing creativity ® Better understanding of

design details
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Table 2 The Internet Facilities in the Architectural Design Environment

Advantages Disadvantages

®  Speed of communication ® Reduces human contact
® Improves dissemination of e Isolation
ideas ® Dilutes creativity
® Enables remote collaborative Security
work . .
® Time consuming to exchange
¢ Important tool for “heavy” image data-files
benchmarking

e Improves the design time

®  Provides more resources
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INTRODUCTION

There are many definitions for the terms ‘risk’ and ‘risk management’. For the
purpose of this paper, the definition of risk management as given by Remenyi &
Heathfield (1966) is taken to be appropriate: “The possibility that the actual input
variables and the outcomes may vary from those originally estimated”. Implying
that the extent of the possible difference between the actualities and expected value
reflects the magnitude of the risk. Many large public and private organisations have
risk management procedures and employ a formal Risk Management Process
(RMP), either one of their own or developed from a methodology or a guide.
However, research has revealed that Project Risk Management has not been fully
embraced by project organisations.

Chapman and Ward (1997) state that many experienced project managers
perceive a gap between good practice as advocated in project management
textbooks (theory) and good practice as they have experienced/perceived it. It has
been recognised that this may reflect a collective failure of the project management
profession to define comprehensively the approaches to project risk management
that are fully integrated with project management. Concern has been expressed that
steps need to be taken to fill this gap. Flanagan and Norman (1993) state that
“managerial techniques used to identify, analyse and respond to risk have been
applied to the construction industry only in the past decade™, and that “...there is a
gap between the theory and techniques proposed to manage risk and what people
actually do in practice”.

The aim of the research (2000) was to investigate risk management theory and
practice, to discover why there may be a gap between them and from this to
develop a model that can be useful to project management organisations not
currently using a formal RMP when considering matters of project risk. The map
takes the form of a project management and risk matrix and is the subject of this
paper. It allows the user to appreciate where project risks lie, those who can be
responsible and where effective management response will benefit a project’s
outcome.

158
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CONCEPTS OF A PROCESS MAP

The results of the research show that the smaller project based organisation has a
potential for improving its commercial position within the industry by the use of a
formal Risk Management Process (RMP) which should take a form that can
initially highlight high level risk issues. The literature review and research into risk
management theory reveals a powerful knowledge base that may remain largely
untapped by industry.

A mapping of project criteria allows the user to explore project risk issues and
use their skill and experience to evaluate real threats and opportunities. This can be
amended as the project proceeds and the risk position changes. A textual support to
the map takes the form of a high level prompt based on current risk management
theory. It is intended that this ‘add-in’ theory compliment the skill and knowledge
of the project management organisation, allowing an informed project management
plan to be developed and implemented.

The model that is designed includes recognition of:

e  Those project based organisations not currently embracing a
formal RMP.

e  The intention that the understanding of project risk mapping is
to be embraced by the whole organisation.

e  Certain mathematical principals that must be understood if
attempting to evaluate project risk in terms of cost and time.

o That an organisational culture that understands the principal of
risk and return in terms of ‘objective’ and ‘perceived’ risk will
have an advantage where a level of ‘risk efficiency’ can be
agreed.

o  That risk mapping is designed to be treated as an ‘add-in’ to an
organisation’s normal management procedures.

e That, as people and individuals are central to risk management,

those accountable, responsible and best able must be identified
and named.

It is intended that the model produced can help bridge the gap between risk
management theory and what is actually done in practice.
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DESIGN OF THE RISK MODEL

The risk model must therefore be designed so that it is constructive and describes
a real project risk scenario whilst retaining, as far as possible, a high level of
transparency that will require simplicity of presentation. It was realised that this
would not be an easy task as the mapping would be required to aid in understanding
project risk on several fronts. It was decided to break the problem down into its
various components and see how these could be grouped together for diagrammatic
purposes.

The map should be easy to understand by those who are interested in project risk
management and who wish to ally current theory and risk management practice.
The components of the maps (to be diagrammatically represented) that have been
identified are as follows:

The project Functional Breakdown Structure (FBS)

A breakdown of the project’s function will be closely associated with the
business case, it essentially shows how the project is designed to meet its aim and
objectives. There will be named organisations and/or individuals that will be
accountable or responsible for the concept, planning or ownership of the project
function and they will need to be identified.

The Product Breakdown Structure (PBS)

This is essentially a description of the physical nature of the project. It details the
project components in terms of ‘the bricks and mortar’. Again, there will be
organisations and individuals that are accountable and responsible for its various
components.

The Work Breakdown Structure (WBS)

This is closely related to the PBS in that it details a breakdown of the method of
construction. It will include for example a description of civil engineering work,
electrical work and mechanical fabrication work required as well as the method for
contracting. As with all other aspects of the project, organisations and individuals
are central to the function.

A Systems Breakdown Structure (SBS)
This can sometimes be considered as a separate project component from that of

the product or the work that needs to be done. It tracks an operational function. For
example the air conditioning in a supermarket could be described as a system
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although it would be purchased and installed as part of a broader mechanical and
electrical contract within the overall project.

The Cost Breakdown Structure (CBS)

Details the spread of finance. This can be shown for both the product and the
work required.

Risk relating to the Project Life Cycle (PLC)

This is presented to show the varied risk issues that need to be considered as the
project progresses.

The Project Base Plan (PBP)

This ties the whole business case together and provides the basis of
understanding on how the project can provide the intended level of benefit within
the period of the investment.

Risks

Finally, the risks as they may apply to each of the above project considerations

may be broken down within themselves. Risk can be considered under four

headings; Project and Business Management Risk, Financial Risk, Corporate and
Organisational Risk and Technological Risk.

In providing support to the map, it will be necessary to advise on risk attitude in
terms of:

e  Questions that need to be asked at each stage of the risk
management process.

e  Consideration of potential risk factors (a generic view).
e  Mecthod most suitable for quantifying risk exposure.

e Risk efficiency.

*  Practical risk avoidance.

e Team/individual capacity/skill/experience.

e  Organisational power base.
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CONSTRUCTION OF THE RISK MODEL

The model is designed so that it can inform on areas of potential project threat
and opportunity and in its diagrammatic form contain all the components
previously identified.. The amount of information that needs to be represented is
large and it was recognised that mapping could not be contained within a single
page. 1t is thought that a computer representation of the map and support
information could be made, but it would exist outside the scope of this research and
may form the subject of further work. The decision was therefore made to construct
a series of diagrams that would represent each project area that could be exposed to
risk. Even these diagrams will only show a high order of events but this was not
considered to detract from the conception value.

In addition, it was decided that the whole map would not be generically
described, but would be explained in the form of a ‘cases study project’. Support
notes could however be generically described.

The stages in constructing the map are:

1) Group together, for each part of the project structure, a representation of
the risks that may be applicable together with a representation of
organisational structure/responsibility.

(ii) Match each risk to an element of the project structure and to named
individuals for each project participant organisation as well as other
stakeholder interest where applicable.

(iii) Summarise the information gathered on each diagram and consider the
potential for correlation and duplication of risk areas and areas of
opportunity.

Giv) Compile the map support notes. These will include:

e A qualitative view on practical risk avoidance and contracting.

e A view on why the map should be regularly revisited as the project
proceeds.

e  The consideration of risk efficiency and corporate attitude to risk.
This will include advice on the requirement that risks be valued in
terms of cost and time impact very early on, even though this may
be a rough estimate.
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o Notes on the value of a basic understanding of quantitative risk

analysis.

e A consideration of the natural ability of individuals that will be of
maximum benefit to the organisation when managing risk (the

value of psychometric profiling).

An example of a Map diagram appears as Figure 2 at the end of the paper and
this follows the basic format of Figure 1. The logic of the map is worked through in

the next section.

Organisational

OB 3 etc <4——|  Breakdown
2

Organisational
Breakdown
1

f

Project Component
Breakdown

Risk Breakdown
According to Management |g—

"

Function

Figure 1. Basic format of a holistic risk identification map.

The proposed approach to risk identification and management using the risk

maps is as follows:

Step 1.

Obtain a general consensus as to loss or opportunity associated with the project,
remembering that in the case of loss situations associated risks will be of two
classifications, those that can be influenced and those that cannot. This will be a
high level appraisement and will point the way in selecting those individuals who

might best provide quality information on the risk position.
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Step 2.

Identify within the project breakdown where risk may exist. This is promoted to
be within those areas of:

¢ Organisation Breakdown Structure (OBS)
e Function (FBS)
»  Product (PBS)
e Work (WBS)
e System [where applicable] (SBS)
e Cost (CBS)
¢ Project Life Cycle (PLS)
e  Project Plan (PBP)

Step 3.

Decide how the risks can be described in terms of:

e  Project Management and Business Risk
e Financial Risk
e Corporate Risk

e  Technology Risk

Consider the risks as “perceptive’ or ‘objective’. This is important if a suitable
method for risk quantification is to be chosen.

Step 4.

As part of the OBS enquire as to whom within the project organisation is likely
to be involved in potential risk areas and contemplate their skills and experience.
Where the skill base can be influenced this will require appropriate action (training
and resourcing) and whete this cannot be done (outside participants and
stakeholders) it should be noted as a risk area in itself for management.
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Step 5.

Examine all project participants and outside stakeholders identified as part of the
OBS. Enquire as to what it is that the parties want to achieve as an end result and
what it is that they might be interested in as part of that end result. Threats and
opportunities for influence can then be emphasised.

Step 6.

Having made a list of risks make a judgement as to the chance that a particular
risk can occur. Understand this in terms of ‘a priori probability’, an ‘estimate of
actual frequency’ or a ‘judgement of credibility’. Decide then if the probability can
be identified between those involved in terms of:

“Yes there is a risk”
e “Yes there is a risk of a % certainty”

*  “Yes we could loose production or be affected in some way if
it occurs”

¢ “Yes other participants and stakeholders will be affected if it
occurs”

Or any combination of the above and a level of risk can then be initially agreed.
Step 7.

Note that each risk event will have a cause and an outcome. There is a likelihood
that each cause will lead to the event and a further likelihood that the event if it
occurs will result in each of the outcomes. The object of an initial risk assessment is
to manipulate a risk to a position where it is known to have a potential for influence
from one of total uncertainty.

Step 8.

Use appropriate techniques to quantify the risk. It is necessary to understand the
‘nuts and bolts’ of risk analysis techniques if one is to appreciate a holistic view
when using these methods. Risk quantification techniques can be described as
qualitative, quantitative and control. Beware of bias when estimating and note the
limitations of describing a risk in terms of probability multiplied by impact. This
method, although very useful, is simplistic and a good understanding of the risk
potential is essential.
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Step 9.

Consider how individual risks inferact in terms of sensitivity and correlation.
Consider the overall generality, volatility and uncertainty and the combined effect
of risk (the overall riskiness). This is where computer software using simulation has
been shown to be useful on complex risk analyses.

Step 10.

In the light of the risk information that has been gathered and the risk
calculations made, consider the actions that will benefit the project or limit losses.

Stlfllt:snls-idering a ‘Risk Competent Path’ decide on the control actions that could
be made in terms of:

e Modify the objectives

e  Avoid the uncertainty (insure or do things differently)

¢ Prevent (change the probability of uncertainties)

e  Mitigate (modify the impact of the uncertainty)

e Develop contingency plans

e Keep your options open

e  Monitor

e Accept

¢ Remain unaware — do no risk analysis.

Step 12.

Enquire as to the position regarding the availability of resources to manage the
ventures identified on the ‘Risk Competent Path’ (cash, human, plant, materials,
organisational support and reputation).

Step 13.

Consider when the necessary actions need to be carried-out.
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Step 14.

Question how the various risk responses on the path can be achieved. This is the
design of the Risk Management Plan (RMP).

Step 15.

Calculate how much the risk responses will cost both in terms of implementation
and impact on the whole project (loss or gain).

Step 16.

Choose which Risk Competent response is appropriate. Remember that bias and
human/organisational behaviour should be monitored throughout the whole
process.

Step 17.
Complete the RMP.

Step 18.

Obtain support for the proposed actions at the highest level. This should be
formalised.

Step 19.
Be aware that the best individuals and teams will be required to implement the
RMP. If these have not already been satisfactorily selected th