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Foreword
This book has been sponsored by the Cooperative Research Centre (CRC) for Construction Innovation.
Construction Innovation is a national research, development and implementation centre focused on the
needs of the property, design, construction and facilities management sectors. It develops and promotes best practice
project delivery, products, resources and services that can guide project teams towards the best procurement
approach for a specific project. Through research and development, the Australian property and construction
industry gains a better understanding of these principles and is better informed in tailoring its delivery of projects to
greater alignment of value for all the stakeholders.
The objectives of the CRC are to:
 Enhance the contribution of long-term scientific and technological research and innovation to Australia's
sustainable economic and social development
 Enhance the collaboration between researchers, industry and government, and to improve efficiency in the use
of intellectual and research resources
 Create and commercially exploit tools, technologies and management systems to deliver innovative and
sustainable constructed assets to further the financial, environmental and social benefit to the construction
industry and the community.
The mission of the CRC is to:
 Deliver tools, technologies and management systems that will improve the long-term effectiveness,
competitiveness and dynamics of a viable construction industry in the Australian and international contexts.
This will be achieved through greater innovation in business processes, strengthened human relations and
ethical practices, and more effective interactions between industry and its clients
 Drive healthy and sustainable constructed assets and optimise the environmental impact of built facilities
through sound conceptual basis for economic, social and environmental accounting of the built environment,
virtual building technology to examine performance prior to documentation, construction and use and assessing
human health and productivity benefits of smart indoor environments
 Deliver project value for stakeholders for the whole-of-life, from business need, design and construction,
through to ownership, asset management and reuse through improved communication and use of knowledge,
increased productivity and value, effective delivery and management of whole-of-life assets.
The strength of Construction Innovation lies in bringing together industry, government and research partners
committed to leading Australia’s property, design, construction and facilities management industry in collaboration
and innovation. Across Australia, our CRC has secured the input of almost 400 individuals who are delivering real
benefits for our partners, the industry and our community. Together we are facing the challenge of implementing
applied research outcomes to improve business.
We trust Clients Driving Construction Innovation: Moving ideas into practice will provide you with
powerful evidence-based research to develop and extend your own ideas for sustaining innovation in the building
and construction industry. We commend this book to you.

Mr John McCarthy
Chair
CRC for Construction Innovation

Dr Keith Hampson
CEO
CRC for Construction Innovation
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CHAPTER 1

Moving Ideas into Practice
Kerry Brown
Keith Hampson
INTRODUCTION
Today’s international business environment is becoming more competitive each day. The property and construction
industry is no exception. The construction industry is a multifaceted industrial sector as its operation is
characterised by highly fragmented project activities and a wide range of large and small enterprises with varying
levels of organisational and technological sophistication. Into this complex projectoriented environment is mixed a
set of increasingly demanding clients (Barlow 2000). While clients comprise a key relationship in construction
delivery teams, their role in the process of innovation, particularly in the project environment that includes diverse
areas such as property, design construction and facilities management, is not well understood.
It is timely then, to examine the path of innovation and technological advance from the formation of the new
idea to actual ontheground construction practice and to understand the role of the client in this process. Clients
Driving Construction Innovation: Moving ideas into practice provides a forum for worldleading industry
practitioners and researchers creating “the edge” in this highly competitive environment to share the results of their
research and innovation.
Moving Ideas into Practice brings together research on clients, designers, constructors and facility managers
to focus on delivering cuttingedge research in constructed facilities. It showcases technologies and practices
developed by internationallyrenowned practitioners and researchers, and it presents advanced applications of
applied research for improving industry practice.

MOVING IDEAS INTO PRACTICE
Moving Ideas into Practice canvasses the ways in which ideas are formulated as a precursor to the development of
constructionrelated technologies and industry practices and has a clear focus on advancing the uptake of applied
research to improve construction industry practice and performance. In order to improve industry performance it is
imperative to focus on moving ideas into practice — thus highlighting key elements of implementing applied
research and targeted training. The research studies presented in this edited volume were drawn from international
and national experts working in the areas of construction technology, management and innovation. Each chapter
included in this volume was subjected to doubleblind peer review of the chapter proposal at the abstract stage and
doubleblind peer review of the completed chapter by experts in the various fields within construction including
engineering, building technology, policy and management.
While the construction sector is a wellestablished and significant economic sector, it has not fared well in
innovative capacity or output (Seaden and Manseau 2001). In examining the reasons for the poor performance
relating to construction invention, Nam and Tatum (1995) identify construction as suffering from low levels of
technology adoption, a paucity of innovation and a poor innovation culture. In this way, research identifying barriers
and enablers to the shift from ideas to practice establish a rich source of information and provide a sound knowledge
base from which to proceed with developing innovative practice. By taking as its focus the ideas in the construction
arena making their way into the practice of construction firms and other industry stakeholders, this book confronts
these problems from a new perspective.

STRUCTURE OF THE BOOK
Themes identified and examined in detail in this book cover selected areas deemed key contributing factors to
ensuring clients involved in the innovation process allow a move from ideas generation to implementing those ideas
into practice. Aspects such as: the ways to meet the needs and requirements and, consequently, the aspirations of
clients in order to create innovative practice; the role of clients in the construction continuum from procurement and
supply to project completion; adoption and use of information and communication technology (ICT); and the
ongoing management of the facility, are all important considerations. However, the broader regulatory, policy and
construction industry context in areas such as health and safety, and sustainability and industry development, are
also of consideration in this research.
The book is structured according to nine key themes in investigating the role of construction clients in
bringing ideas to fruition. It is divided into ten parts that move across significant issues in the areas of forging new
insights into construction innovation through clients and their role in developing initiatives and implementing these
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new approaches into the construction industry. Each part is introduced by a keynote chapter that sets the scene for
that part and focuses on the large concerns in the specific themes identified.

Part 1: Clients driving construction innovation
Part 1 examines the key role of the client in driving innovation in the construction industry. Chapter 2, Peter
Brandon’s keynote chapter, challenges the notion that the client’s financial strength is the most important aspect for
fostering and initiating innovation in the construction industry. The chapter unpacks the complex transactions that
may occur in innovating firms and teams. It cautions that relying on a single large “client” to facilitate research and
development on a scale that is required for industrywide innovation is too narrow a conceptualisation of the role of
clients driving innovation. There needs to be greater acknowledgement of the need for a diversity of players and the
collaboration of stakeholders including government, building users, and clusters of contractors and firms within the
construction industry.

Part 2: Meeting client needs
The second part of the book suggests ways of meeting client requirements and, at the same time, driving innovation.
The keynote chapter by Mills, Wakefield and O’Brien (Chapter 4) draws on lessons from an innovative building
construction program in the US to demonstrate that research lessons from housing can be translated into a tool for
developing innovative processes for better building techniques. The research extracts innovative practices and
processes from industry experts, advisors and builders in large and small firms and then the researchers analyse the
results in order to determine innovative elements and flow these back as useable information to government and
building firms to guide future practice.

Part 3: Procurement and risk management
Part 3 focuses on the procurement process from both a policy and methods viewpoint. It investigates ways of
ensuring better processes for procuring goods and services, and sets of different procurement policy and decision
making frameworks. The key chapter by Jim Doyle (Chapter 7) provides an overview of the features of the
Australian construction industry and examines how “design and construct” contracts may be tailored to achieve
better outcomes for all parties.

Part 4: Information and communication technologies improving efficiencies
The fourth part of the book concentrates on the ways in which information and communication technologies (ICTs)
can create greater efficiencies within the construction sector. The chapter contributed by Ding, Drogemuller,
Rosenman, Marchant and Gero (Chapter 13) provides insights into the way that ICT can assist with the complicated
task of checking that construction projects meet the plethora of legislative requirements in the construction industry.

Part 5: Performancebased building
Aspects of performancebased building (PBB) are examined in Part 5. The focus of PBB is on the outcomes of
building performance achieved through elements of processes, products and services. In Chapter 19, the keynote
chapter by Greg Foliente, PBB is examined through the efforts to create a global standard of building performance.
Foliente brings together research and policy with particular emphasis on the evidence from the European Union to
develop a Research and Development roadmap and vision for performance building.

Part 6: Construction health and safety
Health and safety issues in the construction industry remain major concerns for regulators, policymakers and those
working within construction organisations. Chapter 23, by Biggs, Sheahan, Dingsdag and Cipolla examines ways to
develop a safety culture. The authors focus on understanding how to create a construction site in which safety is
paramount through safety culture competency planning. They suggest that safety competency is made up of
leadership behaviours, safety attitudes and beliefs, interpersonal communication skills, and safety knowledge, and
further that these elements in combination form the basis for safety culture.

Part 7: Facilities management
The issues addressed in Part 7, facilities management (FM), range from identifying emerging FM frameworks to FM
quality measurement to the impact of FM on architecture. The keynote chapter by Bellicini and Saleris explores the
evolution of FM in Italy and allows a comparative perspective of FM both over time and internationally. This
chapter (Chapter 28) outlines the shift to integrated FM and details how this approach is facilitated by precise
evaluation criteria and highly specified outsourcing contracts together with a strengthening of human resource
competencies.
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Part 8: Industry development
The context in which the construction operates is also an important factor in the ability of the sector to innovate, and
this aspect is examined in Part 8. The public sector may be included as a construction client as it is uniquely placed
to influence other actors and, as such, enacts laws and implements policies that affect the operation and performance
of the sector. In Chapter 31, keynote authors Ryan, Charles and Hampson explore the issues confronting
government as a client within the construction industry and test whether the industry development objectives can be
achieved through public policy efforts to promote collaboration in the construction industry. Industry development
has an important influencing role on the shape and progress of the construction sector in the areas of technology
transfer and facilitating the adoption of new processes such as ebusiness and robotics.

Part 9: Sustainable construction for the future
Expansion of the construction industry will significantly add to the global ecological burden through carbon
emission, landfill waste and energy consumption. In addition, the life expectancy of existing buildings and/or the
costly maintenance and restoration of iconic buildings require a different approach to construction. In Part 9 Martin
Fisher explores the future of building in his keynote chapter (Chapter 38) and suggests that integrated processes
together with sophisticated computer modelling and visualisation will establish greater efficiency and sustainability
in building the constructed landscape.
The book concludes with a summary and analysis of the key lessons from each of the themes and offers some
concluding comments on the challenges for the future.

CONCLUSION
The research presented in this edited volume both explores the role of clients in various aspects of existing
innovation in the construction and property sector and discusses implications for future practice. It thus paves the
way for the possibility of developing a comprehensive knowledge base and extending the productive capacity of this
sector. The key themes offer a comprehensive set of evidencebased considerations for moving from the generation
of ideas to practical application in the construction sector.

REFERENCES
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CHAPTER 2

Should Clients Drive Innovation?
Mind, Method and Motivation
Peter Brandon
INTRODUCTION
In recent years there has been a growing chorus from all quarters which suggests that the client is the person who
can drive innovation within the construction industry. It has been said so often that it has become a kind of mantra
and is barely challenged as a concept. The thinking behind such an assertion is that clients have the financial muscle
to make things happen and they can instruct their professional colleagues to act in a certain way. For such a view to
take hold there must be more than a grain of truth in the argument but closer inspection reveals a much more
complex issue than just the financial power to enable innovation to happen.
A number of questions need to be asked alongside the assertion. For example: “Why isn’t it to the
participants’ advantage to seek innovation in their own field and increase their competitiveness?” At face value it is,
but then why should it need a third party, the client, to make it happen? Another question that can be asked is:
“Does the client have sufficient expertise to be able to know where innovation is required, what the innovation
should be and how it can be implemented?” This raises the question of who the client is when we make such a
statement. Do we mean the person, or CEO of the organisation, or do we extend our view of the client to the whole
of the internal organisation? Or further still do we include the professional advisers who act as agents for a project
or series of projects? The ability to innovate requires a certain level of knowledge which may not reside in an
individual or single firm but may require an aggregated base of knowledge for innovation to happen.
This might be exemplified by the following diagram which shows the potential for innovation by a client.
The variables chosen are two critical ones, namely the degree of complexity of the project and the knowledge and
experience of the client dealing with that kind of project.
Figure 2.1: Potential for Major Innovation by the Client

Figure 2.1 suggests that low experience or knowledge results in a low level of potential innovation whether it is low
or high complexity. It also suggests that the scope for innovation is low even when the complexity is low and
experience is high because the need for innovation may have been reduced. This is open to question when a major
technology appears and, for example, changes the whole process. It is in the high complexity and high experience
quarter that the potential is increased mainly because the need is often increased and the knowledge is available to
know what needs to be done. These views would probably hold true if clients and their professional agents acting on
their behalf are also included. There seems to be a necessity to innovate, which is at the root of the potential to drive
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new methods and approaches. It does raise the question of why the professionals do not encourage innovation
unless called upon to do so by the client. Partly this must be due to the climate of litigation in the construction
industry which drives professionals to seek refuge in what is well known. Partly it is because of the pressure which
professionals are under to do their work and the opportunity for reflection is often lost.
Another issue is the degree of fragmentation of the industry resulting in a loss of corporate responsibility for
improvement. Often the major potential for innovation arises from a change by all the parties involved and it is not
in the power or in the interest of one individual or firm to change the process to achieve a major breakthrough. This
is potentially where clients can have an impact if they have the knowledge to be able to address the problem. The
problem lies in the changes to the structure of the industry developed to cope with increasing complexity of
construction projects. Three centuries ago the designer/engineer was responsible for creation and building of the
product. As the work became more sophisticated and financial procedures more complex there has been a higher
degree of fragmentation of the process with specialists taking independent roles within the design/manufacturing
process. The result has been an explosion of management to cope with the complexity of the interfaces between
them (Brandon 2005) but in addition it appears to have created more difficulty in getting the project team of
consultants to undertake corporate innovation. At the heart of this problem is the lack of shared knowledge created
by the interfaces.

MIND
One dictionary definition of “mind” is: Consciousness considered as residing in the human brain, manifested
especially in thought, perception, feeling, will, memory, or imagination (The Universal Dictionary 1987).
It can be argued that for any activity that involves innovation the mind must be at the centre of the process.
The manifestations above are all critical to any creative or innovative process. All are engaged in translating an
existing situation into a new and improved one. The concepts of thought, perception, feeling and memory provide a
context within which the change can take place. They provide the roots of understanding and knowledge either
individually or collectively which means that we do not have to start from first principles every time we try
something new. On the other hand the will drives us to do something which is new and provides the motivation for
change, and imagination allows us to think beyond what exists to something which might be. The mind is the
powerful tool by which we progress.
For innovation to thrive there must be knowledge which is backed up by intelligent thought, perception of
what is needed, a feeling drawn from experience or instinct and a memory which provides discernment of what is
useful and what is not. Knowledge is at the root and the following discussion addresses the knowledge aspects and
its management for innovation.

The knowledge issue
“Knowledge based innovation is the super star of entrepreneurship. It gets the publicity. It gets the money. It is
what people normally mean when they talk of innovation” (Drucker 1985, 75).
The traditional management activity is supported by a wealth of knowledge and when there are many
specialisms engaged then it is a major part of the management process to ensure that the transfer of knowledge and
its maintenance within the project is undertaken in an effective and efficient manner. Knowledge is at the heart of
the integration and understanding of the management process. One of the problems in the traditional construction
industry has been the gradual entropy in the integrity and completeness of knowledge through the development
process leading to clashes between design proposals, litigation among participants and lack of an information legacy
for future analysis resulting in a breakdown of understanding of intent and a record of what happened. This in turn
creates an environment in which the desire to go outside the current norms of behaviour (even if the benefits can be
seen) is not encouraged.
For example, a thin and simplified slice through the tendering and cost control process reveals a number of
interfaces:

6

Figure 2. 2: Knowledge Transfer and Enhancement Through the Design/Manufacture Process
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Figure 2.2 shows just a few of the hundreds of interfaces that occur in such a process. At each stage the person or
function which is next in line interprets what has gone before and then, because of their particular knowledge and
skill, will enhance the information available and use it for their own purposes of communicating to the person next
in line. At each abstraction from one person to the next there is selectivity in what is carried forward and therefore
there is a breakdown in the knowledge transfer. There is also an aspect of adaptation in the knowledge as
information is added or changed to aid the next step in the process. Some knowledge is lost, some is gained. In
order to understand the scope of what is being communicated, regulations have been developed such as the Standard
Method of Measurement or Standard Building Contract, to make clear, up to a point, what has been done. It is also a
process engaging several media including visual, textual and physical modelling each of which has strengths and
weaknesses. At the start, the knowledge about objectives and strategic aims is strong, whereas at the end it is the
knowledge about detailed construction or manufacture which is dominant and the original intent and objectives are
lost in the detail.
For clients to drive innovation this creates a problem. Clients’ ability to innovate does not extend across the
whole of the process — only for those they appoint directly and therefore on which they can impose an innovative
view. At the same time the initial knowledge degrades through the process in terms of concept and upgrades in
terms of detailed design. Where can innovation be expected from the client in such a process? If knowledge is a key
feature then it is likely to be in the strategic thinking and process and not in the design detailing or materials. The
incentive for innovation at the detailed level still rests with the firm undertaking the manufacture or assembly and
this is what gives them a potential competitive edge.
For many years the process has been honed to suit the limitations of human brains and limbs. Because we
cannot assimilate masses of detailed information we use simplified models; because we cannot compute quickly we
use rules of thumb and limit the number of items we measure; because we find the information complex we simplify
and allow for this in our contract documents. This process of simplification and limited transfer of knowledge is at
the root of the growth in management as a discipline. Someone has to organise, control and check that there is
compliance and communication, and that there is assessment of the consequences. To aid the management function
process, models have been created (Process Protocol 1995) which are well established and sometimes standardised
for the industry. However, it is also at the root of the lack of innovation. The processes are fragmented but also the
models we use are accepted by tradition, however weak they may be, and a degree of fossilisation is created as
“everyone knows where they stand”. Don’t rock the boat! The client has to address this inertia if a climate of
innovation is to be encouraged.
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Knowledge at the root of the innovation
The above discussion has indicated that it is knowledge (often gained through experience) which allows the client to
be proactive in driving innovation. Part of this gaining of knowledge will relate to the way in which the clients
capture, analyse and implement future knowledge and this leads to issues of knowledge management.
As you might expect with a subject which is still in its infancy, the understanding of knowledge management
has changed over the past twenty years. Snowden (2002) identifies three “ages” of knowledge management. These
he suggests are:
§ First age (prior to 1995): Information for decision support where the focus is on the appropriate structuring and
flow of information to decisionmakers and the computerisation of major business applications leading to a
technologyenabled revolution dominated by the perceived efficiencies of process engineering. However, this
“age” stuttered to an end when organisations recognised that they might have achieved efficiencies at the cost
of effectiveness. For example, they had laid off people with experience and natural talents of which they had
been unaware and these attributes were lost to the organisation.
§ Second age (after 1995): The popularisation of the SECI model (Nonaka & Takeuchi 1995), with its focus on
the movement of knowledge between “tacit and explicit knowledge states” through the four processes of
socialisation, externalisation, combination and internalisation. Previously Polanyi (1974) had seen tacit and
explicit knowledge as different but inseparable aspects of knowledge, the de facto use of the SECI model was
dualistic, rather than dialectical. The work of Nonaka and Takeuchi was seeking to contrast a claimed Japanese
idea of oneness with a rational, analytical and Cartesian western tradition within the context of innovation in
manufacturing processes where tacit knowledge is rendered explicit to the degree necessary to enable that
process to take place. It did not follow that all the knowledge in the designers’ heads should or could have been
made explicit.
§ Third age (emerging): It appears that some of the basic concepts underpinning knowledge management are
being challenged to a point where we grow beyond managing knowledge as a thing to also managing
knowledge as a flow. This is based on three heuristics namely: Knowledge can only be volunteered — it cannot
be conscripted; we can always know more than we can tell and we will always tell more than we can write
down; and we only know what we need to know when we need to know it. It is recognition of the limitations of
the second stage but not the abandonment of its practice. (To take an example of a contract, it tries to convey an
appropriate level of knowledge to satisfy the agreement between the parties. However, it is also clear from
litigation that the knowledge contained in the contract documents is not complete and can sometimes be
challenged in the courts. We can never demand or capture all the knowledge in the minds of the participants so
we allow practice and rules and regulations to determine our understanding of what was intended. It is never
complete.)
Increasingly, academics and others are seeing the importance of context to the process of knowledge management
and this raises the issue of culture (Snowden 2002). By recognising the situation in which knowledge is used and
disseminated and how that impacts on both the knowledge delivered and the process chosen, a more fundamental
understanding of what is involved in knowledge management and its complexity begins to be addressed.
In fact, as already stated, it is the complexity of the problem which underlies most of the problems found in
the construction industry. A bespoke artefact, built on a unique site in a unique location with a virtual design and
construction team which is geographically separated, and with major interfaces between specialised knowledge, is
bound to create difficulties. For many years it is remarkable that this has been able to be managed largely through
the knowledge in the minds of the personnel involved and in their representations in terms of physical models, 2D
dimensional drawings, and text. However, the knowledge that human beings bring to problems can be severely
underestimated. Simple examples include our ability to call on our life experience to interpret a political cartoon or
an obtuse advertisement. We look at a page and we determine that it is conveying a message. We call upon our
knowledge of communication to interpret the knowledge either by text or visual representation and we analyse it to
make sense. We may have to call on our knowledge of history or current affairs to establish what the particular
context and meaning of the message is likely to be. We then connect with our sense of justice or the human
condition and we may then activate our muscles and smile or laugh. This suggests it has real meaning for us. It is a
vast array of knowledge which we take for granted until some malfunction of the brain occurs.

The clients’ knowledge
In the context of this chapter we are concerned about the knowledge a client or the client organisation can bring to
the problem of creating new structures or refurbishment of existing structures. We have already discussed the likely
degradation of knowledge of the client as the information being handled becomes more detailed. This suggests that
the innovation opportunity for clients is more likely to be at the strategic and conceptual level. They are not likely to
be seeking innovation in the design and fixing of the ironmongery! However, they may be interested in the general
performance of the ironmongery and the way it is procured within the context of the procedures adopted for the
whole project.
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What is it possible to expect a client to know and be able to engage or at least provide the climate for innovation?
Two examples might allow us to explore this issue. The first arises from the experience of John Egan when Chief
Executive of British Airports Authority, and the second is from the experience of Frank Gehry and Partners who
worked with their clients to create an environment of innovation which allowed the type of building requested by
the client to be built.
The BAA example is quite interesting as it was initially driven by Sir John Egan who came from a product
manufacturing plant, Jaguar Cars, to a development authority (BAA — the largest Airport Company in the world)
and found that the process reengineering that had been undertaken in the car and other manufacturing sectors over
the past twenty years had completely bypassed the construction industry. The industry was still operating in a way
that a developer of a century ago might recognise. The supply chains were unnecessarily long, the industry was rife
with litigation and the information technology revolution had made little impact. With a highly competent team of
informed and knowledgeable individuals he addressed the improvement in process which had made such an
advancement elsewhere. The opportunity arose with the construction of Terminal 5 at Heathrow Airport, London, a
£3.75bn construction program with many buildings which could provide the basis for some experimentation in
innovation. It included the restructuring of airport delivery into seven major teams, rationalisation of the supply
chain from many hundreds to around 270 in the first instance, with the intention of driving it down still further, and
the use of 3D visualisation and information models to improve the flow and quality of information and to improve
business to business processes. The latter was introduced because early experience of office building had identified
major extra costs relating to:
§ lack of spatial coordination
§ poor appreciation of manufacturing and construction tolerances
§ poor management of data, drawings and documents
§ poor management of information flow.
To introduce the 3D modelling, several stages were introduced including establishing data standards, preparation of
the 3D model integrity, and managing the distribution of information. The benefits from the 3D modelling were
claimed to be in the order of 10% of the contract sum by avoiding costly reworking and delays. However, the
benefits were in excess of this and included the benefits of visualisation in management and construction as well as
general communication, automatic generation of quantities of materials, legacy information on the building as built,
and planning, constructionrelated and specialist contractor coordination through linkage of the model to
construction management software. Similar advantages have been demonstrated in other buildings such as the Swire
Building on Westlands Road, Hong Kong.
In terms of industry a large number of leading firms are now using such technologies to enable them to
undertake projects which would be almost impossible without them. Perhaps the leader in the field, largely because
of the nature and complexity of the design and materials used, was the firm of the leading architect Frank Gehry in
the United States. Gehry wanted to combine his skills as sculptor/designer with the new materials that were coming
on the market, and his partner Jim Glymph decided that the only way to achieve this was to harness the tools
available in other industries such as the aircraft and automobile industries. Working with a software package called
CATIA originally developed for the French aircraft industry by Dassault Systemes, they created an advanced 3D
model of their intended construction which was used for a variety of purposes including understanding the design,
manufacturing direct from the model, cost forecasting, management, setting out and maintenance of the design as
built. It also included acoustic and other evaluations in due course.
The first attempt by Gehry Associates at this approach was for the Barcelona Olympics in 1992 where Gerry
was invited to create a sculpture of a fish. He had nine months to complete the project and he agreed to do it
providing planning and other constraints were eased, no external management was engaged, it would be built round
the 3D computer model and paper drawings were not required. These requests were agreed and the large steel
structure was completed on time and cost. The management and control were placed back in the hands of the
designer through the technology.
Gehry’s senior partner responsible for the management and procurement issues in the firm, Jim Glymph
(Friedman 2002), says of the process adopted with the fish sculpture:
… in construction, you know, there’s been a tradition built up about paper and a paper process, an
approval process that is very complicated. We didn’t sacrifice any quality control procedures, we
clearly did not sacrifice any management. We just eliminated management where it was not
necessary, which was most places. The fish sculpture was a fairly easy, steel structure, metal skin,
it’s not like the other buildings we are doing now … but the big road block is still management.
The success of this venture some 13 years ago encouraged the firm to take a similar approach to other projects of a
more complex nature. Subsequently the Experience Music Project in Seattle, The Guggenheim Museum in Bilbao,
The Walt Disney Concert Hall in LA, and the Stata Centre at MIT, Boston have been developed (among others),
demonstrating the benefit of this approach.
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These two examples show innovation being driven by client demand. In one case the client’s developer has come
from another industry, seen an opportunity for crossfertilisation of knowledge and has implemented the innovation
to great cost advantage. The second relates to a demand from a client for a new kind of structure to be built very
quickly and which requires innovation in technology and process to achieve the required result. Necessity is the
mother of invention but also innovation!
In both cases the will is there to do something different and new which is perceived as an advantage, not only
to the client, but to a wide range of organisations which engage on one or more of the clients’ projects. In fact, in
both cases the innovation was not a “oneoff” but something which provided a foundation for further innovation and
continual development. In the case of the BAA, the innovative thinking was taken to a much higher strategic level
relating to the industry. Sir John Egan became the Chair of the “Rethinking Construction” group supported by the
government (Egan 1998) and began to introduce the ideas he had developed in his organisation to the industry as a
whole. There is some evidence that the targets and thinking introduced in this national report have begun the
process of establishing a climate of selfimprovement in the industry which had not been so evident in the past. It
marshalled the technical press, the professional institutions, the industry representatives and government at various
levels into a combined vision for future development. In setting targets it attempted to provide goals for the industry
although these were sometimes difficult to relate to everyday working on a site. The key lessons to these
innovations are as follows:
§ key individuals (innovation champions) lead the innovation drive
§ very competent teams back and support the leader
§ a vision of what the industry could be is clearly in the mind of the initiators
§ necessity can be a big driver when new design is required (many of the freeform architects could not simply
create their buildings without advanced 3D modelling techniques)
§ ideas and experience from one industry can be brought across to another to aid innovation
§ knowledge gained in innovation in a single organisation can be transferred to other organisations for mutual
benefit
§ knowledge which is generic can be used to provide guidance and policy at the national level and begin to
change industry culture towards selfimprovement.
It is not difficult to see how these matters relate to the definition of “mind”. In terms of the knowledge that we can
expect a client to have in order to innovate then it is clear that it must arise out of experience. In the case of BAA it
borrowed experience from a different industry and brought it to construction but at the same time it incorporated the
knowledge of a skilled team to make changes at the strategic level. There is still considerable innovation within the
hands of the supply chain. In the case of the Gehry approach the knowledge of the client is relatively low but the
will and drive to change and produce a novel building is the part the client plays. The actual innovation is delegated
to the design team who have the experience to understand what is necessary to produce the product required and
who have the understanding to know when traditional approaches and regulations need to be challenged.

METHOD
Method can be defined as: “A means or manner of procedure; especially a regular or systematic way of
accomplishing anything … The procedures and techniques characteristic of a particular discipline or field of
knowledge.” (The Universal Dictionary 1987)

Approaches to innovation
In the above discussion regarding mind and knowledge, it is clear that a process is at work. It is unlikely that that
process is formalised in any great way although various techniques for encouraging new thinking can be employed.
The literature on the subject suggests that a degree of experimentation is required but this may be taken in an
informal manner. Gann suggests this in “Think Play Do: Innovation, Technology & Organization” (Dodgson et al.
2005). Shrage talks of “Serious Play” (Schrage 2000), and Chesborough calls for “Open Innovation” (Chesborough
2003) as a way of allowing ideas to flow in and out from the company to enlarge the pool of ideas from which
innovation might come. Most authors summarise by suggesting there is a period of reflection followed by a period
of experimentation and then there is a decision to implement and drive the innovation through. The source of the
ideas is not always made clear.
The difficulty is in establishing what are the processes that the mind goes through to achieve the innovation.
It can be prompted by any number of stimulations, often unrelated directly to the problem at hand. Often a new
approach comes from a new juxtaposition of ideas or knowledge which provides something which had not
previously been thought of. Increasingly this seems to be multidisciplinary. Where previously individuals worked
alone and refined their own techniques they are now required to work in and contribute to teams in which it is the
total picture which is being addressed and a holistic view is required to solve the problem. This takes them out of
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the reductionist approach to another plane and they have to “think out of the box” which they have carefully
nurtured for years.
There are dangers in trying to formalise these processes as the formalisation process can itself become a
barrier to innovation. By their nature formal processes provide standard approaches and it is the nonstandard which
may provide the new thinking. There is an argument which suggests that it is the creation of an environment for
innovation that is required and not a technique which will prompt innovation — after all, innovation occurs all the
time without formal processes.
Nick Valery is quoted in an editorial (Collins 2004) in his summing up of the 2nd Annual Innovation Summit
for the Economist in San Francisco 2004 as suggesting that change can come in many forms:
§ from the unexpected
§ from an incongruity between what is supposed to happen and what does
§ from a refusal to accept the inadequacy of a product and process
§ from a sudden change in the structure of the market.
It is the third and fourth of these in which clients or stakeholders are largely engaged in promoting change and
innovation.
Valery also echoes the views of many writers when he describes one approach to an innovation strategy to be
to:
§ scan the environment
§ select ideas which give the best chance of giving a company a competitive edge
§ resource those ideas
§ implement the result
§ review the strategy to see if it needs to be altered; this he considers to be the most important.
He goes on to say: “The real test of an innovation strategy is sustained growth from continual innovation” (Valery
2004, 1). However, behind this comment is an implied view of a stable environment in which all the necessary
knowledge is present within the firm and in which everyone talks to each other. One way in which knowledge is
being shared, and encouraging innovation at the micro level, is the current trend for outsourcing. Many industries
are shedding internal staff and developing networks of specialist firms who undertake the same work for them but in
a more competitive environment. This action does allow for a greater degree of sharing as the specialist firm is
likely to work for several other organisations and will bring to the innovation process what seems to be good
practice from several organisations. The danger of course is that when that innovation needs to be integrated with
the other systems in the original organisation it may not be compatible, or worse still, the expertise no longer resides
in the original firm in sufficient depth, and the new knowledge cannot be assimilated and implemented. In this way
the structure of the market can work against innovation.
Drucker (1985) argues the case that where the conventional wisdom on innovation (and entrepreneurship)
goes wrong is in its assumption that the processes are natural, creative or spontaneous and that if they are not
present in a company then something must be stifling them. In a wideranging discussion he argues that companies
require policies and practices in four major areas:
§ Firstly, the organisation must be made receptive to innovation and willing to see change as an opportunity
rather than a threat. In other words, create the innovation climate.
§ Secondly, systematic measurement or at least appraisal of a company’s performance as an innovator is
mandatory as well as builtin learning to improve performance.
§ Thirdly, both entrepreneurial and innovation management requires specific practices pertaining to organisation
structure, to staffing and managing, and to compensation, incentives and rewards.
§ Fourthly, he suggests there are some “don’ts”; things not to do. These include: Don’t ever put the
innovation/entrepreneurial into the existing management component! Don’t go outside your own field to
innovate, and don’t try to make your own business entrepreneurial by buying in, that is, by acquiring small
entrepreneurial companies.
The above list is not an argument for trying to force innovation into a standard procedure or to downgrade creativity
but more about making sure the environment for innovation is there to motivate or allow employees to innovate.

MOTIVATION
One dictionary definition of the word to motivate is: “To stimulate to action; provide with an incentive” (Universal
Dictionary 1988).
In the context of clients driving innovation the question of motivation is the key to getting the innovation
implemented. It is one thing to be creative and have an innovation in mind but until it is enacted then the innovation
has no impact. It could be argued that this is the biggest role that the client can play. If clients provides the
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incentives and use their power to encourage innovation then it is likely that more innovation will take place in a
shorter space of time.
In the case studies mentioned earlier, action followed because there was strong motivation to follow through.
Developing a sophisticated computer system which can transform the business and design processes is not going to
be implemented unless there is a real need, an understanding from all concerned that this is of real benefit and that
the expertise is available to implement.

The environment for innovation
The environment for innovation is absolutely key to organisational innovation and needs to be geared to the
organisations and individuals involved. Increasingly organisational management seems to be moving to flat
management structures where individuals feel empowered to make decisions and develop their own interests. If
individuals feel that they have the power to implement an idea and that they can command the resources to achieve
it, then it is argued that this is more likely to encourage an individual to make the personal effort required to see it
through. There are other considerations of course such as the reward structure of the company and the individual
must still feel supported and encouraged to achieve innovation.
It would probably be true to say that the environment for innovation in construction compared with other
industries has not been strong. Pharmaceuticals demand high research budgets to provide the drugs which will have
the volume sales to address the demands of shareholders. If the drug is not forthcoming then the firm finds itself
with the potential of a massive loss in market share and profitability. In the information technology industry all
firms are competing in a fastmoving field to provide the power and applications which will keep their product
ahead of the rest of the competition. Often these IT firms are less formally organised and the commitment of their
staff to new innovation is central to their work. However, Microsoft were quoted by the Economist (2002) as
spending $250m on their Microsoft Research Unit but that this represented only 5% of their total expenditure on
research. This suggests that within the organisation much of the research and innovation effort is being done within
normal management budgets as part of the need to stay ahead.

Financing innovation
The normal budgets for construction companies do not have this flexibility to encompass research and innovation
investments. In the UK, even when a company has a research section, it has been evident that when a construction
company wants to reduce costs, often through a new CEO who wants to please shareholders in the short term it is
the research unit which is the first to be challenged. Staff in these units often feel vulnerable and this does not aid
the innovation environment. One reason for this is that the industry still operates in a similar way to a century ago
and the process of construction has been refined to the point where innovation is marginal. It is in the bottom right
hand box of Figure 1. For major innovation to take place then, it may be necessary for innovation to occur in a
number of organisations. An example of this would be the use of 3D collaborative models where all the design team
and the contractor and his supply chain are able to work through one computer model. There are examples of firms
pioneering this work, including BAA and Gehry Associates but the effect is localised and the full benefit for the
industry cannot be felt. In some cases where the 3D design model can be transported to the manufacturing process
in a fully automated way for fully automated manufacturing there are insufficient firms who are willing and able to
make the investment in the technology and consequently the competition, and therefore the real benefit is severely
limited. Until a sizeable proportion of the firms have the technology and have invested in the education needed to
implement such systems then the initiators of the innovation can be penalised by the restricted market and
sometimes monopoly situation.
Another problem for the innovation environment is that often the rewards are not made explicit for the
individuals who do innovate and for them the reward for risk and commitment necessary to see it through is just not
there. In fact budget lines for each section within a firm may be so tight that investment in innovation is considered
to be a cost with the benefit often appearing elsewhere within the organisation.
Miozzo and Dewick (2004) undertook a study of major contractors across Europe and they argue that contractors
play an important role in innovation because they:
§ play an integrating role in the project and a mediator role in the interface between the institutions that develop
many of the new products and processes, and those that adopt these innovations — unless the contract can
“intercept” innovations developed elsewhere such as new materials or process and has the skill to learn or apply
it in future projects, as well as incorporate it into the system as a whole, change is likely to be slow
§ are not only mediators in the project coalition but they are an important source of innovation to improve
construction technology and integrate different systems — they go on to say that in some countries, namely the
UK, corporate governance structures and lowestcost tenders may act as a constraint to innovation, and
contractors in these circumstances may have insufficient autonomy to alter design specifications and introduce
product and process innovation.
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have become more important in facilitating the use of sustainable products and implementing sustainable
processes as they look beyond the costs and accept the liability and risk associated with building with
sustainable technologies.

These points are well made and it is of course important that contractors face the need to innovate as much as any
other party, but they also have to address the problems of trying to integrate and innovate across disciplinary
boundaries. For them the problem is alleviated if the client can be specific about what is to be expected, decide the
systems to be adopted and can share or take the responsibility for the major risk.

Responsibility and financing for innovation
Eastwell (2005) argues that it is lack of ability of companies to develop intellectual property that is of direct and
unique benefit to the company paying for the research that is the problem. He goes on to argue that in projectbased
construction there is very little protectable intellectual property that any one company can develop — the property
rapidly diffuses into the culture of the project team which will then disperse into new products with new partners.
The question is then: who should pay for the collective R&D that would lead to innovation? Some would
argue that it should be the clients. This might be true in some areas but it is unlikely in the majority of cases as the
clients’ expertise is their own business and not in the provision of buildings. Unless it can be shown to help them
directly why should they invest for the benefit of all? Eastwell argues that it is the responsibility of government to
undertake such research since they have a duty to manage society’s infrastructure (education, health care, defence
and so on) where it is inefficient to do so other than in a national context. He argues that construction should be seen
as a national infrastructure asset with central funding of technology development on the needs articulated by the
users.
It would appear then that the role of clients in direct innovation is limited except in those cases where clients
see property and construction as their major area of expertise or where their building program is so large that it
represents a major part of their investment on a continuing basis. Where all clients can play a major role in the
process is in defining current and future need so that the government and industry can respond. It is not likely that
clients will be persuaded to pay for the industry’s own business development and many would argue that it is not
their responsibility — that lies fairly with the firms found within the industry. Whilst finance is a key motivator it
may be that we are looking in the wrong area for clients to sponsor innovation. If government is prepared to
shoulder some of the burden then it may be that the government as client does have a major role to require,
stimulate, and experiment with innovation for the benefit of all those who use buildings, and that is most of us.

CONCLUSIONS
This chapter has attempted to outline the issues with regard to clients driving innovation. It has attempted to show
where clients have had an impact and this is usually where a sizeable proportion of the business is associated with
property and construction or where the client demands something new and creative to which the industry responds.
If clients are to play a role then knowledge is a critical factor and most clients cannot gain that knowledge when
they build infrequently. Methods to encourage and manage innovation are beneficial where there are consistent
teams working within a single organisational structure and the processes can be replicated. However, these are more
difficult to replicate with virtual teams where the intellectual property cannot be protected and no one firm benefits.
The major role for all clients might be to articulate more clearly their future requirements in order that the industry
can respond, knowing that there is a market ready and willing to assimilate the innovation.
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CHAPTER 3

Adopting Innovation:
Building Information Models in the
Finnish Real Estate and Construction
Cluster
Arto Kiviniemi
BACKGROUND
In early 1990 Finland’s economy suffered from a deep recession, which affected especially strongly the real estate
and construction cluster (RECC). When the economy started to recover in mid1990 the Finnish technology policy
and industry leaders agreed about the need to develop the cluster and identified some key problem areas in the
industry. One of these key areas was information sharing and management in all processes during the lifecycle of
the buildings. Together with the realisation of the importance of the RECC in the national economy this led into
preparations for a large national technology program to develop information and communication technologies for
the management of lifecycle information of the buildings.

TEKES’S TECHNOLOGY PROGRAMS
Tekes, Technology Agency of Finland, is the main funding source for all applied technological research and
development in Finland and its main instruments in influencing development are proactive technology programs.
Tekes uses technology programs to allocate its financing, networking and expert services to areas that are important
for business and society. Programs are launched in areas of application and technology that are in line with the
policies in Tekes’s strategy. Technology programs consist of research projects by companies, universities and
research institutes, plus services that support companies’ business operations, such as shared visions, seminars,
training programs and international visits. Technology programs provide opportunities for companies to network
and develop business expertise and skills in international operations. In the programs, they receive Tekes financing
for developing products, production, service concepts and business expertise and also the very latest information
about different areas of technology and business (Tekes 2005).

PROBLEM ANALYSIS FOR THE RECC ICT PROGRAM
The starting point for the planned RECC ICT program was to analyse the assumed problems together with the
industry in a study, which provided bases for the decisions about the goals, content and volume for the program
which would address the identified main problems. The identified main development areas for a new program were
(Kiviniemi et al. 1997):
1. To raise the quality of information management between project participants.
§ The participants must be able to deliver the right information to the right persons at the right time. The
main goals are interoperability and data sharing.
2. Information management over the building lifecycle.
§ The first requirement to fulfil this is that all information produced in the design and construction process is
interoperable and that asbuilt information can be delivered after the delivery of the building.
3. Wide use of IT in the building industry.
§ The current processes in the building industry include much overlapping and repeated work, because the
processes and methods are still mainly the same as they were before implementation of IT. Information
networking could reduce this overlapping, but it is not possible before all participants use IT widely and the
data is interoperable.
4. Reengineering of building process.
§ The building process must develop into a user and productorientated, flexible process supporting
networking and sustainability.
§ IT can be used as a tool to change the processes.
§ The process must be changed before the full benefit of IT can be achieved.
5. Use of information networks.
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§

The use of networks in data sharing will enable new and faster processes and make revision control easier,
decreasing problems in finding the latest information in changing situations.

The basic strategy was to move from the application specific data and data integration on company level towards
industrywide data integration and shared models.

EARLY BUILDING PRODUCT MODELLING RESEARCH AND
CONNECTION TO INTERNATIONAL ALLIANCE FOR
INTEROPERABILITY (IAI)
VTT Technical Research Centre of Finland started research on product model technologies in the late 1980s in
RATAS projects (Björk 1994), but at that time the Finnish industry did not adopt these technologies. The main
reason was the lack of suitable, existing software applications and the Finnish market was not large enough for
successful commercial implementation of the early product model ideas. However, the early efforts created world
class knowledge of the product model technologies in Finland and emphasised the importance of international
collaboration and standards as enablers of the adoption of new technologies for information sharing.
During the preparations for the national RECC ICT program in 1996, a new international building product
model standardisation effort was started. Industry Alliance for Interoperability which started in USA in 1994,
demonstrated advantages of interoperable product models. In 1996 the Alliance transformed into International
Alliance for Interoperability (IAI) which had its first meeting in London in May. This organisation provided an
obvious international platform for the Finnish activities, and IAI Nordic Chapter was founded in August 1996 in
Helsinki together with Denmark, Norway and Sweden.

THE VERA PROGRAMME — INFORMATION NETWORKING IN THE
CONSTRUCTION PROCESS
In May 1997 Tekes made the formal decision to start a national technology program called Vera — Information
Networking in the Construction Process (the Vera Programme). Some Vera projects, such as IAI Forum Finland,
started earlier in late 1996. The duration of the program was decided at six years, 1997–2002, and the original
budget was defined at €28m, which made the program one of the largest construction ICT development efforts in the
world at that time. The program vision and goals were ambitious, affecting not only the RECC, but the whole of
society.
In the beginning of the Vera Programme some people in Finland criticised it in that the program volume was
too high, because about 50% of the funding must come from the private sector. The critics said that the RECC is not
willing to invest that much in ICTrelated R&D. However, soon the industry was even more active than Tekes
estimated in their prestudy, and Tekes increased their funding part according to demand. The final budget of the
Vera Programme was almost €47m, 67% over the original budget (Tekes 2002). A noteworthy issue is also the large
percentage of industrial development projects in the Vera Programme; 70% of the projects and 82% of the budget
was used in those. This is exceptional in Finnish technology programs, but matches exactly the Vera Programme’s
strategic goals: to make changes in the industry.
The Vera Programme consisted of 161 projects (VeraProjects 2006). Thus, it is not possible or relevant in
this context to try to cover all details of the program. It consisted of five main types of projects: software products,
service products, process development, basic technologies and knowhow, and surveys and reports. In most
categories the projects consisted of both research and industrial development projects (VeraProjects 2006).
Software products and basic technologies were crucial enablers for the first tests of the ideas. The basic
technology development mainly focused on the development of the Industry Foundation Classes (IFC) specification.
Sometimes Finland’s contribution in this area paid for almost half of the international IFC modelling group.
Software development was focused on commercial products, and several projects created worldclass applications,
for example, COVE by YIT, Model Checker by Solibri, IFCtoolbox by Eurostep, MagiCAD by Progman, and BS
PRO and BSLCA by Olof Granlund, to mention just a few of them. Also two of the existing three IFC model server
applications were developed in projects of the Vera Programme: IMSVR by Secom (Japan) and VTT, and Model
Server for IFC by Eurostep (VeraProjects 2006).
In the service products and process development categories, companies developed their own processes and
abilities to use the new technologies. One of the main driving forces in the early phases of the Vera Programme was
YIT, the largest construction company in Finland. Their example and results were crucial to show the potential of
building information modelling (BIM) technology for the other construction companies. Later in the program
Skanska became active and in the ProIT project they caught up, if not passed YIT. One of the important companies
in the success of the Vera Programme was Olof Granlund, an engineering office for building services, which has
developed unique software and processes, moving from traditional heating, ventilating, airconditioning and
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electrical (HVACE) design to lifecycle information management, also offering advanced and powerful simulation
and analysis tools and partnering with leading technology developers around the world.

HUT600 PROJECT, SENATE PROPERTIES
However, in my opinion, the most important single project in the Vera Programme was the new main auditorium for
Helsinki University of Technology (HUT). The HUT campus is located in Otaniemi, city of Espoo, Finland. The
master plan and the main buildings of the HUT campus were designed by Alvar Aalto, widely regarded as one of the
most prominent architects of the twentieth century. Aalto’s bond with HUT was forged in 1949, when his
competition entry was awarded as the master plan for the Otaniemi campus. Dominated by the striking form of the
two main auditoriums, the main building was completed in 1964. In 1997, the shortage of multipurpose auditorium
space prompted HUT to conduct a feasibility study to evaluate possible locations for a new auditorium. The study
concluded with a decision to build a new multipurpose auditorium as an extension that was to be linked to the
northern end of the existing Aalto main building. Since the new auditorium — the largest on the HUT campus — is
capable of accommodating 600 people, the construction project was named “HUT600”. The project started in
October 2000 with an initial budget of about €5m. Construction commenced in April 2001 and was completed in
February 2002 (Fischer and Kam 2002).
Because of the importance of the building, the requirements and expectations for the building design was
very high. The owner, Senate Properties, wanted to use the best available design, analysis and evaluation methods
and increased the challenges for the architect and engineers by making a decision to use interoperable product
modelling techniques in the project. The project was the first project in the world using IFC data transfer in wide
scale between the project participants. In addition, the owner decided to make a public, international report of the
project. This excellent report records all the details of the process, problems and benefits. Thus, I present here only
the main activities and some conclusions, exactly as they are documented in Fischer and Kam (2002, 5):
The HUT600 project team constructed and maintained objectoriented product models with
explicit knowledge of building components, spatial definitions, material composition, and other
parametric properties. Only with this product modelling approach could the team leverage the
object intelligence from the 3D models for data interoperability. These product modelling and
interoperability approaches eliminated the inefficiency and risks of data reentry in conventional
practice. The PM4D approach was crucial for generating reliable and quick cost estimates,
construction schedules, comfort designs, energy analyses, environmental reports, and lifecycle
cost studies. Furthermore, the approach allowed the project team to use visualisation tools to
review spatial designs in virtual walkthroughs, compare lighting schemes in photorealistic
renderings, and comprehend construction sequences in 4D animations, all leveraging the same
electronic design information..

Major Benefits
During the early schematic phase, objectoriented modelling software and IFCs allowed the
project team to shorten the time for design iteration, develop a reliable budget for effective cost
control, and eliminate the need to reenter geometric data, thermal values, and material properties
as different disciplines contributed to the design progress. Additionally, visualisation tools such as
the photorealistic rendering software, Virtual Reality—Experimental Virtual Environment (VR—
EVE), fostered early communication among the endusers, owners and the project team, who then
captured valuable inputs and effectively translated the client’s intent into longterm values.
Building on the resulting efficiency and timesavings, the project team was able to conduct a
variety of indepth lifecycle studies and alternative comparisons on thermal performance,
operation costs, energy consumption, and environmental impacts. Compared to a conventional
approach, these relatively seamless data exchange and technology tools substantially expedited
design and improved the quality of interdisciplinary collaboration. The PM4D approach
empowered the building owners to better align the longterm facility values with their strategic
plans.
(Fischer & Kam 2002, 5)

Major barriers to extending PM4D benefits
As desired, most PM4D benefits occurred during the earlydesign phase. Even though the PM4D
approach improved upon conventional practices in terms of design quality, project risks, and
lifecycle values, we encountered technological, cultural, and business barriers to extending the
benefits of PM4D approach. Project participants in the HUT600 project could have enjoyed
further benefits if product modelling tools supported revisionhandling, twoway exchanges,
simpler mapping of data formats from exporting to importing applications, and if IFCcompliant
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software tools were extensible and robust. Culturally, 4D technology could have introduced
additional analytical benefits beyond its current utilisation if it had been conducted earlier during
the preconstruction phase. The online project extranet (also called project databank in this report),
if developed optimally, would have made information exchanges more efficient during the
construction documentation phase. At the same time, building owners and designers could have
exploited business opportunities for the architects’ role in developing and coordinating a sharable
product model.
(Fischer & Kam 2002, 6)

Conclusions and recommendations
Based on experiences from the HUT600 project, we [Fischer & Kam] conclude that the PM4D
approach helps expedite conventional design practices and promote lifecycle approaches. Project
examples demonstrate that owners could choose among comprehensive lifecycle alternatives, end
users could provide input to the facility design in a timely manner, and project team members
could differentiate themselves from their competitors with higher efficiency, quality, and more
effective application of their expertise. Most participants in this project were surprised by the large
number of design, engineering, and analysis tasks that can be supported productively with product
models today.
Many software tools were able to import IFCbased and/or non IFCbased product models
for many different disciplines and diverse criteria. However, the exchange of product model
information based on an open standard like IFC is not yet as mature and widespread as needed in
practice. One should also note that the use of IFCbased product models worked quite well in the
schematic design phase of the project. However, in the later project phases, IFCbased product
models were not as effective a means as proprietary information formats to exchange data between
software tools. On this project, the IFC standard 1.5.1 was used; recently published standards 2.0
and 2.x address some of the shortcomings of IFCbased product models found in this research.
One would also expect that some of the softwarebased limitations have been ironed out by the
vendors by now …The product modelling and information standards community has long touted
the advantages of supporting the many software tools used on projects with a common core model.
However, we are still lacking a validated specification for the content of such a core model.
Therefore, one of the specific goals of the research was to study whether such a core model exists,
i.e. emerges through the team’s experience in using product models to share data, and if it exists,
what type of information is part of the core model. The research shows that the building geometry,
material types, and space identifier (or ID) are part of a core model. On the other hand, the
architect had to expend significant effort to adjust the “core” model to support the different needs
of the various disciplines. Furthermore, in addition to the 3D core model, there appears to exist
disciplinespecific models, such as the thermal model. To exploit the potential benefits of the
PM4D approach further, we recommend that researchers and software developers focus their
efforts on partial model exchanges, product model servers, better defining “core” versus
“disciplinespecific” product models, and developing more reliable and extensible tools.
(Fischer & Kam 2002, 6)
The main result of the HUT600 project was its enormous impact on the knowledge of the potential and problems in
processes based on interoperable software. The project was proof of concept in reality and because of the publicity
of the report, both in Finland and internationally, it started a new phase in the Vera Programme. Although the
process exposed many technical problems and limitations in the IFC implementations and data exchange, it
convinced the owner of the potential of the modelling and that it is worth continuing to test the different possibilities
and options in other projects. Since HUT600, Senate Properties has tested the use of product models in more than
10 projects covering different phases and design domains and is currently considering the timeframe when to start
demanding models as a part of their standard process.

THE USE OF BUILDING PRODUCT MODELS IN FINLAND TODAY
Confederation of Finnish construction Industries
When a large effort ends, the immediate reaction is often that the activities in that area stop at least for a moment
before people can find a new platform on which to continue their work related to the issue. When the Vera
Programme ended in December 2002, this was luckily not the case. The Finnish industry had already “picked up the
ball” and continued to carry it forward. The leading role was taken by the Confederation of Finnish Construction
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Industries (RT). The results of several projects in the Vera Programme, especially HUT600 and some projects by
the large construction companies, such as YIT and Skanska, convinced RT about the benefits of modelling and
potential of interoperability. Thus they defined the development and deployment of product models and
interoperability as the key elements of their new technology strategy in January 2002 (RT) and started to implement
the strategy immediately in the ProIT development project (Figure 3.1).

ProIT — Product model data in construction projects
The ProIT project developed the construction process and its procedures with a building product model concept
serving as a common source of information for the various parties involved in the process. The scope of the project
covered modelling the productmodelbased process and its data exchange, compiling the design guidelines needed
in product modelling, and creating product structure libraries. The project was supported by the member companies
of RT, performing piloting and testing with the help of real projects and products. The work was done in
cooperation with Tekes, designers, construction clients, consultants and other interest groups, and one result was
public, industrywide product modelling procedures and guidelines. The following text is almost directly from the
same source.
Figure 3.1: ProIT Vision of the ProductModelBased Design and Construction Process

(Source: Confederation of Finnish Construction Industries 2002, 1)
When the ProIT project was launched in 2002, the Finnish construction industry’s processes were highly
fragmented. Design input data were frequently inadequate, and there was no common language among the various
participants. It was difficult to check plans, and errors piled up at the worksite, causing unexpected costs and
scheduling problems. The main investment decisions were made purely on the basis of construction costs. All these
eroded the development of construction productivity.
Product modelling was seen as one solution to the problems and ProIT pilot projects have already shown
evidence of significant improvements. The experiences from four ProIT pilot projects in 2005 have been collected in
a report. The main advantages of modelling include the integration of plans and reduction of errors with clash
detection analysis, faster and more accurate quantity surveying and cost estimation, the clarity of 3D plans, and
generation of marketing materials and drawings directly from one source — the product model. New ways of using
models include precast panel design and indoor condition simulations.
One the goals of the ProIT project was to create a common practice for modelling in Finland and to ensure
that product models could be used for design, quantity surveying, cost estimating, and other applications. For these
purposes, specific product modelling guidelines were created for both architectural and structural design
(Confederation of Finnish Construction Industries 2006).
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Another of the key goals of the ProIT project was to make data exchange more fluent. The data exchange
development was based on the IFC standard, with which all the product models of the various designers could be
linked together. During the project, there was an attempt to introduce information management through product
model servers, but this was not done. However, the feedback from the latest product model projects and news from
other countries indicate that there has recently been significant progress in applying the IFC standard.
The ProIT project also developed some product libraries with a standardised structure, presentation and
classification, which enable reliable and easy recognition of structures and components for quantity surveying and
cost estimating. However, there is still much work to be done on product libraries. In particular, only very few
companies have produced compliant libraries for individual products such as doors, windows and fittings. Other
important future development targets are quality of data exchange in software applications and improvements in
modelling complex details and joint components. In addition, product model servers are not yet on the level which
could be used in real construction projects.
The ProIT project was brought to its conclusion at the end of 2005, but its work continues through the
Building Information Foundation’s ProIT committee as well as in the companies which have adopted modelling as
the result of the ProIT project.

VBE — Virtual building environments
In 2002 VTT, CIFE/Stanford University and Lawrence Berkeley National Laboratory (LBNL) agreed on the
concept of socalled virtual building environments (VBE). The basic idea is to provide a collaboration platform for
the research, development, implementation and deployment of building product model technologies. The first VBE
effort in Finland was done as a collaboration project between VTT and Tampere University of Technology (TUT) in
parallel with the ProIT project, and it created a framework for development of methods to measure the benefits of
the use of interoperable models and data sharing, and identified some bottlenecks in the current processes and
technologies (Laitinen et al. 2004).
In August 2005 VTT and TUT started the second phase of the VBE project: VBE2 together with 18 leading
Finnish companies.
VBE2 goals
1. Goals for the participating RECC companies are that the use of VBE methods will provide these clear
competitive advantages:
§ useful methods to evaluate the potential benefits and measure the achieved benefits of the VBE methods
§ clear understanding of the possibilities and problems of the existing and emerging VBE technologies
combined to make a defined strategy of how to implement new technologies
§ advanced decisionmaking support for building projects and company processes.
2. Goals for the participating research organisations will show significant research results, and new research areas
include the development of:
§ methods to measure and benchmark VBE benefits
§ data transfer and sharing technologies
§ VBEbased decisionsupport methods and ways of measuring their efficiency
§ modelbased real estate and facility management processes.
3. Goals for the Finnish RECC are to affect the whole industry in Finland by:
§ measurable evidence of the efficiency of the VBE methods
§ establishing a critical mass of organisations that are able to use VBE efficiently.
VBE2 work packages
WP1 Company Strategies and Benefits:
§ The main focus of WP1 is in the company strategies: how to use the VBE technologies to achieve competitive
advantage. WP1 will evaluate the stateoftheart of VBE tools and skills in the participating companies, the
goals, and a feasible way to move towards those goals with measurable steps.
WP2 Data Transfer Technologies:
§ A crucial part of developing VBE technologies further is to move from IFC file exchange to shared data using
IFC model servers as stated in the PM4D report. The VBE2 project will test and demonstrate the possibilities of
model server technology by developing some enduser application interfaces. One special element for the
iRoom (see next section) and other visualisation purposes is the development of a 3D component, which can be
used in client applications using the specified visual interface to the data.
WP3 DecisionSupport Technologies:
§ WP3 focuses in using decisionsupport technologies in RECC processes, and validating their benefits. One of
the main technologies will be iRoom, a multiscreen presentation technology enabling synchronisation of
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presentation of data from multiple software applications, and thus providing multiple simultaneous views to the
complex project data, and helping project participants to understand and create a shared view of the problems
and solutions.
WP4 Modelbased RE/FM Business Processes
§ The current VBE technologies are based on the IFC model specification. It has not been used in the real estate
and facility management business processes in Finland. However, RE/FM use would be crucial to create market
demand for the models from clients owning and operating the buildings. WP4 focuses on capturing these
processes and data needs for the models recognising RE/FM business cases, to demonstrate the possible
benefits and possible needs for extensions of the current IFC specifications.
WP5 International Activities
§ International cooperation has started already in the first phase of the VBE project through the International VBE
Network with CIFE and Lawrence Berkeley National Laboratory. The collaboration has expanded with CIFE
and CSIRO in the International iRoom network. Additional cooperation has been prepared with the University
of Salford (UK). The VBE2 project will continue, foster and expand the international VBE network, and
develop international methods to benchmark the VBE results.
WP6 VBE Strategy and Communication
§ The goals of WP6 are to develop the VBE strategy in collaboration with the Steering Committee and all WP
leaders, to ensure sufficient and frequent communication between all project participants, and to ensure
sufficient publicity of the project results in international scientific forums.
WP7 Project Management
§ The goal of WP7 is to ensure sufficient communication between the Steering Committee and all work packages,
and that the project results fulfil the goals set in the project plan.
In general the VBE2 project’s goal is to make a major contribution by taking the use of VBE technologies to the
next level by changing the current processes and establishing a critical mass of Finnish organisations that are able to
use VBE efficiently.

CONCLUSIONS — HOW TO ADOPT INNOVATION?
At the beginning of the Vera Programme, Tekes’s expectation was that the real impacts would be visible 10 years
after the program, which shows unusual farsightedness and patience as well as realism; it is not usually possible to
change an industry paradigm rapidly. In this perspective, the Vera Programme has surpassed expectations; the
impact has been much faster and wider than most people expected. The crucial question is, naturally, what are the
reasons for this success? just a coincidence? good timing? luck? Looking at the situation globally, I dare to claim
that it was not just coincidental luck. Good timing, definitely; the timing connected to the international IAI effort to
develop interoperable software was one of the key elements in the success. However, it was not the only reason. In
my opinion, there are several key elements behind the change which has happened and is still happening in Finland.

Strengths
Longterm vision, focused investment in development and critical mass
Several international studies have proven that the Finnish innovation system has been among the most successful
platforms for technological development in the world. Finland has changed from a country suffering from strong
recession and unemployment in the early 1990s to a most competitive economy (LopezClaros 2005), and is now
one of the leading hightech countries in the past decade. Tekes creates the national technology strategies together
with industry, and the technology programs enable longterm investments and a critical mass of development in both
the public and private sectors. Especially in an area where development of several elements at the same time is
needed, critical mass is crucial. If only a few companies develop their products, the change is not only slow, it can
be totally impossible for those companies to survive unless the demand and supply are developed at the same time.
Modelling and interoperable data sharing are not only technological steps — they also require process and business
development.
Willingness to collaborate combined with a small market
Finland is still a country where trust and collaboration are easily established. Competitors, such as contractors, can
agree about collaboration in developing a technology platform which serves everyone, and still compete in how to
use that platform in their internal processes. Agreeing about a standard creates new market possibilities. A classical
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example is the early Nordic Mobil Telephone (NMT) system. It created an early market for mobile phones in the
Nordic countries in the early 1980s and created the basis for Nokia’s success with global mobile phone systems.
Something similar, although on a much smaller scale, has happened in Finland with the early RATAS product
model development which created the basis for adoption of IFCs. The small market makes the collaboration easy,
agile and functioning; one can collect all opinion leaders around one table, agree what to do and trust that everyone
acts accordingly. In general, this and the wide commitment and willingness of the Finnish RECC has been the main
reason for the successful implementation and deployment of building information models in Finland.
Education and interest in technology
According to PISA research (PISA 2003) Finns were among the OECD’s top in mathematical, science and reading
literacy and in problemsolving. PISA measures how well young people have mastered important knowledge and
skills needed in future society, in the changing labour market and in quality adult life, rather than learning
attainment in terms of the school curriculum. This reflects on the society; people accept and adopt the changes
relatively easily and are also interested in technology, which means that resistance to change is lower than in many
other countries.
International collaboration and communication
The lessons from early RATAS projects proved that Finland is too small to develop any software products for local
markets only, even less our own standards. International collaboration in developing industry practices, regardless of
the domain, is a crucial element for successful research and development.
Another crucial element is communication during R&D activities. The traditional way to communicate with
the larger industry audience in Finnish technology programs has been the annual seminar presenting the results of
the past year. Based on the experiences of the Vera Programme, this might not be the best method; industry is not
necessarily interested in the program itself but rather in some specific area of the program, such as (in Vera’s case)
software development, architectural design, eCommerce, construction process or FM activities. In addition, the
content of one seminar is very limited and time between yearly seminars is too long for efficient communication.
Thus, I changed the practice in the Vera Programme and arranged several seminars on specific themes every year;
instead of having six general seminars during the whole program, we had 28 specialised seminars, on average
almost five seminars per year, each having 100–200 participants. This was obviously one of the reasons for the
program’s success, according to the final Vera Programme evaluation report: “Most of the people interviewed
mentioned these seminars as being highly beneficial as one of their primary sources of information about the related
technologies” (Froese 2002, 17).
The importance of the success stories in a technology program cannot be overstated. Very few companies
want to be the “guinea pigs”, the first ones who try something new. Most companies are cautious and stand back and
wait for the results. Only the published success of their competitors can generate their interest to join and start
implementing similar processes and tools. Envy and fear are powerful drivers in the business world.
One important part of communication is the active role of the program manager. As Finnish technology
programs consist of projects initiated by individual companies, universities and research institutes, the program
manager has to be able not only to select suitable projects for funding, but also to activate and steer potential ideas
into projects which can contribute towards program goals. This was another strength identified in the Vera
Programme evaluation report (Froese 2002, 16). A later evaluation of the Vera Programme, in the context of other
RECC technology programs, also supports Professor Froese’s (2002) findings:
In the larger evaluation framework of this study, Froese’s main findings concerning the Vera
technology programme are supported by data derived from the questionnaires regarding the
thirteen technology programmes in the field of real estate and construction. Almost without
exception, Vera was considered to be among the most successful technology programmes carried
out in the cluster.
(Uusikylä et al. 2003, 24)

Potential problems, weaknesses and future challenges
If the Finnish innovation environment is so great, how come all technology programs are not successful? One reason
is that it is not easy to combine all the above elements; a platform for international collaboration is not always
available, the timing can be wrong, and communication is a demanding effort. If the message does not reach the
industry well enough, the critical mass will be missing and the impact of the program can be a lot weaker than
expected.
In the adoption of ICT for RECC one of the big problems is the lack of specific education for new tools and
processes. Although the average education level in Finland is high, the education of architects and engineers in the
universities is not based on current or future modelling techniques, but mainly on traditional drafting. This has
created a strange, reverse situation, where research and companies in Finland are globally on the leading edge, but
education lags behind. Correcting this situation will be one of our main challenges in the near future.
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Here is the final evaluation of the results of the Vera Programme stated in 2003:
However, according to the interviews carried out in the context of this study, more emphasis
should be put on the concern that as the international pioneering work undertaken in the Vera
technology programme has already opened, and will continue to open, several global opportunities
and new strategic directions in the further development within the cluster, the present ability and
mental readiness to use the tools developed is limited, taking into consideration the fragmented
nature of the Finnish cluster overall. Moreover, the edge now achieved in R&D is hard to maintain
in the increasingly competitive global market. Thus, the requirements for efficient
commercialisation and international marketing are tough.
(Uusikylä et al. 2003, 24)
The results of the ProIT project in 2005 and ongoing work in Finland clearly challenge the first statement about
ability and readiness in Finland. However, the second statement about the difficulty of maintaining the leading
position and to achieve a strong position on the international market is still absolutely valid and maybe even more
challenging than the domestic education.
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CHAPTER 4

Industrialising Residential Construction
for SmalltoMedium Size US Home
Builders
Thomas Mills
Ron Wakefield
Michael O’Brien
US RESIDENTIAL CONSTRUCTION
The US Department of Housing and Development (HUD) is charged with the overall goals of increasing US home
ownership, supporting community development, and increasing access to affordable housing free from
discrimination. This is a huge charge impacted by an industry that in 2005 will put over $US621bn of residential
construction into place. According to the US Census Bureau (2005) approximately 95% or 1.5m residential units
will be sitebuilt. This from a homebuilding industry that essentially builds homes in the same manner as it did 175
years ago. Within the US homebuilding industry, small (<20 homes/year) and mediumsized builders (<100
homes/year) account for approximately 60% of all new singlefamily US starts (Rappaport & Cole 2000). Therefore
any industry breakthroughs that are transferred to smallandmedium size builders will impact a majority of housing
starts and subsequent a larger percentage of homeowners.
Traditionally, residential construction relies on new product innovations to advance any performance
breakthroughs. This is approached conservatively while the efforts to incorporate higherlevel manufacturing
processes into homebuilding are all but nonexistent. To this end the US government through HUD has initiated a
significant research effort involving a public–private Partnership for Advancing Technology in Housing (PATH),
which “is dedicated to accelerating the development and use of technologies that radically improve the quality,
durability, energy efficiency, environmental performance, and affordability of America's housing” PATH (2005),
with a major goal to transfer current housing research to industry.
Toward this effort current HUD/PATH research is directed at finding transfer mechanisms to commercialise
or transfer previously completed research. This chapter is based on HUD/PATH’s “Industrializing the Residential
Construction Site”, Phases I, II, and III and explores the content and techniques to transfer previous research on the
enterprisewide industrialisation of residential construction into useful application. Other prominent research efforts
that HUD/PATH has engaged in are “Tech Transfer Plus,” “Commercialization Tools for Manufacturers,” and
“Diffusion of Innovation” (PATH 2005). These projects have the same aim of transferring homebuilding research to
homebuilders.

HUD/PATH research environment
PATH was launched in 1998 with a specific objective to accelerate the adoption of innovative housing technologies.
PATH (2005) promotes innovation through key strategies of identifying and reducing barriers that impede
innovation, disseminating information to speed the development and adoption, and by encouraging broader diffusion
of innovations. Within the PATH website are numerous research reports that address innovative technologies,
processes, and techniques. One of HUD’s funded research projects “Industrializing the Residential Construction
Site” (HUD 2000) has resulted in examining the homebuilding industry from a nonproductbased industrialisation
approach to an approach that identifies process redefinition as the key to effecting industrialisation of the whole
homebuilding industry.

Industrialising US residential construction
In this work the emphasis on “industrialisation” as an innovative residential construction process modifier is
purposefully targeted at the evolution and interface of current office/field practices. The intent is to gain efficiencies
and reduce errors through more intentional process designs that focus on optimising productivity of the whole
process rather than on discrete subcontracts. The authors propose that for the industrialisation of residential
construction to occur; the industry must translate and eventuate into current residential construction the concepts of
contemporary manufacturing. Among these are process design, product design for manufacturing and assembly,
workflow management strategies, and upstream/downstream procurement control methods. It is further believed that
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the housing industry will gain efficiencies in work methods, reduce errors in construction, address trade skill
shortages, reduce housing costs, and optimise productivity by industrialising current residential construction
processes and systems.
Singlefamily residential construction has historically been the product of a craftbased production system
and has matured into a subcontract management process, devoid of significant “craftsmanship,” or added builder
value. The contemporary focus on construction improvement appears to target management techniques, for example,
flexible contracting (subcontracting) and computerised project scheduling in lieu of production management
techniques associated with manufacturing. Christofferson (1999) notes that a staffer with the US National
Association of Home Builders estimates there to be approximately 29,000 items to account for during construction
of a new home. Therefore reaching HUD/PATH’s goals to accelerate the adoption of innovation will only occur
when the number of parts to design, engineer, procure, assemble, and construct are transformed into systematic
flows through an industrialised processes, akin to integrated manufacturing. This has been the charge with much of
HUD’s technology research and thus the agency’s current efforts to transfer research knowledge into practice.
Characteristics of residential construction such as fragmented subcontracting reduces a builder’s risks but
results in a loss of systems integration and overall process efficiency thus resulting in increased production error,
low efficiency, and poor quality (HUD 2000, 39). This is evidenced by the lack of integrated designs for major
subsystems, that is, structural, HVAC, electrical, and plumbing systems. This lack of integration frequently results
in a tangled mess of subsystems affecting overall housing performance and affordability. Previous research reveals
that industrialising residential construction is best served through full systems integration that accommodates four
areas of integration: physical integration, performance integration, operations integration, and production
integration. Information integration is a fifth form of integration and is considered the umbrella form of integration
and is necessary to actually achieve these discrete forms of integration (HUD 2000, 40).
Research indicates that information integration offers the greatest transferable opportunities to improve
overall productivity, quality, and cost effectiveness in homebuilding. (HUD 2000). The current research questions,
at hand, are: how to develop a transfer mechanism? and what forms can a transfer guide take that offers an
understandable and usable transfer opportunity for small and medium size homebuilders?

RESEARCH STRATEGY AND FINDINGS
Research is currently in progress toward developing a transfer guide that uses past research efforts and applies those
results in a form that is simple and usable for assisting small and medium builders in their acquisition and expansion
of industrialised processes and techniques that optimise performance, production, operations, and physical
integration. The transfer guide phase of the project is an outgrowth of the previous research and is the effort to get
the research results to the homebuilder. The discussions that follow explore the strategy and findings for the original
research in addition to the strategy for development of the transfer guide.

Data collection and findings
Data collection is being accomplished through an advisory board of builders that participates in the research by
allowing access to field sites, office practices and management techniques, including design, engineering,
procurement, and operations. The advisory board has been composed of a crosssection of small, medium, large,
modular, and production homebuilders, prime contractors, speciality contractors, component manufacturers,
designers, engineers, and research consultants. Upon postulating the strategy of “industrialisation” as a translation
for transformation, a review of the literature was conducted, then interviews and observations were used to gather
data for compilation, mapping, and analysis.
The literature and interviews resulted in case studies that evidenced manufacturers who adopted information
integration applications including justintime (JIT) supply chain management, manufacturing resource planning
(MRP, MRPII), enterprise resource planning (ERP), objectoriented CAD (OOCAD), and design for manufacture
and assembly (DFMA) have experienced productivity and quality gains due to their highly integrated design,
production, and procurement systems. Coupled with the literature search a data collection process was implemented
that allowed detailed process maps to be produced depicting various work/information/production flows for the
different types of builders (HUD 2000, 69).
Analysis intimated that various implementation priorities for industrialisation transference to various volume
size builders are appropriate. A summary of these proposed implementation priorities follows.
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Characterisation and industralisation opportunities for smallvolume residential
builders
Smallvolume homebuilders are characterised, by HUD (2000, 62), as building fewer than 20 homes per year.
Rappaport and Cole (2000) characterises small builders as building fewer than 25 homes and in 1997 this group
accounted for 39% of all singlefamily homebuilding starts. Small builders also typically employ four or less people.
This category makes up a significant portion of the US residential construction industry. Due to their small volume
these builders have limited operating finance and capital support and extensive industrialisation technologies may
require capital investment that is beyond their capacity (HUD 2000, 63). These builders also lack the supply chain
influence that can force a change in the way they currently operate, and thus the adoption of industrial technologies
is likely to be driven by their suppliers, and/or distributors who wish to broaden their markets.
Many smallvolume builders are small enough, typically four or less employees, that the builder personally
performs many information management building tasks. In many instances, the builder is responsible for design,
either through purchasing or provided by the client, direct product and material procurement, project scheduling,
subcontractor coordination, and job site supervision; and they arrange for permits and inspections, deal with the
home owners, and interact with banks and owners on financing, and may also do basic job cost accounting. This
effort engages the smallvolume home builder at a highly personal level. Although capital investments may need to
be addressed by external sources, the implementation priorities identified by the previous research include the:
§ development of procurement/production scheduling systems to improve workflow
§ introduction and implementation of objectoriented CAD systems that allow process linkages from order,
design, engineering, procurement, through production.
(HUD 2000, 64)

Characterisation and industralisation opportunities for mediumvolume
residential builders
Mediumvolume builders are typically characterised as regional builders with an annual volume of 25–100 homes
per year. These builders are in a better position than smallvolume builders to respond to the challenges of
industrialisation. Their capital investment, systems, and training are at a higher level than a small builder and they
are likely to have supply chain influence. Many builders in this category have begun explorations into
industrialisation through wall panelisation and higherlevel procurement, scheduling, and account/cost control tools
(HUD 2000, 64).
Although accounting and cost control tools are in use their extension to include preconstruction activities
still lacks maturity. Providers of integrated information systems have begun offering linked accounting and
procurement systems in a webbased format. This integration should offer mediumsized builders an opportunity to
industrialise some of their betterdeveloped operations management techniques. HUD (2000, 65) reports that the
missing link for mediumsized homebuilders are systems tools, for design, production simulation modelling, and
field construction information necessary to form an enterprise resource planning (ERP) solution. Thus for medium
sized builders who construct from 25–100 homes and upwards to 200 homes per year the implementation priorities
are:
§ introduction of OOCAD systems linked to purchasing and accounting systems that provide integrated
information ERP for customers, suppliers, materials purchasers, subcontractors, payments, and inspections
§ the use of supply chain influence and ERP to move to JIT procurement
§ development of integrated information systems for resource management, scheduling, and construction progress
reporting
§ development of field staff tools for onsite use of the information systems
§ access production modelling and simulation systems for further refinement of existing field processes,
development and analysis of new processes.

Characterisation and industralisation opportunities for largevolume residential
builders
These builders are characterised as “giants” and typically build over 200 homes per year. They exert considerable
supply chain influence, use national supply contracts, and maintain sophisticated information management systems
at both the national and regional levels that integrate finance, procurement, sales, and marketing. Although there is
sophistication in accounting and procurement there appears to be little difference in the site construction methods
used by this sector and the mediumsized builder. Jobsite ordering and production scheduling are typically done by
a field superintendent, who is responsible for the construction of 10–20 houses annually. While CAD systems are
used in the design, very little use is made of OOCAD or building information modelling (BIM) software to initiate
an integrated workflow in scheduling, engineering, procurement, and production. Feedback to and from the field is
considered a significant obstacle to further industrialisation of the process. According to HUD (2000)
implementation priorities for highvolume builders include:
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§
§
§

transforming the current use of CAD to an OOCAD or BIM focused system to engage resource management,
scheduling, ordering, and supervision information and link it to the company’s existing purchasing and
accounting systems for an integrated ERP
developing tools for field staff to enable onsite use updating of the integrated ERP
using design for manufacture and assembly (DFMA) and other production modelling, analysis and simulation
systems to further refine existing field processes.

DISCUSSION
Toole’s (1998, 330) analysis of over 100 homebuilders revealed that homebuilders perceive technological
innovations as a risk that is reducible by gathering and processing information about the innovations. The objective
of the transfer guide is to assist in pointing toward effective innovations and encourage their adoption. Other
research also reveals that adopters of high and lowuncertainty nondiffused innovations consult more external
sources of information during their adoption process. The Center for Housing Research, Virginia Polytechnic
Institute and State University and NAHB Research Center (2004) reports that the types of singlefamily
homebuilding firms most likely to be early adopters of product innovations were likely to have a technology
advocate within the building firm, use technology transfer programs like PATH, and rely on established
manufacturers standing behind their building and construction products. These findings are useful for identifying
additional strategies, such as applying focus areas for adopters to explore and gaining needed knowledge and
applicability of champions to enhance and promote the opportunities for transfer.
HUD (2001) focuses on information flows, linkages, filtering, and their impacts on errors and disconnects in
the residential construction work processes. These linkages provide the greatest opportunity for applying interface
management techniques to improve production flows. Additionally HUD’s recognition of the inherent differences in
the focus of officebased (processoriented) vs. fieldbased (actionoriented) activities offers insight into the use of
information integration as the key to transforming current homebuilding practices. From the HUD research, the
domains and linkages that offer advancement of industrialisation in the office to field transformations are:
§ Sales to design to production: This is an important linkage as it allows realtime decisionmaking for uptodate
scheduling, procurement and product selection.
§ Production to design/engineering: This works to eliminate the errors in drawings or designs that undermine the
belief in the accuracy, currency, and completeness of the information presented.
§ Customer service to design to production: This linkage reinforces the feedback mechanisms that allow early
detection of poorly performing innovations.
The transfer guide research is concentrated less in fieldtooffice linkages and more on overall enterprisewide
linkages within the domains of design, engineering, procurement, and production. It is these domains of influence
that appear to offer the more effective integrative aspects for transformation from a craftbased sitedetermined
enterprise to an integrated industrialised process.

TRANSFER GUIDE DEVELOPMENT
Builder advisory board
A representative crosssection of small, medium, and large builders were approached to assist in the transfer guide’s
development. Five builders agreed to participate in the development and realisation of the transfer guide. Builders 1
and 2 are smallvolume (5–10 homes/year) semicustom builders. Their product design is provided through stock or
ownerfurnished house plans with frequent oneoff minor modifications, including site adaptations subcontracted to
local architects. All other work is subcontracted to a select group of contractors with procurement and supervision
provided by the builder.
Builder 3 is a mediumvolume (40–60 homes/year) custom/semicustom/speculative builder. Builder 3
maintains a land acquisition, development, and homebuilding enterprise and “custom” designs each home in
consultation with the client. Supervision is performed inhouse. Framing has recently been subcontracted out and
efforts are underway to transition to purchasing prefabricated open and closed wall panels and subcontracting
labour.
Builder 4 is a largevolume (700 homes/year) production builder and a subsidiary of an international building
materials supplier, yet is not considered a “giant.” Builder 4 provides inhouse architectural services and offers pre
designed singlefamily detached house and townhouse plans with customisable options, sold through onsite sales
models. The company owns and operates its own wood wall panel manufacturing plant. This facility is integrated
within the upstream design environment with wall panel produced at the plant used in all home production. All of
the onsite production is subcontracted. Outside material suppliers are used in conjunction with the builder’s (parent
company’s) available resource chain.
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Builder 5 is a mediumvolume (200 homes/year) production builder. Builder 5 operates differently than most
production builders in that they operate as a smallvolume decentralised builder network within their own larger
organisation. These smaller entities are run by the “area builder” like a separate company within the larger company.
As a result the supply chain for Builder 5 has broadened and the product standardisation varies from one Builder 5
area builder to another. Design is provided inhouse from a series of model plans and all construction work
excluding area builder supervision is subcontracted.

Transfer guide development strategy
To successfully design and develop an industrialisation transfer guide for use by small and mediumsized
homebuilders it’s essential that each builder’s current state of industrialisation be assessed. The research is currently
focused at this level with development of a simple userapplied assessment tool. Once the user establishes a level of
industrialisation the intent is to allow the transfer guide to provide focus areas to selfdirect resources to reach an
envisioned objective. To validate the guide’s effectiveness the builder advisory board will assist in testing the
transfer guide throughout its development. In strategising a transfer guide several objectives are essential for
effectiveness. It was determined that the objectives stated below are fundamental for development of an effective
transfer guide:
§ A measurable consistency in categorising the maturity level of builder industrialisation. This allows for
identification of current status and transfer opportunities.
§ Identifiable workflow domains consistent with previous research. These are design, engineering, procurement,
and production.
§ Identification of industrialisation criteria for use in assessment and transfer. These are operations, tools,
techniques, methods.
§ Measures dependencies and linkages.
§ Discussable transfer techniques.

TRANSFER GUIDE FOCUS
It is understood that a complete feedback loop incorporating linkages from the purchasing client to a satisfied
homeowner and back is essential to a holistic approach yet it remains outside the defined scope of the research. Thus
the technique for compiling and implementing the guide has been to create a hierarchical matrix for selfassessment
that establishes at the highest level, the expanded working domains, and then granulates each domain into categories
with further refinements by incorporating operational process/product methods criteria that support varying levels of
domain integration. See Figure 4.1 and Table 4.1 for further insight.
Within each domain are assigned degrees of industrialisation from low to high characterised as “acquiring,”
“advancing,” and “achieving.” A series of questions are posed to the transfer guide user and an assessment is
calculated based on the responses. The questions are focused within each domain and are developed to assess an
established level of industrialisation within each domain. The questions focus on operations, tools, techniques, and
methods. A common fourquadrant grid is mapped expanding from the centre into each of the four domains. Within
each domain proposed degrees of industrialisation are also set radiating away from the centre. The quadrants are
divided by horizontal and vertical axes that are focused as “above the line,” scope definition; while “below the line”
is resource utilisation. Above the line are the Design (D) and Engineering (E) domains that initiate and implement
scope determinants. Below the line applies to vendor/suppliers resource relationships in the Procurement (P) domain
and subcontracting resource relationships in the Production (O) domain. These involve the initiation and
implementation of resources. The vertical axis also creates a sliding scale for measuring industrialisation as
functions of “to the right of the line” as “initiating” and “to the left of the line” as “implementing”.
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Figure 4.1: The Shaded Polygon Shows the Identified Level of Industrialisation

Figure 4.1 shows an overlay for a user who has established an “advancing” level of Design (D) and Engineering (E)
yet has not extended this same level of industrialisation to Production (O) or Procurement (P). From a quick visual
analysis of Figure 4.1 a user can surmise that the organisation being assessed is advancing design and engineering
industrialisation yet hasn’t expanded the linkages into the domains of Production and Procurement for their
advancement. This particular example would allow discussions and points of reference for users and potential
transferees to explore initiating their resource relationships with suppliers to capitalise on design linkages while
implementing these same potentials to subcontractor resources, all with the intent of expanding. Additionally it is
believed that builders can share this transfer guide with subcontractors and suppliers to, in effect, measure their own
levels of industrialisation and thus help extend the overall enterprise.
Once a baseline understanding is developed, additional dialogue can expand the user’s understanding of
acquiring, advancing, and achieving industrialisation of the residential construction process. The transfer guide is
intended to continue with insightful approaches for crosscategory linkages, such as procurement to design, design
to production, and production to procurement. These are currently being explored and represented by a linked
investment classification domain that in turn creates an investment focus and leads toward addressing specific links
that can be used to support transfer from an “acquiring” state to an “advancing” or “achieving” state within the
builder’s targeted domains.
It is intended that a builder can use the transfer guide to adjust organisational focus on domainspecific areas
of investment in order to meet specific internal objectives. Thus, if the desire is to increase throughput, and the guide
recognises that procurement is a bottleneck, the builder can focus resources and investment in the procurement
domain. Table 4.1 shows one potential example of a partial analysis derived within a portion of the design domain
with desired linkages to Procurement.
In this example the builder’s standard operational procedure for preparing design documentation is to use
traditional 3D CAD. The builder identifies this level as “advancing” and as such is ready to move the design process
to a higher degree of industrialisation through investing in additional design software. Simultaneously, the builder
would like to advance vendor coordination and also positively impact the Procurement domain. From this analysis
the builder is also able to identify resources that are available for gathering more information and knowledge with
the intent of advancing the overall enterprise. This is consistent with Toole’s (1998) and the Center for Housing
Research, Virginia Polytechnic Institute and State University and NAHB Research Center’s (2004) findings that
riskaverse builders are more likely to adopt innovation after doing research.
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Table 4.1: Example of a Portion of Industrialisation Focus Matrix
Domain

Operational
criteria

Method

Current degree
Acq

Production
implementation
Documentation

Design

Vendor/supplier
coordination

2D
CAD
3D

Adv

Investment
linkage

Investment focus

Resource

Design software

A/E, software
vendor

Design software,
procurement

ERP, material
supplier, BOM

Ach



X

OO CAD



X

BIM



X
X

CONCLUSION
This research is still under way and delivery of the final transfer guide is still pending. What has been identified is
that residential construction builders and clients in the US are moving beyond archaic processes and are working to
accept new knowledge and toward that end focus academic research on getting this new knowledge to its clients. In
this particular instance, that is, the US homebuilding industry. This is being engaged through development of an
Industrialisation Transfer Guide for Small and Medium Volume Homebuilders.
The proposed components of this transfer guide advanced in the text are a:
1. selfassessment component for gauging the degree of a company’s industrialisations
2. methodology for simple interpretation and workable fluency for establishing the advancement of
industrialisation in residential construction
3. focus matrix that gives users insight to investment strategies as they advance toward and achieve higher levels
of industrialisation
4. pocket handbook that can be used to comprehend industrialisation characteristics and reinforce strategies for
advancement.
The development of a transfer guide for industrialisation of residential construction can take many forms but the
fundamentals are that the integration of design, engineering, procurement, and production through information
exchanges and linkages will lead to enhanced optimisation of the processes, enable increased throughput, and
increase affordability while raising quality.
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CHAPTER 5

Ensuring Value for Money:
A Value Management Approach to
Manage Multiple Stakeholders
in the Briefing Process
Geoffrey Shen
INTRODUCTION
Briefing (also known as architectural programming in the USA) is the process of identifying and defining the
requirements of the client organisation in the earlydesign stage of a construction project, through which clients
inform others of their needs, aspirations, and desires for a project (Construction Industry Board (CIB) 1997). A
“brief” is the document that defines client requirements for a facility. Defining client requirements and
communicating them to other stakeholders is crucial to the successful delivery of a project (O’Reilly 1987). Briefing
is a complex and dynamic process involving frequent interactions with the stakeholders of the project to create a
shared understanding and commitment among them (Barrett & Stanley 1999). A good brief should include a precise
description of the functionalities required by the stakeholders in the context of an understanding of their individual
value systems. Such a precise definition and good understanding of these requirements will benefit all of the
stakeholders. The need to identify and meet client requirements in the construction industry has also led to repeated
calls to make briefing more clientoriented, and to deliver better value for money by renewing its focus on client
requirements (Latham 1994; Egan 1998).
Due to the complexities involved in accurately identifying the actual needs and requirements of the client and
conveying them to the project team, and the immense magnitude of project information that needs to be considered
during the briefing process, project briefs are often inadequate and not sufficiently explicit, and thus may not truly
reflect the requirements of the client (Graham 1983). To overcome this problem, a number of briefing guides have
been developed to aid the formulation of briefs (e.g. Newman et al. 1981; Goodcare et al. 1982; Pẽna & Parshall
2001; Salisbury 1990). Despite these early attempts, the current briefing practice is still considered to be inadequate
by many researchers (e.g. Kelly et al. 1992; Duerk 1993; Barrett & Stanley 1999, Kamara et al. 2002, Shen et al.
2004; Kelly et al. 2005). The problems of traceability of requirements, identification of stakeholders, assessment of
their interest and commitment to the project, and the management of potentially conflicting requirements remain
unresolved in the current practice.
Ensuring value for money is of paramount importance to client organisations in today’s everincreasing
competitive environment. Construction projects, especially projects in the public sector, however, are also becoming
more and more complex, involving many stakeholders of diverse backgrounds and professional expertise. Effective
management of these stakeholders to achieve better value for money is essential to the success of construction
projects. In the briefing process, it is necessary to consider the interests of all stakeholders, both primary and
secondary, and maintain a balance between different stakeholder interests. Those with responsibility for the briefing
process should strive to maintain a good working relationship among all stakeholders. Despite all the efforts from
the industry and academia, inadequate involvement of relevant stakeholders remains one of the major problematic
areas in the briefing process, and little attention is given to the management of multiple stakeholders in this early
stage of project development.
This chapter introduces how value management can be used to manage multiple stakeholders to work
collaboratively to ensure value for money for construction projects. It describes the importance of managing
stakeholders in the early phase of a project and presents a method of managing stakeholders through identification
and assessment of their needs, wants, commitment, interest and power. The effective use of value management in
reallife projects are given in detail through case studies, to illustrate how a client organisation can work closely
with other stakeholders including the enabling agencies, approval authorities, its consultants and sometimes
potential contractors to develop innovative solutions and to build consensus in the early stage of the development
process. This chapter also elaborates on the important roles played by the use of value management in creating an
environment whereby stakeholders can develop ownership of the proposed solutions and be committed to the
implementation of these proposals.
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THE NEED TO MANAGE MULTIPLE STAKEHOLDERS
The number of stakeholders interested in a project can dramatically increase the complexity of the project. Each of
these stakeholders usually has a personal interest in the project and this may lead to different priorities and conflicts.
Poor stakeholder management can lead to many serious problems in construction projects. For instance, a clear and
comprehensive definition of the success or failure of a project may not be determined; the project manager may strive
to meet goals that were never intended by the stakeholders (Meredith & Mantel 2003). Additional problems caused
by inadequate stakeholder management that could lead to the failure of a project include poor scope and work
definition, inadequate resources assigned to the project (both in terms of quantity and quality), poor communication,
changes in the scope of work, unforeseen regulatory changes, unfavourable news about the project in the press, and
negative community reactions to the project (Karlsen 2002), all of which may be the major source of delays and cost
overruns. These problems can be overcome if the stakeholders are actively included in the frontend planning and
integrated into the project team, and a systematic approach is used to identify and manage project stakeholders in the
project delivery process (Jergeas et al. 2000).
The term “stakeholders” describes individuals and organisations who are actively involved in the project, or
whose interests may be positively or negatively affected as a result of project execution or successful project
completion (PMI 1996). It is worth distinguishing this term from the term “client”, which refers to the sponsoring
organisation or initiator, who is directly responsible for the production and development of a project (Bresnen et al.
1990). Different stakeholders have different levels and types of investment and interest in construction projects and
can be seen as multiple clients for the project in which they are involved. Those who advocate a stakeholder theory of
organisations maintain that business needs to consider the interests of a wider range of groups apart from maximising
the financial returns to the owners. Cleland (1986) considered project stakeholders to encompass:
§ general managers
§ prime contractors
§ competitors
§ suppliers
§ creditors
§ government agencies
§ consumer groups
§ intervenors
§ local communities
§ general public
§ stockholders
§ designers
§ constructors
§ management contractors
§ functional managers
§ professionals
§ work package managers
§ project managers.
The instrumental view of stakeholder theory is to maintain a reasonable balance between the interests of different
stakeholders. Previous studies have shown that managing multiple stakeholders and maintaining an acceptable
balance between their interests is crucial to successful project delivery and democratic preferences. At the corporate
level, project stakeholders are the people and groups with in an interest in the project, and who can affect its outcome.
They represent a primary focus for project managers, who need to understand and interpret stakeholder requirements
so that their expectations would be reflected in the solution.
The effective management of stakeholders in a project is a key to project success in construction projects
(Jergeas et al. 2000). However, this is often an aspect that is not addressed effectively, and the probability of having a
successful project is reduced due to conflict between the project team and one or more stakeholders. Jergeas et al.
(2000) suggested that the purpose of the project needs to be understood, communicated, and feedback from
stakeholders be solicited in order to achieve alignment between the stakeholders and project team. This is the only
way expectations can be managed, hidden agendas brought to the surface, and project priorities established. More
research is needed to determine the extent to which these problems affect project managers so that the appropriate
measures can be taken. However, the management of stakeholders is generally limited to those who have a direct
effect or are directly affected by the project. The indirect stakeholders are dealt with only on a reactive basis; they are
managed only when they create problems preventing the project from being successfully completed. A more
formalised process for identifying and managing stakeholders is needed.
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APPROACHES IN MANAGING STAKEHOLDERS
Walker (2000) put forward the argument that a broader view of “the client” needs to be considered to encompass at
least major stakeholders, and a stakeholder analysis should be undertaken to ensure that a balanced view of quality is
obtained from the outcome perspectives of all major stakeholders. Smith and Love (2004) developed an approach
known as “strategic needs analysis” for stakeholder management at the inception of a project. This approach uses a
workshop setting to focus on stakeholder involvement in proposing and identifying a range of strategic options for
the proposed project. Karlsen (2002) conducted a survey among project managers in Norway to collect their views on
stakeholder management. He described a formal and systematic project stakeholder management process, including
initial planning, identification, analysis, communication, action, and followup, which provides some empirical
insights into the process of project stakeholder management. Newcombe (2003) explored the concept of treating
project stakeholders as multiple “clients” for construction projects and used stakeholder mapping to analyse the
nature and influence of various stakeholders on a major construction project.
Boddy (2002) proposed a holistic approach to carry out a stakeholder analysis during the early stages of a
project. Leung et al. (2004) investigated the impacts of commitment amongst temporary stakeholders in the project.
The results indicate that high affective commitment induces high performance and satisfaction, whereas continuous
conflicts provoke an intention to quit. It is recommended that further studies on the factors affecting the forms of
commitment in construction management be conducted to improve the performance of construction professionals.
Olander and Landin (2005) opined that a negative attitude to a construction project by stakeholders can severely
obstruct its implementation. Such obstruction will lead to overruns and exceeded time schedules due to conflicts and
controversies concerning the design and implementation of the project. The study reveals that an evaluation of the
demands and influence of the stakeholders should be considered as a necessary and important step in the planning,
implementation, and completion of any construction project. They suggest that further research is needed to
formulate a more general model of how a stakeholder management process should be conducted for construction
projects. The model should be able to combine the identification of stakeholders, an assessment of their needs and
their demands on project implementation, an assessment of their potential influence on project decisions, choice of
stakeholder strategy, an assessment of consequences of project decisions, and an evaluation of the stakeholder
management process.
Although a few techniques have been used in the manufacturing industry to ensure that the developed product
meets customer requirements, very few of these techniques can be practically used in managing the needs and
requirements of multiple stakeholders of construction projects. Taking quality function deployment for example,
although it is beneficial to the product development process, it is limited in its ability to deal with conflicting
requirements (Prasad 1996). In the context of a team of multidisciplinary stakeholders, where the focus, perspective,
orientation, knowledge, and expertise of the stakeholders are often quite diverse, there is a strong need for a structural
process to manage their diverse and conflicting requirements, and to present them in a designneutral way. One of the
tools that can meet this challenge is functional performance specification (FPS), which enables a precise definition of
the needs for a facility to be made in functional terms without reference to the technical solutions.

THE VALUE MANAGEMENT APPROACH
Using value management (VM) in the briefing stage, as a means of formulating the brief, is the most beneficial
application (NSW Government 1993). By definition, VM is a structured and analytical group process which seeks to
improve value and, where appropriate, value for money in products, processes, services, organisations, and systems.
The VM study process is centred upon a participatory workshop involving a multidisciplinary, representative group
of people working together to seek the best value outcome for a particular situation (Standards Australia 2004). It
enables clients to participate fully in the briefing process, and facilitates communication between clients and other
stakeholders (Barton 2000). An essential element of the VM methodology is the expression of client requirements as
functions (a function is the specific purpose or intended use of a project that makes the project sell, produce revenue,
or meet requirements). This VM approach enables a systematic identification and clear definition of client
requirements, an improved understanding of the objectives and perspectives of various stakeholders, and the effective
accomplishment of these functions (Kirk & Spreckelmeyer 1988; Shen 1993). It also acts as a common language
among stakeholders of the project, so that they can work together harmoniously to identify opportunities available for
development and to highlight any potential problems at the very beginning of the project (Gray et al. 1994; Lawson
1997).
In Hong Kong, the technical circular issued by the Environment, Transportation, and Works Bureau (2002)
calls for VM studies in major public projects. The Construction Industry Review Committee (2001) also
recommended that VM should be used more widely in local construction, because VM can help the clients and the
project team to focus on the objectives and needs of the project and of all stakeholders, both long and shortterm.
While the VM approach is effective at bringing stakeholders together to formulate briefs, existing tools within the
VM toolbox cannot address client requirements effectively; thus, it is essential to identify and/or develop effective
tools to specify client requirements (Shen et al. 2004).
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In order to understand the various interested parties in the project, all types of stakeholders should be identified and
represented during the early stages of the project. The stakeholders’ commitment, interest and power should be
assessed before the briefing exercise. During the briefing process it is important that all stakeholders’ needs are
assessed so that a satisfactory and realistic solution can be obtained. Much time and effort should be devoted to the
key players in the briefing process. Important tasks for the project manager include:
§ identifying stakeholders in a project
§ assessing their commitment
§ assessing their power to help or hinder the change
§ assessing their interests, and how this will affect what they think and do about the change
§ assessing their needs and distinguishing their wants from their true needs
§ managing relations with them — to gain their support, minimise opposition and generally create favourable
attitudes to the change.

Identification of stakeholders
Project stakeholders are identified by their interests in the project resources and how those resources are likely to
affect their wellbeing. A simple way to visualise this is to prepare a map showing the stakeholders in a project as
described in the following:
§ Write the name of the project in a circle at the centre of a sheet of paper.
§ Draw other circles around the sheet, each identifying an individual or group whom you regard as having a
stake in the project. Place the most significant nearer the centre; others around the edge.
§ Make sure that all relevant interests have been included — senior management, colleagues, staff, and people in
other organisations.
Kelly and Duerk (2002) propose that those with responsibility for the briefing process should undertake a test of the
relative position of stakeholders. This test is known as the ACID test. It is used to determine who should be a
member of the briefing team and the details are as follows:
Table 5.1: ACID Test
Component
Authorise

Consult

Inform
Do

Guidelines
Include individuals with the authority to take decisions appropriate to the stage of
the development of the project. Those have executive authority to take decisions
are invaluable members of the value management team through their ability to
immediately sanction a particular line of discovery or take a decision during the
workshop which resolves an issue or unblocks a particular line of investigation.
Include experts who have to be consulted regarding particular aspects of the
project during its evolution at the workshop. If a particular line of investigation is
dependent upon consultation with an absent expert, workshop progress may be
compromised.
Do not include those who have only to be informed of decisions reached during the
workshop.
Include those who are to carry out major tasks specified at the workshop. In this
way those who are, for example, to design or construct, based on decisions taken
at the workshop will be fully conversant of that decision.
(Source: Adapted from Kelly & Duerk 2002, 43)

Assessment of their commitment
The next step is to assess the degree of commitment of the main stakeholders to the project. The project manager
can assess the level of commitment of each stakeholder on a scale marking both current and desired levels — such
as “present” = X, “hoped for” = Y. Boddy (2002) suggests that the degree of stakeholder commitment is best
measured on a scale with the following parameters: vigorous opposition, some opposition, indifferent towards it,
will let it happen, will help it happen, and will make it happen.

Assessment of their interests
The next step is to assess the interests of the main stakeholders — those on whom you want to concentrate. This can
be done on a grid with the following headings: their goal, current relationship, what is expected of them, positive or
negative to them, likely reaction, and ideas for action (Boddy 2002).
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Assessment of their power
Johnson and Scholes (1999) and Newcombe (2003) advocate the idea of analysing not only the interests of
stakeholders, but also their power in an organisation’s strategy (see Figure 5.2). This idea is also relevant at the
level of the project, as it indicates what kind of relationship the manager needs to establish with each group. The
acceptability of the direction of a project to key players (segment D) should be a major consideration. The manager
needs to devote much time and effort to key players. Less effort, or a different kind of effort, will be acceptable to
those in other segments. A major hazard to be aware of is that players may suddenly change their position — such
as from Segment B to D. The project manager needs to adapt their approach accordingly.
Figure 5.2: Stakeholder Mapping: Power/Interest Matrix
Level of Interest

Low
Power

Low
A
Minimal
effort
(e.g. general public)

High
B
Keep
informed
(e.g. Local authority)

C
Keep
satisfied
(e.g. developer)

D
Key
players
(e.g. designers, users)

High

(Source: Adapted from Newcombe 2003, 844–845)

Assessment of their needs
To assess the true needs of the stakeholders, Bytheway’s (1965) function analysis system technique (FAST) can be
used, which comprises three steps to construct a FAST diagram:
1. Generation of functions
The key stakeholders will be asked to participate in a workshop to brainstorm the functions that are required by the
project. These functions may be highorder executive functions or relatively loworder wants. All functions are
expressed as an active verb plus a descriptive noun, recorded on sticky notes and scattered randomly across a large
sheet of paper. A list of brainstormed functions for a residential development is shown on the Table 5.2.
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Table 5.2: Brainstormed Functions for a Residential Development
Allow private participation
Better use of land
Change community perception
Control finances
Control operational cost
Control program
Create pleasing environment
Enhance facilities
Ensure buildability
Ensure building lifetime
Ensure operability
Ensure user comfort
Establish multifunction integration
Establish project brief
Improve accessibility
Improve user interface
Increase flexibility
Meet community needs
Minimise nuisance to public
More recreational facilities
Reduce deterioration
Relieve compliant
Secure environment
Upgrade living standard

Create value
Enhance communication
Enhance environment
Establish local community pressure
Improve safety standard
Limit cost
Maintain access
Monitor dust
Monitor environment
Please neighbourhood
Preserve parking
Protect existing building
Provide recreational space
Reduce dust
Reduce government accommodation
Reduce mosquitoes
Reduce noise
Satisfy compensation
Satisfy safety
Secure funding
Suppress vibration
Transfer responsibility to private sector

2. Classification of functions/construction of project function priority matrix
At the completion of the brainstorming session all the participants are invited to sort the notes into a more organised
form. The functional priority matrix is constructed by asking about each sticky note function whether it is technical
or strategic and whether it constitutes a need or a want. The note is transferred to the appropriate box in the matrix
where its position is ordered relative to the other function in the box (Table 5.3). The higher priorities are listed at
the tops of the respective boxes. It should be emphasised to the team that this is an iterative process and therefore
any team member is entitled to move a previously ordered sticky note. Although this sounds confrontational it is
very rare for disagreement to occur and ultimately the correct ordering of all the functions is achieved.
3. Construction of function diagram
A strategic or customeroriented function analysis system technique (FAST) diagram, as shown in Figure 5.3 was
constructed by focusing on the strategic needs and wants. The highestorder needs formed the mission of the project
with supporting functions being positioned to the right. The strategic wants were positioned below the centreline of
the mission statement. The mission statement required word crafting to make it read as a flowing statement.

Managing stakeholders
The following issues are worth noting.
Relationships
§ Identify key players and what can be done to help them before their assistance is needed. Build relationships
before they are needed. It is always easier to receive a favour after it has been granted (Gray & Larson 2002).
§ Establish the links between stakeholders. There may be close links between some of these interest groups — or
links may rapidly develop during the project. This refinement of stakeholder map may indicate how actions to
deal with one group can affect others — either in favour of or against the project. Stakeholders talk to each
other, and will pass bad news as well as good round the grapevine.
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Table 5.3: The Project Function Priority Matrix
Strategic needs
Secure environment
Establish multifunction integration
Enhance facilities
Ensure user comfort
Meet community needs
Create pleasing environment
Upgrade living standard
Improve user interface
Better use of land
Change community perception
Minimise nuisance to public
Reduce deterioration
Control finances
Control operational cost
Relieve compliant
More recreational facilities
Improve accessibility
Increase flexibility

Technical needs
Allow private participation
Ensure buildability
Ensure operability
Ensure building lifetime
Establish project brief
Control program
Improve safety standard
Limit cost

Strategic wants
Please neighbourhood
Reduce government accommodation
Transfer responsibility to private sector
Protect existing building
Establish local community pressure
Satisfy compensation
Enhance environment
Secure funding
Create value
Provide recreational space
Enhance communication

Technical wants
Reduce mosquitoes
Reduce dust
Preserve parking
Suppress vibration
Reduce noise
Maintain access
Monitor environment
Monitor dust
Satisfy safety

Sleepers
Not all stakeholders will be obvious at the start. Project staff may not anticipate their interests, and they themselves
may not realise that the project will affect their position. They may still emerge later in the project to protect their
interests. It is better that the project manager takes the initiative to seek them out and be aware of potential
difficulties (Boddy 2002).
Timing
The attitudes and actions of stakeholders may change as the project takes shape, and at different phases. The
significance of this is that it emphasises the dynamic nature of the relationship between the project and the
stakeholders. Outside events, as well as the actions of the project manager, affect how the interest groups view the
project. Sometimes this will bring them around as supporters — at other times the shift will be the other way. The
project manager has to be vigilant, not take the current position of a stakeholder as certain, and be alert to external
changes which may shift the position (Boddy 2002).
Facetoface contact
Trust is sustained through frequent facetoface contact. Project managers must maintain frequent contact with key
stakeholders to keep abreast of developments, assuage concerns, engage in reality testing, and focus attention on the
project. Frequent facetoface interactions affirm mutual respect and trust among others (Gray & Larson 2002).
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Figure 5.3: Strategic FAST Diagram

USING VM TO MANAGE MULTIPLE STAKEHOLDERS IN WATER
SUPPLY PROJECTS: A CASE STUDY
One of the vital factors to support the sustainable growth of a metropolitan area is the availability of a reliable and
wholesome water supply. Hong Kong, being a big city and a dynamic economic centre, is no exception. Over the
past few decades, it has been successful in turning the community water supply from a situation of serious shortages
to one with highquality services. Many innovative ideas have contributed towards the success of Hong Kong in this
regard. The use of seawater for flushing, building reservoirs in the sea, and delivering raw water from Dongjiang in
Guangdong over the hills to Hong Kong are some wellknown examples. Apart from adequate water resources,
efficient watertreatment processes and distribution to individual consumers’ taps are also essential.
These watersupply projects not only involve complex planning, design and construction activities, but also
often necessitate negotiations with a large number of stakeholders whose interests may be conflicting with one
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another (Ku & Shen 2003). One of the examples is a recently completed feasibility study of developing desalination
facilities for fresh water supply in Hong Kong. The objective of this study was to investigate the use of the best
available desalination technologies for the costeffective provision of fresh water in Hong Kong. Aspects to be
covered in the study include technology, engineering, cost, and environmental issues. The stakeholders of this
project include:
§ Management Group, Water Supplies Department (WSD)
§ Environmental Protection Department (EPD)
§ Agriculture Fisheries Conservation Department (AFCD)
§ Planning Department (PlanD)
§ Antiquities and Monuments Office, LCSD
§ Lands Department (LD)
§ Marine Department (MD)
§ consultant’s study manager and members.
The focus of the VM workshop was to identify suitable sites for each of the three identified desalination
technologies of RO, MSF and MEDVC, for the costeffective provision of freshwater to Hong Kong. Participants
of the workshop include representatives from each of the above stakeholders. They have different professional
backgrounds, knowledge and expertise, representing a constructive and complementary overlap. This is in line with
the normal practice in conducting VM workshops, which normally involve process experts, engineers, departmental
representatives, representatives of major stakeholders of relevant socioeconomic sectors. Involving these
stakeholders is also demanded by the mission of the WSD that is to provide a reliable and adequate supply of
wholesome potable water and seawater to the customers in the most costeffective way; to adopt a customeroriented
approach in the services; to maintain and motivate an effective, efficient and committed workforce to serve the
community; to remain conscious of the responsibilities towards the environment; and to make the best use of
resources and technology in striving for continuous improvement in services.
By following the VM approach, all the stakeholders, including the project team, are able to critically review
and examine the functions of the proposed waterworks. Although the client may have a preconceived idea of the use
function of a particular project element, other stakeholders may see things differently and propose aesthetic
functions that can add value to the project. For example, the use function of a reservoir is apparently to store water
for future use. The drainage expert may see that a function of the reservoir is to regulate runoff after heavy rain.
With systematic communications during the VM workshop, all stakeholders, especially the project team, will have a
thorough understanding of the projects from all angles. Hence, the project team will be able to incorporate the views
of the stakeholders in bringing forth the project, making it more readily accepted by all the relevant stakeholders at
the subsequent implementation stages.
In the creativity stage of a VM workshop, all sorts of initiatives to serve the same function of the projects will
be explored. For example, in looking for a suitable site to build a desalination plant, the stakeholders practically
examined all possible sites along the coastlines in Hong Kong. A qualitative assessment conducted in the VM would
be a useful step to prioritise the sites for detailed studies. With consensus reached amongst the stakeholders this
would greatly facilitate subsequent public consultation as all possible sites had already been examined by relevant
stakeholders. Although the shortlisted sites might not be perfect in all aspects, they would at least be more readily
accepted. This is an obvious benefit of the team approach adopted in VM. With a properly planned and executed job
plan, the VM for waterworks normally requires two days only. Significant process can be made during this short
period of time: the functions of the proposed waterworks are critically examined, alternative options can be
considered, and preferred options are recommended and owned by all the stakeholders, which can lead to
commitment to the implementation of the proposals.
It is essential to identify the key stakeholders and solicit their commitment and participation in the VM.
Practically there is an upper limit on the size of the group participating in the VM beyond which communication
will become ineffective. With this limitation, it is very important for the project team to identify a VM group that
can represent a wide spectrum of interest groups. It does happen that during VM study new stakeholders are
identified.
From the implementation of the VM approach in a variety of reallife construction projects (including
building and civil engineering projects), we can summarise that the critical success factors in using the proposed
methodology to manage multiple stakeholders in the briefing process of construction projects are (Shen & Liu
2003):
§ the methodology
§ VM job plan must be followed in the workshop
§ attitude of participants
§ right attitude, appropriate stakeholders, awareness of the process
§ executive client support
§ support to the VM workshops and implementation of proposals
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§
§
§
§

management of process
clear objectives, set time, followup actions, review and feedback
professional workshop facilitation
probing with the right questions, using appropriate tools, managing the process, maintaining the momentum of
the team.

CONCLUSIONS
It is of vital importance to identify project stakeholders and to understand their expectations and needs for a
construction project in the briefing process. Stakeholders with different levels and types of power and interest in
construction projects have different expectations. This must be addressed by the project managers adequately. It is
essential to consider the interests of the project stakeholders and maintain a balance between different stakeholder
interests. Much time and effort should be devoted to the key players of the project. The effective management of
stakeholders in a project is one of the critical success factors of the briefing process.
The VM methodology for managing multiple stakeholders in the briefing process has been proved to be
successful in a variety of projects. As soon as the project stakeholders are identified, their commitment, power and
interests should be assessed before the briefing exercises. By so doing, the needs of all the stakeholders including
the clients can be identified and clarified, making the briefing process more effective and efficient, which is
essential to client satisfaction as well as successful delivery of construction projects. Further research has been
planned to investigate additional techniques and tools that can be used in managing stakeholders, and to validate the
proposed methodology further by studying the results and implications of using the methodology in managing
multiple stakeholders in the briefing process in reallife projects.
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CHAPTER 6

The Client’s Role in Driving an
Appropriate Project Culture Leading to
Innovative Performance Outcomes:
In Contexts of Australia and China
Jian Zuo
David Ness
George Zillante
INTRODUCTION
The construction industry has been long accused of poor performance, an adversarial atmosphere, and notorious
disputes (Jamieson & Thorpe 1996; Kumaraswamy 1997; Kanji & Wong 1998; Kagioglou et al. 1999; Wong &
Fung 1999; Barlow 2000; Love et al. 2001; Dulaimi et al. 2002; Humphreys, Matthews et al. 2003; Winch 2003).
The traditional procurement approach, which is characterised by a “winlose” scenario, is criticised for being
responsible for such poor performance (Rwelamila et al. 2000; Walker & Hampson 2003). In essence, the
adversarial attitudes of the project participants are viewed as the main obstacle to achieving optimum project
outcomes (Chan et al. 2003).
There have been calls for a cultural change within the industry to remove these barriers (APCC 1997; Cole
2002; Latham 1994; Egan 1998). As the result, some new alternative procurement approaches have emerged. These
include construction management, design and build, guaranteed maximum price, and relationship contracting. These
approaches are employed to procure facilities in more and more cases. Among them, relationship contracting has
become the most popular procurement approach in the public sector over recent years.
To implement relationship contracting in the construction industry, an appropriate project culture is needed.
The adversarial atmosphere, which has been inherited from the traditional procurement practice, should be
abandoned completely.
This chapter will contribute to the knowledge of relationship contracting by identifying the common features
of project culture in these projects. These are based on preliminary interviews and a more wideranging survey of
participants from around 15 projects. These covered projects employing both relationship contracting and traditional
methods of procurement. This was followed by similar research that has been conducted in China recently. Some
major contractors and relevant government officers were interviewed for their comments on project culture issues
and the impacts of these on the performance of construction projects. The role of the client in driving an appropriate
project culture, leading to innovative performance outcomes in a Chinese context was also addressed in the
interview schedule.

RELATIONSHIP CONTRACTING: HISTORY, FUNDAMENTALS AND
PRACTICES
The term “Relationship Contracting” is used to illustrate delivery systems that concentrate on relationships between
participating parties to a construction contract, rather than just on the projectspecific requirements such as
achieving the objectives of the contract (Quick 2002). In relationship contracts there is a formal expression of the
relationship between participating parties.
The Australian Constructors Association (ACA) (1999, 4), a group whose member companies are all leading
construction industry organisations, defines relationship contracting as “a process to establish and manage the
relationships between the parties that aims to: remove barriers; encourage maximum contribution; and allow all
parties to achieve success.”
From the above definition, it can be discerned that the most important element of relationship contracting, as
the name suggests, is the relationship between the parties involved in the project. Reasons to develop and sustain a
good relationship between the participating parties include removing the barriers (to outstanding outcomes) that
exist in a conventional contract and to encourage maximum commitment and contribution from all parties and
individuals. The most important facet of relationship contracting is to enable (or at least aim to enable) all parties to
achieve success. Such a “winwin” approach is achieved by the alignment of the objectives of parties (individuals)
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and “gainshare/painshare” mechanisms (see later for explanation). This is a significant departure from the traditional
“winlose” scenario.
A relationship contract could be any contract that seeks to emphasis the relationship between the parties to
achieve optimal outcomes for the job to be done (Quick 2002). As a contract employing some form of management
regime to manage the relationship, there are two kinds of contract that are currently popular within the industry:
alliancing, and partnering (Rowlinson & Cheung 2004). Alliancing, where the parties form a cohesive entity, is
characterised by all parties jointly sharing the risk and reward. This gainshare/painshare scheme is the key
difference from partnering, where the parties still retain independence and may individually suffer or gain from the
relationship (Walker et al. 2002). This chapter will mainly refer to the alliancing form of relationship contract.
Developed in the early 1990s, alliancing achieved huge success in the UK’s oil & gas industry by delivering
projects at lower cost (Quick 2002). The first project using the new procurement approach was the Wandoo B Oil
Platform, which was built by Ampolex (Ross 2001). Since then, alliancing contracts have been used to deliver
diverse projects, especially major infrastructure projects, both in the public sector and the private sector.
Although alliancing has been applied in the Australian industry for more than 10 years, all these projects have
been of a complex engineering nature rather than building/construction projects. The National Museum of Australia
(the Acton Peninsula Alliance) was the first building project employing alliance contracting in the world. This
project was identified as a successful alliancing project by the Australian National Audit Office for its excellent
achievements in relation to the budget, time, quality, design integrity, and risk management.
In South Australia, two major public projects that have employed relationship contracting (alliance
contracting) are the Adelaide Convention Centre extension and the Lyell McEwin Health Service Redevelopment
(LMHS) Stage A. Both projects were completed with outstanding performance. Carr and Exton (2004) have
previously described the success of relationship contracting on the Lyell McEwin Health Service Redevelopment
Stage A project. The indicators of success included:
§ Cost: The construction contingency was only 2.5% compared with the benchmarked 5%. As the result, $1.7m
were saved for initiating the next stage of the redevelopment project and buying hospital equipment.
§ Environment: The project enthusiastically adopted ecologically sustainable development (ESD) principles and
environmental responsibility in design, construction and operation. Ninety ESD initiatives (open space, equity
of access, water, etc.) have been incorporated into the design and documentation without additional cost. For
example, waste minimisation achieved outstanding results including nontoxic demolition waste 100%
recycled; solar availability maximised with solar hot water, reducing energy consumption by 10%.
§ Quality: Defectfree completion was achieved.
§ Health and safety: The income compensation claims for every million hours worked in this project was less than
25% of the industry norm.
Because of the significant achievements on the Lyell McEwin Health Service Redevelopment Stage A, the state
government decided that a similar procurement approach would be used for future major public projects (Carr &
Exton 2004).

PROJECT CULTURE — NEW VISION OF RELATIONSHIP
CONTRACTING
A cultural change is needed across the project team in order to implement relationship contracting.
A number of studies have been undertaken to investigate the influence of culture at different levels (national
culture, organisational culture etc.) on construction management practice (Loosemore & Muslmani 1999; Chan &
Tse 2003). In the construction context, cultural studies have also been undertaken at both the industry and
professional levels. For instance, adversarial relationships, fragmented approaches and confrontational relationships
have been identified as forming the culture within the construction industry (McGeorge et al. 2002). There are
differences between cultures of the different professions involved in construction projects (Liu & Fellows 1999).
However, there have not been many studies that have focused on the culture at the project level and its influence on
construction project management practice. As a projectbased industry, the construction industry needs more
insights on the cultural issues at the project level.
Zuo and Zillante (2005) presented the findings of a critical review on the related literature. Although there are
not many studies explicitly examining project culture, especially in a construction context, they do include reviews
of the limited literature that include:
§ the definition of the project culture
§ general statements on the project culture
§ efforts to measure the project culture as well as its impacts on the performance of projects.
The literature shows that appropriate project cultures do contribute towards the success of projects. The review had
several conclusions:
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§
§
§

There is no clear definition of project culture, especially in the context of construction projects. This is an
ambitious concept resulting from difficulties in conceptualising and then measuring project culture.
There are limited examples of a simple application of a conventional organisational culture model to measure
the project culture of construction projects. Organisational culture models are generally managementderived
and have little consideration to the specific characteristics of construction projects.
The framework previously proposed (Kumaraswamy et al. 2001; 2002) is too complex to measure project
culture by applying Hofstede’s cultural model to each subculture and its contributory components, or to the
culture of the project as a whole. As there are a number of organisations as well as specialists involved in a
typical construction project, it is obvious that there will be a large number of resources needed to diagnose the
whole project culture.

It is suggested that a relatively simple, easytouse and contextspecific framework is required for measuring project
culture in a construction project. Drawing on a wellrecognised definition of organisational culture (e.g. Schein
1985; Hofstede 1997; Zuo & Zillante 2005, 357) define project culture as:
The shared values, basic assumptions and beliefs that the participants involved in a project hold
that determine the way they process the project and the relationship with each other in the project
environment.
To accommodate the specific characteristics of construction projects, Zuo and Zillante (2005) propose a conceptual
framework based on the modification of a wellestablished organisational culture model: Cameron and Quinn’s
(1999) Competing Values Framework. These dimensions include:
§ fragmented vs. integrated
§ goaloriented vs. processoriented
§ flexible vs. stable
§ taskoriented vs. peopleoriented
§ adversarial attitude/behaviour vs. cooperative attitude/behaviour.
(Zuo & Zillante 2005)
This project culture framework and a questionnaire were firstly screened by academics and external consultants and,
secondly, verified by means of preliminary interviews. As a result, the conceptual framework and questionnaire
were sufficiently robust to be used in further studies.

RESEARCH PROCESS
This research has involved preliminary interviews with a number of industry professionals, followed by a more
wideranging survey of participants from around 15 projects (including relationship contracting and traditional
methods of procurement). A further round of indepth interviews with key participants is currently under way.
The profile of interviewees is illustrated in Figure 6.1.
Figure 6.1: The Profile of Australian Interviewees

Each interview lasted around one hour. In each case the author spent the first five minutes explaining the
background of the research (e.g. topic, research question and objectives). The terminologies (such as the definition
of the project culture in this study) used in this study were also explained to the respondents before commencing the
interview. The interviewees were asked to make comments on cultural issues at the project level, based on their
experience. Some of the questions asked in the interviews were:
§ Do you believe there is an identifiable project culture within the project environment?
§ What components constitute an appropriate project culture?
§ Who should be responsible to develop and to maintain an appropriate project culture?
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§

What are the features of trust?

During the preliminary interviews, the interviewees were encouraged to refer to examples of projects with which
they had been involved, including the Adelaide Convention Centre and Lyell McEwin Health Service. This helped
to elicit views on project culture in general. The preliminary interview findings also served to verify and revise the
conceptional framework as well as the research instrument that was designed after the literature review.
A survey was then conducted to examine the project culture in the construction projects according to the
designed conceptual framework. Again, there were around 15 construction projects investigated, which included
relationship contracting and conventional procurement. The survey respondents covered a wide range of industry
practitioners including clients, architects, main contractors, subcontractors and other consultants including quantity
surveyors and engineering consultants (structural, civil, building services — hydraulic, electrical, mechanical, etc.).

RESEARCH RESULTS: COMMON FEATURES OF PROJECT CULTURE
IN RELATIONSHIP CONTRACTING PROJECTS COMPARED WITH
TRADITIONAL APPROACHES
All interviewees believed cultural issues at project level influence the performance of a construction project
significantly by cultivating a particular attitude among participants.
Although there were various statements on the culture in the construction projects that were procured via
relationship contracting, it is interesting to note that the features are quite similar in these projects.
The common features of project culture in the projects that adopt relationship contracting include are shown
in Figure 6.2.
Figure 6.2: Common Features of Project Culture in RC Projects
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The ownership of the contract partly comes from the sharing of the risk and reward. Being bounded in the contract
by this way, all parties have to work together to deal with the possible problems encountered during the project
process. This also ensures the maximum mutual commitment from all participating parties and individuals because
all parties will either win or lose. This has also been referred as “collective responsibility for performance with an
equitable sharing of risk and reward” (see also Ross 2001).
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Another key element is openness and honesty. This is associated with another element — “early warning of the
problem”. A number of interviewees that were involved in relationship contracting projects stated sentiments such
as:
Keeping good relationships is the core of the relationship contracting. But this does not mean that
participants will not reveal the problem they found during the process. Early warning of the
problem is very important to keep the project running smoothly and, more importantly, healthy.
In the LMHS Stage A project, sometimes the project participants spent more than three hours in the meeting room to
discuss the issues raised until the solution was agreed and arrived at. This has also been referred to as “transparency”
or “open book auditing” by other scholars (e.g. Ross 2001; Quick 2002; Ariño, Torre & Ring 2005) and industry
reports (e.g. Australian Constructors Association 1999; Australia National Audit Office 2001).
It is very interesting to note the use of a sporting metaphor by one interviewee to illustrate the importance of
“noblame” culture:
We should not blame each other when encountering difficulties ... Just as in a footy match, if one
teammate drops the ball occasionally, other teammates will not blame him when he makes such a
mistake. Rather, they will encourage him to pick up the ball to keep going.
All respondents indicated that all project team members should contribute to the development of an appropriate
project culture. Therefore it is very important to select the right people to be involved in the project. Ross (2001)
suggested that in all wellfunctioning alliances the participants should:
§ respect each other
§ support rather than blame each other
§ go to extraordinary lengths to honour the commitments they have made, both corporately and individually.
The interviewees were encouraged to compare their experiences with the projects procured under both relationship
and conventional contracting. Almost all interviewees stressed that the common features of project culture in
relationship contracting projects seldom exist in the projects procured by traditional approaches. One client
representative stated:
The same participants performed better in a relationship contracting project than they performed in
another project that was procured via traditional hardmoney contract … The bad project culture
was very detrimental to that traditional project … [The] procurement method of fixed lump sum
did not encourage a collaborative approach or leading a strong team project.
The preliminary interviews were followed by a relatively wideranging survey, again covering both relationship
contracting and conventional projects. The questionnaire survey generally confirmed the findings of the preliminary
interviews. The identified features of the relationship contracting project culture were associated with improved
performance of the project in terms of:
§ the satisfaction of the project team with the project process
§ the satisfaction of the project team with the relationships with each other
§ serving the intended clients and endusers
§ commercial success
§ learning from the project process.

THE CLIENT’S ROLE IN DRIVING AN APPROPRIATE PROJECT
CULTURE
Preliminary findings indicated that the client plays a very important role in the development of the project culture in
construction projects. Although it was stated that all project team members have a part to play, the client was
identified as the most important key contributor for the development and maintenance of an appropriate project
culture. Most interviewees indicated that the capacity and level of resources of the client directly impact on their
ability to influence the expectations and values of other project participants.
This result is not a surprise. In traditional contractual arrangements, clients need not commit very much to the
project. Normally clients will engage the primary consultant, usually the architect, to represent them to manage all
the project process. In such contractual arrangements, risk is transferred to the designer, contractor and
subcontractors as much as possible. This traditional risk management strategy often fails by creating an adversarial
climate, a high level of commercial disputation, time and cost overruns and overall poor performance (ACA 1999).
On the other hand, in alliance contracting arrangements, the risks are embraced rather than being transferred.
All parties share the risks and rewards. ACA (1999, 16) illustrated the advantages for the client to share the risk as
follows:
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… Even taking a 10% share of the project’s risk produces a complete change of the attitude of the
client at all levels. They cooperate to reduce costs rather than to increase costs. Contracts become
enjoyable and productive rather than adversarial and negative. Under an adversarial contract,
inspectors often insist on the contractor spending $100,000 to give the client a $1,000 benefit …
Under relationship contracting, if the client is carrying 10% of the risk, the inspector will only
insist on the contractor spending $10,000 for a $1,000 benefit for the client — a massive
improvement.
This arrangement creates a true alignment between all parties and the project outcomes. However, much more
commitment is required from the client, who needs to allocate more resources to the project process, from inception
to postoccupation. The client needs to attend the site meetings and design meetings, whereas this is unnecessary in
traditional arrangements. Normally, the client will delegate the consultant (architect or project management
consultant) to do that. Through greater participation, the client can exert more influence on the project by being a
real project team member.
In addition, an integrated project team approach is popularly employed in alliancing projects. The traditional
“master and servant” hierarchical team structure, which is blamed for the adversarial attitudes and behaviours, is
abandoned in such approach. As a result, clients need to rethink their role in the project team. Clients will be
normal team members and their commitment is required for developing and sustaining an appropriate project culture
and hence the success of the project. In short, the influences of the client in driving an appropriate project culture are
numerous and should not be ignored.

FACILITATOR’S ROLE
Most relationship contracting projects (including Lyell McEwin Redevelopment Stage A) had a facilitator to help
build the project culture during a series of workshops. Some clients even commented that the facilitator should
assume the role/responsibilities of the project manager.
But this was not always the case in relationship contracting projects. For instance, there was no facilitator on
one project that was procured via alliance contracting. As the participants in that project stated: “As long as we have
known each other very well and we have known very well what is needed to be done, why would we need a
facilitator to coordinate that?” However, this case is unusual in the construction industry. Firstly, not all alliance
contracting projects could proceed very smoothly like this project. Secondly, there is a long way to go to achieve
cultural change in the industry. It is not expected that the majority of industry practitioners could understand their
roles (and change their mindsets) very well in a short timeframe. Therefore, a facilitator role is still seen as
necessary in relationship contracting projects but that person’s role may be reinforced by the knowledge of
relationship contracting spreading to more and more industry practitioners.

OPPORTUNITIES FOR FURTHER IMPROVEMENTS
Careful thought is needed before making the decision whether or not to adopt relationship contracting. The literature
points out that the downsides of this form of contracting are the high cost in the early stages of the project and the
high level of commitment required from all participating parties (including clients). The interview findings
universally confirmed this.
Specifically, “cosy” behaviour within the team and defensive attitudes towards others were identified as
pitfalls by the interviewees. Under the relationship contracting arrangements, project participants may behave too
uncritically towards each other and accept lower standards. Collective responsibilities for outcomes may mean that
responsibility for the issues associated with the project’s progress may be diffused. One interviewee (client
representative) also highlighted the defensive attitude as one of the negatives of relationship contracting:
… the members of the integrated management team (IMT) worked very well and cooperatively as
a closeknit unit. But they may ignore the interests of others involved in the project who are not
IMT members. For example, the executive leadership team (ELT) sometimes faced difficulty in
decisionmaking due to delay in reporting by the IMT. The IMT argued that the ELT need not
know too much details…
On the other hand, in one quoted project, the team accepted a reduced profit to achieve the project budget, as the
furniture and equipment component had been seriously underestimated. Such commitment to achieving the project
budget is a substantial benefit.
Another issue is the probity associated with a team being engaged by a government client for a number of
projects, based upon their successful performance and relationship. A majority of interviewees agreed that it is
important to maintain the stability of the team in future projects as the same team members already understand the
principles of relationship contracting and how they should behave and relate under such arrangements. But this
obviously raises the question: where is the competition and probity? This may be a significant issue for public
projects, and is being examined in further stages of this research.
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These issues need to be addressed in future research and projects. It is suggested that more training and
workshops are needed to remove the barriers and boundaries between the project team members and the
organisations they represent. Briefly speaking, genuine commitment from all project participants is necessary for the
success of relationship contracting projects.

RESEARCH FINDINGS IN CHINA
Similar research is currently being undertaken in China to investigate the client’s role in driving an appropriate
project culture, leading to innovative performance outcomes in a China context. Due to time and resources
constraints, this part of the research has mainly focused on project culture issues from the perspective of contractors
and government officers.
Thirtyeight senior managers and construction managers from significant contractors in the local market were
approached for their comments on project culture issues and the impacts of these on the performance of construction
projects. They were encouraged to give examples drawn from their firsthand experience. Five government officers
were also interviewed, mainly for their comments on the procurement approach, i.e. relationship contracting, and the
possibility of implementing this in China.
Each interviewee was first introduced to the aims of this research: the comparisons of industry practitioners’
views on project culture and its influence on the performance of construction projects. Then they were shown the
summary of findings of the research conducted in Australia. This summary included the common features of project
culture in successful projects, from the point of view of their Australia counterparts. Some Australian examples of
the appropriate project culture and how this influenced performance were also introduced to the interviewees.
In general, the research findings in China are in line with those in Australia. A majority of interviewees
agreed that project culture greatly affects performance. They acknowledged that a positive and appropriate culture
does contribute towards the success of construction projects. According to the interviewees, the common features of
the appropriate project culture concluded from the Australianbased research are also applicable in the China
context:
All project cultures must serve to satisfy the client, i.e. to achieve the client’s requirements. This
list of features of project culture can do that … all these are very important to foster a
collaborative relationship among parties; these also help to motivate participants for possible
innovations …
A majority of interviewees stressed the importance of the whole project team having a common goal. According to
them, a mismatch of objectives of participating parties in a construction project is detrimental to both the interfirm
relationships and the performance of the project: “in the project we should behave in the way that we all belong to
this project rather than to each party.” One senior manager from a contractor gave an example of a project where
major parties use the same office on site:
This helped to improve the efficiency of communication and develop a harmonious relationship
among participants. All participants were encouraged to adopt the other party’s point of view to
think about project issues, which helped to understand each other’s visions and values. This also
helped the client to gain better value for money.
All interviewees stated that more training is needed to ensure all industry practitioners can behave appropriately and
focus on the common goal of the project.
Similar to the findings in the Australian component of the research, all interviewees believed that drivers of
an appropriate project culture come from various sources. The relevant government department (and its officers),
supervision engineer, design institute*, project management consultant and contractors were identified as major
parties to influence the project culture. But the client’s critical role in driving an appropriate project culture was also
acknowledged by all interviewees. In China, the government plays a special role because it is not only the policy
developer but also the major funder of the construction industry (that is, the client). A senior manager of a state
owned contractor even listed the attitude of the client towards the project and nonclient parties as the most
important success factor of a construction project:
if there are harmonious relationships between the client and other stakeholders, the success of the
project is more possible. Client’s attitudes decide the character of the project culture in the project.
It is very interesting to note that most construction manager interviewees highlighted the difficulties in establishing
an appropriate project culture, even though they acknowledged the crucial role that this played:

*

In China, the design institute provides various consultant functions that are offered by different consultants
(architect, electrical engineer, mechanical engineer, etc.) in the construction industry in Western countries.
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We understand that an appropriate project culture is good for the project, but we are too busy
handling other technical issues so that we cannot afford to spend time on creating a positive
project culture …
In this regard, senior manager interviewees from contractors stressed that it is still necessary to develop and sustain
an appropriate culture:
Yes, some resources are required to do this, but this is helpful for the whole project. The
participants’ attitudes very much influence the relationship towards each other and whether the
project can be completed successfully. The project culture influences the attitude of participants
towards each other and to the project. It is worthwhile to invest resources in developing an
appropriate project culture and the return is longterm.
On the other hand, there were mixed comments about relationship contracting and the possibility of implementing
this in the Chinese construction industry. Most interviewees admitted that the principles of relationship contracting
should help industry practitioners to solve some issues that originated from interfirm relationships. However, all
government officer interviewees pointed out that it would be difficult to adopt this approach in China at the moment.
In China, many construction projects are still procured through the traditional “designtenderconstruct”
approach. Under this form of procurement, a supervision engineer must be employed to monitor the health of the
project. As a third party, this engineer must handle issues fairly. There are no examples of relationship contracting
being used to procure construction projects in China.
In 2003, the Ministry of Construction, the department that is responsible for the management of the
construction market, issued a document to encourage the industry to adopt the EPC (engineeringprocurement
construction) or D&B (design and build) approach and to push developer clients to engage a PMC (project
management consultant) to manage the whole project on behalf of the client (MoC 2003). In contrast to the
supervision engineer, the PMC is directly employed by the client to manage the whole project from its inception to
completion. This kind of procurement approach is called “Dai Jian Zhi” in Chinese, which means that there is
another entity (the PMC) to manage the project fully on behalf of the client.
Acting on behalf of the client, the PMC has been authorised to control the project process to ensure the
objectives can be achieved. In most projects that are funded by the government, the appointment of a PMC is even
mandated. In such cases, the government will only be responsible for funding the project and finalising its
commissioning. The government delegates all other phases to the PMC. As the result, the PMC take all risks from
the client. Normally, there are clear incentive schemes for the PMC. For instance, the PMC can be paid a certain
percentage of an incentive pool if the skills of the PMC result in cost savings. Therefore, the PMC is motivated to
ensure all project objectives are achieved.
Figure 6.3: Organisation Chart Illustrating the Use of the PMC Approach in China

In summary, it is compulsory to employ a supervision engineer on construction projects, while the government
department encourages and sometimes mandates the client to engage a skilled and experienced PMC in order to
manage the project better. This is always the case with governmentfunded projects. In view of this, the Lyell
McEwin Health Service Redevelopment Stage A approach — whereby a facilitator rather than a PM is engaged and
the whole team shares the risk and rewards — would be unacceptable at present in a China context, from a legal
perspective. The traditional method, whereby a project manager is engaged to manage a project and assumes overall
responsibility, is more likely to be applied in the construction industry in China. This model has been applied in the
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Adelaide Convention Centre Extensions Project in South Australia and many other relationship contracting projects
worldwide.
What is the way forward for China? While the PMC takes all risks from the client in a China context, there is
still an opportunity for a smart risk sharing scheme between the PMC and the rest of the project team. The “no PM
approach”, which is the latest development in relationship contracting and may be the trend for future projects,
could be introduced by a future Chinese government. This would necessitate legislative changes.

CONCLUSION
This chapter has examined relationship contracting from a project culture perspective. Preliminary interviews
revealed that there were common features of project culture in those projects adopting relationship contracting.
These features included outcome orientation, openness and honesty, mutual trust, early warning of problems,
willingness to help, shared visions, flexibility, and ownership of the project. This list of features of the project
culture was compatible with the conceptual framework established on the basis of literature findings.
By focusing on how to establish and maintain an appropriate project culture, it helps to understand the
success stories of relationship contracting and how this success could be replicated on other projects.
Basically all project participants, including the client, need to change their mindset about their behaviour
during the project process. The success of construction projects relies on whether an appropriate project culture can
be developed and sustained across the project team during the project period. The ideal situation is that this project
culture could be developed from the very beginning of the project based on the commitment from all parties. This
project culture should also be maintained carefully by workshops or training. By being more involved in the project,
the client will need to commit more resources and contribute towards the development and maintenance of the
project culture. The willingness of clients to change their mindsets will be the key driver for an appropriate project
culture that can lead to innovative performance outcomes.
It should be noted that the change in culture occurs first and that relationship contracting is a form of contract
that helps this process along. At the same time, it is required to develop and sustain an appropriate project culture
(via the cultural change) based on the commitment from all the project participants.
Normally a series of workshops is conducted during the project period to build a highperformance team.
According to Department for Administrative and Information Services (2001) the popular topics addressed in the
workshops included:
§ exposing the participants to the fundamentals of high performance team technology, providing the tools of
mastery to operate willingly and confidently inside the integrated team
§ aligning with and committing to the objectives for the project
§ determining, clarifying, negotiating, and committing to the exact expectations that each stakeholder group has
of the others
§ developing and committing to a set of action plans to realise project objectives
§ deepening the foundation of relationships upon which a successful project can be built.
It is apparent that these topics are intended to change the mindset of project participants from adversarial behaviour
to a more cooperative and collaborative culture within the team. Therefore, it is suggested that the participants
should pay attention to these fundamentals of a collaborative approach (refer to Figure 6.1) rather than just on this
specific procurement approach — relationship contracting. Once again, the genuine commitment of all project
participants is necessary for the success of relationship contracting projects. It is recommended that a new item (e.g.
project culture) be added to the workshop agenda to establish the appropriate project culture within the project team
and sustain it during the project period. By doing so, project participants will more easily understand the
fundamentals of a collaborative approach and genuine commitment to the collaborative contract will be more likely
to be achieved.
The research findings in China are generally in line with those Australia. Almost all of the Chinese
interviewees agreed that an appropriate project culture does contribute towards the success of construction projects.
They also confirmed the list of common features of the appropriate project culture and the client’s critical role in
driving an appropriate project culture leading to innovative performance outcomes. Most of the Chinese
interviewees acknowledged that relationship contracting principles could help resolve major issues in construction
projects procured through the current traditional approach. Without prior relationship contracting experience, the
Chinese construction industry will need the experience and skill of its Australian counterparts.
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Procurement and Risk Management
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CHAPTER 7

Rebalancing Risk and Rewards
Jim Doyle
OVERVIEW OF THE AUSTRALIAN INDUSTRY
Structure of the industry
All levels of the Australian construction industry are suffering declining profits:
§ The major contractors dominate the market and industry as a whole, but the number of entities is shrinking
through failures (such as Walter Construction Group) and acquisitions.
§ The mediumsized businesses are squeezed between the lowcost small contractors and the generally well
financed (if not economically profitable) majors.
§ The small end of the industry is the home of most subcontractors and niche/home builders. The sector is
noticeable for its very low entry threshold, allowing underresourced and novice businesses to start easily, and
its correspondingly high failure rate. The resultant skill and technology loss to the industry is significant and a
barrier to industry success and growth.
(Weaver & Hyde 2005)

Profit trends
The reward available to the various contractors and suppliers is the profit they make from the works they perform.
The level of profitability in the industry is low and declining (Richardson 2005). In the past, the traditionally low
profitability of the industry was offset by a relatively high turnover on capital and the ability of head contractors to
harvest the benefit of managing cash flows — generally by claiming early and deferring payments to suppliers and
subcontractors. In the past, this meant a wellmanaged business was largely funded by the cash flow derived from its
projects and a net profit margin of 2% could be multiplied by a factor of two or three based on turning over the
entire capital base of the business several times in a year.
Both of these elements are under threat. An internal survey by Westpac Bank (Hyde 2005) shows that the rate
of turnover of assets across all major industry players has been steadily declining, and in 2003–2004 was averaging
less than 1.5, whilst the introduction of Acts in various states, similar to the Building and Construction Industry
Security of Payment Act, enables subcontractors and suppliers to enforce their rights to timely and regular payments
(Doyle 2004).

Industry risks
The Australian construction industry has a number of characteristics that increase both development and
construction risks. Some are endemic such as the industrial relations climate and multiple layers of government.
Others, particularly building and construction industry security of payments legislation, and the rapid escalation in
material prices are new and the industry is still attempting to come to grips with the consequences of the change.
Others are structural market size and volatility, information technology and innovation requiring critical mass and
rewarding scale, governmental policy preference for single provider on major deliverables and labour market
realities. Two of the key risks impacting every building project are industry capacity and building industry security
of payment legislation.
Industry capacity
The Australian building industry has been struggling to meet a rapidly escalating demand in many key areas (see
Figure 7.1); although a recent report by Master Builders Australia (Master Builders Australia 2005) based on a
survey of its members shows current industry conditions flattening out in the June 2005 quarter and suggests a
easing may be starting to appear.
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The current building boom (with workloads close to the 2004 peak) has led to price escalation and the deskilling of
the overall workforce as contractors employ aggressively seek to fill vacancies and encounter delays as suppliers
and subcontractors experience the same overdemand as the main contractors.
This shortage of skilled workers and lack of overall industry capacity has led to the average annual trade price
inflation exceeding 6% pa over the last three years (to 2005) and trade price inflation is expected to continue to
average 5% for the next two years (Deloitte Touche Tohmatsu 2005). Very few contractors on “fixed price” bids
would have allowed for these rates of inflation (and still had the lowest tender price).
Building industry security of payment legislation
Building and construction industry security of payment (BCISOP) legislation in force in most states has been
accurately described as enforcing a “pay now, argue later” regime onto the construction industry. Claims made
under the relevant Acts are typically resolved within four to six weeks, and adjudicated payments are generally
enforceable within seven days. Whilst any adjudicated amount is considered a “payment on account” (similar to a
normal progress payment) the impact on cash flows for the organisation that is required to pay can be significant
with a number of awards exceeding $1m (NSW Government Construction Agency Coordination Committee 2005).
The Acts are causing a radical rethink of many traditional project management and contract management
processes. All professional contract administrators must manage every aspect of a contract on the assumption that all
outstanding issues will be included in a claim under the Act in the next month. It is no longer acceptable to let
claims remain unanswered (Doyle 2005).

The cost of failure
More frequently one sees new headlines announcing profit downgrades for one major contractor or another. This
trend is likely to be as damaging to the clients of the Australian construction industry as it is to the shareholders in
the businesses featuring in the announcements. Despite many attempts to draft “watertight” contracts, no contract
can protect clients from the failure of a contractor or protect them from the cost of defending claims made by a
contractor; some part of the ultimate risk is always the clients! This is the actual experience of clients of the Walter
Construction Group, Henry Walker Eltin, and others.
Where the contractor remains viable but knows they are losing money, the client is potentially subject to a
range of claims, either genuine or fabricated. Even if the client is “successful” in defending a claim they are unlikely
to recover the full costs (internal, external, tangible and intangible costs) associated in managing the dispute.
Negotiated settlements frequently involve reduction in scope, quality or other facets of the project as well as
financial settlements and ongoing impacts on core business objectives.
The Victorian government and the Spencer Street Station developers agreed to settle their disputes in mid
2005 but with numerous reductions in scope and design changes including reducing the area covered by the “wave
roof”, deleting a major new pedestrian link and using lower cost finishes on the platforms.
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Where a negotiated settlement is not possible, the natural reaction of any business facing a significant loss is to
attempt to cut its costs by downgrading onsite supervision, reducing quality and/or the slowing of the construction
process.
The consequence of all of these potential outcomes ultimately impacts the building industry’s clients. They
pay more and receive less than they expected! Changing this outcome is a key ingredient in the future growth of the
industry. When the construction industry is perceived by its clients to deliver quality and value, the potential market
for its services will increase as clients choose to invest discretionary expenditure in Australian construction projects.

THE RISKS IN FIXED PRICE DESIGN AND CONSTRUCT CONTRACTS
One of the more disturbing trends in the Australian construction industry has been the tendency for clients to attempt
to transfer all of the project risk to the contractor. This approach is most obvious in the increasingly common
application of design and construct (D&C) contracts. D&C contracts place a significant portion of the development
risk onto the contractor but in many cases, the contractor’s margin remains the same as for a traditional tender.
While this form of contract can be effective when correctly applied, overuse leads to confusion, lack of clear risk
allocation and disputes.

D&C contracts: The client’s perspective
The use of D&C contracts grew out of the “supply side” building boom of the 1980s and is superficially attractive to
clients, often as a way of reducing design costs and delays. Projects were built to onsell and quality was focused on
shortterm needs. The current “demand side” boom is “build to own” — the overall contracting process should now
be focused on quality, wholeoflife costing, and a longterm view of value.
The likely consequence of using the combination of an overstretched principal’s team and a D&C
construction contract with a low “fixed price” include:
1. Accepting lowcost design in preference to a quality design. The contractor will have pushed the design costs as
low as possible to minimise its overall cost and, as a consequence, the designers will not have the time or
budget to undertake proper design consultations and reviews with the client to produce an optimum design.
2. Loss of client control over the design. As long as the final design meets the D&C brief, the contractor will have
met their obligations. Writing a “perfect” design brief is virtually impossible, therefore every interpretation will
be heavily biased by the need of the contractor’s designers, and the contractor, to save costs rather than the best
longterm outcomes for the client.
3. D&C provides a socalled “single point of responsibility”. If the project is a major failure the client can
theoretically sue the contractor, or the contractor’s insurers. However, construction clients cannot mitigate
ultimate risk (that is, the liquidation of the head contractor) and increase their exposure to damage by
attempting to avoid all risk. Without proper management strategies to monitor and respond to issues before they
become projectcritical, the client may end up with no effective and commercial rights to the design work done
by the contractor (particularly if designers have to be changed) and will inevitably face major cost escalation
and time delays in attempting to complete a building after the contractor has gone into liquidation.
4. By accepting an unrealistic price, clients are inviting longer term expenses. Contractors forced into a loss will
almost inevitably seek to recover monies by making claims; this is now much quicker and easier for the
contractors with the advent of the various “security of payment” Acts. The other natural reaction from a
contractor losing money on a contract is to attempt to cut costs. Typically this involves reducing supervision
with an inevitable impact on quality, and may also involve overt reductions in the quality of materials and
workmanship. The costs incurred by a client in closely supervising a contractor’s work to enforce quality,
defending claims and seeking to recover loses and disputed adjudication payments can quickly erode any initial
gains achieved by accepting an unrealistically low price.
The quality movement in manufacturing led by people such as Deming (Deming 1982) and Crosby (Crosby 1969)
have long stated that quality should be designed in, not inspected in. This philosophy is equally true for
construction. Construction industry clients need to question the wisdom of abandoning control and influence over
the design process for “their project” to the lowestcost contractor/designer. More collaborative models for the D&C
track can be used to produce a more satisfactory result.

D&C contracts: The contractor’s perspective
D&C contracts transfer substantial risk as well as responsibility to the contractor.
In the first instance, the D&C contractor has a massive conflict of interest to resolve. On one hand there are
the contractor’s obligations to their shareholders, employees and subcontractors to generate profits and remain
viable so they can pay wages and debts. This set of obligations requires the D&C contractor to seek the cheapest
possible solution to their contract obligations so as to maximise their profits (or minimise losses). This is
diametrically opposite to the normal obligations of a designer which typically involve seeking to achieve the
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optimum design solution for the client by taking the time to balance multiple considerations including quality,
wholeoflife costing, budgets, aesthetics and design costs.
The next major risk accepted by the D&C contractor is the interpretation of the design brief (and/or accepting
the novation of the client’s nominated designer). Any apparent ambiguity in the brief will tend to be read “down” by
the contractor and “up” by the client. If the client wins the argument, the D&C contractor can end up building a
much more expensive project than they allowed in their tender. This risk is compounded if the contract is a “fixed
price”, awarded to the lowest bidder!
Beyond the issues surrounding the D&C process discussed above, the D&C contractor also accepts the full
spectrum of design and development cost risks. The design solution may simply cost more to build than initially
estimated. Traditional development margins were in the order of 30% to allow for the escalation of costs as the
design evolved. In D&C contracts, many contractors are accepting these development risks at traditional contracting
margins — we suggest this is a recipe for disaster.
The industry needs a better way to apportion risk, responsibility and profits.

DEVELOPING INTEGRATED CONSTRUCTION TEAMS
The problems and risks outlined above are not unique to Australia; the UK building industry has experienced similar
problems over a significant number of years. The key difference is that the industry and its clients, with the active
support of government, have both been working to resolve the issues.
Reports by Latham (1994) and Egan (1998) have led to the formation of Constructing Excellence (aimed at
achieving a step change in construction productivity by tackling the market failures in the sector) and the publication
of numerous studies, reports and recommendations. Other initiatives include the “Delay and disruption protocol”
(The Society of Construction Law 2002) which focuses on the management of schedules and timerelated disputes.
The conclusion from these reports, supported by numerous case studies and surveys, is that a cooperative
approach to construction delivers real benefits to all of the parties. The Latham report (1994) indicates partnering as
a way forward to improve efficiency and profitability. Egan expanded on this concept to recommend integrated
supply teams and longterm client/construction team relationships to allow lessons learned to be incorporated into
the next project.
The survey data available from the Constructing Excellence website shows an engaged client and successful
teaming can deliver a better building at a lower cost, in less time than traditional contracting — and the builders
make more money!
These lessons have not been entirely ignored by the Australian construction industry; a significant number of
major projects have been successfully delivered using partnering and alliance contracts and have largely delivered
on the promise of better buildings at reduced costs. Egan’s ideas of longterm relationships between supply teams
and clients also seem to be taking hold in a number of maintenance and support areas.
However, the models in use at the moment are expensive to implement, focusing on bespoke contracts,
management and team “retreats”, focused team building exercises and the like. Whilst this level of investment in
team creation is justified for large $100m+ contracts (where the cost of failure could be enormous and the benefits
of success equally great) it is not practical or necessary on smalltomedium sized contracts.
The balance of this chapter will address the requirements for a contracting model that implements the lessons
of Latham (1994) and Egan (1998) in a costeffective, pragmatic way designed for contracts of just a few million
dollars value.

Team formation
The key element within the ideas of Latham and Egan, as well as the proponents of partnering and alliance
contracts, is the need to develop a strong team consisting of the client, head contractor, designers and key
subcontractors/suppliers. Significant effort is poured into team creation in the expectation that a strong team will
evolve, committed to the common cause of delivering a great project that meets all of the different party’s
expectations. This is one key area where the needs (and budget) of a major project differ significantly from smaller
projects.
Competing theories of team development: Tuckman
The “traditional” approach to developing teams adopted by most partnering agreements appears to be based on the
theories of Tuckman (Tuckman 1965; Tuckman & Jensen 1977). The assumptions are that teams are groups of
people with complementary skills who are committed to a common purpose and hold themselves mutually
accountable for its achievement. Ideally, they develop a distinct identity and work together in a coordinated and
mutually supportive way to achieve their agreed goals. Successful teams are characterised by a team spirit based
around trust, mutual respect and helpfulness. This usually requires colocation, and helps to move through the
“forming, storming and norming” phases of development to achieve the ultimate aim of a “performing” team (refer
to Table 7.1).
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Table 7.1: Tuckman’s Model of Team Formation
Stage
Forming
Storming
Norming
Performing

Explanation
Team members get to know each other
Team members trying to sort each other out
Team members starting to work as a group
Team members performing as a committed team
(Source: Adapted from Tuckman 1965)

The underlaying assumption in the Tuckman model is that the creation of a committed, performing team is a steady
progress through various stages of development and the commitment of time and effort, together with critical
physical supports (e.g. colocation) and psychological supports (e.g. the overt support of senior management from
all parties) will achieve the desired results. Experience suggests that this model is both realistic and achievable
provided the necessary environment is created and adequate and continuing investments made.
Whilst being an appropriate model for large projects with relatively stable teams, the problems with this
approach on smaller projects include that:
§ the project is rarely big enough to warrant a fully colocated team; many “small project” team members will be
parttime working from their own office
§ the trust and colocation aspects of large project teams allow the assumption that the team will largely resolve
problems internally, with dispute escalation occurring at a relatively late stage; on smaller projects support
systems need to be in place to generate trust and resolve disagreements much sooner
§ although large project teams seek to involve a wide range of parties in the team (it is both necessary and
desirable), the commitment of many parties on a smaller project is often too limited to warrant much effort in
engaging them in a “team”.
Competing theories of team development: Gersick, “punctuated equilibrium”
Gersick’s (1988) concept of “punctuated equilibrium” proposes that team formation is not characterised by gradual
change, rather it is punctuated by “cataclysmic events” that force movement to the next evolutionary level.
According to Gersick, the team will quickly develop a set of operating principles which are sufficient, but less than
optimal, in the early stages of a project where there is a normally a great deal of goodwill. It takes a “trigger event”
to move the team out of this level of operation. This trigger can be dissatisfaction with project progress,
interpersonal conflict or any one of the usual project flashpoints of scope, time, cost and quality.
This trigger is the catalyst for revision of team relationships, either consolidating the team values and
contributing to higher team performance (if the result is positive), or, if the results are negative, the team could be
forced to disband or have its membership modified; it is almost impossible to revert to the precataclysm mode of
operation after one of these triggers.
In the context of punctuated equilibrium project managers need to operate differently. At the start of a small
construction project, there is little time to build a trusting relationship between the various members of the team.
They must work out their differences on the fly and blindly trust one another to do their jobs. “Swift trust”
(Meyerson et al. 1996) does not just happen — there are factors in the environment which are preconditions that
enable and encourage trust to be given and used well. Some of these are:
§ Linked overall goals, rewards and penalties. By putting people in the same boat they are forced to develop a
system of common trust.
§ Interdependence. Where people are independent, less trust is needed. However, if some are more dependent
than others, then power positions are created with a much lesstrusting environment.
§ Justenough resources. There should be sufficient resources to do the job, otherwise battles for resources will
erode trust. The ability to increase resources quickly, in line with project requirements, is also necessary.
§ Professional role focus. A focus on acting as, and treating others as, professionals leads to trust in their
professional capabilities.
Combining these two theories creates a framework within which performing teams can be developed for smaller
projects without the need to expend the significant time and effort involved (and warranted) in developing teams for
major projects.
The key components of the framework are:
§ the project client (with the assistance of the consultants and head contractor) creates an environment
encouraging the formation of “swift trust” and clear purpose and timing
§ the people involved in the core team are kept to a practical minimum
§ support systems are put in place before the project starts to deal with the inevitable “explosion” with the overt
aim of lifting team performance to a higher level
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§

systems are in place to induct new people to the team as the project progresses; however, the invitation is to join
the team asis and contribute rather than join a process to develop a new team.

A RECOMMENDED FORM OF CONTRACT
Client engagement
The key starting point for a successful smaller project alliance is the willingness of the client to be fully engaged in
the delivery of its project and consistently focusing on getting the optimum project for the optimum price. If the
client focuses on costs rather than outcomes there is little point in engaging in anything other than a traditional fixed
price D&C contract (with the usual round of challenges, claims, disputes and litigation).
Unfortunately, the fallacy of a firm fixedprice contract remains in many people’s minds despite centuries of
experience to the contrary (Weaver & Hyde 2005). With current margins below 2%, if builders are locked into a
fixed price, they can be expected to claim for every change (real or imagined) and they have the security of payment
legislation to help. Change is inevitable; no client can expect to specify every facet of their requirements and the
contracting process should recognise this reality and focus on creating value. Similarly, attempts to artificially avoid
risk will often generate suboptimal outcomes. Clients need to be aware of the risks inherent in their project and seek
to fund and manage the project realistically.
Enlightened clients, seeking better outcomes, must take the lead in balancing risk, cost and control. Risk
should be borne by the party most capable of managing it. Control, particularly over design and quality should be
retained by the client to a larger extent, particularly if the client plans to own the project for many years after the
contract is finished. Costs and schedules need to be realistic and achievable.

Contract formation: Clientdriven projects (CDP)
The construction contract required for a CDP needs to be drafted in a way that defines the work to be done and
facilitates pragmatic alliancing. Key elements of the contract should include:
§ Only participants who are significantly important to the project should be involved in teaming.
§ The teaming process should be designed to facilitate the movement of people into and out of the team as their
importance to the project changes over time.
§ Team inductions focus on supporting the established culture of the team.
§ The pricing model needs to be based on effective pricing theory and designed to drive the performance most
beneficial to the client.
§ Full information as to commercial performance of all significant players needs to be openly available and used
as a team asset.
§ The project needs a facilitator, separate from both the contractor and the principal, to direct projectimportant
initiatives, lead the team formation process and facilitate negotiations to resolve disputes.
§ Detailed records need to be kept of the resources used on the project and the status of work.
§ The project should be “open book”. Facilities need to be in place to allow the full visibility and exchange of all
projectrelated information between the parties (a number of webbased portal systems are readily available to
facilitate this process).
§ Independent experts need to be in place to monitor and facilitate agreement on all matters relating to cost and
time.
§ Probity planning and audits should be designed into the system to build and verify trust.
§ An effective total quality management (TQM) approach should be embedded in the head contract and
subcontract agreements and become an intrinsic part of the team’s philosophy.

Contract structure
The underlying philosophy in this proposed model is based on pragmatism. It is far easier to build trust and generate
a performing team if there are systems in pace to facilitate visibility and accountability.
The facilitator is paid by the alliance to lead team development and facilitate the resolution of problems. A
person skilled in negotiation and mediation appointed before problems arise (and involved in creating the team)
should be in a position to facilitate the resolution of most issues, particularly if all of the necessary information is
freely available.
The independent cost and time auditors are engaged by the alliance to oversee the project team’s discussions
in these areas (not to do the work). The presence of a respected expert with full access to all of the relevant data
should mean that any disagreements between the parties are focused on principles and facts, not perceptions.
The contract itself will cause contractors who are not interested in alliances to selfselect out and to select
only those who are comfortable in such an environment. Properly drafted, the contract will ensure the parties are
aware of their commitments to open honest communication and the builtin requirements for probity audits and
reviews will encourage honesty.
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The costs associated with the independent reviewers should not be particularly high if their involvement is
proportional to the value and complexity of the project. The work they will be required to perform is limited and
will be facilitated by the open access to all of the project’s information.

CONCLUSION
Alliance and partnering have been proved to be successful forms of contract both in the UK and Australia. However,
the costs under existing models associated with developing “performing teams” are high, tend to require colocation,
and are best suited to very large projects.
Smaller projects need a different, more pragmatic approach to the development of partnerships or alliances
focusing on the use of efficient communication systems (to create visibility) and independent experts (or referees) to
encourage open and effective communications and help resolve disagreements early, before the disagreement can
escalate into a disrupting dispute.
The contract model discussed in this chapter outlines the basic framework for such a contract and offers a
new way to deliver value to the construction industry’ clients whilst restoring a level of profitability to businesses in
the industry.
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INTRODUCTION
Construction 2020 (Hampson & Brandon 2004) outlines a series of visions for securing the longterm success of the
construction industry in Australia. In particular, Vision 2 proposes a future in which the “design, construction and
operation of facilities truly reflect the present and future needs of the project initiator, future owners and tenants, and
aspirations of stakeholders [and] … will develop better systems for capturing client requirements” (Hampson &
Brandon 2004, 14).
Meeting client needs is thus considered critical to the success of construction projects and for the construction
industry overall. While there may be many participants involved in a construction project, this chapter defines a
“client” as the government organisation requiring and paying for the construction of a new building (Government of
South Australia 1996, 62).
In Australia, government is a significant client as governmentinitiated construction projects approach 30–
40% of total industry turnover in the commercial building and engineering sectors. It is thereby in a position to
strongly influence the market due to its procurement policy for capital works and its role as regulator of the
construction industry (Hampson & Brandon 2004). Until recent decades this role of designer, principal and project
manager was undertaken inhouse by public works departments, but in some jurisdictions, this function has been
devolved to other government agencies some of which have little or no experience in construction (APCC 2002).
Many jurisdictions, however, have developed databases of prequalified consultants who provide advice to
government departments on capital works procurement.
Each jurisdiction in Australia has developed capital works procurement policies that regulate the way in
which government agencies1 procure built assets (see Table 8.1). They include various approaches to the way these
agencies engage with the construction industry as clients. Capital works procurement policies establish the role that
individual government agencies can have in the construction process, and, depending on the policy stance adopted,
may involve a number of additional government agencies in the planning, tendering and delivery of built assets.
This chapter undertakes a case study of procurement in Australia and compares the capital works
procurement policies of the federal, state and territory governments of Australia. A typology of approaches is
advanced, following comparative analysis of the policies. The assumptions inherent in these policies, concerning the
assessment of the capabilities of individual clients when planning and delivering capital works procurement, are
outlined. A tentative proposition is made and possible avenues for future research are canvassed.
The capital works policies discussed in this chapter are focused on the procurement of building construction
valued at more than $100,000. Due to scope limitations, minor works, planned maintenance, wholeoflife asset
sustainability, breakdown maintenance and redundancy management policies are not discussed, nor are procurement
1

The term “agency” will be used in this chapter to refer to any government department, budgetdependent authority
or entity.
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policies of infrastructure such as bridges, main roads, railways, harbours, and airports construction. While these are
valid research topics they are beyond the scope of this chapter. Also out of scope, but nonetheless an important
factor in the initial decisions to procure, are the capacities, and “preconditions”, such as systems and processes,
required by various jurisdictions to plan for and effectively manage broad asset portfolios.

METHODOLOGY
Case studies provide for indepth analysis of a particular issue or technology as it impacts an organisation or
industry, and can provide strong recommendations for improvements in theory, technology or policy. Case studies in
the area of policy have been called for as a way of advancing public policy practice (Osborne & Brown 2005). A
case study is “a method for learning about a complex instance, based on a comprehensive understanding of that
instance obtained by extensive descriptions and analysis of that instance taken as a whole and in its context” (US
General Accounting Office 1990, cited in Mertens 2005, 237). This research followed the process advocated by
Stake (2000, 155) in that when establishing case studies researchers need to:
§ seek patterns of data to develop the issues
§ triangulate key observations and bases for interpretation
§ select alternative interpretations to pursue
§ develop assertions or generalisations about the case.
Semistructured telephone interviews were conducted with senior public servants responsible for procurement
policy. Semistructured interviewing was selected as it ensures crosscase comparability (Bryman & Bell 2001,
346), and is important when conducting exploratory and explanatory studies — particularly in order to find out what
is actually happening in practice (Saunders, Lewis & Thornhill 2000, 245). The sample was based on purposive
sampling (Zikmund 2003, 383) as respondents with particular expertise concerning capital works procurement
policy in their jurisdiction were considered the most critical informants for this research.
Interviewees were asked to outline the approach to capital works procurement undertaken by their
jurisdiction, the main reasons for this approach, and how the approach could be improved. Additionally government
policy documents were analysed as primary data sources. Triangulation was used between the various data sources
in order to clarify meaning and verify the repeatability of the observation or interpretation (Stake 2003).
Interviewees were provided with opportunities to review and correct telephone interview summaries, by which
means members of the sample checked the data for accuracy, thereby strengthening the internal validity of the
research (Mertens 2005).
Individual informants have been deidentified and any commercial inconfidence information has not been
divulged. All interviews were conducted in confidence, and the names of interviewees have been withheld. When
citing interviewees, the generic term “interview data” is used as a means of preserving anonymity. The names of
government departments, government reports, and most government policies have not been obscured as most of this
information is already freely available, either on the internet or in public libraries. The focus of the chapter will not
be on specific jurisdictions, or specific government departments or agencies, but rather the unit of analysis will be
the various approaches to capital works procurement policy.

FINDINGS AND DISCUSSION
Approaches to capital works procurement by Australian governments
Procurement policy seeks to organise systematically the array of stakeholders and processes to undertake
construction projects. These systems are complex as they need to allow deliberations for construction projects that
meet requirements for marketderived commercial transactions, but also maintain public probity through
accountability and transparency mechanisms, together with methods for the determination of the need of a built
asset, and how this asset will enable an agency to better deliver services to the public on behalf of government.
These polices also determine the relationship between a government agency, who wants and pays for a new building
and is therefore the client, and other government agencies who may have a role in setting government policy,
reviewing procurement processes, or, in some cases, assuming control of the procurement process itself.
Due to space restrictions a detailed description of the various policy approaches is not possible. A summary
of the approaches to capital works by Australian governments is provided below.
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Table 8.1: Summary of Policy Approaches to Capital Works Procurement

Centralised

Australian Capital
Territory
Government
Procurement Board
and/or Procurement Unit
review all procurement
plans above threshold. If
approved, all budget
funded procurement of
capital works is
conducted centrally
through Procurement
Solutions, Department of
Treasury, who act on
behalf of other agencies
in procurement of capital
works.
South Australia
Capital Works
Procurement is
conducted centrally by
the Department for
Administrative and
Information Services for
all projects over
$150,000, which acts on
behalf of other
government departments
in procuring capital
works. A fivestep
infrastructure planning
and delivery framework
must be followed. Works
over $4m are referred to
Public Works Committee,
and must be endorsed
by Cabinet.

Decentralised
according to
organisational
capabilities

Decentralised with
centralised policy and
central board/committee
review of process

New South Wales
Agencies accredited
according to their
expertise, and the
risk of the project.
Involvement of the
client determined by
their accreditation
level and the level
of project risk.

Commonwealth (federal)
The Parliamentary Standing
Committee for Public Works
(PWC) must be notified of
construction procurement
over $2m. Construction
over $6m must be referred
to the PWC for
recommendation to Cabinet
for approval.
Departments manage their
own procurement, although
some departments use the
expertise of the Department
of Finance and
Administration for planning
and delivery.
The PWC examines the
need, justification and cost
effectiveness of the project
proposal and is not involved
in the tendering and
delivery processes.

Significantly
decentralised (with
centralised policy and
high profile projects
handled centrally)
Queensland
Construction
procurement is
devolved, but many
agencies choose to use
the expertise of the
Department of Public
Works. Strong policy
framework in place.
Public Works
Committee — reviews
and makes
recommendation on
public works ex post.
Agencies considering
highrisk or significant
projects must seek
Public Works advice.
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Centralised

Northern Territory
All tenders for capital
works over $10,000 are
responsibility of Contract
and Procurement
Services, Department of
Corporate and
Information Services.
The majority of capital
works (planning and
delivery) is provided by
the Department of
Planning and
Infrastructure. All capital
works procurement goes
before a Procurement
Review Board for
endorsement.
Western Australia
While budget and
accountability for
expenditure is devolved
to the individual
agencies, responsibility
of planning, tendering
and delivery of all capital
works projects rests with
Department of Housing
and Public Works.

Decentralised
according to
organisational
capabilities

Decentralised with
centralised policy and
central board/committee
review of process
Tasmania
Procurements over
$100,000 are endorsed by a
tender review committee in
the department. The Public
Works Board then reviews
the process to ensure that
due process has been
followed. Planned
expenditure over $2m must
be approved by a
Parliamentary Standing
Committee for Public Works
prior to work commencing.
Departments manage own
procurement following
manuals and guidelines set
by central agency.

Significantly
decentralised (with
centralised policy and
high profile projects
handled centrally)
Victoria
For capital works
projects, procurement
is devolved to individual
agencies. Building
Commission provides
highlevel advice.
Another agency
provides
prequalification scheme
which is not mandatory,
but strongly supported
by all agencies.
Highrisk projects are
generally referred to
Major Projects Victoria.

(Source: Adapted from interview data, QLD Department of Public Works 2004, Northern Territory
Treasury 2003, WA State Supply Commission Act 1991, Department of Treasury and Finance Tasmania
1997, Government of South Australia 1998, Building Commission 2002, Commonwealth Department of
Finance and Administration 2005, and NSW Treasury 2004a).
The Australian Procurement and Construction Council (APCC) is the peak council for government procurement and
construction policy in Australia. In addition to the specific policies outlined in this chapter, the APCC has issued a
number of documents that provide national guidelines to its member agencies on procurement policy. Examples of
this are the National Prequalification Criteria Framework (APCC 1998), National Procurement Reform Principles
(APCC 2003), Asset Management (APC 2001), and Client Skills: Skills required by Government as the
Construction Industry Client (APCC 2002). The APCC (2002) made a number of recommendations in these
publications in order to promote national consistency in policy approaches to the procurement of capital works.
The capital works procurement approaches of jurisdictions, summarised in the table above, have implications
for identifying and meeting client needs.

Implications of capital works procurement policies for clients
The APCC (2002) released a paper on the skills government agencies require as clients in the construction process.
This document states that successful outcomes in procuring capital works “requires the client to have the capability,
skills and expertise to identify needs, negotiate the procurement package, manage the contract relationships, and
monitor the delivery and measure suppliers’ performance” (APCC 2002, 6). As a consequence the APCC (2002)
recommended that the capabilities of clients in procuring built assets be assessed. Each of the jurisdictions reviewed
had slightly different ways of implementing this recommendation, with different procedures for the identification of
client needs, which are elaborated in detail below.
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Significantly decentralised (with policy advice and highprofile projects handled
centrally)
The strength of a decentralised approach is that government agencies have a large amount of say in the planning and
building of their buildings to meet their needs (interview data). In Queensland procurement for capital works has
been devolved to each individual agency, with encouragement to devolve procurement into regional areas (Public
Works 2005). However, many agencies choose to use the expertise and services of the Department of Public Works
when procuring new buildings (interview data). In Victoria likewise, agencies have the authority and responsibility
for construction of buildings, with each minister responsible for such work (interview data).
In Victoria, the proponent agency, on behalf of the responsible minister, presents the need for a built asset
which is assessed and considered consistent with their Asset Management Framework (interview data). Identifying
the need for the built asset is specified in strategy and policy and is an early part of a multistaged process for
acquiring built assets. In Queensland, the client’s need is drawn from the strategic planning process, which leads to
an asset strategy and a business case proposal for the new building (Queensland Government 2006).
In Queensland, while capital works procurement is decentralised, a significant amount of policy advice is
provided to agencies and it must be adhered to (interview data). In Victoria, only highlevel policy advice is given
(interview data). Where a project is high risk, high cost, or significant (e.g. heritage listed or iconic) then in Victoria
these projects may be selected to be handled by Major Projects Victoria (interview data). In Queensland, there are
certain mandatory requirements which agencies must adhere to in the procurement process, including the provision
that agencies must consult with the Department of Public Works (interview data). For construction firms, there is
direct involvement with the government agency which is the client on most projects, as it is the client agency which
prepares the asset strategy and specific business case for a building, which underlies the subsequent building
specifications and tendering processes, which in turn helps to ensure the resulting building meets their own needs. In
Queensland and Victoria, the client’s needs for a built asset are progressively developed from staged strategic asset
management processes. While different in their elements, both examine current and future service delivery needs
and ties these directly to wholeoflife asset management. The need for any new building is tested in the context of
the portfolio it is to contribute to and explicit links to service delivery, government objectives and statutory purpose
of an agency are subject to business case scrutiny.
In Victoria, each client agency proponent prepares and presents their asset strategy for government
consideration. All asset proposals are listed by agencies on their departmental multiyear strategy that provides a 10
year “project pipeline” snapshot for government of all asset proposals being developed by agencies. Specific
business cases for asset proposals are progressively developed by agencies consistent with their multiyear strategy.
The full business case of asset proposals approved by government set the boundaries for subsequent building
specifications and tendering processes, all of which helps to ensure that the resulting building meets the client’s
needs. The major liability for this approach is that there is potential for a government agency to ignore or be
unaware of policies set by central agencies (interview data). It is also possible that some government clients lack the
capacity required to comply with this policy framework, and may not choose the best approach to the procurement
process, or inappropriately allocate risk to contractors (interview data), despite the best policy advice.
Figure 8.2: Significantly Decentralised Approach
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Under this arrangement, clients are responsible for identifying and articulating their portfolio needs, and if
successful in gaining government approval for a proposed asset investment, the responsible portfolio minister is
empowered and accountable for managing (via the public service) the procurement of built assets, with the provision
of policy advice by central agencies. Implicit in this approach is the assumption that organisations may lack
capability in planing for, and procuring, built assets. The policy framework is provided to support clients to identify
and articulate their needs, and to plan and deliver capital works projects. The outcome of this type of approach to
capital works procurement is therefore predicated on the organisational capability of the agency that undertakes the
procurement, and their willingness to seek and take policy and practical advice of those agencies with expertise in
the procurement of built assets.

Decentralised with central board/committee review of process
The strength of a centralised board/committee approach is that there is a specifically instituted mechanism to
formally check the design solution, and in some cases the tender documentation, and to ensure the cost effectiveness
of the building, as well as the suitability for its stated purpose (Parliament of Australia 2004). While each
department has its own procurement guidelines, the centralised committee approach has the potential to provide a
check that buildings are needed, will meet their intended purpose, are cost effective and address wholeoflife
considerations.
Committees operating under this approach require a justification of the need for a particular building in
submissions to them. Additionally, individual agencies can identify, and justify, their need for built assets in
budgetary processes, and strategic asset management frameworks can also be used to determine the need of clients
for additional buildings.
Figure 8.3: Decentralised with Central Board/Committee Review of Process Approach

Each individual agency is responsible for the identification and articulation of their need for a building, together
with the actual tendering process, and the management of the delivery stage of the building project. While these
processes are reviewed by a parliamentary committee, the client is technically responsible for all stages of the
process. Clients’ need for buildings is tied to budgetary processes, and may include strategic asset management
plans. Implicit in this approach is that clients have the capability to procure capital works; however, a mandatory
check is provided in order to ensure due process has been followed. The outcome of this type of approach to capital
works procurement is therefore predicated on the organisational capability of the agency that undertakes the
procurement, and as a result, clients who lack certain organisational capabilities are likely to be heavily reliant upon
external consultants in the procurement process (interview data).
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Centralised approaches
The main rationale for a centralised approach mentioned by respondents was that a central agency can develop
expertise and can ensure that projects are well executed (interview data). For small jurisdictions, this is a pragmatic
approach that ensures expertise in managing capital works procurement and the maintenance of good relationships
with suppliers (interview data). Additionally, by managing the scheduling of capital works procurement, a central
approach can stagger the release of major government projects, thus helping to prevent the construction market from
“overheating” by the sudden glut of government construction projects (interview data). In smaller jurisdictions the
centralised approach may be more efficient as it avoids unnecessary duplication in small government agencies and
allows pooling of limited specialist resources. Additionally, centralised approaches enable the support of local
industry through a consistent and transparent approach to capital works procurement (interview data).
Figure 8.4: Centralised Approach

Against this, centralised approaches can result in that agency determining the needs of other agencies:
Sometimes clients believed that they were not sufficiently in control of quality, cost or time
parameters of construction projects which in turn affect their service delivery to public. Some
departments believed that they could better manage public construction projects if they were in
control (interview data).
Some respondents indicated that they had moved away from centralised approaches to capital works procurement as
clients did not feel that the process met with the expectation of clients (interview data).
Implicit in this approach is that clients are unlikely to have the organisational capability to properly identify
their own building needs, or to manage the planning and delivery of built assets. This is quite plausible for smaller
jurisdictions were an agency may only need a new building every five years or more, and it is therefore difficult to
hold on to expertise (interview data). Alternatively, as in the Western Australian case, the capacity and
responsibility is specified in legislation. Centralised approaches have the potential to produce outcomes that may not
meet the needs of clients, and the outcome is therefore dependent on the ability of central agencies to ensure that
client needs are specified clearly, that built assets facilitate the provision of services by the client, and that this
information is communicated clearly to construction firms. Some of the jurisdictions have developed sophisticated
policy instruments to assist central agencies to achieve these outcomes (Government of South Australia 2006).

Decentralised according to organisational capabilities
The APCC (2002) suggested that individual jurisdictions undertake an assessment of the capabilities of public sector
agencies in procuring capital works. While this is implicit in the approaches examined above, in New South Wales2,
the organisational capability of agencies in planning and delivering capital works projects is assessed up front, and is
a key part of the process (NSW Finance 2004a). For projects valued over $1m, a centralised “default procurement
system” is provided for those agencies that have not been assessed as having organisational capability in the
planning and delivery of capital works projects (interview data). The policy framework has been developed in New
South Wales to ensure uniformity in the approach to the market, that the project achieves outcomes for NSW
Treasury and the client, and that an asset is created within a specified range of performance (interview data).

2

While South Australia has developed a capabilitybased approach for goods and services procurement, capital
works operates under a centralised purchasing approach (Government of South Australia 1998).
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For NSW the procurement of capital works starts not with the building planning phase, but with an assessment of a
need for the building in the first instance, and how this building will enhance the ability of the agency to provide
services to the community (NSW Treasury 2004a), which is similar to processes in Queensland and Victoria. In
other words the policy process requires that building planning commences with a clear identification of how the
building will meet clients’ service delivery needs. The relationship between the building and the needs of the client
are established early in a 10stage process, as is the organisational capability of the client in procuring built assets
(interview data). Against this, the process is more complex than other systems, with nine different possible
procurement scenarios depending on the capability of the client and the level of risk assigned to the project. The
policy has only been in effect for a short period of time and needs to run for a longer time before benefits can be
assessed (interview data).
Figure 8.5: Decentralised According to Organisational Capabilities

Typology
The APCC (2002) has noted that the Commonwealth, state and territory jurisdictions are all on a continuum from
centralised to decentralised, but an attempt to place specific jurisdictions on a typology has hitherto not been
attempted on the public record. The variant approaches examined above could be considered on a typology
according to the level of central control over the procurement process. A centralised approach means that there is a
strong control of capital works procurement by a single central government agency, whereas a decentralised model
devolves procurement to all agencies in a jurisdiction. We propose here that the capital works procurement policies
and programmatic responses will vary according to the degree of centralisation or decentralisation present. This
continuum can be based on categories of approaches which can be typified as either centralised, decentralised
according to organisational capability, decentralised with board/committee reviewing process, significantly
decentralised, and decentralised. The following typology is advanced:
Figure 8.6: Typology of Approaches to Capital Works Procurement
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CONCLUSION
The federal, state and territory governments of Australia have different procurement policies and approaches to
procurement. The reasons for these variations relate to shifts in government policy (interview data), legislative
mandates (interview data), and a prevailing pragmatic approach to meeting client needs (interview data). Some
approaches are new, such as the approach currently implemented in NSW (interview data). This chapter argues that
these policies implicitly or explicitly make assumptions about organisational capability of clients to determine their
requirements for capital works and their ability to oversee the procurement process.

Implications for innovation
It is argued that government can influence the construction sector by the way it manages capital works procurement.
Several respondents indicated that changes were made to the procurement process, at least in part, to better manage
the relationship between government and the construction sector as a whole (interview data). For example, in
Victoria, one of the reasons behind the creation of the multiyear strategy was to identify potential future projects
that were “in the pipeline” so that the construction sector could be provided with a greater degree of certainty of
longerterm demand (interview data). Current policy approaches to capital works procurement have evolved over
time (interview data), and many mentioned that their current approaches are under review, or had just recently been
reviewed (interview data) or felt that a change was imminent (interview data). NSW explicitly attempted to innovate
in its approach to capital works procurement (interview data). It is apparent that there is innovation by Australian
governments in capital works procurement at a policy level and this case study contributes to our understanding of
policy as suggested by Osborne and Brown (2005), as different clients seek to achieve value for money (interview
data), implement wholeoflife approaches to asset procurement (interview data), and manage the purchase of capital
works strategically (interview data).

Implications of clients’ capability to capital works procurement
In the “significantly decentralised and decentralised with committee review” approaches, there is an implicit
assumption that clients are competent in identifying their own needs, and in managing the planning and delivery
phases of the project. Risk is managed through policy frameworks that support the identification of need and the
procurement process, or by conducting mandatory checks on the procurement process. In centralised approaches,
clients are implicitly assumed to lack the organisational capability to procure capital works, and the need is
determined in consultation with the central agency, as is the planning and delivery of the built asset. In the
“decentralised according to capability” approach, the capability of the client is explicitly assessed, and their role in
the procurement process is determined by their level of capability.
Following this analysis a tentative proposition can be advanced, although this requires testing empirically.
Capital works procurement policies have inherent assumptions about the organisational capability of clients to
manage the planning and delivery phases of construction projects.
While the process for assessing organisational capability differs between jurisdictions, this principle appears
to form part of the logic underpinning the approaches taken in each jurisdiction.

Further research
The project has shown a wide variation of capital works procurement policies in Australia. While examining the
typologies and logic of these approaches, the effect of these different approaches in terms of consistency,
effectiveness, efficiency, probity, productivity and product innovation remains unclear.
Future research could consider these questions:
§ How do clients perceive the effectiveness of current approaches?
§ How do construction firms perceive the effectiveness of current approaches?
§ Which approach is more efficient in delivering built assets, and how is this efficiency determined?
§ What are the outcomes of the various approaches for construction innovation?
§ How does each approach address issues of probity, consistency and transparency of process?
§ How does each approach affect the capacity and productivity of the construction sector?
§ How do the various jurisdictions apportion risk in the procurement process?
Future research could additionally consider the practicality or even achievability of an appropriate policy regime and
institutional framework that seeks consistency in a federal system of government such as in Australia.
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CHAPTER 9

Cost of Tendering:
Adding Cost Without Value?
John Dalrymple
Lionel Boxer
Warren Staples
INTRODUCTION
This chapter explores the tendering process and introduces the need for a clear model of where the costs occur in
that process. By doing so, understanding of the cost of tendering for any project becomes a matter of overlaying
such a model on the project plan and extracting understanding of where costs can be expected to occur and their
magnitude.
Because of the diverse activities undertaken by both purchasers and tenderers, and limitations of some
accounting systems to report on custom categories, expenses associated with tendering are difficult to capture and
quantify. These problems are explained through an interpretation of the literature, observations of purchases, and
interview data to demonstrate the barriers to understanding the cost of tendering.
Even in those cases where there are genuine intentions to capture costs of tendering there is a failure to do so.
It appears that implementation difficulties are so insurmountable that either people do not bother, or management
redirects effort from collecting the costs of tendering data. It is also shown that the expense of tendering and
uncertainty of outcomes leads tenderers to engage in concealed behaviour to reduce the uncertainty and cost
associated with tendering (that is, collusion). For this reason especially, it is suggested that tendering and associated
costs need to be understood in greater detail.
While there is currently awareness of the cost of tendering and acknowledgement that efforts should be taken
to minimise this cost, there is little precise understanding of it in terms of value or how it happens. The cost of
tendering is not well understood in Australia or elsewhere in the world. This chapter proposes a model of the cost of
tendering through defining the tendering process in terms of measurable components and collecting sufficient data
to understand the costs incurred in each component. The chapter also presents estimates of orders of magnitude of
the cost of tendering based on specific cases of procurement organisations at the macroscopic level, whilst evidence
from an international business profile benchmarking study provides some insights into the impost on small and
mediumsized enterprise (SME) sector firms in the construction industry supply chain. This data is derived from
ownermanager perceptions of the cost of tendering in their firm.

LITERATURE REVIEW
Apart from a current study under way at the University of Reading as referred to in Hughes et al. (2001), there
appears to be little research into the cost of tendering. The Commonwealth of Australia (1994) conducted a cost of
tendering study that looked at the cost to tenderers of Department of Defence contracts (Haddad 2004). The survey
is not conclusive about the costs of tendering, but does indicate some superficial supplier data and anecdotal
opinions. Being a survey conducted by a market research company, it relied on the diligence of those providing
answers to questions and assumed that they understood the questions and were qualified to provide meaningful
responses. The survey does present some ideas about how to structure a more detailed inquiry.
The literature that does exist is largely anecdotal and conversational explanations of how tendering costs
occur in practice. These works come from industry and might be perceived as efforts to influence industry policy
makers and politicians. This literature would not necessarily meet the highest standards of rigor expected of
academic literature. However, they are a source of data and do provide insight into the practitioner’s perspective.
The Commonwealth of Australia (1994) study notes that, while some improvements were acknowledged, a
variety of problems are identified with the tendering process — albeit limited to supplying to the Commonwealth of
Australia — which suggests a lack of concern for resolving problems associated with the cost of tendering. It seems
that there is a reluctance to understand the cost of tendering. Yet, the costs would appear to be clearly
distinguishable if separated into components.

THE COMPONENTS OF TENDERING COSTS
Tendering is a process that takes place to provide a transparent selection process that is based on objective criteria. It
is most important in organisations that are exposed to a degree of public scrutiny from stakeholders. These
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stakeholders could be the general public in the case of government departments, or shareholders in the case of
businesses. Indeed, there are benefits to the tendering process, but there are also costs. More to the point, if these
costs are not managed effectively they can be quite significant and not provide proportionate returns.
Tendering costs occur during three phases of any tendering process. These are:
§ preparation of tender documents by purchaser
§ preparation of response to tender by prospective suppliers
§ assessment of submitted tenders and selection of supplier.

Preparation of tender documents
Purchasers incur costs associated with the preparation of documents that are issued to tenderers. These include
specifications and instructions specific to the item being purchased. They also incur costs to assemble a list of
prospective tenderers to whom tender documents will be sent. These documents may be posted to tenderers, but
more complicated purchases may require facetoface meetings with individual tenderers or collective briefings for
all tenderers to attend.

Preparation of response to tender
On receiving tender documents, prospective suppliers are required to make several levels of assessment. There is
generally a time constraint to do so. In the first case, they need to understand the good or service being tendered and
determine whether or not they have the capability to supply. Where they decide to proceed with submitting a tender,
they then need to engage in an appropriate degree of predesign work to demonstrate to the purchaser that they are
aware of the implications of the tender and that their solution is the most appropriate. Reply to tender may take the
form of a document or include physical models or involve presentations. There appears to be a concern that, once
being invited to tender, refusing to do so will remove the prospective tenderer from future tender invitations. This
may be leading to wasted effort preparing tenders that relate to work outside the capabilities of organisations that
would be better declining the invitation to tender.

Assessment and selection
When tenderers submit their responses to tender, the purchaser undertakes assessment and selection processes. As
with the preparation of responses to tender, purchasers are under an obligation to complete assessment and selection
within specified time constraints. Especially in cases of complicated tenders, where there is a twostage assessment,
purchasers are under an obligation to complete their assessments within a reasonable time and reply to tenderers.

BARRIERS TO UNDERSTANDING TENDERING COSTS
Without a clear understanding of the cost of tendering, an industrywide assumption has been that the cost of
tendering is far too high and that it needs to be reduced. This blind sort of groping for meaning has led to a solution
to reduce the cost of tendering through prequalification of tenderers. However, with such a vague understanding of
the cost of tendering there could be an equally vague understanding of the notion of prequalification and, in some
cases, an expectation could be held by purchasers that tenderers should prequalify for each individual tender. This
misunderstanding of the concept of prequalification undermines the benefits that could be derived from a well
managed prequalification program.
A worldwide survey of procurement documentation from a wide range of public and private organisations suggests
it is clear that there is an awareness of the cost of tendering. However, in most cases purchasers merely acknowledge
that the cost of tendering is significant and to be aware of the internal costs and those incurred by tenderers. Apart
from that, there is no effort made to understand these costs. For example, a typical comment made about the cost of
tendering is:
If contractors are winning typically one tender if four, then we're paying four times the cost of
tendering for each contract. The industry needs to find a better way to avoid wasting this money
(Mills 2005).
The following subsections explore some of the barriers to understanding tendering costs.

Difficulty in determining resources allocated to tendering
Understanding tendering costs depends on collecting accurate data and being able to present it in a meaningful way.
Because people and resources used to conduct the tendering process are not specifically dedicated to the tendering
process, determining what resources are consumed during tendering is difficult to do. This is further complicated by
how individuals and organisations are rewarded and the manipulation of data that occurs when people may try to
optimise their personal rewards.
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Difficulty or reluctance to implement
While there have been initiatives put in place to record the cost of tendering, there is little evidence that these are
implemented at all. Government and commercial purchasers acknowledge that the cost of tendering is significant
and that efforts should be made to reduce this cost. They further acknowledge the cost of tendering in terms of both
their operations and those of tenderers. Many large government departments have produced tendering regulations
that include such a clause. These are based on various standards and guidelines such as the Australian Standard
Code of Tendering, AS4120 (Standards Australia 1994) and Guidelines for Tendering, published by Australian
Constructors Association, and Evans and Peck Management (2001).
Notwithstanding the effort to acknowledge the cost of tendering, there is no reported attempt to quantify this
cost. While some organisations have a stated policy that there will be “application of some rigor to examining the
cost of tendering” (Department of Defence 2005), when questioned, the DirectorGeneral, Contracting Policy and
Operations advised that no effort has been made to implement this initiative. Other government agencies attempt to
allocate costs to the tendering process. Yet, when representatives were questioned they assured us that the data
captured is at best a very rough estimation of the real human and material resources consumed in their tendering
processes.

Greed and blatant corruption
People can be led to behave by the reward structure of their environment. In some cases, it has been observed that
people satisfy their greed or engage in various forms of corruption to achieve personal goals. Gellerman (1986)
speaks of good managers making bad ethical choices, but Wakin (1992), drawing on Learner (1975, 111) goes
further, suggesting that “bottomline” ethics are adhered to by “careerists”, whose behaviour suggests that their
blatant selfinterest overrides every factor. There is likely to be a wide distribution along a continuum characterised
by both these extremes. However, Gellerman (1986, 3) does refer to cases where individuals “made a conscious,
coldblooded decision to take no protective or remedial action, in the flagrant disregard of the rights of others”.
In drawing on examples of bad ethical choices, Gellerman (1986, 5–7) proposes that there are four
rationalisations with which people justify their decisions. First, they perceive what they have decided to be “within
reasonable ethical and legal limits”. Second, it “is in the individual’s or the corporation’s best interests”. Third, it “is
‘safe’ because it will never be found out or publicised”. Fourth, if the action contributes to objectives “the company
will condone it and even protect the person who engages in it”.
In the subsequent 20 years since Gellerman’s (1986) article was published, some spheres may have seen an
end of the discourse that leads to these rationalisations. However, there remain examples of blatant disregard, as
demonstrated by Rowell (1996) for environmental and social issues. Anecdotal evidence of this are the frequent and
often violent protests held to demonstrate opposition to the World Trade Organisation and other globalisation
initiatives. While this reaction may not be warranted, it reflects a possible negative perception in the wider
community.
Foucault (1991) observes that those in power influence what becomes the dominant discourse and that they
impose that discourse to exert power, even to the point that they establish reality in terms of what benefits
themselves. Perhaps it is because controversial discussions frequently are controlled by the discourse imposed by
others that some refuse to engage in polemics (Foucault 1991, 381). Pfeffer (1981, 30, 59) observes that those who
“get what they want” have “the social power to get it”. People in positions of power might well — consciously or
unconsciously — dominate decisions (Foucault 1980).
The Giles Commission (1992) into the construction industry raises the issues of collusive tendering in the
construction industry:
Involvement in collusive and anticompetitive behaviour including the surreptitious receipt and
payment of special and unsuccessful tenderers’ fees.
The implied message is that the cost of tendering is significant. This has been further substantiated by confidential
discussions with construction industry representatives. Some have explained how tenderers for a project enter into
an arrangement where they each add an amount which is distributed to unsuccessful tenderers.
Veterans of many years of submitting tenders have explained their solution to the expense of tendering in
terms of the collusion reported by the Giles Commission (1992). One person interviewed stated that:
Each company submitting a tender added a certain amount that (in the event of winning the tender)
was understood to be distributed among the other tenderers (those who did not win the contract).

GENERIC TENDER COST MODEL
Having demonstrated that it is likely that cost of tendering data will be distorted (if collected at all), it is suggested
that a tender cost model will provide some guidelines to categorise and verify the cost of tendering data that is
collected. Having such guidelines is viewed to provide a catalyst to collect data and a framework to categorise the
information collected. The following model, shown in Figure 9.1, could provide a foundation for such a framework.
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Figure 9.1: Generic Cost Tender Model

Phases
Tender
preparation

Steps

Project definition and scoping
Selection process for tenderers
Tender documentation
Establishment of criteria for selection

Tendering
Call for tenders
Responding to invitations to tender and developing commercial offer
Tender meetings and enquiries
Amendments to tender documents
Submission and closing of tenders

Tender
evaluation

Tender analysis
Tender clarifications

Tender selection and awards

(Source: Adapted from Australian Constructors Association, and Evans and Peck Management 2001, 5)
It is suggested that each of the proposed steps could provide demarcation of categories to which human and material
resources could be allocated. It is envisioned that these categories need further development and refining.
The reason for advocating the further development of such a model is that tendering costs seem to have
escalated to an extent that they can be seen as a factor in a contractor’s risk assessment. The costs must be weighed
against the perceived likelihood of success. It is likely that the client can mitigate at least some of the costs of the
tendering process. This is unlikely to eventuate in an environment where the client is unaware of the costs of
tendering and consequently unaware of the additional costs that they as client are carrying as a consequence of their
espoused tendering processes. In the event that the client is imposing excessive and unnecessary costs on the
contractor through the tendering process, then they are adding costs without adding value. In the quality
management environment, this is classified as waste.
Major advances in productivity, profitability and quality have been achieved in the manufacturing industry
as a consequence of increases in knowledge and understanding of quality. One of the imperatives that drove the
improvement in manufacturing performance was the development and implementation of a “quality costs model”.
This model partitioned the costs of achieving a desired standard of output into “prevention costs”, “appraisal costs”
and “failure costs”. This approach enabled managers to make rational decisions about where improvement
investment should be targeted. In the case of costs of tendering in public sector construction project procurement, it
is likely that the use of such a model would enable the capture of cost of tendering data that enable similar rational
decisions to be made about the structure and content of the tendering process. The next section, therefore, seeks to
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quantify the costs of tendering for a variety of circumstances based on data acquired from a variety of informants
and sources.

ESTIMATION OF TENDERING COSTS
The cost of tendering at the macroscopic level can be estimated on the basis of anecdotal evidence and documented
sources. This is particularly useful from the perspective of the large procurement organisation, for example
government departments and large national utilities. From the perspective of the small and mediumsized enterprise
(SME), databases used for international business profile benchmarking that have data on construction provide some
indication of the costs of tendering as experienced by procurement executives and owner managers. Although
neither of these sources provides definitive audited costs, they both provide an indicative cost. In view of the fact
that the client ultimately carries the cost of tendering, it is in the client’s interests to seek to mitigate these costs to
ensure that a business enterprise client returns value to its shareholders and that a public sector client obtains the
triumvirate of efficiency, effectiveness and value for money. In the case of the business enterprise client, the choice
is more straightforward since, if the cost of tendering is perceived to be excessive, it is open to the business to adopt
another approach that is more cost effective. For that reason, this work will restrict itself to tendering costs as they
might impact on public sector organisations as clients and SME sector subcontractors as suppliers.

Public sector organisations
For public sector clients, the need for transparency and openness demand that the public servants who engage with
the construction industry representing the public sector have transparent and defensible processes. This underpins
the confidence that the taxpayer requires to have for the accountability of procurement processes. The requirement
for accountability has placed increasing pressure on public servants and one of the approaches to securing
efficiency, effectiveness and value for money has been the use of various tendering mechanisms. In fact, such was
the belief in the efficacy of the tendering process, in many cases, it was mandated through legislation. More
recently, there has been a move away from that belief, as public sector clients, like their counterparts in the
manufacturing sector before them, began to take a more holistic view of efficiency, effectiveness and value for
money. However, it is fair to say that, in the case of public sector construction project procurement, it has proved
easier to criticise the failings of the tendering process than it has to find an appropriate, robust and defensible
replacement.
One of the reasons for the relative inertia in the construction sector has, of course, been that, as suggested
earlier in this chapter, it has proved to be difficult to capture the cost of tendering. This has hampered innovation in
the approach to construction procurement, since one of the major drivers of seeking a “new approach” is to improve
competitiveness. In the absence of information about the actual costs of tendering, there is also no value that can be
attributed to the payoff of the innovation. The fact that these costs are frequently invisible to the client and can be
very diffuse has camouflaged the real impact of cost of tendering on the total costs incurred by the client in public
sector construction project procurement.
The act of initiating the tender process for a significant construction project effectively triggers a timelapsed
cascade of additional tenderinglike processes as the major cost components of the project are identified and costed
to enable the final bid to be assembled. This chapter will now seek to quantify the costs incurred in tendering a
project. Clearly, the complexity of the project, including the level of innovation, for example, will influence the
costs in any particular project. However, by engaging with experts and examining the cascade processes, it is
possible to estimate the costs associated with the tendering process. In addition, the impact of the costs of tendering
shall be computed for government departments with significant responsibility for construction project procurement.
In many cases, the greatest cost cannot be estimated. The tendering capability of a firm may, in fact, be a limiting
resource. If this is the case, then the result may be that the best and most capable contractors may not even enter the
tendering process because the actual costs associated with the process cannot be justified given the perceived
prospects of success, or because the opportunity costs associated with one particular project may be regarded as
excessive and unjustifiable given the perceived prospects of success. If the most appropriate contractor does not
enter the process because of tendering costs this is likely to be detrimental to the project to an extent far in excess of
the real or perceived tendering costs.
The combination of tendering costs and the probability of success is such that the total tendering costs for any
individual project will escalate as the number of contractors entering the tendering process increases, as well as with
the relative complexity of the project and the extent of the imaginative valueadding design. For example, based on
the experience of the project team, if a public sector client seeks tenders from six capable contractors for a design
and construct project, each of these is likely to seek tenders from, say, ten subcontractors, depending on the scale
and complexity of the project. If each of these ten subcontractors initiated a further cascade down to twenty
suppliers of different sizes and types, then the involvement of the six initial contractors has resulted in some form of
response from (6 + 60 + 1200) =1266 businesses. Using this model, each additional contractor proceeding to tender
adds a further 211 businesses to the list of those involved in the tendering process. Clearly, all businesses will have
incurred costs associated with the tender, but few will receive business as a consequence. The contractors will have
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entered the process with an average of one chance in six of emerging successful in gaining the contract. For a
relatively complex $20m infrastructure project where the design and schedule of quantities is provided, it has been
estimated within the project team that the cost of tendering is in the region of 0.5% of the value of the contract for
each contractor tendering. This does not include the costs to the subcontractors and suppliers further down the chain
of supply. Thus, for a case of six contractors, the total cost is 3% of contract value, or $600K.
For a similar design and construct project that involves each tenderer in significant design activity before the
schedule of quantities and the tendering process takes place, it is estimated that the cost of tendering will escalate to
around 3% of the value of the contract for each contractor. In the earlier case where six contractors were involved,
the tendering process for the contractors could amount to 18% of the value of the contract, or $3.6m.
Consequently, for a government department involved in significant construction project procurement activity,
if we take the sixcontractor hypothesis, for each $100m voted by parliament for construction projects, anything
between $3m and $18m is likely to be consumed by the tendering process if we ignore the cascade effect down past
the contractor. The challenge is to establish whether the process of tendering is delivering that degree of value for
money on one hand and whether, by innovation in the process, based on a careful appreciation of the costs, an
equivalent result without consuming this level of resource could be delivered. This model and analysis has ignored
the cascade effect of the tendering process on the subcontract sector, which makes up the majority of firms in the
construction sector. Evidence from another source provides some insights into that sector.

SME sector subcontractors and suppliers
As part of a program of work that included applying business profile benchmarking to SMEs using the UK
Benchmark Index, a module was used that was specifically designed for use with contractors. This work was not
focused on the cost of tendering from the perspective of the public sector client, but from the perspective of a
performance indicator for the construction sector SME subcontractor (Mohamed 1996; Dalrymple 2000). The data
collected includes cost of tendering as a percentage of turnover and various measures of success rates in the
tendering process.
The UK Benchmark Index database contained over fifty companies and a comprehensive set of performance
measures that characterise the SME subcontractor sector was held for each company. For this group of companies,
the cost of tendering was estimated to be around 1.7% of turnover for the lower quartile and 5.8% of turnover for the
upper quartile. From the point of view of success rate, the lower quartile estimate was a 16% success rate and the
upper quartile enjoying an estimated 60% success rate. From the perspective of value of business won against value
of business tendered for, the lower quartile reported around 20% with the upper quartile reporting just under 60%.
Thus, in the SME sector, companies may be spending between 1.5% to around 6% of their turnover on the tendering
process. The companies seem to enjoy success rates of gaining about one in every six contracts bid for, to about two
in every three contracts bid for. The data on the database is from a variety of contracting businesses. The evidence
from the database is consistent with data from another industry source where it was reported that generally the cost
of tendering in comparison with turnover is quoted as follows:
§ general contractors 1% to 2%
§ specialist subcontractors (mechanical, electrical, fire and lift) 3% to 5%
§ general subcontractors 4% to 8%.
Success rates (i.e. the number of successful tenderers compared with number entered) is quoted as follows:
§ general contractors 1:6 to 1:15
§ specialist subcontractors 1:10 to 1:20
§ general subcontractors 1:15 to 1:50.
The costs of tendering are similar to those captured by the database, but the success rates recorded in the database
are somewhat better than those reported by the alternative source. Nevertheless, both sources of evidence indicate
that the costs and consequences of the tendering process for the SME subcontracting sector are significant and
detrimental.

Policy implications
When considering the public sector procurement process, there are a number of policy implications that
policymakers may wish to consider. Firstly, there is the matter of adding up to 20% to the necessary costs to a
construction project through this approach to procurement. The addition of significant costs without securing
proportionate additional value results in a consequent potential failure to secure value for money on behalf of the
community. Secondly, there is the potential to fail to secure the most appropriate contractor for the project as a
result of the contractor opting not to participate in the tendering process at all. This may result from perception of
the cost of tendering coupled with the perceived prospects of success. It may result from a careful appraisal of the
opportunity costs associated with tendering for a particular project to the exclusion of other activity. It may arise as a
result of an appraisal of whether the client will, at the end of the process, decide not to proceed with the project. In
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other words, contractors may decide not to tender for a project for which they may be the ideal contractor as a result
of a rational appraisal of where the shareholders funds may be invested to secure the best return.
At the level of the SME sector subcontractors, there are three policyrelated matters. Firstly, there is the cost
impost on the SME sector subcontractors. Secondly, in an environment where the success rate may be as low as one
chance in fifty, it is likely that the effort devoted to the preparation of bids may not be dealt with as punctiliously as
might be the case where the success rate is much higher. In these circumstances, there are two possible
consequences. The tendering process may result in a price that is higher than it would be if the subcontractor
addressed the tender with a higher standard of care, resulting in the work costing more than necessary. Alternatively,
the tendering process may result in a price that falls short of the subcontractor’s costs in delivering the work. In this
case, the tendering process may be a contributory factor in the failure rate in SME subcontracting businesses. Such
business failure is clearly disastrous for the business owners and their employees. However, it may also result in
significant loss to suppliers. It is also at variance with the policy objectives of most state and national governments,
who frequently have policies that are focused on supporting and encouraging SME sector companies.

CONCLUSION
Because of the diverse activities undertaken during the tender process and limitations of accounting categories,
expenses associated with tendering are difficult to capture and quantify in a rigorous way. Even in those cases where
there are genuine intentions to capture costs of tendering there is a failure to do so. It appears that implementation
difficulties are so insurmountable that either people do not bother or management redirects effort from collecting
costs of tendering data. It is also shown that the expense of tendering and uncertainty of outcomes leads tenderers to
engage in concealed behaviour to reduce the uncertainty and cost associated with tendering. That is, collusion. For
this reason especially, it is concluded that tendering and associated costs need to be understood in greater detail.
There are barriers to understanding the cost of tendering. Throughout the world construction industry
tendering is acknowledged to be complicated, adding considerable cost to construction. Efforts to understand the
cost of tendering are confounded by issues that are both visible and invisible to formal accounting of the
construction process. This suggests a need to investigate and understand the problems and their causes. The
evidence from various sources presented earlier in this chapter indicates that the cost of tendering constitutes a
significant impost on the costs of construction projects. A parallel was drawn with the issues associated with the cost
of quality and the way that the development of a comprehensive model acted as the catalyst for quality improvement
activity in the manufacturing sector. Another factor that creates an imperative towards the development of a generic
model for tendering costs and a concerted effort to quantify these costs also comes from the experience in the
quality costs field. Once practitioners began to collect and classify quality costs, it became more apparent what the
sources and magnitudes of quality costs actually were. The experience was that many more costs than had originally
been thought were able to be recognised as the costs associated with not getting things “right first time”. Quality
costs were found to amount to up to 30% of turnover for companies that had not embarked on a serious quality
improvement program.
The generic model of the tender costs proposed would provide a way to predict tender costs, collect actual
tender costs, and then compare plannedtoactual tender costs. There is also the possibility that a similar experience
may emerge to that reported in the case of the development of a rigorous quality cost model in the case of quality
management. The quality improvement activity was focused on eliminating or mitigating the effects of activities that
added cost without adding value. With a similar experience in the case of the cost of tendering, it is possible that the
approach to public sector construction project procurement could be transformed to enable a higher proportion of
taxpayers’ funds to be devoted to the delivery of the construction project and less would be dissipated in preparation
of long, complex and very expensive tender documentation on the part of the contractors who are, inevitably going
to be unsuccessful in their quest to secure the contract. In the case of quality management, an influential factor was
the realisation that as much cost was accumulated in making a defective product as was accumulated in the process
of making a product that was “fit for purpose”. The parallel is that unsuccessful participants in the tendering process
incur equivalent costs to those of the successful contractor. However, there are large numbers of unsuccessful
participants in the tendering process as it is currently constituted. The policy implications for the public sector
clients suggest that this is an area where the client is uniquely positioned to drive construction innovation and “move
ideas into practice”.
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Clients' Building Product
EcoProfiling Needs
Delwyn Jones
Phillipa Watson
Peter Scuderi
Pene Mitchell
INTRODUCTION
The chapter discusses market research considering the National Australian Property and Construction sector
marketplace and the target market segment encompassing building product environmental assessment.
This study was undertaken for the Cooperative Research Centre for Construction Innovation (CRC CI) to
determine market conditions and needs to support strategic planning for commercialisation of prototype
environmental assessment tools.
The tools, called LCADesign and LCADetail, calculate environmental and economic (eco) efficiency
measures to provide building and product ecoprofiling capacity. They exploit global industry foundation class
(IFC) data transfer protocols and novel information and communication technology (ICT) applied to develop three
dimensional computeraided drafting (3D CAD) models and deliver building and building product ecoprofiles.

BACKGROUND
At global and national levels, key industry drivers are environmentally sustainable development and ICT (Brandon
& Hampson 2004). Australia is midpositioned in uptake of these two technologies against twenty other countries in
Europe, North America and Pacific Rim markets (Huovila 2004).
Historically, the push for environmental sustainability has been strongest from Europe but with the United
Nations defining sustainable development as a goal to address escalating global habitat and resource depletion in
1972 it became global (Lomborg 2004).
This last decade the hottest climate in recorded history, for example, has been attributed to induced climate
change from greenhouse gas emissions (GGE).
Table 10.1 shows that building operations, alone, accounting for 40% of energy consumption in Europe; 35%
in the United States of America and 25% in Japan (Organisation for Economic Cooperation and Development
(OECD) 2004). Internationally, buildings’ environmental impact accounts for about:
§ 40% induced climate change from GGE in their energy use (United Nations Environment Program (UNEP)
2003)
§ 25–50% energy used in material production and their transport (Sattery 2005)
§ 46 MT GGE generated in Australia in 1999, increasing 3–4% per year (Queensland Environment Protection
Agency 2004).
Table 10.1: Gross Energy Consumption by Sectors
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(Source: Adapted from Sattery 2005)
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OBJECTIVE
The objective of this market research was to characterise ecoprofiling space across the Australian property,
construction and building product supply chain.
This chapter discusses results of market research conducted between 2002 and 2005 into factors influencing:
§ stakeholder’s ecoprofiling needs for building product detailing, design and fitout
§ how far conventional building product ecoprofiling tools go to meet such needs
§ ecoprofiling tool development based on enabling ICT.

METHODOLOGY
Initially this study considered the primary market encompassing the national Australian property and construction
sector marketplace. It then assessed the secondary marketplace encompassing the Australian building product eco
profiling segment. Market research was to investigate market factors influencing clients’ ecoprofiling needs.
This work is documented in the Confidential CRC CI LCADetail Strategic Plan (Scuderi et al. 2005). To
retain confidentiality this report is cited rather than the primary references. Figure 10.1 summarises the scope, focus
and market research methods used to analyse the primary market sector and secondary market segment for building
product ecoprofiling.
Figure 10.1: Flow Chart of Research Method

Definitions
In the absence of a standard definition, an ecoprofile is typically a graphic of normalised multivariate
environmental assessments compared to a base case. For this work ecoprofiles are only derived from lifecycle
assessment (LCA) of buildings and building products.

RESULTS FROM THE PROPERTY AND CONSTRUCTION SECTOR
The mature national property and construction market sector employs 7% of the labour force and contributes 14% of
gross domestic product (GDP) including 6% contributed from the building product manufacturing sector
(IBISWorld 2005). Activity in new construction is typically less than 25% of fitout and refurbishment (Jones
2003b).
Industry capital investment is polarised with most multinational enterprise in hightech manufacturing,
masterplanned communities and prestige building (IBISWorld 2005). However, 94% is held in smalltomedium
enterprises (SMEs) employing fewer than five people (IBISWorld 2005).
The recent trend down from high activity has created excess capacity and more pressure for players to
compete for fewer building projects, and predicted growth is based on demand for masterplanned residential
communities, and largescale commercial and public infrastructure projects (Scuderi et al. 2005). Greening of the
premium market edge is now influencing key player responses (Scuderi et al. 2005).

Key drivers
The top global, national and regional technology driver for property and construction industry stakeholders surveyed
is ecologically sustainable development (ESD), followed closely by the need to uptake advanced ICT (Brandon and
Hampson 2004).
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National Australian drivers, including legislative pressure and environmental instruments in policy and regulation,
are also strong influencers (Skippen 2004; Scuderi et al. 2005). Environmentally responsible procurement initiatives
across all tiers of Australian governments are becoming increasingly influential (Australian Environmental
Labelling Association (AELA) 2004; Scuderi et al. 2005).
There is also a community culture of
… acting as if the environment mattered but the broad motivation and commitment to green
procurement is being hampered by a lack of transparent accurate and even basic information about
the environmental impacts of the majority of products (AELA 2004, 3).
Consumer demand is high with 80% of the general population surveyed seeking environmentally preferred products
for homes and workplaces (AELA 2004; Scuderi et al. 2005).
Nationally, government and consumer preference for minimum energy, water and pollution benchmarks
drives demand for green building products (Scuderi et al. 2005).
The Green Building Council of Australia (GBCA) and local government alliances are also acting as market
drivers (Scuderi et al. 2005).
The ESD push and market drivers coupled with the buying power and ecoprocurement initiatives across all
three tiers of government combine to become the main market influencer (Skippen 2004; AELA 2004; Scuderi et al.
2005).
Despite being held back by a lack of information, this combination of influences is acting to force markets
towards more sustainable development (AELA 2004, 3).
According to Brandon and Hampson (2004), an Australian property and construction industry stakeholder
forum found that the top global driver trend affecting their sector was sustainable development. This forum also
expected that ICT will enable sustainable development.

Barriers to the uptake of sustainable development and ecoprofiling
In addition to lack of information there are also other very significant barriers to the uptake of ESD. Table 10.2
summarises barriers faced for commercial success, uptake of ecoprofiling and new ICT in this market.
While industry is slowly accepting singleissue tools most are rejected as too time consuming (Skippen 2004;
Watson et al. 2004; Grant et al. 2005).
More basically, the biggest barrier to ecoprofiling is inertia, with stakeholders doing nothing in the face of
compelling pressure to buy and use a new tool (Skippen 2004).
Table 10.2: Commercial, Ecoprofiling and ICT Barriers
To commercial success
Cyclic shortterm delivery
Reluctance in investment
Selfinterest divides parties
Lack of trust between parties
No longterm R&D funding
Perceived as capital outlay
High performance demand
Fragmented supply chain
Blind on global competition
Industry fragmented
Need to adopt new systems
Short supply causes competition

To ecoprofiling uptake
Is seen as key driver for leaders
Will dominate future thinking
Disagreement on go strategies
Too hard and expensive
Lack of foresight on issues
Shortage of leadership
Needs protocol on process
Incorporation is too slow
Slow market differentiation
The key research priority
Not used to minimise risk
Urban load on nature
“externality”

To advanced ICT uptake
Leaders see it as a key enabler
Permeates all scenarios
Cost of improved performance
Ability to change rapidly
Uptake is fragmented
Incorporation is too slow
Ignorance of potential
Providers disinterest in sector
Low R&D relevance history
Inertia for uptake in learning
Reluctance to change practice
Need communication web first

Source: Adapted from Watson et al. (2004), Brandon et al. (2004) and Scuderi et al. (2005)

RESULTS FROM ECOPROFILING SEGMENT ANALYSIS
Sustainable development responses from various stakeholders include building environmental and sustainability
rating systems and codes such as the Australian National:
§ Building Codes Board Residential Sustainability Code (ABCB 2005)
§ Green Building Council Material Specifications (GBCA 2005)
§ Greenhouse Building Rating Scheme (DEUS 2005)
§ Greenhouse Office: GreenhouseFriendly ProductLabelling Scheme (AGO 2005).
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For productlabelling, accreditation is reliant on an authoritative sector standard national inventory database and
rapid ecoprofiling without which stakeholders will pay more for ecoprofiling rating and labelling developed on ad
hoc databases (Watson et al. 2004).

Stakeholders and their responses
In the property and construction sector, ecoprofiling stakeholders play roles including as users, providers,
regulators and trainers. Industry has also called for national integrated responses on this issue and in 2003 an
Australian Sustainable Built Environment Council was formed to promote a unified agenda on a greener built
environment (Australian Institute of Refrigeration (AIRAH) 2005).

Customers and consumers
Key property, construction and building product sector stakeholders are on record as seeking userfriendly building
product ecoprofiling applications based on industry accredited national lifecycle inventory (LCI) databases (Jones
2003a; Grant 2004). Lead players also recognise that ecoprofiling is needed to inform decisionmakers in
procurement, design, fitout and supply (Scuderi et al. 2005). Table 10.3 shows customer and consumer types with
the leading influencers including the:
§ Building Product Innovation Council (BPIC 2005), Royal Australian Institute of Architects (RAIA) and
Environment Management Industry Association of Australia (EMIAA 2005)
§ Australian local, state and federal government agencies such as the Australian Greenhouse Office (AGO 2005),
environment protection agencies (EPA) in all Australian states, and municipal councils development approval
(DA) processes
§ key providers of ecoprofiling tools and services such as the Green Building Council of Australia (GBCA
2005), EcoSpecifer (EcoSpecifer 2005) and the Australian Environmental Labelling Association (AELA 2005).
Table 10.3: Examples of Customer Types
Target

Customers — who make buying decision

Stakeholders
Manufacturers
& fabricators

Associations
Associations
e.g. BPIC

Developers
Product
designers

Property &
construction
Design &
specification
Environmental
management

Alliances &
consortiums
professional
e.g. RAIA
Professional
e.g. EMIAA

Specification &
standards
procurement &
marketing
Industry, land
& urban

Government
Regulators:
EPA
Benchmark:
AGO
Federal, local,
state regulation
Planning code
approval DA
Prequalification
to supply, eco
buy

Consumers — who use
applications
Companies
Students
Companies
Engineering,
e.g. Glass,
industrial
Windows
design
Companies
e.g. Multiplex
Architectural &
engineering
Quality system
(QA) e.g.
factory

Management
e.g. projects
Architecture &
engineering
Industrial
ecology, law,
management

What ecoprofiling customers and consumers say
Various focus groups, interviews and questionnaires were conducted to ask stakeholders about their industry’s,
clients’ and practitioners’ ecoprofiling needs. Results from questionnaires and 10 interviews of product designers
show their work was evenly distributed across residential, commercial and industrial design. Practitioners’
environmental drive was to meet government, client, and business as well as personal goals. A third of stakeholders
said all their clients were green, and half had a mostly green client base. About 90% said that over 10% of their
business was green.
Most practitioner user respondents were building, interior, engineering and industrial designers and
architects. A breakdown of users by professions is shown in Figures 10.2 and 10.3 where, for example the majority
are architects, public servants, developers and manufacturers.
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Figure 10.2: Consumers — EcoSpecifier
Education 6%
Manufacturer 7%
Interior Design 7%
Government 8%
Ecoconsultant 8%

Landscape A.4%
Planners 4%
Engineers 2%
Architects 46%
Build/develop 8%

Figure 10.3: Consumers — Green Building Council of Australia
Project/FM+ Agent 6%
Manufacturing 12%
Government 16%
Contractors 8%
Education 1%

Architect/Design 20%
Build/Develop 14%
Consultants 9%
Engineers 14%

Most buy ecosoftware heard about through clients, colleagues and trade media and they use it to assess product
selection to comply with their practices and clients’ briefs. Most sought userfriendly, industryendorsed software
and as shown in Figure 10.4. Users relied most on the ecoprofiling tools Simapro and Ecospecifier.
Figure 10.4: Main EcoProfiling Tools Used
Inhouse 21%
RAIA BPD 14%

Ecospecifier 29%
Simapro 36%

As shown in Figure 10.5 the time taken to do a single ecoprofile and select the preferred product varies from hours
to months depending on project scale and focus. Most time is spent on the obtaining of and manual entry of relevant
data and measurements into computer spreadsheets used to calculate ecoprofiles. Intelligent 3D CAD use was 80%
with 50% IFC global interoperability data transfer protocol compliance and this is much higher than the 10–30%
generally reported.
Figure 10.5: Timeliness of Current EcoProfiling
Hours 22%
Days 34%

Months 22%
Weeks 22%

Table 10.4 shows key customer and consumer ecoprofiling tool needs from responses of 30 focus groups surveyed
over three years (Watson 2004; Seo 2002 and Scuderi 2005).
Table 10.4: Survey Responses — Customer and Consumer Needs
Customer (buyer) ecoprofiling needs
A onestopshop for building sector
Credible, authoritative & controlled
For product selection to industry
Wholeoflifecycle cover
Australian accredited data for sector
Sector standard profiling & reporting
For property owners procurement
Detailed supplychain integrity

Consumer (user) ecoprofiling needs
Quick automated userfriendly tool
A portal to supply chain data
Source of authoritative industry data
Data up/downstream of home plant
Cover real supply chain
Dimensionally relevant
Updated supply chain information
For manufacturer’s green supply

Results from practitioner surveys reveal that they seek quantitative profiles (Scuderi et al. 2005; Mitchell et al.
2005). A summary of the alignment of ecoprofiling outcomes sought by 19 focus groups held between 2002 and
2006 is depicted in Figure 10.6.
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Figure 10.6: Where Industry EcoProfiling Interests and Needs Align

Customers, who make the buying decision, may be different to consumers, who use the product customers have
bought. Manufacturing focus groups, in particular, said needs of customers and consumers are different; for
example, customers need economic bottomline benefits while consumers want technical benefits (Skippen 2004;
Scuderi et al. 2005).
Results of four surveys of ecoprofiling consultants showed they need rapid solutions based on Australian
industry inventory databases. The results show industry sector stakeholder ecoprofiling interests and needs were
found to lie mainly in:
§ creating Australian sector standard product profiling, reporting and compliance
§ supporting sector standard specification and labelling requiring quality data
§ facilitating providers’ ecosupply and purchasers’ ecoprocurement
§ educational support in LCA and lifecycle thinking (LCT) (Scuderi et al. 2005).

Ecoprofiling market segment shape and activity
Ecoprofiling activity in procurement, design, fitout and supply market segments was analysed and results for two
public sector tiers are outlined below. Australia has three tiers of government: federal, state and local (councils).
Most of the 600 local municipal government agencies ecospecify for construction and refurbishment
(Scuderi et al. 2005). Currently in Australia, 75% of councils in the State of Victoria are “ecobuy” alliance
members with associates comprising local government associations in the Australian states of Queensland (Qld),
New South Wales (NSW) and Western Australian (WA).
In 2002–2003 councils in Victoria spent $7bn on materials and contracts and its “ecobuy” expenditure trends
from $5.9m in 2001 to $33.5m in 2004.
The much larger Australian state governments of Qld, NSW and Victoria also have ecopolicies in all
contracts and apply >4star minimum office accommodation energy standards (Scuderi et al. 2005).
In 2002–2003 the NSW State Government purchased $10.5bnworth of goods and services plus $6.5bn
capital works (Watson et al. 2004). That year the Queensland State Government procurement was $11.5bn with
$1.5bn in new building construction plus $5bn capital works on stock (Jones et al. 2003b).
Also in 2001 Queensland State Government spending on existing buildings was tenfold that spent on new
buildings (Jones et al. 2003b). This reflects large estate owners’ higher recurrent commitment to capital works on
old stock rather than new stock.
Together refurbishment, fitout, maintenance and repair can account for a significantly larger share of the
capital budget that does constructing new buildings. This underscores the importance of market research into the
wider building product procurement, supply, fitout and design rather than that exclusively destined for new
buildings.
The Queensland State Government, for example, developed and distributed 9800 Ecologically Sustainable
Office Fitout Guidelines to nine federal and 534 state and local government agencies to facilitate ecoprofiling of
fitout of existing stock as well as new buildings (Scuderi et al. 2005).
Also 30 large marketinfluencing scale manufacturing organisations, found to exist in the national supply
chain, also seek effective and timely ecoprofiling tools.
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CURRENT ECOPROFILING MARKET
The building product ecoprofiling target market segments were classified according to economic investment and
business activity reported in procurement, product, fitout, design, and supply. Results showed about half of the
national ecoprofiling market place activity occurred in NSW, 7% in WA and 14% in Victoria.
A market activity summary in Figure 10.7 shows that while the highest activity segment found was design all
segments are linked across the supply chain. The results show the ecoprofiling market shape as a circuit with
purchasing, design and supply interdependent.
Figure 10.7: Activity across Stakeholder Populations

Loss of ecoprofiling capacity in any segment acts a circuit breaker across the full path constituting the real supply
chain. Currently most such tools do not complete this circuit to service supply, design, fitout and procurement
though newer ones cover more than older tools.
The influence of ecoprofiling in procurement to communicate objectively and directly with that in design,
fitout and supply stakeholders is not yet capitalised upon. Currently procurement is underserviced by objective
information as to product environmental quality. The time and effort involved in acquiring and manipulating data
for ecoprofiling is most often given as the reason for this.
This contrasts with other constituent profiling that contributes to development of, for example, food nutrition
profiles and labels. In that marketplace, supplier, designer and procurer populations communicate nutritional
profiling more adequately via food labels.
It was apparent that the optimum building product ecoprofiling tool packaging position is to service all four
populations, in common language, measures and pathways so as to complete the circuit and that ecoprofiling
applicable to ecolabels may facilitate this.

IMPEDIMENTS TO ECOPROFILING MARKET UPTAKE
Currently information about sustainability of the building product supply chain and the built environment is limited
by industry’s lack of capacity to deliver objective environmental impacts information (AELA 2004). While various
approaches in the building products market provide water and energysaving rating schemes Australia has no
national building product ecoprofiling tools or databases (Mitchell et al. 2005).
The market research found many unfulfilled stakeholders needs with the greatest need for Australian country
specific industrysector standard ecoprofiling applications with rapid data acquisition and calculation. The optimum
building product ecoprofiling tool packaging position was to service all four target market segment populations, in
common language, measures and pathways so as to complete the full circuit.
Compounding this situation the industry remains held back by reliance on Microsoft Office and other types of
2D software (Brandon & Hampson 2004). Many consider that it is timely for the property and construction sector to
begin to exploit 3D and 4D modelling, visualisation, analysis and calculation software that can deliver rapid eco
profiling capacity (Lee et al. 2005; Fischer 2005; Dawson 2005). Ultimately this approach is to facilitate
development of an integrated supply chain using advanced ICT to seamlessly design, cost, manufacture and
assemble buildings (Brandon & Hampson 2004).
The authors argue that the industry needs to move forwards with software built on space, object and time
dimensions rather than with reliance even today mostly on line drawings and physical scale models. Enhanced
industry uptake of new 3D CAD ICT platforms will also help to move industry forward in virtual modelling
platforms for a range of industry facility management and project delivery applications (Brandon & Hampson 2004).
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ICTENABLED ECOPROFILING
In response to environmental sustainability and climate change drivers the CRC CI is exploiting enabling ICT to
supply core market demand for building industry product ecoprofiling. LCADetail is being developed as a spinoff
from prototype software called LCADesign. LCADesign is a commercial building ecoefficiency assessment tool
whereas LCADetail focuses on building products rather than the whole building.
Both tools use the latest ICT global IFC interoperability data transfer protocols for objectoriented 3D CAD.
They each contain data imported and periodically updated from a unique national building sector LCI database at a
remote site. The tools are stage 2 prototypes for building and product design with software that has undergone local
and overseas testing and assessment (Watson et al. 2005). The LCI database is a stage 3 prototype developed on top
of the Boustead Ltd Global Model 4 database and LCI that the NSW Government developed for the Green Games.
How the software works is depicted in Figure 10.8.
Figure 10.8: How LCADetail Works

This CRC CI software was developed to provide industry sector stakeholders benefits by facilitating users’ direct
analysis of product profiles, without data reentry, as it allows:
§ rapid analysis, as data already in the tools is used to calculate ecoprofiles
§ the user to exploit software that largely eliminates error from manual data entry
§ for product reanalysis with altered designs to optimise ecoefficiency.
Advantages in the marketplace are seen to arise mostly from providing a worldclass automated takeoff tool
exploiting results exported from a unique national Australian LCI database. Key market success factors arise from
technical supremacy in realtime automated takeoff from 3D CAD models and delivering twin environmental and
economic profiling. Competitors do not offer objective Australian environmental data coupled with economic cost
profiles.
But ultimately, in light of this chapter’s market research findings, the main benefit is providing ecoprofiling
stakeholders across all market segments with:
§ automated and dimensionally relevant ecoprofiling software to facilitate ecodesign
§ a source of product information for product selection, tendering and bid evaluation
§ software to facilitate sector standard reporting, checking; labelling and auditing
§ an Australian database providing supply chain details for supply and procurement.
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CONCLUSIONS
The market research assessed a range of largely unmet stakeholder building product ecoprofiling needs in target
market segments in the national Australian property and construction sector.
Information about sustainability of the building product supply chain is limited by industry’s lack of capacity
to deliver objective information needs to enable stakeholders to assess product selections. Consequently the time and
effort involved in acquiring and manipulating data was the main reason given for lack of ecoprofiling activity in
procurement, design, fitout and supply market segments.
The most significant need was for fast and Australian countryspecific userfriendly ecoprofiling software
for quantitative assessment for specification, procurement and design.
A basic finding was that the ecoprofiling market shape is a circuit with purchasing, design and supply
interdependent and loss of capacity in one segment acting as a circuitbreaker across all market segments.
The optimum building product ecoprofiling tool packaging position was to service all four populations, in
common language, measures and pathways so as to complete the full circuit.
Most tools do not complete the market circuit and, because procurement is underserviced by ecoprofiling
capacity, its influence on design, fitout and supply is underleveraged. Profiling for product labelling may facilitate
procurement as in food markets.
Industry reliance on 2D software compounds the current situation and the CRC CI move to meet such
stakeholder needs is based on uptake of intelligent 3D CAD tools for ecoprofiling.
CRC CI software has been developed to save >95% of time and effort currently involved to develop product
ecoprofiles. It resolves significant key user issues and provides stakeholders with:
§ automated software for dimensionally relevant ecoreporting and labelling
§ a national data source for organisational process improvement
§ supply chain details for product selection to facilitate tender and bid evaluation.
Benefits include allowing users to directly analyse product profiles without requiring reentry of all the data as the
software allows:
§ rapid analysis as data already in the software is used to calculate ecoprofiles
§ the user to exploit tools that largely eliminate error from manual data entry
§ for product reanalysis with altered designs to optimise ecoefficiency.
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CHAPTER 11

Difficulties in Defining Product
Sustainability
Shane West
INTRODUCTION
Designing and building community projects is often only able to be conducted with a minimal budget. Having
experienced the limitations posed by economic constraints on many community building projects both as a designer
and project manager, it is the author’s belief that the notion of economic sustainability needs to be explored as a
main component of sustainability as relevant as the commonly identified ecological or environmental sustainable
development (ESD) paradigms .
The major environmental assessment of building tools, BREEAM (UK), Greenstar (Australia) and LEED
(USA), are seriously flawed by not having economic sustainability incorporated into the matrix of sustainability.
Apart from the need to include economic sustainability in assessments there is a further need to explore the
complex issue of defining sustainable materials. The difficulties posed by attempting to define products as
sustainable and the analysis of several areas of conjecture, such as the conflicting variables of thermal mass/density,
and insulation, are discussed in this chapter.

OBJECTIVES
The objective is to compare methodologies used to define the appropriateness and accuracy of labelling products as
sustainable. One methodology currently used as measures of sustainability includes material components being
defined as sustainable by valuing embodied energy on a weight scale, that is, comparing embodied energy per kg of
material — kg/MJ. The weight methodology is then compared to a volumetric basis of m3/MJ. The methodologies
of weight to volume are analysed for their relevance.
The terms “thermal mass” and “insulation” are sometimes confused and lowembodied energy
materials/highthermal mass materials such as insitu concrete, are often thought of as being good insulators. In
reality, concrete, because of its density, exhibits high thermal conductance, that is,. it is a poor insulator, and may
offer little benefit even as a thermal store if not designed for solar efficiency, and can even be a detrimental heat sink
if not adequately designed (West 2005).
Under many conditions lightweight hybrid designed buildings with appropriate thermal insulation may be
considered more sustainable. From a CSIRO press release of 27 Apr 2000, “Latest tests by CSIRO have confirmed
that rammed earth walls have poor thermal resistance — adding hard facts to the debate about their insulation
properties”, Clarke (2000) raises the question, Why do so many Australians believe earth construction provides such
a comfortable home?
CSIRO’s tests confirmed that the overall thermal resistance (Rvalue) of a typical rammed earth
wall is less than R 0.4, the same as the disputed values provided for by standard design tables.
This is low compared to everyday insulating materials such as glass fibre batts which typically
come with ratings of R 2 or R 3 (Clarke 2000).
There is the perception that using soil may be the ultimate “green” building material as it is seen as being part of
Mother Earth. However, it should be analysed in the same way as all potential materials. If soil is available on site,
and it is the right type, and labour is cheap and plentiful, and time is not an issue (as it is with mainstream building)
then earth building is an option, especially in some developing countries such as Sri Lanka.
It should also be noted though that along with poor insulation value, if soil requires transporting and 5–10%
cement stabilisation then its embodied energy (GER) levels become quite significant. Another point of sustainable
concern for countries such as Australia is that good quality topsoil is a rare/valuable commodity and that large scale
production of housing would have a significant extractive impact on the environment.
It is a scientific fact that as a material increases in density its insulation value decreases, and this is counter
intuitive to many and has created substantial errors in logic and general perceptions such as that if a material is
dense it will be a good insulator when in fact the opposite is true — a dense material will be a better conductor. It is
true to say that if we increase volume of material, insulation will in turn increase, but as an inverse proportion to the
materials density. Refer to Figures 11.1 and 11.2:
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Figure 11.1: Density of Materials
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Figure 11.2: Insulation Value of Materials

Note: Insulation values used in this graph have been sourced from Greenland (1991)
Applying embodied energy as a weighted value per kg or as a volumetric measure will also affect perceptions.
Another difficulty in defining sustainable materials is the measure of embodied energy from tables that stipulate the
material as MJ/kg, and this is examined in Figures 11.3 and 11.4. It is another factor for misconceptions about the
use of certain materials.
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Figure 11.3: Embodied Energy As Measured Per kg of Material Used

Note: Embodied energy values used in this graph have been sourced from Lawson (1996)
An initial assessment from embodied energy tables (Lawson 1996) reveals the following embodied energy values in
MJ/kg (Lawson 1996) (refer Figure 11.3). As can be seen from the graph in Figure 11.3 a cursory analysis of the
embodied energy of materials would render choosing any of the polystyrenes inappropriate based on the high levels
of embodied energy.
However, a careful look at applied volume in construction changes the total embodied energy dramatically
and the relative weight and insulation advantages must also be included as a thorough total lifecycle analysis of the
material.
Reworking the equation solely based on MJ/m3 we find that the results are substantially different when
comparing MJ/kg as in Figure 11.3 to MJ/m3 as expressed in the total volumetric measure in Figure 11.4.
It can be seen clearly from the volumetric measure used in Figure 11.4 that a realistic practical assessment of
embodied energy needs to calculated rather than referring to weighted values as proposed from some ecomaterial
guides.
It should be noted that most embodied energy tables and ecomaterial guides operate on information obtained
by process energy requirements (PER) which is a basic process/manufacture assessment of energy consumed to
make materials, which does not consider the cost of transport and haulage (crane lift for insitu concrete for
example), time to erect, durability and maintenance — all factors to be considered in a suitable building wall panel
selection.
Defining sustainable materials needs to incorporate more than just embodied energy, it needs to be assessed
along with ongoing thermal insulation value, buildability and economic sustainability.
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Figure 11.4

Embodied Energy as Measured per Cubic Metre of Material Used

METHODOLOGY
An evaluation based on a practical relative wall panel size has proven to be a more appropriate methodology to
assess building materials’ sustainable qualities as it is also associated with buildability, transport and safety factors
that are all important components of economic sustainability (West 2005). See Figure 11.5.
Figure 11.5: A Comparative Analysis of Wall Panel Systems

The external cladding system is the area that this research focus has been directed towards and several proposed
systems have been evaluated. The data shown in Figure 11.6 relates to panels made of brick, concrete, aerated
concrete, extruded polystyrene and aluminium sandwich panel. The addition of weight to the graph along with PER
embodied energy and insulation produces a useful applied comparative analysis.
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Figure 11.6: Results of Combined Weight/Insulation and Embodied Energy as Measured per
Cubic Metre of Material Used

External cladding panel systems were evaluated for their appropriate sustainability based on standard panel sizing as
shown in Figure 11.7. It should be noted that only PER methodology was initially evaluated.
Figure 11.7: Standard External Wall Panel
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An allowance must be made for finish coatings to polystyrene and aerated concrete panels and a comparison can be
made between these systems that require maintenance and aluminiumskinned expanded polystyrene system that is
considered relatively maintenance free.
Mass of paint film 2mm = 3kg of paint/panel = 186 MJ embodied energy/panel.
(Initial skim coat of 2mm may not be required; it could be 300 micron, depending on the paint system applied.)
Recoating will also depend on the quality of the paints chosen, but generally a reapplication or top coating will only
be required say every five years = 0.45kg x 61.5 MJ/kg = 27.8 MJ).
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LIFECYCLE ASSESSMENT
In a basic lifecycle analysis using PER and maintenance, assuming all wall panels meet minimum R2 performance,
with no allowance for ease of installation, cranage or safety issues, the following calculations of lifecycle energy per
panel were calculated:
§ Polystyrene with acrylic paint finish:
§ The embodied energy for extruded polystyrene (450MJ) with an initial 2mm acrylic paint finish (186MJ) =
636MJ/panel. The addition of 10 repaints during a 50year lifecycle added an additional 278MJ, and the total
energy per panel = 914MJ
§ Aerated concrete with acrylic paint finish:
§ Aerated concrete (353MJ) + paint (186MJ) plus maintenance (278MJ) = 817MJ.
§ Expanded polystyrene (166MJ) with a 1.5mm exterior aluminium sheet (1870MJ) = 1100MJ — maintenance
free.
From these figures it can be assessed that all panels had similar embodied energy and insulation value. Based
on the above calculations it would be hard to justify one system over the other. Decreeing a product as “green
or not green” requires thorough evaluation — buildability, safety and emission factors need to be considered.
Products need to be considered by evaluating complete material make up starting from the first input of
energy. In the case of polystyrene this is from being a coproduct of oil refining and in the case of aerated concrete
the small amount of high energy aluminium content used as an additive needs to be evaluated upstream and
downstream — was the aluminium refined by a hydro or coalfired power source? These are complex assessments
but need to be calculated to arrive at accurate figures.
Tracing the total energy cycle is the only true determinant to assess a material’s (or builtup component’s)
embodied energy and energy consumed during its lifecycle and this involves assessing the source of power supply
(emission factors) in manufacture, transport and ongoing insulation value and durability.
True assessment of base power supply is needed for accurate greenhouse emissions. By way of example
aluminium with a 170MJ/kg of embodied energy based on coalfired power stations PER is a heavy energy
consumer and with a coalfired power station this would correspond with high CO2 output (unless as with
Tasmanian hydro processing of aluminium, there are low CO2 emissions).
Aluminium produced by hydro may be deemed to be more environmentally beneficial so far as CO2
emissions are concerned, but its total lifecycle assessment, even if produced by a coalfired source, should still be
open to market choice — considered by basic market forces on the pro’s and con’s of supply and demand versus
function. Other material considerations such as aluminium skin being only a 1.5 mm covering in a wall panel, but
very durable and its easily recycled, need to be assessed in total before materials are declared unsatisfactory.
Ongoing energy savings due to insulation and low maintenance are important parameters and significant
research was conducted in this area by Evans and Ross (1998). This was highlighted in a report prepared for the
NSW Department of Urban Affairs and Planning by Manidis Roberts Consultants (1996). The report looked at
using insulation over a complete lifecycle for the Sydney 2000 Olympic Games village. The report concluded that
reduction in energy consumption over the whole lifecycle of a typical building through the use of insulating material
was quite spectacular. The findings suggested that the savings in energy for heating the building was
approximately100 times the amount of energy used to manufacture the insulating material. These results were
reflected in similar reductions in the lifecycle emission of greenhouse gases.

BUILDING COSTS AND ENERGY EFFICIENCY
Cost should be a consideration in sustainability equations, and opulence acknowledged as economic extravagance.
For example, large capitalrich corporations may have an inflated affordability factor compared to less financial
organisations and by having excess capital may be able to pay an extravagant premium to achieve fivestar energy
efficiency which may not necessarily relate to sustainability, and this has to be monitored, to compare outlay to
benefit for occupancy numbers.
It has been labelled “spend big to save a little”, that is, a “hitech” approach. The initial cost to produce an
energyefficient building may not be able to be paid back over several lifetimes. This is not economic sustainability
and cannot apply to developing nations where sustainability in housing is a truth and not a byword, as capital is just
not available.
Costefficient construction with low energy consumption standards should be the preferred sustainability
profile rather than highcost/hightech buildings. Builders and designers need to conform to ongoing energy savings
in new designs, meeting mandatory MJ/m2 profiles that refer to ongoing per annum consumption during occupancy.
If a building is designed to meet a minimum energy consumption standard, market forces will drive the
design/material components to meet the minimum consumption standards for the lowest cost for the consumer
market which, in turn, may represent the best sustainable option: the lowest total energy used in construction to
achieve an acceptable energy consumption standard.
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A performancebased energy rating scheme may prove to be more beneficial than an overregulated prescriptive
approach. A system applying simple checks and balances relating to minimum design requirements including a cost
efficiency (CE) factor, which measures building cost/m2/no. of occupants with an attached social bottom line, would
be more beneficial sustainably than a system that relates to purely postconstruction energy consumption.
Energy in building materials is a component of the manufactured cost and the material’s functional
(insulation) ongoing consumption cost. Energy as a “constant” in the supply and demand chain will in the end affect
the economics of manufacturing, transport and end site use and, depending on the physical make up of the material,
its subsequent durability, insulation value and hence ongoing energy consumption of the building during its
lifecycle.
These complex variables in assessing a building’s impact on greenhouse gas emissions over its lifecycle may
be simplified by adopting an “Adam Smith” approach and letting market forces take their course with little
prescriptive government input.
By way of example, if a mandatory system required walls to meet an R3 rating, an aluminiumclad
polystyrene panel may be considered as a suitable system based on several operational factors — ease of assembly,
durability etc. However, the essential governmental requirement for this exercise would be meeting the R3 rating.
Based on meeting the high insulation value, a thin layer of aluminium external skin possesses benefits of low
maintenance durability and provides a UV barrier for the highinsulating UVsensitive polystyrene backing which
provides the rigidity for the panel. It is a very fast, simple panel system to erect, and this system may prove to be
attractive if the material can be sourced at a reasonable price, which depends on energy efficiency in mining,
production and distribution.
The supply and demand curve and transport will affect panel preferences. For example the cost of building
with aluminium sandwich panel in Sydney may be acceptable, whereas transporting the panel to Townsville may be
cost prohibitive. Therefore in Townsville another system may be considered based on economics of sourcing
materials and distribution economics, which are themselves GER energy considerations. (This is in fact an example
of how the Adam Smith approach operates.)
By way of explanation, if a compulsory energy consumption target is prescribed that a building must be
designed to use a minimum MJ/m2 or kWhr level and it can be shown that this building has used
renewable/recycled resources where possible, and with due consideration that a competitive environment will reduce
costs to consumers.
By the association of cost and energy consumed in the construction cycle, having the cheapest construction
— thus lower energy to produce a building to meet stipulated government performance standards, may be a
sufficient sustainability rating scheme.
A rating system that is over regulated and needs to have accredited professionals to oversee the system will
introduce another cost factor into the total building cost equation. A simple selfregulating approach that compares
assembled products backed by manufacturers’ certified product performance (thermal insulation) values for example
may be a more cost and timeefficient approach.
To some degree the green building product labelling might not be required and we might be able to follow the
“Adam Smith” approach — applying the invisible hand principle.
If the product is cheaper to install and offers ongoing energy savings in operation and its overall lifecycle
analysis is better, then this methodology may be all that is required to satisfactorily assess the green potential of
materials or builtup panels whilst also allowing for renewable, recyclable content, and toxicity and safety issues.
Lowest cost building design rated against minimum standard energy performance ratings may well produce
the most sustainable buildings.
Hightech infrared reflecting glass rather than simple shading means high cost, and highcost buildings are
not economically feasible for developing countries where the real sustainable energy focus needs to be employed.
It is essential to economically scrutinise materials over their lifecycle to include recycling. Consider the case
of polystyrene. Polystyrene is a fossilfuelderived product and therefore by association not sustainable as it has a
limited life. However, both bricks and concrete fall into the same category but are generally accepted as being more
sustainable.
Even if polystyrene (petrol based) has a limited life, it can be recycled easily, provides excellent insulation
and has many other benefits. (It should be acknowledged that almost all building products apart from timber are
nonrenewable.)
Developments in future product advances may see a vast array of future renewables. It should be remembered
that “styrene, a byproduct of crude oil extraction, is also found naturally in foods such as strawberries, nuts and
beans” and synthetic plastics from soya bean have been recently developed (Future Materials 2004).
If styrene is classified as a byproduct or coproduct of petrol refining then it is making a useful product from
a downstream need for fuel, which will continue, as transport is still fossilfueldependent. CO2 ratios of all products
depending on coalfired power stations to supply energy to manufacture, petrol to mine and for end place transport
distribution, all need to be fully evaluated the same as styrene.
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consumption/insulation/recyclability/lifecycle compared to other products’ total energy consumption needs to be
evaluated. Biofuels will again add another dimension to be considered in the equation of sustainability and further
work in this area needs encouragement. Work is now unfolding, with rising crude oil prices, to make biofuels
potentially economical.
All products need to have their total energy components examined to appropriately compare with one
another. Taking into account the energy to mine resources, fabricate and transport, it should also be acknowledged
that out of steel, gyprock, glass, concrete, bricks and timber the only product that is renewable is timber.
The difficulty of defining sustainable products is clearly illustrated in the examples and conjecture presented
by West (2005) where cost, buildability and safety are elaborated on.
Timber has the fantastic attributes of being renewable, giving off oxygen and locking in carbon. However, in
the US, some architects are winning awards for environmentally sustainable houses that try to reduce timber use as
they feel it protects habitat. Even the use of timber is a point of conjecture in some quarters, and appropriately so
when dealing with ecological issues of old growth forests and habitat loss.
Habitat and ecology are valid concerns; however, with renewable plantation forests the “negative impact of
using timber because of habitat loss” argument lacks credibility, as all construction processes must have resource
impacts as previously discussed.
Settling on the benefits of using a timber structural frame, the cladding system employed on the frame
presents further difficulties in defining which acceptable sustainable properties are more appropriate or of a higher
sustainability order over another.
Brick veneer with an insulated timber frame has similar embodied energy figures to both the polystyrene
system and aerated concrete panel system. So why would a house with a brick veneer be any more sustainable
compared to a polystyrene veneer panel house if they use the same timber frame?
Cladding systems that have similar embodied energy must embed a vast range of other factors in a cradleto
cradle analysis. For example, polystyrene or aerated concrete would be cheaper, have better buildability (light
weight and faster to build) and have better ongoing insulation energy savings over a brickskinned veneer.
From Lawson (1996), the embodied energy of clay bricks is 2.6 MJ/kg. A panel of brickwork 2400 x 600 x
110 (0.158m3) would weigh 316 kg (allowing a density of 2000kg/m3), compared to 6 kg of acrylic
paint/polystyrene panel — a weight factor of 52 times (West 2005). The inherent safety and time issues along with
social and cultural appropriateness need also to be considered.
In some countries timber may not be readily available and brickwork may be a more costeffective option.
The justification of projects for their sustainability needs to be elaborated on with defined methodology such as the
economic sustainability CE factor previously described and open to international appraisal of the validation of the
claim of being sustainable.

CONCLUSION
A volumetric, applied inuse methodology of measuring products sustainability is a more appropriate measure of
sustainability than using a simple per kg of material approach in isolation.
A system that defines products as sustainable, based on a simple weight measure of embodied energy without
comparison to measuring a total (insitu) asused systems approach, will not provide an accurate measure that can be
applied to define a product as sustainable.
All renewable resources such as plantation timbers should be given priority in assessment schemes. New
products such as synthetic plastics from soya bean need to be encouraged, further researched and developed.
Evaluating and acknowledging good designs with bonuses and rewards through reduced government fees and
bank lending rates would encourage designs that include renewable and recyclable content etc.
Apart from a building’s design and ongoing energy consumption as used in existing rating schemes, a cost
efficiency (CE) building factor (cost/m2/No. of occupants) needs to be measured along with: (a)
renewability/recyclable content (b) occupational health and safety (OHS) issues related to manufacture and use,
such as toxicity, ease of handling — safety ergonomics. Health, productivity, and community wellbeing are major
societal and economic factors that are now being evaluated as significant impacts on GNP.
Certainly in the developing world, cost of construction is a sustainability factor that must be incorporated into
the matrix of measuring sustainability. Even for the resource and capital intensive “developed” nations, by adopting
a selfregulating energy rating scheme, it may be that, in the future, costefficient project homebuilders will be the
driving force behind sustainable housing when economic sustainability is correctly factored into the equation of
defining sustainable products.
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CHAPTER 12

Developing a Methodology for Effecting
Sustained Building Design Innovation in
the Construction Procurement Process
Martina Murphy
George Heaney
Srinath Perera
INTRODUCTION
The overwhelming opinion is that construction is considered a “lumbering giant” amongst the mainstream profit
generating industries of the national economy (Gann 2000; Pries & Janszen 1995), brimming with creative potential
to innovate, but unable to sustain this momentum, from project to project. The products of construction are a
combination of creative inception, in the design process, and standardised production techniques, in the construction
phase. This paradox should produce an internal dynamic, which can generate and sustain innovation (Groak 1992).
However, it has been shown that the divisions between the conceptual stages of design, and the practical stages of
construction, can also give rise to long project times, poor quality control and slow piecemeal innovation (Gann
2000). It is the client as primary stakeholder who ultimately bears the effects of this deficiency and, subsequently, is
reluctant to advance innovation within future projects. Hence, it is contended that innovation is not only failing to
sustain the lifetime of projects but also from project to project. Therefore, a sustained innovation is illusive.

Sustainable innovation
Many theorists speak of achieving “successful” innovation. However, the definition of innovation success has not
been clearly considered and has been advanced in terms of increased economic growth and productivity
(Schmookler 1952; Schumpeter 1934), social and competitive benefits (Seaden 1996), as well as improved
reputation and ease of work (Slaughter 1998). This study defines successful innovation as the ability to sustain in
form and function the duration of the procurement process. Many new technologies may be successfully introduced
into the design of a project but, due to the pressure of constraints, they fail to be fully implemented into the final
building. Dulaimi et al. (2002) found that, in order for an innovation to be successful, there must be minimal
constraints present during the contract (Dulaimi et al. 2002). Similarly, according to Goldratt’s Theory of
Constraints (Goldratt et al. 2000, 12), “the weakest link defines the maximum performance of the process.”
Therefore, if the complexity of a building design innovation were a programdefining issue, then the innovation
would be considered a weak link, and steps would need to be taken to “strengthen the link or break the constraint”
(Goldratt et al. 2000, 12). The authors of this study argue that adequate consideration has not been given in the
literature to the management of innovation at various stages of the procurement process. The primary objective of
this chapter is to propose a methodology to investigate the impact of procurement constraints on the delivery of a
projectbased, consultantled building design innovation. The study attempts to ascertain at which stages in the
procurement process does such an innovation need to be “strengthened” in order to sustain it. A pilot study is carried
out to test the validity of the methodology and inform the ongoing research.

INNOVATION
“New technology” is a product, process or system that a company has not previously used in their construction
operations (Laborde & Sanvido 1994) and an “invention” is the idea for that new technology (Rogers 1983). Whilst
invention is the necessary prerequisite to develop new technologies, “innovation” is the first commercial transaction
involving the technology (Freeman 1974; Myers & Marquis 1969). Innovation is the act of seeking, recognising and
implementing a new technology as opposed to the creative impetus alone. Slaughter (1998) has described invention
as the “detailed design” of a new technology; therefore it is the implementation of the invention that brings the
innovation into being. It is proposed that the architectural design of a building project incorporates the seed of many
innovations. It is these innovations that are the focus of this study, as well as their subsequent impact on the design
of the completed building. Some examples of this type of innovation are Dichroic film, a polyester film originally
used as an attractive packaging material for the cosmetics industry, which creates psychedelic colour effects when
applied onto glass facades. Others are Litracon, the recently devised adaptation to the concrete block, which
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incorporates optic fibres and renders the block transparent, and the magnetic floor tile, by Dalsouple, which
considerably reduces onsite labour, and cuts maintenance costs. Adversely, there have been a series of recent high
profile failures of such innovations. The collapse of the glass roof at the Swiss Re building, London (Building
Design 2005) and the “swaying” failure of the London Millennium bridge (Guardian Unlimited 2000) have been
cited as prime dissuaders of the adoption of new technologies by consultants.

PROJECTBASED INNOVATION
Projectbased innovation takes place within the parameters of a construction project. It may be a new technology
which has been adopted into the project to suit the project requirements — “adoptive innovation” (Gann 1997;
Quigley 1982), or it may be innovation generated from within the project often referred to as “practitionerresearch”
(Groak 1992; Slaughter 1993; Winch 1998). Winch (1998) considers both types a priori and of equal validity. The
context of building projects is temporal as are its alliances (Slaughter 1998). This may be part of the reason why
projectbased innovation has not been widely researched; there is a small window of opportunity to carry out live
research and postproject evaluations are uncommon (Tatum 1987; Ling Yean Yng 2003). In researching project
based innovation it is necessary to capture both the lessons of retrospective projects as well as the results of live
projects. This study will attempt to do both.

The innovation process
Marquis’s (1968) study is still viewed by many researchers as a seminal piece of work into the process of
innovation. His work was drawn from investigation into 500 “incremental” innovations from a range of industries.
He set out a sixstage process in the search to determine the characteristics of “successful” innovations: recognition,
idea formulation, problem solving, solution, development and, utilisation and diffusion (Marquis 1968). Whilst
Marquis (1968) implied a linear process in his diagram he accepted that innovation is not sequential by nature. This
is also true for the process of design in which the stages are often overlapping, interconnected and even cyclical
(Lawson 1997). In this respect, the process of innovation and design are similar and therefore the process of
architectural design would appear to lend itself to the incorporation of an innovation. However, architectural design
is also fused with the rigid process of construction that is the anthesis of this freeflowing, chaotic process (Quinn
1985). This is the core of the contradiction in introducing an innovation into the procurement process.
Following Marquis (1968), a number of studies were carried out to adapt this process to construction and
develop frameworks for managing successful innovation (Slaughter 2000; Tatum 1987; Winch 1998). Winch (1998)
outlined the contextual processes that need to be managed for successful innovation, and Tatum’s (1987) process of
innovation was a reactive model for use on construction projects. Slaughter’s (2000) cyclical model drew from these
previous models as well as from general literature studies. In doing so she sought to highlight the aspects relevant
for construction innovations, and their implementation into the construction project.
Whilst all of these studies have expanded our understanding of the management of innovation within the
project, they have not attempted to identify the effect of the procurement process on the management of innovation.
Procurement of buildings has traditionally followed a serial, sequential model from inception through to completion
(Cooper et al. 2005). The Plan of Work stages, formulated by the Royal Institute of British Architects (RIBA 1980)
is a widely recognised framework of procurement which sets out the activities of the procurement process from
appraisal of the client requirements through to postconstruction evaluation.
This form of procurement is often referred to as a “separated system” due to the separation of the
responsibility for the design of the project from that of its construction (Masterman 2002). However, more recent
methods of procurement have sought to integrate the stages of design and construction to facilitate better client
participation, and contractor integration. Such forms of procurement are known as “integrated systems”, one
example being design and build (D&B). For the purposes of this chapter it is intended to devise a generic
procurement process incorporating both separated and integrated forms of procurement. It is conjectured that the
final model could be flexible for adaptation to other procurement types and that with additional resources further
research could be carried out to specialise the innovation management model for one specific type of procurement
(Figure 12.1).
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Figure 12.1: Future Formulation and Specialisation of the Innovation Management Model
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RESEARCH METHODOLOGY
This chapter forms part of a wider piece of case study research into sustaining innovation in the procurement
process. In this chapter the methodology for this research is set out, and a pilot study is carried out to test the validity
of the methodology and to inform the wider research.

Background
Innovation research favours a case study approach which will allow theory building (Eisenhardt 1989; Yin 1994).
However, previous studies have highlighted a lack of consistency in the conclusions produced. This may be due to
the variety of different methodologies employed in different studies and all studies may not have been measuring the
same things in the same ways. This is a significant problem in carrying out this type of research and for qualitative
research in general. On the other hand, considering the complexity of innovation research, simplistic numerical
solutions derived from quantitative research would be uninformative and cursory. Hence, the complexcasual (Yin
1994) relationships in innovation need to be exposed and analysed in a manner that does not dilute their importance.
The means to generating such research is in developing a rich tapestry of interrelated theory from a variety of
sources, which can be developed to evolve a theory. Grounded theory is the name given to the development of
theory out of the data. Eisenhardt (1989) proposed an extended “roadmap” for building theories from case study
research based on previous literature. Her conclusions were that theory development from case study research is
likely to have important strengths like novelty, testability and empirical validity. It is intended to use Eisenhardt’s
(1989) model as a means of validating the roadmap of this methodology. The principle steps set out by Eisenhardt
(1989) in her methodology model are as follows: getting started, selecting cases, crafting instruments and protocols,
entering the field, analysing data, shaping hypotheses, enfolding theory, and reaching closure.
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Figure 12.2: Development of an Innovation Management Model for the Construction Procurement
Process: Research Methodology

Theory Building

Literature

Failure Mode
and Effect
Analysis FMEA

Conceptual
Model

Modification and Validation

Pilot Study
Case Study Group (A)

Filtering
Tracking
Reporting

Generic
Detailed Model

Case Study
Group (B)
(Retrospect)

Statistical
Analysis

Filtering
Tracking
Reporting

Test
Model

Case Study
Group (C)
(Current)

`

Action Research
Prime
Contracting

Testing

Partnering

Model for Private
Finance Initative
(PFI)

Design and Build

specialisation
Case study
Group D

Generic Model
for Innovation
Management

Traditional

Management
Contracting

By drawing parallels with existing established methodology it is intended to validate the proposed methodology set
out in this chapter. This is important in securing rigour to the process. The overview of the proposed methodology is
set out in Figure 12.2. This will be detailed in the forthcoming sections and correlated with Eisenhardt’s model. The
resultant proposal should be a concise methodology considered against established methodology.
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DESIGN OF THE RESEARCH METHODOLOGY
The methodology proposed represents a triplication model in that it is a threestage process, encompassing three
case study groups, producing three models. The threestage process is theory building, modification and validation.
The three case study groups, each modifying and validating the next are: case study group A — Primary case
study analysis, Case study group B — Secondary case study analysis, and case study group C — Test analysis.
These case study groups are informed by, and inform, the formulation of three resultant model types: Concept
model, Detailed model, and Test model.
Hence, the research overview involves an interactive flow of resultant analysis informing, validating and
modifying the next model. A striking feature of research to build theory from case studies is the frequent overlap of
data analysis with data collection (Eisenhardt 1989). This is borne out in the design of this methodology whereby
one layer of analysis builds on another and so on, until there is a complete evolution of theory in the form of a final
model. The process is induced by a phase of action research, which will result in the final innovation management
model (IMM). To outline the methodology in more detail, as set out in Figure 12.3, the following areas are
reviewed: literature review, concept model, case study groups, pilot study, detailed model, methods of data analysis,
test model, and action research.

Literature review
A literature review is carried out on the areas of innovation, innovation management and procurement. The research
is exploring the relationships and linkages between the introduction of an innovation into the stages of the
procurement process. There are a number of questions, which are posed by reviewing theses areas. In beginning to
explore these issues a set of case study questions was devised:
§ What are the key procurement stages in a construction project?
§ What is the impact of the introduction of an innovation on these stages?
§ What are the key constraints active in each stage?
§ What is the most appropriate method of controlling these constraints?
Eisenhardt (1989) contends that by definition of clear research questions a priori constructs may be evolved which
can better focus efforts towards a theory. In order to address these issues of theory a concept model is compiled
from the literature. The concept model enables an initial theory to be developed which can then be validated and
modified through investigation.

Concept model
The concept model is generated by the combination of literaturebased research and a selected risk assessment tool.
The tool selected is FMEA — failure mode and effect analysis — and the concept model is built up in three stages:
1. formulation of generic procurement stages
2. correlation of generic procurement stages with the process of innovation
3. correlation of the process of innovation with the occurrence of risk — FMEA.
Generic procurement stages
To investigate the impact of procurement stages we need to define those stages. In current construction there are a
number of variations on the stages depending on the procurement type being employed. For example, the order and
priority of stages in a D&B project will be different to that of a traditional build. So to address these variations a
generic procurement process will be devised. This generic process combines formats from both a separated form of
procurement, that is, RIBA Stages of Work for Traditional works, and an integrated form of procurement, that is,
CD’81 for D&B works. From this, the generic procurement stages are formulated:
§ Stage I
Development of brief
§ Stage II Formulation of concept design
§ Stage III Resolution of detailed design
§ Stage IV Formulation of production information
§ Stage V Mobilisation of site works
§ Stage VI Building construction
§ Stage VII Completed building.
Correlation of generic procurement stages with the process of innovation
The second stage in the formulation of the concept model is to correlate the generic procurement stages with the
process of innovation. To do this we selected from the literature Marquis’s seminal 1968 model of the process of
innovation, and Slaughter’s (2000) model of the implementation of construction innovations. These models were
correlated with the generic procurement stages (Figure 12.3). This produces a sequence and a process. In order to
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assess risk in this process the third stage in the formulation of the concept model involves the adoption of a risk
assessment tool from the literature.
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Figure 12.3: Correlation of Generic Procurement Stages with the Process of Innovation
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Correlation of the process of innovation with the occurrence of risk — FMEA
Failure model and effect analysis (FMEA) is a charting technique for design risk assessment, which was originally
devised by the US military (US Military STD 1980) and is now used extensively in mechanical engineering. There
has been very limited application of the technique within the construction industry (Andery et al. 1998; Nielsen
2002). FMEA recognises and evaluates potential causes and effects of failure in a process or system. The benefit of
this technique is that it can be applied during the design process (functional FMEA) to enable the designer to
manage the potential risk of future failures as well as in retrospect (hardware FMEA) to ascertain why a failure
occurred (Manchester University 1999). Evaluation of the results can be readily obtained through simple calculation
procedures. An FMEA is calculated by multiplying the occurrence (O), severity (S) and detection values (D) of a
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potential risk occurring. The resultant value (the RPN) enables actions to be prioritised according to their potential
risk. This is the primary purpose of an FMEA. However, in this research we have taken this analysis a stage further
by correlating the results of an FMEA with the generic procurement stages. The result is that constraint activity can
be tracked through the generic procurement stages and provide us with a “map” of the construction process showing
typical risk factors identifiable at each stage. As a type of construct the concept model focuses efforts at an early
stage on the primary areas of investigation, as well as retaining theoretical flexibility. According to Eisenhardt
(1989) this is a rigorous means of securing a focused investigation and should reduce the risk of the research
diverging from the core questions.

Case study groups
Contrary to common perceptions it has been argued that case study research is not about random sampling. Tellis
(1997) contends that researchers need to be focused in their selection of case studies to maximise learning.
Similarly, Eisenhardt (1989) emphasis that in selecting cases efforts should be focused on theoretically useful cases
or those that replicate or extend theory. Hence, in selecting case study material for this research the researcher is
concerned not with quantity but rather with the potential “quality” perceived in a select number of focused cases.
Rigour of detail and scope of triangulation is considered more important than numerical scope (Tellis 1997). It was
considered essential to collect relevant data from some archival source (literature), as well as from current practice.
The selection criteria were as follows:
§ a project built within the last five years, 2000–2005
§ a UK commercial construction project
§ a product innovation
§ sourcing by consultants i.e. architects/engineers
§ adoption into the building/architectural design
§ successful implementation into the completed building (current practice)
§ unsuccessful implementation into the completed building (archival sources).
There are three case study groups in this research:
§ Case study group A: The Primary study group involves a rigorous process of analysis carried out on four
sustained innovations and four unsustained innovations
§ Case study group B: The Secondary study group attempts to validate the findings of the previous group by
carrying out analyses of 15 sustained innovations
§ Case study group C: Involves the introduction of a Test Model, formulated from the previous group’s analysis,
into a live construction project (Table 12.1).
Six sources of evidence for data collection in the case study protocol have been identified (Stake 1995; Yin 1994).
These are documents, archival records, interviews, direct observation, participant observation, and physical
artefacts. He advocates that no single source is considered best. They are complementary and should be used in
tandem. For this research it is proposed to use interviews, participant observation, documents and archival records.
Table 12.1: The Interrelation of Data Extraction and Field Analysis Within the Three Case Study
Groups
Case study
group
A
“Primary”
B
“Secondary”
C
“Test”

4 sustained innovations
4 unsustained innovations

Data extraction
procedures
Filtering
Tracking

15 sustained innovations

Filtering

1 “potential” innovation

Filtering
Tracking

Nos. of cases

Field analysis
FMEA
Nvivo
FMEA
Nvivo
SPSS
Action
Research

Resultant
model
Detailed
model
Test model

Final
innovation
model

Interviews and participant observation notes are all recorded and manually transcribed. A collection protocol is
established for collection of documents and archival records. The protocol sets out an extensive labelling and
identification system for all documents as well as a comprehensive system of forms and evaluation sheets for data
extraction. This process of crafting instruments and protocols is an attempt to strengthen the grounding of theory by
the triangulation of evidence (Eisenhardt 1989). It is intended that by using multiple data collection methods this
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should in turn sharpen external validity. The data from each of these case study groups is extracted via a threestage
process: filtering, tracking and reporting.
Filtering
The process of filtering involves selection of a valid case study. Information about prospective case studies was
obtained from a number of sources:
§ informants — an informant might not have been directly involved with the projects but could supply useful
background information based upon awareness of the project
§ webbased questionnaire — advertised in a national architectural journal
§ literature review — followup research on projects from literature or trade journal reviews.
An introductory interview is carried out with the consultant who adopted the innovation. An assessment is made on
the suitability of a project as case study material and an overview report sets out the project statistics. There then
follows a series of structured interviews, with the wider project team, to gain further insights and participant
observation. Interviews typically last about one hour. In some cases, with the key consultant, multiple interviews
occur following data collection.
Tracking and reporting
The process of tracking involves a review of all applicable project documentation, which will identify the “passage”
of the innovation through the project. After initial contact with the firm and approval to conduct the study, project
documentation is obtained and stratified in a chronological order. During this process background information about
the company and the project was recorded and project histories were developed. The results of the filtering and
tracking processes are reported. A report is compiled, to set out the case study in written form.

Pilot study
The pilot study affords the opportunity to test the literaturebased research already undertaken and inform the
ongoing research. The pilot study is a precursor to entering the field (Eisenhardt 1989) and initiates the
commencement of case study group A analysis, following the established case study protocol. It permits adjustments
to be made to the design of the data collection and analysis protocol (Eisenhardt 1989). The pilot study is selected
from case study group A and involves the use of Okacolor glazed walling system — a doubleleafed external
glazing system that has unique light diffusion and insulation properties as well as exhibiting aesthetic, multitonal
colour changes. It was adapted for use in a swimming pool in Belfast primarily for its ability to diffuse sunlight
reflected off the pool water. This use of Okacolor is its firstever use in the UK and, globally, the first time the
product has been used in a swimming pool environment, unique with its variable humidity, temperature changes and
air movement requirements. Such technical constraints all imposed a heightened degree of risk to the design and the
client’s decision to use Okacolor. Another factor, which carried substantiative risk, was that of maintenance and
vandalism. Okacolor was used in a socially disadvantaged area with the potential for vandalism and community
rejection. Such fears did not materialise and the building is highly regarded by its users.
Analysis of the pilot study
The concept model was applied to the pilot study. This correlated the project with the generic procurement stages
and the process of innovation.
To complete the application of the concept model an FMEA assessment was carried out on the pilot study. In
this instance a hardware FMEA (in retrospect) was applied. The FMEA chart (Table 12.2) gives a brief description
of the innovation under analysis (1) and lists the main functions of the innovation (2). In column (3) each potential
failure of the innovation is listed. Since the FMEA is carried out in retrospect the potential failures have not yet
occurred. If one of these failures did occur the cause of the failure could be tracked using this method. Column (4)
lists the causes for failure. It is these causes or “constraints” on the process that are collated against the generic
stages of procurement (11) in which they occurred by calculation of the risk priority number (RPN) (occurrence (O)
x severity (S) x detection (D). The aspect, which is not addressed within the analysis, is that of client rejection of the
innovation. This can occur at any stage in the procurement process. The client, as key stakeholder, champion and
paymaster of the project has the ultimate role in the sustainability of the innovation. Therefore, whilst this research
will devise a management model for innovation it is the client who must ultimately be convinced of the need and
validity of the innovation at the concept design. In the case of Okacolor the architect cited that it was the client who
“was at the heart of the approvals process,” and who “fully supported and advanced the adoption of the innovation”.
The conclusions of the FMEA analysis are correlated back to the concept model to ascertain the procurement stages
at which constraints had the most perceptible effect. From this the passage of the innovation was traced onto a graph
(Figure 12.4).
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Table 12.2: FMEA Assessment of Okacolor as used in the Falls Road Swimming Pool, Belfast
Item (1)

Function (2)

Failure
mode (3)

Cause (4)

Effects (5)

(O)
(6)

(S)
(7)

(D)
(8)

(RPN)
(9)

Action
(10)

Provide an
effective
building
envelope

Water
ingress to
the building

Poor detailing of
junctions at
design stage

Potential for
internal damp
and associated
safety issues
Reissue of
production
drawings
Poor standard of
detailing
Potential for poor
future
maintenance
Delay to enable
respecification
Delay to allow
for replacement

5

8

7

280

Most urgent
preventative
action
required

Okacolor insulating glass

Poor selection of
subcontractor

Failure of
glazing unit

Provide a
strong
aesthetic
statement

Provide high
Insulation and
light diffusion
qualities

Incorrect
specification
Faulty glazing
unit

7

3

3

63

4

9

3

108

4
4

3

48

4

9

144
VI

Unbalanced
facade
appearance

5

Colour
selection

Poor design
selection by
design team

Poor overall
building
appearance

2

Vandalism

Poor social
acceptance by
local community

High
maintenance
costs and
closure delays
Unpleasant
internal building
environment for
users
Health and
safety risks for
users

5

Poor
internal
visibility for
users

4

3

7

105
IV

2

6

2

9

8

Least urgent
but necessary
action
required

II

270
VII

6

8

3

144
III

5

8

3

Key

(1)
Innovation under analysis

(2)
Contribution of the innovation

III

Noncoordinated
drawings

Poor design and
coordination with
mechanical and
ventilation works
Poor design of
glazed area with
surface water
area

IV

V

Nonaligned
fenestration

Internal
temperature
rises

Generic
procurement
stage (11)
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III

(3)
Potential failures
(4)
Cause for failure
(5)
The effects of the failure
(6)
The likelihood of occurrence of
each potential failure on a 110
scale
(7)
Ranked severity on a 110 scale

(8)
Ability of the current design
controls to detect a potential cause
of failure on a 110 scale
(9)
The risk priority number (RPN) for
the item
(10)
Action to be taken and ranked
priority
(11)
Stage in the generic procurement
process at which the constraint (3)
occurred

107

Figure 12.4: The Occurrence of Constraints on the Implementation of Okalux,
During the Procurement Process
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The graph plots the constraint value — the RPN from the FMEA — against the generic procurement stages. The
results identify at which stages constraints occurred during the procurement process. By referring back to the data
the graph can also identify the stages at which the effects of constraints were most acute and the stages at which the
constraints were caused. The graph confirms data findings that the construction stage of the procurement process
had a high level of constraint activity, with the potential to adversely affect the sustainability of the innovation.
However, it was evident from the data that such constraints were primarily designrelated issues. This could imply
that if the constraints had been managed at an earlier stage in the procurement process, for example, concept or
detailed design stage, they would not be constraining factors in the construction stage. Such conjectures pose the
question: to what extent could more focused management of the innovation during the design stage have averted the
level of constraint impacting on the innovation during the construction stage? Such suppositions will be fed back
into the ongoing research.

Detailed model
From the results of the pilot study an early management process can now be correlated with the concept model to
produce the detailed model. This overlapping of data analysis with data collection allows the researchers freedom to
make adjustments during the data collection process. This is supported by Eisenhardt (1989) as a valid means of
extracting theory from case studies. The detailed model produced by this means will present a clear innovation
management “map” correlating the following processes: construction process, innovation process and occurrence of
risk.
This map will then be subject to a process of validation and modification through its application into case
study group B. The studies in case study group B represent 15 projects, which have successfully been adopted as
innovations. The data extracted from this group is less rigorous than that for the previous group as its purpose is to
validate previous results rather than generate new ones. However, the results of group B will be subject to statistical
analysis, unlike group A. By this stage 23 projects will be available to provide data for statistical analysis (eight
studies from group A plus 15 from group B) and in construction innovation research terms this is considered a
substantial sample.
Methods of data analysis
In order to progress from one model to the next, analysis of data is carried out. The data analysis consists of
examining, categorising, tabulating and testing data in order to address the initial case study questions (Yin 1994).
Themes, concepts and relationships are identified and common qualitative analytical techniques are used: pattern
matching, explanation building, timeseries analysis and crosscase synthesis.
These techniques are intended to address internal and external validity. For example patternmatching is a
technique which compares an empirically based pattern with a predicted one. If the patterns match, the internal
reliability of the study is enhanced. This crosscase pattern searching forces the researchers to look beyond initial
impressions and seek more significant theories (Eisenhardt 1989). Following identification of themes, concepts and
relationships it is intended to systematically compare the emerging theory back to the overall evidence from each
case study. This is a form of “control” in that proceding theory is compared back to the original data to take
advantage of any new insights that may have emerged. It is hoped that an understanding will emerge as to
theoretical reasons for why relationships exist. Analysing data in qualitative research tends to be difficult due to the
lack of welldefined techniques and strategies. Therefore, it is deemed important to have a sound database of case
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study information from the outset, which attends to all the evidence (Yin 1994). Also, for the purposes of this
research, the analysis of data is carried out using a combination of qualitative and quantitative methods. This is
encouraged by a number of theorists as a sure means of increasing validity and rigor in qualitative research
(Eisenhardt 1989; Tellis 1997). Therefore to complement the manual manipulation of data it is intended to use a
combination of two proven data analysis software programs: NVIVOTM and SPSSTM.
NVIVOTM is qualitative data evaluation software. It assists in coding and categorising large amounts of
narrative text from the interviews or the archival documents. This will assist in building explanations for the
linkages. However, the tool has its limitations in that it does not devise or refine theoretical propositions or
explanations and it cannot manipulate analysis. SPSSTM is quantitative data evaluation software. It is used to analyse
large numbers of investigations and facilitates infinite linking of themes, crosstabulation and reorganisation of
data. Whilst the user must still define categories and input raw data, the advantage of both softwares is in processing
large amounts of information in a shorter time than could be done manually. In effect, the programs have the
capacity to generate a huge amount of data, but not all of this data may be useful. When data saturation has been
reached or no new patterns are beginning to emerge from the input of data, it will initiate closure to the analysis.

Test model
When practicable saturation has been reached with the available data from case study group B a hypothesis is
shaped from the emergent theory. This is carried out by a search of the evidence and emergent relationships
(Eisenhardt 1989). In addition the resultant theory is subject to a final review from existing literature. This will
involve reviewing current studies and assessing what is similar to the research, what may contradict it and why. In
general, tying the emergent theory back to existing literature will enhance the internal validity and quality of
research and raise its theoretical significance (Eisenhardt 1989). From this process the final test model is produced.
The test model represents the untested final model. Closure will be reached by its introduction into a phase of Action
research.

Action research
Case study group C and represents a live construction project into which a potential innovation is to be adopted. The
test model is introduced into this project for final testing. Action research induces closure to the process of data
analysis in that theoretical saturation has been reached and no new theories will be introduced. Theoretical
saturation is the point at which incremental learning is minimal because the same phenomena are being observed
(Eisenhardt 1989; Glaser & Strauss 1967). In effect, no new patterns are beginning to emerge and the impact to the
model is minimal. In the live project a “champion” from within the project team is selected to manage the test
model. This is a person of technical competence who has the influence to implement the model throughout the
duration of the project. A supportive atmosphere for innovation is important. The researcher is permitted to monitor
the proceedings of selected meetings, and have access to revised drawings, cost variations sheets, architects
instructions etc. There would be a series of “intervals” during the course of the project, at which the progress of the
innovation would be assessed. The findings of each of these intervals would be fed back into the test model. The
model is then withdrawn from the project at final “handover” of the completed building. It is intended that this
process of action research will enable refinement of the model, resulting in the final innovation management model
(IMM)

CONCLUSIONS
The objective of this chapter was to develop a methodology for effecting sustained building design innovation in the
construction procurement process. The problem is that building design innovation often does not sustain the lifetime
of the procurement process. It is considered that the management of an innovation at particular stages of the
procurement process might have a determinant bearing on the ability of an innovation to sustain the lifetime of a
project. The methodology set out to explore these issues. Parallels were drawn with Eisenhardt’s (1989) model in
order to validate the methodology. The methodology presented was a triplication model encompassing a threestage
process of theory development, modification/validation, and testing of results. Three case study groups were used to
gather data from recent construction projects which sustained, and some that failed to sustain, a building design
innovation. The analysis of the data produced three consecutive models: the concept model, the detailed model and
the test model. Each model modified and validated the next until there was a complete evolution of theory in the
form of a final innovation management model (IMM). The methodology was tested using a pilot study. The pilot
study was subject to analysis using the concept model, which combined literaturebased research with a recognised
risk assessment tool, FMEA. The results of the pilot study indicated that the construction stage of the procurement
process had a higher level of constraint activity with the potential to adversely affect the sustainability of the
innovation. However, upon closer analysis it would seem that such constraints were primarily designrelated issues.
This would imply that if these constraints had been managed at an earlier stage in the procurement process, say, the
concept or detailed design stage, they would not be constraining factors in the construction stage. Such conjectures
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will be fed into the ongoing research. In addition, further questions for research were highlighted by the pilot study,
such as:
§ To what extent should the IMM be adapted to recognise mutual stakeholder benefits?
§ To what extent should the IMM be adapted to consider the impact of new government legislation, such as
building regulations?
§ To what extent should the IMM be adapted according to technology type?
§ To what extent should the IMM be adapted to meet the requirements of new procurement strategies?
It is proposed that industry professionals and clients, as part of value engineering procedures, could easily use this
resultant model. The model could also be used as part of economic appraisals as a means to reduce the weightings
for inclusion of new technologies or complex designs in building submissions. Whilst the final model is a generic
solution for most procurement types it is proposed that with additional resources further research could be carried
out to specialise the model for one specific type of procurement thereby affording greater specialisation to the IMM.
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CHAPTER 13

Automating Code Checking for
Building Designs: DesignCheck
Lan Ding
Robin Drogemuller
Mike Rosenman
David Marchant
John Gero
INTRODUCTION
Legislation requires the construction industry to check building designs for compliance against numerous building
codes. This task is complex and failure to correctly assess designs for compliance can result in high, longterm costs.
For example, in a large scale housing project in south London, the wheelchair ramps were found to be too steep and
narrow and cost £800,000 in construction and design changes (Building 2003). To enable designers to identify
potential problems earlier, an automated codechecking software tool is needed by the construction industry.
The study of code compliance checking has had a long history of development (Gero 1982; Rosenman et al.
1986; Balachandran et al. 1991; Fenves et al. 1995; Drogemuller et al. 2000; Woodbury et al. 2000; Maissa et al.
2002; Ding et al. 2004). However, there are fewer applications for use in the construction industry. Barriers to more
widespread use in industry lie in the lack of common models to integrate building codes with various application
environments, objectbased representations of building codes to support sophisticated computation and reasoning
and support for use of design standards during the design process (Fenves et al. 1995).
Industry foundation classes (IFCs) provide a common standard for data interoperability and have been used
as a common model in architecture, engineering and construction domains. Major CAD vendors have provided
interfaces to IFCs, which make it easier to integrate CAD systems with external analysis tools. Express Data
ManagerTM (EDM) is a software integration platform that supports interoperability of models defined by IFCs. It
provides objectbased rule bases and is therefore an ideal platform for encoding building codes and linking them
with building models.
The ePlanCheck system (Solihin 2004), developed in Singapore, uses the IFC model and EDM. It provides
code compliance assessment and acts as an internetbased application or standalone application. However, in e
PlanCheck, support for use of design standards at different stages of design during the design process is not
provided. Solibri Model Checker (Solibri Inc. 2006), developed in Finland, uses the IFC model and focuses on
“designspellcheck”. Solibri Model Checker is restricted in its application to code compliance checking due to a
restricted range of objects and parameters for encoding building codes and domain knowledge.
This chapter presents an advanced automated code checking system — DesignCheck, developed by a
research team of CRC for Construction Innovation and currently on trial by the construction industry in Australia.
The DesignCheck system develops an objectbased rule system using EDM for encoding design requirements from
building codes. It defines a DesignCheck internal model based on IFCs for modelling extended design information.
The advantages in the DesignCheck system beyond existing tools provide an automated codechecking process,
flexibility by allowing a design to be checked by selected clauses or object types, and support for checking various
stages of design during the design process, such as at the early stage of design, detailed stage of design and
specification stage of design. The DesignCheck system is targeted more broadly. It is not only for use by certifiers
but also by architects and designers.

BUILDING INFORMATION MODELLING AND DESIGNCHECK
INTERNAL MODEL
The process of automating code checking requires an adequate building model to begin with. Information currently
provided within the objectbased CAD model and the IFC model is inadequate for many building code
requirements. This section illustrates the requirement and method of constructing better building models in object
based CAD systems using IFCs and the development of a DesignCheck internal model.
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Objectbased CAD model and IFC model
The DesignCheck system uses ArchiCAD as the exemplar objectbased CAD system since ArchiCAD supports
building information modelling and distinguishes itself as an informationrich architectural CAD tool rather than a
drafting tool. Figure 13.1 shows a 3D objectbased model produced in ArchiCAD by Woods Bagot that is tested for
DesignCheck.
Figure 13.1: A 3D Building Model Produced in ArchiCAD by Woods Bagot

Customising GDL object properties and IFCTreeView are two existing approaches available in ArchiCAD 9 that
allow extended design information associated with building codes to be inputted and modelled. IFCTreeView lists
the element mappings between the CAD model and the IFC model and displays the IFC attributes and property sets
of selected objects. Designers can select an element and then define the attributes and properties associated with
building codes in the IFCTreeView, Figure 13.2. IFCTreeView is particularly useful since it allows designers to
easily specify additional properties compatible with the IFC model.
Figure 13.2: IFCTreeView: Defines Extended Properties Required by Building Codes
Defining properties associated with building codes

Element
mappings
between CAD
and IFC

Property sets
compatible with
IFC

Elements, properties and relationships of elements are the distinguishing features in the IFC model. Rich
relationships of elements enable meanings between elements to be identified. For example, IfcRelSpaceBoundary
provides the bounds relationship between a space and a building element such as a door. This enables the spatial
relationship between an entrance space and an exterior door to be identified in order to check an accessible entrance
for disabled people.
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Examples of the relationship mappings, supported by ArchiCAD and mostly needed by the code compliance
checking, are listed as follows:
§ IfcRelAggregates — aggregate relationship of a building and storeys, a storey and spaces, etc.
§ IfcRelSpaceBoundary — bounds relationship of a space and a building element such as a wall, a door.
§ IfcRelContainedInSpatialStructure — containment relationship of a space and objects contained in the space
such as toilet objects.
§ IfcRelDefinesByProperties — relationship of property sets and objects.
However, the existing IFCTreeView in ArchiCAD is restricted in customising enriched element and relationship
mappings onto the IFC model. The existing element mappings cover building, building storey, space, wall, door,
stair, etc., but mappings onto stair flight and ramp flight are not available. Table 13.1 lists the necessary element
mappings required by Australian Standard 1428.1 (AS1428.1) and Building Code Australia D3 (BCA D3) while
Table 13.2 lists a summary of the relationship mappings.
Table 13.1: Element Mappings Between AS1428.1/BCA D3, the CAD Model and the IFC Model, as
Supported by ArchiCAD 9.
AS 1428.1/BCA D3
ELEMENT
Building
Storey
Space, circulation space
Wall
Window
Door
Column
Floor
Stair

ArchiCAD 9
ELEMENT
Building
Storey
Zone
Wall
Window
Door
Column
Slab
Stair
Library object — subtype — stair

Ramp

Library object — subtype — ramp

Walkway

Library object — subtype — slab

Landing

Library object — subtype — slab

Handrail, balustrade, grab rail

Library object — subtype — railing
GDL object — subtype — flow
terminal
(Basin, bath, bidet, shower, sink,
toilet, urinal)

Washbasin, bidet, shower,
sink, toilet, urinal

IFC2x2
ELEMENT
IfcBuilding
IfcBuildingStorey
IfcSpace
IfcWallStandardCase
IfcWindow
IfcDoor
IfcColumn
IfcSlab
IfcStair
IfcStairFlight Expected (N/A)
IfcRamp
IfcRampFlight Expected (N/A)
IfcSlab/
IfcBuildingElementProxy
IfcSlab/
IfcBuildingElementProxy
IfcRailing
IfcFlowTerminal
IfcSanitaryTerminal Expected
(N/A)

Wheelchair seating, fixed
seating

Library object — subtype — seating

IfcFunishingElement

Light, outlet, switch

Library object — subtype —
electrical elements
(light, outlet, switch)

IfcElectricalElement

Note: element mappings in Italics are not yet implemented by ArchiCAD 9 — IFC2x2 Exporting.
(Source: Adapted from: Australian Standard 1428.1 (AS1428.1) and Building Code Australia D3 (BCA
D3))
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Table 13.2: A Summary of the Relationship Mappings Required by the Code Compliance Checking
for AS1428.1/BCA D3
RELATIONSHIP REQUIRED BY AS1428.1/BCA D3

IFC 2x2 SUPPORT

Bounds_relation (space, door)

IfcRelSpaceBoundary

Bounds_relation (space, wall)

IfcRelSpaceBoundary

Containment_relation (space, object)

IfcRelContainedInSpatialStructure
IfcRelContainedInSpatialStructure
IfcRelSpaceBoundary
IfcRelSpaceBoundary
IfcRelVoidsElements
IfcRelFillsElements
IfcRelCoversBldgElements
IfcRelCoversBldgElements
IfcRelSpaceBoundary

Containment_relation (space, column)
Adjacency_relation (space, space, door)
Wall_door_relation (wall, opening element, door)
Element_covering_relation (element, covering)
Space_covering_relation (space, covering)
Decomposition/Assembly_relation (ramp, landing,
handrail)
Decomposition/Assembly_relation (stair, landing,
handrail)

Not provided in the existing ArchiCADIFC
exporting

Connectivity_relation (ramp, doorway, space)

Not provided in the existing ArchiCADIFC
exporting
(Source: Adapted from: AS1428.1 and BCA D3)

When the required relationship mappings are not available, the DesignCheck system derives the semantics from the
geometry of elements. However, to fundamentally support code compliance checking, it requires the objectbased
CAD systems to deliver adequate semantics of elements and map a number of elements and relationships of
elements provided by the IFC model to enable to infer highlevel building performance.

DesignCheck internal model
The IFC model provides a predefined standard that covers a large scope of interoperability including architecture,
structure, fire engineering and building service domains, hence it is complicated. For a domainspecific application
such as code compliance checking, detailed applicationspecific information may be missing in the IFC model.
An internal model is developed for DesignCheck to solve this problem. The DesignCheck internal model
extends the IFC model to cover enriched applicationspecific information, i.e. the information required by building
codes.
For example, the Building Code Australia Part D Access and Egress (BCA D3) clauses require checking
building classes to determine specific access requirements for disabled people. A new type definition mapping onto
building classes is defined in the DesignCheck internal model as shown below:
TYPE BUILDING_TYPE_ENUM
CLASS_1A_SINGLE_DWELLING
CLASS_1B_BOARDING_HOUSE
CLASS_2_SOLE_OCCUPANCY_UNITS
CLASS_3_RESIDENTIAL_BUILDING
CLASS_4_A_DWELLING_IN_A_BUILDING
CLASS_5_OFFICE_BUILDING
CLASS_6_SHOP_BUILDING
CLASS_7A_CARPARK
CLASS_7B_STORAGE
CLASS_8_LABORATORY
CLASS_9A_PUBLIC_HEALTH_CARE_BUILDING
CLASS_9B_PUBLIC_ASSEMBLY_BUILDING
CLASS_9C_PUBLIC_AGED_CARE_BUILDING
CLASS_10A_NON_HABITABLE_BUILDING
CLASS_10B_NON_HABITABLE_STRUCTURE
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The entities in the DesignCheck internal model are structured to include new attributes mapping onto building codes
and the properties transferred from IFC property sets that are associated with building codes. An example of the
door entity with new attributes in the DesignCheck internal model is shown below:
ENTITY DOOR_CRC
OVERALLHTIGHT
OVERALLWIDTH
DOOR_TYPE
DOOR_STYLE
IS_EXTERNAL
SELFCLOSING
FIREEXIT
AS1428_ COMPLIANCE
DC_LEVEL_HANDLE_CLEARANCE
DC_DOOR_RECESS_DEPTH
DC_SURFACE_MOUNTED
DC_DOOR_HANDLE_OPERATION
The DesignCheck internal model focuses on defining applicationspecific information, i.e. defining comprehensive
design information associated with building codes. A future development to the DesignCheck internal model lies in
integrating it with a semantic model.

Mappings between IFC model and DesignCheck internal model
The building model produced in objectbased CAD systems is exported to the IFC model and then mapped onto the
DesignCheck internal model for compliance assessment. A mapping schema is required to facilitate automated
translation from the IFC model to the internal model, Figure 13.3.
Figure 13.3: A Process of Mapping from the CAD Model to the IFC2x2 Model and then to the
DesignCheck Internal Model
CAD Model
Exported from CAD systems
by an IFC addon

IFC2x2
Addendum1
Model

Mapping schema converts
IFC model to internal model

DesignCheck
Internal Model

The mapping schema is implemented using the ExpressX language. ExpressX contains mapping specific functions
which allow users to efficiently convert models. The mapping schema for the DesignCheck system is well structured
and can be readily modified and extended in future.

OBJECTBASED INTERPRETATION FOR BUILDING CODES
Building code interpretation
Building codes comprise specific definitions of terms and imply domainspecific knowledge. Researchers have been
attempting to develop the interpretation of building codes into a computational representation in order to facilitate
computation and reasoning. A general approach to the interpretation of building codes considered by this research is
summarised as follows:
§ Develop an objectbased interpretation for building codes to facilitate their integration with objectbased
applications.
§ Incorporate specific definitions of items in the objectbased interpretation of building codes and develop
strategies for encoding.
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§
§
§

Develop the building code interpretation for use at different stages of design.
Consult industry experts such as standards writing organisations, architects and certifiers for the building code
interpretation and building strategies.
Enable the building code interpretation from different resources to be consistent.

Objectbased interpretation
The DesignCheck system represents building codes using an objectbased interpretation and then encodes them into
the EDM rule bases. A process of encoding a building code clause to an objectbased interpretation and then to the
EDM rules is illustrated in Figure 13.4.
Figure 13.4: An Illustration of the Process of Encoding a Building Code Clause to an ObjectBased
Interpretation and then to the EDM Rules

Building Codes
Objectbased Interpretation

Design for access and mobility
Part 1: General requirements for
access  New building work
7.1 PROVISION OF ENTRANCES

EDM Rules 

Accessible entrances shall be
incorporated in an accessible
path of travel
Encoding AS1428.1

The objectbased interpretation presents building codes with elements, properties and relationships and
domainspecific knowledge embedded in building codes with functions and procedures. Figure 13.5
illustrates an example of the objectbased interpretation of a subclause in AS1428.1. The subclause, from
Clause 7.1 Provision of Entrances, is described as:
Clause 7.1 (a) Accessible entrances shall be incorporated in an accessible path of travel.
Compliance checking against this clause requires an objectbased interpretation on “accessible entrances” and
“an accessible path of travel”. The DesignCheck system extracts required elements, properties and relationships
from this clause, e.g. “Space”, “Door”, “Door_external”, “Door_type”, “Door_width”, “Space_accessible”,
“Space_identification”, “Space_area”, “Containment relationship between space and door” and “Adjacency
relationship between two spaces”. “Accessible entrances” are determined by “Door”, “Door_external”,
“Door_type”, “Door_width” and “Containment relationship between space and door”.

118

Figure 13.5: An Example of an ObjectBased Interpretation for a Building Code Clause

CLAUSE 7: DOORWAYS, DOORS AND CIRCULATION SPACE AT
DOORWAYS
Clause 7.1 Provision of Entrances
Description:
The requirements for entrances to buildings are as follows:
(a) Accessible entrances shall be incorporated in an accessible path of travel.
Performance Requirements:
There is an uninterrupted path of travel from an accessible entrance to an
accessible space required.
Objects:
{Space, Door}
Object Properties:
{Door_external, Door_accessible, Door_type, Door_width, Space_accessible,
Space_identification, Space_area}
Object Relationship:
{Contain (Space, Door)}; {Adjacent (Space, Space)}
Domainspecific knowledge for Interpretation:
(to be implemented with functions, procedures, etc.)
AssessibleExteriorDoor (Doors)
{IF Door_exterior and Door_accessible are found, THEN return
AccessibleExteriorDoors}
AccessibleEntranceSpace (AccessibleExteriorDoors)
{IF AccessibleExteriorDoors are contained by Spaces, THEN return
AccessibleEntranceSpaces}
AccessibleSpaceRequired (Spaces)
{IF Space_assessible is found, THEN return AccessibleSpacesRequired}
A_Path_from_AccessibleEntranceSpace_to_AccessibleSpaceRequired
(Spaces, Doors)
{IF Spaces and Doors are located in the path from
AccessibleEntranceSpace to AccessibleSpaceRequired, THEN return a
set of the Spaces and a set of the Doors}
Criteria_for_anUninterruptedPath
{IF Spaces and Doors located in the path satisfy the requirement of
Door_width, Door_type, Space_area, etc. THEN return TRUE}

OBJECTBASED RULE BASE
Rule base structure
Different interests and concerns by designers are clarified in the DesignCheck system. This provides a basis for
structuring rule bases in EDM for use at different stages of design.
At the early stage of design, designers are concerned with accessible paths to/within a proposed building,
circulation space at doorway, circulation space at disabled toilet, and so on. Associated clauses are mainly from
BCA D3 and partly from AS1428.1. A rule base for the early stage of design is constructed in EDM, which involves
functions and procedures that interpret performances at the early stage of design. Semantic interpretations for
verification of highlevel performances are required.
At the detailed stage of design, designers may be concerned with door widths, handrail heights, etc.
Associated clauses are mainly from AS1428.1. A rule base for the detailed stage of design is constructed in EDM,
which involves functions and procedures that interpret performances such as door widths, handrail heights, etc.
Semantic interpretations derived from geometrical descriptions of objects are required.
At the specification stage of design, designers are interested in specification requirements for certain objects
such as floor surfaces, handrail materials, and signs. Associated clauses are from both AS1428.1 and BCA D3. A
rule base for the specification stage of design is constructed in EDM to encode specification requirements of objects
for designers to check.
The rule base structure for the DesignCheck system is presented in Figure 13.6. It consists of the early stage
design rule base, detailed stage design rule base and specification stage design rule base, which are developed using
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EDM rule schema. Each EDM rule schema comprises a number of global rules, which enable building models to be
validated against the selected rules. The check results are stored in the results model in EDM. The intermediate
results model is used to store interim data from validation of rules when necessary. For example, the data from
validation of a rule for an early stage of design may be of use by a rule for a detailed stage of design.
Figure 13.6: The Rule Base Structure in EDM for the DesignCheck System
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Encoding of EDM rules
The rules of encoding building codes are built in the Express language. This section illustrates the strategy and
methodology of encoding building codes with an example, Figure 13.7.
Figure 13.7: An Example of Checking an Accessible Entrance to be Incorporated in an Accessible
Path of Travel

Clause 7.1 in AS1428.1 refers to the requirements for entrances to buildings, where the subclause 7.1 (a) says that:
Clause 7.1 Provision of Entrances a) Accessible entrances shall be incorporated in an accessible path of travel.
The DesignCheck system allows designers to check a design against the entire clause, or alternatively by
object types of interest, e.g:
§ checking an accessible path between disabled toilets and accessible entrances
§ checking an accessible path between lifts and accessible entrances
§ checking an accessible path between public spaces (e.g. conference room) and accessible entrances.
Strategies for this clause lie in finding all space and door objects on the path and checking for satisfaction of
accessibility. Verification for the containment relationship between space and door and the adjacency relationship of
accessible spaces are two critical parts for determining a path. A graph developed for inferring adjacent accessible
spaces is presented in Figure 13.8 and described as follows.
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The nodes in the graph in Figure 13.8 represent spaces, the line between two nodes indicates that the spaces are
adjacent and accessible, and the dashed line indicates that the spaces are adjacent but not accessible by disabled
people. For example, Office 1 and Office 2 in Figure 8 are adjacent but fail to comply with a subclause for “opening
at doorways”, hence, they are not adjacent accessible spaces and there is no accessible path between them.
Figure 13.8: An Illustration of the Adjacency Graph

Note: F means false and T means true.
(Source: Boulaire 2005, 46)
If searching for an accessible path between disabled toilets and accessible entrances as shown in Figure 13.8, the
algorithm starts with finding a node of interest, e.g. WC_Disabled and then identifies adjacent spaces and checks for
accessibility. Since Corridor2 is the only accessible adjacent space to WC_Disabled, it searches from Corridor2 and
finds Corridor1. From Corridor 1, it finds four accessible adjacent spaces and one of them is identified as an
accessible entrance. An accessible path is then determined between WC_Disabled and Entrance.

DESIGNCHECK SYSTEM
System architecture
The architecture of the DesignCheck system is illustrated in Figure 13.9. It consists of three main components: main
user interface, EDM database and the report system.
Figure 13.9: Architecture of the DesignCheck System

Report System

EDM Database
IFC2x2
Model

Mapping
DesignCheck
Internal Model
Validation
Rule
Rule
Rule
Bases
Bases
Bases

Results
Model
Check results
Intermediate
Results Model

Interim data

Read results to
report page
Write specifications
and comments to
results model

Interactive
Report Page

PrintFriendly
Report Page

Import
IFC2x2 model

Future 3D Viewer

Main User Interface

CAD

Convert CAD model to IFC2x2
model and import to DesignCheck

121

The main user interface allows designers to monitor the checking of designs at various stages, select a specific
clause or object type, view check results, and input specifications and comments. The DesignCheck system runs as
standalone software. The building model created in objectoriented CAD systems is exported as an IFC2x2 model
and then imported to the DesignCheck system for compliance checking. If it is required, a direct interface to object
oriented CAD systems could be developed in future.
The EDM database is the core component of the DesignCheck system. The EDM database has been
developed to contain building models, rules bases and the check results. Two building model schemas are defined in
the EDM database: the IFC2x2 model schema and the DesignCheck internal model schema. The Ifc2x2 model
schema allows the building model to be imported to the EDM database in IFC2x2 format. The DesignCheck internal
model schema enables applicationspecific information, i.e. the information required by building codes. A mapping
schema is developed to allow the IFC2x2 model to be mapped onto the DesignCheck internal model automatically.
The DesignCheck internal model is validated against rules in the rule bases. The rules encode objectbased
interpretations and performance requirements from building codes. The results model is defined in the EDM
database to store the check results.
The report system has a direct interface to the EDM database. It reads the check results from, and writes the
specifications/comments to the results model in the EDM database. The report system provides both an interactive
report page and a printfriendly report page. Once the checking is completed an interactive report page appears to
the user, which offers a variety of viewing options and enables the user to view results by “All”, “Compliance”,
“Noncompliance”, “Specification required”, and input the required specifications of objects and comments. The
interactive report page links to a printfriendly report page that allows designers to list all details in the report and
print it out.
A 3D model viewer, shown in Figure 13.9 by dashed lines, will be integrated with the DesignCheck system in
future. It will provide a 3D visualisation of the building model and allow problem elements to be highlighted.

System implementation
The implementation of the DesignCheck system is illustrated in Figure 13.10. The main user interface is a Java
application. It allows users to monitor the information flow commencing from importing building models to
reporting check results. The interactive report page and printfriendly report page are implemented in Java and html.
The main user interface allows users to select a building code for checking. The following two building codes
are available for users to choose in the current implementation of the DesignCheck system:
1. Australian Standard
§ Design for access and mobility
§ Part 1: General requirements for access — new building work (i.e. AS1428.1).
2.

Building Code Australia
§ New draft access code for buildings (currently released for public comments)
§ Part D — Access and egress (D3).
Figure 13.10: Implementation of the DesignCheck System
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The option of checking design by clauses provides a selection tree of all clauses and subclauses, Figure 13.11.
Selecting a main clause triggers EDM to validate a rule schema corresponding to the selected clause, whereas the
selection of a set of subclauses triggers EDM to validate individual global rules within a rule schema.
Figure 13.11: Checking Design by Selected Clauses

The option of checking design by object types provides a selection tree of object types, Figure 13.12. Users are
allowed to select an object type of interest for checking at the early stage of design, detailed stage of design or
specification stage of design.
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Figure 13.12: Checking Design by Selected Object Types

The results of rule validation are stored in the results model in the EDM database. Once validation is completed,
graphic display of the results is provided for each clause or object type selected. The report key panel shows details
of meanings of the result icon, Figure 13.13.
Figure 13.13: The Graphic Display of the Check Results

The report page is designed as an interactive user interface, so that users can select a result type that they intend to
view and update the result model by adding specifications of objects and comments. The interactive report page
consists of four major areas: the top panel to display project information, the selection panel to provide option of
viewing results, the table panel to display detailed check results including object name, object type, space name
where the object is located, failed feature of the object, clause name and check result, and the bottom tabbed panel
that allows users to input specifications and comments, Figure 13.14.
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Figure 13.14: An Example of the Interactive Report Page

A printfriendly version of the report is linked to the interactive report page. It opens Microsoft Internet Explorer,
showing a formatted printfriendly report ready for previewing and printing, Figure 13.15. This report page can also
be saved into archives for later backup and further reference or comparison.
Figure 13.15: An Example of the PrintFriendly Report Page
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CONCLUSION AND FUTURE DEVELOPMENT
The development of the DesignCheck system uses an efficient platform and provides functionalities towards
industry needs. As an advanced software tool, the DesignCheck system will reduce the risk of noncompliance with
its associated rectification costs and significantly improve the efficiency in the building code checking process.
Direct benefits to architects, designers, building consultants and engineers can be gained from DesignCheck. The
benefits include:
§ automating the design checking process for compliance with building codes
§ providing more reliable assessment with fewer errors
§ the ability to interrogate 3D objectbased CAD systems
§ allowing the checking at various stages — sketch design, detailed design and specification
§ allowing the checking of a design by selected building code clauses
§ allowing the checking of a design by selected building object types
§ providing a friendly and interactive reporting system
§ the ability to check “onthefly” the compliance of the design to building codes and to reduce the lead time of a
design process.
DesignCheck is currently being tested by private and public design organisations for validation and feedback.
Future development of the DesignCheck system relating to the interest areas in both research and practice
includes: the development of a consistent manner for building code interpretation such as using decision tables, the
development of semantic models and expert knowledge, and system improvement including the development of
structured specification to allow users to input specification easily and the integration with a 3D model viewer.
Collaboration with CAD vendors is required to enable the CAD–IFC interface to be improved to support
automated code checking application.
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CHAPTER 14

EarlyDesign Stage Parametric Building
Development
John Crawford
Robin Drogemuller
Gerardo Trinidad
INTRODUCTION
This chapter summarises, in a descriptive manner, a 2004–2005 Cooperative Research Centre for Construction
Innovation (CRC CI) project which had two objectives — to assess:
§ how easily current architectural CAD and similar systems support parametric descriptions in defining building
shape, engineering system performance and cost at the early stages of design
§ the feasibility of a software decision support system allowing designers to tradeoff the characteristics of
various engineering systems in seeking an “optimum” rather than considering each system in isolation.
The first phase used four leading computeraided design (CAD) systems — ArchiCAD (Graphisoft 2004),
Architectural Desktop (Autodesk 2004), Microstation Triforma (Bentley 2004) and CATIA (Dassault 2004) — to
define building shells (envelopes) with different usages. These models were exported into a shared database using
the industry foundation classes (IFC) information exchange specifications — an important standard for
interoperability developed by the International Alliance for Interoperability (International Alliance for
Interoperability (IAI) 2004).
The second phase used small computer programs that estimated system parameters based on performance
requirements and the constraints imposed by the other systems. These were presented in a unified user interface that
extracts building shape parameters from the shared database. The reader is referred to the project’s final report (CRC
CI 2005) for more detailed discussion of the technical details of these investigations and programs.

PARAMETRIC APPROACH
This research investigated the potential for easily evaluating alternative architectural layouts and structures at early
design stage, by assessing how architectural and engineering CAD systems can support parametric modelling. In
this context, parametric refers not just to values like the depth of a steel beam, but also to the associations specified
amongst all aspects of the model which helps ensure the coordination and productivity benefits of parametric
software.
For instance, if the outside of a doorframe is a set distance, say 100 mm, from a partition at rightangles, and
the partition is moved, but the door–partition association is retained, then the parameter is a value, 100mm. Compare
this with a requirement that windows be equally spaced in an elevation. If the length of the elevation is then changed
but the equal spacing is required to be maintained, the parameter then is not a value, but a proportionality attribute.
The variables that define these relationships are called “parameters” in mechanical design and mathematics
(O’Neil 1983), and so the software operation is “parametric”. An alternative term sometimes used in the design
domain is “constraintdriven” — since the parameters are not necessarily geometric, but relate to solutions
constrained by relationships between building subsystems.

KEY TOPICS
What is earlydesign stage?
Early design is that stage in which the designers work with a proposal for a selected site, using key factors, but
perhaps with only limited additional information. The key factors are things such as the proposed occupancy types
(residential, office, commercial, or retail and carparking) and the area required for each type, as well the shape, size
and orientation of the site. The designer’s aim is to recommend the best key building system, and decide how to get
better information about the project without producing unnecessarily detailed designs and documents at a very early
stage. Feedback from industry partners indicated that current modes of operation at earlysketch stage resulted in
each design professional tending to optimise within their own specialisation, but industry specialists believed that an
overall balance was critical. A system that allows architects and engineers to work together to achieve a good
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balanced or satisfying (Simon 1975) outcome is seen as preferable to a design system that tries to specify the
optimal or absolute “best” design.
A balanced outcome usually does occur, but this project aims at a faster and easier assessment of alternatives,
retaining design information that takes various factors into account — each may be given different weighting in
different projects — resulting in different design outcomes. Early design is usually undertaken with “massing
models”, in which blocks or prisms with few details other than size and shape are used to represent the envelope or
parts of the building.

Massing models
In design, a massing model is a dimensionally accurate summary of the fundamental exterior forms of a building,
generally made of solid blocks. Conceptual mass models use solid shapes to verify the use of available space, taking
the client’s requirements into consideration (see Figure 14.1). Window openings are generally not shown, and detail
is left out or summarised succinctly.

Sample building type
At the project’s initiation, there was a general discussion between experienced researchers and industry partners
about a wide range of parameters and issues across all types of buildings. The result was an agreement that the
project should focus on a typical mediumrise, mixeduse building.
Figure 14.1: Envelope of Sample Multistorey MixedUse Building

Figure 14.2: Building Core Generated Parametrically Using Geometric Description Language
(GDL)

Team members chose a typically Australian project — a new multistorey building of mixed commercial–residential
use. At earlydesign stage this project may be represented by a massing model of the whole building complex as an
envelope or series of prisms (see Figure 14.1), given the expected usage and occupancy types, and the area for each
usage (commercial, residential, carparking), and the building core required for services.
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The building used as an example contained a service core, several floors of carparking, retail and office space, and
residential units. The offices, residential space and building core can be thought of as prisms, and the core prism can
be automatically generated from the definition of the office and residential prisms (see Figure 14.2).

Given simple data, can we suggest the design system?
At the earlydesign stage, given the building’s shape and expected usages, can the designer advise on the best
options for the building subsystems? In the structural field, for example, can an earlydesign analysis determine that
for given criteria, a system of, say, shear walls for the top section, should be recommended for a multistorey
residential development?

WHICH SUBSYSTEMS?
Within the scope of the “parametric project”, major systems which were investigated included architectural,
structural, mechanical, cost, hydraulic, electrical, environmental factors, and in particular: architectural spatial
layout, structural, fire protection, water supply, electrical, environmental/LCA (lifecycle assessment), mechanical
(vertical transport, HVAC), and cost, where small computer programs were written (see Figure 14.3) that
encapsulated those areas of expertise (Parlour 1994).
Figure 14.3: User Interface for Setting Column Spacing for Each Type of Building Occupancy

Key structural factors considered included:
§ loading; planning and column grid (see Figure 14.4)
§ deflections, tolerances and vibration
§ frametype and materials.
Figure 14.4: CATIA: Combined Effects of a Height Increase, Altered Column Layout and
Orientation and a Rescaling Applied to Individual Floor Levels
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In addition, critical HVAC factors considered and programmed in the research included:
§ AC (airconditioning) zoning; and AC loads and airflow (see Figure 14.5)
§ system selection
§ plantroom space
§ ducting and pipework.
Figure 14.5: Panel with Tabs for Input of HVAC Factors

The range of simple hydraulic factors taken into account and coded were fire protection, and cold and hot water
requirements; whereas the key mechanical issues analysed and programmed included liftdrive selection, number of
required lifts, and lift shafts.
This range of small programs provides a valuable set of tools that encapsulate knowledge and key parameters
in specific areas, and further technical details are available in the project’s final report (CRC CI 2005). To formalise
the description of the inputs and outputs for the building subsystems being investigated, aspects of a more prescribed
concept called “perspectors” — initially developed at Stanford University (Haymaker et al. 2003) — were used (see
Figure 14.6).
Figure 14.6: (Top Level) Perspectors for Building Subsystems
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SYSTEMS AND DATA
Initially using a simple building, and with architectural and engineering “rules of thumb” already in use, the research
team worked with parametric descriptions of projects during the earlysketch design stage to determine how a range
of users’ requirements can be assessed. Using the popular category of mixeduse commercial–residential multistorey
developments as data, the team examined approaches for defining parametric models (see Figure 14.7) within the
three major architecture, engineering and construction CAD systems of Architectural Desktop (Autodesk 2004),
Microstation Triforma (Bentley 2004) and ArchiCAD (Graphisoft 2004), plus a leading mechanical modelling
system CATIA (Dassault 2004).
Figure 14.7: Overall System Software Architecture
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Earlier projects undertaken within the CRC CI relating to information flows, and automated code checking, used the
industry foundation classes (IFCs) to define building elements during the “detailed documentation” stage, and to
check that the design in fact meets requirements. It is an evident extension of this previous work to start applying the
IFC models to the earlydesign process, as the IFC repository (EPM Technology 2004) provides a catalogue of the
building elements within the project.
Whilst technical information about the IFC building model is documented in detail and is readily available for
software developers who need to work with it (IAI 2004), unfortunately there is less practical information for the
average AEC practitioner who wants to have a better understanding of the IFC model (Khemlani 2004).

CONCLUSIONS
The “parametric project” investigated a range of parameters that might characterise the earlystage design, and a
number were identified as critical since they often support individual building subsystems that are fundamental to
the early design. However, even at the early stages of design, each of the building systems depends on others, and
the project team could not identify any one view that could be modelled independently of the others, or one system
on which there were no dependent systems.
Each of the “design advisors” in the software has its own “view” of the shared information in the database,
and developing the advisors helped define these specialist views at the earlydesign stage.
The occupancy type (residential, office/retail, carparking); floortofloor heights; floor space for each
occupancy type (and importantly, standard of accommodation); expected number of people per unit of floor space;
column and beam spacings; airconditioning and watersupply requirements; number of lifts etc. were all identified
as key parameters. Even so, an overarching parameter that applies to all building services systems is the “quality” of
occupancy or level of service that the building will provide, since the rental return will generally be linked to
quality. In Australia, there is a list of requirements for the various “grades” of office accommodation that makes the
requirements quite explicit.
The research demonstrated that, as expected, some commercially available design software is more suited
than others to parametric modelling at the earlydesign stage. Systems such as Architectural Desktop, Microstation
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Triforma, ArchiCAD, and CATIA were studied in some detail. Each of the four major design software systems
considered had its own strengths and weaknesses, and the cost of the software, the availability of staff trained in
using it, and the availability of libraries of suitable (nonproprietary) objects (able to embody and retain spatial
intelligence and parametric associations) will all play a significant role in choosing the right software for the job. In
addition, the “naturalness” for the user of manipulating parametric objects with the software influences the
willingness of designers to use the system. The research also highlights the viability of using commercial offthe
shelf (COTS) software together with custom software components.
Some newer software approaches were seen to have more potential for immediate use in an earlydesign stage
parametric modelling exercise, but these systems still had the drawbacks of inadequate dedicated spaceplanning
tools, ease of use, and cost (in one particular case). To support a true parametric modelling approach to early design,
the ideal system would need the ease of use and speed of intuitive, thirdparty, lowcost 3D design tools such as
Rhino or SketchUp; the documenting, visualising, and reporting abilities of Microstation; the trained user base,
speed, and market presence of Autodesk ADT; the power, spatial/geometric tools and data management of CATIA,
and the 3D modelling flexibility, support for neutral data formats, and price point of ArchiCAD.
The research also showed that IFC data is a prospective source of information in the implementation of an
integrated digital building model that underpins a parametric modelling approach. Using IFC data ensures that data
and models derived at the earlydesign stage can be retained and refined as the project proceeds and more data thus
becomes available. In addition, the project illustrated the feasibility of using a range of quite straightforward
parameters to characterise the building model at the earlydesign stage.

FUTURE DIRECTIONS
The results of this project will prove useful in developing practical tools for earlydesign modelling, since the tools
would then retain the key design information which could be exploited within any 3D CAD models used later for
detailed design and documentation.
Aspects of a more prescribed concept known as “perspectors” were used to formalise the description of the
inputs and outputs for the building subsystems being investigated. The authors believe an opportunity exists for
researchers or industry in the development of a “tool kit” for this theme, which would greatly assist in advancing the
knowledge management research.
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CHAPTER 15

Comparing Distance Collaborative
Designing Using Digital Ink Sketching
and 3D Models in Virtual Environments
Mary Lou Maher
Zafer Bilda
Figen Gul
Yinghsiu Huang
David Marchant
INTRODUCTION
Recent developments in networked 3D virtual worlds and the proliferation of high bandwidth communications
technology have the potential to transform the nature of distance collaboration in professional design. There have
been numerous developments in systems that support collaboration that have resulted in system architectures to
support information sharing and remote communication. Whilst these initiatives have led to important advances in
the enabling technologies required to support changes in global economic practices, there remains a gap in our
understanding of the impact of the technologies on the working practices of the people who are the primary users of
such systems.
Research into the characteristics of collaborative work can assist in our understanding of how the
collaborative design process can be supported and how new technologies can be introduced into the workplace. An
understanding of collaborative design includes such factors as the role that communication media play, the use of
physical materials and computer tools, and the way people communicate verbally and nonverbally (Munkvold
2003). Protocol analysis has been accepted as a prevailing research technique allowing elucidation of design
processes in designing (Cross et al. 1996). And whilst the earlier studies dealt mainly with protocols’ verbal aspects
(Akin 1986), later studies acknowledge the importance of design drawing (Akin & Lin 1995), associating it with
design thinking which can be interpreted through verbal descriptions (Suwa & Tversky 1997; Suwa et al. 1998;
Stempfle & Schaub 2002). By gathering information about the rich and complex picture of collaborative design we
can understand the characteristics and needs of the practitioners as well as the factors which contribute to their
professional effectiveness.

Studying team collaboration
In order to understand the potential impact of high bandwidth environments on collaborative design, we first need to
have data that characterises collaborative design activity without the high bandwidth environment, that is, faceto
face designing. We considered that the change in collaborative technologies should be incremental; moving from the
technology already in use (usually sharing the drawings over the internet) to the use of a high bandwidth virtual
environment. With these ideas in mind, an experimental study with three design settings was developed in order to
study the impact of high bandwidth environments on design collaboration. The settings were collaborative design
processes in which:
1. designers work facetoface with pen and paper
2. designers use a remote sketching system with synchronous voice and video conference
3. a 3D virtual world is used with synchronous voice and video conference.
We collected video and verbal protocol data in these three phases. Then we coded the behaviours we observed in the
videos as well as the verbal communication. We analysed the codes and finally aimed at comparing the collaborative
activity in the three different settings, so that we could determine the impact of the change in collaborative
technology. This chapter presents the analysis of the data, comparing three pairs of architects’ collaborative design
processes in the three design environments: facetoface sketching, remote sketching, and 3D virtual worlds. The
first collaborative environment represents the traditional way of designing, sketching; the second environment was
selected as representative of the current lowbandwidth technology (Group Board); and the third environment is a
prototype of highbandwidth technology (extended Active Worlds). The chapter begins with a summary of the
experiment design and then data collection methods. Finally, video and verbal protocol analysis of the design
sessions and the results are presented.
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EXPERIMENT
In our experiment, we studied pairs of designers collaborating on three different design tasks of similar complexity
using a different setting for each task. We expected that the comparison of the same designers in three different
environments would provide a better indication of the impact of the environment than using different designers and
the same design task. Our designers are architects, so the design task is the design of a small building on a given
site. We used the same site for each task, but specified a different type of building (gallery, library, and hostel) for
each design task. This allowed the designers to become familiar with the site and to focus on the design of the
building.

Experimental setup
Figure 15.1 shows the facetoface session of the experiment where the designers are provided drawing materials
(pen and paper), a brief, and a collage of the photos showing the existing building on the site and the neighbouring
buildings.
Figure 15.1: Facetoface Session

Figure 15.2 shows the setup for the shared drawing board environment. In order to simulate high bandwidth audio
and video, both designers are in the same room and can talk to each other, but can only see each other via webcam.
The setup for designer 1 is shown in Figure 15.2a and the setup for designer 2 is shown in Figure 15.2b. The
location of the cameras was an important issue, since we wanted to monitor the designers’ movements,
verbalisations, gestures and drawing actions. Cameras 1 and 2 capture the gestures, general actions such as walking,
looking at, moving to the side, while the direct connections to the computers/screens capture the drawing process.
One designer used a pen interface (Mimio) on a projection table, shown in Figure 15.2a. The other designer used a
pen interface on a Smart Board, shown in Figure 15.2b. In this setting of the experiment, the designers used remote
sketching software called Group Board, as shown in Figure 15.3.
Figure 15.2: Shared Drawing Board Environment Setup
a)

Camera 1, Desktop Screen 1 and
Mimio on Workbench

b)

Camera 2, Desktop Screen 2
and Smart Board
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In the third setting of the experiment, the designers used an extended 3D virtual world application in Active Worlds,
shown in Figure 15.4. The 3D world includes a multiuser 3D building environment, video contact, a shared
whiteboard, and an object viewer/insert feature. Again, the designers are in the same room with a similar camera set
up. While the shared whiteboard was available in the third setting, the designers were only trained to use the 3D
world and the webcam.
Figure 15.3: Group Board Interface

Figure 15.4: Extended Virtual World

Video conference
and shared
drawing

3D
Modeller

Multi user 3D
Virtual World

Chat
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Experimental procedure
The experimental procedure was:
1. The designers were given a design brief and shown a collage of the photos of the site they are required to build
on. They were given time to read through the design brief and inspect the site layout and photos. They were
given paper and pencils and were asked to complete their design session in 30 minutes.
2. The designers were presented a short description of how they could use Smart Board or Mimio Tool. These are
both pen and digital ink interfaces to a standard Windows environment. The Smart Board is attached to a
vertical plasma display and the Mimio is placed on a horizontal projection display.
3. The designers were given a 15minute training session on the use of Group Board. In the training session
participants were engaged in doing a tutorial in order to review and/or build their skills in using specific
features of the software application provided for collaboration.
4. The designers were given a new design brief and shown a collage of the photos of the same site. They were
given time to read through the design brief and inspect the site layout and photos. The site layout was set in the
share whiteboard application as a background image on several pages so that the designers could sketch on
them. They were asked to complete their design session in 30 minutes.
5. After a 5minute break, the designers were given a 15minute training session on the use of 3D world. They
were asked to do a tutorial in order to review and/or build their skills in using specific features of the software
application.
6. The designers were given a new design brief and shown a collage of the photos of the same site. They were
given time to read through the design brief and inspect the site layout and photos. This time the designers used
the extended virtual world to end up with a design solution for the given design brief. They were asked to
complete their design session in 30 minutes.

Video and verbal data coding
The data from the experiments comprised 3 continuous streams of video and audio data for each pair of designers. In
this chapter we report on the analysis and interpretation of three pairs of designers, each pair completing the design
tasks in all three settings. The stream of data for each session is segmented for coding and analysis. We used a
software called INTERACT for our coding and analysis process. More information on the reasons for choosing this
software and how it improved our coding process can be found in Candy et al. (2004).
Each segment is coded according to a mapping from the activities and utterances to a set of coding schemes.
Our segmentation is based on an interpretation of an “event”. In the study done by Dwarakanath and Blessing
(1996), an event was defined as a time interval which begins when a new portion of information is mentioned or
discussed, and ends when another new portion of information is raised. This event definition is an optimal one for
our study as well, since the occurrences of actions and intentions change spontaneously as architects draw and
communicate interactively.
An event can change when a different person starts speaking in a collaborative activity if s/he is introducing a
new portion of information. In some cases the conversation goes on between the actors, but the intention or subject
of interest remains the same. In this chapter we refer to the designers as Alex and Casey. For example, in segment
48, both Casey and Alex take turns in one segment, but their subject of interest is still the “ramp to a car park”.
Segment 48:
Casey: “This is ... there is a photo of there. That is actually a ramp to a car park. And then there is
a building and a little …”
Alex: “And that is the ramp?”
Casey: “That is the ramp.”
Each segment is then coded according to a coding scheme. The coding scheme allows us to compare and measure
the differences in the three design sessions. We present the results of four coding categories: communication
content, design process, operations on external representations, and working modes.
Communication content
The communication content category is applied to the transcribed conversation between the two designers, and one
code is assigned to each segment. This code category has five codes as shown in Table 15.1.
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Table 15.1: Communication Content
Software features
Design process
Awareness
Reps
Context free

Software/application features or how to use that feature
Conversations on concept development, design exploration, analysissynthesis
evaluation.
Awareness of presence or actions of the other
Communicating a drawing/object to the other person
Conversations not related to the task

Communication on software features involves the questions about how to do specific tasks with the software, talking
about individual experience of how to do things, problems faced during the use of the software, any feedback about
the interface or use of software, and statements of frustration about not getting something right etc.
Design process
The design process category characterises the kinds of design tasks the designers are engaged in for each segment.
Assigning a design process category takes into consideration the words spoken during each segment as well as the
actions observed in the videos. The codes in the design process category are an adaptation of the coding scheme
developed by Gero and McNeill (1998). The codes in this category are shown in Table 15.2.
Table 15.2: Designing Process
Propose
Clarify
AnSoln
AnReps
AnProb
Identify
Evaluate
SetUpGoal
Question

Propose a new idea/concept/design solution
Clarify meaning or a design solution, expand on a concept
Analyse a proposed design solution
Analyse/understand a design representation
Analyse the problem space
Identify or describe constraints/violations
Evaluate a (design) solution
Setting up a goal, planning the design actions.
Question/mention a design issue (for, e.g. how to get this done? In terms of areas we have
nothing to scale)

Operations on external representations
The external representations category looks specifically at the actions the designers perform while using the
software. Each segment is interpreted using the video of the designers’ behaviour including movements or gestures,
and the videostream of the computer display showing how the software was being used. Table 15.3 shows the codes
in the external representations category.
Table 15.3: External Representation
Create
Modify
Move
Erase
InspectBrief
InspectReps

Create a design element
Change object properties or transform
Orientate/rotate/move element
Erase or delete a design element
Looking at, referring to the design brief
Looking at, attending to, referring to the representation

Working modes
The working modes category focuses on how individuals collaborate towards the design product: are they
developing a product/solution together or are they doing this alone for a while and then working together again
along the time line of designing? Similarly Kvan (2000) defined collaborative designing as a “closely coupled”
process or a “loosely coupled” process. In a closely coupled process, designers work together on the same artefacts
simultaneously while in a loosely coupled process, design participants work with different artefacts at different
times or the same time.
In this category “meeting” code refers to designers working together on the same design/artefact, and
“individual” code refers to designers working individually on a different part/aspect of the design.
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ANALYSIS AND INTERPRETATIONS OF THE RESULTS
After coding each segment, the coding software INTERACT provides us with the total duration of each action in
each category. This data shows how much time each participant spent on each action. The duration of each action is
divided by the total time elapsed for each session (which is 30 minutes for each session). This gives us the duration
percentages for each action or action category. Table 15.4 shows duration percentages of the three action categories
form the coding scheme. These are the averaged values of the three architect pairs collaborating in the three
different design environments. Table 15.4 shows that around 72% of the total time is spent on collaborative
communication in facetoface sketching, Group Board and 3D world session. Thus the amount of communication is
nearly the same in the three environments. The architect pairs spent 92–97% of the total design session time on
operations related to external representations. Again the time spent on dealing with external representations does not
seem to be significantly different over the three different design environments. However, there is a significant
difference between duration percentages of the design process actions category. In the facetoface sketching (FTF)
sessions, architects spent 70% of their time on design process actions, but in 3D world session they spent only 40%
of the total time on design process actions. In Group Board session, 50% of the time is spent on design process
actions, which is significantly lower than the amount spent in FTF session.
Table 15.4: Duration Percentages of Action Categories
FTF

Group Board

3D world

Communication content
Operations related to external
representations

72%

73%

72%

94%

92%

97%

Design process

69%

50%

41%

We tested if there are significant differences between the pairs in terms of their design behaviour (coded activity
categories). The ANOVA test (ANOVA with replication, P<0.05) results show that there is no significant difference
between the pairs’ communication content, their operations related to external representations and their working
mode. Note that only design process activity is significantly different (P=0.0015) between the pairs. We also tested
if there are significant differences between the three design sessions in terms of activities of pairs. The ANOVA
results (ANOVA with replication, P<0.05) show that the activity in all categories was significantly different over the
three sessions.
It was observed that the amount of time spent on communication in the three design sessions is very similar
(Table 15.4), but the content of communication varies between them. Figure 15.5 summarises the coded
communication content of the three pairs over the three design sessions. Average of the three pairs’ communication
duration percentages is shown in Figure 15.5. The average values would demonstrate the correct behaviour trends
since there is no significant difference between the communication content of the pairs in each session. In the FTF
sessions, the architect pairs talk more about designing (65%), and then the duration percentage of communication on
design process steps down significantly in Group Board (48%) and 3D world (28%) sessions (Figure 15.5). This
decrease is compensated by communication on awareness and communication on the features of the design
representation. The percentage values of “awareness” (0.3%, 3%, and 12%) and “representation” (4%, 7%, and
18%) step up consecutively in FTF, Group Board and the 3D world sessions (Figure 15.5). The percentage of
communication on software features is zero in FTF session, highest in Group Board session (13%) and that is
followed by the 3D world session (7%).
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Figure 15.5: Bar Charts for Communication Content
Communication content duration percentages (average)
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40.00%
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FTF
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designing

GBoard

reps

software
features

3D World

Note: Average of three pairs over the three design phases
The analysis shows that the communication content in facetoface sketching sessions is predominantly about the
design rather than about the tools they are using, the external representation, or where the other person is located.
During the FTF sessions, we observed that designers were intensively engaged in exploring and creating design
concepts interactively while drawing on paper. This is explained by the familiarity of this environment for the
designers and the physical access they have to each other. We noticed a similar phenomenon in the remote sketching
environment, where the designers primarily talked about the design rather than the software features or the
awareness of actions of each other. In the 3D virtual world we found that architects’ conversation was about features
of the design representation and awareness of each others’ location and action as much as their conversation about
design process. The discussion on awareness of others is due to the significance of the information about the other
designer’s location in the 3D virtual world and their actions with respect to the design model they are creating. In a
2D sketch, both designers have the same view. In a 3D world, the view of the designer depends on their location in
the world. However, in all three sessions, the designers spent most of the communication time on design tasks.
When we compare the communication content in the three environments, one significant difference was that
the architects spent more time on the representationrelated context in the 3D virtual world. This involves talking
about which elements they could use to represent their design ideas or how the representation looked in the
environment. The architects focused on the “representation” more in the 3D virtual world because they had to
concretise their design ideas immediately. However, in the sketching environment the representation could remain
abstract.
The analysis of the operations on external representations averaged for three pairs is shown in Figure 15.6.
The average activity percentages of three pairs would represent common behaviour since there is no significant
difference between the pairs’ activity in each session (see ANOVA test results). This analysis is interesting because
the three sessions look very similar in terms of inspection activity. The operations of inspection on the brief and on
the representation of the design dominated, with the other operations being comparatively small in percentage of
time. It can be observed that “move” and “modify” actions are significantly higher, while “create” action is
significantly lower in the 3D virtual world design environment. In 3D modelling tasks, designers usually moved or
modified objects after they created them, and this sequence formed a pattern which demonstrated their behaviour of
constructing a representation in a virtual world (Maher et al. 2005). This activity pattern shows that the architects
focused on relationships in the 3D world. In summary, the three architect pairs’ average results show that the ratio of
the actions in constructing an external representation are similar in sketching environments but quite different in the
3D virtual world.
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Figure 15.6: Bar Charts for Operation Related to External Representations
Duration percentages of Operations on external representations
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Figure 15.7 shows the duration percentages of some design process actions of the three pairs separately over the
three design phases. The graph demonstrates whether there are significant percentage differences between the pairs
in occurrence of the different action codes. There is a drop in duration of the design process actions (except for pair
1) over the three design phases, FTF showing the highest percentages. For example, the diagonal stripes (propose)
and the vertical stripes (analyse solution) in bar charts show that proposing a design idea and analysing a proposed
design solution is higher in FTF and GB sessions, compared to the 3D virtual world environment. Setting up goals
during the 3D world session is highest for Pair 1 but not for the others. Thus, there is no common tendency in
occurrence of design process action types, because the percentage proportions of the design actions for each pair is
quite different in the same type of design environment (Figure 15.7). Each pair’s design process could be interpreted
as a case study, where the reasons for the differences might be explored through the profiles of the participants, and
the dynamics of the specific collaborative activity.
Figure 15.7: Bar Charts for Design Process Actions
Duration percentages of design process actions
60.0%

40.0%

20.0%

0.0%
FTF

GB

3D

Pair 1
propose

FTF

GB

FTF

GB

3D

Pair 3

Pair 2
anprob

3D

ansoln

evaluate

setupgoal

Note: Three pairs over the three design phases
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Figure 15.7 shows that the design behaviour of Pair 1 is quite different from the other two pairs, where they spent a
similar amount of time in total for designing actions. However, the proportions of design actions are quite different
in FTF, Group Board and 3D world sessions. One of the architects in Pair 1 has been using the remote collaboration
technologies and the virtual environment for a significantly longer period. This acquaintance might have improved
the amount of time they spent on the design process.
A summary of our analysis of the working modes category is shown in Figure 15.8. When the designers
were working face to face, they were always engaged in “meeting” mode, during which they were communicating
and acting on the same aspect of the design. When the designers were working remotely, there was a small
percentage of the time during which they were working on their own, focusing on different aspects of the design.
For the three architect pairs’ sessions analysed, the percentage of meeting working mode is highest for FTF and
remote sketching sessions, while the percentage of individual working mode is negligible. However, in 3D world,
architects worked less in meeting mode (72%) and relatively more in individual mode (28%). This difference could
be due to the nature of the 3D modelling environment, where participants have the opportunity to do task division
and work separately (individual mode) on different aspects/parts of the design to be built. This result also shows that
the 3D virtual world could support teams to work collaboratively but at the same time could support individuals to
work separately in the different part/aspect of the design.
Figure 15.8: Bar Charts for Working Mode of Designers
Working mode duration percentages
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CONCLUSIONS
We have studied a small set of designers using high bandwidth environments while designing collaboratively,
allowing us to make comments on the similarities, rather than the significance, of the differences in their behaviours.
Our main goal in this study was to look at the impact of high bandwidth virtual environments on collaborative
design, and our findings fall into two categories:
1. the ability of designers to communicate and collaborate in remote virtual environments
2. the difference in designers’ focus and behaviour in different kinds of virtual environments.
Our studies have shown that designers are able to adapt to different environments, from the traditional facetoface
environment to a variety of virtual environments, and still be able to effectively communicate and collaborate. This
result is substantiated by the finding that the designers spent the largest percentage of their time focused on
communicating about the design task and on actions to produce an external representation in all environments
studied. That is, there was no significant difference in the designers’ overall collaborative behaviour in high
bandwidth virtual environments when compared to facetoface environments. Strategically, this is an important
finding because it implies that the introduction of high bandwidth virtual environments into the design process
preserves the essential aspects of designing, and allows designers to communicate and collaborate while in remote
locations without the use of excessive financial and time resources.
The second category of impact has to do with the differences in the virtual environments we studied. These
differences are basically whether the designers were able to represent their design ideas/solutions in a 2D sketch
representation or a 3D virtual world environment. We found that the major difference was that the designers focused
on more abstract representations of the design and had more iterations on synthesis and analysis while using a 2D
sketch, and that they focused more on the visual analysis of a design concept in the 3D virtual world. The strategic
decisions that can follow from these results are that the:
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initial collaboration about design concepts is more efficiently done face to face
additional collaboration that is needed for generating more design ideas is better done in a verbal only or
sketching virtual environment than in a 3D virtual world
additional collaboration to clarify the design or to collaboratively develop a design concept as a 3D model is
best done in a 3D virtual world.
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CHAPTER 16

Towards a “Loosely Wired” Design
Optimisation Tool
Wei Peng
John Gero
INTRODUCTION
The development of CAD (ComputerAided Design) tools to support designing can be traced back to 1950s when
the APT (Automatically Programmed Tool) was first launched at MIT. Computeraided design tools, which
emerged to assist designers in preparing drawings, specifications, and other designrelated elements, now extend
their dimensions to accommodate a vast variety of functionalities. Recently mathematical programming and
optimisation theory began to have a major impact on design. An optimal design can be obtained by solving an
optimisation problem. The design optimisation process involves a number of tasks that are both knowledge
intensive and errorprone. Most optimisation tools focus on gathering a range of mathematical programming
algorithms and providing the means for the user to solve design problems. These design tools have invariably been
built based on a paradigm that is founded on the notion that the tool is unchanged by its use (Gero 2003). The
knowledge and functions are encoded in what we call a “hardwired” manner during the development stage.
Designers rely heavily on their experience to obtain optimal design solutions. This manual process may result in a
suboptimal design solution and hence inefficient design.
To improve the efficacy of a design optimisation process, knowledgebased design optimisation systems
have been applied to provide knowledge support for tasks which require human expertise. These knowledge
intensive programs are hardcoded computer instructions that are not able to adapt to a dynamic design process.
Motivated by a desire to build knowledgeable and personalised tools, a new research stream has emerged in the
field of user modelling and interface agents. This includes work on the Lumiere project at Microsoft Research
Centre (Horvitz et al. 1998), PBE systems (Lieberman 2001) and interface agents (Maes 1994) at MIT. Although
these new tools take more proactive roles in assisting the user in some application domains, such systems are unable
to adequately deal with dynamic situations that occur in designing.
Design is a situated process in which designers interact with their design environments in developing the
design (Gero 1998). Interaction plays a critical role in shaping our design optimisation practice in which similar
design optimisation problems may be solved in different ways. In order to assist designing in this dynamic process,
it is necessary to address the interactions between the tool, the problem it is being used on and the use, in the sense
that the tool is able to learn and adapt based on its experience to facilitate interactions. This chapter describes
learning mechanisms that allow design optimisation tools to learn from their use — commencing as “loosely wired”
systems and “hardwiring” themselves as they are used. A prototyped adaptive design optimisation tool and its
potential impacts are briefly presented.

SITUATED LEARNING PARADIGM
Our approach is to use a situated agent to extend an existing design tool to model interactions, from which the agent
is able to learn from its “experience”. Via the agency provided, the tool is able to embody learning and to develop
adaptive behaviour to assist designing. The paradigm on which the system depends to build new concepts from its
interactions with its environment is founded on the ideas of “situatedness”.
Situatedness involves both the context and the observer’s experiences and the interactions between them.
Situatedness is also explained as “where you are when you do what you do matters” (Gero 1998). It states that an
agent’s knowledge depends on the context in which it is situated. Situatedness is inseparable from interactions in
which knowledge is dynamically constructed as we conceive of what is happening to us, talk and move (Clancey
1995). From this situated perspective, concept learning can be regarded as the way an agent orders its experience in
time, which is proposed by Clancey (1999) as conceptual coordination. Conceptual coordination is the process
where our everyday experience is ordered by an ongoing understanding of what we are doing, where we are and
what role we are playing in a larger social enterprise (Clancey 1999), Figure 16.1.
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Figure 16.1: Conceptual Coordination
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A concept, which is a higherorder categorisation of a sequence, is generally formed by holding active a
categorisation that previously occurred (C1) and relating it to a currently active categorisation C2, Figure 16.1. A
concept is a function of previously organised perceptual categories and what subsequently occurs. Figure 16.2
illustrates a scenario of such a situated concept learning process in which sensory data is augmented into a Gestalt
whole. Perceptual category C1 groups sensory sequence “S1à S2” and activates the agent experience to obtain
similar organisations. E1, as the agent’s experiential response, represents the agent’s hypotheses about what would
happen in the environment at a later time. The agent constructs E1 with environmental changes (S3) into current
perceptual category C2. This construction involves a validation process in which environmental changes are
matched with the agent’s hypothesis. “Valid” means that the environmental changes are consistent with the agent’s
projection of such changes from a previous timeframe. The grounding process then reinforces a valid experience.
For invalid expectations, the agent updates its perceptual category (C2) with the latest environmental changes. This
incremental reflective process allows an agent to construct new concepts based on its previously conceptual
coordination held in the experience.
Figure 16.2: Situated Concept Learning Processes
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A SITUATED AGENTBASED DESIGN OPTIMISATION TOOL
How can a design optimisation tool be developed as a situated agent? A wrapper entails a set of constructs that
enable a tool to act as a computational rational agent, exhibiting autonomy independently of the functionalities it
embodies (Gero 2003). From sensor units that are embedded in the wrapper, the agent is able to gather a user’s
actions which are part of a design optimisation process. These actions include key strokes of objective functions, the
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users’ selections of design optimisation algorithms, as well as gradients of objective functions, etc. These lowlevel
sensory data are used by the situated agent to form concepts.

The architecture of a situated agentbased design optimisation tool
Figure 16.3 shows the general architecture of a situated agentbased design optimisation tool. The user accesses the
design tool (Matlab Optimization Toolbox) via a wrapper, where a situated agent senses the events performed by
that user. The situated agent uses its experience and concept formation engine to generate a concept, which changes
the tool’s behaviour. The user can also directly communicate with the agent to obtain additional information.
Interface agents, which consist here of Callback agent and Mscripting agent, enable both users and the situated
agent to operate on optimisation algorithms in the Matlab Optimization Toolbox. Such a framework provides the
means that allow the agent to incrementally learn new design experiences.
Figure 16.3: A Situated AgentBased Design Optimisation Tool That Uses Matlab as the
Optimisation Tool
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The situated agent’s experience
The agent’s experience is structured as two parts, those of organised conceptual instances and those of unstructured
perceptual instances. Perceptual instance (PIns) refers to the experience that partially describes the instance of a
design optimisation problem. Conceptual instance (CIns) contains all necessary information of how a design
optimisation problem is solved. It is composed of a number of perceptual instances. The conceptual instances are
organised as a constructive interactive activation and competition (CIAC) neural network, in which we extend a
basic IAC network (McClelland 1981; 1995) to accommodate the concept learning process. An IAC has the ability
to generalise across exemplars and to provide plausible default values for unknown variables (Dennis 1998).
Knowledge is extracted from the network by activating one or more of the nodes and then allowing the network to
reach equilibrium (Medler 1998). This organised experience changes in terms of weight adaptation and constructive
learning as a result of interactions. Weight adaptation adjusts the weights of each excitatory connection so that those
nodes that fired together become more strongly connected. Constructive learning incorporates new conceptual
instances or reconfigures existing conceptual instances.

THE PROTOTYPE SYSTEM
The implemented prototype system is illustrated in Figure 16.4. The tool wrapper interface allows designers to
define problems. Embedded sensors gather a user’s actions that comprise a design optimisation process and activate
a perceptor to create percepts.
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Figure 16.4: A Prototype Design Optimisation System that Learns by its Use
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A percept cues the agent’s initial experience. Activation diagrams output the neurons winning at the equilibrium
state, which represent the activated memory. Based on the responses from a CIAC neural net, the agent constructs
initial concepts and displays the constructed knowledge in the tool wrapper. Experiential grounding is the process
that verifies the usefulness of a related experience in the current situation (Liew 2004). The grounding process
initiates a validation function which matches the initially constructed concepts with environmental changes. Weight
adaptation increases connection weights of the valid concept and grounds experience A to experience B. The
explanationbased learner can be involved to form a new concept if no valid concept has been activated. A percept
at runtime can also be developed as a new concept by a constructive learning process. Experience C is learned from
constructive learning and the related selfconceptual labeling process. Conceptual labels are generalised knowledge
that obtained from applying an inductive learner to the agent’s experience.
Figure 16.5 shows the learning results and performance of applying a decision tree learner to the agent’s
experience. Each nonleaf node stands for a test on an attribute. Edges of the decision tree out of nodes are values of
attributes for that node. Leaf nodes are used to represent design decisions for selecting optimisers. Numbers in
parenthesis illustrate an observation for the class defined in the leaf node. For example, “3.0/1.0” describes that
there are 3 positive observations and 1 negative observation for that class. A conceptual label can be obtained by
traversing from the root node to a leaf node.
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Figure 16.5: Conceptual Labels Learned from an Inductive Learner
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As indicated in Figure 16.5, the agent has 83.3% (10 out of 12) confidence that a quadratic programming optimiser
is suitable as an objective function is quadratic, and a Hessian function is provided. A strong association is thus
identified between quadratic objective function and Hessian matrix.

CONCLUSION
In summary, this chapter introduced learning approaches that allow a design optimisation tool to construct new
concepts from interactions. The agent develops its structure and behaviour specific to what it is confronted with.
Based on the conceptual knowledge learned, the agent can further improve the behaviour of the tool. As a result,
designers can integrate their expertise with the knowledge learned from the agent to develop design solutions. A
situated agent thus plays a potential role in supporting interactions in the design optimisation process. Future
research will focus on training and testing the implemented system.
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CHAPTER 17

OntologyBased Demand Support
Systems for Urban Development
Hans Schevers
Dajon Veldman
Fanny Boulaire
Robin Drogemuller
INTRODUCTION
Urban development projects often have a prominent appearance and can have a great impact on the environment.
The total impact and the value appreciation can involve many stakeholders, including the client. Unlike several other
industries, making a prototype in the building and construction industry is normally not feasible. Clients and
stakeholders in urban development projects cannot inspect the physical end result before they “buy” it. Obviously
this is significantly different from buying a product in a shop, which you can see, feel and even bring back when you
have changed your mind. The client is nevertheless involved in the dynamic process in which an urban development
evolves from idea to final product. Most clients are not familiar with this process and therefore may not be aware of
the risks they run. Changing ideas in later phases, like changing ideas in the construction phase, can be very costly.
In other words, the initial decisions may have a large impact on the project. It is therefore important that the client
and other stakeholders formulate/formalise their requirements correctly. Learning more about the design issues and
characteristics by inspecting different design solutions, for example, can increase the client’s insight (Zeisel 1981).
This increased insight may cause changes in the requirements. Demand support systems (DSSs) can help clients by
presenting design solutions using virtual reality, and by offering relevant feedback such as costs, energy usage,
distances and density (Schevers 2004).

DEMAND SUPPORT SYSTEMS
The goal of a DSS is to support clients with access to the body of construction knowledge (Schevers 2004). With
this access, clients can increase their insight and become well informed. Using a DSS, clients can experiment with
their requirements and see the consequences. Basically, they are able to run “whatif” scenarios to increase their
understanding of their own requirements (what is valuable to the client), and enable them to explore the design
space (explore what is possible). These kinds of virtual prototyping capabilities are perceived as important drivers
for construction innovation (CRC CI 2005).
Nowadays, many different models are available that deal with land use, transportation, sustainability, costs,
energy usage (demand and supply), urban water (demand and supply), noise, airflows, shading, Australian Model
Code for Residential Development (AMCORD 1992), accessibility (public transport), (fire) safety, aesthetics,
construction planning etc. Integrating DSSs with these kinds of models would support clients even further. Clients
could experiment with different design solutions and get multidisciplinary feedback using the existing models.

Developing demand support systems
Obviously, developing a DSS that can handle all different situations and predict all aspects of an urban development
project will take an enormous effort, and arguably such a project would have to tackle several (technical) problems.
However, with the increase in the reusability of software components, building a specific software application
dedicated to one project becomes more feasible. This means that the modelling approach is directly related to the
urban development project, and uses the information and knowledge that is at hand within that project. Building a
software tool for a specific project is, of course, easier than a generic one that needs to be useful for all projects.
However, building such an application from scratch can be costly and time consuming. Therefore, a modelling
environment is necessary where projectspecific models can be developed while reusing generic components. Such
an environment enables the creation of a custommade DSS by developing projectspecific parts using a modelling
environment, and by also reusing existing components that are applicable to a specific project. Basically, it is like
having a library of components and models that can be changed and reused. New projectspecific DSSs would be
composed of these already available components by reusing bits and pieces of other urban development models that
also apply to the project.
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Ontologydriven software
To enable software components to be reused, interoperability is necessary between the components, which
nowadays can be achieved by ontologies. A definition of an ontology is a conceptualisation of things in a computer
interpretable format (Klein 2002). By relating machineinterpretable information to each other, inference support
can help consistency and can support further interoperability (Gruber 1995). For example, consider that a, b and c
are information pieces that are necessary for different applications to run. When a = b and b = c, then you could
infer that a = c. This means that a piece of information can also be used for another application. Ontologies try to
describe information in such a way that these kinds of inferences can be made. An opensource tool that can develop
these ontologies is Stanford Medical Informatics (2000) Protégé tool. Using Protégé, classes, properties and
relationships between the classes can be constructed using graphical user interfaces (Figure 17.1). For instances of
these classes, a form is constructed automatically, which enables values to be set for each property, or relationships,
to be set between instances (Knublauch 2003). As the ontology is machineinterpretable and standardised, many
other applications can read from this ontology. For example, the ontology can be extended with behaviour by
knowledge representation languages and inference engines (Sowa 2000). The inference engines enable rules to be
executed on the ontology. As the rule, engines have different characteristics but all use the same ontology, and so a
rich set of features is available for developers. Different ontologies with different rules can be created and
exchanged with each other. Due to the machine interpretability, consistency checks can be performed automatically
or new class hierarchies can be determined, and so forth.
Decision table plugin
Using the Protégé’s software, a decision table plugin has been developed that operates directly on the ontology.
Decision tables can be defined for each class in the ontology defined in Protégé. A decision table accommodates the
development of simple “if … then” rules in a tabular format (Figure 17.2). Each decision table has a conditional part
and an action part. In the condition part, the conditions are formulated. When an instance of the class meets these
conditions, the actions specified in the same column of the decision table will be carried out. Figure17.2 shows the
following example: if the height is 30 or lower than the type, the property is set to “lowrise”.
Rulebased system
A graphical rule editor has been made to facilitate the creation of rules. It allows the creation of the condition part of
an “if <condition> … then <action>” rule. The difference with the decision table is that the conditional part may
contain several interrelated classes. The rule engine will search for instances that comply with the specified pattern.
Properties are connected to a script using input and output relations (Figure 17.3). The script contains code that may
contain formulas using the input properties to calculate the output properties. Furthermore, the script also allows
links to other programs such as spreadsheets. In this example, the script can insert the input values into a spreadsheet
and retrieve the output values.
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Figure 17.1: Screenshot of the Protégé Ontology Development Environment
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Figure 17.3: Screenshot of the Rule Editor
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Classes defined in the ontology can be related to each other to form a conditional pattern. The rule engine will
search for the pattern and execute the script.
Building a demand support system
Several ontologies, rules and applications have been created that can be useful in most urban development projects,
such as a geometry ontology and a 2D viewer. The 2D viewer is able to visualise the geometries that are stored in
classes, such as polygons and polylines. These classes can be extended easily. For example, a house or street class
can be extended from a polygon class. This means that the 2Dviewer can be used to visualise houses and streets. In
addition, the decision table plugin, the graphical rule editor and the other rule languages can all be used at the same
time. This means that rules and decision tables can be developed using the classes in the ontology. Figure 17.4
shows the conceptual architecture of the demand support prototype. The library contains ontologies, decision tables,
rules and applications that can be reused easily. New classes can be defined using the ontology editor and can be
related to the existing (library) ontologies. The behaviour of these new classes can be defined using decision tables
and rulebased systems.
Figure 17.4: Conceptual Architecture for OntologyDriven Client Support
Library
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The first step in developing a customised DSS is to define an appropriate ontology. This means that all the classes
and their relationships relevant to the project need to be defined. These new classes can be related to existing classes
and can even inherit their behaviour. For example, defining a house class by extending a polygon class means that
the object house can be visualised using the 2D viewer. The second step is to define the necessary behaviour by
developing, for example, decision tables, rules and scripts. New properties such as house type and costs can be
attached to the house class. Via a decision table, the house type property can be related to, for example, the cost by
inserting simple cost formulas. This approach enables the DSS to be customised very quickly. Obviously, the newly
defined objects (decision tables, rules, scripts etc.) and their behaviour can become available to other projects,
supplementing the library.
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Demand support systems for urban development
Two different DSSs have been developed by creating an ontology and defining behaviours using rules and decision
tables. The first DSS deals with master plans. The second DSS deals with neighbourhood designs.
Case 1: Master plan
The ontology
The ontology of a master plan DSS contains the classes, such as precinct, that can be decomposed into zones that
contain zone functions such as infrastructure, residential or park. Each function has a property defining the
percentage of the zone that is used for that function. The idea is that the user can select a zone and insert which
function it needs to have. Further specifications of each function have been made: for example, the residential
function has a property house type, which has values (large detached dwelling, semidetached dwelling, townhouse
etc.).
The behaviours
The behaviours are of course based on the ontology. The decision table plugin is used to set number values for the
functions based on choices. For example, when the user changes the house type in a residential function from a large
detached dwelling to a townhouse, the decision table will react and change the value for the average lot size for a
house, the average water demand, the cost etc. Rules are created that calculate how many of these houses can be
built in the zone. Similarly, rules have been developed for the other functions (infrastructure function, park etc.). In
addition, the rulebased system is used to aggregate values of all zones, giving a summary of the total precinct.
The master plan DSS
Using polygon information from a CAD or GIS file, zones can be defined. Each zone contains functions that have
several properties that can be changed by the user. Each change will have an effect on the zone and, after that, on the
precinct that is comprised of the zones. The value of the properties of the precinct is displayed in charts. So when
the user makes a change somewhere in a zone or in a zone function, the charts are updated automatically (Figure
17.5).
Case 2: Neighbourhood level
The ontology
The neighbourhood DSS deals with urban development on a more detailed level compared with the master plan
DSS. A precinct (reused from the master plan ontology) contains elements such as regions, streets, parks, water,
shopping malls, commercial regions and public transport buildings. An element is a subtype of shape, and
consequently can hold geometry. Regions have many properties such as house type, and reuse the decision tables
from the previous example containing knowledge relating to house type with lot size. Other properties are rent
prices, water demand, amount of parking spaces, distances between public transport and houses, distances between
houses and shopping malls, parks etc.

153

Figure 17.5: Screenshot of an Urban Master Plan Design
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The behaviours
Several decision tables relate qualitative statements with real figures. For example, the decision table on house types
resulting in a lot size is reused. Other examples are street type information that is related to the amount of parking
spaces and road capacity. The rules are mainly used to aggregate information. For example, calculation of the
amount of buildings, parking spaces, roads, shopping malls, water demand, area usage etc., at the precinct level are
derived from all the elements (regions, streets etc.).
The neighbourhood DSS
All the site elements, such as shopping malls, streets, commercial regions and residential regions, are visualised in
the 2D viewer (Figure 17.6). By selecting an individual object or selecting multiple objects, properties such as house
type can be changed. Changing the house type will influence the amount of houses, the amount of people, the water
demand, the density etc. These changes are directly reflected in the charts that provide an overview of the total
precinct.
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Figure 17.6: Screenshot of the Demand Support System at the Neighbourhood Level
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CONCLUSIONS
Two different demand support systems have been created by developing two different ontologies and behaviours.
The master plan and the neighbourhood demand support systems demonstrate how ontologydriven applications can
be used, and how they can be customised for projectspecific needs. The ontology approach allows modelling of
what is important at the stage the project is in. From a technical perspective, it is clear that the ontology approach
supports some software reuse. Individual elements of the ontology can be reused in similar situations. Conceptually,
the ontologies become a sort of toolkit that can be used to develop a new projectspecific ontology. Obviously it is
hoped that this toolkit will expand so that custombuilt DSSs become possible. As a demand support system can be
built up “onsite”, the next step is to get involved in a real project and build a customised DSS.
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CHAPTER 18

Wayfinding Swarm Creatures Finding
Paths Indoors
Ji Soo Yoon
Mary Lou Maher
INTRODUCTION
Wayfinding in either physical or virtual environments is not an easy task, especially in the virtual environments
where many of the sensorial stimuli do not exist. However, many efforts have been made to improve this task by
providing aids to the users. For physical outdoor environments, Global Positioning System (GPS)based systems
have been developed and finetuned to aid people to navigate successfully. These systems typically produce
interactive maps showing the user’s current location and a route to a desired location. The map dynamically reroutes
the path either when the user does not follow the planned route or when the target location is changed by the user.
Similar navigation aids are available in many virtual worlds allowing their users to navigate to their intended target
locations by producing maps showing trails to the desired destination or by producing teleports which the users can
use to simply transport themselves without traversing the world.
Currently, however, no such systems exist for indoor navigation as the GPSbased systems cannot
successfully be used indoors. The field robotics (Yahja et al. 2000) discipline solves this particular problem by
installing robots with sensors to continually sense the proximity of any obstructions that may hinder movement
while following planned paths. Prior to physically navigating in these environments, the robots are supplied with a
digital representation of the environment in which the starting location of the robot as well as the destination
location is well identified. Further processing on this information is performed to transform it into a representation
suitable to apply a pathfinding algorithm. The A* search algorithm is one such algorithm that is prevalent in the
literature for finding paths. However, for the environments where partial or no information is given, dynamic A* (or
D*) algorithm is used instead (Yahja et al. 2000). Once the path is generated, the robot simply follows it while
monitoring the environment for any changes. Modifications to the path are made when the path is no longer
traversable.
On the other hand, many buildings, especially public buildings such as museums and shopping centres,
provide information kiosks in their buildings in which the paths to every conceivable destination are precalculated
and stored. This information is then acquired by a visitor by going to these kiosks and choosing a desired
destination. Visitors to such public places may not just be interested in going to their destinations. Hence they may
simply ignore the route shown to them or deviate from the route, in which case the preplanned paths are no longer
relevant.
When faced with obstacles and changes to the plan, robots can reroute the planned paths in accordance with
any changes being made to the plan. However, the same cannot be said of the people visiting unfamiliar buildings
following the paths shown to them by the information kiosks. Hence there is a need for a wayfinding aid to be just
as adaptable to the changes as outdoor navigation aids, and be able to reroute the paths according to the current
location of the user.
Our wayfinding aid is based on a swarm algorithm to provide such wayfinding information as described. The
wayfinding aid consists of an interface agent and swarmbased pathforming creatures. The interface agent acts as a
mediator between the user and swarm creatures. It identifies the user’s requested target and sends out swarm
creatures to locate it. The environment in which the swarm creatures search is a digital representation of a building
plan. This is generated typically from floor plans to simulate the building design in a virtual environment. Swarm
creatures are sent out into this simulated environment to search for the requested target, and, once found, return to
the user whilst creating a path. This chapter focuses on the use of swarm creatures to search for and generate a path
to a target in a dynamically changing environment. The use of swarm intelligence in the construction industry is also
discussed.

SWARM INTELLIGENCE
Bonabeau et al. (1999) define swarm intelligence as any attempt to design algorithms or distributed problemsolving
devices inspired by the collective behaviour of social insect colonies and other animal societies. As individuals,
these insects do not possess enough intelligence to survive. However, as a colony of insects they find food and
shelter to sustain their existence. Social insects have three traits that make them successful: flexibility, robustness,
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and selforganisation. A colony is flexible in that it can adapt to the changing environment. It is robust in that even
when individuals fail, it can continue performing its tasks. Each individual acts autonomously without intervention
from a controlling body.
There are many swarm models being used for various purposes (Kennedy & Ebergart 2001). For this
research, the antforaging model of swarm is chosen to be a base swarm model for wayfinding in dynamic virtual
environments.

Antforaging model
Ants perform complex tasks even though each ant is governed by only simple behavioural rules. For example,
harvester ants illustrate this complex behaviour in locating food. They find the shortest path to food sources while
prioritising food sources depending on the distance and the ease of access. Different species of ants communicate
differently when foraging. Some species communicate directly to each other while others use the environment as
their communication medium. We focus on the latter form of communication which is termed “stigmergy”.
Stigmergy allows each ant to modify the environment to communicate to others about the location of a food
source when foraging. Ants use chemical droppings, called pheromones, to indicate trails between the nest and food
sources. Pheromones are chemical compositions which evaporate over time. Consequently a trail once laid will
dissipate when it is not reinforced by further pheromone markings. When a trail is used frequently, pheromones will
accumulate leading to a higher concentration. The following diagrams illustrate the antforaging model based on
stigmergic communication.
Initially the ants randomly search for food (Figure 18.1). An ant following a shorter path arrives
before another ant that followed a longer path (Figure 18.2), and returns sooner to the nest while dropping
pheromones along the trail (Figures 18.3 and 18.4). Ants are attracted to a path with a strong scent of pheromones
(Figure 18.5). Pheromones accumulate on a path well travelled by ants while pheromones on a less travelled path
will dissipate (Figure 18.6).
Figure 18.1: Ants Start Looking for Food

Figure 18.2: Food Located

(Source: Adapted from Krink 2004, 26)

(Source: Adapted from Krink 2004, 27)

Figure 18.3: Return While Dropping Pheromones
Faster

(Source: Adapted from Krink 2004, 28)

Figure 18.4: Shorter Path Leads to Food

(Source: Adapted from Krink 2004, 29)
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Figure 18.5: Ants Attracted to Stronger
Pheromone Scent

(Source: Adapted from Krink 2004, 30)

Figure 18.6: Following the Same Path to Food

(Source: Adapted from Krink 2004, 31)

The antforaging model outlined above can be expressed by a simplified set of rules like Resnick’s algorithms
(Resnick 1995). Figure 18.7 shows Resnick’s antforaging behaviour algorithm.
Figure 18.7: Rule 1. Resnick’s Ant
1. Looking for food
* if pheromone trail is weak then wander
* else, move towards increasing concentration
2. Acquiring food
* if at food then:
a. pick it up
b. turn around
c. start laying pheromone trail
3. Returning to nest
* deposit pheromone
4. Depositing food
* if at nest then:
a. deposit food
b. stop laying pheromone trail
c. turn around
5. Repeat forever
(Source: Adapted from Resnick 1995)
Resnick's ant, as shown in Figure 18.7, exhibits a similar pattern of behaviour as real ants. The ants wander around
randomly until either food or a pheromone trail is found. These ants will continue to travel until they find food.
When they return to the nest with food, they drop it and then go back to where the food was found.

ADAPTIVE BEHAVIOUR OF ANTFORAGING MODEL
The antforaging model allows the ants to adapt to the changing environment. A path is established (Figure 18.8) as
shown in Figures 18.1 to 18.6. On this path, an object is introduced causing the ants to stop (Figure 18.9). Initially
the ants try to move around the object randomly (Figure 18.10). Once again with the use of pheromones, a shorter
path around the object will be more concentrated encouraging more ants to follow that path (Figure 18.11).
Figure 18. 8: Shortest Food Path

(Source: Adapted from Dorigo & Gambardella
1997, 73)

Figure 18.9: Introducing an Obstacle on the Path

(Source: Adapted from Dorigo & Gambardella
1997, 73)

158

Figure 18.10: Moving Around the Obstacle

(Source: Adapted from Dorigo & Gambardella
1997, 73)

Figure 18.11: A New Path Formed

(Source: Adapted from Dorigo & Gambardella
1997, 73)

SWARMBASED WAYFINDING AID
The antforaging behaviour model has characteristics which are ideal for a wayfinding application (Yoon & Maher
2005). It not only allows a path to be generated but also allows the established path to change when the environment
changes. As each individual moves, it senses its immediate environment and is able to behave in accordance with
any changes made. The fact that each individual only senses its local environment, complete information of the
environment becomes unnecessary.
The wayfinding swarm rules are presented in Figures 18.12 to 18.14. These rules define how each individual
creature makes the decision about a local move. The rules also define what each creature senses and how it acts.
These rules have been successfully implemented and simulated in a 2D environment. The implementation
demonstrates that the swarm creatures are able to locate a particular target in a virtual environment. A path is formed
between the target and home once the target is located. The generated path then can be adapted to subsequent
changes made in the environment.

Wayfinding swarm rules
Figure 18.12: Overall Behaviour Rule
Rule wayfinding_creature_behavior
repeat
Explore_World
until Target_located
Return_Home
(Source: Adapted from Resnick 1995)
The overall rule for the swarm creatures is shown in Figure 18.12. Figures 18.13 and 18.14 mention attractants and
repellents. Both the attractants and the repellents are electronic pheromones dropped by the swarm creatures as they
move about in the world. The attractants are dropped by creatures returning home once they find the target. The
wayfinding creatures also drop repellents to mark visited spaces while exploring. Hence when they sense repellents
in adjacent locations, they are encouraged to move to unexplored spaces. Because the repellents evaporate, the
creatures are encouraged to explore the spaces previously visited in due time.
Figure 18.13 describes how a wayfinding creature explores the world while looking for the target. Until the
target is located, every time the creature moves, it checks to see if the required target is located in the adjacent
locations. If the target is found, the creature simply moves to the target and creates a teleport gate. Otherwise the
creature senses the adjacent locations for traces of pheromones. If attractants are found, it moves to the location with
the highest concentration of attractants. If not, it drops a repellent in its current location prior to moving onto an
empty adjacent location. The empty location means that the location is free of other moving creatures, objects, and
repellents of abovethreshold concentration.
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Figure 18.13: Explore World Rule
Rule Explore_World
if Target found in adjacent locations
Set Target_located to true
Move to Target
else
if attractant found in adjacent locations
Move to location with highest
concentration of attractant
else
Drop repellent in current location
Move to empty adjacent location
(Source: Adapted from Resnick 1995)
The wayfinding creatures follow Rule 4 (Figure 18.14) when returning home after locating the target. Prior to
relocation, the creature drops an attractant in the current location. It then senses whether home is found in the
adjacent locations. If located, the creature moves to it then turns back again to explore the world. Otherwise, the
creature moves to an adjacent location closer to home than the current location. This adjacent location must not be
occupied by obstacles. If the location is occupied by an obstacle, the creature moves around the obstacle by
choosing some other adjacent location taking it closer to home either horizontally or vertically compared with the
current location.
Figure 18.14: Return Home Rule
Rule Return_Home
Drop attractant in current location
Repeat
if Home found in adjacent locations
Move to Home
else
Move to empty adjacent location
closer to Home
until Home
(Source: Adapted from Resnick 1995)

Dynamic 2D environment simulation
The swarm rules have been implemented and simulated in a 2D world to test the validity of the algorithm. The size
of the world used in the simulations does not properly reflect the size of a complex indoor environment for which
the creatures are being developed. However, the initial result indicates that the creatures are able to create a trail
establishing a path between Target and Home. The simulation also shows that the creatures can adapt as the world
changes. This is shown as the trail is changed according to the changes made in the world. The various symbols used
in the simulation are identified in Figure 18. 15.
Figure 18.15: Symbol Representation

Home and Target are located in the world. The creatures have the knowledge of the location of Home but not of the
location of Target. Hence the creatures begin exploring first the immediate vicinity. When the creatures find Target,
they return while dropping attractants, shown as grey squares in Figure 18.16. These attractants emerge as a trail to
which the creatures in adjacent locations are attracted. They follow the same trail till they too locate Target. They
return Home also depositing attractants, thus strengthening the trail. Other creatures which are not in adjacent
locations to the trail are unaffected by it.
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When Target and Home change their locations, initially the creatures continue to follow the old path due to the high
concentration of the attractants that have accumulated on it. At the end of the old path, the wayfinding creatures
randomly wander around due to the relocation of Target. This is shown in Figure 18.17 where a large number of
creatures are gathered around the old Target location (bottom righthand corner of Figure 18.17). Unable to locate
Target in the vicinity of the old Target location, they eventually move away. The creatures reexplore the world
trying to relocate Target. When it is found, a new trail is created. The old path evaporates in time as new attractants
are not deposited on it.
Figure 18.16: Formation of a Train

Figure 18.17: Finding a New Path

The simulation shows that it is possible to develop a wayfinding aid based on a swarm model that can readily adapt
to the environment. By having simple creatures exploring the world, the swarm tool generates wayfinding aids
which adjust to changing environments.

CONCLUSION
In this chapter, we presented the adapted foraging algorithm for a wayfinding aid to be used in indoor environments.
The wayfinding creatures are able to search for a target in a simulated 2D environment and just like D* algorithm
(Yahja et al. 2000) the creatures can reroute the path linking Home and Target while continuously moving about the
environment while sensing the immediate proximities.
The wayfinding creatures can be used in the construction industry in a variety of ways. These creatures can be
made to explore a building verifying that accessible paths exist between any two spaces. They can also be made to
find paths from any location in a building to a nearest fire escape. By allowing creatures to move more like people,
the creatures can then be used to simulate how people may behave in a complex building environment under
different circumstances.
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CHAPTER 19

PerformanceBased Building R&D
Roadmap Towards Europe’s Vision 2030
for Construction
Greg Foliente
INTRODUCTION
Performancebased building (PBB) is an approach to buildingrelated processes, products and services, that is
concerned predominantly with the required outcomes (the end) and not with how these outcomes are achieved (the
means). This is in contrast to the traditional prescriptive approach, which specifies the method or solution for
achieving the required outcomes.
Process requirements could include time, cost, profits, health and safety, and other process outcome
indicators. The attribute requirements for product — which can be the whole building or any of its individual
components — would include safety, health and amenity, maintainability, sustainability, etc. Service requirements
involve requirements to support the users or businesses of the built facility during the occupancy stage (i.e. includes
all facility management functions). The concept of PBB encompasses the wholeoflife performance and value of a
built facility.
Performancebased building:
§ encourages better understanding and communication of client/user requirements, thereby reducing opportunities
for disputes and producing delighted customers
§ allows the building practitioner considerable flexibility with regard to design solutions — encouraging
innovation and providing the opportunity for costoptimised solutions
§ facilitates international trade.
This chapter presents a brief overview of a global research and development (R&D) roadmap to establish a
comprehensive application of the performance approach in practice and make it one of the key enabling principles to
transition the building, construction and property industry into a clientfocused, knowledgebased and services
based industry, characterised by sustained innovation and excellence. It could be argued that this transition will be
difficult to achieve without embracing the performance concept.
An R&D roadmap is needed to assist:
§ researchers and research planning agencies in identifying topics of investigation that will make significant
contributions to advance knowledge and facilitate practice
§ practitioners and building professionals in better understanding the state of development and application of the
concept and in supporting priority R&D areas
§ R&D funding agencies in directing or allocating their resources wisely.

FUTURE CONSTRUCTION
There are a number of documents on medium to longterm vision for the building, construction and property
industry, for example Evergen (Foliente & Boxhall 2002) and Construction 2020 in Australia (Hampson & Brandon
2004), and the European Construction Technology Platform (ECTP)’s 2030 vision (ECTP 2005). Other relevant
European references include the i2010 initiatives of the European Commission (EC), the European Union (EU)
policy objectives of Knowledge Society by 2010 and Sustainable Urban Development (SUD) by 2030, the Lisbon
Agenda, and the Thematic Strategy for Urban Developments (TSUE).
But since the PerformanceBased Building (PeBBu) Network was funded by the EC, and the ECTP has wide
stakeholder engagement in Europe and represents diverse regions and economies, it was chosen as the primary basis
for PBB Vision 2030.
Then, considering industry and market drivers, science and technology trends, and the current states of
knowledge and practice, strategies that will link “what is” (the state of the art and state of practice) to “what could
be” (the vision) were mapped. Key information sources include the PeBBu Domains, Tasks and Platforms
publications (see www.pebbu.nl) (Becker 2005; Szigeti & Davis 2005; Foliente et al. 1998; Huovila 2005; Bakens et
al. 2005; Preiser & Vischer 2005).
An R&D Roadmap supporting PBB vision 2030 was developed considering three time horizons (after Baghai
et al. 2000):
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§
§
§

Horizon 2010 (short term, incremental)
Horizon 2020 (medium term)
Horizon 2030 (long term, transformational).

Projected impacts in the horizon planning periods were also identified (Foliente et al. 2005a).

PBB 2030 VISION AND STRATEGIC PATHWAYS
Based on ECTP’s 2030 Vision document and the collective knowledge of those named earlier, we propose the
following PBB vision statement:
Performance concept underpins (that is, is used routinely and applied comprehensively within) a
construction and property industry that: (1) delivers value to present and future stakeholders; (2)
delivers sustainable outcomes; and (3) is transformed into a knowledge and servicesbased industry,
characterised by innovation and excellence.
The above maps with the ECTP Vision are outlined in Table 19.1
Table 19.1: PBB Vision: Maps with ECTP Vision

ECTP 2030 Vision
§ Meeting clients’ requirements
§ Sustainable construction
§ Transformed industry sector

PBB 2030 Vision
Performance concept underpins industry that:
§ delivers value to present and future stakeholders
§ delivers sustainable outcomes (environmental, social,
cultural and economic)
§ is transformed into a knowledge and servicesbased
industry, characterised by innovation and excellence
(Source: Foliente et al. 2005b, 14)

Although there may be other factors and pathways that could help bring these outcomes, through the performance
approach, there are reactive and proactive strategies (Foliente et al. 2005a). Examples of reactive strategies include
those related to setting minimum performance requirements via regulations. Examples of proactive strategies
include performance concept applications in building procurement, production and management (Gross 1996; Ang
et al. 2005; Bakens et al. 2005). Whether one follows a reactive or proactive strategy, both product and process
innovations are possible. When the concept is applied in a sustained manner, over a number of projects and over
time, the attitude and practice of innovation and excellence can become systemic, not limited only to oneoff
projects but embedded in organisational culture, and becoming a major influence throughout the industry.

R&D roadmap
General
A summary diagram of the PBB R&D roadmap is shown in Figure 19.1. The current state of the art and state of
practice (e.g. this report) is the starting block, and achieving the PBB vision is the ultimate objective. Three planning
horizons link these two. The first horizon is what we aim to achieve in 2010 (i.e. Horizon 2010). Some of the key
elements (or R&D needs) at Horizon 2010 are related to each other, and they feed into the elements of Horizon
2020. Likewise, some of the elements at Horizon 2020 are related to each other, and they feed into Horizon 2030,
which in turn directly contribute to achieving the PBB vision. The basic thrust is for PBB to be ubiquitous in the
industry by 2030, no longer seen as a special concept or method but part of normal industry activities — a natural
basis for how things are done in the industry.
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Figure 19.1: Summary Diagram of R&D Roadmap in Three Planning Horizons to Achieve the PBB
Vision

(Source: Foliente et al. 2005b, 20)
It should be noted that Figure 19.1 includes some aspects of demonstration/delivery (right side) and, thus, could be
more appropriately called an “RD&D” (research, development and demonstration/delivery) roadmap (towards the
right). Having said this, however, not all demonstration/delivery needs are identified and included; other
demonstration/delivery needs have been discussed by Becker (2005), Foliente et al. (1998) and Bakens et al. (2005).
The expansion or extension of the roadmap to RD&D as presented in Figure 19.1 is needed to achieve the stated
PBB vision.
Each element of the roadmap is briefly explained in the following sections. Further details are given in
Foliente et al. (2005a).

Horizon 2010
Comprehensive database of indicators, evaluation tools and solutions
Performance indicators, requirements and targets/criteria are at the heart of the performance concept. PBB currently
lacks a universal classification of the performance properties of building — where “building” could mean a finished
product (physical asset), or a process and service (financial asset or key component of business delivery) or both.
A building code (or building regulatory document) specifies the minimum set of legal requirements, in terms
of both specific attributes to be considered and level of performance to be targeted. There are many other
performance attributes and requirements/measures — qualitative and quantitative — which are not covered by
building regulations and need to be considered from planning/briefing to facility management during occupancy
stage (Szigeti & Davis 2005). The appropriate set of additional requirements could change from one project to
another. Thus, a comprehensive and readily accessible national and/or international database of performance
indicators and measures that allows multiple views of contents and simple ways of extracting sets of indicators by
project type, lifecycle phase, stakeholder view, and so on will provide tremendous assistance in getting the PBB
concept and framework considered and adopted at the very outset.
In the basic PBB application process illustrated in Figure 19.2 over a facility’s lifecycle, setting of
performance requirements could be greatly facilitated by a comprehensive performance indicators database. This
process is typically iterative (sometimes involving a number of design cycles), although changes usually decrease
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dramatically in successive cycles. The figure also shows the Generic AEC Reference Model (GARM), also
popularly known as the “Hamburger Model”, which shows the relationship between functional concept (shown in
the figure as “setting performance requirements”) and the solution concept (shown in the figure as “defining
technical solution”) in the shape of a hamburger (after Gielingh 1988). Any design and/or technical solution can be
checked against target requirements (either in prediction mode, before construction, or asbuilt or inservice
evaluation mode, after construction); this is shown in the figure as “validating the conformity”.
As demonstrated in Figure 19.2, two related databases are needed to complement the indicators database:
1. Performance models and assessment methods (or conformity validation tools) database — used for design
(seeking solutions to meet target) and/or evaluation (assessing whether supplied design or actual built system
meet the target performance).
2. Proven or accepted solutions (or technical solutions) database — a registry of products/technologies, designs
and solutions that have been shown to meet specified requirements (“fit for purpose”) in a specific
project/application or trade zone (i.e. contextspecific such as the Construction Products Directive in Europe).
All the databases should be universally available, as a reference and guide, and should be easily updated and
populated by anyone from anywhere in the world
Client requirements capture methods and management
In the proactive application mode of PBB — for example, applied to promote best practice in building production,
on a projectbyproject (or project group) basis — there is a glaring need for systematic and userfriendly methods
of capturing or setting user needs and client requirements. This includes guidance on process methodology and
technique, but also specialpurpose tools such as EcoProp (Huovila et al. 2004), that facilitate the process of
capturing requirements. Development of methods for the capture and assessment should also include capture of
“subjective building performance” such as image expected, perception, and cultural value. Then assuming the
requirements were captured properly, these should then be managed (maintained, referenced, updated etc.)
throughout the life of the facility.
Figure 19.2: PBB Application from Setting Requirements to Assessing Designs or Technical
Solutions on the Basis of Target Requirements

GARM
Setting requirements
(may be moving target)

SETTING THE
PERFORMANCE
REQUIREMENTS
VALIDATING THE
CONFORMITY

Brief

DEFINING THE
TECHNICAL
SOLUTION

Initiation
Setting Requirements
Design
Build
Occupancy

Demolish/
Disposal

PROCESS

Explicit efforts are needed to develop methods of bridging the language gap between the “demandside” (clients,
owners, investors) and the “supplyside” (building and construction professionals and companies), to improve
existing briefing tools and/or develop new tools to better match demand and supply.
(Source: Foliente et al. 2005b, 22)
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Figure 19.3: Performance Language as an Intermediate Between User Language and Technical
Language

“Performance language”
translation

“User language”
• related to user’s own
operations
• WHY is it required
(mission, purpose)
• WHAT is required
(intended use)

Functional
needs

Technical
specifications

• facility or product related
• WHAT: properties required to
facilitate the intended use
• requires specialist
knowledge
Performance
requirements

Performance
specifications

“Technical language”
• related to technical solutions
• HOW can the requirements
translation
be met
• understood by supply chain participants

Compare & Match

“Performance
language”
• predicted and/or measured
properties of the solutions offered

(Source: Foliente et al. 2005b, 23)
Next generation interoperable design and evaluation tools
The availability of appropriate building performance models is critical in the implementation of PBB. They refer to
computational procedures or computer programs that can be used in:
§ developing quantified performance criteria for building codes and standards
§ designing a building or part of a building to a target performance
§ evaluating the whole building or any of its parts as built, at commissioning, or at any time during building
occupancy, e.g. as part of a performance review or audit.
Figure 19.2 illustrated the use of these models in validating the conformity of designs and technical solutions to
target requirements.
Nearly all PBB models currently available, some of which can be found in the Compendium at
www.auspebbu.org, were developed and are typically used in practice as standalone tools, and analyses performed
in series (one tool at a time). A few have some level of integration and/or interoperability with other tools
(especially CAD software). But there are increasing numbers of new tools with greater integration and
interoperability such as LCADesign (Commonwealth Scientific and Industrial Research Organisation (CSIRO)
2005) and the prototype nD models from Salford University (Lee et al. 2005; Aouad et al. 2005).
The next generation of tools should allow interoperability with a larger number of tools that deal with
different aspects of performance, and better integration of functions, even when they have been independently
developed. This means greater use of interoperability standards and protocols. This also means that the design and
delivery disciplines (including contractors and subcontractors, in some cases) will have to cooperate closely to
create an integrated facility design. Designers have to deal with systematic interrelations between different
performance specifications, which often relate to different fields of expertise. Thus, application and benefits of the
performancebased approach will be maximised with integrated design, and with parallel, interrelated contributions
from all design disciplines involved. The next generation of performance tools should make this possible and easier
to do.
Values and benefits assessment and TBL reporting
The need for accounting for the benefits of the performance approach in real or practical projects has consistently
been identified as a critical RD&D need (Foliente et al. 1998; Bakens et al. 2005; Foliente 2005; Becker 2005).
Unless the economic value/performance and benefits can be articulated and supported by reliable data, key decision
makers (investors, owners and developers) will not explicitly adopt or promote the concept.
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The process of defining and delivering stakeholder values (as in CIB’s Proactive Program on Revaluing
Construction; Barrett 2005) is a natural area of application of the performance concept. Whether the value is direct
or indirect, tangible or intangible, they have to be accounted for, systematically collected and assessed. Case studies
may be used to validate them. The value networking and value creation process needs to be studied from different
stakeholders’ points of view. A detailed statement of the value and benefits of performancebased building for
different stakeholder groups has not been produced. This requires some serious effort and should become a priority.
The increasing interest on, and in some cases demand in projects for, triplebottomline (TBL) reporting
(covering economic, environmental and social sustainability) are also positive drivers for incorporating the
performance concept in planning, processing and evaluation/assessment.
Procurementindependent processes
Project delivery and procurement systems determine the rules of engagement and the work relationship environment
between client and supply team, and among members of the supply/delivery team (including their subconsultants
and subcontractors) — not just in a formal legal sense, but this also flows into informal aspects of the work
relationship.
Many factors affect the choice of procurement method, but recent action research in Australia, investigating
actual public and private projects, has shown that relationship management, regardless of the type of contract that
was adopted (traditional, partnering or alliancing), holds the key to positive outcomes. The underlying principles of
relationship management approaches are open, frank communication and a joint approach to problemsolving, and
these principles can be applied to any procurement system and contract types (Cheung et al. 2004; Rowlinson et al.
2006).
New procurement independent processes, such as that cited above, need to be developed to facilitate and
promote innovation and excellence in a sustained way.
Human response studies and “Living Labs”
Although the performance concept can be applied whether the performance criterion is quantitative or qualitative
(Beller et al. 2002), its validity depends on the rigour of the solution evaluation process. This means that the more
quantitative the performance criterion, the better.
Figure 19.4a shows the two sides to a quantified performance criterion: an objective parameter (left) and the
acceptable limit (right). As indicated in the figure, the proper establishment of performance criteria (or setting of
acceptable limits) requires extensive human response studies. Unfortunately, this remains the biggest gap in building
science research (Foliente et al. 1998). Figure 19.4b shows the areas in social science that need to be considered, in
conjunction with the traditional technical studies. This needs to be done for most performance attributes, even for
those that currently have suggested or required limits based on ad hoc decisions of technical committees.
PB model codes, standards and testing systems
For practical and economic reasons, building codes will always have a mixture of performance and prescriptive
provisions (in varying proportion). But model building codes that have full performancebased provisions from the
highest level (“goal” or “objective”) down to performance requirements are needed because they demonstrate in a
technical sense what can be done and how (see, for example, United Nations (UN) 1996). This does not only help
countries that would like to wholly adopt the performance approach in building regulations but any country or
regulatory body that would like to adopt performance requirements in parts, or by individual performance attributes
(such as to add to, or replace existing parts of its current code).
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Figure 19.4: Setup and Considerations in Establishing Quantified Performance Criteria
(a) Basic Elements of Performance Criteria

Performance Criteria:
Objective
Parameter
• Can be
measured
and/or
calculated

>
<

Acceptable
Limit(s)
• Based on user expectation
• May be subjective
• Multiple levels based on
users’ choice of ‘quality’ &
cost
• ‘Performance band’ (CIB
Publication 64, 1982)

Client can choose criteria
beyond minimum req’ts.

(b) Topics of Consideration in Establishing Acceptable Limits

Technical
‘Sociological’

• Mechanics
• Solid dynamics
• Fluid dynamics
• Chemistry
• Engineering
• Heat & mass transfer

• Human behaviour
• Psychology
• Sociology
• Physiology
• Ergonomics
• etc…

• Materials science
• Environmental science
• Building science
• Numerical computing
• Probability & risk
• etc…

(Source: Foliente et al. 2005, 26)
Performancebased (PB) building codes need to be supported by a set of standards covering definitions of the
objective parameter(s) in performance criteria (or of the performance indicator), and how they are to be measured
and/or calculated, among others. To demonstrate that a given product or design satisfies the performance criteria,
objective methods of evaluation are needed.
It is obvious that without agreed performance evaluation tools and methods, the performance concept cannot
be implemented properly because performance cannot be verified.
Other specific issues and needs are further identified and discussed in Interjurisdictional Regulatory
Collaboration Committee (IRCC) (1998), Tubbs (2004) and Meacham et al. (2005).

Horizon 2020
“Open” ICTbased PBB platform and wholeoflife nD modelling
The lack of an ICTbased PBB platform to facilitate integrated analysis of building performance hinders the
widespread application of the performance concept (Becker 1999; Porkka & Huovila 2005). Beyond mere data
interoperability between tools, that was aimed for in Horizon 2010, and integrated “nD models” for building
performance analysis (or, monolithic tools that can do multiple performance analyses (Lee et al. 2005; Aouad et al.
2005)), we envisage here a whole platform that allows extensive and seamless linkages and interoperability across
independently developed tools and databases throughout the facility’s lifecycle (Foliente et al. 2005c).
Since performance assessment is relevant in all phases of the building process, it is important to build a
seamless chain of services from the identification of needs and initiation of a project through briefing, design,
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product development, manufacturing and construction to commissioning and operation, maintenance demolition,
recycling and disposal (Figure 19.5). The information once created should not be lost and reproduced, but enriched
and completed in the process. It should be possible to validate the conformity of the required, designed, constructed
and maintained performance at any stage of the process. Different tools (including powerful visualisation tools) are
extremely useful in customer interaction and feedback. The performance models beyond 4D, now referred to as nD
models (with modules and databases that can be plugged in and out, i.e. not monolithic) can be developed from such
an open ICTbased PBB platform (Foliente et al. 2005c). Ideally, every cell in the ndimensional matrix in Figure
19.6 would be populated with performance criteria and method(s) of evaluation.
Figure 19.5: Interactions of Databases and Tools to be Captured in an Open ICTbased Platform
for PerformanceBased Design and Evaluation Through the Life of the Facility
Performance indicators & requirements/criteria database
Performance requirements establishment/setting tools
Performance requirements prioritization tools
Specifying
target/required
performance

Process/performance models/tools

Ai Bi

Initiation Definition

Design

Ci
Build

Zi

Occupancy

Demolish/Reuse

PROCESS

(Source: Foliente et al. 2005b, 27)
Figure 19.6: Dimensions in nD Models for Building and Construction
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Realtime building performance/health monitoring technologies
Performance assessment by direct measurements is the most reliable way of knowing actual inservice performance.
If the value of the facility is based or linked to actual inservice performance, there should be strong motivation to
know the actual performance, state or “health” of built facilities, regardless of what calculations and model
simulations said they would be. Many factors get in between design intent and inservice performance of facilities.
Building performance/health information is useful not only for diagnosis (to find out what to do when
something unexpected has happened) but also for prognosis (to plan what to do before something adverse happens
or to do something now to prevent it from happening). Periodic assessment will be sufficient in many cases but,
where available, realtime monitoring could provide better opportunity to adjust and make corrective measures
sooner to improve performance, minimising business disruptions and other “failure” costs. New sensors and visual,
wireless and mobile technologies are expected to offer opportunities for a new generation of services and innovative
sustainable business models, especially in the operation, maintenance and refurbishment of buildings. Of special
interest to property investors, owners, businesses and building tenants is the quality of indoor environments (spatial,
functional, thermal, visual, acoustic, indoor air quality) that affect human comfort, health and productivity. There
has also been increasing interest in security and safety, and environmental impacts due to resource use and overall
building use (such as electricity and water).
Forecasting future needs and technologies
The products, technologies and processes in construction have developed over hundreds and thousands of years and
only slight changes seem possible in the future. But looking at Horizon 2020 from a sustainable knowledge society
perspective, and in an “infotronics age”, a number of systemic innovations, even disruptive innovations, can be
expected to see daylight by that time. Technology, innovation and business trends in the past five years alone point
to this strong possibility. At the same time, the future citizens of the information society may have different life and
workstyles than we know now, and thus different needs and requirements from their built environment.
A number of megatrends can be identified concerning emerging technologies, the maturity of intelligent
products and systems, and potential new processes and services. At the same time, some “weak signals” can also be
identified. They may either pass or transform into new megatrends that affect both the demand for, and the supply
of, built facilities within the next decades. Thus, it is proposed that a systematic forecasting procedure on future
society changes, people’s needs and technologies be established in order to help both the R&D community and the
industry to adapt and develop efficient and productive ways of meeting the building performance needs of future
clients. This would also, naturally, include to an increasing degree the need for knowledge and technologies to
transform the current building stock to meet the building performance requirements of the future.
Value prediction and quantification tools/methods
Key to stakeholder engagement and industrywide adoption of PBB is industry knowing and enjoying the benefits
and value gained from PBB (Bakens et al. 2005). In the same way as the performance concept is applied in setting
technical performance requirements and assessing technical solutions, it can also be used in setting “expected value”
(using appropriate indicators) and then assessing whether this value has been realised, based on the delivered
product or service. Thus, the first need is establishing a basic set of indicators of value (considering both economic
and noneconomic indicators). Since “value” has a number of dimensions differing in significance according to the
perspective of the stakeholder in the project, methods of eliciting additional value indicators from clients and project
partners also need to be established. One of these methods can be employed on a projectbyproject basis.
Then, as in technical performance evaluation, value quantification models and evaluation methods need to be
developed and included in the database of “performance” tools, and linked into the open ICTbased PBB platform
described earlier.
PB codes with more quantified criteria
The need for quantification of as many performance criteria as possible has been stated earlier, and fairly strongly in
this report. As a result of Horizon 2010, outputs of human response studies, methods and techniques of establishing
quantified, riskbased performance criteria from human response studies would have also been developed and some
standardised. The desired 2020 outcomes are that:
§ quantified criteria in PBb codes have been established using these methods (not only replacing qualitative
criteria but also quantitative criteria that have been set in an ad hoc manner by technical committees)
§ multiple levels of performance have been established allowing consumers choice of risk or performance level
vs. cost balance they are willing to take (all above minimum code requirements).
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Technosocial studies and analysis
Decisionmaking becomes more complex when the context moves from product/material level to whole building to
whole site development or portfolio of buildings scale, and when the key variables increase. The availability of
technologybased decisionmaking tools alone is no longer sufficient to predict outcomes at higher levels of
complexity; the influence of human decisions, behaviour and actions, and the dynamic relationships between and
among “actors” and physical systems need to be explicitly taken into account. This means that performance models
based on complex systems science need to be employed for both scenario planning and evaluation. This would allow
practical applications of the performance concept beyond buildings and into the wider context of development.
Textbook and practice guidelines
Although basic PBBrelated education and training materials should be available sooner, by 2020 there should be
widespread availability of textbooks, handbooks, compendia of demonstration projects, case studies and best
practice, and guidelines on criteria, processes, performance models, evaluation and assessment, through print,
electronic, audio, and video media, and from multiple and easily accessible sources (including ondemand).

Horizon 2030
Integrated nD model and value tool set for wholeoflife delivery and management of built assets
Elements of Horizons 2010 and 2020 relevant to an open ICTbased PBB platform, databases, interoperable tools
and nD models — including value models and criteria — should have converged by this time, changing AEC
practice and enhancing industry knowledge in the process. The briefing experience will be enhanced by nth
generation visualisation and augmented reality technologies, wherein it would be possible to be fully immersed into
spaces that have not been built yet, augmented by physical simulation of environment over specified periods of time
or through seasonal cycles that can be set by the user.
Technical solution options can also be virtually built, again augmented by physical reality, and, if needed,
evaluated in a similar manner by owners and potential users before they are actually built. There will be very little or
no surprise in the final finished physical product because the briefing simulation and the solutiontrial evaluations of
the building are fairly realistic.
Further challenges in this area lie in developing models of the interfaces of individual buildings and
neighbourhoods at a city scale and including uncertainty assessment in performance prediction for maintenance and
facility management purposes.
“Thin” and transparent PB regulatory systems
PB building codes are “thin” in that their normative content only includes the objectives and quantified performance
requirements with multiple levels of criteria, not the approved solutions or “deemedtocomply” requirements. They
are also thin because the explanations/commentary and links to related standards and databases (one of which keeps
the approved solutions) are accessed through hyperlinks.
In addition, code requirements are linked into the ICTbased PBB platform. For example, tools for
establishing performance requirements would have seamless access to the latest code provisions, automatically
called up, based on key parameters of the project identified at the start.
Knowledge and servicesbased industry with high expertise and continuous learning
Since tailored or costoptimised solutions are better achieved using holistic first principles models and tools,
industry professionals are expected to keep up with the latest developments of more sophisticated and realistic
models of performance. The regulatory system expects technical proficiency. They would also be expected to be
more aware of, and sensitive to, user and client needs; they would be focused on valueadding through the whole life
of the facility. Because of their high level of knowledge and professionalism, their opinions and services are sought
after. Thus, industry professionals invest in continuing technical and professional education, quality assurance and
continuous improvement.

CONCLUSIONS
A performancebased building R&D roadmap is presented that leads to the realisation of the construction industry’s
longterm vision for itself, and in particular, of Europe’s ECTP Vision 2030. This would be a more distant
destination and a more difficult and rougher journey if the performance concept is not embraced. In other words,
R&D investment in the performance approach is an investment into the future of the building, construction and
property industry everywhere, in highperforming and sustainable built environments, and in a better quality of life
for us and our future generations.
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CHAPTER 20

PerformanceBased Procurement
Practices
Selwyn Tucker
INTRODUCTION
A performancebased approach to procurement of buildings is the opposite end of the spectrum to prescriptive
methods with a continuum in between. While it has been accepted that a prescriptive approach is not always the
best, neither should it be expected that a performance approach will always be best. Determining a framework for
choosing an appropriate procurement approach has been the subject of the Legal and Procurement Domain group of
the PerformanceBased Building (PeBBu) network. The International Council for Research and Innovation in
Building and Construction (CIB) has initiated and commissioned various international programs and research and
development projects related to performancebased building (PBB) and in 2000 established the Thematic Network
PeBBu — PerformanceBased Building — which was funded by the European Commission through a Network
subsidy as part of the fifth Framework Research Program. An Australian equivalent network (AusPeBBu) with
similar objectives was funded by the Department of Environment, Science and Technology and has worked in
collaboration with PeBBu.
The results of the discussions and meetings of the PeBBu networks have shown that implementation of
performancebased approaches have differed widely between countries because of many factors which include
considering the drivers to PBB, documenting the limitations placed on innovation by professional indemnity
insurers, particular insurance problems, tendering rules, how various national initiatives towards value and tendering
restrictions affect PBB, issues relating to the borderline between PBB and prescriptive procurement, how national
and legal jurisdictions affect PBB, national practices and procedures, and training and education requirements across
the domain.

OBJECTIVES OF THE PERFORMANCEBASED BUILDING
NETWORKS
The objectives of the PeBBu Network are the stimulation and proactive facilitation of international dissemination
and implementation of PBB in building and construction practice and the maximisation of the contribution to PBB
by the international research and development community. This aims to realise the advantages of PBB, which are
more useroriented and costeffective buildings, promotion of technological innovation, and enhanced international
trade. The work of Domain 6 on Legal and Procurement Practices (PeBBu Thematic Network, Inc. 2004) has not
primarily been driven by a concern for implementation but rather of a concern to understand the characteristics of
performancebased procurement. In the domain of legal and procurement practices in countries within the PeBBu
network, the specific objectives were to:
§ identify the drivers to PBB which vary from country to country
§ report on limitations on innovation, the effect on PBB of value and tendering restrictions, and the effect of legal
and national jurisdictions
§ investigate how initiatives towards value, and tendering restrictions affect PBB such as value for money, best
value, most economically advantageous tender, and other national practices and procedures
§ document the limitations placed on innovation by such practices as professional indemnity insurers, the
particular insurance problem of a “funding gap”, and tendering rules
§ investigate how national and legal jurisdictions affect PBB
§ produce a review of national practices and procedures.
This chapter reviews international practice in choosing a procurement method which provides the best outcome for a
PBB approach, a value alignment process in PBB, and use of some case studies on successful procurement of
buildings to illustrate advantages and disadvantages.
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PERFORMANCEBASED BUILDING
The report from Denmark to PeBBu in Fenn et al. (2005, 71) showed considerable insights into evolving
procurement practices and summarises the current situation very well:
The changes of the building process are reflected in, and reflect changes in, the procurement of
buildings and constructions. Looking at the building process in a longer time perspective may
illuminate some of the changes that have occurred in the past decades and the challenges facing
the procurement of buildings. The building process has undergone significant changes along four
lines:
§ Process: The conventional picture of the building process as a sequence of phases (brief,
design and construction) is being challenged. Increasingly, a valuechain perspective is being
followed and applied by introducing other processes like the client’s business processes, the
planning process, operation, maintenance and demolition.
§ Actors: New actors like facilities managers have entered the building process. Others have
had their roles redefined. Today, contractors or manufacturers often carry out much of the
detailed design.
§ Issues: A number of new issues like accessibility and sustainability have emerged or are
emerging as new requirements.
§ Products: Manufacturers have constantly introduced a long [and] wide range of new products.
Furthermore the Construction Products Directive is likely to impact on the quality and
availability of products.
Procurement of buildings and constructions is basically a complex task and an uncertain
endeavour for the client. There is an inherent and often large uncertainty linked to planning,
production and operation of buildings. Contrary to many other industries, the customer is usually
not just purchasing or buying an endproduct but is more or less actively involved in designing the
endproduct. This process of procurement may be more or less prescriptive or performance based.
The performance approach in building was defined many years ago by the CIB Working Commission W60 (Gibson
1982, 4):
The performance approach is, first and foremost, the practice of thinking and working in terms of
ends rather than means. It is concerned with what a building or building product is required to do,
and not with prescribing how it is to be constructed.
Performancebased building codes have been the subject of discussion on prerequisites to the viability of a PBB
code and implementation in many jurisdictions, including developing countries, for many years (Nassau 2000). The
Danish report makes it quite clear that PBB has been slow to make an impact:
It was expected that prescriptive specifications would largely be replaced by performancebased
specifications when the necessary fund of scientific knowledge was available (see Gibson 1982).
Thus, performancebased building has in many respects been asserted as to be the seventh wonder
to improve innovation, achieve good quality and reduce cost in building. But progress has not
been as fast and pervasive as hoped for.

DRIVERS TO PERFORMANCEBASED BUILDING
Incentives and triggers
The PeBBu report (Fenn et al. 2005, 33) makes some comments on the assumptions and expected results from using
a PBB approach:
The issue of incentives and barriers to performancebased building implementation implies that
performancebased building is per se a more appropriate approach than the prescriptive approach
... The incentives and triggers for performancebased building are well documented but need
greater clarity and dissemination. For example the claim in PeBBu Newsletter Nr1/02 that
performancebased building is a strong stimulus for product and process innovation and enhances
consumerorientation, cost optimisation and trade possibilities in construction requires detailed
backup and analysis. The claims that performancebased building is therefore expected to reduce
total construction costs by as much as 25% must similarly be defended and justified.
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Procurement methods in construction are often different in each country due to historical evolution of common
practice, according to the PeBBu report (Fenn et al. 2005, 34):
The influence of governments on construction is important and goes some way to explaining
practice and procedure. In every country the client for a large part of the output of the industry is
government, or a semigovernment organisation (Hillebrandt 2000). This influence also affected
building legislation and regulation; early measures to deal with planning and standards of
construction were based on a prescriptive approach where a single or very few solutions are able
to satisfy.
The major influences which differ considerably across the countries in the European Union have been identified as:
§ jurisdiction, including civil code and common law
§ government influence
§ professional institutional strength.
It is apparent that clients and, in particular, government clients who are such an important part of construction
demand, must be receptive to change. As an example the UK government recently confirmed its desire to move
away from lowestcost bidding in such initiatives as “least cost doesn’t necessarily mean best value”, and “Re
Thinking Construction”.
The PeBBu report (Fenn et al. 2005) noted there has been a considerable shift to types of procurement where
all procurement activities are under the control of a single coordinating authority (see Table 20.1) away from the
traditional approach in English (not necessarily the United Kingdom) Construction, which was for entirely separate
design by, for example, an architect. Production was by a main contractor responsible only for the design of any
temporary works necessary to complete the designed permanent works.
Table 20.1: Trends in Procurement: by Percentage Value of all Contracts (UK)
Procurement method
Percent
1984
1985
1987
1989
1991
1993
1995
1998
Lump sum
72
70
70
62
55
50
56
38
Measure and value
7
5
3
4
3
4
2
2
Cost plus
4
3
5
1
0
0
1
<1
Design and build
5
8
12
11
15
36
30
41
Management
12
14
10
22
27
10
11
18
Totals
100
100
100
100
100
100
100
100

2001
40
3
<1
43
12
100

(Source: Fenn et al. 2005, 34)

BARRIERS
Besides the wellknown barriers to any kind of innovation and change in the building and construction industry like
the low level of research and development investments and the segregation and fragmentation of design, engineering
and construction, the Delphi study and the national case studies have hinted at some of the more specific barriers
related to procurement (Fenn et al. 2005). These barriers include the:
§ uncertainty about risk and liability, not least the issue of duty of care versus a duty of result
§ suspicion of designers and other advisors that the application of PBB will further undermine professional status
§ wish of clients to exercise extensive control of the endproduct
§ dominant position of consultants in the building process in some countries like UK and Denmark
§ administrative practices of municipalities requiring very detailed project description before granting various
approvals in some countries
§ elaborate involvement of the endusers requiring specific solutions.
(Fenn et al. 2005)

LIMITATIONS TO INNOVATION
The input to the PeBBu project on procurement from many countries identified a wide range of procurement
systems but it was the topic of limitations on innovation, a major benefit of the performancebased approach, which
drew many comments. The following summarises the main responses.

Technical innovation
Technical innovation would appear to occur regardless of whether the procurement system was performancebased
or not. The Irish contribution highlighted the use of offsite construction where the building is constructed of large
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sections (including electrical, plumbing and heating components) under factory conditions in a location away from
the site with the result that the standard of buildings is very high compared to traditional building. The conclusion
was that “the construction industry uses innovation to react to circumstances as they exist at a point in time, rather
than to bring about a change in the performance of the building or the desire to create a competitive advantage”
(Fenn et al. 2005, 91).

Regulations and traditions
While regulations and traditions should not limit innovative concepts, Fenn et al.’s (2005, 51–52) Belgium report
suggested that:
Theoretically new concepts and technologies may allow further improvements and/or constitute
more costeffective ways for achieving the same improvement. … Traditionally thinking and the
fact not to know what you can expect during erection of the construction, which difficulties you
may expect, result in higher cost, at least initially … For practical reasons, it is not possible that
standard assessment procedures include all such new concepts. Therefore, alternative methods for
assessing the performances of these concepts and technologies must be available. An assessment
method should be available which allows correct comparison of various innovative systems with a
consistent treatment of the technologies. The application of the principle of equivalence (as used
in the Netherlands for the EPN) as a measure for correctly assessing innovative approaches, must
be covered by a legal framework for proof of compliance.
An initiative from the CIB in an attempt to address the lack of information and implemented by AusPeBBu is the
“Compendium of building performance models” which is:
… being developed as an online database of building performance models or tools to facilitate the
use of the performance approach in building and construction ... It is intended as a “onestop shop”
for the building and construction industry worldwide, so that building professionals, product
manufacturers, building officials and researchers can find in one place all of the building
performance tools that are needed to support, implement and further develop performancebased
building.
(Fenn et al. 2005, 52)

Professional indemnity insurance
Since the practitioners in the building and construction industry have to insure their professional responsibility,
everyone looks for an assurance that a new design/material will perform adequately. This can limit the
innovativeness of the designers (architects), as they usually would prefer to work with wellknown products instead
of experimenting with new technologies. The European technical approvals give an assessment of the fitness for use
for new products and systems and are more and more performancebased. So, when in the performancebased
approach, new materials and new uses for traditional materials are encouraged, the technical approvals can often
give the answer. Professional indemnity insurance does not limit so much innovativeness of designers generally,
since there are the technical approvals.
CIB Commission W087 — PostConstruction Liability and Insurance (Lavers 1999) has investigated the
issue of “performancebased liability”, and the concomitant liability and property insurance arrangements, which
are, in some members’ view, linked to the way of looking upon “producers’ duty” i.e. either as a “Duty of result”
(meaning, obtain the result the client expresses plus what the building regulations require) in contrast to the “Duty of
care” (meaning, do as well as any reasonably skilled designer/craftsman would do in your situation). Thus,
uncertainty in interpretation can affect insurance issues.

Tendering rules and requirements
Most public tenders are not permitted to be let on other than a lowest capital cost basis. Yet, in the public sector
procurement, it is only the public–private partnerships that are commonly performancebased. Performancebased
regulations can make it difficult to assess the proposals of the contractors and to compare one with another and it is
not always clear what can be expected from the contractor. An assessment method should be available to correctly
allow comparison between various innovative systems with a consistent treatment of the variety of technologies
encountered. It is believed by some that:
For large constructions mostly the client initially selects tenderers based on capital cost only,
while innovations which demonstrate significant inuse cost savings and/or other improvements to
performance tend to get dropped to win on capital cost with the result that this tends to affect
performance aspects such as flexibility, productivity, reduction of environmental impact etc.
Afterwards the cost is often not lower; quite the contrary, the innovation may cause a higher cost
by an assurance incertitude.
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(Fenn et al. 2005, 52)

LESSONS LEARNED
Although Danish building projects are procured within a largely performancebased legislation, there are strong
elements of the prescriptive approach present in Danish building projects too, due to the wish of clients to exercise
control of the endproduct through requiring very detailed project description for approvals, and the elaborate
involvement of the endusers. Also, in many Danish building projects, the consultant will set out relatively detailed
descriptions of the endproduct, while the contractor will often be responsible for some of the detailed design,
construction methods, choice of products and so on. Thus even a largely performancebased design will have to be
turned into a prescriptive design at some point in the project. Thus, the issue of prescriptive versus performance
based is not an eitheror issue, but rather a continuum stretching from performancebased to prescriptive building
(Figure 20.1). Within this continuum, a negotiation space exists which can be exploited by the actors of the building
process to be more or less performancebased.
Figure 20.1: Negotiation Space of Participants
Fully
prescriptive

Fully
performance
based

Brief
Design
Construction
Operation
Demolition

(Source: Fenn et al. 2005, 85)

RESEARCH PRIORITIES
One of the outcomes of the PeBBu tasks groups was to determine future research priorities. The Domain 6 (Legal
and Procurement Practices in Building and Construction) task group identified three areas where work is required to
clarify the issues which have arisen during the course of the studies (Fenn et al. 2005). The three areas are a:
§ detailed and casebased analysis of the processes of interpretation, negotiation and translation of requirements
(whether performancebased or prescriptive) between the various actors and through the various phases of a
building project
§ more substantial analysis on the reasons of clients for procuring in different ways, using both interestbased and
resourcebased approaches in order to address both the issue of willingness and the issue of ability of clients to
procure in new ways
§ better understanding and characteristics of the negotiation space (see Figure 20.1) available for the actors in the
building process to analyse and evaluate under which circumstances various procurement methods,
requirements etc. are most appropriate.

AUSTRALIAN EXPERIENCE
Performancebased contracts require setting of agreed benchmarks to identify the required outcomes and a process
by which innovation can be accommodated to the benefit of both the client and the contractor. The forms of contract
are almost invariably collaborative in nature, regardless of whether they are called managing contractor,
collaborative contract or alliance contracting. The projects to which they have been successfully applied are usually
unique in some way, such as a hospital, convention centre or museum.
Recent examples of benchmark setting cover a range of topics which focus on quality, community,
environmental and training issues and include:
§ achievement of defectfee completion
§ increased community awareness of the project (in the public sector)
§ preference for ESDfavourable materials through a protocol for choice
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§
§
§
§
§
§

upper limits to energy intensity (MJ/m2 per annum)
upper limits to inservice CO2 emissions (tonne/m2 per annum)
upper limits to inservice water consumption (kilolitres/m2 per annum)
less than 50% of demolition materials, by volume, going to landfill
less than 35% of nontoxic construction waste, by volume, going to landfill
minimum training programs including 100% attendance of health and safety inductions on site.

Innovation and contribution to design by the participants in construction have also appeared in managing contractor
conditions, for example:
The managing contractor and any other member of the project team may propose to the principal,
changes to the design or materials or any other matter relating to the works which is likely to offer
significant benefits (including longterm or repeated benefits) to the principal (Department of
Administrative and Information Services 2001).
Incentive payments have also been included in an attempt to achieve higher standard benchmarks with the benefits
being split in previously agreed proportions among the parties to the construction. The basis of determining what is
an outstanding result when compared to a businessasusual result and the incentive payments associated with such
achievements is a matter of negotiation at the beginning of a project but does include achieving 75% of the agreed
outstanding results.
Much is learnt from participating in PBB but rarely are the lessons learnt reported, but there are exceptions
(Department of Administrative and Information Services 2001 and Hampson et al. 2001). The collaborative
approach seems to be the key:
§ support and commitment to a relationship contract process needs to be universal and clients must champion it
§ sufficient time must be set aside to plan implementation of the procurement approach and to have it agreed and
established as early as possible
§ fixed deadlines [benchmarks] are powerful drivers for success but introduce very significant risks
§ a relationship contract approach requires significant investment of time and cost
§ relationship contracting requires the support of the building industry as a positive step towards a more vibrant,
mutually successful and profitable industry.
While there are many examples of successfully implementing PBB for procurement, each project seems to start
almost at the beginning each time. However, there is some progress in understanding what is happening with the
concept of “knowledge advantage” and its application to the construction industry, as described by Walker et al.
(2004, 3):
Product or service differentiation is based on quality of delivery, uniqueness of distribution
channel or other defining characteristics of the “value proposition” that identifies the deliverer as
providing a distinctive offering that is either unique or sufficiently differentiated from the “herd”.
Central to this concept is the notion that organisations (and indeed individuals) possess a set of
learned and practiced core competencies that are in their best interest to concentrate upon and
develop. These competencies provide a “knowledge advantage”. The main problem that each
organisation grapples with is to know what it knows and know how to successfully transfer
knowledge about its competencies within its boundaries. Managing knowledge is a highly
complex and difficult thing to do because the most valuable knowledge an organisation has access
to either resides mainly in people’s heads or is embedded with organisational procedures.

SUMMARY
The Legal and Procurement Practices domain in the PeBBu thematic network has provided insights into the use (and
nonuse) of performancebased approaches in building and construction. Conclusions include:
§ performancebased approaches in building and construction have been used widely
§ there are roles for both performance and prescriptivebased approaches to suit the circumstances
§ incentives and triggers for performancebased building are a strong stimulus for innovation but the claimed
improvements need further justification
§ barriers to implementation of performancebased approaches are similar to those for any innovation and range
from uncertainty in risk and liability to administrative procedures still requiring detailed specifications before
approval to proceed
§ innovation is limited by the construction industry being reactive rather than proactive, lack of acceptable
assessment methods which allow correct comparison of alternative systems in a constituent manner, costs of
professional indemnity insurance due to uncertainties in implementing innovation and tendering rules still
focusing on lowest capital costs.
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The expected benefits of a performancebased approach to building are broad and somewhat illdefined in
quantitative terms, as reported in the final report of Domain 6 of PeBBu (Fenn et al. 2005, 4041):
As to a future perspective Domain 6 has been frustrated by the dearth [total lack] of empirical
data. The benefits, incentives and triggers for PBB [performancebased building] are well
documented but in a journalistic manner. Thus, PBB needs greater clarity and rigour. It is clear
that PBB poses many challenges for legal and procurement practices in building and construction
but because of the unstructured nature of the field [discipline] it is not clear how these can be
approached [overcome].
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CHAPTER 21

PerformanceBased Building Design
Process — PeBBu Domain Agenda and
Future Development Needs
Lam Pham
Peter Boxhall
Dik Spekkink
INTRODUCTION
The European PerformanceBased Building (PeBBu) Network, which operated from October 2001 to September
2005, incorporated six scientific domains. This report is concerned with the achievements and outcomes of Domain
3 — Design of Buildings. This domain had over 40 active members, building researchers and practitioners, from 18
different countries. The leader of EU PeBBu Domain 3, and author of its final report, was Dik Spekkink of The
Netherlands. The coordinator of the corresponding domain of the Australian PerformanceBased Building Network
(AusPeBBu) was Lam Pham.
Much of the discussion among Domain 3 members, and the formulation of content for a Design of Buildings
State of the Art Report, took place at a series of domain workshops. These were held in Rotterdam (July 2002),
Budapest (2003), Manchester (January 2004) and Porto (November 2004). This chapter is based on the Domain 3
Final Report.
The conceptual framework for Domain 3 can best be described by the definition of performancebased design
(PBD) that was developed in the project: “A performancebased design is a building design that is based on a set of
dedicated performance requirements and that can be evaluated on the basis of performance indicators.” PBD is
aimed at understanding and satisfying the client’s real needs and leaves the design process open for creative and
innovative solutions. Domain 3 discussions were about the design process itself rather than about any particular
technical issues.
This chapter specifically examines the discussion and progress made with respect to the four issues which
comprised the initial Domain 3 agenda and which represented the main focuses of the workshops:
§ translation of client requirements into performance requirements
§ classification and format for describing performance requirements
§ involvement of the users in the design process
§ assessing the resulting design.
At the end of each section, some comments from the Australian perspective are also included.

THE EUROPEAN PERSPECTIVE ON PERFORMANCEBASED DESIGN
In Europe, design professionals (architects and engineers) are generally not very aware of PBD. In considering the
practice of PBD that does exist, a distinction should be made between two different approaches to PBD:
1. Designers and engineers have to meet performancebased client briefs and building regulations.
2. The work of designers is defined by a functional design plus a set of performance criteria, rather than a design
based on technical drawings and specifications (the traditional approach).
The first approach tends to be confined to countries that have performancebased building regulations. Applicants
for building permits have to prove that the designs comply with the regulations, which means that every design
professional is involved in PBD to some extent, consciously or unconsciously.
The second approach is closely related to performancebased procurement. Up until now, this approach has
only been put into practice on a relatively small scale, mainly in some northern European countries. Mostly,
government building agencies take the lead; they organise pilot projects and/or experiments to set an example for
innovation in the building process. The general idea is that the “demand side” of the building process defines a
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functional design and a set of performance requirements, allowing the supply side to choose the most suitable
technical solutions matching these requirements, availability and cost.
Another drawback is the reluctance or even opposition of design professionals. Many of them consider PBD
as a further degradation of their positions and interests in the building process. In general engineers and technical
designers are more used to working with performance requirements than are architects. The main design areas where
performancebased design and procurement is applied are service engineering (acoustics, lighting conditions, indoor
climate, air quality, and so on), energy consumption and maintenance.

Australian perspective
Performancebased building regulation has been operating in Australia for the past ten years. Most activities have
therefore taken the approach 1 above. The most active and effective use of performancebased solutions has been in
the fire safety area where previous regulations tended to be prescriptive.
In other applications, the situation is similar to Europe. The main application using the approach 2 has been in
the nonregulated area of environmental sustainability.

TRANSLATION OF CLIENT AND USER NEEDS INTO ASSESSABLE
PERFORMANCE SPECIFICATIONS
Performancebased building is primarily concerned with what a building is required to do for the users and other
stakeholders. This includes consideration of the entire design life of the building. It is essentially a clientoriented
way of thinking and working. In order to be able to deliver “good performance” it is crucial for partners in the
building process to capture, understand and define user and stakeholder needs before they start thinking about the
solutions. The main problem here is that users and clients on the one side and partners in the building process on the
other speak different “languages”. They have different frames of reference. On the demand side, users think in terms
of functional concepts, using “user language” related to the users’ own operations. On the supply side, building
partners tend to think in terms of “solution concepts”, using “technical language”. Because of these different
languages and frames of reference, it is difficult to match supply and demand in practice.
Most existing briefing tools tackle this language problem insufficiently, which is one of the reasons that very
often built facilities appear not to comply with the real user needs. The performance concept can bring about
considerable improvements, as this approach offers an “intermediate language” that makes it possible to match
demand and supply (Figure 21.1). Thus, existing briefing tools must be improved and/or new tools must be
developed using “performance language” for matching demand and supply. As user and stakeholder needs may vary
in time, tools for the management of user and stakeholder requirements are needed in all stages of a facility’s
lifecycle.
Figure 21.1: Performance Language as an Intermediate Between User Language and
Technical Language

“Performance language”
translation

“User language”
• related to user’s own
operations
• WHY is it required
(mission, purpose)
• WHAT is required
(intended use)

Functional
needs

Technical
specifications

• facility or product related
• WHAT: properties required to
facilitate the intended use
• requires specialist
knowledge
Performance
requirements

Performance
specifications

“Technical language”
• related to technical solutions
• HOW can the requirements
translation
be met
• understood by supply chain participants

Compare & Match

“Performance
language”
• predicted and/or measured
properties of the solutions offered

(Source: Foliente et al. 2005, 23)
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Some interesting examples of methods for the matching of user needs to performance requirements and/or
specifications are found in the Netherlands, Canada and Finland. The Dutch Government Building Agency (GBA) is
developing a computeraided interview technique for users of office buildings. The questions are formulated in “user
language”. For example, users are not asked what the air refreshment rate per hour should be in a certain area, but
they are asked to give any reasons why the ventilation of a room should deviate from the standard value of “good
ventilation”. Dependent on the combination of answers that are given to predefined questions (“question tree”), the
computer generates a set of specialist performance requirements. It is more or less an “expert system”, based on 15
years of experience with performancebased briefing and procurement and assessment of design solutions.
Figure 21.2 shows the top of the “question tree”, where potential users are asked to indicate the relative
importance of different performance or quality issues. Some requirements are very general, while others are very
detailed. Users are asked to indicate how important they consider different performance issues to be for their
organisation and processes. When “standard” is selected, a standard performance level is deemed sufficient and the
system will automatically generate a corresponding set of performance requirements. When “medium” or “high” is
selected, extra attention must be paid to the aspects concerned. In this way, the performancebased brief is gradually
built up, and the user does not have to come to terms with difficult specialist “performance language”.
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Figure 21.2: Sample Sheet from a Briefing System Being Developed by
the Dutch Government Building Agency
User needs
Functionality

Importance
Standard

Medium

High

Standard

Medium

High

Standard

Medium

High

Standard

Medium

High

Standard

Medium

High

Standard

Medium

High

Space requirements building
Flexibility / adaptability building and building lay out
Relations / logistics
Communication and telematics

Comfort
Thermal comfort
Air quality
Acoustical comfort
Visual comfort
Hygiene

Security / Safety
Safety with calamaties
Occupants' safety
Social safety
Operational reliability
Anti burglary safety
Safety as regards to harmful influences
Architecture
Town planning
Architecture
Interior

Environment
Sustainability
Energy consumption
Materials
Waste
Soil pollution
Water consumption
Air pollution

Internal constraints
Investment costs
Operational costs
Planning / delivery time

In Canada, the International Centre for Facilities (ICF) has developed the “ST&M approach” (serviceability tools
and methods). The method comprises a set of standard tools for measuring in broad terms what is needed and what
is provided; it compares what functionality the occupant groups require and how well the assets support those needs.
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Scales are used, giving a range of standard levels, so that stakeholders can choose what level is needed for each
aspect. For every aspect there are two scales. The first is a functionality requirement scale giving levels of
functionality from 0 to 9 (demand). The second is a serviceability scale for assets, also ranging from 0 to 9 (supply).
Each pair of scales is calibrated. There are scales for some 200 aspects in all. This is probably the most elaborate
and easytouse example of how performance specifications for design can be matched with user requirements (and
vice versa). The ST&M approach was standardised by ASTM and in 1996 was incorporated into a set of American
National Standards, and is currently also in an ISO Committee draft.
In many countries client briefs are usually solutionoriented. They often contain technical solutions, which
are hard for clients and endusers to understand. Research by VTT in Finland shows that performancebased briefs
turn out to be easier for endusers to understand, because they appeal more to the endusers’ own areas of
knowledge and processes. Moreover, performancebased requirements in briefs give designers possibilities to fully
exploit their knowledge, accomplishing creative and flexible solutions.

Australian perspective
Australian client and user needs are difficult to establish. The community at large, rightly or wrongly, accepts the
minimum performance levels set by regulation as the appropriate ones for all situations and is not inclined to set
higher levels. Part of the reasons is perhaps because clients and users have little appreciation of what different levels
might be.
Regulators are faced with similar problems in setting the “minimum acceptable” performance level in
accordance with “community expectation”. The Australian Government Productivity Commission, in its November
2004 report on the Australian building regulatory system, found that “community expectation” is operationally
unhelpful and unclear since what the community expects may not:
§ relate to what it is willing to pay
§ be wellinformed about where the greatest risks are
§ focus on the greatest net benefits
§ be a basis for consensus because stakeholders may have irreconcilable differences.
This does not mean that “community expectation” is irrelevant or secondary but that the application of the concept is
problematic.

CLASSIFICATIONS AND FORMATS FOR PERFORMANCE
SPECIFICATIONS
There is a large variety of “classifications” being used for arranging performance specifications in the briefing
process. Even on a national level (and sometimes even within one client organisation), several different
classification methods are encountered.
Figure 21.3 shows the Finnish building property classification as used in the EcoProp system.
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Figure 21.3: VTT EcoProp Building Property Classification
K Conformity

A Performance

K1
K1
K2
K3
K4

A1 Indoor conditions
A1.1 Indoor climate
A1.2 Acoustics
A1.3 Illumination

Location
Site characteristics
Transportation
Services
Impact on
immediate
surroundings

B Cost and environmental
properties
B1 Lifecycle costs
B1.1 Investment costs
B1.2 Service costs
B1.3 Maintenance costs
B1.4 Disposal and value

C Building process

A2 Service life
A2.1 Service life
A2.2 Deterioration risks

C1
C2

Design
Site operations

D

Operation

D1
D2

Usability
Maintainablity

K2 Spaces
K3 Services

A3 Adaptability
A3.1 Adaptability in
design and use
A3.2 Space systems and
pathways

A4
A4.1
A4.2
A4.3
A4.4
A4.5

Safety
Structural safety
Fire safety
Safety in use
Intrusion safety
Natural
catastrophes

A5

Comfort

A6

Accessibility

A7

Usability

B2 Environmental pressure
B2.1 Land use
B2.2 Embodied environmental
pressure
B2.3 Recycling
B2.4 Environmental pressure from
use of building
B2.5 Environmental pressure
because of users

(Source: Spekkink 2005, 33)
This resembles, but is not quite the same as, the classification that is used in the Dutch publication “The materials
for the clients’ brief”, issued by the Dutch Building Research Institute (SBR). .
A completely different classification is used in the Canadian ST&M approach, stemming from the ASTM
Standard on Whole Building Functionality and Serviceability (Integrated Centre for Facilities, Inc. 2001).

Australian perspective
The situation is similar to that in Europe. There are no standardised classifications and formats for performance
specification in Australia. The setup of the Australian design industry allows each performance area, such as safety,
indoor conditions, lifecycle costs etc., to operate independently. Within the regulatory domain, it has been
recognised that the performancebased approach requires “integral design” — that is, all performance requirements
have to be met. This is not an easy task because some requirements or needs may be in conflict — for example,
safety and security, energy efficiency and indoor air quality.

THE MANAGEMENT OF CLIENT AND USER INVOLVEMENT
THROUGHOUT THE DESIGN PROCESS
The involvement of users in the design process is very new. The best examples come from project developers who
have provision for users to follow the development process on their project websites. Some developers offer users
the opportunity to provide input and choose from options during the development process, by means of such
websites. The project developers who do offer these opportunities (and endusers more and more will demand them)
have learnt that the processes need to be very transparent — not only for the clients, but also for themselves and
their project partners. It has to be very clear to all parties involved when decisions need to be made, which decisions
may be postponed etc., in order to prevent frustration of the process and extra costs. In general we may conclude
that the building industry is not a very useoriented industry as yet.
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In several countries we see large scale programs aimed at structural changes in the building industry. Examples are
“Rethinking Construction” in the UK, “Process and Systems Innovation in the Building Sector” (PSIB) in the
Netherlands, the “SARA” program in Finland and “Project Hus” in Denmark. One of the common goals of these
programs is to change construction into a more consumeroriented industry, where incentives for change and
innovation should come from clients. Further development of the performance concept can strongly contribute to
that goal, as performancebased building is useroriented by nature. The management of user involvement
throughout the process is one of the aspects that needs to further development.
As early as 1992 the Dutch Building Research Institute (SBR) issued a report about a new system of briefing that
allows clients to develop the brief in interaction with the design. This needs to be done in a controlled process, in
which briefing and designing are parallel, but separate, processes.
This principle has been taken over by the Royal Institute of Dutch Architects (BNA) and the Dutch
Association of Consulting Engineers (ONRI), who issued a common “Standard task description” (STD) for
designing buildings in 2004. This STD is basically a breakdown of the design process into interrelated tasks per
phase for all disciplines involved (commissioning, architecture, building physics, interior design, structural
engineering, service engineering, landscape design, and project management). In this system, which is intended to
be the basis in the Netherlands for contracts between clients on the one side and architects and consulting engineers
on the other, each new design phase starts with an evaluation, update and further elaboration of the brief.

Australian perspective
In Australia, interaction between clients/users and designers tends to only occur in the nonregulated areas of the
design, for reasons previously explained. The Australian building industry is currently developeroriented rather
than useroriented and little has been reported on the management of client and user involvement in the design
process.

ASSESSMENT METHODS FOR DESIGN RESULTS
There are various reasons why some performancebased requirements may not be met in a final design. Examples
are: cutting costs in some phase of the project, inability to find suitable design solutions to fulfil the requirements,
“forgetting” the original requirements due to several translations, and modifications in the course of the design
process. To avoid this situation, early and continuous verification needs to take place in the design process (Ang et
al. 2001). The user has to be sure that the desired performance targets will be fulfilled. And if this is not possible, the
user needs to know this beforehand.
Assessment methods may vary from simple measuring (for example, the number of square meters provided)
to standardised calculating (for example, the strength and stability of building structures or the energy loss) to
simulating certain aspects of the behaviour of the building inuse (for example, daylight penetration in different
seasons and under different weather conditions). In some EU member states, national building regulations are
becoming more and more performancebased. One of the examples is the Dutch National Building Decree, laying
out the technical requirements for all building works, which is completely performancebased. The Dutch National
Building Decree often refers to national standards, where not only performance levels for building parts and
properties, but also the corresponding assessment methods, are defined.
Assessment methods in European and national standards are mostly aimed at the testing of actual buildings or
building products. However, one of the main problems in performancebased design is how to predict the
performance of a building on the basis of a design. For many quality aspects the “total building performance”
depends on a complex interaction of many influences. On the one hand there are no validated, standardised
assessment methods available to predict the total building performance, but on the other hand this performance will,
to a great extent, determine the client’s perception of the quality delivered. The only way to do it is by simulation of
the building behaviour, using integrated data models. Practitioners at several institutes and universities around the
world are currently in the process of developing simulation applications to facilitate this. Typically such software
uses one integrated data model to carry out a range of analyses, including, for example, energy performance,
lifecycle analysis, thermal analysis, cost planning, airflow analysis, and lighting and occupant safety. The software
effectively enables the design team to “test drive” the building.

Australian perspective
The main issue in the Australian context is the lack of quantifiable/verifiable performance criteria. The Productivity
Commission (2004, xii) observed that this is a major problem with the current Building Code. It recommended that:
The ABCB should enhance efforts to make the performancebased requirements in the BCA more
effective. This should include providing measurable criteria to aid in judging compliance and
clarifying the assessment process to be used.
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KNOWLEDGE GAPS AND FUTURE RESEARCH PRIORITIES
Following the series of Domain workshops, the following main knowledge gaps and future research priorities
relating to performancebased design were identified:
§ standardised methods for measuring/assessing performance in different fields and in the respective design
stages (quantitative measurement and qualitative assessment)
§ assessing the subjective, hardtomeasure performance like “architecture”, “image expected” and “cultural
value”
§ new fields and problems for which the performancebased design could offer solutions
§ structured and systematised data acquisition as needed for the development of analytical methods suitable for
both quantitative and qualitative data
§ stateofthe art 3D and 4D modelling systems and computer simulations
§ integration of information technology into performancebased building
§ specification of user requirements into universal language
§ integration of performancebased building into education programs
§ illustration of PBD through case studies and benchmarking
§ development of global user satisfaction indexes
§ performance assessment of existing buildings.
The following needs relating to the development of new design tools and new design approaches to support
performancebased design were also suggested:
§ design tools for the implementation of standards in the fields of thermal and energy performance, indoor air
quality, structural engineering, fire safety
§ methodologies for optimal design accounting for risk and lifecycle cost
§ computerised design platforms for overall performanceintegrated CAD
§ methodologies for the evaluation of building performance
§ reorganisation of the regulatory design approval process
§ special design solutions/features geared toward energy conservation
§ performancebased methodology for sustainable building design and environmental impact assessment
§ implementation guidelines for various building occupancies
§ integrated performance approach in the design for fire safety
§ optimisation of building evacuation through computer simulation
§ use of renewable energy sources and energy systems
§ PBD of loadbearing structures and their optimisation; integrated structural design applying optimised design
methods.

CONCLUSION
From the European perspective, performancebased design (PBD) is still mainly an issue in research and education.
Although technical designers have been working with performance requirements to a certain extent, consciously or
unconsciously, the general practitioners appear to be hardly aware of it as a methodology. Performancebased
regulations have proven to be a key factor in the implementation of PBD as well as in the enhancement of the
awareness of PBD. PBD still has to overcome some major barriers for its further development and implementation.
These include the traditional culture of the building industry and the suspicion of many design professionals, as well
as more philosophical objections to PBD, such as the view that important quality aspects of buildings cannot be
adequately translated into performance specifications.
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CHAPTER 22

Project Diagnostics:
A Cure for Poorly Performing
Construction Projects
Daniyal Mian
Adrian Morey
INTRODUCTION
The sad truth is that projects very often fail and there is nothing that we have been able to do about this deteriorating
situation. In spite of wellknown research results and despite decades of individual and collective experience of
managing projects, despite the rapid growth in membership of project management professional bodies and despite
an increase in the amount of project working in the industry, project results continue to disappoint stakeholders
(Davies 2002).
In order to improve the potential for a project to achieve the outcomes expected, an innovative, holistic and
integrated package has been developed that allows the immediate assessment of current project health, identifies the
root causes of the reasons why the project is not performing as expected and suggests a means of returning the
project to better health. The model evolved from a human healthcare model using symptoms to evaluate project
health, detailed investigation of key symptoms to diagnose causes of problems, and proposition of a remedy to
return the project to good health.
This chapter discusses the development and operation of the different stages of this smart package which is
now being offered as a specialist consulting service. In the following sections we review the project success and
failure factors used by other researchers over the past decade, followed by establishing how we used the concept of
project health to measure project success or failure. This is followed by a more detailed investigation of key
symptoms to diagnose causes of problems, and proposition of a remedy to return the project to good health. The
chapter ends by setting out a road map for the next twelve months.

CHANGING MEASURES OF PROJECT SUCCESS OVER THE PAST
DECADE
Project success or failure means different things to different people. Each stakeholder considers a different definition
of success or failure, which is consistent with their perception and interests in relation to the project outcome. In
order to develop common measures that broadly represent the interests of all stakeholders, the subject of project
success or failure has been one of the main areas of focus for a number of researchers over the past decade.
Rubin and Seeling (1967) first introduced the concept of project success/failures. Their research was based on
investigating the impact of a project manager’s experience on a project’s success or failure. Avots (1967) extended
this idea by conducting a theoretical study. The findings from the study concluded that the wrong choice of project
manager, unplanned project termination and unsupportive senior management were the main reasons for project
failure.
Russell and Jaselskis (1992) and Abidali and Harris (1995) developed prediction models that were focused on
explaining failure factors at the project level. These models used financial ratios derived by statistical search through
a number of plausible financial indicators. More recently Arditi (2000) reasoned that the use of financial ratios to
measure project failures may not be very reliable as they can only highlight symptoms and that these indicators
might be measured using data that has been “created” by the management to hide the poor financial condition of the
organisation. Concurrent research carried out by Belassi et al. (1996) proposed that time, cost and quality were the
basic criteria of project success. They are also discussed in articles on project success such as that of Skitmore
(1997) and Shenhar and Levy (1997). Atkinson (1999) and Westerveld (2002, 412) referred to these measures as the
“golden triangle”. Baccarini's (1999) definition of project success includes meeting time, cost and quality objectives
and satisfying project stakeholders. He defined product and process success as meeting quality output standards and
meeting time and budget objectives, respectively.
Mian (2004) found the most commonly identified cost overrun issues in the literature in the past ten years
included poor estimating, inclement weather and insufficient and untimely cash flow. Less common issues included
lack of contractor projecttype experience and contractor’s lack of familiarity with local regulations. Issues such as
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complexity of project and inflation were found occasionally. Similarly, time overrun measures most commonly
encountered included communication gap between project parties, inaccurate prediction of production output,
inclement weather, design changes, safety issues, industrial action, and skill shortages. Issues reviewed less
frequently included lack of supply of plant, equipment and materials and site storage problems. Issues that were
occasionally covered included locational project restrictions (site access) and production of design drawings.
Mian (2004) also found out that in this time period the most commonly found quality measures were
reluctance to adopt quality systems, inadequate quality assurance and control systems, lack of product identification
and traceability, lack of internal and external audits, infrequent inspections and insufficient training. Less commonly
found factors included lack of control of inspection/measuring/testing equipment, lack of control of nonconforming
product and poor data control. Quality measures least commonly found in the literature included lack of employee
conscientiousness and lack of encouraging specialisation in construction work. This indicated that the majority of
clients and stakeholders now took the issue of quality conformance more seriously and believed that the issue of
resuscitating failing projects due to poor quality of documentation or workmanship is vitally important to a vibrant,
healthy industry. The old adversarial attitudes, which were ingrained as part of poor project outcomes for at least
some of the key participants, were seen as being passé.
However, the issues of project success turned out to be far more subtle than this. Perceiving project success
simply as the compliance with time, cost and quality can be qualified as a more narrow view in this respect. Pinto
and Slevin (1987) and Morris and Hough (1987) found out that soft measures such as communication, environment
events, community involvement, team member conflict, lack of negotiation and arbitration, legal disputes,
management inability to understand site people, and stakeholders value were likely candidates for measuring project
success or failures and warranted the need of including them along cost, time, quality and safety.
Van Aken (1996) cited in Westerveld (2003) even defined project success or failure as the satisfaction or
dissatisfaction of all stakeholders. Davies (2002) noted that in 1993 a group of 15 European private sector
companies formed the first project management network to identify project management best practice and to learn
together how to improve project performance. Since then the network number has increased to almost ten and the
membership to nearly one hundred organisations in Australasia, USA and Europe.
In some cases the researchers tried to link project success to different project stages, such as delivery and
postdelivery stages. Similarly project success was also linked to individual perspectives of the involved
stakeholders. In the quest to identify a robust set of success and failure measures, previous researchers employed
various methodologies ranging from unstructured interviews that asked the respondents to list a number of measures
that are important to project success or contribute to project failure, to structured interviews that required the
respondent to rank a list of measures that affect project performance.
There is a growing need for a holistic solution that acts as an early warning system and help project managers
in implementing strategies that can bring the project back on track. Currently most tools developed in the field of
project management seem insufficient to fulfil this role. Project diagnostics is a threeinone tool that explores
symptoms, identifies causes and recommends remedial measures to facilitate project recovery.

THE CONCEPT OF PROJECT HEALTH
Humphreys et al. (2004) proposed that human physical health can broadly be thought of as the condition of the
body. When physical health is poor, performance or quality of life can be compromised. Poor physical health often
has associated symptoms that can be used to help pinpoint the cause of ill health quickly and accurately. Once the
cause has been identified, a remedy can be implemented to return the body to good health. If symptoms are left
unchecked, they can develop into critical situations and become much worse.
In many ways the “health” of a construction project is analogous to human physical health. Humphreys et al.
(2004) identified some parallels between construction project health and human physical health:
§ state of health influences performance
§ health often has associated symptoms
§ symptoms can be used as a starting point to quickly assess health
§ symptoms of poor health are not always present or obvious
§ state of health can be assessed by measuring key areas and comparing these values to established norms
§ health changes temporarily
§ remedies can often be prescribed to return good health
§ correct, accurate and timely diagnosis of poor health can avoid small problems becoming large.
Here project health is synonymous with project performance, if a project or any particular aspect of a project is not
performing as expected by the stakeholders it would be perceived as unhealthy or failing; on the other hand if it is
fulfilling the expectation of the stakeholders it would be perceived as healthy or successful.
The requirement for rapid, accurate diagnosis leads to the concept of an initial broad healthchecking
mechanism, which could guide a more detailed investigation, designed to identify the factors contributing to poor

192

health. The use of performance indicators to assess the state of the contributing factors allows remedies to be
prescribed, based on the condition of the contributing factors investigated.

HEALTHCHECK MODEL
A model presented in Figure 22.1 is derived from Deming’s (1986) continuous improvement management cycle.
This was developed to adapt the medical health model to a construction project scenario. This model is based on a
fourstage process beginning with broad and rapid assessment of current health, followed by a more thorough
analysis of the areas identified as unhealthy, which allows prescription of a remedy; and finally the last stage is the
continued monitoring of the health condition.
Figure 22.1: Construction Project HealthCheck Model

Exit/End (complete cycle)
if CSF healthy

Benchmarking: Measure KPI
against the benchmark to
check the health of CSF.
Critical Success
Factors (CSFs)

Entry/Start

Investigate CFs linked to the
unhealthy CSF

Secondary
Key Performance Performance
Indicators (KPIs) Indicators (SPIs)
Implement
and Monitor
REM’s
Remedial
Measures
(REM’s)

Contributing
Factors (CFs)

Benchmarking:
Measure KPI
against the
benchmark to
check the health
of CSF.

Root Causes
(RC’s)
Use root causes to
identify REM’s

The unhealthy CFs are
identified as the RC’s

Broad assessment of current health of projects
A review of project success and failure factors in the past decade provides several lists of success and failure
measures totalling more than 120 different success and/or failure measures. A more flexible approach was adopted
by clustering these into seven main measures: cost, time, quality, relationships, safety, environment, and
stakeholders’ value. This made the process more manageable and helped in analysing the interactions.
As is the case with human physical health, these measures are critical areas that can facilitate a broad
evaluation of project health. These are thus called critical success factors (CSFs) and used as the basis for a broadly
inclusive fundamental health check to gauge project health in terms of specific success factors that are critical to the
interested stakeholders. This differs somewhat from the traditional use of CSFs by Rockart (1979) cited in van
VeenDirks and Wijn (2002) who introduced them as those aspects of a project, which if successfully executed, can
significantly influence the success of a project. The seven CSFs were chosen on the basis that they:
§ are simple to understand
§ help focus attention on major construction project concerns
§ are easy to communicate to the project stakeholders
§ are easy to monitor through the use of associated metrics
§ reflect clients’ needs and expectations.
In order to use these CSFs as an indication of health, they needed to be assessed. This was achieved by developing
an associated series of key performance indicators (KPIs) for each CSF. KPI Working Group (2000) cited in Chan
and Chan (2004) propose that the purpose of KPIs is to enable measurement of project performance throughout the
construction industry. According to Munir (2002), a KPI is a number or value, which can be compared against an
internal target or an external target benchmark to give an indication of performance. To facilitate the KPI’s
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application to assess the performance of the CSFs, these were calibrated using benchmarks from Australia (Cole
2003), UK (Cbpp 2003) and USA (CII/ECI 2003). This allowed the model to be applicable to a project regardless of
whether a performance target was set by an interested party, legislation or by other projects.
Plemmons (1994) proposes that benchmarking is a technique of evaluating performance in specific areas
when compared to recognised leaders. For the healthcheck model the benchmarks were used for the same purpose
but in most cases compared to industry averages instead of market leaders. This shift can be attributed to the nature
of the healthcheck model where it is more appropriate to classify a project as “unhealthy” if it is not doing better
than the industry average rather than comparing it against the industry best practice. A workshop was held to seek
stakeholders’ feedback on the benchmarking process.
Although a large number of KPIs were identified in the literature review, these often lacked certain
characteristics that would make them applicable, useful, independent and practical for the immediate health
assessment of ongoing or historical projects. In order to have a robust, accurate and immediate assessment of current
health of a construction project in terms of the seven broad themes, five characteristics/criteria were chosen that
needed to be possessed by the KPIs. These characteristics/criteria were identified as:
1. Easily measurable — must be able to be measured quickly, directly and accurately with as little effort as
possible.
2. Broadly applicable — must be able to be measured at any stage of a project or at least a combination of
indicators across a CSF should be able to represent all stages of a project. The indicators should also be able to
represent different procurement methods.
3. Assessable — once measured, the indicator must be able to be compared to a known value to allow correct
judgment of health to be made.
4. Reflect reality — the measured variable must encourage a description of reality rather than “ideal” or perceived
situations.
5. Sensitivity — the indicator must be tuned to project health to allow accurate health assessment.
After careful scrutiny, 33 KPIs were chosen according to these five characteristics/criteria. However, due to the
nature of some of the characteristics described above it was necessary to validate the robustness of these KPIs by
testing them on actual projects. Table 22.1 provides an example of one of the indicators used to investigate the Cost
CSF and an explanation of how the indicator is used.
Table 22.1: Cost Performance Index (CPI)
CSF
Cost

Proposed
indicator
CPI
(cost
performance
indicator)

Explanation of indicator
Definition
CPI = BCWP/ACWP
Where:
BCWP= budgeted cost of work actually performed
ACWP = actual cost of work actually performed
Benchmark
CPI ≥ 0.85 indicates a healthy project
CPI< 0.85 indicates an unhealthy project

Detailed analysis to determine the causes of poor health
At the end of the immediate health assessment stage, the CSFs found to be in poor health can be used as the focus of
a more detailed investigation. This will allow the cause of poor health to be diagnosed via contributing factors
(CFs). Like CSFs, the CFs needed to be assessed to pinpoint the areas most likely to be causing poor project health.
The method used to assess the CFs has been designed with the requirements of stage 3 in mind. Stage 3 of the model
requires specific problem areas to be identified and described so that appropriate remedies could be prescribed. This
lead to the development of a series of secondary performance indicators (SPIs) associated with each CF. These are
then used to assess the performance of each CF and, if found underperforming, become the basis of a suggested
remedial strategy.
Cbpp (2003) defines an SPI as “… an indicator showing the level of performance achieved against an
operation that is of secondary importance to the successful completion of the services being provided”. An SPI often
provides a diagnosis by assessing the CF that was linked to the unhealthy CSF. To ensure the usefulness of the
model to carry out detailed diagnosis, the SPIs needed to possess the same characteristics as the KPIs. However, the
SPI also provides guidance towards prescribing the correct remedy.
The CFs were mostly identified using pilot interviews conducted on seven projects within Queensland. These
interviews were conducted using a structured questionnaire. The respondents included clients, consultants,
contractors and subcontractors. Twentyeight interviews were conducted. The questionnaire was designed to allow
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identification of contributing factors and to allow them to be ranked in terms of relative importance using a numeric
scale. The projects were varied and included a variety of contract types such as design and build, lump sum, and
schedule of rates. Most of the projects were more than $10m in value. The questionnaire was undertaken by personal
interview with each respondent to ensure each question was understood and answered adequately. This was
particularly important in this case as terminology used to describe CFs was derived from an initial literature and did
not necessarily reflect the terminology of the respondent. For this reason also, the raw data from all interviews
needed to be collated as the name for a single CF can vary from person to person.
The data analysis started with examination of the questionnaire to identify the CFs for each of the seven
unhealthy CSF themes. The collation of CFs based on common terminology reduced the total number of CFs by
identifying common CFs between the seven CSF themes. The respondents were required to limit the number of
contributing factors that they proposed to four. In most cases respondents provided four different contributing
factors of varying relative importance, but occasionally the answers consisted of one contributing factor for each
CSF. The respondents were required to rank the CFs using a scale of 1–4.
To determine the overall ranking of the identified CFs for each unhealthy CSF using the importance scale
nominated by the respondents (clients, consultants, contractors and subcontractors) the importance index was
computed using the following modified equation by Mezher and Tawil (1998):
Figure 22.1: Equation 1

Where II denotes importance index and xί is a constant that represents the weight of the ίth response where xί =
1,2,3,4 and yί represents the frequency of the ίth response where ί = 1,2,3,4. Hence;
y1 = frequency of the least important contributing factor.
y2 = frequency of the less important contributing factor.
y3 = frequency of the important contributing factor.
y4 = frequency of the most important contributing factor.
Table 22. 2 provides an example of the CFs identified in the study for the CSF “cost overrun” as well as the rank
and importance index of the CF.
Table 22. 2: Rank and Index of Contributing Factors

Cost overrun

CSFs

Contributing factors (CFs)
Variations
Inaccurate cost estimate
Rework
Lack of client decisionmaking
Competitive nature of market
Poor quality of design and documentation
Approvals
Contractor/subcontractor work efficiency
To manage project simultaneously a large component of work was done in
another city branch office
Poor workmanship
Work sequencing with other trades
Audit testing
Change of management
Emissions and under measures in documentation
Lack of completeness of contract documents
Limited resources
Lack of architect or higher management interest
Productivity of workforce due to travelling involved due to remote location of
project
Relationship workshop
Highquality product required
Higher management direct involvement
Programming issues causing pressure on contractors

Index
14.7
6.0
3.3
2.7
2.3
2.3
2.0
2.0

Rank
1
2
3
4
5
5
7
7

2.0

7

1.3
1.3
1.0
1.0
1.0
1.0
1.0
0.7

10
10
12
12
12
12
12
17

0.7

17

0.7
0.3
0.3
0.3

17
20
20
20
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A similar listing was generated for each of the seven CSFs. A total of 127 contributing factors were identified. Table
22.3 ranks the seven CSF themes based on the findings of the investigation (note that quality has been divided into
two groups for Table 22.2 — quality of construction and quality of documentation).
Table 22.3: Rank and Index of CSFs
CSFs
Cost
Quality of construction — increase in rework
Relationships
Time
Safety
Stakeholders’ value
Environment
Quality of documentation — increase in RFI’s

Index
6.68
4.65
4.15
3.86
3.60
3.43
3.40
3.20

Rank
1
2
3
4
5
6
7
8

In addition to the CF identified in the study, other important findings included:
§ all projects were considered successful by the respondents, but some projects possessed unhealthy CSFs
§ contributing factors for the healthy CSFs may be useful for identifying remedies in Stage 3
§ a variety of perspectives were obtained from the broad range of respondents interviewed in each project
§ verbal clarification was required for some questions, particularly those requiring percentage estimates and
relationships
§ all respondents were extremely cooperative although reluctant to focus on negative issues
§ the investigation of only projects which were considered successful may have implications on the completeness
of the set of CFs.
Due to the investigation of only successful projects in this pilot study the list of CFs was not considered
comprehensive and was augmented with CFs identified from a literature survey.
The CFs were further validated using a Delphitype approach using industry partners as specialists and asking
them to add CFs to the list obtained from the pilot study so as to have a comprehensive list. This was repeated by
two rounds of feedback on CF and finally they were discussed in a workshop attended by the same specialists to get
a final list based on the consensus of these specialists.
A number of SPIs fulfilling the above criteria were identified from the literature survey for each of the CFs.
However, due to the nature of some of the KPI and SPI characteristics described above it was necessary to validate
their robustness by testing them on actual construction projects.

Validation of indicators
The validation stage was important as the outcome of this stage was expected to be a robust set of indicators that
could help in pinpointing the root causes of poor construction health. The validity was assessed using three projects
within Australia and a fourth international project in Europe, which was especially helpful in validating measures
associated with international joint ventures.
To enhance the chances of checking the robustness of the indicators, the case studies were chosen to be:
§ unsuccessful — an unsuccessful project was preferred to maximise repetitive evaluation of the indicators
§ live — this was useful for indicators meant to give a snapshot at a point in time and would facilitate the
implementation and monitoring of remedial measures, which was the final objective of the healthcheck model
§ of different sizes — helped to evaluate the sizedependent indicators.
The projects were carefully chosen to ensure that they encompassed different project stages and different
procurement methods.
KPIs and SPIs consisted of objective metrics and subjective questions. In order to increase the objectivity, the
questions consisted of a series of conditional statements that facilitated assessment whilst minimising subjectivity.
The data was collected through facetoface interviews and the interview questions were structured around
the information required to measure KPIs and SPIs. At the beginning of the case study a list of project
documentation required for measuring the indicators was circulated among the case study participants. This helped
in crosschecking the subjective answers of the respondents with the hard data from the project documentation such
as RFI register, claims register, EOT’s (extension of times) and many others. The process is explained by
considering the example of the third important factor “rework” as shown in Table 22.2 that contributes to a cost
overrun. Rework and the associated SPI to investigate rework are shown in Table 22.4.

196

Table 22.4: Example of CF (contributing factor)/SPI (secondary performance indicator)
CSF
Cost overrun

CF
Rework

SPI
RR = RC/TACV
Where
RC = rework cost & TACV =
total adjusted contract value

The aim of the validation process was to assess how “well” an indicator measures what it is intended to measure.
For the purpose of immediate assessment of contributing factors to pinpoint the root causes “well” for an SPI refers
to its ability to be measured easily, to be comprehensively applicable (that is, applicable to all project stages and
many procurement methods), to be assessed and make the correct assessment, and to be sensitively tuned to the
health of a project. The validation process for the healthcheck model helped to identify the most efficient, robust
and effective SPIs.
The main findings of the validation process for RR (rework ratio) are summarised as follows:
§ Easily measurable: As shown in Figure 22.2, the data required to measure RR was readily available on three out
of four (75%) case studies. On projects where rework cost was not being recorded onsite, it was calculated
using an approximation formula: 30% of (total value claimed – total value approved), that is, rework cost is
approximately 30% of the contractor claims that are not approved. The claims data was collected using
contractor progress claims showing the claimed and approved. The availability of any of the above resulted in
measuring RR quickly, directly and accurately with little effort.
§ Broadly applicable: Although the measure was only designed to measure contractor’s rework cost, it was easily
measurable for all the case studies using different procurement methods such as construction management,
traditional, and design and construct.
§ Assessable: Based on a literature review and past experiences of industry specialists a benchmark of 0.02 was
chosen to assess this SPI. It was also decided that any project having an RR ratio greater than this benchmark
was unhealthy. Although RR was easily measurable and thus easily assessable on all the case studies, it was
more important to check if the results obtained from the assessment was the correct indication of actual cost
performance of the project. The use of other psychosocial and subjective indicators that were based on the
public, media and stakeholders’ comments reinforced the RR results on three out of four (75%) case studies.
§ Reflect reality: This characteristic is linked to the availability of data for an SPI. SPI data was realistically
available on all case studies mainly due to the presence of appropriate documentation.
§ Sensitivity: Cost is directly linked to project health as a cost overrun clearly indicates poor health. Rework is
one of the factors that contributed to cost overrun and poor project health. It was noted in the validation process
that RC kept on changing throughout the lifecycle of the project and due to their influence on RR and in turn on
project health, the project health was sensitive to even minor changes in RC. The sensitivity characteristic was
only validated on two case studies (50%) because of the time associated with sourcing, collecting and analysing
data at different stages of the project. In most cases the SPI provided guidance towards identifying an
appropriate remedial measure.
Figure 22.2: Rework Ratio (RR) Validation

Percentage of projects
on which charecteristic
was validated

Rework Ratio (RR) Validation
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The main overall conclusions drawn from the validation process are:
§ The seven CSFs identified through the literature were the most significant for project success or failure as they
receive the most attention from the onsite activities and the involved stakeholders.
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§

§

The robustness criteria defined above acted as a decision tool for retaining, discarding or changing SPIs.
However, it was necessary to retain only the most robust set of indicators that fully addressed the set criteria.
This helped in minimising the chances of producing a tool that might end up being time and resource
consuming and impractical to use.
As the majority of SPIs were objective and used mathematical formulas, the evaluation process was rather
straight, inexpensive and quick to implement. However, the set also included some subjective SPIs that used
opinions of clients, community and the media. These were read together with the results obtained by using
objective SPIs, for example, the “safety incidents” was measured using a direct question but the result was read
together with lost time injury frequency (LTIF) and negative media coverage.

Remedial measures and monitoring
A literature scan and the practical nature of construction suggested that a suitable approach for development of a
suite of remedies for a range of health problems was to use the past experiences of the project participants. This
would only be useful when used in conjunction with the outcomes of the CF and SPI analysis.
One of the limitations of using lessons learnt is that remedies tend to be dependent on personal experience.
This means that remedies for a given contributing factor or identified root cause may vary from person to person —
and potentially in conflicting ways. The approach for this model was to develop a set of remedies that have proved
historically to be workable and can achieve results. However, it needed to be understood that each project is unique,
with its own set of issues and most appropriate ways of restoring it to good health (Tsoukas 2005).
For this reason, remedies nominated in the Project Diagnostics software (see later) can be generic remedies
only — and should only be seen as such, until and unless the particular project dynamics are clearly understood.
It is possible that single or multiple remedial measures will be associated with each of the contributing factors
for the specific unhealthy CSF. The implementation of the measures may require the coordination of multiple
project participants or stakeholders. Once implemented, time may be required to restore the project to good health.
As necessary, the KPIs for relevant CSFs are able to be measured again later, to check if the cause of poor
performance has been remedied. The cycle can iterate until the project health is considered to be satisfactory.
A software package called Project Diagnostics has been developed by CSIRO. This smart system which
requires an expert user is being offered by Arup as a specialist consulting service. The diagnostics module has
already been used on a project in Queensland and the client has expressed satisfaction with the outcome of the
assessment. The remedial measure module is currently undergoing additional validation before being ready for
commercial use by September 2006. The service can be provided both proactively as a monitoring service, and
reactively on an “asneed basis”.

CONCLUSIONS
A project health model derived from the human health model has been developed to allow the immediate assessment
of current project health, identify the reasons why the project may not be performing as expected and suggest a
means of returning the project to better health. The software package Project Diagnostics automates this health
check model. The threeinone integrated package makes this tool a potential lifeline for clients and industry
stakeholders wishing to improve outcomes through better project delivery.
Project Diagnostics keeps drilling deeper and deeper through layers of the supply chain until it identifies where
performance targets are not being met. It then analyses this and suggest remedial actions. The different modules
were validated using Australian and international case studies. The purpose of the validation process was to assess
how “well” an indicator measures what it is intended to measure. The validation process helped in identifying the
most efficient, robust and effective indicators.
The overall benefits of this research will be seen in things like more projects being completed on time, on
cost, with more predictability of the outcomes, and relationships maintained, good safety records and a minimum of
environmental impact.
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CHAPTER 23

Safety Culture, Safety Attitudes and
Market Force Influences on Construction
Site Safety
Herbert Biggs
Vaughn Sheahan
Donald Dingsdag
Dean Cipolla
INTRODUCTION
Much has already been written regarding safety culture and how organisational values and beliefs work to influence
safety on construction sites (see Guldenmund 2000; Glendon & Stanton 2000; Neal & Griffin 2004; Neal, Griffin &
Hart 2000; and Mohamed 2002 for a review). From an academic perspective, safety culture is seen to be a construct
that describes the values, norms, attitudes and beliefs that are held collectively towards safety within an organisation
(Cox et al. 1998; Glendon & Stanton 2000; Williamson et al. 1997). When asking people who work at all levels
within this industry to discuss safety and safety culture, most will discuss organisational practices that promote
communication, collaboration, education and planning — indicating that a base level of safety culture knowledge
exists at all levels throughout the industry workforce (see Biggs et al. 2005). Despite the large volume of safety
culture literature and a reasonable degree of knowledge within the industry, there continues to be a high level of
incidents and injuries (Cole Royal Commission 2003; National Occupational Health and Safety Commission 2003).
A partial explanation for the lack of impact that safety culture knowledge has had on actual safety, is a complaint
that the nature of the construction industry inhibits proactive safety culture behaviours. It is an argument in this
chapter that more needs to be achieved by those in senior positions within the industry to ensure that safety culture
knowledge is applied and managed in such a way that will have maximum impact on actual site safety.
This chapter, as presented in a practical and applied sense, will discuss how construction companies can
minimise market force influence through safety culture competency planning. Using data gathered recently as part
of a Cooperative Research Centre for Construction Innovation research project, this chapter first outlines the
research method followed by a discussion of the results pertaining to the identified safetycritical roles and the key
market factors that impact OHS. The minimum safetycritical tasks are then listed for each position. Finally, a
discussion is made relating to how a company could approach managing these issues through better safety culture
competency planning.

Improving site safety by workforce motivation
Good site safety does not happen by accident, it is the result of the behaviours and actions of all those who work on
and manage a building site. On a good site, people will:
§ understand what they need to do and why they need to do it
§ think about what they are doing before they do it
§ look for hazards and risks and manage them before they occur
§ take care of things themselves without needing much policing
§ have a belief that they are responsible and accountable for making sure that they and their workmates remain
safe.

Harnessing the power of sitesafety culture
Key to the building of a positive sitesafety culture is the consistent and regular sending of the message that safety is
nonnegotiable, and unsafe behaviour is not tolerated. Occupants of critical safety roles who are typically involved
in supervising or managing others (such as foremen, supervisors, and leading hands) are key in sending this
consistent and regular message to the workforce. To ensure that these individuals can send this message, each
critical safety roleholder should achieve competency across four key elements (refer to Figure 23.1).
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Figure 23.1: Safety Competency: Key Elements

Safety knowledge
First and foremost, there is a need to ensure that those in leadership positions have the ability to identify what is safe
and unsafe. The greater the knowledge, the greater the ability to clarify to others what specific behaviours are
required. Besides traditional training approaches, it is possible to improve individual OHS knowledge by speaking
with those undertaking the work and asking them to identify what they think the risks are and how these risks are
best addressed. Fundamentally, greater knowledge should result in:
§ an ability to identify unsafe work practices
§ knowledge of how to do things better (safer work methods)
§ an ability to problem solve to achieve safer work practices.

Interpersonal communication skills
This element is important inasmuch as it relates to the ability to work with others in such a way as to maximise the
likelihood that they will listen and understand the communication. This skill is useful in many different situations,
but is particularly useful when speaking to people about changing their behaviour. Good communication is also
important for building an environment in which both sides generate trust. Specifically, when communicating with
others the following should be observed:
§ communication is clear and direct
§ communication avoids blame; the opportunity is taken to suggest improvements and what needs to be done,
rather than seeking to blame or punish — blaming someone is likely to make them defensive, which will mean
that they won’t fully listen to the message
§ communication emphasises the personal; there is an attempt to communicate an understanding of the personal
impact of potential decisions.
The second critical element of communication is listening. By confirming that the message receiver is understanding
what is being said, the likelihood is that both parties will better understand the situation and that real listening will
occur. Better listening can occur by:
§ mirroring (matching language and body language)
§ reflecting (confirming comprehension via repetition of key points in other’s speech)
§ paraphrasing (summarising what was said to confirm overall comprehension).
Different situations require different communication approaches from highly informal and collaborative to formal
and strongly structured. The consistent message is always that safety is not negotiable.

Leadership style
The style in which a person in a key position leads is important in developing and maintaining a positive sitesafety
culture. Central to this leadership theme is the ability to foster good relationships with staff and the workforce.
Better relationships increase the likelihood that people will behave in a way that will achieve the goals that are
indicated as important. That is, if constructors have good relationships with their staff and they behave in a manner
that promotes work safety, the staff will be inclined to behave safely as a way of showing appreciation for the
respect with which that they are treated. To achieve positive relationships, those in leadership roles should seek to
develop a style that promotes work involvement and relationship building, while still maintaining authority and
discipline.

202

Fundamental skills include:
1. Worker involvement (collaboration)
§ worker input into safety management on a daily basis — not just through committees
§ reduction of “us” versus “them” mentality — team building
§ involvement of all site management in the planning process
§ sharing information.
2. Relationship building
§ team building
§ providing opportunities for people to meet each other — e.g. BBQs
§ sharing of personal information
§ regular conversation at a social level, e.g. “How are the kids?”
§ conversations about safety — subtle weaving of safety into general conversation
§ good site amenities that promote interaction and reflect that management care for the wellbeing of staff.
e.g. lunch areas and clean toilets.
3. Supporting
§ trusting in subordinates
§ opendoor policy — encouraging and allowing staff to speak openly with bosses
§ avoidance of blame assignment — encouraging people to speak openly about safety issues
§ empowering — rewarding those who raise safety issues and helping them to progress and resolve issues.

Values, beliefs and attitudes
Value and beliefs have a very strong impact on action. If a strongly positive sitesafety culture is to be achieved,
those in leadership roles need to have values, beliefs and attitudes underpinned by the importance of safety. The first
part of this process is examining individual attitudes towards safety — How important is it? Is it important most of
the time or all of the time? Is it OK to compromise on safety if it’s going to be more expensive? As improving this
element is very difficult, improving sitesafety culture needs to start with the premise of a longterm commitment
and a capacity to make hard decisions that could be costly in the short term.
Broadly speaking, some of the overall values, beliefs and attitudes that should be developed for people who
work onsite are:
1. Values
§ workmates’ lives and wellbeing are important
§ doing the “right” thing is important.
2. Beliefs
§ speaking up about safety won’t threaten my job
§ if I do speak out, something will be done
§ if I don’t act I would be responsible if something happened
§ good construction is about building safely — OHS is not a separate concern.
3. Attitudes
§ personal safety is above money
§ wellbeing of others is more important than money.
The development of these values, beliefs and attitudes depends on the leadership ability of key staff and will take
time to develop. Occupants of these safetycritical roles need to be consistently and constantly talking about safety
and persuading staff that safety is important to the job and that it is highly personally relevant to them. This focus on
changing attitudes should be conducted alongside your efforts to change and direct behaviour.
A positive sitesafety culture is one in which everyone is involved in managing the hazards and risks. Getting
to a position where people have a sense that they want to be involved, and at the same time are accountable for
managing OHS, is challenging but possible. Key to moving towards a good safety culture is making sure that those
who have management or supervisor roles have the right knowledge, skills and attitudes to successfully undertake
safetycritical roles.

RESEARCH METHOD: QUALITATIVE DATA
Research data used in this article was gathered in two parts: focus groups/interviews and a managementbased
safetycritical tasks survey (which will be discussed in later sections).

Focus groups and interviews
Ten focus groups were held across Australia with people in a range of different positions (see Table 23.1 for
position demographics). With the exception of one focus group, all participating companies were members of the
Australian Constructors Association (ACA). The focus group discussion lasted on average one hour and fifteen
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minutes and was structured around a discussion of safety culture and the attitudes, skills and behaviours required by
key staff members to drive a positive safety culture. The focus groups were recorded using digital voice recorders
and then transcribed. The transcribed documents were then used in the qualitative data analysis program Nvivo. The
software allows for themes from the focus group discussion to be extracted and categorised.
Table 23.1: Position Grouping and Number of Participants for Focus Groups
Position
Senior management (inc CEO and GMs)
National OHS manager
State and regional OHS manager
Site OHS coordinator/advisor
Engineer/construction professional
Construction manager
Site manager/superintendent
Project manager
Foremen
Total

Number of
participants
7
2
10
10
3
5
4
4
4
49

Concurrent with the focus groups, 12 individual interviews held with staff from ACA companies and secondtier
contractors. The individual interviewees were asked similar questions to those posed to the focus group, but allowed
for a deeper line of enquiry. Additionally, 11 interviews were held with the construction safety regulators in all
states and territories of Australia. Consultation was held with the major construction unions (ACTU, AMWU,
AWU, CFMEU, CEPU), Master Builders’ Association, and the Tasmanian Construction and Building Industry
Training Board, and the results of these interviews and focus groups is discussed below.

Safetycritical roles
The first question asked within focus groups and interviews was a request for them to list the roles that they saw as
being critical to driving a positive site culture. This information was recorded and then compared between groups.
There was little variation in this list between groups. The list is as follows:
§ MD/CEO/general manager
§ senior management
§ operations/construction manager
§ project manager
§ engineer
§ site manager/superintendent
§ foreman
§ site OHS advisor/supervisor
§ regional safety manager
§ state safety manager
§ national safety manager.
It is clear that this list represents the key roles within all the levels of a construction company. The role of the client
in driving company safety culture was also mentioned in several focus groups. When participants were asked to
discuss the difference between a good and poor sitesafety culture, they often discussed the behaviour and
competencies of key staff members. Typically, a positive site culture was one where staff behaved in a manner that
promoted communication, collaboration and planning. This finding was taken as support for the argument that
increasing the skill and competency base of safetycritical role holders would lead to behaviours that would build
and maintain a safety culture that would work to counter external industry demands and influences.

Market force influence in the Australian construction industry
… it’s hard to get things done right and do it a different way when you’ve got so much work to be
done. I think being under pressure has a lot to do with safety, and I also think that the time
required to do things is sometimes hard.
(Focus group respondent (engineer on a large civil project) June 2005)
As this quote indicates, undertaking the appropriate action in regard to safety can be difficult in demanding periods.
Analysis of the focus group and interview data revealed a range of primary factors that were seen as barriers to the
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development and maintenance of a positive sitesafety culture. The most common and everpresent demands within
the industry include tight deadline pressures, financial issues due to high competition and low cost tendering, a
highly transient subcontracting workforce, and challenging work due to new and novel engineering requirements.
As well as these issues, a lack of consistency in safety management practices was highlighted in several focus
groups. Currently, in Australia there is no industrywide and accepted framework for what constitutes OHS
competency in leadership positions. This has resulted in each company managing its OHS obligations in their own
manner. This differing approach to training and skilling has further exacerbated the challenging task of managing a
workforce that moves and subcontracts across many different companies.
Other more subtle pressures included societal changes and the concurrent impact of high wages often paid to
the workforce. A theme discussed in a focus group was a belief that high wages have increased the risks that
workers are prepared to take to get the job done. As the wages available in the construction industry are well above
those available in other similar industries, it was argued that workers feel that they cannot lose their job because they
cannot earn the same money elsewhere and they have a debt (credit card, house, car etc.) that requires them to
maintain their high wages. This theme is illustrated in the following quote:
… I see that a lot, you know, there are young blokes up there — they are married, 23, they’ve got
a kid on the way and they’ve got a $350,000 house, got a $40 or $50,000 car, he can’t afford to be
out of work, he can’t afford to have his hours drop, so these guys, when the boss is saying
something, they’ve got to make it work, they overcommit themselves and that’s the sign of the day
… Instead of saying, right I can only afford this car, this is what I am going to have, so I can still
recover, I can turn around and I can say: mate shove it up your arse — it’s not safe, and I know
that I am still going to keep my $20,000 car and my …. $180,000 house.
(Focus group respondent (site safety advisor on a large residential tower construction) June 2005)
By providing an obstacle to safe performance, these external drivers have a clear and known impact on site health
and safety. The difficulty that construction companies face is how to manage these external forces to maintain
company profitability as well as uphold espoused health and safety values. The following section outlines how this
could be achieved via better safety culture planning.

RESEARCH METHOD: SAFETYCRITICAL TASKS
Essential to effective safety culture planning is the setting of a minimum benchmark for safetycritical role
competency. It was the intention of the researchers to use the high degree of formal and informal industry OHS
expertise to create a model of the tasks that staff must be competent to complete.
To identify the skills and competencies that safetycritical role holders should be competent to complete, a
survey was devised based on the focus group and interview data. This survey listed 40 safety tasks and asked people
in key positions to rate: how frequently they undertook the task; how important the task was to the successful
completion of their job; and how important they thought the task was to reducing injury on site. This survey was
administered to all ACA companies and three secondtier contractors. A total of 358 survey responses were
collected (see Table 23.2. for the demographics). The survey data was analysed to identify the tasks each safety
critical position deemed to be important for their job and to reducing injury on site (Mean = 4.0+). It is
acknowledged that this approach only reveals what is currently seen as important to site safety and does not directly
contribute to an understanding of what tasks should be completed by these role holders. However, it is argued that
the current approach to safety competency and skilling is fragmented to such an extent that, politically, the only way
to gain consistency within the industry is to gather industrywide perspectives as to what tasks are important. Future
research will further develop this framework to allow for future planning within the positions.
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Table 23.2: Position Grouping and Number of Participants for Management Survey
Position

Number of participants

CEO/MD and GMs
Senior management (inc CEO and GMs)
National OHS manager
State OHS manager
Regional OHS manager
Site OHS coordinator/advisor
Engineer/construction professional
Construction manager
Site manager/superintendent
Project manager
Foremen
Other (including nonspecified)
Total

12
12
8
10
12
39
44
35
35
58
13
80
358

Planning for a positive sitesafety culture
Planning for sitesafety culture has the purpose of reducing external obstacles to appropriate leadership behaviour
and providing an environment that rewards positive behaviours, and more importantly, offers no excuse for not
undertaking appropriate actions.
An integral part of safety culture planning is ensuring that people who hold safetycritical positions have the
appropriate level of knowledge and understanding to develop an environment that supports safety culture. Table
23.3 highlights the minimum tasks (organised under knowledge, abilities and behaviours) that staff in safetycritical
roles must complete to have maximum impact on site safety.
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Table 23.3: Safetycritical Roles: Minimum Tasks for Maximum Site Safety Impact
Role
Managing
directors and
general managers

Knowledge
§

Ability
Carry out formal inspections of workplace and workplace
tasks

§
§
§

Senior managers

Construction or
operations
managers

§

§

Understand general
regulatory OHS
requirements

Understand general
regulatory OHS
requirements

§

§

§

Apply full working knowledge of organisation’s safety
management system
Develop project safety management plans
Identify and include suitable OHS requirements into
subcontractor packages, e.g. risk assessment tools
Mentor staff and follow their progress

§
§
§

Recruit and select new staff incorporating safety competency
Carry out formal inspections of workplace and work tasks
Effectively discipline staff for poor OHS behaviour/attitude

§

§
§

§

§
§

Behaviour
Make site visits where they talk
directly to a site worker about
safety
Challenge unsafe
behaviour/attitude at all levels
when encountered
Recognise and reward people
who have positively impacted
safety
Challenge unsafe
behaviour/attitude at any level
when they encounter it
Speak to senior management
about safety issues in the
workplace
Make site visits where they talk
directly to a site worker about
safety
Challenge unsafe
behaviour/attitude at all levels
when encountered
Recognise and reward people
who have positively impacted
safety
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Project managers

§
§
§

§

Engineers

Site supervisors
and managers

§

§
§

Develop OHS
procedures and
instructions
Understand general
regulatory OHS
requirements
Identify and include
suitable OHS
requirements into
subcontractor
packages
Full working
knowledge of
company safety
management
system
Understand and
apply general
regulatory OHS
requirements

§
§
§
§
§

Understand general
regulatory OHS
requirements
Full working
knowledge of
company safety
management
system

§
§

§
§
§

§
§
§

§
§
§
§
§
§
§

Monitor subcontractor activities
Carry out project risk assessments
Carry our formal inspections of workplace and work tasks
Carry our formal incident investigations
Carry out workplace and task hazard identification, risk
assessments and control (e.g. job safety assessments and
safe work method statements)
Develop OHS procedures and instructions
Mentor staff and follow their progress
Consult on and resolve OHS issues

§

Monitor subcontractor activities
Carry our formal inspections of workplace and work tasks
Carry out workplace and task hazard identification, risk
assessments and control (e.g. job safety assessments and
safe work method statements)

§

Deliver sitespecific induction
provide general OHS information and provide basic OHS
instruction
Carry out basic task competency assessments of employees
Monitor subcontractor activities
Carry our formal inspections of workplace and work tasks
Carry our formal incident investigations
Carry out workplace and task hazard identification, risk
assessments and control (e.g. job safety assessments and
safe work method statements)
Carry out project risk assessments
Mentor Staff and follow their progress

§

§
§
§

§

§
§
§

Challenge unsafe
behaviour/attitude at all levels
when encountered
Work with subordinates to solve
safety problems
Make site visits where they talk
directly to a site worker about
safety
Discipline staff for poor OHS
behaviour/attitude

Challenge unsafe
behaviour/attitude at all levels
when encountered
Work with subordinates to solve
safety problems
Challenge unsafe
behaviour/attitude at all levels
when encountered
Work with subordinates to solve
safety problems
Make site visits where they talk
directly to a site worker about
safety
Discipline staff for poor OHS
behaviour/attitude
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Foremen

§
§

Understand general
regulatory OHS
requirements
Full working
knowledge of
company safety
management
system

§
§
§
§
§

Monitor subcontractor activities
Carry our formal inspections of workplace and work tasks
Carry out workplace and task hazard identification, risk
assessments and control (e.g. job safety assessments and
safe work method statements)
Administer first aid to injured persons
Speak to senior management about safety issues in the
workplace

§
§
§
§
§

Challenge unsafe
behaviour/attitude at all levels
when encountered
Work with subordinates to solve
safety problems
Make site visits where they talk
directly to a site worker about
safety
Discipline staff for poor OHS
behaviour/attitude
Recognise and reward people
who have positively impacted
safety
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Site OHS advisors
and supervisors

§
§

Understand general
regulatory OHS
requirements
Understand and
apply detailed
legislative
requirements e.g.
welfare provisions
as well as safety
and health

§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§

Provide general OHS information and provide basic OHS
instruction
Deliver site/workplacespecific induction
Consult on and resolve OHS issues
Speak to senior management about safety issues in the
workplace
Facilitate group/work team OHS discussions and meetings
Work with subordinates to solve safety problems
Participate insite safety committee
Initiate and coordinate OHS awareness activities or
presentations
Plan and deliver Toolbox talks
Discipline staff for poor OHS behaviour/attitude
Carry out workplace and task hazard identification, risk
assessments and control (JSA and SWMSs)
Deliver OHS training in the workplace
Carry out formal inspections of workplace and work tasks
Monitor subcontractor activities
Carry out formal incident investigations
Apply full working knowledge of organisation’s safety
management system
Develop OHS procedures and instructions
Carry out project risk assessments
Develop project safety management plans
Evaluate OHS performance of subcontractors
Identify and include suitable OHS requirements into
subcontractor packages, e.g. risk assessment tools
Research and prepare reports on OHS issues and
improvement strategies
Carry out basic task competency assessments of employees

§
§
§

Challenge unsafe
behaviour/attitude at all levels
when encountered
Make site visits where you talk
directly to a site worker about
safety in the workplace
Recognise and reward people
who have positively impacted
safety
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Regional OHS
managers

§

§

Understand and
apply general
regulatory OHS
requirements
Understand and
apply detailed
legislative
requirements e.g.
welfare provisions
as well as safety
and health

§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§

Initiate and coordinate OHS awareness activities or
presentations
Deliver OHS training in the workplace
Plan and deliver Toolbox talks
Provide general OHS information and provide basic OHS
instruction
Work with subordinates to solve safety problems
Speak to senior management about safety issues in the
workplace
Facilitate group/work team OHS discussions and meetings
Carry out project risk assessments
Monitor subcontractor activities
Develop OHS procedures and instructions
Consult on and resolve OHS issues
Apply full working knowledge of your organisation’s safety
management system
Carry out workplace and task hazard identification, risk
assessments and control (JSA and SWMSs)
Research and prepare reports on OHS issues and
improvement strategies
Carry out formal inspections of workplace and work tasks
Carry out formal incident investigations
Carry out basic project OHS system element audits
Identify and include suitable OHS requirements into
subcontractor packages, e.g. risk assessment tools
Develop project safety management plans
Evaluate OHS performance of subcontractors

§
§
§

Make site visits where you talk
directly to a site worker about
safety in the workplace
Challenge unsafe
behaviour/attitude at any level
when you encounter it
Recognise and reward people
who have positively impacted
safety
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State OHS
managers

§

§

Understand and
apply general
regulatory OHS
requirements
Understand and
apply detailed
legislative
requirements e.g.
welfare provisions
as well as safety
and health

§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§

National OHS
managers

§

§

Understand and
apply general
regulatory OHS
requirements
Understand and
apply detailed
legislative
requirements e.g.
welfare provisions
as well as safety
and health

§
§
§
§
§
§
§

Work with subordinates to solve safety problems
Speak to senior management about safety issues in the
workplace
Deliver OHS training in the workplace
Mentor staff and follow their progress
Discipline staff for poor OHS behaviour/attitude
Provide general OHS information and provide basic OHS
instruction.
Carry out project risk assessments
Develop OHS procedures and instructions
Carry out formal incident investigations
Carry out workplace and task hazard identification, risk
assessments and control (JSA and SWMSs)
Carry out formal inspections of workplace and work tasks
Develop project safety management plans
Initiate and coordinate OHS awareness activities or
presentations
Monitor subcontractor activities
Evaluate OHS performance of subcontractors
Apply full working knowledge of your organisation’s safety
management system
Facilitate group/work team OHS discussions and meetings
Provide general OHS information and provide basic OHS
instruction
Initiate and coordinate OHS awareness activities or
presentations
Carry out formal incident investigations
Carry out formal inspections of workplace and work tasks
Carry out workplace and task hazard identification, risk
assessments and control (JSA and SWMSs)
Carry out basic project OHS system element audits

§
§
§
§

§
§
§
§
§

Recognise and reward people
who have positively impacted
safety
Challenge unsafe
behaviour/attitude at any level
when you encounter it
Make site visits where you talk
directly to a site worker about
safety in the workplace
Consult on and resolve OHS
issues

Speak to senior management
about safety issues in the
workplace
Make site visits where you talk
directly to a site worker about
safety in the workplace
Challenge unsafe
behaviour/attitude at any level
when you encounter it
Work with subordinates to solve
safety problems
Consult on and resolve OHS
issues

(Source: Focus Group Transcripts June 2005)
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DISCUSSION AND CONCLUSION
The characteristics and competencies mentioned earlier in this chapter are merely the fundamental characteristics
that the various position holders require to set a foundation for safety culture. Some knowledge, abilities and
behaviours are required in all positions (such as challenging unsafe behaviour/attitude at all levels when
encountered), whereas other competencies are specific to particular roles (for example, deliver sitespecific
induction). It is vital that construction companies ensure that people in these positions have the ability to enact the
espoused organisational safety values. By increasing safety competency, it should be possible to further minimise
the impact of external market forces on site safety.
The key external factors to manage are inflexible timelines, lowcost tendering, novel work tasks, a transient
workforce and a general willingness to take risks. Planning for safety culture competencies should allow for a
greater understanding, within the project, of safety and the personal outcomes when it is not maintained. This greater
understanding, particularly with positions of project manager and above, should work to reduce the presence of
inflexible timelines in contracts and should encourage those with the power to seek extensions or variations to do so.
Effective safety culture planning at this stage of the project is vital to ensure that inflexible timelines are not set and
sufficient funds for safety are budgeted for. By doing so, the necessity to work excessive hours and take significant
risks to get the job done would be reduced. Additionally, by encouraging the client to have a greater understanding
of safety should also serve to create a more even playing field at the tendering process. It is not argued that this is an
easy thing to achieve, but it is argued that a real reduction in injuries and fatalities cannot occur in an environment of
undercosting and inflexible deadlines.
The planning for people in safetycritical roles to have collaboration and communication skills should help to
minimise the influence of novel work tasks on safety performance and risk perception. Increased worker input into
decisionmaking should provide a greater degree of expertise in managing novel safety issues and greater motivation
to adhere to requirements. We argue the critical role of values, beliefs and attitudes in establishing and maintaining a
positive sitesafety culture and suggest a number of key elements and tasks in achieving that goal.
Finally, a greater degree of consistency in safety skilling, combined with an environment that supports a
safety culture, should begin to transfer values to the largely subcontracting workforce. This understanding would be
evidenced in a more negative evaluation of risktaking behaviour (that is, the outcomes of risky behaviour are
apparent and seen to be significant).
Despite the existence of quality research articulating how safety culture should be built, managed and
maintained, the powerful external market forces that are present in the construction industry work to interfere with
the application of these findings and the establishment of a true safety culture. It is argued that one small step
towards reducing the impact of these factors is for the industry as a whole to plan for their safetycritical roles to
have the knowledge, skills and behaviours, thoroughly informed by positive beliefs and attitudes, that will help them
to make decisions that will reduce the power of these factors — whether those decisions are at the
tendering/contracts stage or at the time of a concrete pour. Unfortunately, real improvements in safety and industry
safety culture are not possible until a safety competency foundation is set.
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CHAPTER 24

Changing Safety Behaviour in the
Construction Industry, Using
Enforcement and Education as the Stick
and the Carrot to Improve Safety Culture
Donald Dingsdag
Herbert Biggs
Vaughn Sheahan
INTRODUCTION
The sheetanchor of the project on which this chapter is based holds that, owing to the unacceptable numbers of
injuries and deaths in the construction industry, a change of safety culture in the Australian construction industry is
long overdue (Department of the Parliamentary Library 2005; Johnstone 2003). Consequently, this chapter
unequivocally assumes an advocacy position by suggesting ways in which the industry can improve its safety
performance through improving its safety culture. As the title of the chapter suggests, either enforcement or
education may be the primary motivators of safety culture. More crudely put, these could be characterised as the
stick or the carrot. However, to suggest that either singly drives the desired safety culture is contentious and wrong
headed as, in all probability, both are equally necessary and codependent as we intend to establish in this chapter.
Complicating factors are that until this project little conclusive industry specific research has been conducted on the
efficacy of safety culture and that there are various competing and, at times, contradictory approaches to safety
culture. In the main there are two major approaches of which one relies on changing organisational safety culture by
a change process that over a long time alters the norms, values and attitudes leading to the desired behavioural
change. The other, competing, model, behaviourbased safety (BBS), relies on influencing behaviours which reduce
“atrisk behaviours” thereby creating the desired safety culture. As we discuss below, both have merit and
disincentives; however, quite clearly if the period for complete cultural turnaround espoused in some safety culture
literature is seven years it is not surprising that the former approach has not been embraced in the Australian
construction industry. Rather, the latter has met with greater acceptance, because it appears to produce results
quickly. But as we detail below, the underpinning principles may be counterproductive to creating an enduring
positive safety culture.
In addition, we contend that the specific way in which the principal OHS Acts in Australia are constructed
also has a profound influence on safety culture; they are penal codes and noncompliance may result in large fines
and, in extreme circumstances, gaol. However, this type of persuasion does not necessarily produce a desirable
safety culture. Rather, the instrumentalist type of safety culture/behaviours that results is predicated on basic
compliance with legislative requirement and it does not produce the vision and values that a proactive and vibrant
safety culture requires in order to generate desirable safety behaviours. Further, minimalist compliance, without
striving to continually improve performance, is probably the major factor contributing to the Australian construction
industry’s poor safety record. This is demonstrated in statistics from the Australian Safety and Compensation
Council (ASCC) used throughout this chapter.
Typically, composite national statistics such as these obfuscate some aspects of fatalities such as those
characterised obtusely as “longterm contact with chemicals or substances”, probably for the latter meaning death
due to asbestosis or mesothelioma which have long latency “incubation” periods and indicate contact with the
hazardous substance perhaps thirty years prior to the death. Also, records of compensated injuries and deaths grossly
underestimate the actual rates as there is a great deal of underreporting of injuries in the construction industry, and
an unknown number of workrelated deaths are not reported as such as they may occur a long time after the
employee has left the particular employment or has retired. Similarly, if a person is fatally injured and is taken to
hospital by ambulance, if the death occurs away from the workplace, it may not be categorised as a workplace
fatality. Yet another issue relates to the lag between the publication and the time of occurrence. Even so we must
rely on the most accessible and the most recently available statistics which, notwithstanding the concerns expressed
above, quite clearly show that safety performance in the construction industry requires major improvement.
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The Australian Construction industry employed 773,000 people in 2003–2004 representing 8% of the Australian
workforce. Within the construction industry, 255,000 (33%) workers were selfemployed, and 465,000 (67%) were
employees.
The 14,125 claims made by the employees in the construction industry accounted for 10% of accepted
workers’ compensation claims in 2003–2004 involving one or more weeks time lost.
The incidence of compensated claims for the construction industry in 2003–2004 was 29 claims per 1000
employees equating to around 39 claims per day. This was a large decrease from the incidence rate of 39 claims per
1000 employees recorded in 1996–1997 but remains much higher than the current national average for all industries
of 16 claims per 1000 employees.
The incidence of workplace fatalities in this industry was 6.5 fatalities per 100,000 employees in 2003–2004
which was almost three times higher than the national average for all industries of 2.3 fatalities per 100,000
employees. Over the past eight years the number of compensated fatalities in the construction industry has decreased
from 56 deaths in 1996–1997 to 32 in 2003–2004, but remains the highest of all industries.
The most common type of injury/disease was sprains and strains, accounting for 42% of all claims. The most
common causes of compensated injury and disease in this industry in 2003–2004 were:
§ body stressing (muscular stress due to manual handling or repetitive movement) which accounted for 36% of all
claims
§ being hit by moving objects, which accounted for 15% of all claims
§ falls, trips and slips of a person, which accounted for 24% of all claims.
In 2003–2004 the most common causes of compensated fatality in this industry were longterm contact with
chemicals or substances, which accounted for 22% of fatalities, and falls from height, which accounted for a further
19% of fatalities (ASCC 2006).
The absolute necessity of leadership by senior management to create a proactive and beneficial safety culture
or to change a negative safety culture we have examined and proclaimed elsewhere (Biggs et al. 2005a; Cipolla et
al. 2005; Biggs et al. 2005cb; Biggs et al. 2005c). Consequently we do not discuss these necessary elements of
achieving a desirable safety culture here because this is not the objective of this chapter. Rather, we suggest that as
well as the primacy of executive management’s leadership in promoting safety culture the legislative “stick” is
essential, for without the necessary compliance that penal codes generate, construction industry safety performance
would be even worse than the above statistics suggest. Contradictory to our position that minimalist compliance is
not desirable it is often the case that, when an organisation has suffered a major injury or multiple injuries or a
fatality, subsequent to prosecution or lesser penal provisions, it is galvanised into changing safety behaviours for the
better and “turning the safety culture around.” It may well be construed that such an event provides a pathway to
education.
Another complicating factor is that there is very little formal safety and health education for OHS officers
and, of greater concern, for key personnel charged legally with the observance and enforcement of safety in the
construction industry. OHS legislation generically designates the employer, that is, the general manager, the MD or
“persons in control of premises” and/or principal contractors (which most of Australia’s largest construction firms
are) as having the ultimate responsibility for OHS. Rather, the industry relies overheavily on training, some of
which may have dubious value for safety performance because it does not target the correct safety competencies.
Further, in all likelihood it is not intended to improve safety culture, nor does it reach the most appropriate
employees, nor management. Much training is steeped in competencybased principles which can have a major role
in attaining the required skill competencies as well as the necessary safety behaviours, but the correct competencies
must have foundation in appropriate adult educational values and technique. Moreover, the trainers may be poorly
trained themselves and they may not have the appropriate educational qualifications, or the necessary
communication skills. The result is that the cornerstone of safety culture, which is that safety is based on a shared
ideology, that is to say the values, norms and behaviours or that “safety is everybody’s business” in safety cultural
terminology, is not getting through to the correct recipients because the essential message is misdirected and it is
also miscommunicated owing to the poor quality of the training and a lack of training in effective communication
technique. Even so, we endorse the necessity and the value of appropriate training for the construction industry and
its role in producing the desired behaviours and contributing to an effective safety culture.

ENFORCEMENT OR EDUCATION? THE LAW
As we outlined in the abstract and later, a major factor contributing to suboptimal safety performance is the
function of OHS regulation in the disparate Australian jurisdictions. Not only are there nine principal OHS Acts, but
all of these appear to be too heavily focused on enforcing compliance, without providing the necessary educational
function that must, out of necessity, accompany this Robens type of legislation derived from the UK which aside
from being a penal code (but not a criminal code, even though in the UK and in some of the Australian jurisdictions
more recently, there is provision for criminal prosecution of some serious offences like industrial manslaughter) is
performancebased and dependent on selfregulation by employers at their cost. Robens legislation, first introduced
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in the UK in 1974 was intended to engender continuous improvement and improving standards in legislation within
a goalsetting legal framework supported by codes of practice and/or performance standards which could be revised
more easily than primary legislation which may require a difficult enactment passage in parliament. By and large in
the Australian jurisdictions, these original intended directions were watered down or only enacted partially. None of
the current enactments provide in detail what is specifically required to conform other than in the broadest generic
terms. Examples we produce are taken from interviews conducted with Australia’s 11 largest construction
organisations (principal contractors) who are members of the Australian Constructors’ Association (ACA). Further,
often when regulators’ inspectorates are approached to provide specific detail of how to conform, they refuse to
provide it because they may be held accountable in the event of resulting injuries or fatalities. In the instance of
WorkCover NSW a typical response received when asking focus group participants of one ACA member company
about their interactions with the inspectorate was:
… we go to WorkCover and we talk to them, all the time, and they don’t, they’re not, they won’t
give us a clear ruling on stuff. They will definitely not give you anything written, but they are
really standoffish because they’re worried about being loaded in the barrel themselves. I mean, we
should all be talking. Subcontractors, principal contractors, and WorkCover, to all talk together to
make the whole place a better place.
Another participant retorted, “That comment about they won’t give you anything written, I get plenty of them,
prosecutions.” Some participants during a focus group with another of the 11 ACA member organisations defended
WorkCover:
The regulator, to be fair to the regulator he is caught between a rock and a hard place, he is
certainly extremely underresourced, underfunded and they have got a couple of people in there
now that have got the right sort of attitude you know certainly …
And:
So there is a good alignment, we need to sort of promote that alliance and engage them, it’s very
difficult for them than it is for us because of their staffing levels and their ability to get around the
industry.
It may be construed that there is no OHS education required at law and that behaviourial change is achieved by
inducing compliance from organisations because they have been punitively dealt with through fines or, in the most
extreme circumstances, by prosecutions. Either of these can be costly. In NSW for example the maximum fine for
the newly introduced “industrial manslaughter” provisions is $1.65m for an organisation and $165,000 for
individuals (Occupational Health and Safety Act 2000, NSW, Section 32A (in actuality the fines are expressed as
penalty units (at $110 for each unit) with 15,000 for the former and 1500 for the latter). Quite clearly, the perceived
stick in this extreme circumstance should provide motivation for organisations for the much more desirable carrot of
proactive OHS education.
As part of this research, management representatives of all of the states’ and territories’ OHS regulators were
interviewed. It was put to them that precedence for OHS legislation to be based on education rather than
enforcement existed by quoting the Montana Safety Culture Act, 1993, from the State of Montana in the USA. To
quote from Hough (2000, 3):
The safety culture act distributes responsibility down the line, away from governmentonly,
watchdogtype laws. It puts the government in the role as educator for safety, not the enforcer. For
example, the Labor and Industry Department sponsors an onsite safety and health consultation
program as well as one to promote safety education in public schools.
What is unique about this approach is that workers’ compensation insurance providers assume the primary
enforcement function, not the regulator:
Now insurers, not the state, enforce safety regulations through consultations, warnings, penalties,
and fines. Every employer is required to have workers’ comp insurance. They can chose private or
state insurance (the one connection the state has to penalties and fines is the statesponsored
workers’ comp insurance fund), or chose to selfinsure. If an employer doesn’t want a safety
program, their premium could be doubled.
(Hough 2000, 3)
It would be interesting to speculate how such an approach, if it were embraced by the Australian OHS regulators,
would affect safety performance if they could concentrate on providing education, training, information and advice.
Also, there is a primary mandatory educational function for employers under the Montana Safety Culture Act which
is foreign to Robenstype legislation in Australia although the educational and training elements of the Act feature
prominently in the principal Australian OHS Acts and accompanying regulation(s) as regulatory requirements. For
example, employers, as part of this integral system, have to do more than just purchase insurance. Companies are
required to establish and maintain an educationalbased training program which includes the following:
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§
§
§
§
§

a general safety orientation for every employee before they begin work
jobspecific training before the employee begins that task, then annual refresher safety training
a system of building employee awareness through posters, newsletters, meetings, and safety incentive
programs
periodic selfinspections for hazard assessment, at least annually
documentation of all activities.
(Hough 2000)

Also, employers with more than five employees must have a comprehensive safety program with policies that
specifically define employee responsibility and safety performance accountability; procedures for reporting,
investigating, and taking corrective action on all workrelated accidents, injuries, illnesses, incidents and known
unsafe work conditions or practices (Hough 2000).
Most of the interviewees did not know of the existence of this legislation. Admittedly it is unique even in the
USA. Some of the senior managers of three regulatory bodies interviewed expressed refreshingly frank views on
both the efficaciousness of enforcement and endorsement of a stronger education function as a supplement to
enforcement to procure compliance (Biggs et al. 2005a). In their view, better resources could facilitate the provision
of education, training, information and advice which supports our position on the instrumentalist nature of
competencybased training. The lack of resources in each of the jurisdictions is well known; for example, in human
resources, WorkCover NSW has, at the time of writing [mid2006] approximately 300 inspectors whereas there are
some 325,000 workplaces in NSW. Complicating factors are that even though each of the inspectorates has
prosecutorial powers, in some jurisdictions, such as the ACT, prosecutions of organisations must be undertaken in
the magistrate’s court where, unlike in OHS jurisdictional hearings, such as the NSW industrial magistrate or the
Industrial Relations Commission, criminal levels of proof may be required and intent established. Consequently,
prosecutions fail or fines imposed are trifling commensurate to the infringement and do not act as a deterrent and do
not lead to the proactive OHS education process mentioned above.
At odds with the Montana Safety Culture Act, education is not stated in any of Australia’s principal OHS
Acts as an object. When asked why education was not a primary object embodied at law and why there has not been
a greater focus on education operationally, one manager in one major jurisdiction in particular related that in the past
there had been a voluntary information service for small contractors in construction which initially functioned well.
However, this service was staffed by inspectors who subsequently had to issue infringements or prosecute
contractors who had attended the sessions. According to this informant, contractors thought that they had been “set
up” and the service was discredited and disbanded. Several of the interviewed managers were enthusiastic about the
potential of safety culture based on educational principles to procure superior safety outcomes, in that this approach
encouraged individuals to act and think safety on their own initiative rather than simply complying with OHS laws.
They characterised mere compliance as minimalist and undesirable. One commented that under existing legislative
provisions the current management of site safety has not proven adequate in reducing risk exposure as lost time
injury (LTI) and fatality rates for the construction industry in Australia testify (in each of Australia’s states and
territories construction has consistently been amongst the highest rates of any industry). This manager, although
firmly endorsing the incorporation of safety culture into current legislation, maintained that penal provisions such as
those contained in the current Robensstyle principal OHS Acts must remain to keep the construction industry
“honest” (Biggs et al. 2005a). As noted above, we fully support that position.

SAFETY CULTURAL CHANGE Vs BEHAVIOURAL CHANGE: THE
CARROT OR THE STICK?
In effect, the two main approaches to safety culture — the “safety cultural” model, which relies on changing
organisational safety culture incrementally leading to the desired behavioural change; and the other, “behaviour
based safety” (BBS), which depends on modifying behaviours directly to create the desired safety culture — both
equate to enforcement or education as the main motivators. The safety cultural model has many variants which all
share a commonality. A typical approach is that either internal or external change agents are brought in to change
the safety culture slowly over time and a common theme is that there is resistance to change principally because
“many of the changes needed are viewed negatively by one or more levels of the organisation” (Simon & Simon
1996, 522). What is meant is that, typically, employees and middle management resist and/or obstruct change. The
essence of this approach is that the attitudes and beliefs of an organisational unit or group have their origins in the
cultural norms and assumption of the group’s members, in this instance to resist and obstruct just as the group’s
shared beliefs and attitudes may fully subscribe to the desired safety culture. What is essential in order to change this
negative culture is to understand how it is formed and how it can be changed. The knowledge, skills or tools to
effect change are many and varied and may take many years to achieve. Generally, for a dynamic industry like
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construction, this approach has limited appeal; it’s cost and labourintensive and it may not deliver the desired
outcomes.
Conversely, the BBS approach has more appeal to the Australian construction industry and our interviews
and focus group results indicate that the BBS approach is a better “fit” and is operating with some success in some
of the 11 member organisations of the ACA. The predisposition to BBS in the industry is not entirely unexpected; it
appears to produce quick, but perhaps not measurable, results and it conforms neatly to the enforcement approach
embedded in the principal OHS legislation. In brief, according to Tom Krause, a principal exponent of a BBS
approach, which is claimed to have had success in Australia:
Behavioral theory focuses on the main behaviors that lead to accidents rather than the accidents
themselves, which are relatively infrequent and difficult to investigate objectively, or attitudes
which are difficult to change. Behavioral methods are proactive and focus on potential risky
behavior. BBS involves identifying, through observation, behaviors which are safe and those
which involve risk of injury.
(Krause 2002)
A typical critique of the method is to be found in Simon and Simon (1996, 523):
Some safety behavior consultants reject the notion that you should manage attitudes and yet they
speak about the importance of “culture.” They say “manage behaviors, not attitudes.”… You can’t
see attitudes, but you can observe behaviors … Get people to behave the way you want them to
behave and their attitudes will change … These beliefs are based on Pavlov’s and Skinner’s
behaviorism theories, as well as a fear of invading people’s privacy.
Not surprisingly Krause (2002) vehemently contests these attributions and is disposed to defending the use of
observers who, as part of his approach, are trained to watch employees perform their tasks, scoring their safety
performance. Since Elton Mayo’s Hawthorne Studies (1927–1932) the effects of observation on task performance
enhancement are well known and acknowledged to be ineffective. Clearly, it’s impractical to have the safety
performance of large numbers of individuals observed around the clock. Further, this type of behaviourbased safety
approach defeats the primary objective of safety culture which is that people inherently want to behave and work
safely, not because they are made to do it. Our research so far has not yet fully determined which paradigm will
produce the most enduring and appropriate safety performance for the Australian construction industry. Even though
we disavow the use of the term “accident” by Krause (2002) because its use suggests an unforeseen, unpredictable
and unpreventable event and we oppose the use of observation, we are inclined towards a BBS approach to drive
safety culture change. However, we should state that the backbone of our CRC CI research project is to identify the
necessary skills, knowledge, abilities and the required safety behaviour attributes for essential safety personnel in
the Australian construction industry to create a safety skills matrix for “safetycritical positions” that can be used by
the industry nationally. Notwithstanding, BBS cannot thrive in a safety culture vacuum. Consequently, the necessary
preconditions of a vibrant, viable safety culture reside in having management commitment and the provision of
leadership driven by appropriate and relevant communication. In other words, these are the cornerstones of the
safety culture approach without which BBS cannot function adequately.
Further, safety culture must be created and nurtured by senior management, supported by policies,
procedures, the necessary resources and communicated throughout the organisation. The findings of our research
project so far strongly confirm the safety culture (and safety climate) literature relative to the essentiality of senior
management leadership and the necessity of appropriate and timely communication. In other words, not only is
visible leadership highly significant, but the way in which safety is communicated is important so that the message
is perceived as being meaningful and representative of the organisation’s policies and procedures. It is also
imperative that safety communications are appropriate for the recipient, consistently clarified so that they cannot be
misunderstood. To return to the primary theme of the chapter, as well as the primacy of executive management’s
leadership in promoting safety culture as the “carrot”, the legislative “stick” is also essential; for, the necessary
impetus that penal codes produce ensures implementation, and maintenance and improvement of OHS provisions. In
addition, there is a far greater requirement for education than currently exists, both in terms of promoting
understanding of the function of safety culture in producing the desired behaviours as well as in improving the
quality of training. Education is also necessary as a primary stated object in each of the Australian OHS principal
Acts and must be included in their operational requirements.
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CHAPTER 25

Managing Employees’ Work–Life
Balance: The Impact of Management on
Individual Wellbeing and Productivity
Lisa Bradley
Caroline Bailey
Helen Lingard
Kerry Brown
INTRODUCTION
The objective of the current study was to investigate factors influencing work–life balance and wellbeing of project
team members of an alliance project in Queensland, Australia. The project investigated the success of a workplace
intervention which was implemented in order to improve work–life balance. The study results indicated that
management of an organisation plays a critical role in implementing work–life initiatives. Findings suggest that
successful work–life balance requires management to not just implement specific initiatives — there is also a need
to establish the organisational context that is open to new and innovative ideas. In addition, the study found that
attending to work–life balance improves employee satisfaction and also creates a more productive workforce.

BACKGROUND
The construction industry has a demanding work environment, with longer than average working hours (Lingard &
Francis 2004). Most construction sites operate on a sixday week basis, with professionals and managers working
many hours of unpaid overtime. The nature of work is also stressful, with tight deadlines and severe financial
penalties if targets are not met (Lingard & Francis 2004). Construction industry employees also often have to
balance the conflicting requirements of multiple stakeholders (Lingard & Francis 2004). Construction is a highrisk
industry in which the likelihood of accidents and serious injury are higher than in other sectors, and construction
professionals and managers bear significant responsibility — not only for the completion of projects, but also the
physical safety of workers (Lingard & Francis 2004). It traditionally has an adversarial culture in which conflicts
and disputes are commonplace. All these characteristics are potential workplace stressors that may impact upon
employee wellbeing and work–life balance. Yet despite these known problems, there is little guidance available to
project managers on how to sustain the wellbeing and work–life balance of the team over the duration of the project.
Work–life balance is a popular term, but one that is often not explicitly defined. This study considers work–
life balance along the following three dimensions identified by Greenhaus et al. (2003):
§ time balance (the amount of time devoted to work and nonwork activities)
§ satisfaction balance (the amount of satisfaction derived from work versus nonwork activities)
§ involvement balance (the degree of psychological involvement in work versus nonwork activities).
It is contended that a person needs balance across all three of these dimensions to have the best possible work–life
balance. It is not just about the amount of time spent in work and nonwork activities. This balance will vary
between individual people — not everyone wants the same levels of work and nonwork activities. That is why
satisfaction and involvement in all activities is an important consideration.

THE ROLE OF MANAGEMENT
Research in other contexts consistently identifies social support in the environment, from sources such as one’s
supervisor, line manager and peers, as an important determinant of employees’ work–life balance and wellbeing.
Studies have confirmed that the presence of social support reduces the negative consequences of workrelated
stressors and work–family conflict (Goff et al. 1990; Thomas & Ganster 1995). Research has also demonstrated that
in order for employees to experience satisfactory work–life balance, in addition to formal organisational policies
there is a need to ensure that informal support exists in the work environment (Allen 2001; O'Driscoll et al. 2003;
Thompson et al. 1999).
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Over the course of the project, the site project manager introduced a number of initiatives, aimed at improving the
work–life balance of employees. At the commencement of the construction project, the site was operating on a 58
hour week, spread over six days (approximately 5 x 10 hours on weekdays and 8 hours on Saturdays). All blue
collar wages staff were required to work on Saturdays. While not all salaried, professional staff were expected to
work onsite on Saturdays, and they were required to work on workforce rostered days off (RDOs).
Formal work–life balance initiatives introduced by the project manager were compressing the working week
(from six shorter days to five 11hour days) and introducing teambuilding activities for professional, white and
bluecollar workers on RDOs.

DATA COLLECTION
Sample
From a population of approximately 70 employees, 19 site staff (14 salaried staff, 5 wages/workforce staff) were
interviewed at Time 1; 14 site staff (10 salaried staff, 4 wages/workforce staff) were interviewed at Time 2.
Participation in the study was open to any site employees and participation was voluntary.

Measures
Data was collected by semistructured interviews between individual employees and a researcher, held at the project
site. At both time points, interviewees were questioned about their current workload and responsibilities, current
nonwork responsibilities and activities, current work–life balance challenges, negotiating work–life balance,
comparison of work–life balance to that experienced in previous employment, the impact of formal work–life
balance initiatives (change in working hours, participation in RDO activities) and changes in work–life balance over
time (Time 2 only).

Procedure
Site workers were interviewed at two time points — shortly after the introduction of the compressed working week
in March 2005 (Time 1) and three months later in June 2005 (Time 2). Thus Time 1 provided a measure of
immediate reactions to the change in site hours, whereas Time 2 provided indication of more longterm reactions.
Participation was voluntary and anonymous; interviews were recorded and comments transcribed. Transcripts were
independently analysed by two or more researchers who each identified recurrent themes in interviewees’
comments, as well as unusual “oneoff” comments. Each researcher independently compiled a list, with exemplary
quotes, which was then compared between researchers. There was a high level of consensus between researchers on
all themes and comments identified.

FINDINGS
Findings indicated that employees were highly appreciative of the opportunity to engage in formal arrangements
specifically designed to assist them to balance their work and nonwork activities and that this support translated
into better and more productive organisational outcomes.

Comparisons between this project and previous employment conditions
Interviewees were asked how work–life balance at the site compared to previous employment experiences. All
interviewees who provided a comment, suggested that work–life balance at the site was much better than in previous
projects. The focus of these responses was on the positive effect of flexibility of their current work arrangements
and the ability to separate work and nonwork time through a clear break with the work environment that allowed
enough space to enjoy family time.
It’s pretty good … I am quite happy with it actually. I … used to … work for nine days, started at
5 in the morning … was on 24 hours call … so guys would wake you at 2 in the morning … Now
I jump in the car, you switch off and I go home. That’s it. Purely family time. No work at all.
(wages staff)
This is the most flexible project I have worked on, by far. And it is the best I have worked on.
Like I said, they [management] are pretty flexible, don’t stop you from doing something.
(salary staff)
It’s been a good project … the last project I was on … I really thought that one would be very hard
to beat. Like in terms of atmosphere and people working together. This one’s beaten it by far. This
is a really good team on this one.
(salary staff)
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A key driver for the high level of satisfaction with work–life balance was the attitudes of the site project manager
and supervisors.
I find management here is much more approachable and genuinely out to [help] … more caring I
think.
(wages staff)
I think a lot comes down to the project manager. In construction — how flexible he is, how
flexible a project manager he is. Last few positions I had in mining, you had to be there at 6.30am
and couldn’t leave before 4. That’s just the way it was. So although it comes into project
management, probably not just an industrywide attitude … The project manager has a huge
influence on the environment. My experience here … lot better than it was in mining.
(salary staff)
A key element of the managerial success in maintaining work–life balance for workers was the ability to manage the
informal processes of work–time allocation through direct negotiation between workers and managers. In this way,
emergencies such as illness and unexpected family commitments could be dealt with more easily and workers felt
confident in negotiating arrangements to ensure that their individual needs could be catered for but that
organisational requirements were met.
If I need half a day to do some personal stuff, I’ll tell the boss and say I’m going to do half a day
of personal stuff — because I know I’ve done extra previously. Just to balance that out.
(salary staff)
I ask my team leader to see if I can take some [time] off, and do it that way … he is very flexible.
We can do that — there is flexibility there — so they allow for that, which is good.
(salary staff)
That’s the main thing … the flexibility — if we have to leave early we can. And we can make
phone calls during work — there is no stopping us there. It’s pretty good — we can go out for
lunch. If you are going to have a longer couple of hours, they really don’t mind. Especially for
people’s farewells and stuff … it’s pretty good.
(salary staff)
The actions of management were also valued by the workers on the site. The project manager had introduced formal
work–life balance initiatives during the course of the project (changing the site from a six to fiveday week, and
introducing teambuilding activities for salaried staff who were required to work onsite RDOs). These were highly
valued:
Give [the project manage] a bit of a rap. The fact that he’s gone, alright, fiveday week … that was
a good one for me.
(salary staff)
I was actually contemplating whether the construction industry was not for me. And I was
becoming active in seeking other roles. And then the elimination of the Saturday work really saved
that. So if it wasn’t for that, I probably wouldn’t be here at the moment…
(salary staff)
Since [the site] has gone to a fiveday week, it has increased my enjoyable lifestyle substantially.
(wages staff)
Outofhours gatherings and activities were encouraged and the opportunity to engage in these activities was highly
valued by the site workers. The spinoff effects were felt not only in building more cohesive and effective work
teams, but also in contributing to greater worker satisfaction.
There has been an enormous amount of teambuilding. Yesterday everyone went carting. And I
think in that relaxed environment you get to know your team members a bit more and you know
what their limits and boundaries are. You work that out in a social situation.
(salary staff)
[RDO activities] help keep you motivated. If you are happier at work, it reflects in your home life.
Because we work such long hours, these are like rewards. Other things, like we get fruit. All these
little things they do, helps keep you happy here, and keeps you motivated.
(salary staff)
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DISCUSSION
Both the attitude and the behaviours of management were identified in the interviews as being crucial to the positive
feelings workers had toward the project and the managers more generally. This seemed to significantly contribute to
the feeling that working on this alliance project was better than their previous employment. We will now discuss
both management attitudes and management behaviour separately.

Management attitude
One of the main issues that kept coming up in the interviews was the flexibility of management. There seemed to be
an acknowledgement of a giveandtake attitude from managers — that employees on the project could take time
off, or put a greater emphasis on their “life” aspects in exchange for the previous hard work and current hard work
that they had done on the project. Crucial to this attitude though, was the sense that it wasn’t a formalised, strictly
controlled give and take. It wasn’t necessary to log hours and then take time off in lieu. The sense from the
interviews was a perception that management assumed that people generally worked hard, so that if they did want to
take some personal time, it was probably deserved. Further, just about all employees expressed the view that they
would not take this personal time very often, but they felt that if it was important to them, and they needed the time,
then they could take the time and management would support them. This is important from a project management
point of view, too.
The evidence here suggests that employees were actually expressing very high levels of commitment and a
strong work ethic, perhaps even higher than in projects where there was less flexibility and greater control. This
means that managers do not need to fear that if they provide employees with flexibility then those employees will
take advantage of that. The opposite in fact seemed true. The fact that employees felt that they could take time if
they needed to, and were trusted in relation to this, actually led them to wanting to do this very minimally. They
reported a greater sense of gratitude to management, and therefore did not want to let them down. So the end result
was higher levels of commitment and productivity. There was a very strong positive feeling amongst the staff in
relation to management and the project generally. Overall, the project was on time and on budget. In this way, a
twoway approach to flexibility by managers and workers secured greater work–life balance satisfaction and also
achieved significant productivity gains in relation to the project.

Management behaviour
The second aspect of management which is important is actual management behaviour. It was clear from the
interviews that it was important from a staff point of view that management not just say the right things in relation to
work–life balance, but that they actually behave in a congruent manner as well. Rapoport and Bailyn (1996)
discussed how even in an organisation which is formally “familyfriendly” the manager can easily counteract this if
they send negative signals. In this alliance project, employees reported that management did “walk the talk”. This
was evident through the initiatives that management implemented such as the fiveday week. It was appreciated by
staff that this was maintained even when it would have been easy to stop it, and also that management — right up to
the project manager — also worked the fiveday week. Further, managers were personally involved in the team
building activities. The project manager was very interested in a “healthy lifestyle” and personally adhered to
principles of good eating and physical activity, which employees were aware of. All of these things together
demonstrated to staff that management were serious about trying to make improvements to work–life balance and
that management modelled the behaviours that were integral to achieving a good balance between work and non
work life.
There is evidence in the literature that workplace initiatives of any sort are likely to fail if they do not have
the full support of all levels of management. For example, Edwards and Sohal (2003) examined the implementation
of total quality management in two cases in Australia. They found in one case that a significant reduction in the
commitment to the program occurred when the senior manager changed. The original manager was integral in
implementing the change and was very supportive. However, when this person was replaced with someone who was
less actively supportive, commitment declined. Even though official organisational policy did not change, the lack
of real support from the senior manager had an important negative influence.
The management support must include actual behavioural support rather than just saying there is support. It is
no use for management to say they are serious about improving work–life balance for staff, then do things like stay
late at work each night themselves, or set up meetings early in the morning when many staff may have childcare
responsibilities. There must be congruence between what management is trying to achieve and what management
themselves do. One of the important factors identified by Garcia and Haggith (1989, 90) for ensuring organisational
development programs are successful is “developing and nurturing management support and commitment to the
effort”. Staff will pay much more attention to behaviour than words, and employees can quickly become cynical if
management behaviour belies what they say they want to do. The staff in the alliance project used words like the
manager “genuinely” wanted to help. It was this sense that management were serious about these work–life balance
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issues which made all the difference to the success of the work–life balance interventions, and the overall project
more generally.
There was only one person who expressed discontent with management, and this was because they felt that
management had not followed through behaviourally with what they had initially promised. When the fiveday week
was introduced, wages staff were told that they would not be any worse off financially, but once it was
implemented, they were earning a little less money. Most wages staff reported that they were happier with this
anyway — they would rather have the time with their families than have the extra money. However, one person
believed that they had been misled by management and was unhappy about this. They felt a sense of betrayal. This
again reinforces how important it is for management to do exactly as they say.

Comparisons with previous employment
The people interviewed in this project were almost unanimous in their belief that this alliance project was better than
their previous employment. The reasons given for this included the supportive attitude and behaviours of
management, as well as the work–life balance initiatives themselves. This is probably partly because the
construction industry as a whole is known for its long hours (Lingard & Francis 2004) and so a move to a fiveday
week was a significant change in the days spent at work. Most people reported being used to working Saturdays for
many years, so this change was a major shift, which was viewed very positively.

CONCLUSION
Overall findings of the study revealed a formal work–life intervention strategy such as the one implemented in this
case organisation was very successful. This success of this initiative is largely attributable to the attitude and
behaviour of management, in particular the project manager. Moving to a fiveday week is a significant shift from
the industry standard of six working days, but this case demonstrates that it is possible to change longstanding
conventions and practices in this industry. The project did not go over time or over budget; in fact, the project was
completed six months early and came in under budget. The workforce was also highly engaged, satisfied and
committed to the project. The outcomes are therefore positive for the individual employees, managers and the
organisation alike. Managerial support for work–life initiatives is a critical element in achieving work–life balance
and satisfaction with working arrangements. The case study findings indicated that in addition, informal practices
such as negotiated time off for personal reasons and ad hoc arrangements for dealing with emergencies are also a
key strategy in managing workforces and assisting in achieving work–life balance.
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CHAPTER 26

Supporting the Design OHS Process:
A KnowledgeBased System for Risk
Management
Helen Lingard
Andrew Stranieri
Nick Blismas
INTRODUCTION
Design OHS
According to theories of risk management, the most effective way to manage a risk is to eliminate or reduce it at
source. Within the construction industry, this “source” is the design team (Martens 1998) and there is compelling
evidence to suggest that decisions made during the design stage of a project can have a significant impact upon
occupational health and safety (OHS) during the construction, occupation, maintenance and demolition stages of a
building’s lifecycle (Williams 1998; Commission of the European Communities 1993). Construction design
professionals have considerable opportunity to eliminate or reduce OHS risks throughout the lifecycle of the
buildings or structures they design. Designers make choices about the methods of construction and materials used,
which can significantly impact upon the OHS of those who build, occupy, maintain, clean, renovate, refurbish or
eventually demolish a building or structure (European Construction Institute (ECI) 1996; Hinze & Gambatese
1994).
The importance of design OHS has been recognised by policymaking bodies and legislators, in Australia and
elsewhere. The Australian National Occupational Health and Safety Commission (NOHSC 2002) identified design
as a critical factor in occupational injuries and fatalities, and established design OHS as an area of national priority
in the National OHS Strategy 2002–2012 (NOHSC 2002). Specific obligations for construction designers have been
included in the preventive OHS legislation in four Australian states (Western Australia, South Australia, Queensland
and Victoria (Bluff 2003)) and the adequacy of designers’ OHS responsibilities is an issue currently under review in
New South Wales.
However, enactment of such legislation does not automatically deliver a reduction in OHS risk. The case of
the UK’s OHS design legislation, enacted in 1995, reveals that there is a fundamental lack of knowledge and
appreciation among designers surrounding the OHS consequences of their designs (Summerhayes 2002). Further
research suggests that the majority of UK designers do not treat OHS as a priority and design risk assessments are of
poor quality (Rigby 2003; Entec 2000). Likewise, it is doubtful that Australian construction designers are, at present,
sufficiently well informed about ways in which OHS risks arising as a result of their design can be identified,
assessed and controlled. Australia is therefore in a position to learn from the experience of the UK, and develop
tools that help construction designers to better integrate OHS risk management into the design process.
This chapter presents the conceptual design for an innovative IT application that is being developed to assist
construction designers to integrate OHS into their design decisionmaking. It describes the mechanism by which
OHS knowledge will be modelled and presented to design professionals.

Knowledgebased systems in occupational health and safety
Knowledgebased systems (KBSs) seek to replicate, by computer, the problemsolving expertise of human
specialists in a specific area of application. KBSs are ideally suited to providing OHS decision support because OHS
is a specialist area in which it is undesirable to learn from one’s mistakes. The deployment, through software, of
OHS expertise that would otherwise be unavailable to the decisionmaker can be of considerable benefit in the
management of OHS (Roberston & Fox 2000). Two ways in which KBSs have been successfully used to aid OHS
decisionmaking are in the provision of regulatory advice and in supporting the OHS riskmanagement process.
Given the lack of OHS expertise among construction designers, a knowledgebased decision support application has
considerable potential to ensure that designers integrate OHS risk management into their design decisionmaking.
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Knowledgebased systems in design
Knowledgebased decision support tools have previously been demonstrated to improve decisionmaking and
enhance the efficiency and productivity of designers. For example, Berrais (2005) describes a system for the
provision of expertise relating to the design of earthquakeresistant reinforced concrete buildings. This system
ensures that designers who have little or no experience in earthquake zones are able to consider all of the relevant
factors in their design decisionmaking.
Knowledgeintensive computeraided design (KIC) systems have also been developed to provide knowledge
that has a bearing on the design process accessible to designers (Mantyla 1995). KIC systems have been used to
provide expertise, standards and regulations relevant to the resolution of design problems. For example, Yip et al.
(2005), deployed machine learning algorithms to model the airflow and heat retaining properties of toaster cases and
predict the performance of a newly designed toaster, thus obviating the need for a physical prototype. Likewise, the
Building and Construction Authority of the Singapore Government has applied artificial intelligence techniques for
the automated assessment of plans against building regulations in a system known as CORENET. In CORENET,
building elements are represented using the International Alliance for Interoperability’s (IAI) industry foundation
classes (IFC) and include rooflights, vertical windows and roof slabs. The CORENET knowledge base represents
building regulations as rules that apply to building entities and their properties. During an automated planchecking
session, the rules associated with each building entity are interrogated in order to identify breaches of the building
regulations.
Davison (2003) reports on the development of a prototype that deploys a similar automated planchecking
technology to provide knowledgebased advice on OHS in building design. Elements are encoded as IFCs but, rather
than apply building regulation rules to identify breaches, OHS rules are applied to identify risks inherent in the use
of each building entity. A designer using this prototype can initially view textual information, including relevant
legislation, regulations and cases. Then, risks associated with the building’s lifecycle (including construction,
maintenance, use and demolition) are identified and assessed during a rulechecking phase. This British prototype
uses a large number of “if … then” rules as the basis upon which to solve problems.
The chapter briefly describes the research and development (R&D) process being used to deliver the
Australian design OHS decision support prototype, before focusing on the novel method of modelling OHS
knowledge that will be deployed. The advantages of this novel knowledge representation approach over traditional
rulebased systems (such as those deployed by Davison (2003) and in the Singaporean CORENET system) are
discussed.

The prototype development process
An R&D project is currently under way to develop a prototype tool to provide practical, userfriendly OHS advice,
enabling designers to manage the risk of falls from height arising from their design decisions. The project will:
§ develop a model of best practice reasoning used by building designers when assessing and reducing the OHS
risk posed by their designs — the model will initially be limited to the risk of falls from height during the use
and maintenance stages of a building’s lifecycle
§ implement the model as a webbased decisionsupport system — designers will step through a sequence of
questions about their design, and the system will make an assessment of falls from height risks associated with a
design
§ trial the decisionsupport tool among a sample of construction design professionals and evaluate the outcomes.
The R&D project is being carried out in the three stages briefly described below.
Stage 1: Knowledge acquisition
This stage involves collecting the data that will underpin the decisionsupport tool. Teams of experienced
construction designers will participate in workshops facilitated by an OHS expert. Workshops will also be attended
by groups of facilities managers, representing building users and maintenance personnel to ensure that the OHS risk
experience and knowledge of these parties is adequately captured. The workshops will seek to:
§ identify “falls from height” hazards introduced by design decisions
§ assess the OHS risk presented by these “falls from height” hazards
§ provide advice as to how the risk of falling from height could be reduced through design modifications.
Once collected, this knowledge will be structured to create a series of “argument trees.” These trees represent the
hierarchy of factors which are believed (by the experts involved in the Stage 1 workshops) to be relevant to the
determination of OHS risk and the choice of riskcontrol measure. These argument trees represent the expertise that
will form the basis of the decisionsupport tool and it is critical that all relevant factors are represented. Prior to the
development of the decisionsupport tool, the argument trees will be validated. The argument trees will be presented
to a second group of experts to ensure that all the relevant factors that need to be considered in the risk assessment
and control decisions of construction designers are reflected. The argument trees will be modified as necessary until
consensus is reached.
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Stage 2: Prototype development
A prototype decisionsupport tool will be “built.” Initially, within the scope of this project, a standalone tool will be
delivered, but it is envisaged that eventually the decisionsupport application will be linked to computer aided
design (CAD) applications, such that designs created in CAD applications can be “uploaded” and subject to an
automatic online risk assessment. Designers will then be alerted as to those OHS risks that exceed a threshold value
and prompted to reduce these risks according to preferred options in the “hierarchy of controls.” This hierarchy
arranges OHS measures in order of priority from the most effective to the least effective.
Stage 3: Evaluation of the prototype
Finally, a group of construction designers will be required to use the tool and undertake a formative evaluation of its
impact. The evaluation will consider issues of userfriendliness, practical benefit and the extent to which the tool
results in practical risk reduction for falls from height. In determining the tool’s potential to reduce OHS risks, a
group of building users, facilities managers and maintenance workers will perform a post hoc evaluation of design
decisionmaking in a series of case study projects.

INNOVATION IN KNOWLEDGE MODELLING
Limitations of rulebased systems
Despite the excitement surrounding the development of early expert systems, the commercial deployment of rule
based knowledgebased systems has been problematic. Reasons for this lie partly in the fact that such systems are
often cumbersome and slow. Rule sets that underpin realworld problems are typically large (10,000 rules is not
exceptional) and difficult, and timeconsuming to elicit from experts. The development of many early expert
systems was halted because of the enormous time required by knowledge engineers to interview experts, translate
their knowledge into rule sets and validate the resulting rules. Lenat (1983) coined the phrase “knowledge
acquisition bottleneck” to describe this problem. Associated with the large number of rules required to adequately
represent factors influencing realworld decisionmaking was the speed of early, rulebased knowledgebased
systems. Inference engines that chain through large rule sets rapidly enough for realtime and even webbased
applications are very difficult to develop.
Problems also arise as a result of the fact that realworld problems are often too complex to be adequately
represented in the form of simple “if … then” rules. Rule sets do not easily encode uncertain or discretionary
knowledge and inference engines do not elegantly infer with uncertainty attached to rules. The issue of “open
texture” (i.e. the indeterminate nature of concepts) presents a particular problem in the use of rules to represent
knowledge relating to legal reasoning and compliance.
Although rulebased knowledgebased systems have made a significant contribution towards the development
of computational models of reasoning, it is now widely accepted that reasoning represented as rules is applicable
only in highly structured and narrowly contextualised situations. Consequently, knowledgebased systems which
represent knowledge as rules are not well suited to the application of OHS because the management of OHS risk is
characterised by professional judgment and discretionary decisionmaking.

Design OHS legislation
OHS legislation provides duty holders with considerable discretion. Flick (1979) defines discretionary domains as
those in which in which a decisionmaker has the freedom to select one interpretation or outcome from a number of
permissible options. Dworkin (1977) proposes two basic types of discretion, which he calls strong and weak
discretion. Weak discretion describes situations where decisionmakers must interpret standards in their own way,
whereas strong discretion characterises those decisions in which decisionmakers are not bound by existing
standards but are required to create their own standards. Both types of discretion apply to varying degrees in modern
OHS legislation.
The provisions of early OHS legislation in Britain and Australia were detailed and prescriptive, allowing for
little discretion on the part of dutyholders. The legislation clearly specified what must be done in order to comply.
However, in 1972, a British committee of inquiry headed by Lord Robens recommended a reduction in the
prescriptive detailed legislation. These recommendations were followed in 1974 when, in Britain, the Health and
Safety at Work Act was enacted. Under the influence of Robens, prescriptive OHS Acts and Regulations were
replaced by legislation containing “general duties” for those whose actions impact upon OHS, including employers,
employees, and suppliers of industrial plant and materials. Australia followed the Robens model, with the
introduction of Robensinspired legislation in South Australia (1972), Tasmania (1977), Victoria (1981), New South
Wales (1983), Western Australia (1987), Queensland (1989) and the Northern Territory (1986). General duties
provisions now exist in the principal OHS Acts of all Australian states and territories. Most recently, in some
Australian jurisdictions, general duties for construction designers have been added to the OHS legislation. The
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“general duties” legislation differs from the prescriptive early legislation in that it does not clearly spell out the
methods by which legislative compliance is to be achieved. Thus, the general duties require interpretation, judgment
and discretionary decisionmaking.
Moreover, the general duties are not absolute, being qualified by vague terms like “so far as is reasonably
practicable.” For example, section 28 of the Victorian Occupational Health and Safety Act (2004) requires that:
A person who designs a building or structure or part of a building or structure who knows, or
ought reasonably to know, that the building or structure or the part of the building or structure is to
be used as a workplace must ensure, so far as is reasonably practicable, that it is designed to be
safe and without risks to the health of persons using it as a workplace for a purpose for which it
was designed.
The standard for construction designers’ OHS duty is therefore “what would a reasonable designer have done in the
situation?” It is reasonable to expect that as the risk to health and safety increases, the degree of effort exerted in
controlling the risk should also increase. Thus, in order to ascertain what is reasonable in a given situation a design
risk assessment is necessary.

Risk management
The riskmanagement process is similarly characterised by professional judgment and discretionary decision
making. AS/NZS 4360:2004 sets out the steps in the riskmanagement process. These steps (depicted in Figure 26.1)
involve analysing the context in which the risk arises, identifying, analysing and evaluating risks and deciding how
to treat risks. Risk assessment includes the identification, analysis and evaluation stages in the riskmanagement
process (Standards Australia 2004).
Figure 26.1: The RiskManagement Process

(Source: Adapted from Standards Australia 2004)
Risk is understood to be a function of likelihood and consequence of an undesirable event, such as a workrelated
incident. In most instances, reliable quantitative risk data are not available to undertake objective, probabilistic
assessments of OHS risks. OHS risk assessments are usually qualitative and characterised by considerable
subjectivity. Consequently, the value of a risk assessment is limited by the knowledge and experience of the risk
assessment team. Decisions about risk tolerance and appropriate means for risk reduction are also inherently
subjective (Pidgeon et al. 1993). Where risks are deemed to be unacceptably high, decisions must be made about
how to treat or control these risks. In the case of the most serious risks, a decisionmaker might decide not to
proceed with an activity, for example eliminating a hazardous design element from a design. An example would be
the decision made to stop using asbestos sheeting for the construction of buildings once the risks posed by the
material became apparent. However, in the case of most OHS risks, steps can be taken to reduce the level of risk.
Riskreduction measures are selected according to an established “hierarchy” of riskcontrol measures, which holds
that it is better to eliminate a risk or “design out” a risk than to control it using measures that are reliant on safety
procedures, training, or the use of personal protective equipment. An example hierarchy for the risk of falling from
height is provided in Table 26.1.
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Table 26.1: Example Risk Control Hierarchy for the Risk of Falling From Height
Risk control
category
Eliminate the
hazard
Substitute the
hazard
Isolate the
process

Engineering
controls

Safe working
procedures

Personal
protective
equipment

Control measures
§ Structures should be constructed at ground level and lifted into position by crane (e.g. prefabrication of roofs or sections of roofs).
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§
§

Nonfragile roofing materials should be selected.
Fragile roofing material (and skylights) should be strengthened by increasing their thickness or changing their composition.
Permanent walkways, platforms and travelling gantries should be provided across fragile roofs.
Permanent edge protection (like guard rails or parapet walls) should be installed on flat roofs.
Fixed rails should be provided on maintenance walkways.
Stairways and floors should be erected early in the construction process so that safe access to heights is provided.
Railings and/or screens guarding openings in roofs should be installed before roofing work commences.
Temporary edge protection should be provided for high roofs.
Guard rails and toeboards should be installed on all open sides and ends of platforms.
Fixed covers, catch platforms and safety nets should be provided.
Safety mesh should be installed under skylights.
Only scaffolding that conforms to standards should be used.
Employers should provide equipment appropriate to the risk, like elevated work platforms, scaffolds, ladders of the right strength and height, and
ensure that inappropriate or faulty equipment is not used.
Access equipment should be recorded in a register, marked clearly for identification, inspected regularly and maintained as necessary.
Access and fall protection equipment such as scaffolds, safety nets, mesh etc. should be erected and installed by trained and competent workers.
Working in high wind or rainy conditions should be avoided.
Employers should ensure regular inspections and maintenance of scaffolding and other access equipment, like ladders and aerial lifts.
Employers should ensure that scheduled and unscheduled safety inspections take place and enforce the use of safe work procedures.
Employees should be adequately supervised. New employees should be particularly closely supervised.
Employees should be provided with information about the risks involved in their work.
Employers should develop, implement and enforce a comprehensive falls safety program and provide training targeting fall hazards.
Warning signs should be provided on fragile roofs.
Ladders should be placed and anchored correctly.
Employees exposed to a fall hazard, who are not provided with safe means of access, should be provided with appropriate fallarrest equipment
such as parachute harnesses, lanyards, static lines, inertia reels or ropegrab devices.
Fall arrest systems should be appropriately designed by a competent person.
Employees should be trained in the correct use and inspection of PPE provided to them.
Employees should be provided with suitable footwear (rubber soled), comfortable clothing and eye protection (for example, sunglasses to reduce
glare).
(Source: Adapted from Lingard and Rowlinson 2005)
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Alternative modelling approaches
The primary innovation in the development of the Australian design OHS decision support prototype is the use
of “argumentation theory” in the representation of knowledge. In contrast to the rulebased approach adopted by
Davison (2003) in the UK, design OHS knowledge will be captured and represented as a series of “argument
trees”. An example design OHS argument tree is presented in Figure 26.2. The use of argument trees to
represent expert knowledge was pioneered in a model of reasoning developed by Yearwood and Stranieri (2005)
and has been successfully used to structure and represent knowledge in various fields of legal reasoning,
including family law, refugee law and eligibility for legal aid.
In the case of the design OHS prototype, each argument tree will represent a hierarchy of factors relevant
to the determination of a designrelated OHS risk. The “root” of each tree will be the OHS risk rating associated
with a particular design element and/or activity. The risk rating will be inferred with knowledge of two factors:
the likelihood that an injury or illness will occur; and the likely severity of the consequence of that injury or
illness should it occur.
For example, the distance of fall and the availability of anchorage points for fallarrest devices are likely
to be relevant factors that lead to an inference describing the consequence of a fall (i.e. the severity of the
injury). The availability of anchorage points is conceptually related to the consequence rather than the likelihood
of a fall because, in OHS theory, fallarrest equipment will not prevent a fall from occurring but will limit the
consequence of a fall if one does occur. The frequency with which workers must go on the roof to perform
maintenance, the number of skylights, the strength of the skylight material, the roof pitch and protection for roof
maintenance might be used to infer the likelihood that a fall will occur during maintenance work. Throughout
the argument trees, a linguistic variable value on a “parent” node will be inferred from values on “children”
nodes with the use of predetermined and appropriate inference procedures. For example, the risk rating is
inferred using a multiplicative function for numeric variables derived from the values for the children
“likelihood” and “consequence” nodes.
Argument trees are somewhat similar to fault trees and event trees that have been traditionally used to
represent the interaction of events that have already contributed to safety incidents or which could lead to
adverse safety outcomes in the future. However, argument trees differ to the extent that they do not begin with a
specific incident (fault tree) or map the pathways from an in initiating event to an identified outcome (event
tree). Instead, argument trees are a particular type of logic diagram representing the relevant factors that an
expert would consider in making an assessment or judgment about something, in this case in assessing an OHS
risk. By specifying “values” for each node in the tree, a risk rating can be inferred, using the same logic and
reasoning that an expert would use.
In argumentationbased KBSs, different inference mechanisms can be used according to the nature of
knowledge being modelled. For example, in the “Split up” system (described in Stranieri et al. 1999), neural
networks trained on data drawn from divorce property judgments were used to infer about half of the 35 nodes.
In a different system, known as “Embrace,” which supported the determination of someone’s refugee status,
inferences were always left to the discretion of the decisionmaker (Yearwood & Stranieri 1999). In another
system called “GetAid”, Stranieri et al. (2001) assigned weights to each linguistic variable and then summed
these weights before comparing the result with a predetermined threshold to infer eligibility for legal aid. The
mechanisms to be used to infer values on the “parent” nodes from values on the “children” nodes in the design
OHS prototype have yet to be determined, but it is likely that several different types of inference mechanism
will be used.
The representation of design OHS knowledge in this way is highly innovative and much better able to
model the subjective and discretionary nature of OHS risk management than the rulebased approaches
deployed in other OHS knowledgebased decisionsupport tools.
Argument trees represent a template for reasoning in complex situations. Thus, in a discussion about the
level of risk posed by a particular design decision, two designers might disagree at the root node level. For
example, one designer may perceive the risk to be high while another perceives it to be moderate. This
difference in perception may derive from the different values assigned by each designer to subordinate nodes in
the argument tree. For example, one designer may believe that the protection provided for roof maintenance is
adequate, whereas another may not. However, although the two designers disagree, they can both accept the
argument tree structure as a valid template for the derivation of their subjective risk assessments.
Thus, argument trees are intended to capture a shared understanding of relevant factors in the
determination of a value (in this case the level of OHS risk). Irrelevant factors are not included in an argument
tree. Thus, the colour of the roofing material is not considered relevant by design OHS experts, so is not
represented as a node in the tree. (Although one can imagine circumstances where colour is indeed relevant to
OHS, such as in the specification of emergency or warning signage).
The search for suitable measures that will reduce the risk level at the root node of the argument tree can
also be automatically elicited from the tree itself. For example, a possible solution could be found by changing
leaf node values until the desired level of risk emerges at the root node. Changing the protection for roof
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maintenance to “adequate”, decreasing the number of skylights or providing suitable anchorage points for fall
arrest devices may result in a level of risk that is acceptable (for example, low). If not, then changing the value
for other leaf nodes may reduce risk to a predetermined tolerable level. It is worth noting that when knowledge
is modelled in this way, the search space of all leaf node value combinations will provide a list of all possible
riskcontrol solutions to each identified design OHS hazard.
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Figure 26.2: Example “Argument Tree” for the Risk of Falling Through a Skylight while Undertaking Roof Maintenance

Note: The argument tree presented is an example used to illustrate a concept. It is not based upon validated data and should not be used to assess risk or
select appropriate control measures.
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The argument tree approach to knowledge representation provides a simple structure for the assimilation of OHS
knowledge into the construction design process. The advantages of this structure include:
§ The risk rating (e.g. extreme) is not “hardcoded” and attached to each rule, but the end value will be generated
via validated inference procedures embedded within the tree itself.
§ Possible solutions to highrisk issues are not hardcoded (and therefore restricted). Rather, a search procedure
can generate and test solutions by changing leaf nodes (i.e. base facts) and invoking inference procedures up the
tree to ultimately generate a lowerrisk option.
§ Many rules are replaced by a single tree, resulting in a system that is easier to use and maintain. For example, as
construction technology advances and new design solutions to OHS risks become known, relevant concepts and
values can be relatively easily added into the argument trees. Also, where applicable, rule sets may be
embedded in an inference procedure within any level of the tree. However, the use of the tree also enables
mechanisms for drawing inferences, other than rules, to be deployed. This enables the approach to integrate a
variety of existing inference methods and more readily accommodate inference methods yet to be discovered.

CONCLUSIONS
This chapter describes the conceptual design of a decisionsupport tool to support construction design professionals
in integrating OHS risk management into the design process. This is important because experience in the UK has
shown that construction design professionals are illequipped to manage OHS risks arising from the design process.
OHS is typically not taught to construction design professionals in tertiary institutions within Australia and, thus,
Australian design professionals may similarly lack the OHS and riskmanagement knowledge, skills and abilities
they need to comply with their statutory OHS duties. The R&D project currently under way adopts an innovative
approach to modelling knowledge that is better suited to situations of discretionary decisionmaking and
professional judgment than the rulebased systems of the past. As such, the project promises to make userfriendly,
expert OHS knowledge readily available to construction design professionals.
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CHAPTER 27

Developing a Code of Practice for
Construction OHS:
A Research Agenda
Janet Pillay
Michael Charles
Rachel Ryan
Tim Fleming
INTRODUCTION
Attempts to enhance the currently poor occupational health and safety (OHS) performance of the Australian
building and construction sector has resulted in the introduction of a raft of legislative and regulatory innovations in
recent times (Cole 2003; Durham et al. 2002). Inconsistencies between state and federal OHS regulations have
caused confusion and controversy for different industry groups, particularly with respect to the marked difficulties
inherent in attempting to comply with sometimes conflicting guidelines (Cole 2003). As a consequence, a nationally
uniform code of practice (COP) that considers the OHS responsibilities of all construction parties and deciphers
existing construction and OHSrelated legislation has emerged as a potentially useful tool with regard to initiating
and promoting better safety outcomes. This chapter explores the rationale for the development of a code of this
nature. In consideration of the issues inherent in developing and implementing a COP, it also provides a research
agenda focused on improving safety in all phases of a construction project, from concept through to completion. The
chapter also considers the development and embedding of a COP throughout the construction industry, from a
project management level through to small to mediumsized enterprises (SMEs), and down to individual owner
operators. This review concludes that stakeholder collaboration, coordination and integration are critical with regard
to achieving OHS excellence and that, as a concomitant, a COP dealing with OHS in the construction industry
should further encourage the development of these types of relationships.

BACKGROUND
Before this chapter looks at the proposed benefits of the COP, it is important to review briefly the factors that have
led to the call for an industrywide code of conduct.

Effect of poor OHS on the construction industry
Health and safety in the building and construction sector is considerably poorer than that experienced in any other
Australian industry (Cole 2003; Wild 2005). Indeed, fatality rates in this sector are three times the national
workplace average, while injury rates are 50% higher than those experienced in other sectors. Construction workers
are also 2.4 times more likely to be killed at work than those participating in other Australian industries (Cole 2003;
Wild 2005).
In consideration of the facts that the commercial building and construction industry was valued at $50bn in
2003–2004, employs more than 775,000 people and accounts for approximately 6.8% of Australia’s GDP,
improvements in workplace practices in this sector are estimated to have the potential to generate $2.3bn annually,
which would lead to a 1% increase in GDP and a 1% decrease in the cost of living for all Australians (Department of
Employment and Workplace Relations 2005). Safer building sites are also predicted to result, most notably in
reduced worker death and injury rates (Department of Employment and Workplace Relations 2005). These expected
outcomes are particularly salient given the hazardous nature of the construction industry (Cole 2002; Lingard &
Rowlinson 2005; Wild 2005).
Incomplete structural connections, temporary facilities, tight work areas, varying work surface conditions,
continuously changing worksites, multiple operations, and crews working in close proximity to each other have been
identified as common causes of constructionrelated deaths and injuries (Hislop 1999; Ringen et al. 1995). The
Health and Safety Executive (HSE) (2003, 1) notes that the biggest single cause of reported injuries in the UK
construction industry was “handing, lifting or carrying”, while the most common cause of fatal injuries, at least as
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reported, relates to “falls from heights.” Lack of preplanning, inadequate selection of contractors and laissez faire
attitudes are other causes of injury or death (Hislop 1999).
Other causes of construction workplace accidents have been identified as inappropriate protection, harmful
substances and environment, workers being hurt by falling objects, removal of protection measures, insufficient
physical and mental capacities, distraction from carrying out other tasks, unauthorised access to hazardous areas,
and mechanical failures (Chi et al. 2005). In addition to these causes, Holt (2001) argues that secondary causes of
accidents are often the result of management system pressures such as financial restrictions, lack of commitment to
safety, outofdate safety policy, poor standards, inadequate knowledge and information, restricted training and task
selection, and poor quality control systems resulting from these restrictions and deficiencies. The same author also
suggests that construction accidents are indirectly caused by social pressures, particularly group attitudes, trade
customs, industry tradition, societal attitudes to risktaking, workplace behaviour norms, and commercial or
financial pressures between contractors.
The high rate of accidents and injuries inherent in this industry also stem from the hazardous operational
nature of construction work and the present inadequacies with regard to managing these risks (Durham et al. 2002;
Lingard & Rowlinson 2005). Furthermore, it has been observed that smalltomedium sized organisations lack both
the financial resources and management commitment required to enhance OHS performance (Hasle & Limborg
2006; Holmes et al. 1999; Lin & Mills 2001; Mayhew et al. 1997). In an acknowledgement of these types of issues,
the Royal Commission into the Building and Construction Industry identified a need for structural and cultural
reform (Cole 2003). The Commission noted that “The powerful competitive forces in the construction industry too
often work against occupational health and safety” (Cole 2003, 41). It also identified a need for the industry as a
whole to work together in order to produce better safety outcomes (Cole 2003). The Commission’s
recommendations reinforce the UKbased philosophy, previously advocated by Egan (1998), Latham (1994) and
Robens (1972), of an integrated approach to accident and illness prevention through regular enforcement, advisory
provisions and teamwork.

Towards a shared responsibility for OHS
In an acknowledgement that construction safety is as an ambiguous concept, Recommendation 30 of the Cole
Report (2003) specified a need for more comprehensive input across the board in the coordination of safety
procedures. It has been noted that safety requires consideration of all aspects of the design and construction process
(Cole 2001), and that a responsibility for safety should be distributed equitably across all parties involved in a
construction project (Safe Site New Zealand 1999). This sharing of OHS responsibility requires safety roles and
responsibilities for clients/principals, architects, engineers, employee consultants, head contractors, employees and
subcontractors to be stated in an unambiguous fashion (Safe Site New Zealand 1999). Furthermore, Durham et al.
(2002) and Hislop (1999) contend that this multistakeholder approach to safety not only would provide effective
hazard identification and control, but also would enhance the quality of safety management and promotion.
For health and safety to be integrated effectively into the various stages of the construction process, planning
and coordination of the roles and responsibilities of the different construction parties is critical. This approach is
claimed to be the most effective safeguard in avoiding injury and minimising costs (Safe Site New Zealand 1999).
To achieve similar outcomes, Toole (2002) advocates that all parties involved in a construction project should
clearly and continually communicate their expectations of safety and safety roles throughout the duration of a
project. Briscoe et al. (2004) elaborate further. They emphasise the importance of involving suppliers early in the
construction process in order to (a) reap the benefits of faster construction, (b) facilitate a better understanding of
client needs and project objectives, (c) improve communication, and (d) promote active involvement in value
engineering exercises.
The current lack of collaboration and coordination among construction parties in OHS is attributable to the
historical fragmentation of project delivery systems, in addition to the contractual and adversarial nature of
construction project relationships (Dainty et al. 2001; Hampson & Brandon 2004). SMEs have traditionally
mistrusted other construction parties and operate on the premise that integrated supply chains cannot provide
mutually beneficial outcomes (Dainty et al. 2001). Instead, SMEs often maintain that existing supplychain
management techniques seek to enhance the profitability of the main contractor at the expense of other companies in
the supply chain (Miller et al. 2004; Packham et al. 2003). In order to minimise these barriers to enhance industry
collaboration and integration, main contractors must address integration and partnership issues with smaller
companies, in addition to client organisations (Dainty et al. 2001). Leading companies must also agree to share the
benefits of greater integration with their supplychain partners and adopt a longterm time orientation in order for
improved safety outcomes to ensue (Dainty et al. 2001). Dainty et al. (2001) hold that, by contractually emphasising
equality with regard to obligations and responsibilities at each level of the supply chain, better supplychain
relationships across the construction process will be facilitated. This, it has been argued, will lead to enhanced OHS
performance.
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A role for a code of practice
Practitioners and scholars from various nations have recognised the central role of a COP in construction OHS with
regard to safety reform (Australian Procurement and Compensation Council 1997; Cole 2003; Durham et al. 2002;
Kelly 2004; International Labour Office (ILO) 1992). What is more, the ILO (1992, 2) specifies that the objective of
a code of this nature would be to offer:
practical guidance on the policy and standard setting in occupational safety and health for use by
governments, employers, workers and any other persons involved in the construction process in
order to promote safety and health at the national level and at the level of enterprise.
Although difficulties remain with establishing a COP for construction safety, Cole (2003) concluded that a
nationally uniform system of OHS that reflects each administrative regulation, many of which are complex and
sometimes contradictory (as has hitherto been signalled), would prove beneficial. He outlined the impracticalities of
having countless codes of practice, standards and guidelines established by different states, construction companies
and representative groups and recognised, furthermore, the development of a national system as a “matter of
priority” (Cole 2003, 43). Concurring with Cole’s recommendation (2003), Durham et al. (2002) propose that a
uniform national system could minimise confusion over the roles and responsibilities of different construction
parties. In addition, the economic benefits arising from a homogenous, national system would provide gains in terms
of the time and resources expended in order to address different and often conflicting codes and regulations
(Durham et al. 2002).
Thus, positive outcomes stemming from a nationally uniform COP for construction OHS are expected.
Despite this, it is unclear whether such a code should be prescriptionbased or broadprinciplesbased. Other aspects
are also uncertain; for instance, the specific components that should be included in the code, the means by which the
code will be developed, and the way in which the effectiveness of such an instrument should be measured,
particularly in (a) achieving greater industry collaboration on OHSrelated matters, and (b) producing better safety
outcomes for construction projects. The remainder of this chapter considers these and other issues pertaining to the
development and implementation of a COP for OHS in the Australian construction industry. It also seeks to provide
a research agenda in order to address the more salient issues.

DEVELOPING THE CODE OF PRACTICE: A RESEARCH AGENDA
Development process
For a code of this nature to be practical and representative of broader industry concerns, influential parties in the
building and construction sector should be involved in its development (Durham et al. 2002; Queensland
Department of Employment, Training and Industrial Relations 2000). In order for the COP to address the safety
issues experienced in industry in an accurate and impartial fashion, a variety of stakeholders employed within a
range of operating contexts should be consulted. These stakeholders would include, but should not be limited to,
individuals working in small, medium and large organisations across the public and private sectors, and those
employed by notforprofit organisations and peak industry bodies. In view of this, the next section outlines the
main parties generally involved in a construction project, considers their influence on safety, and the way in which
they might contribute to the development of a COP.
Clients
Clients are the key drivers of performance improvement and innovation in the construction industry (Briscoe et al.
2004; Wild 2005). By commissioning “design work for a structure” (Australian National Health and Safety
Commission 2005, 6) and appointing another party to oversee and coordinate OHS management, clients appear to be
in the best position to demand improved safety processes and outcomes. In addition to prioritising safety, clients
have the capacity to influence the safety outcomes of a construction project through (a) the “financial specifications
and contract negotiations” that determine employment conditions, and (b) the specific allocation of funds for the
purpose of implementing safety measures (Bluff 2003, 1011).
Practitioners and scholars agree that clients or owners should demonstrate their commitment to safety by
providing adequate resources for safety initiatives, communicating safety in a timely manner, selecting safe
contractors, and participating actively in safety management. In addition to overseeing and facilitating safety
management at all stages of the construction process, the client should establish safety as an integral project
component before any onsite construction work is initiated (Huang & Hinze 2006).
Before clients can fully capitalise on their role in construction and actively demand improvements to safety,
they must first recognise the importance of safety for all parties involved in a construction project. Clients must be
well educated about the different facets of safety and must understand the benefits of prioritising safety from a
profit, sustainability and corporate social responsibility (CSR) perspective. Once clients are aware of the potential
longterm rewards of a safety focus, they then need to be educated about the various means to promote safety on
construction projects. Research in this area is limited in scope and scale. Indeed, practitioners and scholars merely
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suggest that clients should be the drivers of safety (Bluff 2003; Briscoe et al. 2004; Huang & Hinze 2006; Wild
2005). Client philosophies of the role and impact of safety, together with any perceived benefits of maintaining a
safety focus, have not been examined in great depth. Therefore, in the development of the COP, clients should be
consulted and engaged in order to ascertain existing safety philosophies, issues and outcomes, and develop feasible
safety solutions for the industry as a whole.
Clients consulted in the development of a COP must necessarily reflect the diverse scope and scale of the
construction projects initiated in this country. In addition, both public and private sector clients would need to
become actively involved in advancing the whole industry towards a uniform code. Industry representative groups,
such as the Property Council of Australia (PCA), in addition to the various relevant government departments
(especially in their capacity as major clients of the Australian construction industry), should also be involved in this
process.
Project managers
The safety and construction literature suggests that the role of project managers in safety primarily related to the
development of a strong commitment to safety, and then actively demonstrating this commitment to others.
Although planning and control failings have been identified as the root causes of safety incompetence, it is
recognised that management commitment to safety essentially dictates safety performance onsite (Saurin et al.
2004).
From the construction safety literature, it appears that the role of project managers should relate mainly to
working with clients in order to develop a position on safety, and then disseminating this safety stance to other
parties in a construction project. These participants in the project should then, under the guidance of the project
manager, embed safety as a priority into work practices. Project managers frequently interact and communicate with
all parties in a construction project. In view of this, consultation with this stakeholder in the development of the
COP would prove beneficial. By drawing on their experience in coordinating the different construction parties to
work together within specified timeframes and budgets, project managers possess the authority required to drive
collaboration, communication and coordination on safetyrelated matters in construction projects. For this reason,
project managers may be able to provide insight into the means by which safety commitment — at both a
philosophical and practical level — might be increased.
In order to gain insight into the OHS needs of project managers, the relevant industry association, the
Australian Institute of Project Management (AIPM), would also need to be involved in the development of the
proposed COP. Views of current or previous project managers across a range of construction projects should also be
solicited.
Designers and constructors
It has been found that 60% of fatal construction accidents result from decisions made “upstream”, and that
shortcomings in design and work organisation are the main cause of construction fatalities (The European
Foundation for the Improvement of Living and Working Conditions 1991; Jeffrey & Douglas 1994). Furthermore,
50% of OHS problems have been attributable to inadequate design alone (Smallwood 1996). There is thus a strong
relationship between design decisions and safe construction. What is more, the lack of focus on safety at the design
stage is attributable to the prevailing view that the implementation of safety preparations should be delayed until the
commencement of the construction phase (Szymberski 1997). The factors introduced above contribute to the current
general failure to design effectively for the elimination, avoidance and reduction of hazards. As a consequence, it is
necessary, as Szymberski (1997) argues, to view construction safety as an important consideration in the conceptual
and preliminary design phases of a project.
The notion of considering safety in the design phase of construction, as espoused by Gambatese (2003), is
gaining momentum on a global scale (Behm 2005). Defined by Behm (2005, 590) as “the consideration of
construction site safety in the design of a project”, safety by design involves modifying the permanent features of
the construction project in order to ensure that (a) construction site safety is considered, (b) safety is included in the
site construction plans and specifications, and (c) design tools that can accommodate safety suggestions and
communicate design risks are employed.
In view of the necessity of designing for safety, designers should be involved in the development of a COP.
Since “many of the best controls for safety problems can be implemented effectively at the design and construction
planning stages” (Durham et al. 2002, 9), architects and engineers are, it seems, best equipped to provide knowledge
relating to this field of endeavour. Peak industry representative groups such as the Association of Consulting
Engineers Australia (ACEA), Engineers Australia (EA) and the Royal Australian Institute of Architects (RAIA)
should also be contacted for input.
In order to gain insight into the effects of design decisions “downstream” in the construction process,
engagement with constructors through the Australian Constructors Association (ACA) and Master Builders
Australia (MBA) should be factored into the development of the COP. For similar reasons, the views of currently
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employed onsite construction workers should also be solicited. In addition, organisations operating within a similar
context to the Australian Council of Trade Unions (ACTU) should be consulted.

Scope of the code of practice
Although the literature suggests that a role for an industrywide COP most certainly exists, it fails to identify, in
specific terms, those areas of safety that require emphasis. By stating that industry codes of practice focus on “key
hazards” within a given industry, the Queensland Department of Employment, Training and Industrial Relations
(2000, 7) provides some broad guidance. Of course, it stands to reason that the most significant OHS issues will
surface during discussions with clients, designers, project managers and constructors. Still, it is perhaps worthwhile
to put forward some ideas that could guide the development of a COP. The next section will attempt to do this.
Safety roles and responsibilities
The roles and responsibilities of the different construction parties with regard to OHS have not been specified in any
existing exegesis on the topic. Thus safety in construction projects remains an ambiguous concept, especially with
respect to the OHS roles and responsibilities of different participants working on a construction project. Disparity
exists between the main stakeholders, especially concerning which party is responsible for which element of safety.
It is important to note that the RAIA (2004) contends that, for safety performance to improve in the construction
industry, definitions of designers and their responsibilities for OHS require further clarity.
In view of the prevailing ambiguity, it is envisaged that, following consultation with industry representatives,
the COP will clearly specify the roles and responsibilities for each of the main parties to a construction project,
namely, clients, project managers, designers and constructors, in addition to what their respective roles and
responsibilities will be at each major stage of the construction process, which are procurement, design, construction
and commissioning.
Contractor selection criteria
Traditional criteria for contractor selection have generally focused on tender cost (Tookey et al. 2001). These types
of construction procurement methods are problematic since they are (a) unable to raise productivity levels beyond
those stated in protocols, and (b) incapable of managing complex multigoal, multidisciplinary and multi
participant scenarios (Kumaraswamy & Dulaimi 2001). Furthermore, by focusing on cost alone, existing
procurement methods are not holistic in nature. They are therefore unable to address parameters of efficiency and
effectiveness — let alone safety — adequately.
In response to the inability of conventional criteria for contractor selection to reflect wholeoflife project
dimensions, project managers are increasingly recognising the importance of bestvalue principles. As a result, they
are progressing towards selecting contractors on the basis of criteria that align closely with overarching client
objectives. Tookey et al. (2001) state that project objectives generally fall under the following rubrics: quality, cost,
time, prestige and affordability, and minimal conflict. Other scholars claim that, with quality, cost and time being
generally deemed critical to a project’s success, these factors should comprise the core considerations in contractor
selection (Bennet & Flanagan 1983; Gransberg & Ellicott 1997; Walker 1996). Yet there is also debate regarding
whether contractor selection criteria should extend beyond lowest price in order to include intangible considerations
such as environmental preservation and social and economic sustainability (Choi 1999; Holt 2001; Palaneeswaran et
al. 2003). One might well wonder why safety should not also be included. In this process, it has been argued that
contractor appraisals should adopt a project wholeoflife value approach in order to evaluate multiple facets of
contractor performance (Holt 2001).
To address the present inadequacies in contractor selection, there needs to be a closer alignment of best
practice criteria with client objectives for a project. Construction projects vary in size and resource availability. Thus
the factors that constitute best value for one project may not necessarily reflect the priorities of another. Clients have
unique objectives that underlie intended projects and, as a result, their expectations of contractors and consequent
project outcomes are likely to vary. For these reasons, project managers and clients should establish goals and
objectives for each construction project at the concept stage of operation. This should include safety. From these
goals, contractor selection criteria that extend beyond lowest price should be developed.
The COP should thus identify a range of salient criteria for contractor selection to guide the development of
projectspecific criteria by project managers and clients. It may also be useful for the COP to provide tools to assist
in the operationalisation of these criteria, for example, templates of tender documents that assess contractor
performance with respect to the dimensions specified in the criteria.
Hazard identification and control
The formal identification of workplace hazards is fundamental to successful safety management. It is thus an
essential component of OHS legislation in Australia. Still, hazard identification remains a problematic process for
contractors (Trethewy et al. 2000). Most contractors lack the willingness to identify and document hazards through
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either jobsafety analyses or safeworkmethod statements that identify medium to highrisk threats in the
workplace and nominate appropriate controls in order to eliminate or minimise them (Trethewy et al. 2000).
Hazard identification and control processes would be better managed if program standards, implementation
criteria and monitoring responsibility were clearly defined before any work is contracted (Hislop 1999). As a
consequence, organisations need to develop procedures for conducting these tasks (Gun & Ryan 1994).
In response to the identified need for systemic processes in the identification and control of hazards, the COP
should provide guidance in this area. Case studies of existing hazard identification and control processes should be
conducted and complemented with research examining the requirements of clients, designers, constructors and
project managers in hazard identification and risk management. From this data, roles and tasks should be developed
for these parties in order for them to collaborate more effectively in the management of construction hazards.
Designing for safety
For safety by design to become an effective OHS strategy, the role and responsibilities of designers need to change.
Modern designers must (a) develop a high regard for safety, (b) be motivated to design for safety, (c) increase their
knowledge of the concept, (d) incorporate construction safety knowledge into the designing process, and (e)
consider design for safety modifications (Gambatese et al. 2005). In addition, tools and guidelines that facilitate
safety by design must also be readily available, while liability exposure for designers should be mitigated
(Gambatese et al. 2005). The UK Health and Safety Executive (HSE) (2002) specifies that designers should identify
significant health and safety hazards likely to be associated with design and, in view of these, either redesign in
order to avoid the identified threats to safety, or else minimise the magnitude of the risks (HSE 2002).
Designing for safety principles should thus be embedded in the proposed “roles and responsibilities for
designers” section of the COP. Despite this, it would be beneficial to reinforce safety by design principles in other
relevant aspects of the code. The operationalisation details of such a strategy may need to be gleaned from
discussions with industry representatives and construction parties. Furthermore, in consideration of the fact that
increased safety awareness, development and continual refinement of safety should be incorporated into design
checklists (Weinstein et al. 2005), the development of a design checklist that will serve to enhance safety outcomes
must constitute another item of the research agenda.
Equipment
The wearing of protective clothing and the use of safety equipment is critical in reducing onsite accident effects
(Lin & Mills 2001). Although safety equipment is generally provided, employees are often reluctant to use it. As a
consequence, the mere provision of safety equipment alone does not warrant effective OHS practice (Harper 1998;
Holmes et al. 1999). Rather, management commitment is necessary in order to enforce the use of safety equipment,
in addition to a corporate culture that encourages such practices. Project managers should also evaluate the manner
in which they coordinate work with a view to facilitating the efficient use of safety equipment (Irizarry et al. 2005).
The COP may need to stipulate the roles of individual construction parties in the provision, use and
maintenance of safety equipment. As a supporting device, it may also be beneficial to provide equipment log
templates that track the life and maintenance of all construction equipment across all phases of a project.
Consultation with construction practitioners, including safety personnel, and observation of general safety
equipment practices is necessary in order to determine what is realistically feasible in the provision, use and
maintenance of safety equipment. This should be reflected in the COP.
Training
Organisations with poor safety performance often inappropriately associate safety training with site experience and,
as a result, adopt inadequate approaches to the prevention of OHS incidents (Wilson & Koehn 2000). For example,
in safety practices and processes, designers have been found to be lacking in safety expertise, understanding of
construction processes, and typical contract terms (Toole 2005). Furthermore, unsafe behaviour in construction has
been linked to a lack of awareness, while poor attitudes towards safety and OHS training have been identified as the
means to reverse these effects (Teo et al. 2005).
In response to the central role of training in OHS, there is a need for safety training in the construction
industry to be reviewed and redesigned. Formal training programs have been associated with empowering staff to
complete tasks effectively, in addition to establishing positive safety attitudes (Kartam et al. 2000). They are thus
preferable to informal approaches.
Workers must be educated about all aspects of work safety and should be provided with the necessary skills
to act upon this knowledge (Garza 1988; Nishgaki et al. 1994). Education and training strategies should not only
focus on external control, enforcement and technical inspections but also should emphasise higher management
internal control, human factors, safety management and improved safety culture (Hakkinen 1995).
The training component of the COP should therefore focus on educating the parties involved in a construction
project about the many and varied facets of OHS. It should stipulate the training needed to produce enhanced safety
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outcomes and, where possible, operationalise OHS training into practical and realistic tasks for use in the broader
industry.
Safety reviews, committees, plans and programs
Safety reviews have been argued to eliminate or mitigate OHS risks during construction. These reviews involve
participation from the owner of the project, design firm, general contractor and the numerous trade contractors
involved in the construction and operation of a particular project (Weinstein et al. 2005). However, it has also been
acknowledged that such a comprehensive safety review may not be practical in general commercial construction
projects (Weinstein et al. 2005). As a result, the development of a meaningful, practical and comprehensive safety
review process has been given priority (Weinstein et al. 2005).
In consideration of evidence demonstrating that employees tend to have a greater awareness of workplace
hazards in comparison with employers, Lin and Mills (2001) suggest that employees should be involved in safety
programs. Worker participation in programs is thought to allow workers to understand and accept OHS changes
with greater ease (Lin & Mills 2001). Furthermore, regular onsite meetings have also been found to assist the
identification of OHS problems and solutions, something which has contributed to improved accident prevention
(Dedobbeleer & Béland 1991; Hegazy et al. 2001; Hinze & Raboud 1988; Mearns et al. 2003).
In the development of the COP, it may be beneficial to develop a meaningful and practical safety review
process that is efficient and effective for all parties. Worker participation in the development and implementation of
this process should be prioritised. As seems obvious, further research is needed in operationalising this concept.
Evaluating the effectiveness of the code of practice: Measurement issues
The literature suggests that one single reliable measure of OHS is both nonexistent and insufficient in adequately
evaluating safety. The difficulties of measuring OHS are exacerbated by the range of measurement tools employed
by the various parties involved (Mearns et al. 1997; 1998). Commonly used indicators of OHS performance vary
depending on the stakeholder perspective considered. OHS measurement tools include: worker perceptions of the
workplace, communication, workforce involvement, perceived management and supervisor competence, safety
performance satisfaction, and willingness to report accidents and incidents (Mearns et al. 1997; 1998).
Trethewy and Gardner (2000) note that an impetus exists to develop enhanced safety performance indicators
that (a) accurately capture the important elements of workplace safety performance, (b) indicate the effectiveness of
safety management procedures and systems implemented by principals and minor contractors, and (c) include broad
conceptions of safety performance that extend beyond accident and incident frequency rates. These authors also
suggest that multiple OHS measures are required and that, instead of focusing solely on outcomes, OHS
performance indicators must be related to safety management processes and should be simple to understand and
operationalise (Trethewy & Gardner 2000).
Both quantitative and qualitative devices should be drawn upon in order to measure OHS performance
(Jaselskis et al. 1996). Quantitative measures include lost time and severity rates, while qualitative measures refer to
outstanding, average and belowaverage project performances as determined by OHS assessors (Jalselskis et al.
1996). In addition, regular examinations of safety compliance, by means of the documentation of work tasks and
safety controls, as well as regular workplace inspections, should be conducted to detect, record and address repeated
medium to highrisk hazards (Trethewy & Gardner 2000).
Durham et al. (2002) maintain that the effectiveness of a COP is determined by its relevance to the industry to
which it is applicable. For this reason, the effectiveness of the COPin enhancing OHS outcomes and generating
greater industry collaboration and engagement will be multidimensional in nature. Both qualitative and quantitative
approaches should be incorporated in the COP, and discussions with industry representatives will be necessary in
order to identify and develop measurement tools that are reliable, accurate and feasible.

IMPLEMENTING THE CODE OF PRACTICE: CORE CONSIDERATIONS
It is possible that, in the nottoodistant future, the Australian construction industry will be compelled, on account of
legislative and/or regulatory reform, to embrace practices that provide for enhanced safety in the construction
industry. Given the impetus to include all parties involved in a construction project in an improved safety regime, it
seems obvious that reforms involving a code of some sort will affect a wide array of industry practitioners. The
question, then, is to what extent a COP, as espoused in this chapter and elsewhere, could provide an effective bridge
between the current laissez faire attitudes to constructionsite safety and a far more rigorous governmentled reform
of construction processes. Such a bridge would allow for an effective transition to a more rigorous OHS monitoring
and enforcement environment, and would also ensure that future legislation/regulation would not mean that the
industry comes to a standstill as a result of extreme uncertainty and draining legal processes.
If government and public sector clients demand that project management firms ensure improved safety
throughout the construction process, it stands to reason that such project management companies will necessarily
embrace a COP — for both business reasons, and as part of their CSR activities. Furthermore, private sector clients,
in their multifarious forms, will also feel increasingly compelled to include safety in their selection criteria for
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procurement, perhaps for CSR reasons, or perhaps because they recognise that a COP will potentially lead to better
projectteam integration and harmonisation, and thus a stronger likelihood of sound overall project outcomes. In
view of these considerations, there should be a ready “market” for a COP, especially in construction activities
focusing on largescale, highcost and highly visible facilities.
Despite the happy prognostications made above, the means by which a COP could be sold to construction
firms operating outside the sorts of regimes introduced above needs to be ascertained. One might well wonder
whether smaller project management firms coordinating the construction of a small suburban cluster of shops or a
solitary petrol station would be compelled by the client to ensure that subcontractors adhere to agreedupon safety
principles. And what of a master builder hired by a future home owner to coordinate the construction of a suburban
dwelling? In these cases, the shortterm view would be that adherence to a COP would not yield any great benefits,
and that its adoption might increase administrative complexity and add to cost. So, if a COP is to provide an
effective bridging mechanism between the present and the future, it is clear that the COP must be embraced
throughout the entire industry, or at least as far as possible. Perhaps target figures should be nominated within a
determined period of time.
Consideration should also be given to the manner in which the COP should be implemented. Should
compliance with the COP be voluntary in nature? If so, what is the best means to achieve “buy in” by construction
firms? In contrast, should compliance with the COP be mandated by clients and project management firms? If this is
the case, does an enforcement role exist for industry associations such as the RAIA, EA, ACEA, ACA and PCA?
How will compliance with the COP be assessed? Is monitoring required and, if so, by whom? If the COP is to beget
effective change in OHS in the construction industry, these are the sorts of issues that require attention.
Thus a research agenda needs to be established that will serve to increase our understanding of the various
barriers and enablers that will be relevant to the quest to sell a COP to industry, in particular SMEs and small owner
operators. It is widely recognised among practitioners and scholars that the operating context of these smaller firms
is such that limited economic and human resources are available to implement OHS management systems in an
acceptable manner. Efforts should therefore focus on ensuring that the COP is (as far as possible) practical, reliable
and inexpensive to implement and maintain. As a further provision, existing research on the diffusion of regulatory
and businesspractices innovation, including that conducted within the CRC for Construction Innovation, could be
leveraged in order to provide an improved understanding of potential challenges to the uptake of innovative
practices among SMEs. Still, specific research with regard to a COP and its potential uptake by SMEs and small
owneroperators might well be undertaken. What selling points need to be devised for SMEs? What would be the
longterm gains? How could these benefits be communicated to SMEs? These questions need to be asked if
widespread acceptance of a COP among Australian construction industry SMEs is to become a reality.
By undertaking research in the directions we have discussed, the means to operationalise and embed a COP
for construction OHS might become much clearer to all interested parties.

CONCLUSIONS
A role clearly exists for a COP that apportions health and safety responsibility across all stages of a construction
project. As a conduit, such a COP has the capacity to achieve industry collaboration and agreement on OHSrelated
matters in the construction sector. At the same time, it should also enhance construction safety performance. Despite
these benefits, the scope of the COP remains somewhat illdefined. By providing a research agenda into the
development of a COP, this chapter has initiated the process of identifying those areas that are critical to improving
safety outcomes. These include safety roles and responsibilities; contractor selection criteria; hazard identification
and control; designing for safety; equipment; training; safety reviews, safety committees, plans and programs; and
OHS performance measurement. It also suggests that, for the COP to be both practical and relevant to the
construction industry, evaluation of its effectiveness will be required. Furthermore, in order to develop a meaningful
COP that responds to the OHS issues manifest in the Australian construction industry, consultation with key
industry stakeholders, such as construction clients, project managers, designers and constructors, is essential. The
input of other influential parties in the building and construction sector should also constitute part of this
development process.
Regardless of the form that the COP eventually takes, it should be nationally significant and should
complement rather than contravene existing legislation and regulations. What is most important, of course, is that it
should be feasible enough for industry practitioners. The means to embed the COP and its fundamental principles in
education and training regimes also need to be devised. Indeed, it will be of vital importance that overseastrained
construction industry practitioners become familiar with the COP before they begin work on Australian construction
projects. Finally, research efforts also need to focus on the way in which “buy in” by construction industry
practitioners (especially SMEs) might be achieved, most notably by those that currently view a COP of this nature
as an additional (and unnecessary) administrative and operational burden. These parties must be informed of the
longterm value of adhering to a nationally significant COP that focuses on enhancing construction OHS
performance.
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CHAPTER 28

Facilities Management in Italy:
Between Traditional and Innovative
Approaches
Lorenzo Bellicini
Alessia Salaris
THE ITALIAN FACILITIES MANAGEMENT MARKET: FEATURES AND
EVOLUTION
In Italy, the facilities management (FM) sector has only recently developed in comparison to other countries, but has
grown rapidly in the past five years. There are three main reasons for this. First of all, the features of the Italian
production structure are characterised by a widespread presence of small and mediumsized enterprises (SMEs),
which does not facilitate the adoption of an integrated FM approach. Consequently the nonresidential stock
(amounting to 1.15 billion square meters of total floor area) is fragmented into smallsize buildings: local units with
a total floor area up to 500m3 represent 29% of total stock, while only 17% of the nonresidential stock is comprised
of local units with a total floor area larger than 10,000m3, mostly concentrated in industry and public sectors
(CresmeManutencoop 2005).
Secondly, until a few years ago, the most common model for the delivery of noncore services was based on
inhouse management. Thirdly, the presence in the Italian market of the most important international FM companies
is relatively recent (dating back to the mid1990s) and FM services have been carried out by a great number of small
providers.
Nonetheless, during the last five years the Italian FM market has recorded a fast growth, owing to a
widespread trend towards the outsourcing of noncore activities both in the public and private sector and to a
restructuring process of supply. At present, the Italian FM market is affected by a number of different factors, in
particular, the very low growth rates of the Italian economy, and the increasing necessity to achieve cost cutting and
efficiency improvement, including the use of outsourcing practices. The Cresme estimate of the Italian FM market
in 2005 is based on such considerations, combined with the dimension and features of nonresidential building
stock, service prices and some hypothesis on the share of potential market affected by the outsourcing process.
According to this methodology the Italian FM market is estimated at between €24bn and €35bn. The most important
demand segments are industry (38%), the public sector (27%) and private services (19%) (CresmeManutencoop
2005). Not all of them show the same degree of maturity and readiness to develop strategies of integrated facilities
management; big industrial groups, advanced private services and some segments of the public sectors seem to be
the most prepared.
With regard to FM supply, over the past few years the Italian market has gone through a phase characterised
by the entry of the major international players (especially the French) and a marked process of mergers and
acquisitions, accompanied by a considerable growth of consortiums and partnerships between service and
construction companies. At present, the market is led by 10–15 top players, coming from different sectors (energy,
construction, main industrial groups, services), but an important role is played by SMEs, especially at a regional and
local level.
The importance of SMEs in FM supply, together with the uniqueness of most of the building stock, represents
the main peculiarity of the Italian market.
Two important aspects need to taken into consideration. On the one hand, the SMEs act usually as
subcontractors that operate on behalf of major suppliers, which maintain the relationship with the customer and the
control function. On the other hand, in Italy we observe the creation of different forms of networks between small
craft businesses or cooperative enterprises, coming from different sectors (maintenance, cleaning, etc.), in order to
provide the client with different FM services.
Major players and SMEs networks present different points of strength and weakness. Big FM companies
usually present competitive advantages related to the financial dimension, contractual strength, international
experience, knowhow, and the availability of specific technological tools. Conversely, SMEs networks take
advantage of a full territorial coverage, a more direct contact with local clients, and the possibility to calibrate
services according to the requirements of a small and middlemarket segment.
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Over the past few years, the relations between major players and SMEs have been dialectical and sometimes
difficult, especially as far as the public sector is concerned. Since 2000, market growth has been given a boost by
CONSIP, a public information services agency, completely owned by the Ministry of Economy and Finance, which,
on behalf of the government, provides the public sector with consultancy and assistance for the purchase of goods
and services through an eprocurement business model. In 2001, CONSIP launched an important program aimed at
the outsourcing of FM services for the office buildings owned by central and peripheral state administrations, by
means of a competitive tender worth €720bn, subdivided in seven lots covering the whole Italian territory. The
requirements for participation were so strict that the tender was won by big FM groups, often crowding out SMEs.
At present, the relationship between the two kinds of players appear more well balanced, with major
companies concentrated on the high market segment and SMEs acting as subcontractors and representing the main
players in regional and local markets.
The case studies presented in this chapter are representative of the different market players and of approaches
adopted in the Italian FM market, in which traditional and innovative elements coexist.

FACILITIES MANAGEMENT FOR THE BUILT ENVIRONMENT IN AN
ITALIAN MEDIUMSIZE TOWN: THE CASE OF RIMINI
In 2005 the public sector accounted for 27% of the total Italian FM market (about €6,6bn), and it represents the
second segment after industry. In the past few years, the development of FM in the public sector has been positively
influenced by strong policies for cost cutting, carried out by central and local institutions, in addition to the specific
role played by CONSIP.
In this context, it is of great interest to analyse the outsourcing strategy carried out by the Municipality of
Rimini (a town in northeast Italy of about 135,000 inhabitants), with the objective of improving service quality and
citizen satisfaction, of acquiring the availability of technological knowledge tools, of programming management
activities and of obtaining a higher value for its own assets. In 2000 the city council decided to outsource the key
municipal real estate auxiliary services, in order to identify a single interlocutor responsible for the governance of
FM. In 2005 the success of this operation led the administration to renew the contract until 2009.
The outsourcing contract covers the management of historical buildings, as well as office buildings, schools,
swimming pools, sports centres, municipal markets, fountains, the municipal stadium and the court of law, for a total
floor area of more than 250,000m3. The outsourcer derives from a partnership between a leading Italian FM
company, an IT company and an association of local construction sector SMEs. This partnership formed a
consortium (COGEIM) that provides the Municipality of Rimini with a range of services including general building
maintenance, emergency equipment, plumbing, heating and airconditioning maintenance, operational services, water
and energy management, and security.
The case of Rimini is interesting from a number of different perspectives. First of all, it is important to note
that in recent years a cut in revenues and personnel in the public sector has actually “imposed” the implementation
of outsourcing policies, redefining the role of public organisations from direct service supplier to controller.
Although there is a trend towards the packaging of contracts for grouped services, outsourcing in Italy in the public
sector is, at present, still characterised by single contracts, covering one or a few buildings at a time. Many public
administrations are still reluctant to outsource according to an integrated FM approach for reasons such as:
§ higher dependency on supplier reliability
§ potential loss of knowledge concerning public real estate
§ maintaining their responsibility to citizens for public services delivered by external suppliers.
At the same time, it has emerged from several interviews with administrations and suppliers in the public sector that
the potential benefits of an integrated FM approach (among which are having one/few suppliers, reducing
bureaucratic activity, providing services within budget constraints, improving service quality) are not yet fully
recognised.
The choice of Rimini City Council is therefore doubly innovative in the Italian scenario: buildings and other
facilities were grouped under a single contract; one outsourcer has been identified. Such a strategy enables the
municipality to successfully overcome the problem of the fragmentation of demand, by aggregating the building
stock in such a way that the critical mass is reached for the implementation of an integrated FM model. Moreover
this strategy provides an information system for the building stock, thus filling the knowledge gap that traditionally
marks Italian public administrations and makes it almost impossible to achieve an efficient program of FM
activities. Such a strategy could represent a good practice to be emulated in the private sector.
From the supply perspective, the Rimini model is innovative because it groups together different kinds of
economic subjects under one consortium, each of them with its own specialisation and knowhow. In particular,
Manutencoop consists of a group of cooperative companies operating primarily in the facilities and waste
management sector, with an aggregate number of employees of about 12,000. Within the consortium Manutencoop
is the owner of specific FM knowhow, especially developed in the public sector, and it represents the “head” of
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COGEIM and the interface with the municipality. The IT partner provides software solutions and document
management services for the local public administrations. The CAR consortium is formed of local small craft
business interested in carrying out a common development strategy. The CAR businesses form the “legs” of
COGEIM, to which the delivery of services is delegated. They maintain the direct contact with the endusers: the
citizens of Rimini.
The interesting feature of such an innovative strategy is that the Municipality of Rimini has facilitated an
aggregation process of suppliers that goes beyond the differences in business size, thus indicating a possible way to
resolve the issue of supply atomisation. It is also to be noted that, thanks to this experience, the small craft
enterprises involved have acquired a new knowhow and have undertaken a structuring process, which is very
uncommon in the Italian construction sector. For instance, most of them have increased the number of employees
from 1–2 to 7–8.
In conclusion, some factors appear crucial for a correct development of integrated FM in Italian public
organisations. For instance, the definition of precise performance evaluation criteria and the importance of
strengthening the competences of human resources are frequently cited. Furthermore the capability of defining an
outsourcing contract for many buildings rather than just one building should also be considered a fundamental
condition in order to reach the critical mass necessary for efficient FM. In this sense, the Rimini case study shows
how innovative strategies and traditional aspects of Italian construction enterprise can be combined.

FM AND ARCHITECTURAL WORKS: THE CASES OF PIRELLI RE
HEADQUARTERS AND OF THE ARCIMBOLDI THEATRE
The other two cases studies aim at exploring the connection existing between FM and iconic buildings. In particular,
the analysis tries to ascertain the impact of an important architectural work on FM activities and the differences
regarding the management of an ordinary building. This issue is of great significance in Italy, where the building
stock is very often characterised by a significant artistic, historical or architectural value. The first consideration to
be made is that in Italy iconic buildings managed according an integrated FM approach are still very hard to find.
This is due to a number of factors:
§ historical buildings are usually owned by public administrations, and in the public sector the FM culture is not
yet widespread
§ for ancient architectural works there is a general lack of knowledge regarding building information (technical
features, equipment, use of space, etc.) that, at present, makes it difficult to set out efficient FM
§ in many cases, maintenance and restoration activities are carried out only by very experienced craftsmen who
use specific techniques and tools
§ there are strict regulations governing restoration and maintenance imposed by the Ministry of Arts and Culture.
For these reasons, we preferred to concentrate on two recent architectural works: the headquarters of the Italian
company Pirelli & C. Real Estate, and the Arcimboldi Opera Theatre, both designed by studios of Gregotti Associati
(led by the Italian architect Vittorio Gregotti). They are located in Milan, in the Bicocca quarter, a former industrial
site that underwent radical urban regeneration, transforming it into a new urban centre with mixed functions
(residences, research and education centres, services, leisure).
The Pirelli RE headquarters were built in the 1990s around the monumental high cooling tower, which is the
symbol of the industrial history of the area and represents an element of continuity, linking Pirelli’s original business
(tyre production) with its present diversified activities. It is active in the fields of energy cables and systems,
telephone cables and systems, tyres, and real estate. In particular, Pirelli & C. Real Estate is one of the leaders in the
Italian market and, through a specialised company, provides FM services both for a captive and a noncaptive
market. The 50mtall building includes offices and other spaces for special functions (an auditorium, an exhibition
area, meeting halls, etc.) for a total floor area of about 28,500 m3.
The Arcimboldi Opera Theatre is a part of the Bicocca project and it is the second largest opera hall in
Europe, dedicated to satisfying the high demand for musical concerts and performances in the Milan metropolitan
area. The theatre, built in the record time of 27 months between 1999 and 2002, uses advanced technical solutions
for acoustic quality and stage design. It can host 2,480 spectators and it has a proscenium measuring 12 X 18 meters
(exactly the same as La Scala Theatre) and total surface area for performances of 11,000 m3. The Arcimboldi,
which also hosted the opera seasons during the renewal of La Scala Theatre, is part of the Teatro alla Scala
Foundation, a nonprofit institution sponsored by both public and private subjects.
In both the two architectural works the FM services could be carried out successfully according to a
integrated approach. However, in fact, only the Pirelli RE headquarters outsourced all services to the group FM
company and developed an integrated FM model with advanced technological solutions, while the Arcimboldi
Theatre’s FM is covered by single outsourcing contracts for each service. Moreover, some services are not
outsourced, because they are considered strategic for the core activity (all the services strictly connected to theatrical
events are carried out by internal personnel). Pirelli RE Facility is responsible for heating services.
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The different FM approaches are not related to the technical attributes of the facilities, but they are partly the result
of their specific functions to some extent, and partly the effect of two completely different “management cultures”
coexisting in the Italian FM market: the company culture, typical of a multinational industrial group, on the one
hand, and the traditional mentality of the Italian public sector, hesitant to outsource services and to identify a single
supplier specialised in FM, on the other. As far as the theatre is concerned, the present FM model does not appear
the result of either an indepth assessment of technical and economical aspects, or a benchmarking analysis. It is
most probably due to the extant contracts “inherited” by the La Scala Theatre and, in more general terms, it is the
outcome of the cultural gap of the public sector in implementing innovative and more adequate solutions for the
management of the building stock.

CONCLUSIONS
In Italy the FM sector is going through a phase of radical and rapid development, but it is still characterised by the
coexistence of traditional and innovative elements. A dramatic market fragmentation, in both supply and demand,
and a significant presence of buildings of important artistic, historical or architectural value are the two main
features that influence the evolution of FM in Italy. The three case studies presented in this chapter show the
different roles played by clients in driving innovation in FM models. In the case of Rimini, the strategy developed
by the municipality is inducing a remarkable aggregation process of demand, which has positive effects on the
creation of local enterprise networks and an FM company. The Pirelli RE headquarters can be considered
representative of the most advanced segment of the Italian FM demand, comprised of larger companies which have
the management culture typical of multinational enterprises. On the other hand, the case of the Arcimboldi Theatre
indicates that a remarkable architectural project and the presence of advanced technological equipment do not
guarantee in themselves the introduction of innovations in FM, if not accompanied by a parallel progress in
management culture.
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CHAPTER 29

Facilities Management Service Quality
Indicators: Benefiting Supplier and
Customer
Hermen Jan van Ree
Peter McLennan
INTRODUCTION AND OBJECTIVES
While the significance of quality for a firm’s competitive position in the marketplace has been emphasised for years,
the contribution of quality to business performance has been largely unexplored and the gap between supplier and
customerperceived quality is still to be closed. Therefore it is important to examine whether and how quality affects
supplier profitability as well as how it affects customer satisfaction. The problem with services however, is that the
qualitative outputs of the productivity equation are intangible. Contrary to manufacturing, where it is relatively easy
to measure, for example, the conformance of an endproduct, much of the quality in services is in the eye of the
customer. Subsequently, data on service quality is to be obtained through the customer and by observations of the
process and/or the results.
Within the UK business support services sector, outsourced services continue to expand within both the
public and private sectors. Within the public sector central government guidelines on competitive tendering and
private finance Initiatives are key drivers for outsourcing. Within the private sector the drivers include reducing
fixed costs, increasing labour flexibility, and securing scarce skill resources. Most recently the UK investment banks
have identified facility management (FM) as a significant business activity within the support services sector. Their
reports outline the key players and their performance within the £150bn support services market sector in the UK.
The support services sector in general attracts investors because it has outperformed the FTSE allshare index by
29% over the past few years. This economic growth is described from various perspectives. These sector reports
describe various facets of the FM market depending upon the particular emphasis such as outsourced services
(Deutsche Bank 2001), total FM (Deutsche Bank 2003), or infrastructure services (Foster 2001). For the financial
community, FM is a significant part of the support services sector. By taking these support services out of the
organisation’s direct control the issue of service quality becomes a more complex issue to manage. In addition, the
emphasis in the management literature is predominantly one based on a manufacturing perspective. This
manufacturing perspective excludes the unique nature of many services not least of which is the importance of the
customer in the service process as coproducer. It is service quality from a service management perspective that is
being addressed in this research. Within the UK market this is an increasingly important topic to both the public and
private sector as they pass control over to suppliers within these areas. Those most often outsourced are cleaning,
catering and security, and these are the focus of this particular research into service quality.

DEFINING SERVICE QUALITY
Although supplier strategies and customer decisions are still extensively driven by price, service quality variables
such as reliability and reputation are believed to becoming more and more important. The focus of research
therefore will be on service quality and to simplify the discussion, we will lump all nonprice attributes into the
single dimension called “service quality” — any attribute that increases the demand for that service at a fixed price.

Research focus and questions
The research will focus on cleaning, catering and security, and answer the following:
§ What quality dimensions are important for supplier performance?
§ What quality dimensions are important for customer satisfaction?
§ Which quality dimensions are beneficial to both supplier and customer?
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Research objectives
Ultimately, the outcome of the research should lead to more objective service quality indicators, consequently
leading to:
§ improved service delivery
§ higher customer satisfaction
§ increased profitability for both supplier and customer.

THE SERVICE PRODUCTIVITY CONCEPT
While productivity measures for manufacturing are widely understood and used, productivity measures specific for
services have developed more slowly (Mills et al. 1983). This slower development of productivity measures for
services has been attributed to intangibility (Drucker 1974), labour intensity (Flipo 1988) and complexity
(Schmenner 1986). Ignoring these characteristics, productivity management in the service industry has for too long
been dominated by the logic of manufacturing (which is less complex, less labour intensive and less intangible).
While comparing productivity between service and manufacturing operations, one of the basic claims has been that
the special characteristics of services demand a more holistic approach including a customer orientation to
productivity (e.g. Grönroos 2000).

Conceptual underpinnings
Because the current debate on service productivity is in its infancy, we must start by elucidating the conceptual
underpinnings of productivity. First we have to decide what we are trying to capture before making any attempt to
measure, and a meaningful definition of productivity has to keep the concept analytically distinct from related
concepts like effectiveness and efficiency (Veld 1998; Vuorinen et al. 1998).
Organisational effectiveness
The classic criterion to evaluate the functioning of an organisation is effectiveness. Effectiveness refers to what
extent the actual result (output in quality and quantity) corresponds to the aimed result. It is expressed as the
following equation:
actual result (output in quantity and quality)
aimed result (output in quantity and quality)
Note that the closer the actual result approaches the beforehandaimed result, the more the effectiveness of an
organisation increases. If the actual result is better or more than the aimed result, the transformation process has a
socalled “overshoot”. If the actual result is worse or less than the aimed result, it has an “undershoot”. In both cases
the organisation is not optimally effective.
Organisational efficiency
During the first half of the twentieth century, efficiency became more and more important. Efficiency refers to the
ratio between the aimed resource use (input in people and means) and the actual resource use, in order to transform
an input to an output. A formal definition is:
aimed resource use (input in quantity and quality)
actual resource use (input in quantity and quality)
According to this definition, the efficiency of an organisation increases as the actual resource use becomes lower
than the aimed resource use. Therefore, to increase organisational efficiency, it is important to reduce the use of
resources as much as possible.
Organisational productivity
Increasing prosperity led to a new criterion for organisational focus: productivity. Productivity refers to the ratio
between the actual result of the transformation process and the actual resource use. A proper definition is:
actual result (output in quantity and quality)
actual resource use (input in quantity and quality)
Based on this definition, we can conclude that the organisational productivity is optimal when an organisation
produces as great a result as possible at the lowest possible resource use. However, an overshoot or undershoot is
still not desirable. So at the organisational level, we can optimise the productivity through steering at efficiency, and
thereby reducing the actual resource use as much as possible (van Ree 2002).
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Quantity and quality aspects
Although many authors still regard productivity and quality as separate concepts (e.g. Heskett et al. 1994), several
researchers (e.g. Grönroos, 2000) argue that quality and productivity cannot be dealt with separately in the case of
services. Consequently, there seems to be a growing need for a thorough analysis of the productivity concept in the
context of services.
Quantity aspects
Regarding the quantity aspects of service productivity, the input factors of services are the same means of
production as in manufacturing: people and means. Owing to the labourintensiveness of service production, labour
is a key input to productivity as salaries, commissions and social expenses can account for more than 80% of
operating costs. The output of the quantity dimension in services can be based on service volume — to be increased
by selling a larger variety of services to the existing customers or attracting new customer segments.
Quality aspects
The quality aspect is a dimension that is difficult to define objectively. In the case of manufacturing products, the
quality dimension has usually been operationalised as conformance to specifications and as actual product
performance. However, this notion of quality has been regarded as inadequate in the case of services. The input of
the quality dimension depends on employee expertise and skills and, to a certain extent, the facilities. The output of
the quality dimension in services can be based on customer satisfaction.
Figure 29.1: The Content of Service Productivity
quantitative input

qualitative input

service
produc
tivity

quantitative output

qualitative output
(Source: Adapted from Vuorinen et al. 1998, 383)

It is important to recognise that the way customers perceive service and how service delivery is organised cannot be
considered in isolation from each other. Most elements of the quantity and quality dimensions of service
productivity are interrelated. And although difficult to analyse each element one by one in logical order, it is
important to understand the elements constituting a whole.

The service profit chain
The widely accepted service profit chain establishes the links between profitability, external service value and
internal service quality. In the service profit chain, service quality plays a dominant — or even vital — role. There
are seven fundamental propositions that form the links of the chain (Heskett et al. 1994; 1997): customer loyalty
drives profitability and growth; customer satisfaction drives customer loyalty; value drives customer satisfaction;
employee productivity drives value; employee loyalty drives productivity; employee satisfaction drives loyalty, and
internal quality drives employee satisfaction.
As stated before, the way customers perceive service and how service delivery is organised are not to be
considered in isolation from each other. By combining the chains of supplier and customer, we find that external
service value in the supplier chain becomes part of the internal service quality in the customer chain. In addition,
employee satisfaction in the customer chain becomes part of customer satisfaction in the supplier chain.
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Figure 29.2: Focus of the Research is on the Discrepancies at the Meeting Point of Both Chains
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On the supplier side, highquality FM services have the potential to improve customer satisfaction and loyalty,
leading to winning market share, enhancing sales and reducing barriers to entry. On the client side, highquality FM
services have the potential to consecutively improve employee satisfaction, loyalty and productivity, ultimately
leading to profitability and growth.

THE VALUEADDING FACILITIES CONCEPT
Stiffening competition, caused by an increasingly turbulent contextual and transactional environment, forces many
organisations to reexamine every way in which they can improve their performance. As a substantial part of the
resources used during the transformation from input to output within officebased organisations, facilities can have a
significant impact on organisational performance (van Ree 2002).

Efficiency and effectiveness
Currently there are approximately seven million workers employed in office buildings across the UK; this is over
25% of the active labour force. The primary process in officebased organisations consists of receiving (input),
generating, interpreting, processing, editing, managing (transformation), and providing (output) information
(Wentink & Zanders 1985). In this process the actual transformation is established through coordinated interaction
between the production factors: people and means.
If an organisation is guided by profitability, the transformation process should be effective as well as efficient
at the same time. If this is the case, we can speak of a fruitful or productive process. As a substantial part of the
resources used during the transformation from input to output within officebased organisations, facilities
(accommodation, services and resources, information technology and FM) can have a significant impact on
organisational performance.
Nowadays, there are two important approaches by which facilities can contribute to organisational performance:
§ achieving greater efficiency — by reducing total facilities costs
§ achieving greater effectiveness — by optimally supporting employee productivity.
In order to maximise the cumulative impact of both approaches, and to avoid a negative impact of one approach on
the other, a transparent decision support structure with clear definitions is desirable.
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The added value of facilities
Being part of the resources used during the transformation from input to output, facilities can influence
organisational efficiency and therefore organisational productivity. By relating the accommodation to the
organisational performance criteria, we can tell something about its quality.
Effective facilities
Given the fact that the main goal of facilities are to support the productivity of the accommodated individuals, and
that effectiveness refers to the ratio between actual and aimed result or output, a proper definition of effective
accommodation is:
actual contribution to individual productivity
aimed contribution to individual productivity
Note that, contrary to organisational effectiveness, the effectiveness of facilities increases if the actual contribution
to the individual productivity exceeds the aimed contribution. Although this is an overshoot, it is contributing to the
organisational efficiency because the number of people needed in the transformation process from input to output
could be reduced. However, if the actual contribution turns out to be lower than the aimed contribution, we have to
deal with an undershoot — the facilities are not optimally effective. Besides that, it might turn out that more people
are needed to feed the transformation process, which has a negative impact on organisational efficiency.
Efficient facilities
Efficiency is the ratio between the aimed resource use and the actual resource used, in order to transform an input to
an output. From this point of view we can consider the facilities as a part of the total resource use. A formal
definition is:
aimed occupancy cost
actual occupancy cost
As in the definition of organisational efficiency, the efficiency of the facilities increases if the actual occupancy
costs are lower than the aimed occupancy costs. So the actual occupancy costs should be reduced as much as
possible to create optimal efficiency. Increasing the efficiency of the facilities, however, can harm its effectiveness.
By approaching facilities from a productive point of view, we can prevent this.
Productive facilities
Productivity refers to the ratio between effectiveness and efficiency. According to the definitions of effective and
efficient facilities, we can define productive facilities as:
actual contribution to individual productivity
actual occupancy cost
Based on this definition we can state that facilities become optimally productive when the contribution to the
individual productivity is as high as possible at the lowest possible occupancy costs. Its productivity also increases
when the individual productivity increases with the same occupancy costs, or when the occupancy costs decrease at
the same level of individual productivity. More important, by approaching facilities from a productive point of view,
we gain insight into the impact of efficiency on effectiveness and vice versa, thus making it controllable.

From theory to practice
The average running costs of a workplace in an office building, including operation and maintenance, are slightly
over £6,400 per year. The yearly costs of labour, including benefits, are around £44,000 per fulltime equivalent
(FTE). Together with the costs of information technology (£3,570), the total annual cost of an office employee
averages £64,000. If an organisation is guided by profitability, employees should bring in at least 1.5 times their
annual costs, which equals £95,000. The services and resources of an organisation can be made more efficient by
looking for possibilities to reduce the £1,700 a year spent on them. More effective services and resources means
optimally supporting employee productivity, which corresponds with increasing the £95,000 desired profit per
employee. The problem, however, is that focusing on the efficiency might have a negative impact on the
effectiveness of these services and vice versa. Therefore, the focus should be on establishing productive service
delivery.
Due to the fact that the £95,000 corresponding to the desired profit is much higher than the £1,700 spent on
services and resources, the most intelligent way to make them more productive is to focus on doing more with a
proportionately smaller increase in resources consumed. Following this reasoning, an overinvestment of even 10%
on service and resources, equalling £170, will already be costjustified if employee productivity increases just 0.2%,
which is less then half a day of labour per year or one minute per day.
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The biggest contribution to total organisational performance, however, can be made if we are able to make service
delivery more efficient and effective at the same time.

CLASSIFICATION FOR MEASUREMENT PURPOSES
Productivity measures express relationships between the outcomes or outputs of services processes and the resources
or inputs required to operate them. Having appropriate definitions of outputs and inputs is critical to meaningful
productivity analysis. Without the right specifications of inputs and outputs derived from careful process analysis
and matched with the right measurement techniques, productivity measurement in services cannot succeed
(McLaughlin & Coffey 1990).

Measurement problems
Both the quantitative and the qualitative input and output indicators for a service delivery process must be
quantifiable if service productivity is to be measured. The problem with services, however, is that most of the
qualitative inputs and outputs are intangible, and the intangible aspects of service delivery processes — depending
on consumer involvement and customisation — make productivity measurement difficult (Gadrey 1988).
Contrary to manufacturing, where it is relatively easy to measure, for example, the conformance or durability
of an endproduct, much of the endproduct quality in services is in the eye of the customer (customerperceived
quality). Subsequently, data on service quality is to be obtained through the customer or by observations of the
process and/or the results. Research on customer perceptions of services would enable us to capture more of quality
in an output, ensuring that the attributes being measured are closely linked to customer desires. Moreover, services
have many directly observable attributes in terms of waiting time and speed of delivery, physical characteristics
(such as cleanliness, temperature and colour), expertise, courtesy and so on.
All in all, intangibility should not be a reason to avoid productivity analysis, but form a challenge to
“tangibilise” the intangibles or to establish proxies. To measure the right things right, we must first identify the
productivity measures available for services and develop a classification scheme for facility services and resources
in order to determine which measurement approach is appropriate for which service.

Current productivity measures
Currently, a variety of productivity measures are available for services (McLaughlin & Coffey 1990). Derived from
traditional manufacturing, methods such as outputinput ratios and work measurement methods are available. The
problem, however, is that outputinput ratios are frequently criticised for their narrowness and that work
measurement methods are most appropriate to services where the outputs and inputs are simple.
Within the aggregate comparative methods, the most commonly used measures are statistical comparisons
and deterministic models. Although already more useful for service productivity analysis, statistical comparisons
require a rather large numbers of units are required for statistical significance, and deterministic models (such as
data envelopment analysis) are better suited to diagnosis than to control.
Among other methods we find practice variation studies and qualityplus techniques, of which the latter
seems the most interesting, because it attempts to make quality a measured output of the service. The service
assessment matrix (SAM) is one interesting approach developed to incorporate aspects of quality into service
productivity measurement. In this approach potentially “productive” service quality criteria are linked to more
traditional productivity measures, such as output/input ratios, through a matrix to test interrelations.

Classification of facilities management services
Customer involvement and customisation have often been cited as key characteristics of services. A number of
authors have suggested them as the classification variables for services (Schmenner 1986; Chase 1981; Maister &
Lovelock 1982). Using those two dimensions, the measurability of service quality decreases when customer
involvement and/or customisation increases. Service quality of services with high customer involvement and high
customisation is hardly measurable. Here, quality enhancement or improvement ask for commitment from the
people involved (attitude) and their relation (interaction), which depends on a constructive dialogue between
contractor and client (Vinkenburg 1995).
In the research to be performed we will focus on cleaning, catering and security. The main reason for this
focus is that productivity measurement on these services is relatively easy due to low customer involvement and low
customisation. A second reason is that these services are daily experienced by the customer and therefore have a
relatively high impact on total perceived facility service quality.
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FACILITIES MANAGEMENT SERVICE QUALITY CASE STUDIES
As in manufacturing, good process analysis precedes good productivity analysis; one has to have a clear picture of
the service process itself before undertaking any productivity measurement.

Procedure for service productivity analysis
With a classification scheme and knowledge of available measurement techniques in hand, we can consider how one
can go about tackling productivity issues in services. We suggest the following steps (after McLaughlin & Coffey
1990):
1. Specify the reason for investigating service productivity.
2. Analyse the service delivery system in place and decompose it into its process steps/stages.
3. Specify the service characteristics that are of strategic importance at each service process step/stage.
4. Specify quantitative inputs (and measures), qualitative inputs (and measures or proxies), quantitative outputs
(and measures), qualitative outputs (and measures or proxies), as well as limits of tradeoffs.
5. Select the methods of productivity measurement which seem most appropriate to the analytical objectives.
Besides the suggested steps it is important to involve implementers all along the way — not least because staff
acceptance of any proposed productivity measures is critical to their ability to enhance productivity.

Case studies
To repeat an important theme: The significance of quality for a firm’s competitive position in the marketplace has
been emphasised for years, but the contribution of quality to business performance has been largely unexplored and
the gap between supplier and customerperceived quality is still to be closed. Examining whether and how quality
affects a firm’s performance is an important issue for businesses, both on the supply and the demand side.
Customer perceptions on cleaning, catering and security services will be captured through surveying
employees of the Royal Bank of Scotland. Supplier perceptions on cleaning will be obtained through interviewing
Lancaster Cleaning, and Mowlem Pall Mall. Perceptions on catering will be captured by interviews at Compass
Group and perceptions on security by interviews at Group 4 Securicor. To obtain larger numbers for statistical
significance, market surveys within the cleaning, catering and security market are to be held.
The Service Quality Indicator Project started in August 2005 and will be disseminated according to plan in
spring 2006. The research is a joint effort between the Workplace Innovation Centre (University College London)
and Group Property (Royal Bank of Scotland) as well as Lancaster Cleaning, Mowlem Pall Mall, Compass Group
and Group 4 Securicor.

Research methods
By using qualityplus techniques (service assessment matrix), quality can become a measured output of the service
delivery process. Incorporating customers’ and suppliers’ perspectives, this will involve:
§ identifying perceived service quality variables (group interviews)
§ capturing supplier perceptions (supplier surveys)
§ measuring supplier business performance (market surveys)
§ capturing customer perceptions (customer surveys)
§ linking the quality variables to supplier business performance (regression analysis)
§ linking the quality variables to customer perceptions (regression analysis)
§ deriving mutual beneficial service quality indicators from the two regression analyses.
By linking quality variables to supplier performance and customer satisfaction, the research proposed should lead to
clear quality indicators for service delivery concerning cleaning, catering and security.
Group interviews
The group interviews, involving all research participants, are to determine a set of service quality variables that are
crucial indicators of service quality and as likely determinants of a firm’s market and financial performance.
Preliminary service quality variables are physical characteristics, reliability and trustworthiness, responsiveness and
service recovery, professionalism and skills, courtesy and attitude, reputation and credibility, security and assurance,
accessibility and flexibility, communication with the customer, and understanding the customer
In addition, these interviews are to determine the most important financial measures. Preliminary measures
focus on market share and profitability ratios: market share, market share growth, profit margin, profit margin
growth, sales volume, sales volume growth, return on investment, assets, equity, capital employed and/or sales, and
return on investment, assets, equity, capital employed and/or sales growth.
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Supplier and market surveys
From the group interviews we will draft a twopage questionnaire to be sent out to major cleaning, catering and
security firms in the UK. From these questionnaires we are then able to determine the links between service quality
variables and organisational performance within each segment through regression analyses.
The service quality variables will be measured against strategic importance on a sevenpoint scale from “least
important” (1) to “extremely important” (7), and as performance relative to major competitors on a sevenpoint scale
from “poor” (–3) to “excellent” (+3). The financial ratios will be measured objectively on actual values and
subjectively on a sevenpoint scale from “worst in industry” (1) to “best in industry” (7).
Customer surveys
From the group interviews we will also draft a customer survey with additional questions under each service quality
variable. These questionnaires are firstly to be set out under the Royal Bank of Scotland employees (and maybe later
to other organisations) to determine what a customer’s employees see as the most important variables within each
segment.
The service quality variables will be measured against service performance as well as two levels of
expectations: desired service (what the customer believes the service should be) and adequate service (the minimal
level of service acceptable to the customer) on a sevenpoint scale from “poor” to “excellent”.
Final analysis
By combining the outcomes of the supplier and market surveys with the outcomes of the customer surveys we can
finally determine whether there is significant overlap in supplier and customer perceptions and expectations, or that
there are discrepancies between the two, which then might ask for a strategic redirection in one or more of the
segments.

EXPECTED RESULTS AND CONCLUSIONS
At present the research is in progress, but the results from the first interviews are consistent with previous research
findings in this area. The interviews have indicated a gap between suppliers’ perceptions and customers’ desires,
especially if both parties were not fully involved in the original contract service level agreements for example.
Therefore the expected results from this investigation based on the current findings include a gap between supplier
and customerperceived service quality — as what is beneficial to the supplier is not always beneficial to the
customer; the service quality variables will be different for each of the services reviewed — cleaning, catering and
security; and the expected overlap between the service quality variables can lead to improved service delivery — the
frontofhouse service is one example of this issue.
The conclusions from the service quality indicator research project will hopefully underline the continued
importance of research work that looks at service operations from a service perspective. The manufacturing
paradigms do not always generalise well to the service environment and this project begins to indicate the
limitations of taking this manufacturing approach. The project then seeks to provide a number of insights into the
service quality framework.
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CHAPTER 30

Facilities Management as the Catalyst to
Accelerate the Evolutionary Changes in
Workplace Architecture
Agustin Chevez
Guillermo ArandaMena
Peter Edwards
INTRODUCTION
In Australia the increasing use of new technology is dramatically changing the way people live and work (Martino
2001).
New technology is transforming almost everything we do in a fashion that is modifying our society by
changing our value systems, power structures, everyday routines and environment (Linturi 2000). Advances in
technology are having a major impact on shaping the office environment and the way we work (Stallworth &
Kleiner 1996; Robertson 2000).
The traditional definition of an office as the place where people read, think, write, and communicate; where
proposals are considered and plans are made; where money is collected and spent; where business and other
organisations are managed is shifting as technology is changing the way we perform such activities (Giuliano 1985).
Further, office work is no longer confined to an office environment, as mobile technology allows people to work as
effectively from home, airports or cafés (Stocks 1998). As a consequence, workplace architecture needs to evolve.
These rapid and drastic changes in technology are creating an imbalance in the “organisational ecology”
which poses a challenge to office workers, business managers, facility managers and architects. Becker and Steel
(1995) describe organisational ecology as the manner in which organisation leaders elect to arrange their employees
in space and time in order to pursue a longterm competitive edge. The three key elements of organisational ecology
are the physical settings in which work is carried out, the processes used for planning and designing the workplace
system, and the way space, equipment, and furnishings are allocated and used over time. These three elements are
affected by the nature of the work and business processes, organisational culture and corporate values, cost of space,
operational health and safety requirements and workforce demographics. A change in any of them is likely to alter
such ecology. It is this holistic approach that differentiates organisational ecology from traditional organisational
behaviour disciplines.
Some changes in office buildings are more evident than others. For example, whilst in 1892 the Masonic
Temple in Chicago reached 20 storeys, today the Taipei 101 building is 509m tall (About, Inc. 2006). However,
office buildings are not just taller. More importantly and often overlooked is the fact that their organisational
ecology has evolved as a consequence of the technology adopted in the workplace.
Giuliano (1985) maintains that new technology inevitably affects the organisation of work and identifies three
stages of office organisation characterised not only by technology but also by style of management, personal
policies, hierarchy of supervisory and managerial staff, standards of performance and human relations amongst the
people involved in the office and their clients. According to Giuliano (1985) there are three different office
organisations:
1. The preindustrial office depends on the performance of the individuals, without much benefit from machines.
There is little systematic organisation. Each person works independently, physically moving around to retrieve
a file. Individuals have different styles of work and human relations and values are important. However, the
only way to overcome an increase in the workload is by hiring more employees.
2. The industrial office is a response to the limitations of its predecessor and introduces the principles of work
simplification, specialisation, and timeandmotion efficiency. It is essentially a production line, where even
personal interaction is standardised. Work moves from desk to desk as parts move along an assembly line,
making jobs simple, repetitive and unsatisfying. The fragmentation of responsibility created bureaucracy and
proliferation of paperwork. Workers may not know the overall task to which they are contributing. Everyone
has to work together during the same hours in the same office to sustain the flow of paper.
3. The informationage office combines systems and machines to the benefit of workers and clients, but tries to
maintain the values of the preindustrial office. It exploits new technology, yet it returns to peoplecentred work
rather than machinecentred work. The machine is paced to the needs and abilities of the person who works
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with it. Instead of executing a small number of steps repetitively for a large number of accounts, one individual
handles all customerrelated records. Staff reduction of as much as 50% is common. Information is updated as it
becomes available, and there is no uncertainties related to the “work in process”. Productivity is no longer
measured by hours of work or number of items processed, but by customer satisfaction.
It is unclear what will follow Giuliano’s (1985) informationage office, but Marmot and Eley (2000) go further by
questioning the need for office buildings in the future. They argue that while technology once acted as a “glue”
forcing people to be in a specific place in order to share equipment — typewriters, adding machines, etc. — and
interact with their workmates, today’s technology is acting as a “solvent” which eliminates such need and allows
people to use mobile technology and interact from different places. Moreover, they maintain that whilst offices
flowered as a building form and a social structure for a short, yet intense period, this could be a shortlived
phenomenon, a transitional stage in economic revolution. Hence, it is uncertain what type of office building, if any,
will be required in the future.

ALTERNATIVE WAYS OF WORKING
Since 1964, when IBM introduced a magneticcard recording device into a Selectric typewriter, the future of the
office and our expectations of it, changed forever. The feeling of technology domination that was felt after the post
industrial innovations (1960s–1970s) made us believe that offices in the future, that is today, would be run by robots
whilst workers would enjoy free time (Dowdy 2000). This belief was so strong that social scientists worried about
the vast amount of leisure time the workforce would have, and ignited fears of a jobless society (Castells 1996).
Nevertheless, in Japan there were 160 official cases of “karoshi”, death from overwork in 2002, and 43 more people
committed suicide because of overwork. The French government is assessing lengthening its 1998 workweek
arrangement (Tischler 2005). Even Spain’s proud “siesta” tradition is threatened by today’s working habits (Pogash
et al. 2005). In Australia, the number of employees who regularly work overtime increased to nearly three million in
2003 (Australian Bureau of Statistics 2003).
Although not in the expected timeframe, alternative ways of working are changing the way we work and the
way we understand work (Austin et al. 2001).
Alternative workplaces emerged as a response to traditional offices. On the one hand, traditional offices are
designed in accord with longheld and unspoken beliefs about the nature of work in order to support production
rather than innovation. Traditional office arrangements are centralised, focus on status, and assume that employees
will be in their assigned location during fixed hours. On the other hand, alternative workplaces have fewer
preconceived notions about what constitutes correct workplace design, yet tend to include a variety of central and
dispersed work locations. They balance production and innovation work, include work flexibility about when and
where work is done and minimise design attributes that explicitly display status (Austin et al. 2001). Questions like:
“Do certain people need to come to the office? Does the office need to take a certain form? Can we do things
differently and more efficiently?” are redefining the way we work by offering a new array of flexible working
options (Stocks 1998).
There are numerous models of alternative ways of working such as teleworking, hotdesking, virtual office,
hotelling, motelling, caves, commons, cottaging, guesting, justintime office, touchdown carrels, and so on (Stocks
1998; Marmot & Eley 2000; Austin et al. 2001). Whilst a full explanation of each of these options is beyond the
scope of this chapter, they share common traits like increased flexibility in workplace and working time as well as a
more efficient use of space. Alternative ways of working not only represent benefits to individuals, companies and
cities, but they also reflect benefits to the environment (ITAC 2004; James 2004).
Companies that implement flexible working can reduce, or even eliminate, the need for buildings at all. In a
study done by James (2004), 12 out of 30 companies needed less office space as a result of teleworking, and an
additional three were expecting such a benefit in the near future. A UK company closed its central office.
Alternative ways of working can also help to reduce the need for commuting — including the environmental impact
that derives from it (Nilles 1998).
Unfortunately, “in practice it is economics rather than environment which is the main driver” (James 2004,
23). Still, a study done by Actium Consult and Cass Business School (2003) in the UK proves that from a financial
point of view alternative ways of working make sense, since rent represents nearly 50% of total office cost.
Therefore, considerable savings can be achieved if the amount of space required by each employee can be used in a
more efficient fashion, reduced or simply eliminated. The same study argued that, through alternative working, a
mediumsized business — 500 staff — can make a saving of £0.77m per annum on property costs. However, it is
important to notice that flexible working alters the traditional ratio of 65% property costs and 35% IT costs, to 55%
property and 44% IT. The remaining 1% is the cost of change in management required to balance the organisational
ecology.
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ADOPTION OF ALTERNATIVE WAYS OF WORKING
Poor implementation of alternative ways of working has resulted in costly mistakes with an impact on adopters’
trust which have slowed down the adoption process. One of the most representative and wellknown cases is the
endeavour undertaken by Jay Chiat, who transformed a multimillion dollar advertising agency into “the laughing
stock of the industry” whilst trying to “go virtual” (Tsuchiya & Vithayathawornwong 2005). After a painful
implementation processes, Chiat’s virtual office project was declared officially dead and people moved back to the
paperfactory, hardwiredphone and adeskperperson office (Marmot & Eley 2000).
Whilst the specific causes of failure in the Chiat Day case were poorly planned integration, intransigent
policies, not enough resources and lack of personal space (Berger 1999; Tsuchiya & Vithayathawornwong 2005),
the implementation of alternative ways of working across the board is full of challenges.

Paradigm change
The first of these challenges is the inertia of old paradigms fuelled by our inherent resistance to change. To quote
Walter Bagehot (1872):
One of the greatest pains to human nature is the pain of a new idea. It … makes you think that
after all, your favourite notions may be wrong, your firmest beliefs illfounded … Naturally,
therefore, common men hate a new idea, and are disposed more or less to illtreat the original man
who brings it.

Cultural change
Another hurdle to overcome is the strong cultural role that the oldfashioned office building still plays. Giuliano
(1985) describes the attributes of a physical office as home for organisations, a place to meet face to face, and a
workoriented environment away from home.
Parallel to this, are the negative side effects of alternative ways of working. For example, hotdesking takes
away the sense of belonging, which is a very secure symbol for people, and teleworking jeopardises the cherished
boundaries between home and office (Dowdy 2000; Marmot & Eley 2000; Lake 2005).

Changes in power and communication amongst disciplines
A successful adoption of alternative ways of working requires effort from a variety of disciplines including human
resources (HR), information technology (IT) and facility management (FM).
However, as noted by Robertson (2000) these groups rarely interact with each other and are mainly concerned
about their own area of responsibility. The HR group is seen as the group that focuses on initiatives that are good for
the employees, but without clearly adding real business value. The FM group is regarded as only interested in
cutting real estate costs by relying on old paradigms — for example, reducing the size of workstations — and rarely
do they offer leadingedge solutions to space challenges. Finally, the IT group seems to deliver technology for the
sake of technology, without fully taking into consideration people or management issues.

A PROPOSED MODEL TO ACCELERATE ALTERNATIVE WAYS OF
WORKING
Due to the fragility of the organisational ecology and the challenges inherent in adopting alternative ways of
working, a method is proposed to facilitate the implementation process within individual companies and accelerate
the process of adoption on a global scale. To achieve this, the proposed method relies on timely adoption and
tailored solutions based on FM principles as well as Rogers’s diffusion of innovation theory. Figure 30.1
summarises the steps and identifies the key players on each of them.
Figure 30.1: Model to Accelerate Adoption of Alternative Ways of Working

262

Step 1: Facility assessment
The first step is to identify when the facility is due for capital renewal. Capital renewal differs from maintenance and
repair in that the former is a comprehensive action to completely replace an existing asset — even to the extent of
changing its functionality or location — whereas maintenance and repair are interventions just to ensure an asset
reaches its optimal service life (CICA 1989; Vanier 2001).
Matching the time when a facility requires capital renewal with the adoption of an alternative way of working
will provide the flexibility required to redesign the space and functionality to host the new working environment.
Facility managers play a crucial role in this step as they are responsible for managing the substantial maintenance,
repair and renewal work and are in a constant technical challenge to weight the cost of these decisions versus the
technical and functional benefits of implementing a solution (Vanier 2001).
Gordon and Shore (1998) identify three planing horizons for asset management based on their projection into
the future:
1. operational planning: within a twoyear timeframe
2. tactical planing: within a two to fiveyear time horizon
3. strategic planning: planning beyond the fiveyear term.
Because most building components or systems have service lives ranging from 5 to 35 years (HAPM 1995; Vanier
2001) it is in the strategic asset planning horizon that capital renewal is planned. However, because not enough is
spent on maintenance and repair, owners are accumulating an everincreasing maintenance deficit, which leads to
premature failures and premature renewals (Vanier 2001).
The capital renewal cost in the USA is approximately $US370bn. Although this figure includes all type of
infrastructure, not only office buildings, it denotes the magnitude of the challenge. Proportionally, similar scenarios
are shared by Canada and Australia (Vanier 2001). It is estimated that the infrastructure renewal liabilities for
Victoria, Australia, are in the order of $A23bn (Burns et al. 1999).
Step 2: Enduser profile
Once the facility is due for capital renewal, the enduser profile of such facility can be matched to one of the five
types of adopters depending on their readiness and capability to adopt an innovation as per Rogers’s (1995)
diffusion of innovation theory.
Rogers’s diffusion of innovation theory describe the process by which an innovation, in this case alternative
ways of working, is communicated through certain channels over a period of time amongst the members of a social
system. Such process starts with the awareness stage, followed by the interest stage, the evaluation stage and trial
stage to culminate in the adoption stage. Through the awareness stage to the trial stage the individual has the option
to reject the innovation. Once adopted, the innovation can be discontinued by disenchantment or by replacement
(Rogers 1995).
Rogers classifies the unit of adoption, in this case the endusers, into:
§ Innovators: The risk takers. They have the ability to understand and apply complex technical knowledge and to
cope with a high degree of uncertainty about the innovation. But most of all, they control substantial financial
resources to absorb possible loss from an unprofitable innovation.
§ Early adopters: They are successful and respected by peers. Their high degree of opinion leadership affects
most systems and they serve as role model for other members or society. They play a key role in the adoption
process determining the time and extent in which an innovation will be adopted.
§ Early majority: Whilst they do not take as much risk as their predecessors, they do accept an innovation before
the average person. They interact frequently with peers, yet seldom do they hold positions of opinion
leadership. They deliberate before adopting a new idea.
§ Late majority: Their education and income are limited. Being sceptical and cautious, they will usually adopt the
innovation under economic or peer pressure.
§ Laggards: They posses no opinion leadership, are isolated or surrounded by other laggards. Their resources are
limited. Their point of reference is the past, therefore are suspicious of innovations and frequently by the time
they adopt an innovation there is a new one already starting to take its place.
Step 3: Matching enduser profile with alternative ways of working
The process of selecting an alternative way of working is complex. It depends on the type and size of business,
management style, and structure and philosophy of work amongst other variables. However, this method argues that
the type of alternative way of working and the fashion in which it is implemented depend on the type of the enduser
as described in step 2 of Figure 30.1.
For example, two similar companies in type, size, structure, etc., but one being an “early adopter” and the
other a “late majority” will differ in the ratio of adoption and/or in the suitable type of alternative way of working.
That is, a company with an enduser profile of “early adopter” will be betteroff with an adoption rate of 60%
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traditional and 40% alternative, whereas a “late majority” enduser type company will benefit from a rate of 80%
traditional and 20% alternative.
Step 4: Balancing the organisational ecology
Finally, a joint effort from FM, HR and IT, together with the architect, is required in order to design the new space
that will host the new activities in balance with the people and technology.
The timed and tailored adoptions of alternative ways of working as suggested by this method are proposed to
collectively accelerate the global adoption process.

CONCLUSIONS
There is an evolution in workplace architecture and organisational ecology as a result of alternative ways of working
fostered by new technology. New technology is revolutionising the way we work, how we work and where we
work.
The future of the office is uncertain. The office and the workplace are in constant change and their direction
will depend to a large extent on the time and manner by which alternative work practices are adopted by companies,
organisations and society at large.
A planned, integrated and multidisciplinary method of adoption of alternative ways of working is proposed
to increase the success rate within individual implementations and to accelerate the process of adoption at a global
scale.
Matching the implementation of alternative ways of working with the capital renewal will minimise the
implementation costs. Facility managers, therefore, play a crucial role as the agents that provoke the change. In
parallel, Rogers’s diffusion of innovation theory helps accelerate the adoption process.
By applying the proposed method, an accelerated adoption can be achieved by reaching the same population
in less time (t2 < t1). Such acceleration will capitalise sooner all the economic and environmental benefits of
alternative ways of working.

REFERENCES
Actium Consult and Cass Business School. 2003. The Total Office Cost Survey Summary July 2003.
http://www.regus.com/assets/enus/research/1000053B_tocs_2003.pdf (accessed 23 May 2006).
Austin, J., A. Bain, P. Heath, J. Ratekin, E.M. Reilly, E. Richert and C. Ross. 2001. Alternative workplaces. Facility
Design and Management Handbook, ed. E. Teicholz. 8.11–9.0. Sydney: McGrawHill.
Australian Bureau of Statistics. 2003. Working Arrangements, Australia, Nov 2003. Canberra: Australian Bureau of
Statistics.
Bagehot, W. 1872. Physics and Politics. Chicago: Ivan R. Dee.
Becker, F. and F. Steele. 1995. Workplace by design: mapping the highperformance workscape. San Francisco:
JosseyBass Inc.
Berger, W. 1999. Lost in space. Wired Magazine. 7 (2):
http://www.wired.com/wired/archive/7.02/chiat.html?pg=5&topic=&topic_set= (accessed 18 May 2006).
Burns, P., D. Hope and J. Roorda. 1999. Managing infrastructure for the next generation. Automation in
Construction, 8 (6): 689–703.
Castells, M. 1996. The Information Age: Economy, society and culture. UK, Blackwell Publishers Ltd.
Canadian Institute of Chartered Accountants. 1989. Accounting and Repairing for Physical Assets by Governments.
Toronto: Canadian Institute of Chartered Accountants.
Dowdy, C. 2000. Working life: offices equipped with the comforts of home are the ones that attract talented staff.
Design Week, 15 (25): 20–23.
Giuliano, V. 1985. The mechanization of the office. The Information Technology Revolution, ed. T. Foster. Oxford:
Basil Blackwell.
Gordon. A.R. and K.R. Shore. 1998. Life cycle renewal as a business process. APWA International Public Works
Congress: NRCC/CPWA Seminar Series Innovations in Urban Infrastructure. Las Vegas, 14–17 September.
Housing Association Property Mutual. 1995. Life Spans of Building Components: Technical note 6. London,
Housing Association Property Mutual.
ITAC. 2004. Results of the 2003–2004 American Interactive Consumer Survey. USA: ITAC.
Lake, A. 2005. Third party hotdesking. http://www.flexibility.co.uk/index.htm (accessed 23 May 2006).
Linturi, R. 2000. The role of technology in shaping human society. The Journal of Future Studies, Strategic
Thinking and Policy 2 (2): 183–188.
Marmot, A. and J. Eley. 2000. Office Space Planning: Designing for tomorrow's workplace. New Jersey: McGraw
Hill.
Martino, V.D. 2001. The High Road to Teleworking. Geneva: International Labour Organization.

264

Nilles, J. 1998. Thoughts on the future of telecommuting.
http://www.davidflemingltd.com/commentary/Jack%20Nilles.htm (accessed 23 May 2006).
Pogash, C., R. McLean, J. Lee and J. Gorman. 2005. Is the siesta over? New York Times Upfront, 137 (12): 4.
About, Inc. 2006. Taipei 101 Tower in Taipei, Taiwan.
http://architecture.about.com/cs/greatbuildings/p/taipeitower.htm (accessed 23 May 2006).
Robertson, K. 2000. Work transformation: integrating people, space and technology. Facilities, 18: 376–382.
Rogers, E.M. 1995. Diffusion of Innovations. New York: Free Press.
Stallworth, O. and B. Kleiner 1996. Recent developments in office design. Facilities 14 (1/2): 34–42.
Stocks, M. 1998. The virtual office: putting management ahead of facilities. Facilities 16 (1/2): 29–33.
James, P. 2004. Is Teleworking Sustainable? An analysis of its economic, environmental and social impacts.
Brussels: European Communities.
Tischler, L. 2005. Extreme jobs. Fast Company (93): 55–60.
Tsuchiya, M. and S. Vithayathawornwong. 2005. Idea Book #3 Alternative Officing: An inquisitive focus on the
virtual office: the concept and the implementation.
http://instruct1.cit.cornell.edu/courses/dea453_653/ideabook1/3tsuychia_vithay/ideabook3_1.htm (accessed 23
May 2006).
Vanier, D.J. 2001. Why indutry needs asset management tools. Journal of Computing in Civil Engineering, 15 (1):
45–43.

265

Part 8
Industry Development

266

CHAPTER 31

Government Policy and Promoting
Collaboration in the Australian
Construction Industry
Neal Ryan
Michael Charles
Keith Hampson
INTRODUCTION
Australian construction industry stakeholders appear keen to retreat from the adversarial model. The problem, of
course, is providing the right conditions for a truly relationshiporiented and collaborative model to take root. There
remains a perception, however debatable, that partnering only benefits clients and project management firms, and
that small and mediumsized enterprises (SMEs) — the lifeblood of the construction industry — will continue to be
shortchanged (Crane 2005; Dainty et al. 2001). In view of this, the question that this chapter will attempt to answer
is whether government, as collectively a major client of the Australian construction industry, can play a more
prominent role in shaping conditions that will allow project management firms and their contractors, such as SMEs,
to have greater confidence with regard to greater engagement and meaningful collaboration. This chapter will make
use of data collected for the recent Construction 2020 project undertaken by the Cooperative Research Centre for
Construction Innovation (CRC CI). While it is clear that government can only do so much to promote the
appropriate industry environment and requisite levels of collaboration, this chapter will seek to posit the means by
which Australian governments can help to point the industry in the right direction.
It is widely recognised that sharing core competencies and exchanging process technologies can lead to
greater competitiveness. Much has been written on the importance of collaboration as a driver of business success,
yet the Australian construction industry still suffers from a reputation — not altogether unwarranted — of being
adversarial and uncommitted to the establishment of longterm partnerships (Hampson & Brandon 2004, 16). As
seems evident, collaborative agreements, such as formal alliances, joint ventures and partnering, can only succeed in
an environment that facilitates trust and the timely exchange of information (Cox & Townsend 1998). In general,
components of a construction industry supply chain have not demonstrated a great propensity to work together in
order to effect mutual gain. Miller et al. (2001) have suggested that this situation is due to divergent corporate goals,
different roles in the supply chain, perceived lack of compatibility, and a general unwillingness to commit to long
term relationships. The Australian construction industry is not alone in this. Rather, a lack of engagement among
construction industry supplychain components is a worldwide phenomenon in OECD countries (Latham 1994).
Despite this initially gloomy prognosis, construction businesses of all sizes have come to realise that a more
streamlined and relationshiporiented business model, especially in procurement, outsourcing and contracting
labour, can have benefits for the whole industry, and especially the supply chains that constitute it. As a
consequence, it should not surprise that the recent Construction 2020 survey indicated that “less adversarial business
relationships” was one of the top priorities of the Australian construction industry. In addition, the “fragmented and
adversarial industry structure” was the most frequently selected barrier to improvement, with 166 of the 285
respondents replying in this manner. Of those 166 industry respondents, 31% viewed the industry structure as the
most significant barrier to change.

THE IMPORTANCE OF THE SUPPLY CHAIN
In a business environment where outsourcing is very much the industry norm (Bragg & Kumar 2003; Dayanand &
Padman 2001) and interest in vertical integration has markedly declined in recent years (Grossman & Helpman
2002; Rasheed & Gilley 2005), it is obviously important for organisations that work with — and rely upon — other
organisations to engage with each other in a harmonious and equitable fashion.
The Construction 2020 project highlighted the Australian construction industry’s acknowledgement of the
importance of outsourcing and offsite manufacture as a means of driving down costs. In essence, outsourcing
represents the decision to contractout valuecreating activities that were once carried out inhouse (Lei 2005;
Rasheed & Gilley 2005, 522). The strategic management rationale behind this is that outsourcing allows the firm to
concentrate on those activities at which it excels, that is, the core competencies of the organisation (Allen &
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Chandrashekar 2000; Quinn 1992). With the construction industry, this means that project management firms
concentrate on coordinating the construction project, whilst other firms are contracted in order to carry out specific
tasks (Dess et al. 1995). By acting in this way, project management firms are allowed to leverage their “own internal
knowledge” to best advantage (Quinn 1992, 72).
As a result, a greater engagement of all supplychain components has become increasingly imperative,
especially since studies estimate that subcontracting normally amounts to approximately 80% of contract
expenditure in OECD nations (Packham et al. 2001). The failure of supplychain constituents to engage in an
effective fashion thus leads to costly misunderstandings that ultimately reduce the intended savings that should be
generated from an offsite manufacturing and outsourcing approach (Grossman & Helpman 2002). In particular,
rework has become the great bane of the construction industry (Engineers Australia 2005). The key to reducing total
system cost, which is what an outsourcing and offsite manufacturing approach promises to achieve, is to promote a
more relational and less transactionoriented industry (Miller et al. 2001). While 144 of the 285 respondents felt that
this needs to be effected with some urgency, industry itself has found it difficult to move beyond the idealistic
rhetoric.
Various impediments need to be taken into account. The Australian construction industry is dominated by a
relatively small number of highprofile project management firms responsible for overseeing the most financially
significant projects. These organisations contractout sections of their projects to smaller and more specialised firms.
The implication is that, since subcontractors add most of the value, they should have a larger role in the management
of the construction process (Saad & Jones 1998). What is more, it is posited that they should be recompensed
accordingly. An outcome of the Construction 2020 survey is that construction industry stakeholders would like to
see “a regulatory, financial and procurement framework which encourages longerterm thinking and returns, a
sharing of ideas and innovations between stakeholders, and a fair distribution of risks and returns” (Hampson &
Brandon 2004, 16). The inverse of this is the current adversarial system characterised by fragmentation and lowbid
tendering, although the latter mindset is slowly changing. Still, the UK study of Wong et al. (2000) revealed that,
despite moves towards using project specific criteria, price still dominated contractor selection, especially in the
public sector.
The Australian construction industry is one of the nation’s largest employers. According to the conservative
Australian Bureau of Statistics (ABS) definition, the industry currently remains the fourth largest contributor to
Australia’s GDP across all industries and comprises 340,000 businesses, which employ 716,000 persons (ABS
2005; see also ABS 2003; 2002). One study pertaining to the broadly similar UK construction industry holds that
“for every person employed in construction [in the official figures] another half of a person is in selfemployment”
(Miller et al. 2004, 534). Recent data suggest that 94% of Australian construction businesses employ fewer than five
people each (Hampson & Brandon 2004, 10). Indeed, most Australian construction businesses are small, with over
90% having an annual turnover of less than $1m (ABS 2005; 2003; 2002).
Despite the figures quoted above, conventional models of economic growth place SMEs in a secondary role
and stress the way in which they support the activities of larger firms (Reynolds et al. 1999). More recent studies,
however, contend that the facilitation of entrepreneurship (and thus lowerechelon growth) among SMEs can have
an important impact on a nation’s economy (Miller et al. 2002; Miller et al. 2004). As a consequence, it seems
obvious that facilitating SME growth in the construction industry should be of great political importance.
In addition to the domestic situation, “globalisation of the business environment” is acknowledged as an
important driver in the Australian property and construction industry (Hampson & Brandon 2004, 2). In view of this,
it is clearly in the national interest to reduce the adversarial nature of the industry so that it can effectively respond
to a changing market. In short, a fragmented, adversarial and barrierfilled industry will find it difficult to withstand
the pressure of increased competition. Likewise, the present situation does not bode well for the provision of an
environment suitable for fostering the development of companies based in Australia (or subsidiaries of offshore
based companies with Australian interests) with respect to competing in overseas markets.

REINVENTING THE ROLE OF GOVERNMENT
In view of the macroconsiderations outlined above, it is widely viewed that government and its manifold agencies
should play some sort of role in promoting a more collaborative and relationshiporiented Australian construction
industry. Of course, the problem relates to what, exactly, government should do.
It is highly significant that local, state and federal governments remain some of the most highprofile clients
of the Australian construction industry. What is more, government interaction with the construction industry also
sets a benchmark or industry standard that is generally followed by private enterprise (Miller et al. 2004, 538). As a
consequence, it has been argued that government clients should be responsible for ensuring that this benchmark
serves the construction industry as a whole and, by extension, the national economy, instead of merely immediate
political interests (Latham 2004). To achieve this, a change in public procurement mindset beyond mere rhetoric
seems to be required.
Government must devise the means to communicate the longterm benefits of commissioning marginally
highercost (but more valueformoney) projects to the general constituency (Latham 2004). Qualitative data
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gleaned from Construction 2020 make it clear that client education is a requisite for an improved construction
industry, especially since it allows betterinformed clients to make betterinformed decisions regarding their
buildings and other forms of infrastructure such as roads, bridges and tunnels. Indeed, 91 of the 285 questionnaire
respondents selected “lack of informed client leadership” as a barrier to change. This view is supported by other
studies (e.g. Miller et al. 2004). Thus government must make a greater commitment in terms of determining “what
they want out of a building and its environment” (Survey Respondent 2004).
Australian construction industry stakeholders would appear to support this view. One Construction 2020
respondent succinctly put forward a general view that government interest in “shortterm political gains in
infrastructure” often resulted in “longterm cost to the industry and community”. Likewise, another stakeholder
urged that politics be removed from the decisionmaking process. The combination of politics and procurement has
become particularly manifest in the wake of public sector agencies becoming more closely aligned to the political
agenda of the government of the day, and the move to embrace a wholeofgovernment perspective (Brown et al.
2003; Waterhouse et al. 2001). According to the prevailing new public management (NPM) mindset, the notion that
providers of public services should “be chosen by competitive tendering” (Smyth 1997, 21), with the emphasis on
“shortterm cost savings” (Smyth 1997, 25), has prevailed — largely to the detriment of the industry as a whole
(Hampson & Brandon 2004). This has been reflected in entrenched subcontracting regimes (Bresnen & Marshall
2000).
Thus governments have traditionally been concerned, for political reasons, to deliver projects on time and
under budget. Dibben and Higgins argue (2004) that tolerance for mistakes is limited since the public sector operates
in a public environment. This has oftentimes been to the detriment of quality and value for money, especially in the
overall lifecycle of the constructed facility (Low & Tan 1996). As a recent Engineers Australia report (2005, 3)
points out, “More often than not, the work has been awarded on price rather than value and capability”. The
phenomenon of bounded rationality, together with vague selection criteria and unclear delivery requirements, results
in bids “at a lower than optimum price” (Erridge et al. 1999, 37). When tenders are called for a new government
project, applicants often feel that they must present an application that will meet client expectations in the short
term, but at minimal cost (Low & Tan 1996). This sets an industry standard. As a consequence, the construction
industry in OECD countries, despite attempts to incorporate “soft” criteria into contractor selection (Gransberg &
Ellicott 1997; Palaneeswaran et al. 2003), is still characterised by lowbid tendering — mainly on account of the
greater “weighting” accorded to price.
Of interest is that 108 of the 285 Construction 2020 respondents listed current (presumably tight or
inequitably shared) industry profit margins as a barrier to change. Yet this data may not represent an especially
accurate reflection of actuality, especially since the participants from project management companies were heavily
outweighed by other industry stakeholders. While previous literature lists tight margins as a constraining factor for
SMEs (e.g. Gillen et al. 2004), this work is perhaps now outdated, or at least not especially relevant to the present
Australian construction industry. Although the effects of low margins appear to be overstated, one should still bear
in mind the relatively high degree of daytoday uncertainty in the industry and that small subcontracting firms can
often be characterised as “price takers” (O’Farrell & Hitchens 1988; Miller et al. 2001), particularly in times of slow
growth (an inevitable part of the traditional “boom and bust” nature of the industry).
Thus the lowbid mindset does not in itself necessarily hinder collaboration throughout the supply chain on
account of low margins enforced upon SMEs (contrary to what many authorities and indeed industry practitioners
would have us believe). Rather, the lowbid mindset often manifests itself in the construction of facilities that do not
adequately meet client needs, are poorly built and thus require additional work, or depart radically from the intended
design owing to inadequate interpretation of the design work. This inevitably leads to substantial rework, which
itself promotes significant distrust and raises overall project costs (generally to the detriment of an individual firm’s
profit), or else results in financially draining litigation that does little to promote confidence or enhance longterm
relationships between project management organisations and contracted firms, many of which are SMEs (Engineers
Australia 2005). Interorganisational distrust on account of greater contractor risk and onerous contractual
obligations should also be adduced (Packham et al. 2003; Miller et al. 2004). As might be imagined, these
considerations have hindered the development of more integrated relationships throughout construction industry
supply chains.
The Australian construction industry is eager to stress the advantages of a clientdriven approach to
innovation and change. In this context, public sector clients have the opportunity to become powerful “opinion
leaders”. Such opinion leaders, owing to their influential status and high profile, can have a tremendous impact on
the decisions taken by people or agencies looking for direction (Edquist et al. 2000). Manseau & Seaden (2001)
point out that policy can positively influence the uptake of innovative practices in the construction industry. It is
well known that government policy on procurement and contracting often becomes an industry norm. In view of
this, the Construction 2020 data indicated that “leadership by government” would be required. Public sector clients
should thus be able play an important role in changing the damaging lowbid mindset by opting for bestvalue
solutions to infrastructure provision (Low & Tan 1996). A push towards overall and longterm quality, i.e. a value
formoney solution rather than merely a “cheap” and shortterm votewinning option, should allow for greater
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flexibility in the supply chain, and less financially draining and disruptive litigation and rework. Problems, however,
still remain in defining and capturing “value” (Choi 1999; Palaneeswaran et al. 2003).
If construction firms currently operating in the Australian market are to remain competitive in a more
globally oriented market, they need to plan for the future rather than merely attend to presentday concerns. If entire
supply chains are to be leveraged for such a purpose, the successful Australiabased project management firm needs
to ensure that potential subcontracted firms operating within Australia are at the forefront of technological
innovation. Such innovation is viewed as a clear desideratum (Brandon 2005; Hampson & Brown 2005). Moreover,
the literature emphasises that government, as an important client, has an extremely important role to play in terms of
driving innovation through demand (Miller et al. 2004, 539). Innovation, however, usually comes at a premium. In
the present industry climate, companies burdened by rework, litigation and burdensome contractual obligations,
such as many SMEs, may be unwilling to commit the financial resources needed to effect technological change.
Small contracted firms do want to innovate — so much is clear (Lefebvre et al. 1997; O’Farrell & Hitchens 1988),
yet these firms often fail to do so on account of other pressures.
Thus, in an industry environment where large project management companies are often able to skim much of
the cream (to the relative detriment of smaller contracted firms), only the larger players have the resources to
incorporate cuttingedge practices. Yet, from a strategic management perspective, one of the established benefits of
outsourcing for such firms is that they are able to devolve the risk of investing in frontier technologies to smaller
subcontracting firms (Rasheed & Gilley 2005). However, if SMEs fail to innovate owing to financial pressures,
perceived or otherwise, the overall efficacy of outsourcing is substantially reduced. This situation is clearly of
benefit to nobody.
As the Construction 2020 data appear to indicate, increased government regulation is not always especially
useful in promoting an improved business environment. Rather, it is posited that a change in policy will result in
positive effects for all stakeholders. In short, a move towards “best possible project solutions over the lifecycle of
the facility” (Hampson & Brandon 2004, 17) would allow greater savings in the long term, that is, in suitability,
facilities management and sustainability.
The change in mindset outlined above should see potential project management firms putting forward tenders
that are reasonable in terms of cost, but are still likely to entail a project solution that serves — if not in some
aspects exceeds — the present demands of the client. The emphasis, therefore, should be on value and “good
design” (Latham 1994, 5); that is, the tender will score as highly on the “soft” criteria as it does for the “hard” ones,
such as price and time taken to complete the project. If, as is forecast, a less adversarial atmosphere between the
various links in the supply chain is developed, a more appropriate environment for greater collaboration will
conceivably eventuate — with further benefit to competitiveness and innovation.

FURTHERING SUPPLYCHAIN INTEGRATION
Although major construction companies operating in Australia have recently shown a greater propensity to form
consortiums with a view to bidding for highprofile projects and sharing the high risk associated with such
undertakings, greater collaboration needs to exist in the vertical plane so that the industry might become more
flexible and responsive (Spencer 2005).
It is now something of a truism that construction projects generally involve temporary multiorganisations
that fall by the wayside after project completion (Cherns & Bryant 1984; Winch 1989). What this means, from a
project management perspective, is that project participants spend a good deal of time adjusting to new partnering
situations. Thus the realisation of lean construction goals and the rapid harmonisation of practices rarely takes place
as desired (Miller et al. 2001; Stewart et al. 2003). A “lack of the appreciation of the benefits of open
communication” has also been cited as a detrimental factor in the quest for rapid harmonisation (Engineers Australia
2005, 4). As seems evident, time spent harmonising represents money wasted.
In order to move towards a more responsive industry, large firms need to engage more readily with SMEs and
offsite manufacturers. Likewise, SMEs and offsite manufacturers need to engage more readily with their
equipment, materials or labour suppliers (Briscoe et al. 2004). As Rasheed and Gilley (2005, 526) point out,
outsourcing and offsite manufacturing cannot continue as “arm’slength market transaction(s)”, although Lei
(2005) points out that this is the most usual method. Furthermore, SMEs need to be able to set aside their differences
in order to collaborate more effectively and thus broaden their bargaining power. In the present contracting scenario,
larger firms are well geared to survive on a longterm basis, but smaller firms are clearly not so well blessed (Miller
et al. 2004).
Greater collaboration between individual components of construction industry supply chains will be a
necessary component of this change. Effective collaboration can only take place in an atmosphere of information
sharing. True strategic partnerships can be defined as multifaceted, goaloriented, longterm partnerships between
two companies in which both risks and rewards are shared (SimchiLevi et al. 2003, 147). Such arrangements,
which often become symbiotic in nature, are common in related industries such as logistics and supplychain
management, where thirdparty logistics providers (3PLs) may be responsible for the entire logistical needs of major
retail chains. Yet the same cannot be said about the construction industry. This, of course, naturally has something to
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do with the projectbased nature of the industry (Dainty et al. 2001). Even so, a change in culture towards more
longterm relationships would mean that construction industry firms should be able to enjoy fully the benefits that
strategic alliances bring to firms operating in allied industries such as manufacturing and logistics.
Information that flows in a timely fashion throughout the supply chain is a requisite element in true
collaboration (Briscoe et al. 2004). This sort of transparency allows suppliers to make intelligent demand forecasts,
which helps to reduce total systemwide cost (a concomitant of stockouts and carrying excess inventory). Such
information, which can be harnessed by ICT systems, can quickly allow other members of the supply chain to
produce and supply the right amount of product or material, thereby reducing inventory costs, depreciation and lead
times (Briscoe et al. 2004; Sadarangani & Gallucci 2004). Similar information can be transmitted even further up
the supply chain so that raw materials needed for manufacturing processes are there when needed (Hannon 2003).
While every demand forecast is, to some degree, inherently inaccurate, advanced means have been developed by
which this inaccuracy can be minimised (Mentzer & Moon 2004). Thus the symbiotic nature of a supply chain,
when viewed as a system, needs to be taken into account (Mentzer & Moon 2004, 40). Once again, genuine
collaboration and, what is more, a commitment to such collaboration is the key. At present, the adversarial nature of
the industry seems to forestall this possibility, although Tookey et al. (2000) point out the need to incorporate
generic types of best practice, such as supplychain management and partnering, into the construction industry.

PROMOTING CONFIDENCE IN THE INDUSTRY
While this all sounds attractive in theory, it seems clear that Australian construction industry businesses will not
wholeheartedly move towards such collaborative models in the present environment of open distrust, cutthroat
competition and divisive litigation (Engineers Australia 2005). The Construction 2020 data appear to indicate that
government is expected to make an increased effort to provide the appropriate framework for greater collaboration
to take place. As has been noted, this need not necessarily refer to further legislation or increased regulatory activity,
although some streamlining might prove useful in certain areas. The Australian construction industry is generally
described as riskaverse (Hampson & Brandon 2004). In view of this, government needs to create an environment
that will promote more confidence, especially since the dissemination of information and the resultant efficiencies is
a function of trust and a longterm mindset (Packham et al. 2001).
The last thing that industry wants is a further set of regulations. What it does appear to desire, as far as one
can tell from the Construction 2020 data, is a clearer and more uniform set of guidelines that will determine industry
best practice for collaboration between firms of all sizes, from the designer of the facility to the electrician or
plumber. In addition, a more functional and equitable disputeresolution system would need to be put in place in
order to provide a fallback should a collaborative exercise come undone. A recent UK study has revealed that
subcontracting firms feel that “they are vulnerable to bullying by main contractors” (Packham et al. 2001, 12). It is
imperative, therefore, that peak industry groups and government establish and communicate guidelines to effect
interaction (and arbitrate or resolve matters where necessary) in order to foster greater confidence. This would
provide further guidance on best practice with respect to collaboration. Thus, government can help to alleviate some
of the uncertainty (especially for SMEs). Only then will the kind of collaborative models discussed previously in
this chapter reach their full potential in the Australian construction industry.
Research conducted in the United Kingdom by Stewart et al. (2003) suggests that government (especially
regional government) has an important role to play in terms of allowing SMEs to engage more readily with each
other. Again, this relates to policy rather than legislative or regulatory change. People and firms, it is assumed, often
do not want to collaborate in the more traditional industries. In a hypothetical situation in which, if two SMEs were
to work together, one of them would gain 15% more as a result and the other 10% more, the latter company would
normally prove reluctant to proceed on the basis that the other firm is securing a greater advantage. Government, of
course, cannot make these firms work together. However, it can provide a conduit that will allow such firms to
interact more readily and develop the trust required to deepen their commitment to collaboration.
Of course, construction firms can do much themselves to promote further engagement, especially between
project management firms and contracted SMEs. The business advantage of such interaction needs to be pointed out
— perhaps by peak organisations and certainly by government agencies — so that recalcitrant firms are more
prepared to engage in greater collaboration. Public policy has an important part to play in this by making sure that it
becomes more widely recognised. In particular, the larger and dominant firms obviously need to understand better
the degree to which they depend on flexible, responsive and innovative SMEs.
At present, government is greatly concerned with driving health and safety in the construction industry. There
is evidence to suggest that greater workplace pressure for small owneroperators, which, as has been argued, is
closely tied to the present industry environment, increase the risk of safety incidents (Engineers Australia 2005;
Gambatese et al. 2005; Mayhew et al. 1997; Saurin et al. 2004). These considerations should further prompt
government agencies, as important clients, to reconsider their position in lowbid tendering and the way in which the
adverse repercussions of this militate against longterm cooperation (Zohar 2002). Kartam et al. (2000) found that
the competitive nature of the construction industry, in which contractors generally submit tenders that may form the
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basis of contracts, resulted in safety costs not being considered unless specifically recognised by the contract
documents.
A continued failure to address the concerns of SMEs could prove highly detrimental to the industry as a
whole. In time, a reduced pool of construction industry SMEs could allow smaller and traditionally “price taking”
firms (O’Farrell & Hitchens 1988; Miller et al. 2001) to raise their contract fees or labour costs. This, in turn, could
affect the performance of the larger firms and thereby bring the existing industry members into an undesirable
position. Such a situation could perhaps encourage even greater intrusion into the Australian property and
construction marketplace — something which the current state of the industry may find difficult to absorb.

CONCLUSION
In sum, the mindset of “cheapest equals best”, which has lead to a culture of lowcost tendering and devolution of
risk to smaller parties, needs to be changed. The overarching desire for “shortterm profit” and “quickfix horizons”
(Hampson & Brandon 2004, 13) must be erased from the minds of senior public service executives, in addition to
the minds of the ministers whom they serve. While quick returns on government dollars may win shorttime votes,
the pressure that it puts on the industry as a whole is highly detrimental. A more collaborative construction industry
will lead to a stronger and more flexible construction sector, and one better positioned for the impending rigours of
operating in a more truly global and thus more competitive marketplace.
Government agencies clearly have an important role to play in bringing about a more relationshiporiented
industry characterised by longterm collaboration throughout the supply chain. Tighter legislation and more rigorous
industry regulation will not bring about more meaningful industry integration. Indeed, the prosecution of such a
program could have adverse repercussions. Greater regulatory control may also give construction industry
businesses a sense of greater constriction, which would hardly promote investment at a firm level. Rather,
government and its agencies must lead the way by means of more appropriate policy, especially in their own actions
as industry clients, in addition to providing the appropriate disputeresolution mechanisms and accompanying safety
nets. Thus public sector agencies, as important clients of the construction industry, need to realise that, in order for
the Australian industry to remain a significant employer and wealth generator, they must do more to encourage and
promote the creation of a more appropriate business environment.
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CHAPTER 32

Public Policies and Innovation in the
Construction Industry
Kristian Widén
INTRODUCTION
In various reports and studies in European countries the construction industry has been said to work inefficiently,
being regarded as a slow adopter of new techniques and seen as disinclined towards innovation (Latham 1994; Egan
1998; Näringsdepartementet 2000).
Increasing innovativeness in the construction industry has been one of the cornerstones in these reports as a
means for improving the overall performance of the industry. There are many different factors influencing the
ability to innovate (Dodgson & Bessant 1996; Widén 2002). Central to this improvement is the need for the
industry’s firms to raise productivity and thus reduce outturn costs. In order to be innovative, there needs to be
motivation for both inventors and adopters (Porter 1998). One incentive is to raise added value, for example,
through increasing competitive advantage, lowering production costs and improving the product or service provided.
Motivation to innovate can also come as a response to legislation or policies, but is often the reaction to a threat.
The public sector is a highly influential participant in the construction industry, as it exercises a major role in
several ways. It is, for example, policymaker, legislator and client (Andersson 2003) and, in some cases, performs
services directly (Andersson 2004). The public sector, as client, can influence and motivate other actors to a
significant extent (Edquist et al. 2000). Public policies, laws and programs are other ways in which governments can
influence innovation in the industry (Manseau & Seaden 2001).
The construction industry is one area in which public policies and interventions have been key, longstanding
features of business. From the perspective of innovation, there are two conditions that need to be fulfilled for public
involvement: a problem must exist and the public sector must have the ability to solve or mitigate the problem
(Edquist 2002). The actions of public clients are to a large extent defined by the mandates handed down to them by
the state. Overall, these relationships constitute an implied system of innovation. It needs to be made explicit so that
it is capable of closer study with a view to promoting improved innovation capability.
There have been studies of public innovation policies in some countries (see, for example, Manseau &
Seaden 2001)) but no analyses of their effects are to be found. In a related field, that of construction business
systems, studies have been reported in detail (Winch 2000; 2002). Even though there are similarities between
business systems and innovation systems there are also some important differences. First, there is a stronger focus
on history in innovation systems and, second, there is a focus on learning in the context of innovation systems that
does not exist in business systems (Lundvall 1999). The position is one of an incomplete picture.
The aim of this chapter is to identify different models that can be used to analyse the effects of public policies
and actions, with the purpose of investigating their applicability to the specific case of the construction industry.
The identification of models is achieved through a desktop study of relevant research literature. In order to
analyse their applicability in the context of construction, the characteristics of the literature need to be isolated. The
models are evaluated in terms of their ability to handle the said characteristics.

CHARACTERISTICS OF CONSTRUCTION
The specific characteristics of construction are frequently described in the literature. In this section of the chapter
some important characteristics of the construction industry are discussed and differences within manufacturing
industries are highlighted, especially in the context of innovation and development. The industry covers a wide
scope of activities; it involves a great variety of actors and it is externally influenced by its market and institutional
environment. Construction includes such diverse economic activities as new production and repair/maintenance,
itinerant production and stationary manufacturing, the production of buildings and other construction, and it
involves a large number of actors representing different professions and types, e.g. companies, public utilities and
private persons (Andersson 2003).
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Products are typically single units with a long lifespan that require alteration and
maintenance throughout their life
Construction, typically, deals with the creation of single/unique structures (Briscoe 1988). These structures usually
have a long life that needs to be maintained throughout (Manser 1994). In manufacturing, products are typically
made in large batches and the cost of innovation and development can be spread over each product. In construction,
innovation and development work must typically be carried by each project, yet few projects have the economic
base to carry the level of cost involved.

A systemic nature of the formation of the industry
The construction process is inherently complex and, to a large extent, fragmented with many actors working
together in everchanging project organisations (Winch 1998). Diversified client categories such as households,
firms and government add to the difficulty of achieving systems that would fit everyone (Bröchner 2001).

A shortterm process perspective and a systemic nature manifested by the
formation of projects
The project focus of the construction process that results in a mix of tightly and loosely coupled systems hampers
innovation (Dubois & Gadde 2002). It also explains the difficulty the construction industry has shown in
implementing strategies and procedures adapted in more traditionally organised industries. The contractual
framework, as well as the procurement forms used in the construction industry, is built very much on experience.
Those parts that are not, are largely derived from project management theories that are practitionerbased (Engvall
2003). All too often it is the symptoms shown in the process that have been studied instead of the problems causing
the symptoms.

Separation between design, production and maintenance
In manufacturing industry, design and production is typically carried out within the same organisation. Compared to
the construction industry this creates two distinct differences:
1. it is difficult to integrate production knowledge into the design
2. design organisations in construction cannot influence suppliers in the same way as in manufacturing, as they are
not the parties that procure suppliers.
Innovations in the construction industry often become a part of more than one company involved in the process,
making it harder for a single company to adopt something new (Slaughter 1998). Quite where the decision to adopt
technological change is taken is often difficult to isolate, as different organisations are designing, producing and
paying for products and services.

Sectoral influence by the institutional framework
The construction industry is highly influenced by the institutional framework (Andersson 2003; Winch 1998).
Building codes, other regulations, public policies, professional institutions etc. influence construction. Demand very
much depends on the general market and results in itinerant production and the derived nature of demand (Bon
1989). It is also shown that political systems will affect the construction industry and the way it works (Manseau &
Seaden 2001).
As a result of the differences between manufacturing industries and construction, the theories of innovation
developed for manufacturing industries cannot be used as they are. The contextual disparity is too large. For
example it will be more important to study construction with a sectorlevel approach than from a company
perspective as the company’s ability to innovate will largely depend on external organisation and relations than in
traditional manufacturing industries.

MODELS OF INNOVATION
In a CIB (International Council for Research and Innovation in Building and Construction) task group study of
national innovation policies, four models of innovation were identified (Manseau & Seaden 2001):
1. technologypush or sciencebased model
2. marketpull model
3. complex product systems (CoPS)
4. firmcentred knowledge networks.
“Technology push” dates back to World War II where there was a major implementation of new science and
technology. It is a linear model which assumes that the process goes from basic research via applied research and
experimental development to a new product (Manseau & Seaden 2001).
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The “marketpull” model is also a linear model. To make innovative products or processes they use various
knowledge sources. The model is dependent on contact with these sources and feedback loops are used frequently in
the development process (Manseau & Seaden 2001).
Designing and producing CoPS is usually seen as a project with the aim of creating a system. The emphasis
of production is on design, project management, system engineering and system integration (Hobday 1998). No two
systems are alike, and they change as demand requires them to do so. The specifications decide the scope and the
objective of the system, and how to achieve the objectives (Iansiti 1995). Every system is built up of subsystems
designed to fulfil a common goal. Often, the finished product can be seen as a system and subsystems. There needs
to be a good understanding of how each system affects the others (Hobday 1998; Senge 1999). As each system can
be divided into subsystems the main project can be divided into subprojects. The more complex a product is the
more complex the system becomes and the larger the risk that something may go wrong (Nightingal 2000).
“Firmcentred knowledge networks” were developed by the OECD for measuring innovative activity. The
focus is on the single firm and its role in the centre of an enabling network of suppliers, competitors, clients and
other resources (Organisation for Economic Cooperation and Development (OECD) 1997).
None of these four models are suitable for analysing the effects of public actions and policies on the
construction industry. The technologypush and the marketpull models are too simple to cope with any of the
characteristics. The linearity of the two models inhibits them to deal with the dynamics of modernday innovation,
for example, aspects such as feedback loops. Firmcentred knowledge networks are not suitable because they focus
on a specific firm and its interactions with the environment, so that the importance of a holistic systemic
understanding becomes obscured. As the term implies, complex product systems would deal well with the
complexity of construction products and processes. It would also deal with the long life of the products as well as
the separation between design, production and maintenance. It does not, however, capture the complexity of the
industry so much, since the focus is on single products and thus projects. Neither does it capture the institutional
effects on the industry for the same reason. As CoPS embrace very complex products, there are many constructs that
will not fall under that definition and those characteristics needed are not covered either. For example, projects that
are complex enough to fall within the definition are usually of such an economic value that innovation can be
attempted and financed within the project. This is typically not the case on the average construction project.
There are important aspects that can be learnt from the development of these models, especially CoPS.
Unravelling the complexity of dynamic, projectbased organisations in order to understand their propensity to
innovate and thus the factors that encourage or inhibit innovation have been presented by Hobday et al. (2000). Of
particular relevance to this research is the finding that innovation differs markedly from much conventional
innovation knowledge derived from studies of massproduced goods. If applied without modification, it can be
misleading both conceptually and in terms of management strategy and practice. Moreover, there is the fundamental
characteristic of timescale that is geared to the delivery of a specific endproduct, with often little prospect of repeat
orders or other “followon”.
Another method that has gained a lot of interest in recent times is “systems of innovation”. This method takes
a holistic approach to the aspects affecting innovation. Not only industry or companyspecific characteristics are
considered, but also, for example, institutions, education and the relationship between the various organisations. The
reason for adopting a systemic approach to the issue of innovation is that as technology becomes more complex,
linear innovation models become obsolete (Park 1999). Systems of innovation are thus a useful tool for
understanding how innovative activities are generated and disseminated (Archibugi et al. 1999). Innovation is,
however, more than a series of discrete events; for example, nationspecific factors play an important role in shaping
technological change (Archibugi & Michie 1997). They are particularly useful for understanding demandside
innovation policy instruments, such as public technology procurement (Edquist & Hommen 1999). Systems of
innovation have the potential to become tools for national and local policymaking as they provide a new way of
organising applicable knowledge; in other words, they are a means for analysing the support structure and policies
needed to enable innovation to take place. Innovation policies cannot, therefore, be treated in isolation as other kinds
of policy may affect actors too: thinking in terms of systems of innovation can be useful in identifying the
interrelationships between different policies (Mytelka 2000).

SYSTEMS OF INNOVATION AND CONSTRUCTION
Early on, the concept of “national systems of innovation” was defined as the set of institutional actors that plays a
major role in influencing innovative performance nationally (Nelson & Rosenberg 1993). According to Edquist
(2002, 182) “systems of innovation = the determinants of innovation processes = all important economic, social,
political, organisational, institutional, and other factors that influence the development, diffusion, and use of
innovations”. Systems of innovation can be applied at various levels, for example, national (Lundvall et al. 2002),
regional (Cooke et al. 1997) and sectoral (Malerba 2002; Carlsson et al. 2002). There is also a distinction between
narrow systems, concentrating on the institutions deliberately promoting acquisitions and dissemination of
knowledge and which are the main source of innovation, and broad systems, which recognise that the narrow system
is embedded in a much wider socioeconomic system (Edquist & Hommen 1999).
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On a national level, systems of innovation consist of two main components: organisations are actors and institutions
are the rules of the game, for example laws, common habits and norms (Edquist 2002).
Regional systems of innovation relate the regions to their competence capacity, their degree of autonomy etc.
and, from a regionalism approach, focus on its cultural base.
Sectoral innovation systems are built on the understanding that there are specific characteristics defining an
industrial sector’s ability to innovate (Carlsson et al. 2002). It is defined as a set of new and established products for
specific uses and the set of agents carrying out interactions for the creation and sale of those products (Malerba
2002, 261).
To use systems of innovation within construction any of the above could suffice, depending on what one
wants to study. In general, sectoral innovation systems seem to encompass the very heart of the aspect needed to be
studied. One aspect to consider is that the approaches do not support consideration of the long life of products. In the
literature about systems of innovation the discussions do not go beyond the point of sale. One of the key
characteristics of construction is the continuous need for maintenance and refurbishment. Another aspect is dealing
with the separation of design, production and maintenance. In the systems of innovation literature there have not
been many advances on the question of the extent and the features of intraindustry firm heterogeneity and the
structure and change in relationships among agents (Malerba 2002). The separation of design and production needs
to be treated carefully, as it is one aspect that separates construction from many other industries. In the literature,
design and production is simply characterised as production.
According to Edquist and Hommen (1999, 165), systems of innovation:
§ place innovation and learning process at the centre of interest
§ adopt a holistic and interdisciplinary perspective
§ employ historical perspectives
§ stress the differences between systems, rather than the optimality of systems
§ emphasise interdependencies and nonlinearity
§ encompass product technologies and organisational innovations
§ emphasise the central role of institutions
§ are still associated with conceptual diffuseness
§ are conceptual frameworks rather than formal theories.
The first three of these characteristics support the use of systems of innovation in analysing the effects of public
policies and action on innovation in the construction industry. There is an emphasis on innovation and this allows
for an understanding of the complexity of the industry as well as explaining the history of why the situation is as it
is. Systems of innovation approaches are good for creating understanding of nonlinear development knowledge
bases as a function of communication between independent actors and, in particular, for understanding demandside
innovation policy instruments (Edquist & Hommen 1999), which is very important for the varying nature of the
construction industry. The key benefit of systems of innovation is the focus on institutional factors. The construction
industry is in itself highly affected by its institutional context and many of the public policies and actions set out to
be the objects of analysis by these approaches will in effect create changes to the institutional framework: it is those
changes that need to be studied. The stress on differences between systems rather than dependencies could prove to
be a problem. It would be possible, however, to create a new system with the new proposed policy or action and
compare that with the existing and, thus, create an understanding whether to go ahead or not.
One central aspect of systems of innovation is the need for relative stability and a smooth evolution of the
systems (Quéré 2004). This means that the components and their relations need to be stable with changes occurring
to a large extent over time. As construction has a shortterm process perspective and a systemic nature manifested
by the formation of projects this is a major obstacle for the use of systems of innovation as an approach to predicting
and analysing the effects of public policies and actions.

DISCUSSION
None of the models presented here are a perfect match. Technology push, market pull, complex product systems and
firmcentred knowledge networks have limited applicability. What needs to be recognised is the insight on context
dependency developed in, especially, CoPS.
CoPS will be useful in those cases where construction projects are large, complex and economically viable in
supporting innovation. Such projects do exist, but the majority of construction projects are not of this type and need
to be studied in relation to other projects. This calls for a more comprehensive sector approach.
When studying the effects of public sector policies and actions on innovation in the construction industry it is
likely that one of the more important aspects will be the institutional framework, which is one focus area for systems
of innovation. That, together with the fact that it is necessary to study the effects on the construction industry as a
whole, suggests that systems of innovation would be preferred. However, they could not be used in their current
form. Adaptation to fit the context of construction is necessary. Such an adaptation has already been performed in
another field of construction industry analysis. A CIB task group created “sector system analyses” permitting a
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better comparison of construction industries across countries (Andersson 2003). A first attempt to merge that model
with systems of innovation has been made, but is not finished and development is continuing. This may be one way
to go, but there may be other ways of adapting systems of innovation.
One other aspect is the inability of these models to measure the effects of change. In traditional
manufacturing industry this is usually done by counting patents. As the industry’s firms seldom patent anything that
does not seem to be a valid measure, benchmarking exercises such as those offered by the UK’s Constructing
Excellence might be one solution. If the same benchmarking is performed continuously a relative measure is
obtained when results are compared.

CONCLUSIONS
The aim of this chapter was to identify possible models that could be used to address the effects public policies and
actions have on the construction industry and to assess their applicability. Of five models described, only one,
systems of innovation, can be seen as a potential model for use to analyse the sector as a whole. It captures some of
the important aspects that need to be analysed, for example the institutional framework and a holistic view of the
industry.
There are some issues that need to be resolved before future use. The two main aspects that need to be
adopted for use in the industry are an inability to handle the separation of design and production and the shortterm
perspective of projects. Methods to measure the effects of change are also needed to be developed.
CoPS have a particular use in analysing innovation in large and complex projects, but the major input of this
model is its creation of understanding that innovation in industries is contextdependent. Construction differs
markedly in its context from manufacturing industry and this has to be considered, not only in the context of
innovation, but for everything that is developed for manufacturing industry and then put to use in construction.
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CHAPTER 33

Measuring the Technical Competence of
Repeat Public Sector Construction
Clients
Karen Manley
Stephen McFallan
INTRODUCTION
Technical competence is defined by Prahalad and Hamel (1990, 81) as the “corporatewide technologies and
production skills that empower individual businesses to adapt quickly to changing opportunities”. According to
Walsh and Linton (2002, 64), this is the most widely used definition in the literature. The focus on adaptability
through technologies and skills highlights the role of innovation in underpinning technical competence. Hence, this
chapter takes an innovationcentred view of technical competence, with it being defined here by four indicators:
R&D investment, innovation novelty, adoption of advanced practices, and innovation impact on business
effectiveness. These indicators were selected following analysis of the Community Innovation Survey (CIS) which
is based on the OECD’s “Oslo Manual” (Organisation for Economic Cooperation and Development (OECD) 1997).
The CIS was implemented in 1992, 1996 and 2001 by European Union member states (similar surveys have also
been implemented in Australia, Canada and New Zealand). The survey represents best practice in the design of
innovation indicators (Pattinson 2003).
In view of Nam and Tatum’s (1997, 259) widely cited research conclusion that technical competence is “an
utmost prerequisite for effective leadership for construction innovation”, the research question driving this study is:
Are Australian repeat public sector construction clients technically competent? The results report on an important
element of the leadership potential of clients.

METHODS
The study covered nonresidential building and civil work, in the Australian states of New South Wales (NSW),
Victoria (Vic) and Queensland (Qld). These three states have the highest gross state product across the seven states
and territories in Australia (Australian Bureau of Statistics (ABS) 2005). The less than full coverage of the
Australian construction industry was driven by time and cost constraints.
Descriptive statistical methods were employed to give an indication of the relative level of technical competence
held by repeat public sector clients compared with other groups in the industry. The industry was defined broadly to
include five groups — main contractors, trade contractors, consultants, suppliers, and clients from the public sector
who undertake ongoing work.
Data were collected via a largescale mail survey covering 38% of key construction organisations in the
population. Overall, 1317 questionnaires were distributed, with 383 useable responses returned, equating to a
response rate of 29%, which can be considered a good response for a voluntary mail survey (Ling 2003, 642). The
high response rate helps to minimise nonresponse bias, and is partly the result of effective sample and questionnaire
design, as described by Sekaran (1992). Statistical testing also indicated no significant difference between early and
late respondents, indicating the likely absence of nonresponse bias. Although the data is the result of self
assessment, which may have biased estimates of technical competence upward, this is unlikely to have impacted the
relative performance of respondents, which is the key to the argument presented here.
The sampling unit was at organisational level. Key organisations were defined as government clients,
members of eight selected industry associations, and organisations appearing on the prequalification lists of clients.
The associations chosen for surveying were identified through an industry workshop in Brisbane in 2004 as those
that made the most significant contribution to construction projects.
The survey was distributed through the post, rather than electronically via email or the internet. The
electronic options were deemed to be suboptimal for the Australian construction industry, given the relatively poor
performance of previous electronic efforts communicated by CRC for Construction Innovation research associates
and project managers. The surveys were sent to the contact person on the industry association membership lists and
government agency prequalification lists. These people were mainly managers. For the government clients, forms
were sent to managers in the civil and building agencies of the three states. The results presented here are from the
survey questions on the relative technical competence of clients, compared to the rest of the industry. Table 33.1
shows key survey data.
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Table 33.1: Key Survey Data

Industry sector

No.
sent

Useable
no. back

Response
rate

Population
size

All sectors

1317

383

29%

3476

38%

1. MAIN CONTRACTORS
Nonresidential building
contractors
Civil contractors

300

93

31%

1122

32%

150

55

37%

740

Prequalified firms

20%

Random

150

38

25%

382

Prequalified firms

39%

Random

2. CONSULTANTS

409

130

32%

1549

150

48

32%

675

Prequalified firms

22%

Random

150

52

35%

874

17%

Random

109

30

28%

200

Prequalified firms
Firmlevel
association
members

55%

Random

44

23

52%

44

Nonresidential building
consultants
Civil consultants
Quantity surveyors
3. CLIENTS — PUBLIC
SECTOR *
Civil — Qld

14

14
6

Population
definition

Percent
sampled

Sampling
method

26%

100%
District directors
Regional
managers
Regional
managers
Key government
clients

100%

Census

Civil — NSW

6

Civil — Vic.

6

Nonresidential building — Qld

7

Nonresidential building — Vic.

11

4. TRADE CONTRACTORS

236

74

31%

346

Electrical and communication
contractors

172

48

28%
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Major association
members

61%

Census

Airconditioning and
mechanical contractors

64

26

41%

64

Major association
members

100%

Census

5. SUPPLIERS

328

63

19%

415

Glass

150

23

15%

222

All association
members

Client responses were
not coded for location or
sector.

6
7
11

Key government
clients

100%

Census

100%
100%
100%

Census
Census
Census

68%

79%
68%

Random

100%

Census
based on
“Yellow
Pages”

Plaster

139

21

15%

139

Plaster/plaster
board suppliers/
manufacturers

Asphalt

26

15

58%

26

All association
members

100%

Census

Steel

13

4

31%

28

Major association
members

46%

Census
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RESULTS AND DISCUSSION
Four technical competence indicators are reviewed here: R&D investment, innovation novelty, adoption of
advanced practices, and innovation impact on business effectiveness.
Figure 33.1: Businesses Investing in R&D, % of Sectoral Respondents, Australian Construction
Industry, 2004
70%
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Figure 33.2: “New to Industry” Technological Innovation, % of Sectoral Respondents, Australian
Construction Industry, 2004
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Figure 33.1 shows that the client sector has the highest incidence of R&D investment, by number of
agencies/businesses investing, with at least twice the incidence compared to other sectors (ChiSq=23.14; df=4).
This may reflect the emphasis placed by Australian government client agencies on technical development, and the
reversal in recent years of downsizing in the 1980s and 1990s. It also arises because the client percentages come off
a low base — with there being only 44 client organisations in the survey. Many of these organisations were district
offices in the road sector and the results are in part explained by their trialling and testing activities. The literature
contains empirical evidence suggesting such internal R&D programs improve the ability to exploit external
knowledge sources (Gambardella 1992). Foray (1997) argues that R&D together with “knowledge openness”
improves the pace of innovation across organisations.
Figure 33.2 shows that trade contractors are more likely than clients to develop innovations that are new to
the industry, although client performance exceeds that of all other sectors. The dominance of trade contractors in
this measure may reflect their role in adapting existing broad ideas to fit the specific needs of the construction
industry.
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Figure 33.3: “New to World” Technological Innovation, % of Sectoral Respondents, Australian
Construction Industry, 2004
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Consultants (ChiSq=11.23; df=4) and suppliers are more likely to implement “new to the world” innovation than
clients. These results are not particularly surprising, as suppliers are known for their ability to continually invest in
R&D, compared to projectbased organisations, such as contractors, while consultants are paid to generate new
ideas. At the same time, clients are also shown to be strong performers.
Compared to trade contractors, suppliers and consultants, it may be that clients invest more in incremental
improvements, which have cumulative value without being highly novel. Incremental innovation is considered in the
literature to be a key component of technical competence leading to growth opportunities often as considerable as
those arising from more radical innovation (Thorburn & Langdale 2003).
Figure 33.4: Average Number of Advances Adopted, by Sector, Australian Construction Industry,
2004
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Figure 33.4 is based on 20 technologies and advanced practices in the construction industry that were listed in the
survey, as shown below in Table 33.2:
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Table 33.2: Technologies and Advanced Practices Listed in Survey
3D CAD
Alliance contracts
Computer networks (LAN or WAN)
Computerised project management
Computerised systems for estimating, inventory control, modelling, asset analysis, project management, etc.
Design and construct contracts
Design/build/fund/operate (DBFO) contracts or public–private partnerships (PPPs)
Digital photography
Documentation of technological/organisational improvements developed by your business
Intelligent systems
Longterm collaborative arrangements with other businesses
Managing contractor
Onlineremoteconstructionmanagement
Partnering on projects, or other relationship forms of contract
Quality certification (e.g. ISO 9000)
Risksharing/performanceincentive contracts
Staff training budget
Website
Written evaluation of new ideas in order to develop options for your business
Written strategic plan

These advances represent an updated version of those employed by Statistics Canada in their largescale innovation
survey conducted in 1999 (Anderson & Schaan 2001). Their list was modified in view of findings from an expert
focus group workshop comprising senior client representatives, conducted in Brisbane in 2004.
Client performance in terms of the average number of advances adopted exceeds that of the other sectors.
This result, in conjunction with clients’ strong R&D performance, supports the findings of the absorption capacity
literature, that internal R&D capacity provides the capability necessary to successfully adopt and modify
innovations that have been developed externally (Cohen & Levinthal 1990).
The survey also measured the impact of each organisation’s most successful innovation between 2002 and
2004. Figure 33.5 shows that clients were more likely to have had a significant or great impact from innovation on
effectiveness/profitability than other sectors, although only marginally so compared to trade contractors. The finding
that trade contractors achieve good results from innovation, yet are the least likely sector to invest in R&D, supports
findings in the literature that despite the strong historical focus on R&D, it is only one of many factors that influence
innovation outcomes.
The relevant survey question asked businesses about “profitability”, and government agencies about
“effectiveness”, as the agencies are not interested in profit. This difference may have biased the client results
upward compared to the hurdle presented to businesses, yet the value provided by innovation to clients is significant
regardless, with over 20% of agencies reaping a significant or great impact on effectiveness.
In summary, the “R&D” and “adoption” innovation measures reveal clients to be the dominant performers
compared to the other groups, while the other two measures — “novelty” and “effectiveness/profitability” also show
strong client performance.
Figure 33.5: Businesses Achieving Significant or Great Impact on Effectiveness/Profitability from
Innovation, % of Sectoral Respondents, Australian Construction Industry, 2004
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CONCLUSIONS
Understanding the level of technical competence held by repeat clients in the construction industry is of great
importance to the future of the industry. The predominant view of contemporary analysts in Australia and overseas,
from academia and within the industry, is that client leadership is the key to improving industry performance (Gyles
1992; CIDA 1995; Nam & Tatum 1997; NatBACC 1999; Gann 2000; PWC 2002; Cole 2002; DISR 2004; Briscoe
et al. 2004). Technical competence is an important input to effective client leadership (Nam & Tatum 1997).
Such leadership is seen to be essential for greater integration of the supply chain and part of an effective
response to the problems confronting the industry. Yet Ivory (2005) cautions us to adopt a critical approach to client
leadership. Clients are not automatically good leaders. They need to be willing to assume such a role and they need
to be capable of effectively executing it. Both these issues are problematic. Many repeat public sector clients point
to the manufacturing industry and the apparent lack of client leadership there. Why should they assume such
responsibility? The answer lies in the size, complexity and uniqueness of construction projects. In general,
construction clients have a lot more power over suppliers than have consumers of manufactured goods. As Nam and
Tatum (1997, 263) note,
Whereas in manufacturing, the buyer’s role takes the generally passive form of market demands,
in the construction industry the role of the buyer (i.e. owner) is generally more active. Rather than
being just buyers of finished products, owners, particularly in the building and heavy sectors of the
construction industry, are often major participants in the projects.
Further research may be necessary to convince construction clients that they have a legitimate role to play in
industry development.
The second requirement for effective client leadership is that clients are able to assume such a role. A
prominent consideration in this respect is the client’s level of technical competence (Ivory 2005). The research
reported here has shown that Australian repeat public sector clients (for nonresidential and civil work, in NSW, Qld
and Vic.) have a high level of technical competence compared with other groups in the construction industry. This
finding, combined with the established links between technical competence and effective innovation leadership, will
benefit government client agencies seeking to protect and extend their resourcing levels. This research also has
immediate benefits in giving the construction industry more confidence in the quality of leadership shown by
government clients.
The findings of the present study reliably represent the population studied, given the robust sample size,
subsector distribution and response rate. However, further research would be necessary to investigate client
competence in the other Australian states and the residential construction sector. Additionally, it might be interesting
to compare technical competence in the civil and building sectors in future work, to draw out differences. The
current study also provides the basis for further research examining the link between the technical competence of
clients and industry perceptions of client leadership. Finally, the evidence that trade contractors reap significant
benefits from innovation, in the absence of significant investment in R&D, may reflect the importance of non
technical innovation and deserves further study.
Readers interested in the drivers of technical competence, particularly when it is defined as innovation
capacity, are referred to Manley and McFallan (2005). That study found that investing in research and development,
protecting intellectual property and business networking were important to grow competence. Differences between
clients, contractors, consultants and suppliers in terms of innovation capacity are examined in Manley (2005), as are
linkages between supplychain partners and the research infrastructure. Nevertheless, there is scope for further
research on the effectiveness of different means of diffusing outcomes from research institutions to the industry.
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CHAPTER 34

Understanding the InnovationAdoption
Process of Construction Clients
Andreas Hartmann
Geert Dewulf
Isabelle Reymen
INTRODUCTION
Recent research shows that innovation for construction firms, similarly to other industries, offers the opportunity to
enhance performance, gain higher profits and attain competitive advantages over respective rivals (Ling 2003;
Sexton & Barrett 2003; Seaden et al. 2003). However, the common perception of construction is that of a notvery
innovative industry. Indeed, compared to other sectors, construction struggles with a slow diffusion of new products,
processes and services (Reichstein et al 2005). Several studies have aimed at revealing the reasons for this low rate
of innovation adoption. The projectbased character of construction has been identified as a major barrier to an
increased diffusion speed (Pries & Janszen 1995; Winch 1998; Gann & Salter 2000). Although projects allow the
directed allocation of resources to meet the specific requirements of clients, their oneoff nature leads to
discontinuities in the development and transfer of knowledge within and between organisations (Dubois & Gadde
2002). The projectbased character of construction results additionally in a fragmented and decentralised structure of
the industry expressed through a great number of small firms from different trades and professions. As soon as an
innovative solution exceeds the level of being incremental and becomes systemic, the implementation of such a
solution usually requires the involvement and at least the commitment of a range of project parties that possess their
own logic, language and interests (Slaughter 2000; Taylor & Levitt 2004). Here the role of clients seems to be
essential. Construction clients are able to stimulate innovation not only by determining building specifications and
demanding higher building and process performance, but also by establishing and controlling the mechanisms that
account for the extent of collaboration and communication of project participants (Blayse & Manley 2004; Dewick
& Miozzo 2004). Moreover, a client’s risksharing, commitment to innovation and leadership in project planning
and execution is considered to be vital for the successful implementation of construction innovation (Nam & Tatum
1997). However, strong client leadership does not necessarily result in innovative projects. Quite contrarily, it is
argued that innovative construction projects led by the client are exceptions rather than the norm due to the desire of
clients to avoid the risks associated with innovative solutions (Ivory 2005).
Despite the ambiguous role clients seem to play for the diffusion of innovation in construction, up to now
little research has been done on their innovationadoption behaviour. More specifically, not much is known about
the process that forms their attitude towards innovation and leads to the decision to implement a new idea. This
chapter reports on an ongoing research project, the aim of which is to shed more light on that somewhat neglected
but important topic. Main questions that the research tries to answer include:
§ How does the innovationadoption process of construction clients take place?
§ How can the process be improved so that innovation diffusion in construction is accelerated?
The intention of this chapter is to develop a conceptual framework describing the innovationadoption process of
construction clients. The focus of the framework is on the first process phases leading to the decision to adopt or not
to adopt a new idea. Furthermore, the chapter presents the results of a first case study that covers the implementation
of a temporary construction for the maintenance of a motorway bridge. Carrying out the case study, and analysing
and discussing the findings are based on the developed framework.

THEORETICAL BACKGROUND
Although there is a large body of knowledge on innovation diffusion, investigations on innovation diffusion in
construction are scarce. Thus, our theoretical considerations depart from the work of Rogers which has served as the
basis of many surveys and which has constantly been developed further (Larsen 2005). Our thoughts are
summarised in a conceptual framework for the first three phases of the innovationadoption process of construction
clients, depicted in Figure 34.1 and explained in the next sections.
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Figure 34.1: Conceptual Framework of the InnovationAdoption Process of Construction Clients
Communication Characteristics
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Adoption Process

Communication and perception of innovation attributes
Rogers (2003, 5) defines diffusion as a process “in which an innovation is communicated through certain channels
over time among the members of a social system.” The diffusion speed is measured as the number of members of
the system who adopt the innovation in a given time period. Thus, diffusion may also be considered as a series of
adoptions. Through these processes,
an individual (or other decisionmaking unit) passes from first knowledge of an innovation, to the
formation of an attitude toward the innovation, to a decision to adopt or reject, to implementation
and use of the new idea, and to confirmation of this decision (Rogers 2003, 20).
Consequently, five stages may be used to conceptualise the adoption process: (1) knowledge (2) persuasion (3)
decision (4) implementation, and (5) confirmation (Rogers 2003). It should be noted that such conceptualisation
simplifies reality to a certain extent. Innovationrelated activities normally do not follow a sequential pathway but
continue along a nonlinear cycle of feedback and feedforward loops (Tornatzky and Fleischer 1990). In the
following our focus is on the first three phases.
The first step of the adoption process aims at seeking and processing information to reduce the uncertainty
about the advantages and disadvantages of an innovation. The likelihood of adoption increases if benefits and values
of a new product or service exceed that of alternatives. Thus, the characteristics of information exchange between
members of a social system are seen to substantially influence the adoption behaviour of the individual adopter and,
consequently, the adoption rate (Nilakanta & Scamell 1998; Lee et al. 2002). More precisely, the communication
characteristics within a social system strongly affect whether an innovation becomes known to a potential adopter
and how this organisation or individual perceives the attributes of the innovative solution (Frambach & Schillewaert
2002). That is, it is possible to distinguish between information leading to the awareness that a new idea exists and
information explaining the function and usage of this idea (Attewell 1992; Rogers 2003). The former is a
prerequisite for triggering the adoption process or reaching the knowledge stage. Unless potential adopters know
about an innovation and its possible benefits, the new idea is unlikely to be implemented. The latter is vital to attain
a favourable attitude towards an innovation. Understanding the functional principles of a new idea and the way to
use it properly increases the likelihood of adoption, as the adopter is more able to judge the effectiveness of the idea
(Attewell 1992; Rogers 2003). Consequently, the perception of innovation attributes affects the evaluation of a new
idea and the likelihood of its adoption. Besides the relative advantage of covering economic and social benefits,
Rogers (2003) has extracted four other innovation characteristics that may explain adoption behaviour:
compatibility, complexity, trialability and observability. Compatibility refers to the consistency of an innovation
with existing values, past experiences, and needs of a potential adopter. The extent to which an innovation is
difficult to understand and use is covered by its complexity. Whether an innovation may be experimented with is
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embodied in its trialabilty. Finally, observability is the degree to which the outcomes of an innovation become
visible for others.
Communication characteristics that are seen to play a crucial role in raising awareness and developing
perception of innovation attributes include the source, the mode and the quality of communication (Mohr &
Spekman 1994; Agarwal & Prasad 1998; Lee et al. 2002). Main sources of information encompass stakeholders
such as clients, suppliers or business partners, independent third parties such as government agencies or research
institutions, and personal sources such as friends or near peers (Souitaris 1999; Lee et al. 2002). Lee et al. (2002)
differentiate between two modes of communication, written and oral. Written communication uses print media,
letters or emails, whereas oral communication may occur via telephone or face to face (Lee et al. 2002). It is argued
that interpersonal contacts and wordofmouth communication have a greater effect on the development of
perceptions, whereas mass media and written information better facilitate the creation of awareness (Agarwal &
Prasad 1998; Lee et al. 2002; Rogers 2003). We assume that the quality of communication, that is aspects such as
the accuracy, timeliness, adequacy and credibility of information (Mohr & Spekman 1994), also affect the perceived
attributes.

The context of innovation adoption
Both factors, communication characteristics and perception of innovation attributes, indicate that the adoption
process is nested within a specific social context or system. We argue that the adoption behaviour of construction
clients may be mainly traced back to the links between context, communication and perception. That is, which
sources of information are appropriate or how certain attributes are perceived depends on a range of contextual
factors that may be assigned to three context levels: the environment, the organisation and the technology
(Tornatzky & Fleischer 1990). We now discuss factors of the different context levels that we expect to strongly
influence the attitude of construction clients towards innovation.
On the environmental level we assume that first of all the projectbased nature of construction affects a
client’s adoption behaviour. In construction the client normally initiates design and production of a new facility.
From this it follows that the adoption process is always connected with the construction process and may be totally
embedded within the construction project. That is, the client becomes aware of a new idea during the course of a
project, if for example a construction firm suggests an alternative solution. Here the involvement of the client in the
construction process seems to be important in order to ensure that the client is able to come to a decision by
understanding the innovation. If the development process of a new solution starts independently from a specific
project or in advance of an upcoming project, the involvement of potential clients may also increase the likelihood
of quicker adoption. In this case the client gets first knowledge of an idea before the project is initiated. Also, the
persuasion and decision stages may have already taken place. The implementation, of course, is part of the project,
but the project can be explicitly planned with regard to the innovation to be applied.
The link between adoption and construction process suggests that the constraints of a project (such as time
and budget) affect the adoption process, too. This effect can be conducive (restricted time requires an innovative
solution) or obstructive (restricted time does not allow an innovative solution to develop).
The characteristics of the constructed facilities may have an additional influence on adoption behaviour or the
perception of innovation attributes. A first characteristic is the complexity of a facility. The more a facility consists
of different and highly interacting components, the more an innovation may create perturbations throughout the
whole system (Slaughter 1998) and the more a client will face difficulties in understanding and evaluating the
functioning and effects of such a system change. A second characteristic is the lifespan of a constructed facility. The
longer a facility is intended to be used, the more an innovation has to be assessed not only within the installation
context, but also over a longer time period (Slaughter 1998). Then the advantages have to outweigh the probability
of modifying and repairing the innovation comprehensively at a later time. This is intensified through the
transportability of a constructed facility as the third characteristic. The less a facility can be fabricated and
assembled offsite, the less the conditions for implementing an innovation can be controlled (Slaughter 1998).
Moreover, with a low degree of transportability the degree to which an innovation may be tested is also low. A last
characteristic that might influence the adoption behaviour of construction clients is social responsibility, which
results in a wide range of codes and regulations (Nam & Tatum 1988). That is, codes and regulations may diminish
the advantage of a new idea through timeconsuming and costintensive activities to prove the reliability of an
innovation and to establish new codes and regulations.
On the organisational level we expect the experience and competence of the client to have a great effect on
communication and perceived innovation attributes. The more that clients have carried out construction projects, the
more they are able to distinguish between different solutions, to formulate specific requirements on the solution, to
minimise risks, to apply systematic methods of evaluating solutions or to get access to certain sources of
information. Thus, the complexity of an innovation will be lower for an experienced and competent client, who is
also better able to judge the relative advantage of the new idea. This is underpinned by findings of Nam and Tatum
(1997, 265) who conclude that “the ability to understand the technology usually alleviates the conservative attitude
and sometimes even leads to an unusually progressive stance.” Such clients maintain their competence through
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different means, including internal construction management groups, internal R&D or design projects, or longterm
relationships with the same designer or contractor (Nam & Tatum 1997). Although such means increase the capacity
of clients to obtain and evaluate information and, consequently, result in faster learning, they do not necessarily
imply a faster adoption. It could be found that a greater information capacity also leads to more stringent adoption
criteria (Jensen 1988).
Apart from ability, we assume that willingness to innovate affects the adoption behaviour, too. Construction
clients who show a notably innovationoriented culture and strategy are more likely to come to a favourable
innovation decision, as an innovative constructional solution will be more compatible with their existing values and
norms. This includes the willingness to learn from the success and failure of past projects. Many reviews take the
form of an exercise in “blame accounting” and in “trying to cover up mistakes and problems” (Tidd et al. 2005). The
preparedness to innovation is also reflected in the social network a client maintains, which may facilitate the spread
of information.
On the technological level the influence on communication and perception is most obvious. Depending on the
degree of newness, the perceived innovation attributes and the used information sources may differ considerably.
According to Slaughter (2000) five categories of innovations with regard to their changes in concept and links to
other systems can be distinguished: incremental, architectural, modular, system, and radical innovations. We assume
that the more a new idea represents a change of existing concepts and system links, the more complexity increases
and trialabilty decreases. For example, an incremental innovation is a small improvement in current practice and has
no impact or only small impacts on other parts of the system (Slaughter 2000). Thus, functioning and usage are easy
to understand and the advantages can be mostly demonstrated, as the change is restricted to a single component.
Directly opposed are system innovations defined as “a set of complementary innovations which work together to
provide new attributes or functions” (Slaughter 2000, 3). Here the innovation is more difficult to comprehend and its
trialability is limited.
Given this, we also assume that with an increased degree of newness, previous usage becomes important for
the adoption behaviour of construction clients. The more an innovation was already implemented in projects, the
greater its observability and, provided it was a success, the higher the probability that it will also implemented in
future projects.
Project constraints can also inhibit the consideration of a new idea. For example, there may not be enough
resources available to develop the idea to be ready for application or to test the new solution comprehensively. That
is, the more an innovation is ready for implementation, the more likely is its adoption.

EMPIRICAL RESEARCH
Research design
To study the innovationadoption process of construction clients a recent major innovative project in the
Netherlands has been analysed in depth. Owing to the large number of potential variables influencing innovation
and the impact of situational characteristics we chose a case study approach. The innovation project investigated is
part of a multiple case study, the results of which will be published elsewhere.
Data were collected through semistructured interviews and documentations which report on the innovation
application. Interviews were conducted with the firms which developed and the client who applied the new solution.
The conceptual framework provided the basis for developing the questions and analysing the data.

Case study of a bridge flyover
The bridge flyover is a temporary bridge used to maintain the traffic flow during the maintenance of the
Rotteviaduct, a bridge on the A20 which is one of the most frequented motorways in the Netherlands. Although
temporary bridges have been applied in different projects all over the world, this was the first time that such a
construction was implemented in a project in the Netherlands. That is, for both the client, a regional highway
department, and the contractor, a mediumsized firm specialised in concrete construction, the solution to span the
construction site with a temporary bridge was new.
The solution itself represents a process innovation. By using the bridge flyover, the contractor could renew
the bridge joints without any major restraints while the traffic was proceeding. That prevented large and numerous
traffic jams. Moreover, the maintenance work could be done continuously during the day, which positively affected
the work quality. Because of heavy traffic such work normally requires night work and closing at least some lanes.
Consequently only small segments of work can be done, and finishing the work may take a long time. It becomes
obvious that the application of a temporary bridge leads to a newly organised maintenance process. Thus, the
solution can also be classified as an architectural innovation changing the linking mechanisms of the construction
process, but the single activities remain nearly unchanged.
Due to his awareness that common ways of carrying out bridge maintenance would not lead to satisfying
trafficwise solutions for the Rotteviaduct, the client started to search for alternatives. As the highway department is
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part of a public organisation centralised on the national level with its own engineering capacities, an internal expert
for bridge joints in this engineering department knew that temporary constructions were applied in similar work in
other countries. Thus, the decision was made to tender the project explicitly for a temporary construction. To
prepare the tender, an internal project team was composed including the project manager from the regional
department, the expert from the engineering department, and experts for traffic and contract issues. The aim was to
formulate all the requirements to be fulfilled and yet to incorporate flexibility for the contractor in order to find an
optimal solution. Decisive requirements encompassed a maximal permanent load of 200 kg/m2, the suitability for
working loads a normal bridge is designed for, and sufficient workspace under the bridge. Particularly, the restricted
weight of the bridge appeared to be a challenge for manufacturers of steel bridges. The contractor reported that
Dutch firms for steel bridges were not able to offer a solution that could meet the needed weight. A partner firm in
Switzerland provided the contractor with a suitable solution already adapted for bridge maintenance in Austria. Both
the Dutch contractor and the Swiss engineering firm established a joint venture which rented the temporary bridge to
the contractor. That is, the contractor expected to apply the bridge in upcoming maintenance projects. The fact that
the bridge did not have to be amortised in one project favoured the contractor for the project.
After the tender a detailed plan for applying the temporary bridge was necessary. Here the internal
engineering department of the client and the Austrian bridge manufacturer worked closely together. In terms of an
iterative process the engineering department concretised the requirements and checked their fulfilment with regard
to the constructional solution proposed by the bridge manufacturer. This was essential as some of the design codes
for bridge constructions differ between the Netherlands and Austria. Finally, the engineering department took on the
role of an internal consultancy for the regional department approving the practicability of the temporary bridge.

Discussion of main findings
The bridge flyover case explains how variables in our conceptual framework are linked up.
An important finding is that, not surprisingly, the persuasion and the decision to adopt the innovation are
strongly influenced by the perception about potential advantages of the temporary bridge. However, more interesting
are the contextual factors that led to the perception of applying a favourable solution and that specified the ways of
communicating these advantages.
On the environmental context level, project constraints, especially the traffic situation, prompted the client to
look for an unconventional solution. Without such a solution either the bridge lanes would have had to be closed
completely for a certain time or the work would have had to be done during the night. The former would have led to
unacceptable traffic blocks, the latter to a longer maintenance period with reduced quality and restrictions on noise
level. The bridge flyover promised to ensure a constant traffic flow and operations during the day, which
simultaneously would allow each joint to be renewed at once. This resulted in shorter construction time, less traffic
disturbance and increased joint quality compared to common ways of organising such maintenance work. It
becomes apparent that the recognition of a problem which cannot be adequately solved with existing solutions is a
strong trigger for the development of an attitude towards innovative ideas.
On the technological context level the use of similar solutions in other projects was beneficial to the
innovation adoption, too. On the one hand that led to knowledge in advance of the project that solutions exist which
might be able to meet the project constraints appropriately. On the other hand the technical, contractual and traffic
related considerations directed to the application of such existing solutions eased the tender procedure and formed a
positive attitude towards the innovation before the project started. Moreover, during the tender phase technical
documents and DVDs of former applications the contractor provided could convince the client to finally adopt the
solution. It can be stated that the previous use of similar constructions not only represented the source of the idea but
also led to a positive adoption decision by increasing the perceived relative advantages and observability, and
decreasing the perceived complexity. The dissemination and availability of appropriate information about previous
use of similar solutions contributed substantially to making a favourable adoption decision.
However, another factor of the technological context level slowed down the adoption process: the readiness
for application. Due to technical regulations there was no temporary bridge immediately applicable. As a changed
structural design was needed and there was no possibility to test this newly designed bridge in advance, at the
beginning the regional department was less convinced that a temporary bridge would be practicable.
This effect was partly compensated through a factor of the organisational context level: the access to internal
technical expertise which supported the development of the needed confidence. The engineering department not
only provided the idea but also formulated requirements and evaluated alternatives. The ease of personal contacts
and internal discussions facilitated the comprehension of the solution and reduced the uncertainty about its
advantageousness. Moreover, the findings suggest that internal competences fostered the communication quality due
to the common organisational and cultural basis on which cooperation and information exchange took place.
However, it remains to be seen whether the ongoing reorganisation of public clients and the outsourcing of
engineering competences will affect the future innovation behaviour and whether a comparable organisational and
cultural context can be established.
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Our case study revealed an additional factor of the environmental context which we did not consider in our
conceptual framework. The bridge flyover as a process and architectural innovation shows that the characteristics of
the construction process may also determine the adoption behaviour. As the construction process itself took place
while the traffic continued, the new way of organising the construction process particularly had to take into account
possible impacts on safety, health and wellbeing of road users as well as construction workers. How road users
would react to the changed situation and the sort of working conditions that would be present under the temporary
bridge were questions the client was confronted with. Similar to the constructed facility the construction process
carries a certain degree of social responsibility, which may demand strict safety or environmental codes or
regulations used by the client to assess innovative ideas. That is, the more a constructed facility or the construction
process shows social responsibility and the more an idea changes existing structures, the more the idea should be
considered in the early phases or in advance of a project in order to provide sufficient resources to meet conditions.

CONCLUSION
Clients are regarded as playing an important role in stimulating construction innovation. This chapter reported on an
ongoing research project which aims to shed more light on the adoption behaviour of construction clients. The
chapter built up the conceptual framework that we use to investigate, analyse and discuss different cases of
innovation adoption. Furthermore, it presented the main findings of one of these cases.
Thus far we can conclude that the innovationadoption process of construction clients is first of all a
communication process. The communication characteristics account for the awareness of an innovation. On the
other hand, they affect the perception of innovation attributes, which affects the evaluation of new ideas and the
likelihood of their adoption. Communication characteristics and perception of innovation attributes are both linked
with the context of the adoption process. That is, several factors of the environmental, organisational and
technological context determine the way communication takes place and innovation attributes are perceived. Our
case study about the adoption of a temporary bridge identified project constraints, previous use of similar solutions,
internal competences and the social responsibility of the construction process as most important contextual factors.
Based on our theoretical and empirical findings, the innovationadoption process of construction clients
improves if clients first better recognise and understand the problem an innovative idea is intended to solve, The
availability of internal expertise seems to be beneficial for the quality of this communication process. Additionally,
the low trialability of construction innovations particularly with higher innovation degrees makes references to
similar solutions in previous projects vital. For a more accelerated diffusion, improved spread and availability of
information about applied ideas is required. This includes not only technical documentation but also visual material
which is especially suitable for forming perceptions about the relative advantage and complexity of the innovation.
Furthermore, an early consideration of ideas with considerably structural changes either in advance or at an early
stage of a project ensures that safety and environmental conditions can be met. The more general implication of our
research is that different adoption strategies are required dependent on the nature of the innovation and the context
of the adoption process.
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CHAPTER 35

Barriers to Construction Automation and
Robotics Implementation in Australia
and Japan
Rohana Mahbub
Matthew Humphreys
INTRODUCTION
In the current climate of increasing globalisation and market competition, the construction industry in the twenty
first century is in need of effective construction organisations, efficient construction processes and innovative
construction techniques to improve efficiency and competitiveness in terms of its work processes and products. The
problems associated with construction, such as decreasing quality and productivity, labour shortages, occupational
safety, and inferior working conditions, have pushed forward revolutionary solutions within the industry. The
implementation of innovative technologies in construction such as automation and robotics has the potential to
improve the industry in terms of productivity, safety and quality; thus increasing the industry’s capability to
generate output at a lower unit cost with betterquality products. However, due to a number of reasons, the
construction industry is generally reluctant to take up these technologies, although greater applications can be seen
in some countries such as Japan compared to here in Australia. This chapter aims to identify and examine the
barriers to the implementation of construction automation and robotics technologies in order to provide better
understanding of the range and level of technologies currently in use in two selected countries, Australia and Japan.
Research activities in the field of automation and robotics in the construction industry are divided, according
to applications, into two large groups: civil infrastructure and building construction. Classification according to
applications divide research and development activities according to the development of new equipment and
processes, or the adaptation of existing machinery to transform them into robotic systems (Gambao & Balaguer
2002). The range of automation and robotics applications in construction can also be best described by the
International Association of Automation and Robotics in Construction (IAARC 2004) where according to them,
construction robots and automation fall into three categories: enhancement to existing construction plant and
equipment; taskspecific, dedicated robots; and intelligent (or cognitive) machines. For the purpose of this chapter,
construction automation and robotics will be defined as “the use of selfgoverning mechanical and electronic
devices that use intelligent control to carry out construction tasks and operations automatically”. Barriers to
implementation will be investigated through a questionnaire survey, including examining the level of construction
automation and robotics implementation and development; issues and concerns pertaining to the use of these
technologies; and perceived barriers and their impact.

CONSTRUCTION INDUSTRY CHARACTERISTICS
The construction industry is engaged in all activities concerned with building, demolition, landscaping,
maintenance, civil engineering and the construction of process, mining and heavy facilities. It consists of general
construction, which comprises residential construction, nonresidential construction, and civil engineering and
infrastructure construction; and special trade works, which comprises metal works, electrical works, plumbing,
sewerage and sanitary works, heating and airconditioning works, painting works, carpentry, tiling and flooring
works, and glass works. The construction industry usually constitutes an important element of a country’s economy,
as it has extensive linkages with constructionrelated manufacturing industries and the rest of the economy.

Japan
Construction is the biggest industry in Japan, and the Japanese construction industry is one of the biggest in the
world, consuming close to 10% of Japan’s GDP. The construction industry employs 10% of Japan’s workforce
(Sprague & Mutsuko 2001). In Japan, the large and competitive domestic construction market has necessitated the
adoption of advanced technology that in turn contributed to the Japanese contractors’ success in penetrating the
international market. A large global market share also enabled Japanese contractors to achieve some economies of
scale, and more importantly, a track record of projects and learning experience with further reduction in costs. In
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addition, Japanese contractors can avail themselves of cheaper sources of capital through their close connection with
the financial sector (Raftery et al. 1998).

Australia
The construction industry is one of the most significant contributors to the Australian economy, both in terms of
GDP and employment. According to the Australian Bureau of Statistics (2004), construction businesses are
predominantly small businesses with most (64.7%) earning less than $100,000 in income. The total industry value of
the construction industry was $38.8bn in 2003, contributing an equivalent of 5.1% of the Australian GDP for 2002–
2003. The Australian construction industry mainly consists of residential, nonresidential and trade services, with
residential accounting for 11.9% of total construction employment and generating 25.1% of all construction income;
nonresidential accounting for 14.9% employment and generating 31.2% income; and trade services accounting for
73.2% employment and generating 43.6% income.

RANGE OF AUTOMATION AND ROBOTICS APPLICATION IN
CONSTRUCTION
In construction, the scope for automation and robotics technologies implementation can be fairly broad,
encompassing all stages of the construction cycle, from the initial design, through to the actual construction of the
building or structure on site. Even after the structure has been completed, the technologies can still be used for the
maintenance or control of the structure, and even through to the eventual dismantling or demolition. The degree of
implementation, however, varies significantly from one construction phase to another. For example, automation of
design through the use of CAD is fairly commonplace nowadays, but not the use of construction robots for onsite
operations. According to the International Association of Automation and Robotics in Construction (IAARC 2004),
onsite applications of construction robots and automation fall into three categories: enhancements to existing
construction plant and equipment; taskspecific, dedicated robots; and intelligent (or cognitive) machines, of which
there are very few.

Category 1: Enhancements to existing construction plant and equipment
Existing construction plant and equipment is capable of enhancement, by the attachment of sensors and navigational
aids, to provide improved feedback to the operative. Under some conditions, productivity can be increased
dramatically. According to Greer et al. (1997), fundamental advances in sensors, actuators and control systems
technology are creating opportunities to improve the performance of traditional construction equipment. Rosenfeld
(1995) described the conversion of an existing fullscale fiveton load crane into a semiautomatic handling robot,
where the control system is enhanced so that it can be taught to memorise up to 50 different benchmarks, i.e.
particular points at the construction site, as well as safe routes among them. Ha et al. (2002) presented results of the
autonomous excavation project conducted at the Australian Centre for Field Robotics (ACFR) with a focus on
construction automation. The ultimate goal of the ACFR excavation project is to demonstrate fully autonomous
execution of excavation tasks in common construction, such as loading a truck or digging a trench.

Category 2: Taskspecific, dedicated robots
Most of these construction robots have been developed in Japan. There are many examples: concrete placing,
levelling, screeding and powerfloating; steelwork lifting and positioning; sprayapplied fireproofing; and rebar
placement. Taskspecific, dedicated robots generally work under teleoperation or program control and are usually
used within a specific area of the construction process. An example is mobile robots developed to compact and
control the thickness of concrete as described by HwangBo, You and Oh (1999). The overall control of the KIST
floor robotic trowelling system introduces networkbased realtime distribution architecture to coordinate the fleet of
robots. Technion Israel Institute of Technology (Warszawski, Rosenfeld & Shohet 1996) has developed several
painting robots in the area of interior assembly, and the WASEDA Construction Robot (WASCOR IV) (Masatoshi
et al. 1996) has obtained significant results in automising the building interior finishing system.

Category 3: Intelligent (or cognitive) machines
According to IAARC (2004), there are very few examples in this category, as most are still under development.
These hybrid forms of robot will be distinctively constructionorientated, having a high degree of autonomy and
knowledge base with which to resolve the wide range of problems found on sites. Developments in this category are
seen more in industries other than construction, especially in space exploration and other hostile environments.
Adaptations of robotics technology from these industries may be possible but, in reality, construction environments
need to be much more structured and controlled before construction robots can really start to take over.
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IMPLEMENTATION AND DEVELOPMENT OF CONSTRUCTION
AUTOMATION AND ROBOTICS
A shortage of labour is one of the factors behind the drive in many countries to mechanise production in order to
increase productivity by replacing labour with machines. In many developed countries, there has been a shift in
recent decades from traditional craft methods to the production of components in factories and their subsequent
assembly on site. The move to mechanisation and prefabrication makes sense in economies where full employment
is creating upward pressures on wages, or where labour shortages are acute.

Japan
The Japanese are among the world leaders in construction technology. This has been due to two interrelated factors;
the efforts at technological innovation through research and development (R&D); and a large domestic market and
internalisation of demand from Japanese investors in foreign countries. Investments in construction R&D in Japan is
quite high, with Japanese firms spending about 3% of their gross receipts on R&D, which is the highest level of
R&D spending in the construction sector (Raftery et al. 1998). Nowadays, nearly every major Japanese contractor
has a research laboratory, each of which is a vital tool in its marketing strategy. The greatest concentration of R&D
and the shortrun production of construction robots are to be found in the construction companies, with some
governmentfunded agency work and complementary developments within the universities. These technologies have
been mostly developed by the “Big Five” Japanese construction companies, Shimizu, Taisei, Obayashi, Kajima and
Takenaka, in areas such as concrete placing, levelling, screeding and powerfloating; steelwork lifting and
positioning; sprayapplied fireproofing; and rebar placement (IAARC 2004).

Australia
In Australia, automation and robotics technologies have mostly been developed for other industries such as mining,
forestry and undersea. At the University of Sydney’s Australian Centre for Field Robotics (2005) applications of
advanced control, sensing and systemsengineering principles to the development of autonomous machines have
been conducted for several applications including construction. The Australian mining and heavy civil engineering
industry is involved in driverless construction machinery technology applications, and currently is in the process of
introducing a number of large offroad driverless trucks into full production operation. Autonomous machine
technology is also applied to more difficult applications such as the operation of loadhaul dump vehicles (in
underground operations) and the automated operation of hydraulic excavators and draglines (IAARC 2004). Other
examples include the use of automation and robotics in physical assets maintenance and infrastructure condition
monitoring, and research on the use of high dexterity robotics arms for onsite construction processes (O’Brien
1996).

BARRIERS TO AND OPPORTUNITIES FOR IMPLEMENTATION
Economic and cost
One of the most obvious barriers is the high cost incurred and the need for substantial financial commitment for the
required investment in R&D and implementation of these technologies in real terms. The construction industry is
often not willing to put in the high risk and costly investment into the technology. The primary motivation in
adopting new technologies is the prospect of gaining a competitive advantage through lower input costs, and
willingness to invest in R&D and implementation of these technologies will only happen if the companies feel that
there are greater economic advantages to be gained by using these technologies. In terms of diffusing the costs of
acquiring and maintaining these technologies, large international construction companies may have the economic
capacity for taking these technologies on board. With fewer jobs available locally, the bigger construction
companies are tapping the overseas market. As such, globalisation and participation in international projects is a
niche with which the construction industry can take advantage of automation and robotics technologies, as these
technologies might be a worthwhile investment if there is a need to gain the competitive edge by operating more
efficiently while reducing construction time.The economies of scale that can be gained through the widening of the
operating market and repetitive use of the technologies will enable higher investments to be made in acquiring the
technologies.

Structure and organisation of the construction industry
The fragmentary nature and the size of the construction industry make it unreceptive to revolutionary changes. For
construction automation and robotics to work, there is a need for compatibility with the existing design,
management capabilities, labour practices and site operations. Traditionally, construction work is organised
following the RIBA Plan of Work where the work is divided into different phases and performed sequentially. An
architect is approached by the client to design the facility, followed by the engagement of other consultants, such as
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the quantity surveyor. Only during the tendering stage would a contractor be selected to construct the facility. The
multipoint responsibility, where different organisations are responsible for different phases of construction, makes
it difficult for automation and robotics applications to be effective. For these technologies to work in construction,
there is a need for a higher degree of integration within the phases to enable the design process to facilitate the use
of these technologies by incorporating repetitiveness and constructability within the design itself, and to ensure that
this is followed through to the construction process. Also, with singlepoint responsibility, greater research and
development commitments can be made, which will be more economically viable as the technologies investment is
taken up by a single construction firm rather than many. In this case, investments in automation and robotics
technologies may be taken up by large conglomerate firms operating globally; where responsibility and control over
the firm’s projects and profits are usually handled under one roof. There are also opportunities for greater
implementation of automation and robotics technologies within specific areas of construction, such as design or
specialist subcontracting work. Automation of the design process through CAD is quite commonplace in the
construction industry nowadays as design software and products are readily available with high capacitytocost
ratio, thus providing designers with the tools needed to produce designs economically and efficiently. The use of
automation and robotics technologies may also be more applicable if emphasis is placed on the assembly and
installation of components.

Construction product and work processes
Nearly every construction product is unique, that is, custom designed and constructed, and is built to last for a long
time. The work processes are also complex and nonrepetitive, generally performed over a large area or site and the
work performed is peculiar to that site. As work is closely related to the site, its execution is influenced by locational
conditions such as weather, labour supply and local building codes, and the project also requires a long time to
complete. The complexity and non standardisation of the construction product is an inhibitor to greater automation
and robotics applications. The difficulty in control and maintenance if these technologies are used in the “open” and
unstructured environment of the construction site, such as uncertain terrains in which the machines have to work,
also militate against greater automation. Greater implementation of automation and robotics technologies may be
possible where repetitious or common designs are implemented, such as in civil engineering and infrastructure
works. Infrastructure works, such as the construction of roads and rail, embrace fully the concept of repetitive work
processes and, again, this type of work can and does benefit from the greater use of automation technologies and
mechanisation of the construction works.

Technology
Developments of construction robots are technologically difficult because of the nature of the construction work
processes itself. The cheapest option is usually to adapt these technologies from other industries, but the obvious
differences between work processes across the industries form a crucial barrier. To work in construction, the robots
need to be robust, flexible, with high mobility and versatility. There is also a need to look at how construction tasks
are performed to encourage repetition, and the construction sites need to be reconfigured to provide a more
structured and controlled operating environment. Technology is therefore very much related to the structure and
work process in the construction industry. That is why in areas of construction where repetition is prevalent, such as
concreting, steelwork positioning, masonry and finishing, automation and robotics is more highly used compared to
other areas.

Culture and human factors
The different work cultures between countries also play an important role as barriers to implementation. In some
countries there are institutional barriers as well as active workers’ unions that look upon these technologies as a way
to replace the workers. Construction robots can take considerable time to set up and need to be constantly monitored
by skilled workers. Therefore, for robots to become more commonplace in construction, a new breed of worker is
needed, with a strong academic background with special training in areas of robotics engineering and control.

ANALYSIS OF QUESTIONNAIRE SURVEY
A pilot study was conducted from 3 August to 30 September 2005, with a sample of 50 respondents selected from
construction companies across Japan and Australia. Data was collected by postal questionnaire with the main aim of
investigating respondents’ attitudes towards the use of automation and robotics in their construction firms. Samples
consisted of construction firms, of contractors, developers and consultants in Japan and Australia, and in the
selection, careful considerations were made to obtain a wide range of companies based on annual revenue and type
of work performed. These companies were asked to provide input regarding industry perception, benefits, barriers,
and suggested practices for implementing construction automation and robotics technologies. Measurement of
response is through an attitudinal scale developed following the Summated Rating or Likert Scale, a fivepoint
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numerical scale. There were 23 responses which translated to a response rate of 46%. The data was analysed using
SPSS 13.0 for Windows.

Profile of respondents
The majority of the Japanese respondents (44%) were within the $150m to $500m gross annual revenue bracket, and
employed more than 1000 fulltime staff; most of the Australian respondents (29%) were within the $50m to $150m
bracket, employing 251 to 500 fulltime staff.
Figure 35.1: Company’s Gross Annual
Revenue Staff

Figure 35.2: Number of FullTime Staff
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Areas of usage and level of implementation
Construction automation and robotics (A&R) usage is measured for the following construction phases: design,
scheduling and planning, costing, project management, and onsite construction. It was found that the level of usage
differs significantly between the two countries, with higher usage in Japan (89%) compared to Australia (50%). In
Australia, usage is generally low with slightly more prominent usage in the design and scheduling and planning
phases compared to other phases. There was minimum application for onsite construction (more than 85% never
use automation and robotics for onsite construction). For Japan, there are higher applications across the areas,
including onsite application. The analysis is as illustrated in the following bar charts.
Figure 35.3: Australia: A&R Usage
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Respondents’ length of time of using automation and robotics
Fifty percent of Australian respondents had never used automation or robotics technologies. However, 14% reported
using some form of automation or robotics technology for between one and five years. This clearly shows that these
new technologies are still rare in Australia. In Japan, most respondents (88.9%) have used these technologies for
more than 10 years, indicating that the technologies are fairly established in Japan.

Figure 35. 5: Length of Time Using A&R
10
8
6

Australia
Japan

4
2
0

Never

12yrs

23yrs

35yrs

510yrs

More10yrs

Onsite construction application
Onsite application is measured for the following construction areas: earthworks, structural steelwork, concreting,
building assembly/lifting and positioning of components, and total automation. In the Australian sample group, only
14% of respondents used automation and robotics technologies for onsite construction. The level of onsite
application is very low in Australia, and minimum applications can be seen in the areas of earthworks, structural
steelwork and concreting. In Japan, there are greater applications onsite across all areas. The onsite usage is
illustrated in the following bar charts.
Figure 35.6: Onsite A&R Usage
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Perceived barriers
Respondents were requested to rate their perceived barriers to automation and robotics technologies implementation
in the construction industry. The categories were: acquiring and buying costs; maintenance and updating costs;
incompatibility with current practices and construction operations; fragmentary nature and size of industry; difficult
to use and not easily understood; unavailable locally or is difficult to acquire; not easily accepted by workers and
workers’ union; and lastly, low technology literacy of project participants. The results and analysis are illustrated
below.
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Figure 35.7: Barriers to Implementation: Australia
10
9
8
7
6
Insignificant
5

Minor
Moderate

4

Major

3

TotallySig

2

LowTechLit

NotAccept

Unavailable

Difficultuse

Fragment

Incompat

HCostMaint

0

HCostBuy

1

Figure 35.8: Barriers to Implementation: Japan
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From the eight perceived barrier factors listed in the questionnaire, it can be concluded that most respondents are of
the opinion that Barrier 1: Cost of buying, Barrier 2: Cost of maintaining, and Barrier 3: Incompatibility, are the
most significant barriers, with the least significant barriers being Barrier 6: Unavailable locally, Barrier 7: Not easily
accepted by workers, and Barrier 8: Low technology literacy. The results indicate that respondents find cost of the
technologies and incompatibility with current practices and construction operations as the main hindrance to
adopting these technologies in their companies. The technology itself, in terms of difficulty in use and availability,
and acceptance by the workers, is not seen as very significant in creating barriers to implementation.

CONCLUSIONS
The preliminary analysis of selected items of the questionnaire in the pilot study has highlighted a number of
important points regarding the implementation of automation and robotics in the Australian and Japanese
construction industries. Generally, it can be concluded that the use of automation and robotics in the Australian
construction industry is low, especially for onsite construction works, with some use in the design and scheduling
and planning phases. There is higher use in the Japanese construction industry, with applications in most phases of
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construction. In Australia, the application of construction automation and robotics technologies is fairly new whilst
in Japan their use is well established, with most respondent firms having used the technologies for 10 years or more.
The significant barriers to implementation, for both Japan and Australia, are the cost of buying and acquiring, cost
of updating and maintaining, and incompatibility with existing practices and construction operations. These barriers
may be overcome through globalisation and the widening of the construction companies’ operating market, to
enable them to gain the economies of scale through repetitive use of the technologies, and also by encouraging more
repetitive and structured work processes. The relevance of implementing these technologies in the construction
industry will differ significantly from country to country, but advantages may be gained in countries where labour
shortages are acute or is expensive.
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CHAPTER 36

Improving Technology Transfer in the
Australian Construction Industry
David Thorpe
Neal Ryan
INTRODUCTION
The construction industry is a significant component of the Australian economy, which, in the five years to 2003,
contributed an average of almost 6% of Australia’s gross domestic product, and, in 2003–2003, was Australia’s
fourth largest industry (Australian Bureau of Statistics (ABS) 2005a, 562). However, there is evidence that the rate
of innovation in the construction industry is slower than in most other industries. For example, the ABS conducted a
survey of innovation in Australian industries for the period 2001–2003 and found that the construction industry, at
30.7%, had one of the lowest proportions of business innovating. This is clearly not a low rate, but it is well behind
that of other industries such as communication services, electricity, and gas and water supply, in which over half the
businesses undertook innovation (ABS 2005b, 7). At an international level, Winch (1998) supports this. Indeed, his
research indicates that the industry is innovative, but that the rate of innovation has fallen behind other industries.
One of the features of this industry is that many of its member organisations are small and mediumsized
enterprises (SMEs). It has been reported that 94% of Australian construction businesses employ fewer than five
people each (Hampson & Brandon 2004, 10). This is supported by the 1996–1997 ABS survey of the private sector
construction industry, which stated that the average number of employees in the Australian construction industry
was, at that time, 4.1 (ABS 1998, 5). This large proportion of smaller businesses means that the SME sector is of
considerable importance to the construction industry.
Ofori (2002), researching the issues in small construction contractor development with emphasis on
developing countries, also notes the importance of contractors in the overall development process of buildings and
items of infrastructure. In arguing that small contractors should be given the opportunity, by contractor development
programs, to both grow and mature, Ofori (2002) notes that they are important in providing the framework for the
upgrading of the industry as a whole.
Research has indicated that the SME sector tends to not perform well in adopting and implementing
innovations (Koivu & Mantyla 2000; Acar et al. 2005). This is not always the case. Winch (1998, 269) stated that
the industry “is a lively source of new ideas”, while Harty (2005) describes the way in which design engineers
developed innovative approaches to work around computer software requirements in an integrated 3D CAD system
during the construction of the T5 terminal at Heathrow Airport. These papers suggest that innovation in the SME
sector can and does occur, but perhaps occurs more slowly than in other industries.
The issues pertaining to the development of a more effective and efficient construction industry have been
highlighted by Hampson and Brandon (2004), who reported that barriers to industry taking more responsibility for
leading and investing in research and innovation included the cyclical nature of the industry, a shortage of client and
industry leadership, the limited history of business deliverables from researchers, the selfinterest of many
participants, the inability of the industry to foresee the tide of competition (in global or green terms), a lack of trust
between industry and researchers in sharing vital information, and finally, a lack of longterm funding basis for a
national R&D centre. Hampson and Brandon (2004, 10) have observed that commitment to collaborative research
and innovation is required, with genuine mutual consultation with industry deemed essential for improved research
and development.
This view is also supported in the international context by the European Constrinnonet project, which
investigated construction innovation in the European Union (EU), with particular emphasis on the SME sector. The
project found that no simple solution exists to address the problem of innovation in construction (European
Commission 2004, iii). This report is discussed in more detail later.
The construction industry is an important sector of the economy and is underpinned by a large number of
SMEs. Innovation in this industry has been variable, with adoption of innovations being generally slow. Technology
transfer in the construction industry is further discussed below, where the above points will be considered in relation
to the innovation lifecycle, the research being undertaken by the Collaborative Research Centre for Construction
Innovation (CRC CI), technology transfer in the construction industry both generally and more specifically within
Australia, and the process of managing technology transfer in SMEs and the construction industry.
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THE INNOVATION LIFECYCLE
In describing the process of managing technology and knowledge, Trott (2005, 177) observes that one of the
fundamental issues for firms is to transform technology into profit. Trott (2005, 184) has noted that, over long
periods, firms build up a body of knowledge and skills through experience and learningbydoing, which can then be
transferred to competitive advantage.
Trott (2005) also holds that the fundamental feature that characterises successful firms is their ability to
identify and exploit technological opportunities. Firms may develop distinctive competencies. These tend to form
the tacit knowledge and embedded routines that are at the core of the organisation’s abilities. The ability of
organisations to develop firmspecific competencies that take time to evolve and are costly to imitate will, to a large
degree, determine their survival, particularly if the firm can turn technical competencies into effective innovation
and thereby generate effective organisational learning. Such firms will often develop a knowledge base that is more
than the sum of the firm’s individual parts. The learning organisation, therefore, is critical to the development of
knowledge and is thus a key component of its innovativeness (Trott 2005).
With regard to the construction industry (with its many SMEs), one of the conclusions arising from Trott’s
discussion (2005) is that smaller firms are unlikely to have the vast knowledge resources of larger firms and will
accordingly be disadvantaged compared to these larger organisations. Another conclusion is that optimum
development of these firms, and hence that of the industry itself, is likely to require the application of organisational
learning principles.
Technology has a definite lifecycle. Bowden (2004), in discussing the ongoing development of the electronic
integrated circuit, demonstrates how this development follows the classic “S” curve. This curve illustrates how
performance of a particular development, as measured by some metric that is characteristic of it, follows (when
plotted on a linear scale) the shape of an “S” over time, ultimately reaching a limit determined by some physical
constraint associated with the underlying technology. This curve is illustrated in Figure 36.1. It shows that the
performance (or technological progress) of a new technology increases slowly at first, then, as it is becomes more
widely adopted and improved, it increases more rapidly until it becomes a mature technology that has reached its
physical limits, at which stage the rate of progress slows. As a consequence, the best marginal improvement is in the
technology improvement stage.
Figure 36.1: The Technology “S” Performance Curve

(Source: Adapted from Bowden 2004, 5)
To illustrate the application of this curve to the construction industry, some innovations relevant to that industry are
shown on this curve. The positions of these innovations on the curve are the authors’ estimates only and are thus not
meant to be definitive.
Three of these innovations (the first three bulletpoints below) are general innovations adopted by the
industry, and two (both covered by the final bulletpoint) are quite new developments by the CRC CI. The
innovations are:
§ relationship contracting, which is now becoming an accepted approach for procurement on larger, more
complex projects and has therefore been placed in the earlier part of the “S” curve, which means that
considerable additional performance is possible through its wider adoption
§ contractor prequalification, which has been in place for some time and is accordingly showing a diminishing
ability to improve its rate of progress or performance
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§
§

the personal computer, which is widely used in the industry (but note that innovations with computer speed and
size, webbased applications, and new uses for computers are likely to lead to increased performance from this
technology)
the newer developments of the investmentdecision framework for infrastructure asset management data
collection tool, and the LCADesign tool for automated ecoefficiency assessment of commercial buildings, both
of which have been developed by the CRC CI.

The investmentdecision framework for infrastructure asset management (for example, Piyatrapoomi et al. 2004)
optimises the collection of road structural data. It enables four times as much road maintenance data to be collected
for the same amount of expenditure. This equates to approximately $4m of savings for the government on statewide
data collection costs (CRC CI 2005b, 10). This project received a High Commendation at the 2005 Queensland
Engineering Excellence Awards conducted by Engineers Australia (CRC CI 2005b, 62).
This technology has the potential to be developed for use in a range of asset classes. It is therefore likely to
achieve high performance over time. Since it is still in the early stages of development, yet has already started
delivering monetary benefits, it has been placed in the early stages of the “technology improvement” stage of the
technology “S” curve. This placement recognises that it has delivered benefits and has considerable potential to
deliver more in future.
LCADesign was developed through the Sustainable Built Assets research program of the CRC CI and is best
described as “an automated ecoefficiency design tool for commercial buildings that makes assessments directly
from 3D CAD drawings” (CRCCI 2004, 54). The prototype of this tool is being applied to seven commercial office
designs (CRCCI 2005b, 28). What is more, the University of New South Wales has requested prototypes of this tool
for use in its MultiDisciplinary Design Studio postgraduate course (CRCCI 2005b, 38). This tool has been placed at
the edge of the “new invention” stage in the technology “S” curve, for it is considered to be still at an early stage of
development, yet has the potential to deliver considerable benefits to sustainable development both in Australia and
globally.
The adoption of new technology also follows a (different) “S”shaped pattern. This curve is the cumulative
frequency of the percentage of adopters of a technology over its lifespan. Rogers (1995, 261–266) describes this
curve and divides adopters into five ideal types based on innovativeness: innovators (2.5%), early adopters (13.5%)
early majority (34%), late majority (34%) and laggards (16%).
Each adopter has distinctive characteristics. These tend to relate to the risk involved in the adoption. Rogers
(1995, 263–266) notes that:
§
innovators are venturesome, prepared to accept setbacks, and play an important role in the diffusion process
§
early adopters are a more integrated part of the local social system, are respected by their peers and are often
looked to by other adopters for advice
§
the early majority tend to deliberate more than the early adopters but adopt new ideas before the average
member of the social system
§
the late majority tend to be sceptical at first and are not convinced to take up an innovation until most others in
their system have done so
§
laggards tend to use the past as a point of reference, often have limited resources and must be certain that a
new idea will not fail before they can adopt it.
Figure 36.2 illustrates the five groups of innovation adopters.
Figure 36.2: Technology Adoption Over Time

(Source: Adapted from Rogers 1995, 262)
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An inspection of Figure 36.1 shows that early adopters, who employ the technology at an early stage, will gain the
most overall performance from the technology, should it be successful. The early majority, who adopt the
technology at the technology improvement stage, where the performance curve is at its steepest, will gain more
incremental benefit than the early adopters, but will gain less overall performance from a successful technology in
the long run than the early adopters. Laggards, who adopt the technology late and are, as a consequence, in the
region where the slope of the performance curve in Figure 36.1 is relatively flat (and thus where little overall
performance can be gained) will achieve the least benefit.
The innovation process is characterised by a number of key points. First, firms tend to build up knowledge
and skills over a long time. Second, the more successful firms have the ability to recognise and exploit technological
opportunities. Third, the marginal advantage (performance or technological progress) of these opportunities is at its
least in the early and late stages of the innovation lifecycle. Fourth, early adopters have the opportunity to enter the
market early and gain maximum total advantage from the innovation, while late adopters gain little total or marginal
advantage. Finally, early adopters tend to be risktakers, while late adopters tend to be more riskaverse.
Understanding the technology lifecycle and the associated performance and adoption curves, and the way in
which they interact, is important in understanding the process of technology transfer from researcher to enduser,
which represents a complex and quite interactive process. Such understanding will assist the critical judgment
required by industry to select the right point in the innovation lifecycle at which to adopt (and possibly enhance) an
innovation. This is particularly important for SMEs, many of which, on account of their small size, are unlikely to
possess the resources required to take significant risks should the prospect of a return on their investment in new or
improved technology be low.

RESEARCH IN THE CRC FOR CONSTRUCTION INNOVATION
The objectives of the CRC CI are to enhance the contribution of longterm scientific and technological research and
innovation to Australia’s economic and social development, to enhance collaboration between researchers and, what
is especially important, to create and exploit (in a commercial sense) tools, technologies and management systems in
order to deliver innovative and sustainable constructed assets that will be of financial, environmental and social
benefit to the construction industry and the broader community (CRC CI 2005a).
In achieving its objectives, the CRC CI undertakes research projects under the three related programs of
Business and Industry Development, Sustainable Built Assets, and the Delivery and Management of Built Assets.
These programs are supported by an information communications and technology (ICT) platform. Each of these
programs delivers its outcomes through a number of research projects and other publications of interest to the
industry. This direct dissemination is supplemented by an educational strategy that seeks to transfer its technology to
industry by means of education and training, especially through links to vocational education and training, technical
and further education and higher education (CRC CI 2005a).
Some of the specific initiatives of the CRC CI are the Building Research, Innovation, Technology and
Environment (BRITE) innovation surveys of perceptions of innovation determinants (CRC CI 2005b), the
publication of special reports to industry, and its relationship with the Australian Construction Industry Forum
(ACIF) (CRC 2005b). In an early annual report, the CRC CI also noted that the leading industries represented in the
CRC CI have a “substantial pull impact on smaller players” (CRC CI 2002, 20). If this pull can be harnessed, it will
greatly assist the technology transfer process.
Like other CRCs, the CRC CI employs a large number of knowledge workers. Through their intellectual
capital and their research and development activities, CRCs possess and develop considerable tacit and explicit
knowledge. Sullivan (2000, 162–163) expresses this as the knowledge and knowhow possessed by human capital
and the organisation’s intellectual assets (commercialisable intellectual assets and supporting intellectual assets,
namely organisational structure, managerial methods, operational methods and procedures). The commercialisable
assets (or intellectual property) form the technology that is transferred by the CRC, whereas the tacit knowledge
possessed by its people may assist this process.
CRCs deliver the outcomes of their research through the Commercialisation and Utilisation Plan Guidelines
for the CRC Programme (Department of Education Science and Training 2004), which sets out the way in which
national benefits can be demonstrated and describes the development of the commercialisation and utilisation plan
(including intellectual property) for the CRC.
Sheen (2005, 3), who undertook an extensive study that “rests on the proposition that research and
development (R&D) has a critical role to play in making important contributions in the new economy where high
prices for knowledge can be realized”, surveyed 62 CRCs in an extensive study of managing intellectual property
and licensing. He observed that CRCs need to understand the nature and process of managing intellectual property
in a collaborative context, and also added to Sullivan’s model of intellectual asset management the components of
relationship, project management, agreements and licensing (Sheen 2005). The implications of this research for the
technology transfer process in the construction industry is the importance of developing relationships throughout the
supply chain, in addition to the need to projectmanage the technology transfer process.
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GarrettJones and Turpin (2002) noted that the most universal measure used by CRCs for promoting the use and
application of research outputs was engaging potential endusers and requiring them to pay for the CRC’s expertise
(this was often a good source of income). In the construction industry, this is likely to result in more effective
transfers of technology to industry participants.
Thus, in common with all CRCs, it is important that the CRC CI effectively transfers the technologies it
develops to the industry it serves. While the core members of the CRC CI are likely to have the resources that will
enable them to be early adopters of new technology, it is also important to remember that the benefits of
technological developments should be realised throughout the supply chain, and particularly by the SMEs, the
combined performance of which clearly has a significant impact on the performance of the industry as a whole.
The successful achievement of technology transfer in a way that delivers maximum benefit to Australia thus
requires a careful balance between a range of factors such as research, development, project management, industry
relationships, education, training, industry assistance and effective commercialisation practices. The next two
sections, the first of which reports on studies in technology transfer at a more global level, and the second of which
considers more specific Australian issues, discuss technology transfer in the construction industry in more detail.

TECHNOLOGY TRANSFER IN THE CONSTRUCTION INDUSTRY
One of the important characteristics of the construction industry (like many other industries) is that the group of
firms referred to as SMEs are far from uniform in their capabilities. For example, Acar et al. (2005) investigated the
takeup of ICT in SMEs in Turkey and found that organisation size was an important factor in the adoption of this
type of technology, one of the reasons being that smaller contractors lacked the staff to use ICT effectively and were
unaware of its potential benefits. The researchers also concluded that what organisations traditionally referred to as
SMEs were, in fact, clusters of firms with varying characteristics rather than a set of organisations that could be
treated as homogeneous.
Researchers have identified a range of other barriers to technology transfer in the construction industry. One
of these barriers is organisational culture. The research of Acar et al. (2005) found that not only was the
implementation of ICT a complex process requiring special skills that may not be possessed by SMEs or their staff,
but also that the cultural context, such as the attachment of professionals to established practices, was important in
technology diffusion. They also found that ignorance of the benefit of ICT systems was a factor that impeded their
takeup among SMEs.
Supplychain issues can also be important. Bresnen and Marshall (2000), who explored the presumed link
between partnering and cultural change within the construction industry, observed that evidence from other sectors
showed that collaborative forms of contracting can depart from the ideal. Indeed, they found that collaborative
contracting was often used in order to drive down costs, or else pass on costs and risk further down the supply chain.
Clearly, contractors towards the bottom of the supply chain (the SMEs) would be affected most by such practices. It
has also been suggested that the transactional nature of the construction industry might enable larger contractors to
take advantage of their superior networks and strategic knowledge with a view to reducing operational costs at the
expense of the small firm, thus leading to mistrust and a general unwillingness to adopt new technologies and
processes (Miller et al. 2002).
Another issue in technology transfer is the nature of the industry itself. As a case study for their research,
O’Farrell and Miller (2002) assessed the viability of pozzolanic materials as substitutes for cement in concrete (the
production of cement not being an environmentally friendly process) in South Wales. Although the SME firms that
were part of the research could see the benefit of this approach, it appeared that price (driven by the competitive
tendering process) was the main concern in the industry, rather than the development of new products in the
traditional sense. This research seems to suggest that a way needs to be found to encourage (perhaps financially) the
adoption of products and processes that are environmentally friendly but not necessarily profitable to the contractor.
The report of the European Constrinnonet project, which was undertaken by a consortium of leading
European universities, such as VTT and the University of Salford, found that no simple solution exists to address the
problem of innovation in the construction industry (European Commission 2004).
The basis for the Constrinnonet project was an OECD finding that construction was among the more
traditional sectors of the economy, with a relatively low R&D performance, and yet accounted for about 7% of the
working population and contributed over 6% to national GDP. It was found that the industry was populated
predominately by SMEs. The sector also struggled with a complex, fragmented structure, in addition to a poor
reputation. At the same time, its level of investment in R&D was generally less than 0.5% of company turnover,
although there appeared to be no lack of public services generally available for the provision of economic support
for the purpose of research training and development (European Commission 2004, 1–2).
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The objectives of the Constrinnonet project were to:
§ study the mechanisms behind successful innovation and to develop strategies to help transfer these into practice
§ examine the way in which various service providers in the market can assist in spreading these mechanisms to
construction SMEs.
(European Commission 2004, 2)
The report consisted of two phases — a sixmonth definition stage and a 2.5year implementation stage aimed to (a)
enhance knowhow of the mechanisms behind successful innovation (b) develop and test actions for improved
innovation support, and (c) exchange this information with stakeholders transnationally (European Commission
2004, 3).
In addition to its conclusion that no simple solution exist to address the problems of innovation in
construction, the project found that business support was the most relevant mechanism through which to promote
innovation in construction sector SMEs and that European governments and their agents had generally failed to
engage with most of the construction SMEs in crucial areas. At the regional level, there was an absence of focus on
innovation support mechanisms or business development services (European Commission 2004, 20).
Recommendations were made at an EU level, at national/regional level, and for service providers and SMEs
(in addition to larger companies). Policy issues included initiating specific innovation efforts for construction in the
EU, developing statistics about construction, innovation in business support, and regional initiatives (European
Commission 2004). Among the recommendations for service providers was the need to promote innovation, identify
regional resources and avoid “onesizefitsall” solutions (European Commission 2004). It was also found that more
could be done by the industry itself to bridge the gap. While the construction sector should use some common
objectives and strategies, each SME, it was argued, needed to identify a clear and concise benefit it could achieve
from involvement in common activities (these were not defined in the report) (European Commission 2004, 20–21).
The Australian construction industry is not dissimilar to that studied in the report discussed above, especially
since Australia’s construction industry also contributes approximately 6% to GDP (ABS 2005a, 562), has a large
number of SME firms, has a fragmented structure (Hampson & Brandon 2004), and is also variable in the
characteristics of its member firms, especially from an innovationadoption perspective. In view of this, the findings
of the Constrinnonet report are well worth considering when discussing the way in which to best promote innovation
in the Australian construction industry.
The above studies have shown that there are a number of factors in technology transfer to the construction
SME sector. These include organisational size and culture, supplychain issues, the pricedriven nature of the
construction process, and the importance of developing appropriate policies at both government and firm level. An
important finding from a number of the studies was that there is no easily defined “SME”. Perhaps this can be
summed up by the statement that policymakers should “avoid onesizefitsall solutions to the problem of
innovation in construction” (European Commission 2004, 21).

TECHNOLOGY TRANSFER IN THE AUSTRALIAN CONSTRUCTION
INDUSTRY
One of the projects supported by the CRC CI was Blayse and Manley’s study (2004) into influences on construction
innovation. They identified six main factors: clients and manufacturers, the structure of production, relationships
between individuals and firms within the industry and between the industry and external parties, procurement
systems, regulations/standards, and the nature and quality of organisational resources. Innovation in this sense
tended to be the actual use of a nontrivial change and improvement in a process, product or system novel to the
institution developing the change (within the broader product system). The authors noted that the identified
influences can be managed strategically to maximise innovation outcomes.
A survey of innovation in the Australian construction industry by Manley et al. (2005), within the BRITE
program, found that the “newtoindustry” rate of technological innovation was 18%, and that 6% of respondents
(including a number of consultants) reported “newtotheworld” innovations. Business strategies were key
determinants of innovation (however, research and development strategies had a relatively low rank among business
strategies), while the main driver for innovation was the desire for improvements in efficiency or productivity and
customer needs. Indeed, 93% of the industry reported a positive impact on profitability arising from their most
successful innovations over the previous three years (Manley et al. 2005, 11–12).
The ABS survey of innovation in Australian businesses (which included construction) (ABS 2005b) divided
innovation (any new or significant improvement) into the three areas of (a) goods or services (b) operational
processes, and (c) organisational or managerial processes. The survey found a rise in the percentages of firms
innovating as organisations increased in size (ABS 2005b, 5). The main barriers identified in innovating firms were
cost and marketrelated. These were less important for noninnovating firms (ABS 2005b, 20). On the other hand,
the main drivers of innovation were profit and market demands. Legalrelated drivers were also significant (ABS
2005b, 28).
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These findings were reflected in the construction industry, with the general exception that marketrelated factors
were less important to individual firms than to industry as a whole. Like a number of other industries, institutions
(such as universities) were not significant sources of innovation for the construction industry. Contribution to
expenditure on innovation by the construction industry in 2003–2003 was about 1.2% of total business expenditure
(although this figure needs to be treated with care owing to its variability) (ABS 2005b, 69).
Love et al. (2001) researched the barriers to implementing ecommerce in construction SMEs in Victoria,
Australia. They noted that many SMEs find it difficult to compete in today’s competitive markets. Using an
unstructured interview process, they found that the rate of ecommerce implementation was related to turnover and
number of employees. They stated that a contractor with a higher turnover would be expected to bid for more
projects or for larger projects and thus be expected to invest in IT to support the tender documentation and contract
administration. On the other hand, a contractor with more employees may need to invest in an ITbased
communication and coordination network. From their interviews, the researchers were also able to categorise
identified barriers into organisational, financial, technical and behavioural. They identified risk, uncertainty, change
and knowledge as the underlying factors that businesses considered as being constraints on the introduction of the
technologies needed to support an ecommerce infrastructure.
The above studies and surveys tend to confirm the studies discussed in the previous section — that factors
like organisational culture, supplychain considerations and the nature of the industry itself play important roles in
the technology transfer process. Such studies have also shown the importance of key drivers of innovation in the
industry such as the desire for improvement, profit and addressing customer needs, and have furthermore shown that
cost represents a significant barrier to innovation. Again, size of organisation was significant.

MANAGING TECHNOLOGY TRANSFER IN SMEs AND THE
CONSTRUCTION INDUSTRY
Previous discussions have focused mainly on the issues related to technology transfer in the construction industry.
This section develops this discussion further by exploring the mechanism of technology diffusion and adoption.
Knol and Stroeken (2001) developed a model for the diffusion and adoption of IT in SMEs through an IT
scenario model. In their model, diffusion tends to occur at a higher aggregation level than adoption and has a strong
communication element, while adoption (which is associated with the implementation process) takes place at the
level of the individual adopting unit, which can be as far down the organisational chain as an individual. The
scenario model contains three main components: the environment, six phases (in time), and three aspect areas
(strategy, organisation, technology). The model was piloted in interviews with SMEs operating in the furnishing
sector.
The researchers concluded that, all things considered, this model seemed to provide insight into the strategic
application of IT in companies and supply chains for each phase. Furthermore, it could depict these concretely. With
respect to application, dissemination of information would take place before organisational decisionmaking about
an innovation and its implementation. While this study was in a nonconstruction industry sector, it shows the need
for an innovating SME to take into account environmental factors, communication processes, technology and
organisational factors.
Another study on innovation diffusion in SMEs was undertaken by Thomas (2000). His focus was on inter
firm diffusion (the spread of a new technique from one SME to another). Thomas discussed the two categories of
“disembodied” diffusion (the transmission of knowledge and technical expertise) and “embodied” diffusion
(application of the new technology) (Thomas 2000, 3). He noted that there are differences in the speed at which
technology is diffused and the length of the diffusion process. He also observed that, as the speed of diffusion is
related to SME awareness of the advantages of adopting a new technology, both the communication process and the
ability of SMEs to assess the merits of the technological advance were important.
Thomas (2000) developed a mathematical model of interfirm technology diffusion based on these principles
and that of technology transfer networks. He concluded that the successful diffusion of a new technology involves
considerably more than mere technical competence, with many complementary factors (including sociological
forces) being important. Moreover, Thomas (2000) found that an SME may be retarded in its acquisition of
technology by other SMEs who are slow to adopt (for example, laggards). Thus, in his view, rapid diffusion of a
technology will be facilitated by a willingness of SMEs to make adjustments.
While the above research has focused largely on the technology diffusion process in SMEs in a general sense,
other researchers have considered the specific issues affecting the adoption of technology in the construction
industry. One of these was Bjork (2002), who developed a typology of research questions and methods for
electronic document management (EDM) in the construction industry. His analysis of the many case studies in this
particular technology area put forward the notion that, while there was rapid takeup of this technology (particularly
in larger projects), the organisational issues surrounding its use (i.e. who is in control), in addition to the psychology
involved in getting all project participants to accept the use of new technology, were much more significant than
technical problems.
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In addition, Winch (1998) has demonstrated that construction was a complex systems industry. He proposed a model
for the management of innovation processes at the firm level facilitated by a twomoment model, in which there is a
topdown moment (or dynamic) of adoption and implementation, and a bottomup moment of problemsolving and
learning. This concept of the learning organisation was discussed in connection with the innovationadoption cycle
(Trott 2005) and is likely to be a significant component of the technology transfer process from researchers to the
construction industry.
Another approach to understanding innovation was proposed by Harty (2005). He used the two intersecting
ideas that successful innovation requires consideration of the social and organisational contexts in which it is
located, and that innovations can be divided into bounded and unbounded modes. In his approach, bounded
innovations are those that can be contained within an implementer’s control, whereas unbounded innovations are
those that spill beyond this into potentially more contested domains (Harty 2005, 515).
Harty (2005) applied sociology of technology concepts with a view to assessing the negotiations and
alignments that constitute the implementation of unbounded innovations. He illustrated this discussion with the
example (briefly discussed in the introduction to this chapter) of the way in which design engineers developed
innovative approaches to work around restrictions in an integrated 3D CAD system (an unbounded system which,
because of its specifications, had implications for team members possessing different software that did not integrate
with the CAD system, or who did not have the requisite training) in construction of the T5 terminal at Heathrow
Airport. Harty (2005) also discussed the usefulness of an inclusive multicentred systembuilding approach in order
to recognise better the complexity of the construction industry and its processes.
The significance of the research undertaken by these researchers is that successful innovation requires an
understanding of social systems and management processes in addition to the technological benefits derived from
using the innovation. Furthermore, it is important to foster the promotion of a learning organisation in the
technology transfer process. This can be combined with a better understanding of the technology diffusion process
(and particularly the role of effective communication in this process), especially in the way in which technology
developed by researchers can be transferred effectively to the construction industry and, in particular, its SME
sector.

CONCLUSIONS
The transfer of technology from research organisations like the CRC CI into the construction industry, and
specifically its SME sector, is quite complex. It involves a complex network of researchers, sponsors of research,
clients, consultants, contractors, trade and industry associations, and other parties. While there have been successes
in terms of achieving this transfer (the construction industry has generally been quite innovative), there is a need to
improve the rate at which innovation occurs in the industry.
Overlaying the technology transfer process are the benefits and risks that organisations take on board when
they adopt innovations, the innovation lifecycle, and the need for fair recompense for researchers and their financial
supporters. The role of the learning organisation and other concepts discussed above, such as the importance of
social, organisational and cultural factors, in addition to the technological and financial factors in the technology
diffusion and adoption process, are also important. Government policy decisions and industrywide factors are also
likely to impact on the technology transfer process.
Organisations like the CRC CI have successfully adopted a range of strategies for this process, including
industry presentations, involvement of industry in the innovation development process, and making close links with
industry associations. However, if maximum benefit is to be achieved, there needs to be further research into
technology transfer processes in the construction industry.
In order to better evaluate the transfer of technology from researchers to the construction industry, research is
currently being undertaken with a view to identifying and evaluating drivers, barriers and facilitators in technology
transfer and recommending suggested improvements to the technology transfer process. This research is expected to
focus on the SME sector of the industry.
An important aspect of the SME industry sector is that it is not one homogeneous body. Rather, it represents a
cluster of a range of organisations of different sizes and functions. As a consequence, the optimum technology
transfer process may well be different for different clusters of SMEs. Therefore, as a first step, the research is being
targeted at a limited number of groups within the SME sector that are related in size and function.
The main components of this project are to:
§ assess the benefits (and the perceptions of the value of those benefits) that SMEs could expect from more
quickly evaluating and adopting the results of CRC CI research
§ evaluate the drivers and barriers to technology transfer from the CRC CI to individual SMEs
§ review the strengths and weaknesses of the existing technology transfer process from the point of view of the
SME sector of the construction industry
§ recommend improved ways of facilitating this process.
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This research is based on the innovation lifecycle and technology adoption cycles and aims to evaluate a number of
factors that are considered important to transferring technology to the SME construction sector. These include
industry attitudes, levels of support available, aspirations of CRC CI partners, government policy, type of research
project and outputs, intellectual property considerations, the role of the learning organisation, and the management
of the technology transfer process by the CRC CI.
Wherever possible, this research uses a casestudy approach to investigate the diffusion of new technologies
developed by the CRC CI to industry. It also employs available data supplemented by interviews and questionnaires
undertaken with a range of industry participants, including CRC CI core participants, consultants, industry
associations and relevant SMEs. CRC CI case studies may be supplemented by research undertaken in other
engineeringrelated CRCs and research organisations. It is expected that this research should not only provide a
better understanding of the technology transfer process from the CRC CI to the construction industry and, in
particular, in smaller organisations, but also should also provide insights into the way in which this process could be
improved.
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CHAPTER 37

Economic, Social and Cultural
Impediments and Drivers for the
Adoption of eBusiness Innovations
within the Industrial Structure of the
Construction Sector
Kerry London
Nathaniel Bavinton
INTRODUCTION
The main claims of the benefits of ebusiness technology are that it will provide commercial efficiencies through
more effective design and construction information management and procurement and contract management.
However, after the initial adoption by innovative firms, ebusiness has not diffused throughout the large majority of
the industry. This chapter reports on partial results of a study aimed at informing decisionmakers towards more
effective strategies for preparation of future widespread industry uptake. The adoption of this technology by the
Australian building and construction industry lags behind that of other Australian industries and industries in the
USA and Europe (NOIE 2001). Australian statistics (Australian Bureau of Statistics 2004) comparing construction
to all other industries indicates that the construction industry ranks last on all four key performance indicators in
relation to ebusiness uptake. It could be challenged that the indicators may not reflect the real behaviours of the
industry. However, at this stage it is proposed that the slow adoption rate is due to the impediments or the drivers
related to adoption peculiar to the construction industrial structure rather than the technology itself. Many elements
of a technical solution have been solved and are available, therefore the research has sought to address the
significant changes in business practices and consider strategies that will address social, economic and cultural
issues at an industry and organisational level to prepare for sectoral widespread ebusiness technology adoption,
which appears to be imminent, over the next decade.
The empirical study described in this chapter has involved three detailed case studies which were clustered
around three major industry players: a state government infrastructure agency, the largest local government
infrastructure agency, and a large contractor. The general research question that the project addressed has been:
What is the nature of ebusiness adoption for SMEs in the Australian construction industry?
The specific research objectives of the overall research project have been to:
§ investigate impediments and drivers to ebusiness adoption by SMEs in the Australian construction and
building industry, through theory and practice
§ identify strategies and techniques to raise awareness and increase adoption diffusion by SMEs in the Australian
construction and building industry
§ develop an SME ebusiness technology adoption profile specifically for construction industry players.
The aim of this chapter is to report on the findings of the impediments and drivers to ebusiness adoption for the
state government infrastructure agency case study. The chapter is outlined by:
§ a brief discussion on impediments and drivers to ebusiness uptake based upon the existing literature
§ a description of the conceptual framework
§ looking at impediments and drivers: results and discussion of the complex interrelationships
§ conclusions and implications for industry performance improvement.

IMPEDIMENTS AND DRIVERS TO EBUSINESS UPTAKE
A comprehensive review of the academic literature was undertaken in the study to provide the necessary theoretical
context to achieve the research objectives. For the purpose of this research project, ebusiness was defined as any
business process or practice that takes advantage of or that relies upon the collection, transmission and storage of
digital information through technology systems. Of particular interest to this project are specific ebusiness
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technologies and applications that facilitate webbased project management and dissemination of accurate design
data, online tendering and procurement processes, and efficient contract management. Literature was reviewed from
the construction management and construction economics disciplines and also selected studies on ebusiness
adoption from mainstream management literature were considered. A consistent theme throughout the literature was
the concern for identifying the impediment(s) or the driver(s) for adoption. This is obviously not a new research
problem and there is a substantial body of knowledge to build upon. This chapter briefly summarises the
impediments and the drivers for ebusiness adoption which have been identified and identifies a research gap.

Impediments to ebusiness adoption
Examination of the academic literature has identified the following commonly recognised impediments affecting e
business adoption. It should be noted that these impediments are not industryspecific in that they are not directly
inferred from research conducted into the construction industry. Nonetheless, these impediments are useful in
identifying patterns affecting the uptake of new technologies by the commercial and governmental sectors:
§ The lack of awareness of what ebusiness is and what it involves and, further to this, a lack of awareness or a
reluctance to see potential business benefits (Ingirige & Aouad 2001; NOEI 2001; Parish et al. 2002).
§ Informed resistance to innovation based on values and attitudes (Frank et al. 2004).
§ The lack of security and the perception of an insecure environment; the need for a regulatory and legal
framework; lack of systems (Bennett et al. 2003).
§ Market incentive, pressures and rewards and uncertainty regarding the financial returns from investments in
various resources versus economic benefits (Tetteh & Burn 2001; Veeramani et al. 2002).

Drivers assisting ebusiness adoption
As with the impediments to ebusiness adoption, the following discussion of factors exerting a positive influence on
the adoption and integration of ebusiness technologies is not constructionindustryspecific, but accurately portrays
wider forces influencing the general patterns of ebusiness adoption. A review of the academic literature has
revealed the following factors which assist in the process of ebusiness adoption:
§ Rewards, incentives and initiatives by governments including seeding programs, investment incentives and tax
rebates (NOIE 2001).
§ Managerial characteristics or philosophy of the firms (Gray & Lawless 2002).
§ Culture of the organisation (Elliman & Orange 2000; Gray & Lawless 2002).
§ SMEs’ characteristics related to flexible specialisation (de Berranger & Meldrum 2000; Malone 1985;
Montazemi 1998). It is the flexibility of SMEs that can make adoption of information communication
technologies easier, compared to larger, more bureaucratic and inflexible organisations (de Berranger &
Meldrum 2000) and some commentators claim that SMEs could be expected to adopt technology faster than
large organisations.
§ Productionrelated factors assisting ebusiness adoption, for example ebusiness technologies have the potential
to transfer complex design information accurately (Elliman & Orange 2000), thereby eliminating data transfer
error (NOIE 2001), as well as minimising delays as information is conveyed along the supply chain.
§ Reduction in transaction costs. Small vendors and suppliers can bid on jobs using standardised forms on the site
making bidding on jobs relatively inexpensive; costs in transferring information during the tender process is
reduced. The website is also beneficial to large manufacturers as it creates an electronic auction market enabling
organisations to receive a wide range of competitive quotations from vendors (Wenninger 1999).

Implications for research
Consideration of these impediments and drivers influencing ebusiness adoption suggests implications related to
government intervention, communication, including informal networks and formal information dissemination
channels, and economic “space”. These issues can be subsumed by a consideration of construction industrial
structure. These are now discussed in more detail.
First, governmentbased incentives are aimed at improving the attractiveness of adoption by firms by offering
financial support and thus addressing a key issue of financial risk. That government intervention is aimed at a phase
of the adoptiondecision process, in particular towards the development of an attitude and appreciation of the
potential benefits of ebusiness. It is significant in identifying this phase as crucial to the overall process. The
pertinence of this factor is highlighted further when it is acknowledged that resistance to ebusiness adoption is
commonly based on values, attitudes and perceptions — including the perception of ebusiness as a potentially
insecure economic environment — as outlined previously in the impediments to ebusiness adoption section.
Secondly, among the impediments discussed previously, are factors such as the lack of awareness of the
potential benefits. Hence, the adoptiondecision process undertaken by firm managers is inhibited by such non
economic factors as the lack of accurate information and importance of organisational culture and the social
meanings and values that influence decisionmaking in the form of management practice or managerial philosophy.
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Indeed, managerial philosophy and organisational culture are attributed a key status as drivers in nonconstruction
industryspecific research into ebusiness adoption.
The managerial decision to engage in ebusiness relies upon an informed awareness of benefits, an
acceptance of the advantages versus disadvantages and also a practical organisational capacity to then move the firm
in that direction. The managerial philosophy can also reflect the position that managers may take in relation to the
perceived risk versus value in relation to ebusiness contributing to a firm’s operational profitability.
Communication plays a significant role in informed decisionmaking and it is both the informal networks and the
formal information dissemination channels, which are particularly crucial to the construction industry, that are
important to understand.
Thus, thirdly, closely intertwined with social and cultural values and management philosophies, is the
economic space that the firm is located in; if managers do not perceive an economic imperative to make change then
there is little incentive to undertake the restructuring of business practices and processes of the firm generally
implicated in ebusiness adoption. Significant economic imperatives may include the opportunity for new markets
and/or new clients, improved internal and external efficiencies, existing clients and/or suppliers demanding change,
and current competitors adopting new approaches to ebusiness.
Furthermore, listed among potential drivers positively influencing ebusiness adoption, are the supposed
advantages of SME organisational characteristics as related to flexible specialisation. Allegedly this supposed driver
exerts its influence in the implementation phase, in that the characteristics of these firms, such as smaller size and
greater organisational flexibility, make restructuring implicated in the adoption of ebusiness less costly and time
consuming.
Given that 93% of upstream project construction firms are SMEs, their organisational characteristics are a
factor that should assist them in adopting ebusiness technologies. Given also that the Australian construction
industry displays significantly lower levels of ebusiness adoption than other industries, it would seem that
advantages bestowed by organisational characteristics alone are insufficient to assure the positive interpretation of
the values of adopting ebusiness technologies and practices.
Thus, although the key impediments and drivers drawn from the general academic literature are quite
extensive and clearly relevant to the present research, it is also apparent that nonconstructionindustryspecific
research has not significantly integrated key industrial structure characteristics of the sector that will influence the
conduct of research into industryspecific impediments, drivers and adoption characteristics. Key aspects of the
construction industrial structure include:
§ attributes of construction industry SMEs related to flexible specialisation and clustering
§ the integration of business processes along the supply chain, particularly that offered by construction portals
§ the projectbased nature of the industry, and that, therefore, contractual relationships are constantly forming and
reforming as firms respond to projects
§ that the underpinning of the project culture in upstream linkages is a nonprojectbased manufacturing sector in
downstream linkage — which provides an interesting intersection as the supply chain is nowhere more
important than in the construction industry
§ that, further to this, the role of different supply chains and competitive behaviour in a substantially project
based demand industry pulling a nonprojectbased supply industry.
A significant gap in the literature is that there has not been an investigation that has considered the organisational
behaviour of participants within various construction industry supply chains in both the positive and normative
sense (i.e. industrial structure of chains and strong network relationships within chains) and the role that this plays
on ebusiness adoption. Past research (Gray & Lawless 2002; Elliman & Orange 2000) has been reductionist in its
approach, and assumed that adoption depends upon individual variables and that adoption relates to an individual
firm’s choice as an entity that does not operate within a wider social and economic system.
The creation of the supply chain is impacted by the location of the individual firm within its competitive
market, which has unique economic, structural and behavioural characteristics. The upstream and downstream
linkages are affected by the nature of these markets and the countervailing power which occurs between market tiers
in the chain (London 2005). It is speculated that within the construction industry new technologies and ebusiness
practices are commonly diffused through various operational clusters because of their business linkages and
interdependence.
It is a premise of this research project that for ebusiness to be successful, ebusiness adoption and the
diffusion of ideas concerning more efficient practices and more effective technologies must happen from business to
business within the supply chain as well as within the individual businesses. This is due to the nature of key
potential ebusiness benefits in reducing production and transaction costs associated with supplychain organisation
and contract management. Organisational behaviour in relation to the adoption of innovative ebusiness technology
relies upon the economic pressures confronting individual firms as a result of market competition (the behaviour of
their immediate competitors), as well as the upstream and downstream linkages that they typically find themselves
connected to, including the business practices of their upstream and downstream suppliers and/or clients.
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In the discussion of the impediments and drivers to ebusiness adoption identified in the literature the point has been
to acknowledge that ebusiness adoption is a complex and multiphase process that is heavily reliant on the
provision of information and communication between individuals and groups. In doing so it is clear that research
into ebusiness adoption in the construction industry needs to examine the process in a cultural and social context
that takes into account the complexities of the wider social system in which individuals and firms are embedded, as
well as the economic context within which these operational decisions and organisational processes take place and
are contextualised.
Thus, while it is important to be aware of the structural drivers and impediments to ebusiness, our research
focuses on the importance of diffusion within and between businesses and the interdependencies between upstream
and downstream markets along the supply chain for the adoption of ebusiness. Therefore, a deeper and more
detailed consideration of the nature of structural impediments and drivers, their relationships and then, more
importantly, the relationship between an impediment and a driver is required. When and how does a driver become a
driver? This is the real trigger point for adoption and thus widespread diffusion of technologies.
There is a body of theory referred to as diffusion theory. The following section outlines diffusion theory as a
basis for developing a conceptual framework designed specifically for investigation of the construction industry as a
social, cultural and economic system. As we critique diffusion theory, we also overlay considerations from supply
chain theory as this helps us to understand the importance of industrial structure on the performance of the industry
as a whole towards the development of a conceptual model and interpretive framework for the study.

DIFFUSION THEORY
Rogers (1995) has considered the diffusion of new technology in his text Diffusion of Innovations. Whilst not
referring specifically to the diffusion of ebusiness as innovation, Rogers’ (1995) work does provide an initial
framework through which examination of the diffusion of ebusiness through supply chains can be examined.
Rogers (1995) defines the diffusion of innovations as the process by which knowledge of an innovation is
transmitted through communication channels, over time, among the members of a social system. Therefore, the four
key elements comprising Rogers’ diffusion theory are defined as:
§ the innovation: an idea, practice or object that’s perceived as new
§ communication channel: can be mass media and/or interpersonal networks and is the means by which messages
about the innovation get from one individual to another
§ time: comprising (a) the innovationdecision process (b) relative time with which an innovation is adopted by
an individual or group — an innovation’s rate of adoption
§ the social system: a set of interrelated units that are engaged in joint problemsolving to accomplish a goal.
Within this framework diffusion is largely measured through the degree of adoption within a social system.
Adopters are categorised by Rogers as innovators, early adopters, early majority, late majority, and laggards. These
adopter categorisations are differentiated primarily in relation to diffusion as a temporal process — diffusion
happens in time, whilst the other key elements of innovation, communication channels and social system exert
variable influence upon the temporal diffusion process depending on their specific qualities. According to Rogers
for example, communication channels vary in importance according to the type of adopter; mass media and expert
knowledge have more influence on innovators, whereas personal networks are more important for lateadopters
(Rogers 1995). Which is to say, the type of communication channel has influenced the rate of adoption, for the
difference between an innovator and a lateadopter, according to Rogers is simply the relative time in which the
diffusion process has occurred. The key processes in Rogers’s diffusion theory are, thus, the adoptiondecision
process and the rate of adoption — comprising multiple phases, and influenced by various factors. As noted earlier
in relation to a discussion of the impediments and drivers for ebusiness, the adoptiondecision process is a key
phase through which an individual (or group) passes from:
§ first knowledge of the innovation, to
§ forming an attitude to the innovation, to
§ making the decision to adopt or reject the innovation, to
§ implementing the innovation and confirming the decision taken.
This transition from first knowledge of the innovation to its implementation measured as a temporal process
encompasses the innovation’s rate of adoption. This may be affected by various factors relating to the key elements
of Rogers’s theory, including the specific attributes of the innovation in question — its relative advantage,
compatibility, complexity, trialability and observability (Rogers 1995). Also influential is the type of innovation
decision being made including optional/individual, collective/organisational, and authoritarian/hierarchical. This
factor parallels the recognition of organisational culture and managerial philosophy as a driver to ebusiness
adoption.

316

The basic significance of Rogers’s theories of innovation diffusion can be found in his acknowledgement of the
complexity of the process. Rogers’s unravelling of this complexity displayed considerable insight (considering the
inception of the original theory in the early 1960s and thus preceding recognition of the importance of culture in
organisational and social theory) in identifying the nature of the social system — its social and cultural norms,
beliefs, values and attitudes, as being influential factors in the rate of adoption.

CONCEPTUAL MODEL
In this section the conceptual model research project is described. This model emerges from the examination of
impediments and drivers to ebusiness adoption discussed in the previous sections, and takes as its starting point
Rogers’s diffusion theory. Deficiencies in innovation diffusion theory are identified and the conceptual model
adjusted to take into account the unique characteristics of the construction industry and also to address ebusiness
technology as a specific form of innovation that bears relevance to the approach taken to research patterns of
adoption. These key aspects are concentrated on in order to build a conceptual interpretive framework designed
specifically for investigation of the contexts surrounding ebusiness adoption within a construction industry
interpreted as a complex and interconnected social, cultural and economic system.
A more detailed discussion on the chosen research design of case study methodology and the specific design
of the research project including the industry and government partners who have assisted in the process of data
collection is not included in this. The data collection and analysis processes and the relationships between the
conceptual model, the key themes investigated and the types of questions asked of interview subjects are outlined in
detail in the research reports for this study which can be obtained from the CRC for Construction Innovation.

Conceptual framework
The conceptual model and interpretive framework underpinning this study take account of the industrial structure of
the industry, and typically the economic system as a whole and also of the organisational, managerial, and cultural
characteristics of the firms integrated into supplychain structures that comprise the social system of the construction
industry. The business and social system for the construction industry can be related to upstream clients,
downstream suppliers and market competitors. This project addresses the wider contexts that influence
organisational decisions whether or not to adopt innovations and assesses the abovementioned impediments and
drivers through a combined economic, social and cultural conceptual model. The following sections discuss these
ideas in more detail.

Critique of diffusion theory
Rogers’s diffusion model is a useful starting point for analysing the processes involved in diffusion, and is
particularly relevant to the present study due to its explicit recognition of the importance of social and cultural
factors on the adoption and diffusion of innovations. However, aspects of the theory must be extended and modified
before it can be applied to information technology (IT) (Bayer & Melone 1989) and more specifically to ebusiness
within the construction industry. Particularly significant to this discussion on diffusion theory is the need to
introduce networked IT itself as a primary communication channel with particular qualities, which will considerably
influence both the innovationdecision process and the rate of adoption.
Alongside these extensions and modifications of diffusion theory, to make it applicable as a framework for
investigations into the adoption of ebusiness in the construction industry, there are other limitations to Rogers’s
diffusion model. Bayer and Malone (1989) argue that Rogers’s theory of diffusion is oversimplified in terms of a
binary dualism of “adopt” or “not adopt”. There is no means for the analysis of cases where innovations are partially
adopted or explanation offered as to why innovations are adopted in some form other than the one intended by the
developers of the innovation. Alongside this main methodological deficiency Bayer and Malone (1989) also identify
the lack of differentiation between adopting an innovation at a firm level and at an individual user level, and also the
failure to consider adoption and diffusion as a function of interactions between various social and economic
systems.
Rogers’s (1995) tendency towards a simplified binary conceptualisation of the adoption process is
considerably problematic in that it does not address the complex interconnected nature of the construction industry,
nor takes into account the intrinsic flexibility and multifunctionality of information technology and ebusiness. It is
proposed that in the construction industry it is difficult to place firms into one definite category because adoption is
not simply an either/or situation. The diversity of ebusiness applications and also the competitive nature and
fragmented and/or specialised structure of the industry — grounded simultaneously in projectbased relationships of
close collaboration with limited timeframes — introduces the notion of discontinuance. Collaborative relationships
between firms within supply chains are not permanent, but both dynamic and transient. However, as London (2005)
clearly identified, even this is a simplistic expression of the patterns that exist in the industry. Longterm formal and
informal relationships exist in the industry along the supply chain and firms act as strategically as the environment
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will allow them to — that they exercise as much power as they can to manoeuvre themselves into the best possible
efficient and effective customer–supplier relationships as this dynamic and cyclic industry can support. In
considering adoption and diffusion within supply chains, our research model acknowledges that adoption of e
business for one project, and in collaboration with a particular group of firms to form a supply chain, does not
necessarily translate to the use of ebusiness methods permanently. Rather, each supply chain exerts its own
pressures on collaborating or competitor firms, and these pressures are unique to the supply chain in question as a
product of the specific project requirements and the organisational and communicative practices of participating
firms.

Conceptual model and interpretive framework
In overcoming the constraints of both time and space, IT changes the nature of decisionmaking, making vast
amounts of information available for perusal, consideration and comparison. The diffusion of ideas is no longer
bound by its passage from individual to individual in a linear and often hierarchical (in the form of management to
employee, or from expert to layperson) chain of communication, but is essentially free to move directly and
immediately among members of an organisation or social system. The timespace compression (Harvey 1989), and
the lateral networked system functions (Castells 1997) that information technology provides, and which are central
to the coming information society, are crucial to understanding the organisational and financial benefits of adopting
ebusiness. Indeed, the web portal is a primary focus of ebusiness adoption within the construction industry. Thus, a
central aspect of the model being developed in the current research is the acknowledgement of the capacity for e
business to improve supplychain integration, and vice versa, supplychain integration to assist in the adoption of e
business.
It is also important to acknowledge the nature of the construction industry supply chain as a social and
economic system with particular characteristics. A large percentage of SMEs and firms within the construction
industry can be classified under the category of latetononadopters, which exemplifies the significance of inter
personal social networks within the supply chain for increased ebusiness diffusion. More precisely, this status
identifies the complexity of social networks and the variety of relationships based in trust and social capital
currently in existence within the Australian construction industry. These social networks are both fragmented and
dynamic — consisting of relationships between firms of both collaboration and competition.
Additionally, there is a range of trustbased relationships at play within supply chains and the wider
construction industry. For example, relationships of trust grounded in personal (professional or informal)
relationships differ substantially from relationships of trust based in the credibility or reputation of a competitor or
collaborator. The credibility of a competitor or collaborator significantly alters how a manager of a firm approaches
the adoption decisionmaking process as their first thoughts are “I trust and value their business decisions even, at
times, without hard evidence” and therefore place faith in what economic advantages the competitor or collaborator
has achieved or potentially seeks to achieve.
Similarly, supplychain relationships of trust and collaboration are often created between otherwise
disconnected firms that both share a more direct relationship with a mutual party. For example, we typically work
with similar clients or suppliers. Acknowledgment of this diversity of relationships and shifting scenarios calls for
the development of a research model that addresses the complex issue of development of social capital in an
environment marked primarily by shortterm projectbased relationships and a competitive ethos, but one where
everyone is cognisant of the possibility of future linkages within a cluster of customers and suppliers.
Whilst Rogers’s five adopter categories provide a spectrum of adoption rates from innovator to laggard, these
are a function of time and do not accommodate differential modes of adoption. Of relevance to this point is
recognition of the different functions of firms in the supply chain, and accordingly their substantially diverse
organisational structures. Associated with this point are also various different interests and perspectives that occur at
different levels within both a firm and within the tiers of the supply chain — upstream clients, downstream suppliers
and market competitors. Related to this flexibility in mode of ebusiness application at the level of organisation is
also the need to recognise the relative autonomy of individuals within firms. The diffusion of an innovation through
a firm is not simply a managerial decision carried out by the firm’s employees, but rather individuals have a certain
capacity to determine to what extent the innovation (ebusiness application) is used efficiently and effectively in
relation to their specific role within the firm (Frank et al. 2004). In this sense, it is possible to account for both
partial adoptions within firms, and also alternative (and often creative) modes of adoption.
This more complex reading of the adoption and diffusion decision process overcomes simultaneously
Rogers’s simplistic binary concept of adoption/nonadoption, and his emphasis on the temporal rate of adoption in
the categorisation of adopter types. This is achieved while maintaining his insights into the influence of the social
system in both the form of operating, structural and economic pressures from the supply chain, and also in the
circulation of social and cultural meanings and values that influence the development of positive or negative
attitudes towards ebusiness applications.
Furthermore, the present research allows a degree of differentiation between the adoption of an innovation by
an individual user and at an organisational level and thus facilitates the analysis of cases where innovations are
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partially adopted or are adopted in some form other than that proposed by the developers of the innovation. The
individualised interpretation of a given innovation is relative to both the social and cultural meanings prevalent in
the firm, but also to the particular requirements of the role of that individual within the firm and of the firm within
the supply chain.
In this sense, we suggest a more sophisticated conceptualisation of the nature of the innovation is needed,
alongside a more individualised analysis of the diffusion of the innovation throughout the social system that
acknowledges that the innovation can be changed each time it is communicated or diffused, and that ebusiness
lends itself particularly to diversified modes of application.

Supplychain theory
Ultimately the success of the diffusion of ebusiness is reliant upon the firm’s economic and social “space” or
environment and then the capacity to achieve change. Although it is important to be aware of the structural drivers
and impediments to ebusiness, our research focuses on the importance of diffusion within and between businesses
and the interdependencies between upstream and downstream markets along the supply chain for the adoption of e
business. Rather than taking the approach that a firm either adopts or does not adopt, we are suggesting that
adoption and ultimate dispersion across the industry is based upon firms being along a continuum of “reflexivity”
relying upon ebusiness awareness, responsiveness and adaptability attributes, and that reflexivity capability is
underpinned by firms and individuals within firms who are within an industrial structure particularly influenced by
supplychain relationships.
There are numerous interpretations of what the supply chain is and at what level a supply chain is considered
(London 2001). For the purposes of this study the following interpretation is assumed:
The supply chain is a group of firms that are involved through upstream and downstream
contractual relationships, and who deliver a commodity (product and/or service) related to the core
business of a construction project. The supply chain once formed creates a flow of commodities,
cash and information. The creation of the supply chain is impacted by the location of the
individual firm within its competitive market, which has unique economic structural and
behavioural characteristics. The upstream and downstream linkages are affected by the nature of
these markets and then the countervailing power which occurs between subsequent markets at
adjacent levels in the chain.
The reflexive capability model focuses on the importance of communication, social networks and social, cultural
and economic capital for increased awareness and diffusion of ebusiness within supply chains. It is based upon the
premise that the behaviour and attitudes of firms towards technological innovations can have significant influence
on the acceptance and ultimately the dispersion of ebusiness by other firms within the supply chain. The conceptual
model and interpretive framework of supplychaininfluenced diffusion suggests that people change perceptions
about the value of an innovation through communication and it is these perceptions that then drive implementation.
A firm’s behaviour in relation to the adoption of innovative technology (in this instance, ebusiness
technology) relies upon the individual firm’s attitude towards risk which is driven by economic pressures as a result
of market competition (the behaviour of their immediate competitors), the upstream and downstream linkages that
they typically find themselves located within, and the business practices of their upstream suppliers and downstream
clients.
For ebusiness to be successful, diffusion must happen from business to business within the supply chain as
well as within the individual businesses. The economic and social system for the supply chain in the construction
industry is related to the following key players: upstream clients, downstream suppliers and market competitors.
Therefore diffusion must take place between firms and, just as significantly, within the firms, for ebusiness to be
successful. Although it is important to be aware of the structural drivers and impediments to ebusiness, our research
focuses on the importance of diffusion within and between businesses and the interdependencies between upstream
and downstream markets along the supply chain. The reflexive capability model focuses on the importance of
communication, social networks and social, cultural and economic capital for increased awareness and diffusion of
ebusiness within supply chains. It is based upon the premise that the behaviour and attitudes of firms towards
technological innovations can have a significant influence on the acceptance and ultimately the dispersion of e
business by the individual firm and then also by other firm’s within the supply chain. This model of diffusion
suggests that people may change perceptions about the value of an innovation through communication and it is these
perceptions that then drive implementation. Change may also occur through changed market conditions. The next
section describes the results of the empirical study of a cluster of twelve firms organised around a large government
agency. For this study the existing industrial structure of the supply chain and the inherent tenuous countervailing
relationships between markets along the chain that this brings with it in the construction industry is taken as a
“given” within which the impediments and drivers, which were found in the industry, are embedded.
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RESULTS AND DISCUSSION
A case study methodology was undertaken where each firm represents a case and collectively this represents the
“case” surrounding the large client these firms are clustered around.
An important part of case study methodology is the establishment of constructs that organise the research
methodology and provide a framework for the data analysis. Three areas of investigation relating to different aspects
of the adoption of ebusiness within the construction industry were focused upon in order to achieve the research
objectives:
1. Impediments and drivers
2. Processes and practices
3. Strategies and techniques.
Impediments and drivers are obviously of central importance to the research project. This construct is construction
industryspecific and refers to the relationship between the ebusiness innovation and the adopting organisation.
More specifically it encompasses factors and forces that prevent or hinder the adoption of ebusiness (impediments)
and also factors and forces that facilitate and encourage adoption of ebusiness (drivers). These impediments and
drivers can originate internally or externally to the organisation.
Processes and practices refers to the way things are organised, formally and structurally (processes), and the
way things are done, informally and practically (practices). There will be substantial correlation between these two
as the goal of process is to organise practice in a consistent manner. However, this relationship is not deterministic
or unidirectional. People do not always do things according to the guidelines, and the individualised, contradictory
ways that people do things (practices) can exert influences on the way formal processes are organised.
Strategies and techniques refers to the ways in which the organisation relates to the innovation relative to the
firm’s goals. Primarily this will concern the ways of thinking (strategies) and ways of acting (techniques) by which
the organisation will overcome impediments and thereby facilitate the achievement of goals.
Twelve cases were considered and data was collected through a minimum of a onehour interview and
followup telephone discussions to confirm details. The data analysis involves a twophase process of open and axial
coding of transcripts and both withincase and crosscase analysis. Data gathered in relation to the three key areas of
investigation was then subjected to thematic analysis based upon individual analysis of datasets investigating for
textual indicators of both social/cultural and economic factors in play. Table 37.1 summarises the cases discussed in
this chapter and each of these are suppliers to at least the state government agency; at times they supply to the other
two major clients involved in this study.
Table 37.1: Summary of Case Firm Details
Case
1
2
3

Firm type
Residential and commercial building and
construction managers
Project management consultants
Commercial construction contractors

4
5
6
7
8

Commercial construction contractors
Commercial architectural firm
Residential building subcontractor
Development consultancy
Quantity surveyor consultants

9
10
11

Contractor — shopfitting
Project management consultancy
Contractor — commercial building

12

Architectural firm

Size indicator
100 staff
$110m turnover
4 staff
20–25 staff
$10m turnover
No indicator given
No indicator given
6 staff
120 staff
5 staff
25 staff
No indicator given
15 staff
$0.8 average job
1 staff

Respondent
State manager and
director
Project manager
Manager and director
Document control manager
Office manager
Owneroperator
Manager and director
Director and quality control
manager
Owner and director
Division manager
Owneroperator
Owneroperator

The following sections are a result of the first stage of open coding followed by the second stage of axial coding and
are organised as follows: impediments, drivers, and impediments and drivers.
The analysis is presented graphically in three causal link diagrams. The diagrams represent part of the data
displays used in this study, and various withincase and crossmatrices were developed to summarise and compare
and contrast the emerging key themes.
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Impediments
The overarching impediment to adoption of ebusiness in the construction industry is inconsistent adoption patterns.
We can then break down this impediment into four interrelated subordinate impediments, including perceptions and
attitudes, compatibility of the innovation, market incentives (uncertainty regarding returns), and heterophilic and
homophilic communication. “Heterophilic” means where two or more individuals interacting have different
attributes, beliefs, education and social status; and “homophilic” means where two or more individuals are similar in
their attributes and social status. These are all discussed in detail later under “The heterophilic communication
pathway”, and also in the following sections.

Inconsistent adoption patterns
The inconsistent adoption of ebusiness across the industry has been highlighted as a key barrier to further adoption.
It is a direct cause of problems such as software incompatibility, but in addition to that, a firm’s experience with e
business also influences their approach towards further adoption, and is linked in with most of the other key themes.
Inconsistent adoption patterns are mostly a result of inconsistent approaches to business management, such as
IT investment strategies. Consistency of approach is difficult to attain across the industry, whereas for ebusiness
adoption consistency is an important factor for the sake of compatibility. Firm 2 discusses the issue:
You’re dealing with … the likes of MXXXX … and you’re dealing with … the local builder
who’s a two man business who wouldn’t know a computer if he fell over one. So you’ve got this
enormous range of abilities of people and types of organisations, some of whom you will find
already are very highly IT orientated down to … people that do their paperwork on the back of a
matchbox, … and it’s hard enough getting them to actually put something in writing let alone do it
on a computer … it’s very difficult to get a common approach to any bloody thing.
Firms with a higher level of experience with ebusiness technologies recognise the need for continual IT skill
advancement. A greater IT skill level results in a greater understanding of the possibilities of ebusiness, which then
results in a positive business approach towards further adoption. Firms with a lower level of exposure to ebusiness
don’t participate in IT skill advancement, which hinders their understanding of the technology, the possibilities of e
business and thus their level of adoption. This knowledge gap continually widens as those at the front move forward
at a greater rate than those at the back.
It’s a constant process … because we don’t use all the facets of the intranet, we lose the skills, we
don’t use them and IT is very quick. So what we do is we call everybody who’s in the office once
every three months or so and we sit down and go through everything … So it’s a constant process
of training, the resources that we have how, do we use them best.
(Firm 10)
The previous quote demonstrates that the more ebusiness “savvy” firms recognise the potential for a tendency
toward differentiation between IT technology and the required operating knowledge. For firms such as these the
recognition of the potential problem and the economic capacity to engage in regular staff training and formal
processes of internal knowledge dissemination is frequently enough to promote a strategic attitude toward
management of the problem. But as is made clear by the quote from Firm 2, the nature of the construction industry
as both fragmented, specialised and diverse means that management policies internal to a firm that are designed to
promote consistency between technology and operating knowledge can only extend so far:
IT moved a bit faster than people’s IT skills and that question of IT skills and individuals and
particularly in the construction industry. See, a lot of these people are, you know, well, physical
workers a lot of these subcontractors. It’s the biggest impediment is the end users being
comfortable with that, the end user IT awareness. If we can get over that hurdle it would be very
easy.
(Firm 10)
The larger operators within the industry commonly hold the attitude that the problems of inconsistent patterns of
adoption lie predominantly with the smaller operators. The nature of the subcontractors within the industry as
physical workers is perceived as an impediment to increasing “enduser IT awareness”, and one that is readily
identified by these firms:
How do you expect a person who’s working laying bricks and mortar and keep thinking about
how it looks on the computer, he still deals with that and creating that and when he goes back
home and all his muscles are sore and he’s not going to sit on the computer, if he sits on the
computer probably he’s going to play games.
(Firm 10)
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A potential incompatibility between the basic demands of the subcontractor to engage in physical construction work
and the desire of larger operators to improve their profit margins via increased ebusiness efficiencies is recognised
as a key impediment to consistent patterns of adoption. However, this recognition does not tend to ameliorate any
assumptions that it is the subcontractor level that is the cause of inconsistent patterns of adoption that are holding
back the “real efficiencies” associated with ebusiness adoption:
To me the biggest problem at the moment in the construction industry is getting acceptance at the
subcontractor level. It’s OK … from a client, consultant (and) contractor level … but we’ve got to
capture the subcontractors and the suppliers in it too because (then we'll) get the real efficiencies
with it ...and then Ebusiness will really take off I think.
(Firm 1)
Firms with a higher degree of adoption prefer to do business with others with similar capabilities. This exclusionary
behaviour further limits the opportunity for ebusiness exposure of the less capable firms. Those firms with a higher
capability recognise the competitive advantage of having a more advanced degree of adoption. As such, these firms
have an interest in maintaining the status quo, which is in conflict with their desire for the greater efficiencies
achievable with a higher degree of industrywide adoption. Firm 1 demonstrates this conflict very clearly in the
following quote as compared to their quote previously:
What differentiates us against a lot of our competitors (is) that we’ve got systems in place which
are as good as a lot of the major builders so we’re trying to give a service of a larger company in a
smaller sector of the market.
(Firm 1)
Inconsistent patterns of adoption are often expressed and experienced as the relatively innocuous problems of
software incompatibility between organisations. This has a negative effect on business outcomes for those who have
a relatively low experience with ebusiness technologies. Businesses with a higher degree of adoption (and thus
more experience) tend to find incompatibility little more than a hindrance.
We have a graphic artist who does letterhead or brochures for us. Her level of software was not
compatible with the printer’s level of software, they’re obviously the latest and greatest … so it
led to a mistake in the print that, it was a big print run and of course the printing company didn’t
want to take any responsibility and the graphic artist said that she told them it was Version blah,
blah, and so we were left in the middle receiving a product that wasn’t a hundred percent. I just
had to wear it, just had to grin and bear it.
(Firm 9)
With AutoCAD they have a requirement for AutoCAD 2000, I think it’s 2004, my subcontractor
uses 2000, my other contractors use 13 and 14 which are pre ’97’ and ’98, I’ve got other people
who’re using 2004, another person using (Archi)CAD and another person’s RBT. … The
translation is supposed to be easy … but it’s never simple and you lose, you lose aspects of
drawing
(Firm 12)
We have some subconsultants in the other disciplines whether it’s structural, mechanical or
electrical that might be using different packages or might not be on the same version of AutoCAD,
so that can become a hindrance, not necessarily a problem
(Firm 5)
The inconvenience of incompatible software platforms can certainly have an economic impact on smaller operators,
and one that can contribute to increased perceptions of ebusiness adoption as unnecessary and economically
prohibitive. Inconsistent patterns of ebusiness adoption is a complex issue and one that is fed by numerous other
social/cultural and economic processes that themselves can be considered manifestations of the underlying issue
frequently discussed as the fragmentation of the construction industry. Inconsistent patterns of adoption are
themselves an expression of this fragmentation and are at the same time causal to increasing fragmentation.
Standardisation is perhaps in theory a good thing but I think in practice it’s almost impossible.
(Firm 7)
The problem is that none of the parties in that chain actually has a commercial interest in changing
the culture individually... it's still too bloody competitive ... nobody trusts anybody else of course
so it makes it harder to get them to deal with each other and it shouldn't be the case.
(Firm 2)
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Also what is happening is at the moment the nature of the industry the competition, commercial
advantage and all that is not very conducive at the moment … that would be an impediment to
bringing any standardisation, it’s a bit complex issue because I mean you should notice that any of
these major contractors … only a handful of in the country, they like to keep their competitive
advantage.
(Firm 10)
The previous quotes highlight this perception of an industry that is fragmented, and this is all the more problematic
because the adoption of ebusiness is frequently touted as a means to overcoming an endemic fragmentation and
integrating the industry through more effective and efficient communication flows.

Subordinate impediments
There are four key subordinate impediments including perceptions and attitudes, compatibility of the innovation,
market incentives and communication, and these are now discussed in detail. The research findings provide a much
deeper explanation of each of these types of impediments and also their interrelationships. Further to this is a much
deeper appreciation of how to develop strategies to account for these impediments and then to develop strategies to
move from nonadoption to adoption of some appropriate form.
Perceptions and attitudes
Barriers to diffusion as an outcome of perceptions can be reduced down to two key forms of individual perception
on the limits of an innovation. The first is a perception of IT environments as insecure. The second is a perception of
an innovation as being overly complex or causing difficulty.
The perception of IT environments as insecure is a commonly held assumption prevalent throughout the
construction industry and has been identified in numerous other research studies as a key problem. The finding of
this perception as an impediment allows us to confirm the findings of these other projects but does not offer
anything specifically new. The following quotes demonstrate the pervasiveness of this assumption through all strata
of the industry:
We still resist the ebanking because of security problems. We’ve had two meetings with the
Commonwealth Bank here and there were several issues that the girls had with the bank for
security. We’ve had customers who have … put one digit out and he lost about $30,000 and it
took him months to try and retrieve that.
(Firm 9)
[The risk involved with not having an actual signature on documents] would be a concern if it’s …
a document that requires a signature. If I’m signing … on behalf of the company then I’m obliged
to either have a director’s signature on it or two directors’ signatures on it … for it to be a legal
document.
(Firm 1)
We have heard a story, not us were involved, but of a firm which issued electronic documents and
on the system we use you can lock the quantities in other words it cannot be doctored when
they’re calling for tenders and we understand that one of the tenderers got to the formula. Now we
don’t know how he could break into the computer, the program system we don’t know. So you
know the old days of printing out a hard copy you can see if somebody’s changed that, it’s bloody
obvious.
(Firm 8)
A significant twist on this finding however, is the degree to which perceptions of IT as an insecure environment
have insinuated itself into lower levels of organisational trust, in which firms deploy stringent intranet security
measures designed to protect sensitive information and presumably defend against loss of commercial advantage via
leakage of sensitive information. It is difficult to imagine a cultural shift towards greater transparency of process and
ease of information availability and file sharing taking place amongst an industry supply chain composed of firms
that do not trust their own employees.
Different offices can’t look at the different projects. Like I can’t look in on (other office’s)
projects, their servers are separate to the main server and have … password protection on those
and similarly up here we’ve got password protection to the project managers only for their
particular project so they can’t see … any other projects, or … get in and do anything to anyone
else’s projects.
(Firm 1)
The perception of ebusiness as “difficult and complex” is an interesting finding that demonstrates the power of
attitudes and perceptions in influencing patterns of adoption. Our research made use of a hyphenated concept
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indicator: “perceptions of complexitydifficulty” and found this useful precisely because it shows the relationship
between the perception of complexity, which is usually a marker of the conceptual distance between required
operating knowledge and previously held ideas and available skill sets, and an interpretation of that complexity as
“difficult”.
I wouldn’t say I could see any advantage really I mean we certainly wouldn’t have any problem
with getting involved with it or looking at tendering on a website. Personally it might just make it
another hurdle for small contractors to get involved, just another bloody whizbang thing you
know.
(Firm 11)
An interesting outcome of this finding is the general tendency for this perception of “complexity as difficult” to
occur at the lower ends of the construction industry spectrum as arrayed by Rogers’s (1995) diffusion categories.
The previous quote reveals that the firm in question professes no “problems” with the idea of adopting a particular
ebusiness application — an attitude seemingly at odds with both the failure of the firm to currently be using that
application, a failure to see any advantage, and the use of the “personal” position in framing the objection to the
innovation on the grounds of complexitydifficulty. Interestingly the perception of complexity as difficult is
associated with the economic and cultural characteristics of the lowerend subcontractors who so frequently are
focused upon as the impediment to complete and effective adoption patterns. This is the case even in this example of
a midlevel consultancy firm who in this instance is itself a nonadopter.
There is little doubt that, for firms and small operators with little experience with IT technologies and e
business processes, there is a greater tendency for something new to be perceived as a difficulty. In this sense
“difficult” becomes understandable as a euphemism for unavailable resources in terms of manpower or capital to
invest in understanding the complexity in order to turn that greater (more complex) capacity into advantage. These
themes are discussed in a following section “Market incentives: Uncertainty regarding returns”.
Not surprisingly, these smallerend operators who occupy the lower end of Rogers’s spectrum have a very
low degree of adoption. Their processes remain impervious to any perceived IT benefits largely on the basis of these
perceptions and attitudes. Thus their perceptions of complexity and difficulty are frequently not the product of
personal exposure and usage of the ebusiness application in question, but rather the product of “myths” and
secondhand knowledge passed on through informal networks. Consequently the firms at the lower end can be
considered to belong to primarily homophilic communication networks, on the basis that their perceptions of
“complexity as difficult” are rarely challenged.
Therefore, there is a demonstrable relationship between holding perceptions of IT as complex and difficult,
and resistance to adoption based on attitudes. A position in a homophilic social network is likely to produce a
culturally indoctrinated set of attitudes that forms the basis for an easy dismissal of potential benefits of IT adoption
on the basis of many justifications.
Etechnology does have to get more intuitive and … I reckon the keyboard in that system is the
wrong system. … it’s not a human way of doing things, it’s a bit like writing with typewriters …
in the nineteenth century .. . But all the same … we still have to work within a context and that’s
the context in which we work and I still just have to struggle but I certainly don’t see it as a
panacea or a great thing, I think it’s a tool that’s got it’s limitations.
(Firm 12)
I know a subcontractor … and he sits in the office … all day and he’s got the email going ding,
ding, ding and … he only does one thing …
(Firm 6)
I held out getting a fax machine as long as I could. I used to trot across the road or up the road,
same with photocopying and then obviously got one and realised well we should have got one a
long time ago.
(Firm 9)
We still resist the ebanking because of security problems. We’ve had two meetings with the
Commonwealth Bank here and there were several issues that the girls had with the bank for
security. We’ve had customers who have … put one digit out and he lost about $30,000 and it
took him months to try and retrieve that.
(Firm 9)
For many of these firms the resistance to IT adoption on the basis of attitudes is interesting because the attitude can
remain in parallel with positive attitudes that have developed through exposure to ebusiness. Some of these firms
displayed an aversion to IT in general references, but when discussion delved into the different aspects of ebusiness
applications at use in their enterprise their antipathy was markedly reduced. For example Firm 9 who above
expressed an attitude of resistance to new technologies in the form of fax machines, and who also holds a perception
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of internetbased business as an insecure financial environment, makes the following quote concerning experienced
advantages of ebusiness: “Very precise, so much quicker … More accurate, we can probably push the envelope a
bit further.”
This dimension of the problem, in which attitudes of difficulty and perceptions of aversion are eventually and
primarily overcome by positive experiences of adoption, demonstrates that what is generally required for the
increasing of “enduser IT awareness” and subcontractor familiarity that are generally recognised as key hurdles to
consistent patterns of adoption, is that innovations present themselves as compatible with preexisting business
processes.
Compatibility of the innovation
An outcome of inconsistent adoption patterns is the financial problems caused by different organisations using
different software programs, or frequently different editions or versions of the same software. Issues of inter
organisational (supply chain) compatibility being the impediment to ebusiness adoption is demonstrated by the
following passage:
We have a graphic artist who does letterhead or brochures for us. Her level of software was not
compatible with the printer’s level of software, they’re obviously the latest and greatest … so it
led to a mistake in the print that, it was a big print run and of course the printing company didn’t
want to take any responsibility and the graphic artist said that she told them it was Version blah,
blah and so we were left in the middle receiving a product that wasn’t a hundred percent. I just had
to wear it, just had to grin and bear it
(Case 9)
Examples such as this are prevalent in the datasets with almost all respondents mentioning some experience of a
lack of accurate information transfer due to differing operating systems.
However, incompatibility of the innovation based on disparate software platforms is the not the sole
expression of innovation incompatibility. Another recurring theme was that IT applications are also frequently
incompatible with preexisting process and operating systems within a firm.
This can cause delays in processes and outcomes with the inevitable financial consequences. Equally
importantly such occurrences can add markedly to the perception of adoption as complex and thus difficult. This
idea of complexity and difficulty is discussed again in later sections. The outcome of this impediment is that the
potential ebusiness applications of an innovation are never simply evaluated and considered for adoption just on the
basis of their own attributes, but also on the basis of a whole range of preexisting organisational–structural
conditions that largely determine the relative ease of the adoption process. Consider these quotes that demonstrate
an incompatibility on the basis of entrenched business processes that reflect current needs of various elements of the
industry:
You’ve gotta work from the people that use it ... the subcontractors out there that are doing the
work ... are 95% of the people and they’re the people that want the information, they want it
correct, accurate, quick, now, ... and they need to be able to get it easily and you know they’re not
geniuses when it comes to IT but they’re good at what they do, so you’ve gotta design a system
that allows them easy quick access to that information whether it’s drawings, specification pages,
site instructions, whatever it is.
(Firm 2)
It’s all handwritten, all the prices, it’s all written by hand, … old blokes they can’t type, they don’t
want to sit there for hours writing something. Hand it to the office girl and say fax it or send it by
email and they go bang, bang, bang and it’s done, put it in the fax and send it over, so it’s all just
done once.
(Firm 6)
Thus compatibility of the innovation with preexisting practices and processes can be seen as a key contributor to
the barrier discussed above as inconsistent adoption patterns, and also below as lack of market incentives. Potential
gains in efficiency claimed by a given ebusiness application must be considered relative to the overall cost of
adoption which can mean substantial changes to preexisting systems and processes. Thus the price tag of a new
piece of IT should not be confused with its total cost.
Market incentives: Uncertainty regarding returns
There is little doubt that IT adoption has a considerable economic outlay and that frequently economic benefits are
not felt immediately but can often take some time to accrue. It was a key theme in our research that smaller
operators keenly felt the financial pinch of outlay on IT equipment and related software. Thus the lack of market
incentive in terms of a prohibitive cost intersected frequently with an attitude that the status quo is a workable
proposition. In many cases this was enough to convince the smaller operators that a given adoption was unnecessary
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and thus improvements to business processes offered by innovations are not pursued. Consider the following quote
that demonstrates the relative significance of an objectively minor business cost in the context of a smallend
industry operator’s decisionmaking processes when evaluating financial outlay versus potential benefits relating to
an ebusiness innovation:
Broadband it’s going to cost me, bloody I don’t know, I think it might be forty bucks a month, …
and I’m paying fifty bucks for two months (for dialup) so you know, difference there isn’t there?
And I hardly use the thing now.
(Firm 6)
This degree of uncertainty regarding returns on investments held by the smallerend operators is an outcome of their
perception on the value of the innovation, which can also perhaps be considered as a lack or awareness of the
potential benefits an ebusiness application can offer. An important point emerging from the analysis is that these
attitudes are common across individuals of comparable strata within the industry and hence related to their position
in an economic structure and a specific market dynamic as much as their participation in an industry culture. The
following quote from the same subcontractor highlights that occupation of a stable and favourable market can act as
an effective justification for the status quo when intersecting with a conservative attitude toward technological
innovation adoption:
No (I don’t feel competitive pressure to adopt). There’s only about four or five builders who do
stuff I do anyhow. And we’re all spread out and we’re all doing stuff … it’s not as if no one’s
working.
(Firm 6)
It is certainly the case that firms of considerably larger economic capacity hold an assumption that entrenched
attitudes regarding the satisfactoriness of current business processes are a factor in preventing small operators from
examining potential benefits of ebusiness applications:
They do have to change their way of thinking. It’s the attitude of “No, I like doing it this way, so
why should I look at something else?” “This way has worked for me”, and I hear it all the time
“But this is the way we’ve done it for so many years, why should we change?”
(Firm 4)
For those firms with a greater economic capacity and thus a substantially different attitude toward evaluating the
risks of expenditure versus returns, this entrenched attitude as an impediment is frustrating for two reasons. The first
is that it obviously increases the trend toward inconsistent patterns of adoption that bears a flowon effect on their
own ability to streamline process and thus influences their profit margins. The second reason is that an entrenched
attitude that prevents an openminded evaluation of potential benefits of adopting ebusiness applications is self
fulfilling. Quite simply, without ever trying a new technological application or refined process it is impossible to
evaluate from a position of experience whether or not an ebusiness adoption will turn out to provide financial
benefits. For those firms with the economic capacity to survive the time lag between investment and return, a
common belief is that if the smaller operators did try a given application that would experience real financial
benefits:
[Those smaller operators are] fairly set in their ways of doing business and some are just not
interested I think in (the) IT side of things and the biggest thing is finding people that you know
are prepared to give it a go because once they do I think they’ll see the benefit of it.
(Firm 1)
Yet, as pointed out in the above quote from Firm 6, there are very real concerns about minor outlays for those
operators running on relatively small profit margins. It is difficult for the bigger players in the construction industry
to truly appreciate the experience of operating a successful small business on extremely tight margins. Prohibitive
cost is also not restricted to the purchase price of new technology or software alone.
For many small operators the initial outlay was only of minor significance; the problem was the continual
need to update and renew technology to stay abreast of industry levels — that is, to maintain a consistent pattern of
adoption as dictated by firms with far greater economic capacity. Many respondents doubted the need for this
continual updating of technology. Consider this quote:
The only thing that probably pisses me off greatly is that every year they tell you that what you
just bought is now old news and obsolete. I still can’t come to grips with that if they’re so clever at
designing computers and packages, why can’t they design something that will last at least five
years. I think it’s a big conspiracy.
(Firm 9)
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The fastmoving pace of technological advancement is also productive of a second barrier that is mostly keenly felt
in relation to supplychain interactions: the disparate levels of technology and degrees of operating knowledge that
can lead to inconsistent adoption patterns. Inconsistency in ebusiness potentials across the supply chain can be an
outcome of differentiated levels of technology and software platforms and this is most frequently a reflection of the
rapid patterns of adoption demonstrated by innovative, highly capitalised firms as much as the abovediscussed lack
of market incentives held by smaller operators. However, inconsistency in ebusiness potentials is also related to
disparate levels of operating knowledge. The possession of the technology itself is often not the sole problem, but
also the knowledge required to effectively operate the technology is a key requirement and one that bears a
somewhat hidden cost that easily contributes to smaller operators’ uncertainty regarding returns on investments.
This oftencited barrier relates to the required operating knowledge inevitably accompanying any purchase
and integration of a new IT application into a business process. Associated with the need for training is the
consequent loss of productivity that goes along with it. Thus, while staff training emerges as a driver to innovation
adoption in terms of developing a degree of dissemination of necessary “operating knowledge”, it is also evaluated
as an additional (and negative) cost associated with IT outlay.
This relationship of staff training to loss of productivity exasperates the perception of IT expenditure as
prohibitive for small operators such as Firm 12. This perception becomes even more acute when it is factored in that
the technology and software may very well be effectively obsolete in a very short time and thus the outlay on staff
training and knowledge dissemination and associated losses of corebusiness productivity may have to be repeated,
perhaps indefinitely. This dilemma is not restricted to small operators functioning on a small margin. Large, highly
capitalised firms also expressed concern at the potential loss of productivity associated with developing and
maintaining effective operating knowledge to ensure that ebusiness applications do contribute to improved business
processes and thus do provide return on initial outlay.
Heterophilic and homophilic communication
The notion is emerging that heterophilic communication within an organisation is a complex issue that can
simultaneously be both an impediment and a driver to ebusiness adoption and innovation diffusion (for exact
definitions, refer to the later section “The heterophilic communication pathway”.). Differences between vertically
integrated groups of employees can exasperate problems in communication, or indeed communication between areas
of niche expertise within the larger firms produce the same outcomes. Many people attempting to communicate
without sharing some common point of shared understanding can lead to minimal effective communication.
Examples of this problem are:
§ generational discrepancies in attitudes and perceptions to the value of it
§ disparate levels of operating knowledge.
These notions also tie in with the idea that an ebusiness innovation’s incompatibility with previously understood
beliefs is most likely to occur along generational lines.
We’ve got a really wide spectrum of employees from students through to senior older architects
that aren’t say as versed with the eenvironment. Generally trying to get that senior person to
understand the benefits of the process. A lot of them are still quite orientated towards the drafting
and the pen and pencil so that’s been an interesting process.
(Firm 5)
On the other hand, for those firms large enough to appreciate a degree of heterophilia and diverse employee groups
(in terms of organisational function) in their structure, there seems to be a massive benefit from the organisation of
formal processes designed to foster and manage heterophilic communications. Heterophilia is discussed in more
detail in the section “The heterophilic communication pathway”.
Figure 37.1 summarises the key interrelationships discussed in this section.
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Figure 37.1: Causal Links between Impediments to eBusiness Adoption
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Drivers
In a manner similar to the primary impediment discussed above of inconsistent adoption patterns, it is relatively easy
to identify from the analysis a perception of advantage as being the key driver for ebusiness adoption. There are,
however, obviously numerous processes of both a social/cultural and economic nature involved in generating the
prevailing conditions for a perception of ebusiness adoption that interprets it as a pathway to competitive
advantage. Accordingly, analysis has identified a series of “nested” or hierarchically related factors that intersect
and coinfluence one another in order to produce the complex conceptual and financial terrain in which innovation
adoption decisions are taken. The following is a brief description of the nature of each driver but the complexity of
these relationships is best illustrated below in Figure 37.2.
Figure 37.2: Causal Links Between Drivers for eBusiness Adoption

The following sections summarise the key drivers.
Primary driver: perceptions of advantage
Most organisations view their level of adoption in terms of competitive advantage, whether that meant having a
point of differentiation from their direct competitors, or needing to adopt to remain competitive within their
particular market, i.e. nullifying others’ competitive advantage. The key significance of this finding is the emphasis
it places on the nature of the relationship between social/cultural processes and economic outcomes. It is the way
that various managers think — the values and meanings they draw on when interpreting new situations and potential
benefits that mark this key driver as uniquely malleable. Perceptions of advantage are developed in response to the
market conditions and structural economic forces, but are equally influenced by the prevailing social codes,
limitations and justifications at play within the social/cultural spaces of construction industry relationships. The
following section outlines the various other drivers and their interrelationships.
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Subordinate drivers
As indicated by the above discussion the characteristics of firm management play a large part in determining an
organisational approach to ebusiness adoption. The firms with more experience in ebusiness were found to view
innovation as integral to their way of doing business and have incorporated processes that support this into their
culture. This is driven by a desire to improve the efficiency of their business processes, for which they view IT as a
tool for the job. The key point here is that it is those firms that have experience with ebusiness that are most likely
to develop management level perceptions of ebusiness as delivering competitive advantage.
Thus while management characteristics as broadly conceived play a large part in producing functional
decisionmaking processes and improved capacity for organisational implementation it is those characteristics of
managerial practice that bear a direct relationship to the adoptiondiffusion process that bear an inordinate influence
upon wider levels of industry adoption. The following subthemes emerge as component factors within managerial
characteristics of the firm analysed.
The general attitude taken towards innovation can be quite easily arrayed along the common continuum of
conservative to progressive. In relation to the specific nature of the innovation in question as an ebusiness
application, there was a fair amount of resistance to innovations based upon generational discrepancy. That is, older
individuals were more likely to be uncomfortable with taking rapid steps towards ebusiness adoption. At the same
time, younger individuals were more likely to embrace a “cuttingedge” application bringing with it the concomitant
risk associated with returns on investments and perpetual upgrading cycles. It was found that the most effective
attitude towards ebusiness applications came from those individuals who interpret IT as a tool. These individuals
are not enamoured with the cutting edge simply because of its novelty, but rather display a keen eye for potential
advantage in combination with a measured level of restraint.
The process by which innovations are evaluated thus emerges as another key intersection of economic and
social/cultural factors. Risk management decisions within the construction industry are made predominantly within a
framework of economic rationalism and therefore the framework for interpreting potential benefits related to e
business applications is made primarily on the basis of delivery of organisational and economic efficiencies and
hence greater profit margins. These management decisions are not made in a vacuum, however, with respondents
citing numerous sources that exert influence over their interpretation and evaluation of a new technology.
As discussed in the previous section regarding key impediments to ebusiness adoption, the actual cost for
firms of adopting a new technology can often well exceed the strict outlay required to purchase the ebusiness
application. The need for relevant operating knowledge to functionalise a given technology is a key influence in
improving the potential for an adoption to produce economic and organisational advantages. The loss of productivity
associated with sending staff on training programs is a hindrance toward developing an advantageous attitude
toward the investment. Those firms that actively encourage staff training and have in place a formal process for
wider dissemination of knowledge gained through training, display remarkably more adaptive potential.
The organisational culture of a firm refers to both the processes and practices that make up a particular
organisation as well as the forms of understanding and interpretation that makes those behaviours effective as an
organisational unit. Firm culture is a key driver for the firms of a size large enough to be able to reflect upon their
organisational culture as embodied in the collectively held perceptions and attitudes and the general and strategic
philosophy of management. A firm culture conducive to adoption and diffusion was generally described through
terms such as “continuous improvement” and “openness to change”. An industrywide culture exerts a degree of
pervasive influence upon individual firms within the construction industry, and this is more prominent with smaller
end operators with lower staff numbers.
A culture of innovation emerged as perhaps the key differentiator between firms that drove industry e
business levels, and those firms that attempted to maintain those levels. Innovation as a culture can emerge from
strategic management initiatives but must predominantly become entrenched in the commercial operations of the
firm at the level of the individual staff. Aspects of innovative cultures include official processes designed to
encourage and capture staff ideas about process improvement.
Engagement with wider industry associations and related networks is both a means of generating a firm
culture and the product of an effective firm culture. The wider industry culture is often on display at these
association meetings, and it is in comparison to a cultural forum such as this that representatives from a firm can
recognise and evaluate their own internal organisational culture as either advantageous or deficient. Industry
associations and other professional networks also figured as key sources of information about new technologies
potentially of benefit to the industry as well as space for the circulation of experience and advice regarding
technologies.
Nonindustry relationships were also uncovered as playing a significant role in how an organisation goes
about implementing an ebusiness application. This is particularly the case for individuals who expressed a degree
of resistance to change based upon generational discrepancy. Family, community and social relationships outside
work were identified as playing a central role in both enforcing and changing entrenched attitudes towards
innovations. Alongside industry associations, the family was identified as a key source of ideas about new
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technologies. In addition, children of staff members were identified as exerting inordinate capacity to positively
influence attitudes towards IT technologies.
This factor concerns the possibility of integration between a technology and the organisational processes of a
firm. Identified as a key impediment to ebusiness adoption, the compatibility of the innovation becomes a driver
when that issue of compatibility is addressed. When an innovation that is marketed on its ability to deliver a
particular business advantage is trialled by staff and fails to deliver due to its complexity, this is a major cause of
negative attitudes towards adoption. However, when an innovation is intuitively useable, functionally simple and
delivers a recognisable advantage, then the nature of the innovation as compatible with both user’s needs and
client’s needs is the key factor in delivering organisational efficiencies and economic benefits that are the foundation
elements for a perception of the innovation as offering competitive advantage.
The most frequently mentioned factor driving further adoption of ebusiness was the experience of improved
organisational efficiencies from previous adoptions. Inevitably the positive interpretation of efficiencies gained,
indeed the capacity to measure them at all, is due to the tendency for improved efficiency to manifest as economic
benefit. Organisational efficiencies and economic benefits comprise the two key parameters for evaluating the
success of an innovations adoption. In the analysis of the dataset for this case study there were four main notable
types of improved efficiency.
Reduced production costs predominantly extend from improved organisational capacity within the supply
chain. The complex interrelating processes involved in construction from both the management side and the
organisational roles of subcontractors and their workers can easily be the cause of financial impacts due to
mismanagement or unforeseen circumstances — particularly with the everdecreasing timeframes being proposed in
the industry. The effective usage of ebusiness applications can reduce these potentials for wastage through
streamlined production processes.
Reduced communication relates to two aspects. The first dimension of reduced communication costs refers to
the greater capacity for intra and interorganisational communication between firms. The second involves
measurable improvements in process time and output quality related to increased potential to transfer complex
design information rapidly and accurately. Every single respondent discussed this as a key perceived benefit of e
business in general or a realised advantage of adoption of a given innovation. Given that design documentation is a
central dimension of the construction industry it is perhaps not surprising that the capacity of ebusiness to greatly
increase the rate and accuracy of documentation transfer is identifiable as a predominant driver.
For those firms with a culture of continuous improvement, entrenched working practices include such self
reflexive measures as revision of processes and practices as well as periodical evaluation of technologies with the
aim of increasing efficiency and lowering costs. Organisational efficiencies are frequently an outcome of improved
communicative capacity, such as increased mobility and decentralised flexibility. Other frequently discussed
organisational efficiencies are related to staff reductions and role consolidation.
Increased empowerment of individual staff via the increased capability provided by ebusiness applications
has the effect of improving an organisation’s use of its human resources. This is in the sense of a better ability to
identify those resources through more effective document management systems, and also, and more importantly,
allowing individual staff more access to other staff through the flattening of the information channels. Thus
organisational efficiencies produce greater flexibility allowing less rigid working patterns and the increased
potential for staff creativity and ingenuity.
Pathways to adoption from impediments and drivers
Of keen significance to understanding the forces exerting variable influence upon processes of ebusiness adoption
within the construction industry has been the finding that numerous barriers and impediments can easily transform
into drivers for further adoption and innovation dissemination once they are reevaluated and perhaps approached
with new strategies or techniques.
The tendency for impediments to transform into drivers is demonstrated by the corresponding presence of
two key themes described by respondents as simultaneously barriers hindering and factors positively influencing e
business adoption. These two key themes are perceptions and attitudes, and compatibility with the innovation. In
addition, a third impediment, described as heterophilic and homophilic communication, is also interpreted as an
impediment to adoption in an unmanaged state that quickly becomes a key driver toward innovation when it is
addressed as a component of strategic management. In Figure 37.3 the relationships between these impediments and
drivers is outlined in terms of pathways to adoption.
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Figure 37.3: Pathways to Adoption from Impediments to Drivers

332

Figure 37.3 outlines a set of interrelated pathways that define the transformative relationships between the key
themes discussed by respondents. Pathways are conceptualised in the following discussions as being the processes
and strategic reevaluations discussed by respondents as means of overcoming social/cultural and economic barriers
to adoption by transforming the same structural conditions and organisational practices into resources for further
innovation and adoption.
The following discussion should be prefaced with a qualification stating that in reality all of these processes
are coterminous and intersecting. In the actual lived circumstances of organisational practice it is not so easy to
identify a clearly defined starting point in a complex circulation of causal factors. The decision to begin the
discussion with the theme of compatibility of the innovation is therefore made on the basis of integration with the
preceding sections that clearly outline compatibility of the innovation as the prime cause of organisational efficiency
and economic benefit. It would be possible to begin the outline of pathways to adoption from any impediment
described by the respondent as befitting the diverse circumstances of construction industry organisations.
The compatibility pathway
A dominant issue described by respondents as contributing to the key impediment of inconsistent adoption patterns
is the incompatibility of adopted technology. This incompatibility can be experienced with either external
organisations or internal practices and processes. In the first instance the form of incompatibility with external
organisations manifests as different firms using disparate software platforms or, frequently, different editions or
versions of the same software. As a general theme the incompatibility of ebusiness technologies and operating
software platforms is predominantly felt as a nuisance and does not prevent adoption. Indeed, as an impediment it
logically follows the decision to adopt, and exerts its influence within the implementation phases of the adoption
process.
Almost all respondents mentioned some experience of a lack of accurate information transfer resulting from
software incompatibility and this can easily prove frustrating as the capacity to improve transmission of design
documentation accurately is a key claim of ebusiness. This form of incompatibility of the innovation can lead to the
development of negative attitudes towards adoption and contribute to the perception of innovation complexity as
synonymous with difficulty. However, the economic ramifications of this form of compatibility are relatively minor.
The second form of incompatibility with the innovation concerns the possibility of integration between a
technology and the organisational processes of a firm. Failure of an adopted innovation to deliver a particular
business advantage is frequently caused by a mismatch between either the operating knowledge or technological
requirements of an innovation and the processes and practices entrenched within the organisation prior to adoption
of the innovation. In a fashion similar to the first form of incompatibility, this mismatch can be a cause of negative
attitudes and perceptions towards innovations and indeed towards the broader processes of adoption. It presents a
greater potential for economic consequences, however, because it forces organisational restructure and adaptation in
order to make the innovation functional. Thus, the situation is either to writeoff the initial investment on the
adoption, or to invest further in the more expensive process of organisational restructure.
As discussed in the section on drivers to adoption, compatibility of the innovation with organisational
processes means taking into account both the user’s needs and the client’s needs. When an innovation is intuitively
useable, functionally simple, and delivers a recognisable advantage in terms of efficiency of process or improved
quality of outcomes and deliverables, then the organisational efficiencies and economic benefits gained via using the
innovation are deemed in accordance with broader company objectives. Addressing the practicalities of integration
of an innovation with the objectives of an organisation in terms of the needs and desires of the users (staff) and the
clients permits the transcendence of the impediment caused by incompatibility. Accordingly a pathway to adoption
is opened as higher levels of compatibility continue to produce positive experiences of adoption. The flowon effect,
as expressed in Figure 37.3, is an impetus given to improving perceptions and attitudes, as well as the recognition of
organisational end economic benefits resulting from streamlined processes and improved outputs.
The perceptions and attitudes pathway
It is recognisable from the discussion of the compatibility pathway that positive employee experiences of adoption
and recognisable competitive advantage bestowed by adoption of an innovation are key factors in shaping the
perceptions and attitudes held toward ebusiness adoption. A further implication of the compatibility pathway is the
requirement that the adoptiondecision process as undertaken by management must acknowledge and strategically
manage the wider contexts of adoption. Adoption cannot occur as a decision made in isolation from either the
organisational processes, cultural practices or the strategic objectives of a firm. Hence, the improved perceptions and
attitudes towards ebusiness adoption produced by increasing compatibilities between innovations and firm
processes include an improvement of perspectives upon the internal operations of the company. Specifically,
positive experiences of adoption produce a more strategic and reflexively conscious awareness of the importance of
developing firm culture and beneficial management characteristics.
The improvement in perceptions and attitudes produced via this strategic awareness is identified as a key
technique for alleviating problems associated with the perception of complexity as difficulty. As mentioned in the
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section on impediments, this relationship between complexity and difficulty is problematic because it represents the
gap between the present organisational practices and the required operating knowledge necessary to make an
adoption functional. Complexity alone is not necessarily an impediment to implementation if the adopting
organisation has recognised the need to effectively engage complexity before negative enduser experiences
translate into a perception of difficulty. Inevitable those firms that displayed capacity to break the conceptual
linkage between complexity and difficulty were those firms who had developed internal processes for technology
problemsolving. It is the broader perspective gained by management understanding innovation adoption as being
primarily an organisational and cultural change rather than a technological purchase, that allows formal systems and
procedures to be put in place to address inevitable teething problems associated with ebusiness adoption.
Figure 37.3 demonstrates how changes in perception and attitude toward innovations and the adoption
process produces a pathway to further adoption by generating positive flowon effects to the key drivers of
management characteristics and firm culture. As discussed in the section outlining the key drivers, the management
characteristics of an organisation as expressed in such factors as attitudes to staff training and processes of
evaluating risks and potential advantages, play a large role in determining the degree of adoption for a given firm.
Likewise, firm culture was identified as a key context in determining the extent to which implementation of an
adoption moves forward smoothly and also to what extent the capabilities of an innovation are integrated into the
organisational capacity of the firm by employee practices. Invariably the most adaptive and innovative firms spoke
of their own firm culture as being “open to change”, “continually seeking improvement”, and able to take
“advantage of opportunities”. It is these characteristics that feature prominently in a further flowon effect. Figure
37.3 also outlines how improvements in the two drivers of management characteristics and firm culture create a
further pathway to adoption by influencing the organisational approach to homophilic and heterophilic
communication.
The heterophilic communication pathway
Diffusion of any type of knowledge involves two forms of communication. These can either be heterophilic, where
two or more individuals interacting have different attributes, beliefs, education and social status; or homophilic,
where two or more individuals are similar in their attributes and social status. Generally speaking, most
communication is more effective when it is homophilic, where people share common beliefs, meanings and have
mutual understanding of one another. Individuals who attempt to communicate with others who are different from
them often face frustration and ineffective communication. In this regard, it is important to note that while
homophilic communication offers “smooth” diffusion of ideas, it does not necessarily denote acceptance of new
ideas or practices — instead homophilic communication can act as an invisible barrier to the diffusion of
innovations.
Although homophilic communication may be frequent and easy, it is not as crucial to the diffusion process as
lessfrequent heterophilic communication. Homophilic communication may accelerate the diffusion process but it
limits the spread of an innovation to those individuals who are already connected within the same strata of the social
system or interpersonal network. The importance of heterophilic communication for diffusion lies in its potential to
connect two cliques, thereby spanning two sets of socially dissimilar individuals in a system and bringing into
contact diverse ideas. This is especially important in spreading information about innovations, as by definition the
innovation involves a new way of thinking or behaving.
For small firms analysed in the case study, homophilic communication (and monocultural groupings) was
found to be typically advantageous because it reduces confusion in informational transfer. However, this perception
of benefit is relative to a scenario of “unmanaged” heterophilic communication. On the other hand, for those firms
large enough to appreciate a degree of heterophilia and diverse employee groups (in terms of organisational
function) in their structure, there seems to be a massive benefit from the organisation of formal processes designed
to foster and manage heterophilic communications. The key point here is the management of heterophilic
communications.
When heterophilic communication is identified as a potential resource and management decisions develop
specific processes designed to control that potential towards strategic objectives, the outcome is a degree of
employee empowerment and involvement in diffusion that is a key measure of an organisation’s status as an
innovator. Primarily we see this in “innovation groups” operating within firms that seek to generate new ideas by
exposing individuals to different ways of thinking and encouraging a degree of empowerment and employee
engagement with processes of innovation and diffusion.
The outcomes of firm’s management and cultural characteristics that are intentionally designed to implement
and foster heterophilic communication are an inevitable movement toward flexibility of practice. When difference
of opinion between individuals is valued as a means to producing further creative solutions it becomes close to
impossible not to acknowledge that there is more than one way to achieve objectives. The consequences of
this seemingly banal revelation is that firm organisational practices become recognisable as malleable and adaptable,
and creative vision is permitted to see beyond the status quo. New ways of doing things are sought after and produce
a mentality that is demonstrated by the analysis to be closely integrated with “openness to change”, “continually
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seeking improvement”, and the ability to take “advantage of opportunities” that are the key characteristics of
innovative firms.
Perhaps the key finding from this discussion of the interrelation of influencing factors to produce identifiable
pathways to adoption is the understanding of the circularity of causation. The privileging of heterophilic modes of
communication is a key driver by itself, as it promotes an openness to new ideas that is an essential social/cultural
precursor to effective adoption. When these modes of communication are intentionally embedded in organisational
policy and processes then individuals within the culture begin to be indoctrinated toward a culture of innovation.
The flexibility of practice enabled by such a culture turns out to be of central importance.
An understanding of the cultural context and organisational structure of the firm as flexible and adaptable
enables the riskevaluation of innovations and adoptiondecision process to occur under circumstances far more
favourable to the possibility of engaging in adoption. This is because the new technology or practice is evaluated in
terms of a flexible organisational context. Rather than an adoption being sought that must fit precisely into pre
existing organisational requirements, the potential of an innovation can be evaluated in relation to the potential of
the organisation. Thus a culture of innovation grounded in effective management of heterophilic communication
means that the likelihood of an innovation being found to be incompatible is much less likely. Accordingly the
opportunities for positive experiences of adoption by staff, and the organisational efficiencies and economic benefits
flowing from increased compatibility are also increased.

CONCLUSION AND FUTURE RESEARCH
The important contribution of this chapter to the current literature surrounding ebusiness technologies, and in
particular the adoption of ebusiness, is the particular focus taken on the complex interrelationships between the
various impediments and drivers. This then allows market leaders in the industry, whether they be government
setting policy and directly engaging the industry on projects, or larger contracting firms, to develop and refine
strategies to improve the environment for adoption in particularly specific targeted ways. The key to adoption and
widespread diffusion is understanding at a deeper level the decisionmaking processes that are taking place
specifically across our industry. The “pathways to adoption” is a particularly important way forward. The pathways
to adoption map provided is merely the starting point and this will be reflected on again in light of the other three
case studies and is thus a casespecific and first “cast” as to what the decisionmaker behaviours are and the means
by which they change their decisions. It is important to know the interrelationships which occur between
impediments and when impediments turn into drivers of adoption and become enabling agents. In this case study,
three key themes of pathways to adoption: perceptions and attitudes, compatibility with the innovation, and
heterophilic and homophilic communication, were used as the starting point. Quickly we realised that it is largely
irrelevant where the starting point is and that it is a multiphased and multidirectional decisionmaking process.
The future research within this study is to conclude the crosscase comparisons between all three case studies
and confirm the significance of the impediments and drivers identified across these twelve firms. A large cluster of
more than twenty firms and associated.
The limitation to this study is that it really needs further confirmation, and although by a case study
methodology standard, detailed information on twenty firms is considered to be quite a large project, it still will lack
a regional and national verification. The validity and reliability of the model could also be enhanced by exploring
sectors within the industry a little more acutely. It would be most constructive to investigate the various types of
chains in much more detail than could be achieved in this study. The aim of this study was to try to bring together an
interpretation about the complexities of decisionmaking in relation to social, cultural and economic threads of
arguments that are pervasive in academia and develop a model for adoption behaviour. One of the most interesting
themes in relation to ebusiness technologies, which are innovations in the industry, is the way in which an
innovation culture is perhaps the ultimate aim of the cluster of firms that are working together; that the project and
the various contracts on projects which tie them together are the key triggers to enabling adaptation of the particular
ebusiness technologies. It is the combination of skills, knowledge and attitudes towards ebusiness technologies
within these clusters which requires further examination to take the model forward.
The final conclusion to be drawn is that governments and market leaders have a significant role in
understanding the real impediments faced by the groups of firms which supply to them and are highly reliant upon
them. It is not only an understanding but an ethical position to develop supportive strategies to enable change in the
industry. Further research in ways forward from the perspective of these firms is required, particularly in the way
they operate internally and with their suppliers, to help or hinder the future adoption of ebusiness technologies, and
how they are either creating obstacles or paving the pathway for widespread adoption across the industry.
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CHAPTER 38

Leaving Today’s Future
of Building Behind
Martin Fischer
TODAY’S PERFORMANCE OF THE BUILDING INDUSTRY AND
FUTURE DEMAND
The construction industry creates the fixed, physical wealth of nations. There is increasing need for new and
replacement fixed assets in developing and developed countries. Global “equity” leads to higher aspirations of
developing countries. Urbanisation in developing countries is increasing, and infrastructure in developed countries is
deteriorating. Fixed capital facilities consume about 50% of energy (including energy needed to build and operate
facilities and embodied energy in facilities). Construction materials contain large amounts of embedded carbon, and
construction waste add half a ton of landfill waste per person in the US alone. The United Nations predict that one
billion new people will need homes and infrastructure in the next decade. At a conservative estimate of $2,000 per
person for infrastructure investment, this need alone leads to $20tr (trillion) in construction. The environmental and
social cost of “building as usual” will be too high a price to pay for this development. Litman (2005) confirms that
many trends we have been accustomed to no longer continue as they have in the past century.
The population growth is in the developing world, making it imperative to provide buildings and
infrastructure that is affordable, otherwise the social impact may not be sustainable. In developed countries, an aging
population will need new types of facilities to support their healthcare and other needs. Changing work–life patterns
will also demand a reconfiguration of existing facilities and the development of new types of facilities that blend
physical and digital spaces.
Today, the definition, design, construction, and operations phases of facilities costs too much (in terms of
time, money, and other costs) and is not as predictable as it should be in the face of global competition and the needs
for effective facility development as outlined in the paragraph above. Construction productivity is lagging behind
productivity in other industry sectors (Teicholz 2004). The design and construction phases of projects often take
many years to complete with a high variance in duration, cost, and facility performance. For example, actual energy
consumption is often far greater than expected at the beginning of a facility project, and the fragmented delivery
processes make it difficult to hold a particular party accountable and to provide feedback on the lifecycle
performance of facilities (Hänninen 2006). Projects that use integrated development and lifecycle processes and
support these processes with advanced information technology have shown the potential for dramatic improvements
in the performance of the facility development process (Fischer 2005), e.g. 20 to 30% schedule reduction, and the
resulting facilities (Hänninen 2006), e.g. 40% reduction in energy consumption.

REINVENTING HOW WE MAKE BUILDINGS
While opportunities exist to operate buildings more efficiently, the biggest opportunity to impact the lifecycle
performance of buildings is in the building definition, design, and construction phase, when the performance targets
for a building are set and related to the building owner and user business case, and when the physical and digital
infrastructure for operating the building are created. Based on research at the Center for Integrated Facility
Engineering (CIFE) at Stanford University, the following concepts and methods will be cornerstones of how
buildings are made in the future:
§ integrated concurrent engineering
§ virtual design and construction
§ productorganisationprocess modelling
§ a productionbased approach
§ a designfabricateassemble paradigm.
In concert, these methods will improve the timely involvement of critical stakeholders in the facility lifecycle
processes, enhance the decisionmaking capability of the facility development team, reduce design and construction
process variability, reduce wasted human and material resources, and shorten cycle times, lead times, and overall
facility development time. I imagine that organisation that avail themselves of the advantages of this new approach
will disrupt the status quo in their respective building sectors (Christensen 1997).
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Integrated concurrent engineering
Better building lifecycle performance will require and depend on the timely engagement of the critical building
stakeholders as early and as long as necessary in the building process to reduce response latency and improve
decisionmaking. In many projects today, critical economic, environmental, and social performance criteria are
introduced sequentially into the development process and are often not considered holistically and in an integrated
way, leading to a slow and inefficient development process and facilities that are not as effective as they could be.
Currently, visualisation tools provide a costeffective way to engage many types of project stakeholders when
needed. In the future, automated design and analysis tools will enable integrated concurrent engineering of buildings
(Strom 2003).

Virtual design and construction
CIFE defines virtual design and construction (VDC) as the use of multidisciplinary performance models of design
construction projects, including models of the product (i.e. facilities, such as building information modelling
(BIM)), organisation of the designconstructionoperation team, work processes, and economic impact (i.e. model of
both cost and value of capital investments) to improve building lifecycle performance and support explicit and
public business objectives. While it will still be some time until product, organisation, and process models represent
the facility lifecycle realistically across phases, disciplines, and levels of detail and for many different types of
performance criteria, current modelling and analysis tools already enable dramatically more efficient use of project
information and analyses than conventional, documentbased methods. Many companies already have a strategy and
implementation plan for VDCbased work methods to test and communicate design alternatives virtually as often as
necessary.

Productorganisationprocess modelling
Building professionals control the scope of projects and how they will be carried out, that is, the organisation and
work processes, with their decisions. The design of a building constrains the organisation and processes needed to
complete the building. Vice versa, the availability of certain organisational elements or particular process constraints
may constrain the design of a building. For example, the need to maintain partial occupancy for an office building
during renovation will likely impact the design of the mechanical systems in buildings and constrain the
construction process. Therefore, “building design” needs to be conceptualised as the integrated design of the
building (or product) and its corresponding development and operating organisations and processes (Kunz et al.
1996). Tools for product modelling include 3D modelling tools, BIM, and product lifecycle management (PLM).
Tools for process modelling include CPM, locationbased schedules, and 4D modelling tools to integrate product
and process models. Tools for organisation and process modelling include SIMVision (Levitt et al. 1994).

A productionbased approach to building design and construction
The costfocused and pushdriven methods of managing project work need to be complemented and, in some cases,
replaced by productionbased management methods (Fischer & Haddad 2004). The first goal is to reduce process
uncertainties so that work in process and waste can be reduced and lead times and cycle times shortened. Value
stream mapping is an important tool to make workflow with physical and information outputs visible across the
performing organisations and to design a work process that shortens lead times and cycle times. The reduction of
cycle times is particularly important because shorter and more predictable cycle times enable the reduction of virtual
and physical work in process. Such a reduction is important in reducing the variability in process times for each step
and for a series of steps.
The lower the work in process in the buffer (queue) before each step, the shorter and more predictable the
time to process the work in process at each step. The shorter the cycle time, the more likely lean pulldriven methods
can be used, which minimises waste due to rework, inventory, etc. The combination of productionbased methods
and VDCbased work methods seems especially promising. VDCbased methods improve the information basis for
the work steps, reducing the uncertainty in completing design, construction planning, procurement, and construction
tasks reliably. Lean, pulldriven methods reduce the work in process, which makes the use of VDC models more
manageable because detailed VDC models can be produced on demand (or just in time) and not just in case, as is
often the case today. A justincase generation of VDC models leads to an excessive inventory of 3D and other
models that need to be coordinated and updated as the project design and circumstances change. Therefore,
combining productionbased management methods and VDC methods holds, in my opinion, the largest promise to
dramatically streamline the development of buildings. It requires, however, the cocreation of detailed work
processes and corresponding tools by the affected professionals.
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A designfabricateassemble paradigm
To make building construction faster and safer, work needs to be shifted to offsite prefabrication facilities and then
assembled on site, reducing the content of site labour. VDC and productionbased methods enable the generation of
the integrated and coordinated product and process information basis to support far greater prefabrication and
preassembly of building components than practised on most projects today. As has been shown in some cases, a
designfabricateassemble (DFA) paradigm can greatly shorten the onsite construction period (Haymaker & Fischer
2001; Kieran & Timberlake 2003).

CONCLUSIONS
While no implementation of all the concepts presented in this chapter exists to my knowledge, the evidence from
partial applications of these concepts in practice suggests that their combined and sustained implementation could
have a profound impact on the development process of facilities and on the performance of the facilities. It will
require significant continued development of new technologies and sustained organisational development.
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CHAPTER 39

Fibre Composite Innovations in
Australia’s Construction Industry
Gerard Van Erp
Craig Cattell
Da Huang
INTRODUCTION
Australian asset owners are actively seeking solutions for the rehabilitation and replacement of deteriorating civil
infrastructure. They are faced with the problem of decreasing budgets to address an everincreasing demand for
structural replacements and/or upgrades. To address these issues, Australian asset owners have invested significant
funds into the development of new structural systems using fibre composites. Fibre Composites Design and
Development has played a major role in these developments. This work is now paying dividends with a range of
new systems providing design solutions which not only offer high levels of functionality, but do so at a cost which is
often directly competitive with traditional structural solutions. Several of these systems have been successfully
demonstrated in realworld projects and are now being developed into commercial offerings. This chapter presents
an overview of these developments, specifically in the areas of bridge systems, alternatives to largesection
hardwood bridge girders, and waterfront structures. It describes the path, participants and activities that lead to
successful outcomes, and highlights important lessons which have been learnt about the integrating of new
composites technology with mainstream civil engineering.

BRIDGE SYSTEMS
In February 2003, the first fibre composite bridge in the Australian road network was opened to traffic. This
structure, located near the village of Coutts Crossing west of Grafton in northern New South Wales, was the
culmination of a development program stemming back to the late 1990s.

Background
While the lack of harsh winters and associated salting of roads removes one of the major causes of bridge
deterioration that exists in the USA and Europe, Australia, too, faces a major bridge replacement program. There are
approximately 40,000 road bridges of 7m span or larger in Australia, with a total asset value estimated around
$10bn. Of these, about 10,000 are of timber construction, mostly on the eastern seaboard. While old forest hardwood
timber is a durable material, many of these bridges, more than 60%, were built before the 1940s and were designed
to lower loading standards than would be required today. Many of these structures require major rehabilitation or
replacement now or in the near future. Hardwood as a structural material is a rapidly diminishing resource and
infrastructure owners are actively seeking alternative solutions. With their purported high durability and ability to
mimic timber performance through judicious design, fibre composites have become an area of significant interest.
The first fibre composite bridge in the Australian public road network was installed on 19 February 2003.
This installation was the culmination of a development and innovation process lasting over five years and involving
a wide range of interested parties including Queensland Department of Main Roads (QDMR), the Roads and Traffic
Authority of New South Wales (RTA), the Department of Industry Science and Resources (DISR), Fibre
Composites Design and Development (FCDD), Wagners Composite Fibre Technologies (WCFT), the Cooperative
Research Centre for Advanced Composite Structures (CRCACS) and consulting engineers Connell Wagner and
Cardno MBK.
The project originated with a generic design exercise commissioned by the RTA which sought to identify
which particular fibre composite bridge technologies should be encouraged. This involved the development of a
performance specification that met RTA requirements and the submission of two conforming design concepts. One
of these was a novel local concept developed by FCDD, the second was put forward by the CRCACS together with
engineering consultant Cardno MBK. This design incorporated the latest technology from the US.
The FCDD solution was selected as the preferred alternative based on a set of agreed selection criteria
(Dutton & Cartwright 2001). The concept combined the high compression capacity of plain concrete with the high
strength – lowweight characteristics of fibre composites. The design concept was based on the traditional plank
bridge concept, where individual beams are laterally posttensioned to create a bridge, as shown in Figure 39.1.
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Figure 39.1: Bridge CrossSection of FCDD Proposal

The advantages of this concept include:
§ no joints between deck and girders (the girders are the deck)
§ excellent resistance against flood loading and side impact
§ significant redundancy in the structure due to large number of beams
§ concept well understood by bridge engineers
§ significant understanding of the bridge behaviour can be obtained through testing of individual beams.
The beams in the first bridge are a box section formed using glass reinforced, polyester pultruded profiles.
Additional carbon fibre reinforcement was incorporated into the base of the deck to enhance stiffness. Plain concrete
was used to form a compression flange on top of the beams. (van Erp et al. 2003; van Erp et al. 2002a; 2002b;
2002c; 2002d).
FCDD partnered with WCFT, the RTA and QDMR to develop the concept into a working prototype which
was installed on a Wagnerowned quarry site near Toowoomba, Queensland (Figure 39.2) in early 2002. An
extensive series of field tests followed, revealing that the concept exceeded expectations in terms of its technical
performance (Heldt et al. 2002). Based on this development work, RTA developed a project to install one of these
new generation bridges for trial purposes.
Figure 39.2: Full Scale Prototype of Composite Bridge under Test

The selected installation site was an existing timber span (circa 1940) on a bridge over the Orara River at Coutts
Crossing in northern New South Wales. Consulting engineers Connell Wagner were engaged by WCFT to review
and modify FCDD’s fibre composite bridge concept to suit the sitespecific requirements at Coutts Crossing. The
new bridge deck design was seen to offer substantial benefits over traditional bridge deck design, including:
§ installation in five days, instead of eight weeks for the conventional alternative
§ 90% savings on traffic control costs
§ 75% saving on bridge transportation costs.
The bridge was constructed by WCFT under the supervision of FCDD and installed in February 2003. Initial site
testing shows that the bridge is performing well. The RTA will continue to periodically monitor the bridge in
coming years.
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Lessons learnt
Investigating the viability of new technologies (particularly in fields such as bridge engineering) is a long and
involved process, involving careful deliberations by many interested parties. Translating an innovative concept into
a safe practical result also requires a critical review of the underlying assumptions associated with conventional
solutions. Leadership from the client/owner is critical, as is close collaboration between innovators and practitioners.
Without active client involvement, innovation is likely to be stifled. All parties (particularly the owner) must assume
and manage risks that exceed those addressed in routine projects. Such innovation also requires enthusiastic support
from those with the resources to pursue innovative ideas and work towards a practical conclusion. WCFT not only
took on the commercial risk of the Coutts Crossing project, but also assumed the greater responsibility of subsequent
development of the concept into a fully commercialised product. This is a significant challenge.
The collaborative approach adopted by the Australian road authorities has been very successful and the
project outcome suggests significant potential for fibre composite bridges in Australia in general, and the hybrid
bridge concept in particular. This type of hybrid solution is being increasingly recognised as a sound approach to
developing superior competitive products.

THE BRISBANE RIVERWALK PROJECT
Background
The centrepiece of Brisbane City Council’s RiverWalk initiative is an 850m floating walkway stretching from New
Farm to the Story Bridge (Figure 39.3). This innovative floating walkway demonstrates how pioneering composites
technology can be used to create worldclass engineering outcomes.
Figure 39.3: Completed Floating Walkway

While floating marinas are used around the world, the Brisbane project posed a range of unique challenges. In
addition to a very high dynamic load scenario, Brisbane City Council (BCC) requirements mandated a 100year
design life for the structure in what is an extremely aggressive environment. The traffic surface of the walkway is
positioned a mere 50cm above the water surface, requiring that most primary structural components function
continuously in the saltwater splash zone, or underwater.
The 5mwide walkway consists of a series of 288 floating concrete pontoons each weighing around 13
tonnes. The key to transforming the individual pontoons into a safe public access system were the interconnecting
beams known as “walers”. A 3mlong waler beam is used on either side of a pontoon to tie it to its neighbour
(Figure 39.4). The walers are connected to the floats by stainless steel throughrods, which pass through the floats
and walers, and have a nut on each side. The floats consist of two polystyrene blocks encased in stainlesssteel
reinforced concrete. The walers must be capable of transferring all required structural loads while maintaining
overall walkway stability such that the public can transit freely and confidently. With most walers being on the outer
edges of the walkway, the beams must also be capable of resisting impact loads from passing river traffic.
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Figure 39.4: Walers Installed on Floating Walkway

Design solution
While the pontoon–waler concept is used in most floating marinas, no available waler solution was capable of
providing a service life of more than 10 to 15 years. Not only were traditional hardwood timber and steel–timber
solutions projected to deteriorate in the aggressive environment within 15 years, but the high dynamic loads due to
river traffic and tidal movements were expected to result in serious fatigue problems for steel walers. Use of these
traditional solutions would have required major maintenance of the walkway every 10 years and, with some sections
of the walkway requiring assembly in a dry dock, such a path would have created an unacceptable burden of access
disruption and maintenance costs on the people of the city.
Facing a problem to which there was no known solution, BCC looked to the use of fibre composites to create
a new type of waler beam which successfully addressed required performance and durability demands. An R&D
team including BCC, International Marine Consultants (IMC), FCDD and Longhouse Green was put together to
tackle this challenging problem. The team developed a number of new composite technologies to produce an
innovative, environmentally sustainable solution capable of meeting the demanding requirements of the project
(Figure 39.5). Although being twice the cost of timber and steel, the significantly reduced wholeoflife costs of the
new waler concept made this technology an attractive economical option. The team based its pioneering approach
around an innovative casting technique that combined a new polymer concrete formulation with a novel 3D glass
fibre reinforcement system.
Figure 39.5: The Fibre Composite Waler

The waler concept was extensively tested before being applied in the floating RiverWalk. A range of static,
dynamic, impact and fire tests were conducted to assess the performance of the walers (Figure 39.6). Test results
demonstrated that the proposed waler design met all the project specifications. The walers have been installed now
for more than a year and are performing well.
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Figure 39.6: Laboratory Testing of the Fibre Composite Waler

As with most innovative construction ventures, various problems arose during the floating walkway project which
could not be envisaged at the outset. Following the success of the waler development program, the research team
was invited to develop solutions to overcome a number of these problems. One area of the floating walkway that
presented a serious structural challenge was the downstream end. This section of the walkway supports a 20m span,
5mwide pedestrian bridge, which provides access from the waterfront onto the floating walkway. In order to
distribute the highly concentrated loads from the bridge over a number of pontoons, an 18mlong structural member
was required. A large part of this member is submersed in saltwater. The extremely high dynamic loads and harsh
environment made traditional design solutions (steel and/or concrete) a prohibitive option. A special fibre composite
truss was developed for this application (Figure 39.7). Because of its low weight (5000 kg), the truss offered
significant benefits in terms of construction and installation time. Estimates on an alternative stainless steel solution
were nearly three times the price of the composite truss. The truss has been designed to carry an ultimate bending
moment of 700kN.m, is 2.5m deep and has a 1.4mdeep cutout to accommodate the pedestrian bridge. It provides
an extremely durable and high capacity solution to a difficult engineering problem.
Figure 39.7: Fibre Composite Truss Developed for the RiverWalk Project

Lessons learnt
There is an increasing recognition in Australia that the wholeoflife cost of infrastructure needs to be considered in
the evaluation, not just the upfront costs. On this basis BCC recognised that the composite walers offered a solution
which was both technically and economically superior to traditional methods.
It is important that organisations like BCC continue to undertake this type of innovative infrastructure project,
despite the political and technical challenges. Researchers need projects like the floating river walkway to continue
to push forward the boundaries of structural technology.

ALTERNATIVE HARDWOOD BRIDGE GIRDERS
Background
Australian hardwoods are an excellent generalpurpose building material. This was recognised by early road
builders in Australia, and hardwood timber bridges proliferated, particularly during the first half of the twentieth
century. Timber used in these structures was typically the best of the oldgrowth forests. Australia currently has a
large number of timber bridge structures in both its road and rail networks, possibly as many as 20,000. A large
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proportion of these are in the high maintenance phase of their useful life. As a result, many bridge asset owners are
confronted with the following realities regarding these structures:
§ there is an increasing shortage of largesection hardwood suitable to repair and rehabilitate these structures
§ there are insufficient funds available to construct replacement structures
§ the assets must remain in a safe usable condition.
This situation has created a need for effective alternatives.

A hybrid compositestimber beam alternative
The hybrid beam concept uses plantation softwood in the form of laminated veneer lumber (LVL) for the bulk of the
beam, with composite reinforcement modules to increase the strength and stiffness to a level equivalent to that of
highquality hardwood (Figure 39.8). The timber provides the shear capacity for the beam, maintains the separation
between the composite reinforcement modules, and provides the functionality and workability associated with
timber.
Figure 39.8: Schematic CrossSection of a “Hybrid” Girder

The concept of a reinforced timber beam, using relatively lowperformance timber as a core, and other higher
performance materials providing additional stiffness and strength, is not new. The main novelty involved in the
approach relates to the combination of materials used to form the reinforcement.
The reinforcement modules use a patented combination of composite materials and have a modulus of
elasticity of 60GPa and a failure load of around 500kN (Heldt et al. 2002; Heldt et al. 2004a; Heldt et al. 2004b).
The modules are bonded to the timber using a highstrength epoxy adhesive. The stress in the adhesive is relatively
low due to the large surface area of the modules. The hybrid nature of this reinforcing system provides a great
degree of flexibility to engineer specific properties into the end product.
Considerable development was necessary to advance this concept towards a preengineered alternative
hardwood girder. Figure 39.9 shows the results of some relatively smallscale testing of the hybrid girders. It shows
the behaviour of a beam of solid F14grade ply, and the behaviour of a hybrid beam of the same dimensions, along
with the typical design values for similar beams made of highquality Australian hardwood. In addition to the
increased stiffness and strength of the beam, the addition of the reinforcing modules resulted in a pseudoductile
failure mode, providing significant warning of failure through cracking of the ply and the associated large
deflections.
Figure 39.9: Moment Deflection Graph of Hybrid Beam Testing
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Applications to date
Prototype girders have already been installed by the RTA, QDMR and the Rail Infrastructure Corporation of NSW
(RIC). Broadly, the hybrid beam is used in two main applications:
1. existing hardwood bridges where this new girder concept is used as a direct substitute for traditional hardwood
girders
2. new lightweight structures such as road and pedestrian bridges, where the properties of each beam are
engineered to meet specific (strength and stiffness) requirements.
Figure 39.10 shows two hybrid girders installed in an existing bridge as a direct replacement for hardwood girders,
while Figure 39.11 shows 18mlong hybrid beams for use in roadoverrail bridges which require shallow abutment
depth to minimise earthworks, and a flat soffit to maintain minimum track clearances.
Figure 39.10: Hybrid Girders Installed in an Existing Bridge

Figure 39.11: Hybrid Girders for 18mspan RoadoverRail Bridge before Shipping to Site and
Installed

Environmental benefits
This hybrid beam development has received significant support from the Australian Rainforest Conservation Society
and the Queensland Department of Environment as it reduces the need for hardwood beams which have traditionally
been obtained through unsustainable logging of mature native forests. The concept is also unique in its wide use of
plantation timber, thereby positioning it as an enabling frontier technology for the timber industry rather than a
competitor. This has had a major positive effect on the industry acceptance of this new development.
In addition to the more sustainable raw materials associated with this new concept (90% plantation timber),
the beam incorporates only onesixth the embodied energy in its manufacture compared to conventional steel and
concrete beams, while providing superior loadcarrying capacity at an equivalent cost (Daniel 2003). The beam also
has a positive environmental impact in terms of greenhouse gas generation, as it stores more CO2 than it releases.

Discussion
This hardwood replacement project has shown that there is much to be gained for all concerned by exploring new
possibilities, and that this requires collaboration between asset owners, product developers, bridge maintenance
staff, manufacturers, and indeed the community. This project clearly demonstrates that alternative solutions can be
found, and that these provide exciting opportunities for new products. It has also highlighted that by establishing
composites as a synergistic agent which can work in conjunction with traditional structural materials, market
acceptance is greatly improved.
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UNDERWATER REPAIR OF SUBMERGED BRIDGE PILES AFFECTED
BY ALKALI AGGREGATE REACTION
Background
In late 2002, The RTA noticed a serious structural problem affecting a number of their bridges. These bridges are
relatively new bridges that have been constructed using concrete piles that now suffer from a serious decay
mechanism known as alkali aggregate reaction (AAR). This mechanism causes expansive forces within the piles
which eventually lead to large cracks at the pile surface. These cracks result in serious corrosion of the
reinforcement, in particular in submersed piles. This mechanism is significantly well understood to be largely
prevented in new structures, but many existing bridge structures require major rehabilitation. In recent times the
QDMR has also become involved in this project as they have a number of bridges with similar problems. In order to
address these problems a team of experts including RTA, QDMR, FCDD and Lightning Composites developed a
fibre composite pile wrap concept that can be applied to submersed piles (Figure 39.12) (Carse 2004; Heldt et al.
2004b).
Figure 39.12: Schematic of Pile Wrap

The team produced a number of prototype pile wraps and a series of underwater trials were conducted to test the
effectiveness of the concept (Figure 39.13). A special pressure test was also carried out to establish that the concept
could sustain the required highpressure loads. These tests have shown that the wrap exceeds the stringent
requirements. Further work is currently being planned to turn this exciting development into a commercial product.
Figure 39.13: Pressure Test and Pile Wrap Installation

CONCLUSIONS
This chapter has reviewed several areas of research and development undertaken by FCDD over the past few years
aimed at providing Australian asset owners and infrastructure authorities with new design solutions which are both
highly functional and economical. Several of these systems are now in the process of commercialisation following
successful demonstration and testing. It is expected that these products and technologies will make significant
inroads into the Australian civil infrastructure market over the next five years.
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FCDD has shown that it is possible to develop fibre composite technologies for the civil infrastructure market which
provide endusers with the performance and cost structure they are seeking. Through close interaction with the end
users through the product development process, it is possible to develop systems which are readily accepted into the
marketplace. Also, by concentrating on areas where composites and traditional materials provide a synergistic
interaction it is possible to overcome some of the cost barriers normally associated with composites technology.
In addition to the support from Queensland government departments, FCDD has greatly benefited from a
$7.5m infrastructure grant made available by the Queensland Government from the Smart State Research Facilities
Fund (SSRFF) support scheme.
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CHAPTER 40

Key Lessons and Conclusions
Keith Hampson
Kerry Brown
Peter Brandon
INTRODUCTION
The many research projects outlined within this book are testimony to the high levels of research activity being
undertaken in the construction sector. The critical challenge is to find clear pathways from the research setting to
construction practice. Implementation of new ideas, policy and programmatic initiatives may fail at many points in
the adoption continuum. The construction sector tends to be well known for its general inability to innovate and
failure to establish the underpinning cultural and structural requisites for fostering innovation. However, careful
attention to setting the requisite contextual, cultural, technological, managerial and practical environment as outlined
in this book, can offer new ways to develop the sector. Clients are critical to this process.

IDEAS INTO PRACTICE: KEY LESSONS
Clients Driving Construction Innovation: Moving ideas into practice has brought together a wide range of research
results that offer the opportunity to develop significant practical applications. The key lessons have been drawn, and
the research reported in this book provides a starting point for future development of the sector.

Clients driving construction innovation
Clients can help introduce innovation at the conceptual or strategic level rather than with detailed technical or
informational requirements. Some examples (Brandon, Chapter 2) of clientdriven measures to promote efficiency
in the construction industry are:
§ rationalisation of the supply chain
§ 3D modelling techniques
§ teambased operations.
The key lessons from clients driving innovation in a sectorwide capacity are summed up by Brandon (Chapter 2):
§ identification of innovation champions to lead the drive for innovation
§ the need for highly competent teams to support the leader
§ a clear vision for the industry from the initiators
§ necessity can be a driver when existing technology or processes are inadequate or outmoded
§ ideas should be brought in from other industry sectors
§ knowledge from single applications can be diffused across many organisations in the sector
§ generic knowledge can be used to guide industry development at a national level to encourage self
improvement.
Kiviniemi (Chapter 3), in examining the role of technology programs to guide industry development in Finland,
reported the key development areas as:
§ high quality of information management between project participants
§ the requirement for information management over the entire lifecycle of the project
§ widespread use of IT management tools
§ reengineering of the building processes
§ use of information networks.
The implementation of these systems and initiatives were necessary to move from a single application of specific
companylevel data to industrywide data capture and shared frameworks and models. Kiviniemi (Chapter 3)
contends that the key success factors that were strengths of the industrywide program were the longterm vision,
focused investment strategy and critical mass achieved; a willingness to collaborate coupled with a small internal
market; high levels of technical and information literacy within the Finnish population; and international
collaboration and communication.
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Meeting clients’ needs
Determining clients’ needs is critical to successful completion of a project through the projectbrief stage. Shen
(Chapter 5) offers a schema for ensuring value for money and ensuring effective management of multiple
stakeholders in this briefing process. Identifying project stakeholders through the “ACID” test of Authority, Consult,
Inform and Do, and then assessing their commitment, power and interests should occur prior to the briefing.
The research by Zuo, Ness and Zillante (Chapter 6) assists in improving relationship contracting through
developing a project culture approach. The features identified as integral to promoting the project culture are:
§ outcomeoriented
§ working towards what is best for the project
§ a noblame, nodispute approach
§ understanding each other’s roles, expectations and values
§ high level of commitment from all parties
§ supportive teamwork
§ common and aligned goals
§ timely decisionmaking
§ ownership of the project
§ “straight talk”
§ early warning of problems
§ willingness to assist
§ alignment of individual objectives with collective objectives
§ focused and effective communication
§ mutual trust and respect
§ not feeling threatened by others
§ flexibility.
The client was identified in this research as the most important role in developing a project management culture as
the client’s capacity and level of resources directly affected the ability to influence expectations, values and
assumptions of other participants.

Procurement and risk management
From Doyle’s research (Chapter 7) a contract for clientdriven projects (CDP) should contain the following elements
in order to balance risk and reward:
§ teaming should only occur between key project participants
§ teams should form and reform according to involvement over time
§ team induction should be focused on established team culture
§ pricing model based on effective pricing policy
§ commercial performance information needs to be available to all key players
§ the team needs a facilitator to undertake disputation negotiation, lead team formation
§ detailed records need to be kept and project should be “open book”
§ probity planning and audits should be designed to build and verify trust
§ totally quality management should be embedded into the project.
Procurement policies of governments are scrutinised by Furneaux et al. (Chapter 8) to determine whether there are
different types of procurement regimes in Australia. Findings acknowledged that these ranged from centralised to
decentralised according to organisational capability, decentralised with either a board or committee review, or
highly decentralised. It was found that capital works procurement policies and processes differ according to the
assumed level of organisational capability of the clients.

Information and communication technologies improving efficiencies
Products such as code checkers, (Ding et al., Chapter 13), parametric building modelling (Crawford et al., Chapter
14) and digital ink sketching within 3D environments (Maher et al., Chapter 15) are outlined and assessed to
determine their applicability and effectiveness in the construction industry. Advanced systems and processes may
improve the productivity, reduce costs and allow complex calculations not possible in previous times, although
technology may still require considerable adaptation to ensure that the application delivers client requirements.

Performancebased building
Performancebased building and design is at early stage of implementation in Australia. Mian and Morey (Chapter
22) attempt to refine project success factors and performance according to a project diagnostics tool that determines
project health. Four stages are identified: initial rapid health assessment, identification of poorly performing areas,
remedy prescription, and continued health monitoring.

351

Occupational health and safety
A critical issue is occupational health and safety (OHS) in the construction industry as it is characterised by unsafe
working conditions, and a high incidence of death and injury. Dingsdag et al. (Chapter 24) determine that a safety
culture is required to be supported by senior management, safety policies and legislation, and adequate resources.
Preconditions for a safety culture rely on appropriate communication channels, leadership and management
commitment. Lingard et al. (Chapter 26) explore the issue of health and safety improvement through intervention at
the design stage of construction. The authors suggest that a decisionsupport tool to integrate OHS considerations
into the design phase would be a useful aid in assisting in risk management. The implications of a code of practice
for OHS are examined by Pillay et al. (Chapter 27). Key issues are identified as warranting attention across all
construction project stages including safety role and responsibilities, contractor selection, hazard identification and
control, designing for safety, equipment, training, and safety reviews.
Worker health issues also arise in terms of work–life balance (WLB) in the construction industry. Bradley et
al. (Chapter 25) offer that management attitude (flexibility and recognition that WLB was important) and
management behaviour (matching “talk” with “action” about WLB and living a healthy lifestyle) are key enablers
for a successful WLB strategy.

Facilities management
Facilities management (FM) has emerged to become a major activity within the business support sector. Van Ree
and McLennan (Chapter 29) outline a way to establish service quality within the FM sector derived from a measure
of firm efficiency (through decreasing costs) and effectiveness (through increasing worker productivity).
Chevez et al. (Chapter 30) offer an alternative strategy for determining the FM approach through a fourprong
approach:
1. facility assessment
2. develop an enduser profile
3. matching the enduser profile with alternative working arrangements
4. balancing the organisational ecology.
It is suggested that consideration of each of these aspects will assist in developing novel types architectural
structures that match alternative work organisation ushered in through new technology.

Industry development
The shift from vertically integrated organisations in the construction sector to horizontal links through outsourcing
and supplychain arrangements has engendered greater interest in making those linkages more costeffective and
productive. The research by Ryan et al. (Chapter 31) examines relational and collaborative approaches within an
industry development framework and the role of policy actors in fostering these arrangements.
The adoption of robotics in the Australian construction industry is low. An investigation into the barriers for
automation and robotics found the most significant to be:
§ cost of buying
§ cost of updating and maintaining
§ incompatibility with existing practices and operations.
It was argued (Mahbub and Humphreys, Chapter 35) that the widening of construction companies’ markets,
enabling greater economies of scale through repetitive use of technology and by encouraging more repetitive and
highly structured work processes, would promote adoption of robotic technology.
London and Bavinton (Chapter 37) offer that the adoption of ebusiness is dependent on:
§ rewards and incentives by government
§ management characteristics of firms
§ organisational culture
§ flexible specialisation within SMEs
§ production factors assisting ebusiness adoption
§ reduction in transaction costs.

Sustainable construction for the future
Martin Fisher (Chapter 38) argues that the following concepts will form the cornerstones of future building
construction:
§ integrated concurrent engineering
§ virtual design and construction
§ productorganisationprocess modelling
§ a productionbased approach
§ a designfabricateassemble paradigm.
These elements are contended to offer the prospect of costeffective, timeefficient and more sustainable ways of
building.
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van Erp et al. (Chapter 39) suggest that fibre composite building materials are at the forefront of moves to invent
new building materials that can replace deteriorating and costly civil infrastructure. Trials undertaken in areas of
bridges, pipes and overwater walkways have demonstrated significant cost and lengthofproject reductions.

CONCLUSION
Formulating research programs, gathering and analysing the data for evidencebased research is a first step in
shifting from an idea to a practical outcome. Moving ideas into practice is not a simple process, however, and the
dissemination of results from the findings of research is a second critical step in progressing this agenda. Translating
research results into identifiable practicebased outcomes is a final stage in achieving industry adoption and takeup
of the results of industry research.
The key themes outlined in this book have foreshadowed new areas of research and opportunities for
constructionrelated practice to lead the construction sector into greater productivity and performance. Research
within the construction industry outlined and examined in this book has opened the possibility for capitalising on the
existing opportunities and identified critical points for further development of the sector.
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