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Public sector organizations responsible for infrastructure development in most developing
countries are project oriented organizations (POQO). There are strong indications to suggest
that a number of public project failures in Botswana are symptoms of PM immaturity of
public sector infrastructure organizations. This paper reports on a case study that was carried
out in one of the large public sector infrastructure department in Botswana —referred to as
BUS in order to maintain its anonymity. A questionnaire was administered through a cross
section of 20 randomly selected employees involved in project management at various
capacities and also administered to another randomly selected sample of private project
management practitioners who normally conduct business with BUS who formed some form
of check on the level of project management maturity. Follow-up interviews on some of the
aspects that were answered in the questionnaire were also done. The findings strongly suggest
that an average maturity of 2.3 (on a scale of 5, where level 1 is the lowest level of maturity)
being across all PM knowledge areas. Generally the results reveal serious inadequacies in
project risk management maturity. Recommendations are made that project management
capacity building through training should be strengthened and the process need to start from
identification of PM training needs in the organization.

KEYWORDS: Project management maturity, public sector, infrastructure
organizations, Botswana.

INTRODUCTION

Project management as a formal managerial discipline is said to have evolved in the middle
of the 20th century, when the first Program Evaluation and Review Technique (PERT)
marked the beginning of a new discipline. Hamilton (2004), states that modern project
management has really come to the ascendancy and has been developing over the past 40-50
years. Initially project management developed in a limited number of engineering based
industries during the 1950s, 1960s and 1970s (Morris, 1994). With time, tools, techniques,
and methods became standard across industries and businesses as more and more
organisations began witnessing the benefits of organising work around projects. Garies
(1990) indicates projects are becoming a way in which organisations (especially project
oriented organisations) fulfil their business plans. In recent years, therefore, there has been a
focus at not only looking at project management from the perspective of studying projects but
also from the perspective of looking at the way organisations are using projects to achieve
their goals (Andersen & Jessen, 2003). Management by projects is definitely here to stay but
mechanisms to monitor the capability of public organisation in managing projects are yet to
be established. It is recognised that projects and their management involve a complex
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environment brought about by the nature of the projects themselves and the environment in
which these projects are executed.

Rwelamila (2007), notes that management by projects is an organisational strategy of
organisations dealing with an increasingly complex environment. He further states that this
environment is affected by a number of forces originating from the project itself, the
organisation sponsoring the project, and the organisations involved in project
implementation, the sector or industry relevant to the service or product resulting from the
project, forces from the country/economy and forces coming from the world environment on
economics, politics and other social pressures. Garies & Huemann (2000) state that to sail
through the forces indicated, an organisation must pursue the following objectives: 1)
Organisational differentiation and decentralisation of management responsibility; 2) Quality
planning, control and assurance by project team work and holistic project definitions; 3) Goal
orientation and personnel development; 4) Organisation of organisational learning by
projects.

So, while projects are now recognised as a means to achieve competitive advantage, project
management competences are not being monitored in public organisations. Successful
delivery of projects is dependent on organisational capability in project management. In the
budget speech of 2007 the Government of Botswana recognised the poor delivery of projects
across the public sector and proposed strengthening this aspect of the public sector. However,
you can only strengthen that which you know its strength. There has been no research
conducted in Botswana to show the level of public organisation competency in project
management.

This paper aims to fill this gap by presenting results from a study conducted on one public
sector infrastructure department. The survey conducted between February and March 2007
focussed on project management maturity with respect to nine knowledge areas espoused by
the Project Management Institute (PMI).

PROJECT MANAGEMENT MATURITY-THEORY AND PRACTICE

According to Kerzner(2003), maturity in project management is the implementation of a
standard methodology and accompanying processes such that there existed a high likelihood
of repeated success. Andersen & Jessen (2003) refer to maturity as “a state where an
organisation is in perfect condition to achieve its objectives. Project maturity would then
mean that the organisation is perfectly conditioned to deal with its projects.”

Through the widely adopted capability maturity model developed by Software Engineering
Institute (SEI) of Carnegie-Mellon in 1986 and 1993 for software organisations (Skulmoski,
2001), the concept of process maturity migrated to a measure of organisational process
maturity. Integral to the model is the concept that organisations advance through a series of
five stages of maturity: initial level- No formal methodology, no project portfolio
management, the score is from 0 to 1; repeatable level- Systemic Planning and control with a
standard methodology, the score is from 1.1 to 2.0; defined level- Merging of product and
PM processes, the score is between 2.1 and 3.0; managed level - Integrated PM and business
systems with a score between 3.1 and 4.0; optimising level- Continuous PM process
improvement with a score between 4.1 and 5.0.



CIB W065/055 Commissions: Transformation through Construction 3

Maturity Models

One can identify the following prominent models, Project Management Process Maturity
(PM?) model also known as Ibbs model which emphasise the aspect of financial return on
investment, the Kerzner model (Kerzner, 2005), Organisational Project Management
Maturity Model (OPM3) by PMI, and the Garies model (Garies,2003) which views maturity
in the form of a spiral rather than a stepwise process.

According to Powell (2003) all the models inherently have some of the following
characteristics: An assessment of project management practices, processes and people
competencies; A benchmark with other organisations within the sector and with industry in
general; A review of the average performance of projects in terms of cost, time, quality,
scope (or other measures such as user satisfaction, Safety Health Environment etc.) against

others in the sector or general industry.
Maturity Studies elsewhere

Various studies have been done on project maturity assessment in organisations e.g. Ibbs &
Kwak, 2000. In their studies of different types of industry i.e. Information Systems,
Information Management and movement, High tech manufacturing in the United States of
America, they found that High tech manufacturing had the highest knowledge maturity of 3.4
while the level of maturity for Engineering Construction companies was 3.3. The lowest was
Information Systems with 3.0. In this study Ibbs & Kwak compared maturity level with
project performance and showed that it was possible to correlate project maturity with project
performance.

A major study of project management maturity at a global level was conducted by
PriceWaterHouseCoopers in 2004 in which two hundred responses were gathered from a
balanced group of companies from thirty different countries across the globe. Some of the
relevant key findings for the study were as follows: That there was a positive correlation
between project maturity and project performance. A higher project management level would
most likely deliver superior performance in terms of overall project delivery and business
benefits; that the current level of maturity is 2.5 indicating that the current state of project
management in organisations is at the level of informal processes; that many of the project
failures are due to an imbalanced organisation; Organisational structure has a big influence in
overall project performance. Organisation structure influences the performance and outcome
of projects.

RESEARCH DESIGN, METHOD AND RESULTS
Design and Methods

In this study the researchers adopted a version of the Organisation Project Management
Model (OPM3) of the PMI to investigate BUS- a public sector infrastructure department.
BUS is involved in the design and construction of public civil engineering infrastructure. The
study was done through administering a questionnaire to staff involved in projects in the
organisation. The data collection tool i.e. the questionnaire, used an affective test using the
LIKERT scale and consisted of 90 questions with 10 questions in each of the nine project
management body of knowledge (PMBoK) areas. The questionnaire was adapted from



CIB W065/055 Commissions: Transformation through Construction 4

Bolles(2002) in which project management maturity knowledge levels are measured through
affective tests. The study is informed by other studies of project management maturity which
tend to measure organisations through the use of such tests. For example Kwaks &
Ibbs(2000) and Andersen and Jessen(2003) have used similar test to determine project
management maturity in organisations.

The organisation’s members of staff targeted were involved at various levels of project
management from initiation to project monitoring and evaluation. A total number of 20
participants were targeted in the organisation and 11 (55%) responded. The respondent
consisted of eight Engineers and three Technicians. Although the ideal would have been to
have respondents from across all levels of the organisation, it was not possible to get
responses from other staff not involved in the conceptualisation, supervision and monitoring
of projects in BUS. The questionnaire survey was followed by interviews on some of the
aspects that were answered in the questionnaire with the view of addressing any gaps
between responses and fundamentals. As a check the questionnaire was administered to
project staff in different organisations who interact with the BUS.

Research results

The findings of the study were focused on determining maturity levels of the organisation
being investigated in the following knowledge areas:

Project integration, Scope Management, Time Management, Cost Management, Quality
Management, Human Resources Management, Communication Management, Risk
Management and Procurement

On the basis of maturity of each knowledge area the final maturity level was then determined
as an average of the 9 areas. A scale of knowledge levels was used from 1 to 5- 5 being the
highest level.

Project Integration

Project integration involves coordinating project activities and integrates all efforts into a
project plan. The study sought to find the level of project integration in BUS. The
respondents were asked 10 questions in this category and were to fill in a questionnaire and
on a scale of 1 to 5 where 1(never) and 5 (always). A higher score reflected a higher maturity.
The overall maturity for project integration was 1.52 indicating that on an overall basis the
organisation did not have a proper project integration management process in place.

Scope Management

Under scope management the research sought to find out how scope was managed and
whether respondents rated the way in which scope was managed in their organisation highly.
This was again done through a set of 10 questions. The overall score for scope management
was 2.08. This was better than the project integration management. However compared to
time and cost management scope management was scored lowly as shown in Figure 1.

Time Management

Questions on Time Management centred on issues around the use of Work Breakdown
Structures and the use of scheduling. The overall score in this category was 2.39 which
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indicated a reasonably high mature project management style in as far as time management
was concerned. However, when asked whether this meant that projects came in on time
because of the maturity level in time management it became apparent that almost 100% of the
jobs never finished on time. This was attributed to issues of inclement weather, and initial
wrong estimations. Respondents indicated therefore that in almost all cases contractors were
given extensions of time. The respondents when interviewed explained that they use the tools
for scheduling as well as they could and failure by contractors to complete projects in time
although scoping had been done properly.

Cost Management

Cost Management maturity seems to have been the highest in the organisation with a maturity
score of 3.23. This signifies the fact that the organisation focuses on cost management to
ensure that projects do not go beyond the estimated cost. However, empirical evidence shows
that most projects have serious cost overruns. The high maturity in cost management is
consistent with findings in a study by Ibbs & Kwak (2000) in which they found that cost
management maturity in the construction industry in America. Typically, the same can be
said about cost in public sector infrastructure departments and therefore stringent measures
are put in place to ensure that cost controls are in place. However, the study also reveals that
most of respondents felt that very few project team members had any training in cost
management i.e. on financial standards and procedures.
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Figure 1: Comparing scope, time and cost management scores

Quality Management

Quality management involves both quality control and quality assurance procedures in an
organisation. The overall score for quality management was 2.25. Quality Assurance is a
means by which an institution satisfies itself that standards and quality of its service provision
can be maintained and enhanced while Quality Control involves the operational techniques
and activities that are used to fulfil requirements of quality. Although respondents scored
highly on Quality Assurance Plans (QAPs) being available for each project further interviews
seemed to have contradicted this because the respondents indicated that they relied mostly on
documented processes and had no QAPs because these were considered expensive. BUS had
not attempted to start the process of accreditation to ISO9002.

Human Resource Management

The average maturity with respect to Human Resources Management is 3.06. Despite this
good value there is glaring lack of staff to manage most of their projects. In one respect the
respondents state that there were indeed organisational plans in respect of the projects BUS
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undertook although they were guided mostly by the consultant who also normally worked as
project managers. BUS would appoint a staff member to a project while the bulk of the
project activities were done by the consultant.

Communication Management

Findings on communication management involved determining among others, whether there
was a communication plan, project information was updated and was readily accessible and
whether any variance in schedule, budget was communicated on a regular basis. Respondents
scored communication management highly with an overall score of 3.64 which was the
highest rating of maturity for the organisation.

Risk Management

Risk management assessment sought to find out if there were any risk mitigation plans and
whether there were reviews on regular basis on risks in a project life cycle. The overall
maturity with respect to risk management was 1.76 which was the lowest in all the
knowledge areas.

Procurement Management

Assessment of procurement management involved determining whether BUS had standard
contracts and whether the organisation had a procurement plan for each project start. It also
sought to understand whether contract administration formed an integral part of the project
management organisation. The organisation uses traditional procurement methods as all
public organisations in Botswana. The overall maturity for this knowledge area was 2.58.

SYNTHESIS AND ANALYSIS OF RESULTS
Overall Maturity of the organisation

An analysis of the overall maturity of BUS was done based on the components of the
knowledge areas hitherto highlighted. A summary of the scores were entered in Table 1 and
calculation of the overall maturity of the organisation was then done. The overall maturity of
organisation A was found to be 2.5. This represents a maturity of level of 3.

Table 1: Summary table of maturity in knowledge area

Maturity Level L1 L2 L3 L4 LS

Knowledge Area 0-1.0 1.1-2.0 2.1-3.0 3.140 4.1-5.0

1.0 Integration 1.52

2.0 Scope 2.08

3.0 Time 2.39

4.0 Cost 3.23
5.0 Quality 2.25

6.0 Human Resource 3.06

7.0 Communication 3.64

8.0 Risk 1.76
9.0 Procurement 2.58
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Comparison across industry

A comparison with other responses taken during the testing of the questionnaire revealed a
small difference and can be seen in Figure 2. It is seen in the figure that there is a similar
pattern in which cost and communication management are rated highly while risk and quality
management are rated lowly. The overall maturity for the combined responses, which
provided a check, was 2.3. This signifies a level 3 maturity according to the standard set. This
falls in this same category as the one found from the respondents from BUS.
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Figure 2: Comparison of Rating of Maturity between BUS respondents (Org A) and Clients

The revelation of maturity in organisation A of 2.5 suggests that the organisation is at level 3
in the maturity scale. Level 3 is a managed level. However, it is important to observe that
some knowledge areas scored highly because respondents did not think that they had any
problems with them in the organisations. For example communication management was
perceived to be matured in this functional organisation because as a public organisation any
project information must be readily available for scrutiny by the political system as and when
it is needed. However, there was no evidence of communication plans specifically set up for
projects.

Knowledge areas versus Project life cycle

An analysis was done based on process groups versus knowledge areas to understand the
strength of BUS with respect to the whole project life cycle. Figure 4 shows that most of the
maturity of the organisation is derived from the planning process where human resources,
cost and time management maturities contribute a significant amount towards the maturity of
the organisation. The average maturity with respect to planning is 1.34. Under the execution
process communication management has a high maturity according to the respondents
although the average maturity was found to be 0.70. A similar average of 0.70 was found for
the monitoring and control process with the highest maturity coming as a result of the cost
control process. Initiation and closing did not seem to pre-occupy the minds of the
respondents and scored an average of 0.30 and 0.18 respectively.
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Figure 4: Maturity within the project life cycle

CONCLUSIONS AND RECOMMENDATIONS

The project management maturity level in the public sector organisation was found to be 2.5
which seem to indicate that there are a good number of project management practices in the
organisation. Comparison with other responses from the same sector revealed a score of 2.3.
It would therefore appear that maturity in the civil engineering sector of the construction
industry in Botswana 1is at level 3. While a level 3 maturity would be considered very good
this study puts a caveat that a broader sample will have to be undertaken in the organisation
to validate the findings obtained from those who are directly involved in projects in BUS.

It can be said that the organisational dilemma faced by most of project managers in public
sector organisations in Botswana are similar in that most of them work within the framework
of a functional government structure with its reporting and control systems. Project managers
are not given enough latitude to make decisions on projects because of the nature of the
organisation. Some government departments have created Project Implementation Units
(PIUs) with a view to enhance project management practices in the departments and
assigning teams to be responsible for different projects. This is seen to be a step in the right
direction but more still needs to be done with respect to ensuring that project management
practices become embedded in these PIUs. The transformation of these PIUs into Project
Management Offices will be a starting point in ensuring that Project Management
Methodology Guidelines (PMMG) begin to be introduced in the public sector organisations.
In the public sector Civil Engineering infrastructure industry the general observation is that
there is an over- reliance of consultants in managing projects and most public sector
organisations tend to merely get reports and “oversee” the process of construction.

Recommendations
Improving project maturity level

Having established that the organisation is at level 3, it is recommended that if it needs to
advance to the next level the organisation will need to establish a project office or a centre of
excellence. It must also begin to think at how best it can begin the process of benchmarking
itself with similar organisations. Benchmarking will involve both quantitative and qualitative
benchmarking.
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Improving project integration

It is recommended that the organisation endeavour to establish Project Management
Information Systems for its projects either through an established project office or on
individual projects. The recommendation is to establish a configuration management process
for managing projects in the organisation.

Project Scope Management

The organisation’s management of scope revealed the need for improvement in developing
Work Breakdown Structure Dictionaries. It is recommended therefore that change control
documentation be implemented and that work breakdown structure dictionaries be created for
all the projects through a central project office which will act as the knowledge base for the
organisation.

Project Time Management

The study recommends that the organisation should consider improving identifying schedule
constraints on each project evaluation. Further, it is recommended that the organisation
should consider adopting methodologies such as critical-chain methodology when devising
project time management strategies.

Project Cost Management

The recommendation therefore is that project staff should be introduced to financial standards
and procedures in the organisation irrespective of whether they are accountants or not.

Project Quality Management

It is recommended that change control processes for each project must be established and
followed to minimize the erosion of quality of projects. This would protect the contractor as
well as the client when this is strictly observed. It is further recommends that quality control
procedures be put in place.

Project Human Resources Management

The major deficiency cited by the respondents was the lack of documentation of training and
developmental needs of team members of a project. It is therefore recommended that each
project team members’ training needs should be documented and training developed to match
the training needs. Team members should also be encouraged to take up professional project
management qualifications in order to help develop an effective project team that can deliver
consistently. Most members of staff are “seconded” to a project because they have been
involved in similar projects and are perhaps qualified in a technical area. Following the
observation by Toney (2002) that the project manager has about 34 to 47% direct influence of
project success BUS should try and maximise the probability of consistently attaining project
goals by recruiting, developing, nurturing and retaining well qualified project managers.

Project Communication Management

No specific recommendation can be cited with respect to communication management
although it was not clear whether indeed there were communication plans drawn up
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specifically for each project. The organisation is however advised to document project
successes in order for these to be used in close down announcements of projects.

Project Risk Management

It is recommended that the organisation should prepare risk management plans for each
project and carryout risk identification and analysis together with a risk response plan for
each project. Further it is recommended that the organisation should carry out risk monitoring
and control based on the plans that are established at the beginning of the project. It is little
wonder that most of the projects that fall under the ambit of BUS are not completed on time
and are above budget. While the blame can be placed on the contractors for their failures it is
apparent that BUS should implement realistic risk assessment strategies before awarding
work to contractors.

Project Procurement Management

It is recommended that the organisation should formalise an evaluation process for reviewing
and accepting proposals. This involves setting up proper evaluation criteria for the
assessment of the project proposals from consultants in a manner that will reflect true costs
and schedules. While it is accepted that the organisation is guided by the Public Procurement
and Asset Disposable Board Act in terms of procurement, it appears that there is a general
tendency for the least cost method of evaluation of tenders which at times do not achieve the
necessary savings for the organisation.

Introduction of project management methodology guidelines

The observation in this study is that the organisation which was studied has no formal project
management methodology in place. It relies a great deal on the experience of “project
managers” assigned to specific projects and also on consultants who did the initial designs. It
is however being proposed that for any organisation to move towards more proficiency and
increased efficiency there is need to be consistent in applying procedures or standards.
Consistency in applying standards can be achieved if an organisation establishes a project
office which will set up guidelines for which each project team will follow. The first step in
establishing project management methodology guidelines, therefore, is to establish dedicated
project management offices. These offices will be responsible for the evaluation of project
management in the organisation from a strategic point of view.

As Bolles (2002) has suggested education and training should firmly anchor the introduction
of project management methodology guides.
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In today’s competitive marketplace, talent management is a critical element in organizational
success. Companies within the construction industry are now recognizing the value in
attracting and retaining the best and the brightest employees, in order to achieve higher than
average market share and elevated profits. In the Era of the Knowledge Worker, “talent” —
narrowly defined as a core group of leaders, technical experts and other key contributors — are
quickly becoming a company’s most important asset. As the construction industry continues
to grow, this search for top-tier talent has intensified into a full-scale “talent war” with
important financial implications. This paper focuses on strategic systems and processes to
attract and retain talent in an increasingly competitive market. This paper presents a
framework with practical, useful strategies specifically for small construction firms looking
to improve and manage their pool of knowledge workers.

KEYWORDS: talent management, employee engagement, framework.

INTRODUCTION

In the competitive marketplace that exists today, talent management is a primary driver for
organizational success. Our society has moved from the Industrial Age to the Age of
Intellectual Capital (Dychtwald, Erickson, & Morison, 2006). Many experts refer to this as
the Era of the Knowledge Worker. Companies are now competing on the basis of the skills
and talents of their employees and are discovering that, by attracting and retaining the best
and the brightest employees, the company can achieve higher than average market share and
elevated profits (Smith, 2007). These “knowledge assets” are not the same as those that were
sought after in the Industrial Age, such as plants, equipment, and inventory. The intellectual
capital consists of the knowledge and experience of every employee in the organization
(Sommer, 2000). The word “talent” is now being more narrowly defined as a core group of
leaders, technical experts and key contributors who can drive their businesses forward
(Society for Human Resource Management, 2007). A management consulting firm for the
construction industry, FMI, claims that “organizations that strategically address the need to
develop talent through recruiting and hiring, training, development, performance
management, career pathing and evaluation will maintain a competitive advantage and win
the talent wars” (FMI, 2007).

Economic and demographic changes in today’s workforce have turned the competition for
talented employees into a strategic imperative. Companies are vying for top employees for
many reasons. The primary reasons are demographic shifts, increased turnover, economic
growth and globalization. The U.S. Department of Labor (DOL) has identified construction
as one of the top industries in terms of projected job growth. In 2004, the Bureau of Labor
Statistics (BLS) reported that the industry provided nearly seven million jobs, or more than
30% of the “goods-producing sector”, which also included manufacturing natural resources
and mining. Over the next decade, the BLS is forecasting the industry — the only non-
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services industry with a projected increase in jobs — to grow at an average of 11.4% creating
close to a million new jobs” (Ireland, 2008).

This paper proposes a talent management framework for industry practitioners to use as they
address the complex issues that exists within the construction industry. In this conceptual
framework, there are five key elements: attracting, selecting, engaging, developing and
retaining employees. At the core of the framework is a company’s core values and
competencies. These elements are connected through a continual process which includes the
strategy, execution and evaluation. The framework is intended to be used specifically for
small construction firms as part of an ongoing strategy of talent management.

Employment Trends

A recent survey reported that roughly two-thirds of U.S. employers do not have a process for
planning for their talent needs (Johnson & Brown, 2004). For such organizations, every new
need for talent presents a serious disruption. Every employee who quits represents a calamity,
and every new demand for skills represents a crisis (Cappelli, 2008). A company that does no
planning, and thus does not manage its talent, basically waits for a need to develop or current
employees to leave and then hunts for a new solution. Another reason for concern lies with
the impending retirement of the baby boom generation which will add to the dearth of highly
skilled employees (Dychtwald, Erickson, and Morison, 2006). It is important to note that as
baby boomers leave the workplace, they are also taking the depth of their experiences with
them, so there is not only a decline in the number of workers, but there is also a shortage of
skilled workers.

However, it is not as simple as replacing a vacant position with a person who fits the job
description — it is much more complex due to the most significant group of new employees
representing the generation of younger workers (those born between 1980-2000) known as
Generation Y. This group enters the workplace with a new set of expectations. This
generation has been raised to be independent thinkers by their Baby Boomer parents and have
received enormous amounts of praise and recognition. They have also watched their parents
work long hours only to end up suffering from burn-out and fatigue (Lancaster & Stillman,
2002). Generation Y craves a more-balanced life with flexible work hours and feedback on
demand, rather than the annual performance review that their parents once talked about.

Another trend that is impacting the workplace is a shorter tenure among workers. The
average length of employment in all age groups has been declining gradually for the past
several decades. For workers under age 35, the average is less than three years. Eighty
percent of the younger cohort has tenure of five years or less, and fully one-third are in their
first year with the employer (Dychtwald, Erickson & Morison, 2006). Each time an employee
leaves the company, profits go with them. The time, energy and money are lost; in addition,
time, energy and money are spent to bring another person on board and get them adequately
trained. These employees enter the process at the bottom of the quality and productivity
curves (Galbreath, 2000).

To summarize these shifts, the construction industry will have too few workers entering the
workforce to replace the labor, skills and talent of boomer retirees. This talent shortage will
impact a company in many ways; for example, it will take a longer time to fill positions,
increased costs to fill positions, increased expectations in regard to salary, benefits (including
work/life balance) and increased turnover.
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Values and Competencies

There is a body of research that clearly demonstrates the extraordinary impact of a shared
vision or core ideology on long-term financial performance (Blanchard, 2007). In this
framework, the nucleus from which to begin a talent management process can be developed.
High performing organizations are known for having a strong and distinct culture and,
therefore, can often reflect the organization’s DNA. Culture consists of the values, attitudes,
behaviors and practices of the organizational members (Blanchard, 2007). These members
come to associate their company’s style and personality around central themes or core beliefs
commonly called values. The behaviors associated with a particular performance can be
defined as a competency. A competency then can be thought of as an underlying
characteristic of an individual that is causally related to effective or superior performance in a
job (Boyatzis, 1982). Competencies can also be built from content knowledge and cognitive
or behavioral skills (Hunt & Weintraub, 2002). In this framework, a competency model
provides focus and, together with shared values, should lie at the core of an organization.
From this model, all actions regarding talent management can be derived. In this framework,
there are five key elements: attracting, selecting, engaging, developing, and retaining
employees. The model is shown in Figure 1.

Atrachi

Figure 1: Values and Competencies Model

Attracting

The responsibility to recruit top-tier talent is often left up to the recruiter’s ability to source
and screen for the bright talent. This task not only takes time, but also requires money,
especially if an executive search firm is used. A company needs to be creative when
developing a recruitment strategy and should avoid the more traditional methods of recruiting
when attracting Generation Y. Recommended strategies for this generation include
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interactive networking sites, Open Houses (for prospects and their parents), referral
programs, internships, and job boards, such as Career Builder.

Selecting

As small construction firms find themselves struggling to identify a “niche” that can set their
firm apart from larger more established companies, the area of selection can become equally
as challenging. Traditional hiring practices include examining resumes, checking references
and conducting interviews. The subjective nature of evaluating resumes and answers to
interview questions makes these practices less reliable and the legal ramifications for
employers providing references have made these methods less useful. Including an objective
measure of performance, such as psychological assessment, in combination with other
recruitment tools can greatly improve a company’s chances of matching the right person to
the job. Behavioral interviews, personality assessments and job knowledge tests can serve as
valuable selection, promotion and placement tools (FMI, 2007).

Engaging

Attracting and selecting the talent can appear to be the simplest of the phases. Although pay
and benefits may initially attract employees, top-tier organizations have now realized the
importance of employee engagement. Engagement is much different than satisfaction. A
satisfied employee is happy with current pay, benefits and atmosphere. This contentment
may cause hesitation to show any extra initiative or achievement; thus, it creates a worker
who is comfortable with the status quo. Alternatively, engaged employees demonstrate
virtuous qualities like: innovation and creativity; taking personal responsibility to make
things happen; authentic desire to make the company successful as well as the team; and
having an emotional bond to the organization and its mission and vision. Engaged employees
are not difficult to spot in an organization. They are high-impact people—the “go-to” people
in a company. They are willing to go the extra mile to help the customer and usually
understand how this effort makes a difference on the bottom line (Gostick & Elton, 2007).

However, one should not misunderstand or devalue satisfaction. Both satisfied and engaged
employees are valuable to an organization. A survey conducted by The Jackson Organization
of 200,000 employees found that only 40 percent were identified as being both highly
engaged and highly satisfied. It is critical for organizations to address low engagement scores
such as the 46% of employees that are described in this survey. These are workers that
actually interface with the customer. Often times, it is the employees who can increase or
decrease market share through the level of customer care. This sentiment was reinforced by a
2006 survey of 14,000 workers which shows 65 percent of employees are currently looking
for work. This equates to two-thirds of employees who are looking for greener pastures, and
who are thus not satisfied or engaged (Gostick & Elton, 2007).

When HR managers measure their own company’s engagement, they immediately want to
find ways to improve engagement among all ranks. In fact, many find themselves hoping that
engagement will automatically improve, and hope that the disengaged employee will switch
gears and become engaged. This transformation is not likely. In many instances, employee
engagement is a product of strong leadership. The opportunity and challenge for HR,
working with senior management, is to increase the strength of employee engagement. This
engagement can best be accomplished by recognizing that there are four different generations
that are working in companies. These generations include: the traditionalist born between
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1900-1945; (10% of the workforce); boomers born between 1946-1964 (45% of the
workforce); Gen-Xers born between 1965-1980 (30% of the workforce); and Millennials
born between 1981-2000 (15% of workforce).

With each generation comes a separate and distinct protocol for increasing engagement. For
example, the traditionalists are the most satisfied and often the most engaged because they
are not dealing with the challenges of child care, are retired and more apt to be working for
the “fun of it.” Baby boomers are in need of energizing; they are commonly referred to as
“work-a-holics” and are commonly “stressed-out.” This group is also the one that express the
lowest satisfaction with their immediate manager or supervisor.

Young workers are uneasy on the job, not because of inexperience or difficulty adjusting, but
because of their expectations. They seek a different kind of workplace/employment balance.
From day one, this group has watched their parents struggle in corporate America and
decided early on to count on having multiple careers. This age group is searching for a robust
and engaging workplace that encourages collegiality, teamwork and fun. They are looking for
ample opportunities to learn and grow, including assignments that are challenging and
involve flexibility and leeway. They are also looking for immediate feedback from their
supervisor or mentor. They are looking to work for someone who appreciates an individual
employee’s point-of-view and encourages their development. At SEI Investments, 46 percent
of the workforce is under 35-years-old, and 19 percent is under age 27. The company
believes that an open dialogue and free exchange of ideas among junior and senior staff alike
drives creativity and innovation (Dychtwald, Erickson, & Morison, 2006).

Developing

Because of the unique characteristics that exist within each generation, strategies should be
tailored specifically for each in order to engage them. There are, however, common threads
that increase retention. Gostick and Elton (2007) report that employees will stay where there
is: a quality relationship with his or her manager; opportunities for personal growth and
professional development; work-life balance; a feeling of making a difference; meaningful
work; and adequate training.

In a nationwide survey of workers and their preferences, “the opportunity to learn and grow
and try new things” ranked third among 10 basic elements. It ranked higher than more pay,
more vacation, flexible schedule, flexible workplace, work that is personally stimulating, and
even by a slight margin, a workplace that was enjoyable (Dychtwald, Erickson, Morison,
2006). Employees at all job levels value learning; however, people in small companies value
learning more than those in larger ones and those employees who work more than 50 hours
per week show above-average preference for learning. People in professional and business
services, information and technology, and construction show a significantly above-average
preference to learn and grow than workers in other industries. Therefore, these findings
support the value of companies becoming what David Garvin of the Harvard Business School
refers to as a “learning organization” which is “skilled at creating, acquiring, interpreting,
transferring, and retaining knowledge and then modifying its behavior purposefully to reflect
new knowledge and insights” (Dychtwald, Erickson, Morison, 2006, p. 164).

Retaining
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The likely question for most practitioners becomes, “Now that we’ve trained them, how do
we keep them?” Employee retention is closely linked to a company’s performance
management system. It is recommended that a compensation package clearly articulates clear
expectations of performance, skills, experience, and behavior. This system should be
designed to drive top performance at every skill level within the organization. It is
recommended that compensation and benefits support the organization’s overall goals not
just in recruiting and retention, but also in business performance, commonly referred to as the
HR Scorecard, in which people and strategy are linked with performance (Beckler, Huselid,
Ulrich, 2001). Performance management systems should also address how the different
generations in the workplace view feedback and the drivers of employee retention. While
Boomers generally assume they’d spend one to five years in a position before being
promoted, Generation Y want to know where they are going to be next month (Dychtwald,
Erickson, & Morison, 2006). Seventy-one percent of top performers who received regular
feedback were likely to stay on the job versus 43% who didn’t receive it. These statistics
indicate that even among peak performers, feedback plays a vital role in an employee’s
decision to stay in a job (Cappelli, 2008).

Among the most important factors driving employee retention, especially in the United States
and Europe, are opportunities to develop and advance in their careers. According to a recent
study, one of the best predictors of turnover is whether an employee had recently received
training (Cohn, Khurana & Reeves, 2005). Other studies confirm that executives who feel
they have been made to wait longer for promotions are more likely to become disenchanted
and quit. A survey of Generation Y would wait only an average of 10 months for an
opportunity to develop before concluding that advancement was blocked and they should
move on (Fairis, 2004). In this case, it’s more than simply having a deep bench of ready and
available talent should the person decide to move on: it involves having a succession
planning process focused on long-term organizational implications.

Most traditional succession plans simply focus on which individuals should advance to the
next position in a hierarchy of jobs, commonly referred to as a job ladder. Today, succession
planning should focus more specifically on talent assessment and force human resource
professionals to ask, “Who’s ready for the job?” The difference is that the determinations are
made well in advance of the vacancy. Therefore, the purpose of a succession plan becomes
two-fold: to identify which jobs will come vacant at what time, and which individuals will be
in the pipeline with the necessary skills, talent and expertise to fill them. More elaborate
plans attempt to ascertain which individuals at each level are equipped with the right
attributes to become candidates for promotion to senior positions later in their careers. As the
number of skilled workers decrease and the Generation Y seek out positions that promote
more “work/life balance,” the number of executives ready for advancement will decrease.

CONCLUSIONS

Many years ago, management guru, Tom Peters introduced the phrase “moments of truth”
that suggested that any time customers came in touch with a product or service, there was an
opportunity for them to want to use the product or service again, thereby increasing repeat
business. In today’s environment, every time an employee has the opportunity to create a
meaningful relationship with the customer or client, they are forming an important bond.
There is also the chance that if handled poorly, that bond will reflect negatively on the
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company and cause the customer to choose an alternative solution. Companies are now
starting to realize that employees are becoming a “brand” unto itself.

According to recent data on employee engagement by The Gallup Organization, just 29% of
employees are energized and committed at work. Another 54 percent are effectively neutral.
They show up and do what is expected but little more. The remaining employees, almost two
out of 10, are disengaged and are estimated to cost companies $300 billion per year in lost
productivity in the U.S. alone (Wagner & Harter, 2006). These issues when compounded
with the shortage of talent, the generational divide, and ordinary turnover present
surmountable challenges for companies. Employees who are positively engaged have higher
levels of productivity and profitability, better safety and attendance records, and higher levels
of retention. In addition, they are more effective with customers which, in turn, drives higher
customer satisfaction. The most obvious solution is to combat these challenges with
proactive strategies. The strategies recommended in the proposed talent management
framework presented in this paper measures performance on all fronts. Recognizing the
problem, and using a framework to address the issue is often times the easier part: the
toughest part lies in the execution.
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The ‘need’ for an Architectural, Engineering, and Contractor (AEC) industry-specific ‘Knowledge
Management (KM) Framework’ is clearly evident. KM has been growing in importance and popularity
over the last few decades and AEC industry organisations and project teams are constantly being
advised to fully embrace a new ‘knowledge-based philosophy’ to help redefine tomorrow’s
international AEC industry markets — i.e.: one that realises KM is as much a ‘social’ (cultural)
challenge, as it is a ‘scientific’ (technical) one. This paper provides a summary of an extensive
literature investigation into the current state of play of innovative KM applications and initiatives in
both public and private AEC and other leading industry practices. This is the first major deliverable of
an ongoing research investigation into developing an innovative AEC industry-specific, value-adding
and sustainable ‘KM Framework’. Research activities include (a) testing, field trialling and evaluating
international best-practice KM frameworks, models and processes, and (b) examining the cultural
(social) ‘dynamics’ (values, assumptions, beliefs, etc) and surrounding ‘influences’ (drivers, barriers,
etc.) that tend to challenge today’s AEC industry organisations and project teams. Finally, in an
attempt to meet the aims and objectives of this research project, the authors provide a preliminary
response to three KM related research questions.

KEY WORDS: Knowledge Management; Leadership; Value-adding; Framework; AEC Industry

INTRODUCTION

In today’s highly competitive market, research shows that AEC industry organisations and consultants
have been actively practicing Knowledge Management (KM) for some time and have identified and/or
customised various KM solutions to meet their individual project needs and business objectives. Some
have done so successfully others not. Increased amounts of managers and project leaders are starting to
realise the importance of KM, but are still ‘confused’ by the mystifying array of KM solutions made
available to them - referring to KM as being highly ‘controversial’, ‘hard to pin down’ and ‘meaning
different things to different people’. 1t is these managers, project leaders, and industry stakeholders that
seek guidance on various KM issues and search for answers to questions of when, how, where, who,
what, and why they need to become involved with innovative KM initiatives. According to a recent
investigation by (Amin, Bargach et al. 2001), approximately eighty percent of the world’s largest
corporations have either a basic or a highly sophisticated KM initiative underway. KM has superseded
management trends such as ‘total quality management’ and ‘business process management’ as the
dominant research field within the area of management. This is based on the significant decline in the
number of publications that focus on the afore mentioned management trends since 1995, and an
increase in KM publications - rising from three in 1995 to more than three hundred in 2002
(Christensen 2003).
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Based on the outcomes of an extensive literature investigation into the current state of play of

innovative KM applications and initiatives in both public and private AEC (and other leading industry

practices) and is the first major deliverable of an ongoing research investigation into developing an

innovative AEC industry-specific, value-adding and sustainable ‘KM Framework’, this paper provides

the following review:

e Reasons as to why there is an urgent need to better manage AEC industry related knowledge

e A brief history on the study of human knowledge is provided

o KM benefits and twenty first century challenges are discussed

e A working / operational definition for the term ‘KM’ is proposed by the authors — underpinning the
development of the proposed innovative AEC industry-specific, value-adding and sustainable ‘KM

Framework’

e Preliminary responses to the following three KM related research questions are proposed:

i. How do we develop a value-adding and sustainable KM framework that will help prepare
today’s AEC industry organisations to compete in tomorrow’s highly competitive global arena?

ii. What sustainable KM implementation strategy is best suited for temporary and highly
fragmented AEC projects — i.e.: one that can be ‘seamlessly’ integrated into (or enhance) an
AEC organisation’s existing business strategy?

iii. What sustainable leadership and resource management strategy is best suited when
implementing an innovative KM framework — i.e.: one that is based on trust and respect (as
opposed to the old ‘command-and-control’ model)?

o Finally future research activities are suggested and conclusions are made

WHY MANAGE KNOWLEDGE?

“...knowledge is rapidly becoming more important to organisations than financial resources, market
positions, technology and other tangible assets [hence] what is needed is to be able to concentrate
knowledge creation and conversation at a certain space and time in order to render it useful”
(Kululanga and McCaffer 2001) p346 and (RICS and Salford-University 2007) p5

Research concurs that knowledge is the ‘source of the highest quality power’, that it is the key to the
‘power shift’ of the future, and the ‘ultimate’ replacement of other resources (Nonaka and Takeuchi
1995). According to (Keyes 2006), the effective management of valuable knowledge needs to be
undertaken based on the following rationale:

o To provide some degree of protection for current intellectual property or assets — 1.e.: a ‘survival
strategy’ - by concentrating more on turning tacit knowledge into explicit knowledge, also referred
to as ‘knowledge harvesting’

o To provide a source for future or continuing competitive advantage — i.e.: an ‘advancement
strategy’ - by focusing on the creation of new knowledge or on new way of exploiting existing
knowledge via collaboration.

Research further indicates that a change in today’s business logic has caused a ‘shift” from industry
leaders focusing on ‘short-term harvesting of the fruits of success’ (profitability and increased
shareholder value), to ‘nurturing the roots’ (building knowledge assets and stakeholder value) for
‘long-term trust, improved governance and sustainability’ (Robinson, Anumba et al. 2006). Like the
root of a tree (Figure 1), knowledge (an intangible asset) is described as ‘invisible parts’ of an
organisation, which have to be ‘nurtured’ in order to ‘harvest the fruits’ of (a) improved financial asset
value, and (b) better access to financial capital (through debt and equity investors). In this case the
‘assets’ within an organisation or project team are made-up of ‘intellectual capital’ and property (such
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as technology competence, patents, trademarks, and goodwill) - defined as the ‘economic value’
associated with structural, customer and human factors in organisations. Bringing the intangible assets
(knowledge, intellect, experience) to the forefront of an organisation’s business strategy, will have a
significant impact on the future wealth and competitiveness of the organisation as a whole (Robinson,
Anumba et al. 2006)
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Figure 1: ‘Knowledge Tree’

SO WHAT IS KM?

To help put things in perspective, the second question we need to ask ourselves is ‘what is KM?’
“First and foremost [KM] is a way of thinking” (Rollett 2003) and identified as one of the highly
critical areas of contemporary management that addresses issues particular to a business or project —
1.e.: whether it is a business creating and delivering innovative products or services; managing and
enhancing customer/partner/supplier relationships; or implementing, administering and improving
work practices and processes (Cecez-Kecmanovic, et al. in (Hasan and Handzic 2003) and (Tiwana
2000). Unfortunately, the better understanding of KM is further hindered by there not being a single
definition that has (or even can be) universally agreed upon —e.g.: KM...:

“...comprises the identification and analysis of available and required knowledge, and the subsequent
planning and control of actions to develop knowledge assets so as to fulfil individual and/or
organisational objectives” (Sensky 2002)
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“...aims to help organisations learn and adapt to a constantly changing, complex environment by
acquiring, developing and applying the knowledge that is unique to the organisation more effectively
and efficiently” (Bishop and Business-Excellence-Australia 2002) p3

“... is processes and technologies for capturing, sharing and applying collective knowledge to make
optimal decisions in real time” (Amin, Bargach et al. 2001) p51

“...is a multifunctional approach to achieving organisational objectives by making best use of
knowledge...it focuses on processes such as acquiring, creating and sharing knowledge and the
cultural and technical foundations that support them...aiming to align knowledge processes with

organisational objectives”’ (Standards Australia 2001) p7

“...is the management of organisational knowledge for creating business value and generating a
competitive advantage[by| combining people, processes and technology to deliver to business and
client requirements” (SAI-Global 2004, ¢c2003) p2 and (Tiwana 2000) p5

“...is the process of selectively applying knowledge from previous experiences of decision-making to
current and future decision-making initiatives with the express purpose of improving the
organisation’s effectiveness” (Jennex 2005) p. viii

KM HISTORY

The study of human knowledge has been a central subject matter of philosophy and epistemology
since the early Greek period and since seen as the process of searching for an answer to the eternal
question — ‘what is knowledge’ (Nonaka and Takeuchi 1995). Individual knowledge, collective
knowledge and the general pursuit of ‘knowledge’ are not new ‘fads’ of management. Arguably the
overwhelming need to manage the twenty first century’s copious knowledge is evermore present for
organisations to survive in tomorrows competitive arena (Hasan and Handzic 2003). The science of
epistemology has also evolved over the last two millennia, generating categorisations and
generalisations about what defines ‘knowledge’ (Knight and Howes 2003). Epistemology is mainly
concerned with the analysis of what is meant by the term ‘knowledge’ — i.e.: seeking to provide
knowledge about knowledge (Bukh, Christensen et al. 2005). Arguably, the availability of inexpensive
desktop tools and emergence of the Internet allows today’s ‘ordinary’ employees to create and publish
vast amounts of information any time anywhere. Consequently, as large generators and consumers of
information, the AEC industry became more and more aware of ‘information overload’ and that
corporate information assets are no longer under central control — i.e.: it is not always clear how
authoritative or legitimate the information is. In response to these challenges, certain industry leaders
established that a productive solution would be to better ‘access’ and ‘manage’ the great amounts of
knowledge created within the boundaries of their organisations.

KM BENEFITS

The term ‘Knowledge Management’, although poorly defined, is ‘officially’ (and increasingly)
introduced to the various industry sectors of the globe (KMSciences 2006) — driven by the following
potential benefits:
e KM ‘...both makes and saves money’
o Research indicates that the sums of money saved are significant — i.e.: hundreds of millions of
Pounds, Dollars or Euros every year.
o KM ‘...puts technology into perspective’
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o It allows individuals and organisations to develop innovative systems and processes that are
meaningful and relevant.
o KM ‘..is about people’
o Establishing itself as the ‘management discipline of the decade’ — “...drawing attention to
aspects which previously have often been neglected”
o Employees benefit from these innovative business processes - by enjoying work more, they
contribute more, as well as learn and understand more — “... where a knowledge-friendly

culture increasingly determines the success of the company as a whole” (Bahra 2001) and
(Rollett 2003)

TWENTY FIRST CENTURY CHALLENGE

Numerous ‘solutions’ have materialised in attempts to resolve the myriad of knowledge and
information related ‘problems’ AEC industry members have encountered over the last three decades
(KMSciences 2006). The main challenge for organisational leaders and project managers in the twenty
first century business settings is to add value to their focus on the ‘bhottom line’ by becoming more
‘knowledge focused’. Today’s work environment is more complex than ever before, with organisations
and project team members having to ‘think on their feet’ within highly competitive arenas that are
‘unforgiving” due to shortened business cycles and rapid technological change (Dalkir 2005) (Bishop
and Business-Excellence-Australia 2002). While the ‘bottom line’ is justified by the financial
resources and structural assets of an organisation / project team, being ‘knowledge focused’ requires
paying increased attention to the ‘intangible’ intellectual resources that are unique to an organisation /
project team and how these form a competitive edge. The unique knowledge and intellectual resources
of employees and project team members in this case includes their: innovative ideas, experiences,
expertise, values, norms, behaviours, relationships and alliances they develop with clients, customers,
competitors, etc., as well as the products, processes and services that are developed as a result of the
aforementioned attributes (Bishop and Business-Excellence-Australia 2002). (Hasan and Handzic
2003) refers to earlier research by Stewart, where industry organisations are strongly urged to consider
‘intellectual’ forms of capital versus ‘bricks and mortar’ when measuring their ‘worth’. Further
stating that companies that master this ‘knowledge agenda’ are those that will succeed in the twenty
first century, based on three ‘knowledge economy pillars’ (a) knowledge has become what we buy, sell
and do; (b) knowledge assets (intellectual capital) are increasingly more important to companies than
financial and physical assets; and (c) to prosper in today’s new ‘knowledge-based economy’,
businesses need new vocabularies, management and measuring techniques, technologies, and
strategies.

“...KM is not an end in itself and is of limited value if it is not geared towards improved business
performance...construction organisations need to better manage their knowledge assets if they are to
remain competitive in the new Millennium” (Carrillo, Anumba et al. 2000)

WORKING / OPERATIONAL DEFINITION FOR THE TERM ‘KM

Based on the afore mentioned findings of the in-depth literature investigation of this PhD study, the
authors propose the following working / operational definition for the term ‘KM’ — underpinning the
development of the proposed innovative AEC industry-specific, value-adding and sustainable ‘KM
Framework’:

Knowledge Management is a multifunctional approach in achieving business objectives, creating
business value and generating an enhanced competitive advantage, by (a) making best use of
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knowledge and experience (know-how), (b) focusing on innovative processes of acquiring, creating
and sharing knowledge( in real time), whilst (c) considering and aligning unique social (cultural)
and technical dynamics more effectively and efficiently

INITIAL RESEARCH QUESTIONS

Based on the extensive literature investigation into the current state of play of innovative KM
applications and initiatives in both public and private AEC and other leading industry sectors, and as
the first major deliverable of an ongoing research investigation into developing an innovative AEC
industry-specific, value-adding and sustainable ‘KM Framework’, the authors offer a preliminary
response to the following three questions:

i. How do we develop a value-adding and sustainable KM framework that will help prepare today’s
AEC industry organisations to compete in tomorrow’s highly competitive global arena?

Literature investigations describe knowledge as being today’s new competitive resource, which has
‘hit’ the various industry sectors ‘like lightning’, further portraying the ‘contemporary global arena’ as
being more competitive than ever before (Nonaka and Takeuchi 1995) and (Von Krogh, Nonaka et al.
2000). From an international business perspective, organisational knowledge is recognised as a
‘...significant source of competitive advantage [and] the key battleground for competition’ (Davies,
Studer et al. 2005) p175 and (Shukla and Srinivasan 2002.). This competitive form of ‘management
thinking’ or quantitative and/or qualitative measurement of an organisations business processes, has
become a ‘natural component’ for promoting tomorrow’s efficiencies (Kululanga and McCaffer 2001).
It is therefore no surprise that AEC industry organisations “...may need to flip some of that cut-throat
attitude on its head in order to remain competitive over the long haul” (Von Krogh, Nonaka et al.
2000). This change in attitude is essential for industry organisations to achieve and maintain a
competitive advantage, as employees and project team members (knowledge workers) can not be
‘bullied’ into creativity or knowledge sharing (Von Krogh, Nonaka et al. 2000). In order to gain a
competitive advantage within today’s AEC arena, organisational leaders need to integrate the
knowledge and expertise of their employees and project team members with the assistance of
innovative information, communication technology (ICT) solutions (whilst considering the cultural
and sub-cultural dynamics), and then ‘align’ these with the organisation’s overall business strategy,
procedures, and objectives (Walker 2004). Embracing this unique ‘knowledge-based philosophy’
inturn will help AEC industry organisations experience a highly competitive and dynamic business
environment, fuelled by enhanced project performances and value-adding benefits. AEC industry
organisations are therefore expected to not only embrace the innovative and sustainable concept of
developing and implementing a value-adding KM framework, but also to apply its relevant and
interdependent principles as a way of ‘doing business’ and managing of assets (knowledge and
experiences) to facilitate continuous improvement and organisational performance (competitiveness)
(Robinson, Anumba et al. 2006).

“...project-based industries, especially the construction industry, are under growing pressure to
compete in new ways [hence] the development of measuring techniques capable of helping
construction organisations move towards a knowledge culture is vital for today's knowledge economy”
(Egbu 2004) p308 and (Kululanga and McCaffer 2001) p353

From a cultural perspective, there is also a desperate need of a KM framework that incorporates and
promotes the essential and complex undertaking of forging a sustainable change in culture — i.e.:
transforming an existing resistive culture to one that has common beliefs, positive attitudes, and values
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strong enough to encourage everyone within the organisation and project team to willingly participate,
adapt and contribute towards the new way of ‘doing things’. Unfortunately, present realities show a
completely different picture requiring much needed attention:

“...we build cultures on values that are vague and counter-productive, we try to manipulate our
culture in order to achieve better financial results, but we ignore the need for consistent and shared
values...using culture as a weapon to increase productivity has failed, and it has resulted in fear and
resentment towards quick-fix solutions” (Von Krogh, Roos et al. 1998) p13

ii. What sustainable KM implementation strategy is best suited for temporary and highly
fragmented AEC projects — i.e.: one that can be ‘seamlessly’ integrated into (or enhance) an
AEC organisation’s existing business strategy?

The AEC industry is rapidly becoming a ‘multidisciplinary, multinational and multibillion-dollar
economy’, involving large number of participants working together at widely dispersed locations
(Rezgui Y., Cooper G. et al. 1998). Developing and employing an AEC industry-specific process for
implementing a value-adding KM initiative will inevitably enable organisations and project teams to
(a) learn from their ‘corporate memory’, (b) freely share their invaluable knowledge and experiences,
and (c) help source unique and sought-after competencies in order to become forward thinking and
well respected competitors in tomorrows business arena (Robinson, Anumba et al. 2005). Yet, one of
the practical ‘problems’ in developing and implementing a value-adding KM initiative into existing
and well established business and project environments, is the complex nature and diverse (sometimes
conflicting) interpretation of KM itself (Revenaugh D. L. 1994). As a result, one of today’s many
challenges is for the AEC industry and its stakeholders to better understand and manage the immense
wealth of their combined knowledge and experiences and how these can be efficiently communicated
and applied within a unique project-based business environment. Suggestions in developing a
sustainable KM implementation strategy for the dispersed and unique nature of today’s AEC industry
and its participants, include (a) drawing on past implementation experiences (successes and failures)
and ‘know-how’ (historic knowledge), (b) setting out clear goals, aims and objectives, and (c) readily
include all employees and openly promote how this unique approach, expected benefits, and allocation
of resources are to be realised within a specified timeframe. Considerations to take on board during the
implementation process of an AEC industry-specific KM Framework should therefore include the
following:

e Appoint knowledge leader(s) / champion(s) to promote the importance of utilising and managing
existing knowledge resources whilst considering the impact KM may have on existing
organisational structures / working practices

e Prepare a business case that clearly articulates the introduction of the KM initiative -

e Map the organisation’s business or construction processes to help identify areas that could bring
recognisable benefit to the end-users of the proposed KM initiative - start with a small problem
(pilot project) which relies on managing in-house knowledge before moving onto large projects
involving the entire supply chain

e Compile a KM implementation strategy that is proactive and has integrated means and measures to
(a) ensure improved business performance, and (b) help overcome any social (culture) or
environmental challenges towards the implementation of a KM initiative - e.g.: one that
incorporates an incentive / reward program that encourages employees to share knowledge

e Allocate adequate resources (financial, non-financial, expertise, infrastructure, etc.)

e C(learly chart a methodology for managing the lifecycle of knowledge - from knowledge inception
to retirement - whilst dealing with obstacles, such as limited time and validation

e Implement an appropriate training and support programme that continuously educates employees
and project team members on the benefits in using the proposed KM initiative
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e Continuously evaluate the implementation strategy / progress (for possible revision) — by obtaining
feedback from ‘front-line’ staff (end users) (what information they need where / when)
e Learn from others who are at a more advanced stage of implementing similar KM initiatives

“...KM will have to become an integral part of the way individuals work if it is to succeed”
(Carrillo, Anumba et al. 2000)

iii. What sustainable leadership and resource management strategy is best suited when
implementing an innovative KM framework — i.e.: one that is based on trust and respect (as
opposed to the old ‘command-and-control’ model)?

The actual sustainability of a KM initiative is largely reliant on various levels and forms of human
intervention, ones that require extensive skills and effort by those who lead and manage this process,
and who provide and promote a mutual assurance that the implementation of a new way of ‘doing
things’ within an organisation or project team environment will be successful. “Leadership is the art of
getting things done through others”, therefore, leaders can be considered to be successful when they
accomplish certain tasks, goals or objectives. However, a leader’s actions are not limited to simply
providing verbal or written directives. Instead, a leader’s accumulated wealth in experience,
knowledge and skills is used to encourage others to contribute their individual levels of expertise,
knowledge and skills in order to achieve the required results. Echoing the preliminary response given
to question (i1), organisations identified as successfully managing the implementation of a new process
or initiative (e.g. KM initiative) tend to have clearly identified leaders and dedicated champions who
are committed to the following common leadership activities:

e Assess the strengths / weaknesses of existing resources and management approaches / strategies

e Establish separate funds, dedicate staff, and secure essential resources

e Set realistic expectations, priorities and milestones - providing clear direction on expected progress
and follow-ups required

e Undertake periodic reviews of informal proposals / suggestions from all employees

e Promote extensive ‘bhoundary-spanning’ activities — break down ‘invisible’ communication,
hierarchy, and learning barriers traditionally entrenched between management and employees

e Develop a supportive environment that encourages innovative thinking, explores variations, takes
risks, recognises advantages, and builds on potential opportunities

e Encourage everyone to “...savour every victory and learn from every failure”

e Understand that ‘Reward = Success,” where innovative motivational programs, unique incentives,
and effective reward schemes (also identified as ‘critical success factors’) are developed and
employed to encourage the mutual ‘acceptance’ of a newly proposed KM initiative (Robinson,
Anumba et al. 2005) and (White M.A. and Bruton G.D. 2007)

FUTURE RESEARCH: THE NEXT STEP
“...the future belongs to those endowed with knowledge” (Nonaka and Takeuchi 1995) p7

In an attempt to demonstrate leadership in facilitating the use of innovative KM initiatives within the

highly fragmented public and private AEC industry organisations and projects, future research

undertakings in developing a value-adding KM framework include:

o Further identify and examine appropriate / best practice KM initiatives (frameworks, processes,
systems, etc)

o FEstablish case study projects to test, field trial and/or evaluate the use of innovative KM solutions
and demonstrate the benefits and efficiencies (if any) obtained
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o Further examine the AEC industry’s most valuable knowledge resource — i.e.: people and the
complex dynamics of organisational and project team cultures and sub-cultures

CONCLUSION

Due to the project-based nature of the AEC industry delivering large, expensive, custom-built facilities
(Carrillo and Anumba 2002), involving large numbers of geographically dispersed organisations and
individuals, project related activities are inevitably complex. It is therefore no surprise that there are
those that argue whether an innovative KM framework or strategy can be applied to the AEC sector,
especially with its often-quoted ‘stereotypes’ of ‘Machismo’ and ‘technophobia’ (SAl-Global 2004,
c2003). Project team members working on construction sites often have to move around a great deal
and work within a multitude of ever changing team environments. Failure to capture and transfer
knowledge and experiences generated within these dynamic environments lead to wasted activities and
impaired performances (Carrillo, Anumba et al. 2000). The AEC industry (viewed as one of the most
‘labour intensive sectors of the economy’) is placing greater emphasis on their members as being
‘knowledge workers’. There is also sufficient evidence of an emerging level of interest and recognised
value being placed on the ‘people factor’ (culture and sub-cultures). Yet, the associated efforts in
‘aligning’ an organisation’s or project team’s culture with the implementation and application process
of an AEC industry specific ‘KM Framework’ 1is still considered to be ‘under-chartered
territory’(Pathirage, Amaratunga et al. 2007).

Despite the myriad of challenges facing today’s AEC industry, the authors argue developing and
implementing a well-managed, value-adding and sustainable ‘KM Framework’ that fully embraces and
effectively manages this ‘untapped resource’ of relevant knowledge and experiences throughout
project lifecycles, is invaluable to all AEC industry stakeholders - consequently enhancing client
satisfaction, meeting governing expectations, and increasing overall project team efficiencies (triple
bottom line). This paper further emphasises the need for AEC industry stakeholders to support the
proposed development of a value-adding and sustainable KM framework that incorporates (a) a
sustainable implementation strategy and (b) a leadership and resource management strategy to help
better prepare today’s highly fragmented AEC industry organisations to compete in tomorrow’s highly
competitive global arena.

Finally, to meet the aims and objectives of this research project, and in line with the afore mentioned
future research direction, the authors will continue to (a) explore the relevant KM ‘dynamics’
associated to the AEC industry sector, and (b) promote a new ‘knowledge-based philosophy’ as an
integral part of developing an innovative AEC industry-specific, value-adding and sustainable ‘KM
Framework’ that will arguably help (a) redefine tomorrow’s international AEC industry markets, (b)
increase their opportunity to internationalise and (c) inevitably reduce the continuation of international
firms entering local markets.
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As industrialized construction systems, box systems are employed in structures containing a
high degree of service units, such as hotels, public housing blocks, student dorms,
educational buildings, commercial structures, hospitals, and elevator shafts. In terms of
material, box systems are manufactured as reinforced concrete, steel, or wooden units, and in
terms of the construction system as closed or as open units.

The purpose of this study is to examine the applicability of box systems, which meet the
changing requirements of users, can be scaled up or down, exchanged, or can be adapted to
different functions in different places, to housing structures. Box systems have the potential
to prevent the natural resources of our earth from being wasted, and, whilst being
environmentally friendly, provide comfortable conditions to building users. Particularly for
our country, which is located in an active earthquake belt, short construction times are
another big plus of this system.

KEYWORDS: Box Systems, Industrialized Building

INTRODUCTION

Following the destructions of World War II, the rising demand for housing brought the
concept of mass production to the foreground. Consequently, Le Corbusier designed housing
that was standardized both in term of function and aesthetics, and Buckminster Fuller
responded to this new building culture with his “Dymaxion House”. Fuller’s house was a
factory-manufactured product with an orthogonal layout, in which the building shell was
suspended from a central vertical post, and technologies from the aircraft and automobile
industries were utilized. Fuller continued his work with the idea of a mobile house complete
with contents.

The idea of factory-manufactured housing was first promoted by Peter Behrens and Walter
Gropius in Germany, and by Richard Neutra and Buckminster Fuller in the United States in
the late 1920s and the 1930s. Research was started to quickly overcome the housing deficit
that had arisen in the aftermath of WW II. A connection was established between the
functions of cars and those of dwellings labeled mobile homes. With demand booming in the
1950s, many new companies were founded in the U.S. While in 1959 there were 268
manufacturers of prefabricated housing in the U.S., this number has now dropped to 34 for
various reasons.

The first bathroom cell application was the prefabricated steel Dymaxion bathroom,
developed in 1937 by the American engineer Buckminster Fuller. 30 years later, Nicholas
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Grimshaw developed bathroom pods in a circular tower attached to a student hostel in
London. Much later, possibly influenced by Grimshaw’s concept, Sir Norman Foster used
steel toilet cells in the HSBC Building. The use of service modules in this office building
shortened construction time and improved the construction quality of modular building
techniques.

Following these first steps taken by the Americans, European architects put forward a host of
new ideas on housing structures between the 1930s and the 1970s. In particular the work of
Jean Prouvé in this field has helped to promote modular unit design. In 1950, at the request of
the French government, Prouvé carried out a study of 14 variations of two different
construction types suitable for mass production based on a metal skeleton to develop various
housing schemes. Featuring comparatively rich facades for its time, this mass housing catered
to middle- and high-income families. At present Richard Rogers is one of the foremost
architects working on functionally appealing, aesthetic, and easy-to-maintain housing
modules. The focus in mass-produced housing has now begun to shift from functional
flexibility and ease of construction to energy conservation. Rogers’ futuristic “Zip Up”
program represents the concept of sustainable architecture. In this system beams can be
selected from within numerous elements to enable personalized homebuilding. Rogers’ aim
was to promote his idea of “autonomous human settlements”; his design included a proposal
for a small ecosystem with independent wastewater and refuse removal and self-sufficient
energy production.

Around the same time, the Austrian architect Leo Kaufmann developed a modular system
highly suitable for housing functions. The “FRED” system designed by Johannes Kaufmann
could be compared with Lego bricks. By placing modules sized 5 x 5 m side by side and one
above the other, 10 different fagades can be implemented. For another system called “SU-SI”,
very similar to the “FRED” system, a transportable prototype has been developed; the entire
structure can be assembled on site in just 5 hours. In recent times Leo Kaufmann and the
Swedish architect Johannes Norlander have been working on this topic. Their research
regards various functions and form variations tuned to client specifications, such as garden
sheds, toilets, hospitals or campsites, universities, etc.

Box Unit Systems

As with carcass construction or prefabricated structures with load-bearing wall panels,
modular box unit systems are composed of a combination of rods or surface load-bearing
elements. The basic problem in the modular box unit construction system is how to join the
individual box together. The tolerances between the individual box units are essential. Box
units systems are highly advanced as to the industrialization of building construction, in other
words, they are systems with a high level of industrialization. Box units are three-
dimensional spatial elements formed by the combination of wall panels and floor units. These
systems, constituting an advancement of heavy and light-weight panel systems, are being
preferred to achieve a high degree of completion through factory manufacture of the product,
i.e. the building. The development of the box unit system makes it possible to manufacture an
entire completed product in the factory.
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“Box-module structures” are buildings with a fireproof and permanent design in steel and
concrete construction. Here the entire structure is factory-built, then split into modules, and
transported to the construction site. The features and advantages of cell-module systems can
be summarized as follows:

- The units’ structure consists of steel and concrete building materials and elements.
Therefore these systems offer better durability and higher flexibility than conventional
constructions.

- 60-98 percent of the work can be carried out in the factory.

- With the mechanization-based construction method it is possible to achieve the same quality
as manpower-based workmanship.

- Prefabricated modular structures can reach the same service life as buildings constructed
with traditional techniques.

- The most important advantage of cell-module constructions is that they are time-saving.
Factory building enables production in a controlled environment unaffected by weather
conditions.

- In box-module constructions, only the foundation and infrastructure elements are built on
site.

- It only takes around 50 percent of traditional construction time to complete such structures.
These constructions can be split into sections and rearranged within the building site or on a
different plot; they can even be resold for use at another location.

- Realization of single- or multi-story structures (up to 7 stories) is possible, both as self-
supporting structures and as additions to existing buildings.

- The dimensions of factory-built units are assigned in accordance with statutory restrictions
on transport.

- These structures are built from fire-resistant materials and allow employment of a variety of
materials, e.g. brick cladding, concrete floor elements, and masonry-concrete walls.

- Mechanical systems such as systems for gas, electrical power, fuel, and hot water are
combined and factory-assembled as module units, and can be transported to the site without
sustaining damage.

- Installation and testing of mechanical systems and the creation of a controlled space is
easier in these structures as compared to conventional systems. Thus an entire school can be
completed without having to rely on different gangs of workmen.

- Modular units can be applied to structures with a wide variety of functions, from residential
homes to fast food restaurants.

- On-site construction is expedited. Speedy construction translates into shorter construction
times, faster return of investment cost, and more benefits to the client.
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- Disruptions during construction are
avoided, and no damage to
neighboring buildings caused during
construction.

- This method 1is suitable for
buildings containing a high degree of
service units.

- Factory-built uniform or repetitive

units provide ease of transport and
ensure scale economy in production.

- Construction is not affected by
weather conditions.

Figure 1: Office Building (Detail, 2001-4)

- Quality assurance at a high level is best achieved through off-site production and controls
carried out prior to installation.

- Construction is safe due to the use of modular units, allowing inspections at the
manufacturing stage.

In addition to this, construction with cell systems also provides the following features of
industrialized structures:

- Structures are highly durable and can be planned flexibly to meet changing requirements.

- The construction elements are being standardized without restrictions to design. So it
becomes possible to compose structures by choosing from a catalogue of ready-made
elements, and to replace elements whenever required (Figure 1) (Essiz, Koman, 2004, Essiz,
Koman, 2005; Gras, Armer Clarke,1994).

Classification of Box Systems

As with carcass construction or prefabricated structures with load-bearing wall panels,
modular box-units are composed of a combination of rods or surface load-bearing elements.
The basic problem in the modular box construction system is how to join the individual boxes
together. The tolerances between the individual boxes are essential. Box systems are highly
advanced as to the industrialization of building construction, in other words, they are systems
with a high level of industrialization. Boxes are three-dimensional spatial elements formed by
the combination of wall panels and floor units. These systems, constituting an advancement
of heavy and light-weight panel systems, are being preferred to achieve a high degree of
completion through factory manufacture of the product, i.e. the building (Figure 2).
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Figure 2: Classification of box unit systems (Essiz , Koman, 2005)

The development of the box system makes it possible to manufacture an entire completed
product in the factory. “box-module structures" are buildings with a fireproof and permanent
design in steel and concrete construction. Here the entire structure is factory-built, then split
into modules, and transported to the construction site. Today, box systems find application in
increasingly diverse fields, since the employment of such systems in construction is
associated with advantages such as cost reduction, quick mounting, timely completion of
works, and minimization of material losses, thus serving to create higher-quality physical
spaces.

Over time, the requirements of building users are likely to change. At the same time, certain
construction elements tend to wear out faster than the remainder of the structure. Therefore,
the economic and ecological approach in developing countries is to extend the service life of
existing buildings through whatever subsequent improvements are deemed appropriate. In
developed countries, however, one feels the need to adopt buildings in order to preserve city
skylines and to keep pace with technological developments. Apart from all this, buildings that
become dysfunctional are liable to become environmental hazards. In the light of economic
and ecological conditions, one of the principal factors to be taken into account at the design

_‘%? stage of present-day structures, for the
N
|

‘L reasons stated, is adaptability. Designs

that facilitate potentially necessary
adaptations serve to extend the
Figure 3: Classification of box unit systems

functional life of buildings in the long
run.

The size of the three-dimensional modules is determined by transportation and erection
considerations. Accordingly, they are mostly of one- storey height (2.80m-3.00m) and 3.50m-
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4.00m width, which is the maximum permitted in various countries by traffic regulations.
Their length is limited due to weight constraints to 6.00m-10.00m. The resulting weight of
300-400 KN is within the limit of what heavy mobile cranes can handle at the minimum
reach required for erection, namely, 10m-15m. Modules produced from lightweight concrete
can be slightly larger. The three-dimensional modules can contain more finish works than
other prefabrication forms. The systems that employ them can therefore fulfill, better than
others, the ultimate objective of industrialization a maximum saving of human labor onsite.
However, they also suffer from several limitations. A ‘friendly’ building layout, which can be
effectively partitioned into three-dimensional blocks of required dimensions, is an essential
for their employment. In this respect three dimensional units are much less flexible then
linear or even planar elements, which can be used in almost any architectural layout with
relatively minor adaptations. Another limitation of these units is their considerable weight
and bulkiness, which make transportation and erection rather involved and costly process.
Finally, the use of three dimensional units in buildings in excess of three or four stories
requires special structural adaptations, which again make them less competitive with
conventional or other prefabricated methods (Waszawski, 1999).

With Respect to the Production of Box Units
These systems can be categorized as follows (Figure 3).
Systems with Partioned Box-Units

The prefabricated box units are transported to the building site, the assembled to form the
box-unit. Box unit components are prefabricated and assembled to form the box unit in the
factory. All necessary finishes are
applied and thus prepared ready
for use units are delivered to the
site for erection.

Systems with Monolithic
Box-Units

The box-units are is cast as a

Figure 4: Box systems (Essiz , Koman, 2005) whole the delivered to the site.

With Respect to the Design of Box Units (Figure 4)
Systems with Opened Box-Units

According to Kosaner, the box units consist of load bearing cross walls or load bearing wall
longitudinal walls. The opposite walls are left open. In the case where the module is left open
in the longitudinal direction,” considerable advantages can be obtained. The spans are shorter
and the structural stability of the building is ensured by the cross walls. Good stability in the
longitudinal direction is also provided by interconnection of the units to form a closed portal
frame like assembly. Also cross walls serve as separate party walls which are instrumental in
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increasing the degree of insulation between adjacent dwellings. Alternatively the modules
may be so arranged that the dividing walls each comprise a single leaf only. In the instance
where the module is left open in the longtional direction, the span of the floor imposes
constraints on the structural design. For this reason, the method has not been widely used
(Kosaner,1991).

Systems with Closed Box-Units

In the closed-box system a space with defined dimensions, delimited by its walls and floor, is
determined. These boxes have no potential for expansion (Garas, Armer Clarke,1994). They
are being produced in three types: fully closed, with open facades, and with open top.
Closed boxes are completely factory-manufactured units ready for installation. Buildings
constructed with closed box do not offer flexibility in terms of planning. These systems very
much resemble “cross-like” systems implemented in systems with large panels, where all
walls are load-bearing or “transverse” systems where the load-bearing walls are arranged
orthogonally to the facade (Essiz, O., 2002a, 2002b). Closed modules permit the free
combination of modules. The best known example is Habitat Montreal 67.

In closed modular box unit systems, all sides of the unit are completely delimited, thus
determining the size of the space. The cell size is restricted by transportability. For road
transport, the width of the cells must comply with the traffic laws. Consequently, the
modules’ length in either direction must not exceed 2.40 m and 3.30 m respectively. Since the
size of the space depends on its dimensions, these cells are more suitable for housing. Closed
box units form a rigid structure within themselves. They are joined together just like masonry
structures. By placing differently sized cells on top of each other in different ways, a number
of variations become possible.

Modular Cells Independent from Structures
Modular cell elements may also be used as system complements within prefabricated or non-
prefabricated load-bearing structures like frames, cores, tubular, load-bearing wall panels or
hybrid systems. Here the cells are not load-bearing, but rather borne by the load-bearing
structure. Those cells are elements such as kitchens, bathrooms, elevator shafts and stairwells.
Since they contain the entire equipment and all workmanship is completed in the factory,
they are the units with  the  highest degree of  industrialization.

Ecological Box Systems

A green home uses less energy, water
and natural resources; creates less
waste and is healthier for people living
inside. Green Building also means a
more resource efficient building
process. There is reduced exposure to
mold, mildew and other indoor toxins,
reduced waste streams, conservation

Figure 5: Green Modular Building.(http:// Schools benefit
from green modular construction.htm)
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and restoration of natural resources along with enhancing and protecting ecosystems. In
addition there are the economical benefits like lower operating cost, enhanced durability, less
maintenance and optimized life cycle economic performance.

Building a home using modular construction is a very effective way to make the best use of
materials, manufacturing efficiencies and protects the framing process from the elements.
Keeping all materials dry and away from the elements helps to reduce the chance of mold and
other toxins from later contaminating the indoor air quality. Local communities are looking
for ways to minimize the impact of construction on local infrastructure at the building site.
By building with modular construction you can reduce the traffic to a building site by
delivering a house that is 80% complete in one day as opposed to having trucks delivering
materials day after day. Modular construction minimizes the disturbance at the site and will
reduce neighborhood traffic (http://www. sustainable environmentally friendly Modular
Home Construction.htm).

Modular construction can sometimes be greener than site-built construction, due in part to
reduced site disturbance, decreased on-site construction time, and less waste production as a
result of factory-based material recycling(Figure 5) (http:// Schools benefit from green
modular construction.htm).

Prefabrication and Modularity are new eco-buzzwords on the menu this year. From homes to
furniture, designers are beginning
to employ new methods of
construction and transportation to
cut waste and energy consumption,
cut production costs, ensure safety,
and achieve greater overall
methods of sustainability.
Consistency in dimensions and
design makes modularity and
prefabrication.

Prefabrication: (often relating to

large scale production such as
Figure 6: Otel-Bezau-Avusturya, Mimar; Heopold homes) is the practice of

Kaufman, 1996. (Detail, 2001-4) assembling parts in a factory, then

transporting the complete or partial
moduler to the construction site. Prefabrication also relates to small scale design such as
furniture- i.e. parts of a desk are cut, stamped, drilled, and prepared in the factory then sent,
with all its components, to be assembled on site. On the left site you see an example of box
unit system. The hotel consist of a heterogeneous accumulation of buildings of different dates.
It was to be extended by a further bedroom tract with a half for various events. Since the
hotel is in use almost year round, a very short construction period was necessary. The
solution was found in a series of prefabricated containers that could be stacked on top of each
other. The 7.50x4.99m boxes aare self supporting, so that no primary structure or additional
bracing were required.Services were laid in the voids between the cells. Only the glass
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bathroom walls and the wood furnishings had to be installed subsequently.The boxes and roof
were erected in two days and after only a month, the extention was ready to receive quests
(Figure 6) (Detail 2001-4).

Modularity: In design pertains to separate modules of the whole that can be used
interchangeably. When pertaining to a home, it means that a general design is created so that
modules within the exterior dimensions of a home can be moved around. In general, modular
design benefits the consumer because the interchangeable components can be moved around
to better accommodate your space, style, and needs. Since the modules are constructed in a
factory, a higher quality of construction can be ensured than on-site, stick-built homes. The
fasteners are accurately applied, materials are cut with more exactness, and since they have to
withstand transport, everything is tighter and more secure. This extends the lifespan and cuts
on upkeep. Modular prefabrication also saves significant amounts on their waste. While 30-
40% of the material from a standart home construction site is carted off to the dump, modular
homes generate only about 2% waste. That is a pretty large gap. Additionally, since the
duration of construction is shorter, the cost is lower. This concept improves efficiency and
ability, meanwhile achieving all of the modular prefabrication benefits.( www.Ecolect - A
Sustainable Materials Community.htm)

It is faster: The construction period is reduced to three days;service installations are
prefabricated and incorporated more swiftly; and building firms are less dependent on the
weather and time of year.

It is more economical: The shorter assembly period represent a big potential cost savings and
life-cycle costs are redued as a result of the simple method of removal and disposal.

It ensures a higher level quality: All componenets and services are installed at works to a
constant quality level and with comprehensive quality controls, and the risk of accident on
site is reduced.

It is environmentally friendly: Building sites are cleaner; waste products are avoid on site,
and the reuse of components is simplified by the scope provided for a damage free
dismantling and removal of elements (Prochiner, 2001)

CONCLUSIONS

Today, scientific and technological developments are taking place at a great pace. New
technologies outdating the earlier ones are constantly introduced. As a result of these
developments, the use of industrialized systems in construction has become topical. The
following are the most sought features of industrialized construction systems:

- Structures must be highly durable and modifiable to be able to meet changing requirements.
-It must be possible to standardize the construction elements without restrictions to design, to

compose structures by choosing from a catalogue of ready-made elements, and to replace
these elements whenever required.



CIB W065/055 Commissions: Transformation through Construction 10

As industrialized construction systems, box systems are employed in structures containing a
high degree of service units, such as hotels, public housing blocks, student hostels,
educational buildings, commercial structures, hospitals, and elevator shafts. In terms of
material, box systems are manufactured as reinforced concrete, steel, or wooden units, and in
terms of the construction system as closed or as open units. Today, box unit systems find
application in increasingly diverse fields, since the employment of such systems in
construction is associated with advantages such as cost reduction, quick mounting, timely
completion of works, and minimization of material losses, thus serving to create higher-
quality physical spaces.
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In the last decade Information Technology (IT) development has been major innovation
factor across the AEC (Architecture, Engineering and Construction) industry and several
other sectors. The increase in pure computational resources, the ease of global network access
and the development of mobile computing allow an unprecedented amount of digital
activities in the procurement process. As richer data models, handled by Building Information
Modelling (BIM) applications, become available it’s recognized that data interoperability
becomes a central issue in allowing further development in the diverse environment of the
procurement process. The aim of this paper is to outline the state-of-the-art in
interoperability, to identify effective IT strategies that could overcome the reported flaws and
to describe a mid term certification strategy to foster the suggested solutions. In the last
decade the efforts of International Alliance for Interoperability have brought to the
development of a set of file formats aimed at overcoming this issue; although some results
have been achieved we believe that the current IAI approach presents an important flaw
neglecting the relevance of automated network access to the information through Service
Oriented Architecture (SOA). Leveraging market needs and the consensus gathered around
IAI, the software certification procedure proposed in the present paper aims to achieve a
flexible and vibrant interoperable AEC IT environment.

KEYWORDS: Interoperability; IAI; Service oriented architecture; BIM.

INTRODUCTION

In the last decade the increase in pure computational power, the ease of global network
access, the development of mobile computing and the evolution of a large number of
software applications are among the reasons that improved the effectiveness and efficiency of
IT in the construction procurement process while impacting the form of architecture itself
(Barrow, 2004).

Powerful tools are available to perform traditional tasks such as finite element structural
analysis and innovative activities as the 3D algorithmic determination of architectural form
that defined the design of the new Beijing Olympic stadium. Nevertheless in the whole AEC
industry the majority of the applications currently in use are information islands. We are -
from an ICT (Information and Communication Technology) standpoint - in the early stages
of their development and not taking advantage of important available technologies.
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This lack of interoperability is partly due to the structural complexity of the AEC supply
chain (well known to be fragmented and heterogeneous) and to a number of technical
limitations that the market is progressively tackling (Gallaher et alt. 2004).

The present paper will report on technological trends emerging from the Information and
Communication Technology (ICT) sector and then evaluate the state-of-the-art and ongoing
efforts in AEC sector; it will envisions a development scenario for the construction industry
and propose a certification procedure that is supposed to play as a key enabler in accelerating
the vision to become reality.

The suggested Service Oriented Architecture Certification procedure is expected to combine
with current certifications released by the International Alliance for Interoperability (IAI)
encouraging fully interoperable vertical and middleware software platforms to fill the gaps
between the biggest market players ultimately improving the quality of IT infrastructures for
the AEC procurement process.

ICT TRENDS

In this paragraph we report on a series of ongoing trends observed in the last few years in the
ICT Industry characterized by a high impact on society and economy. As it happens with
high innovation-rate markets it’s not just that technological evolution affects the market and
society but also (and most importantly) the other way around: emerging companies and users
introduce new ways of using existing technologies generating new business models, as
recently the case with the so called “Web 2.0”.

Like many recent concepts, Web 2.0 is not yet crystallized in a formal definition and doesn't
have a hard boundary. In is a widespread term that refers to the set of principles and practices
of successful internet businesses launched in the past few years; it represents the evolutionary
edge of internet companies as opposed to the simple content hyper-linking approach of the
initial exploitation of the Word Wide Web. The term was initially introduced at the first Web
2.0 conference as reported by O’Reilly (2005); the main business principles identified in the
occasion of the conference are reported in the following paragraphs.

Service versus software

The first characteristic of a web 2.0 business is the business model itself. As envisioned in
Rifkin’s (2000) “The age of Access” It is based on the access to a service rather than a
traditional sale.

Netscape and Google may very well respectively represent the characteristics of web 1.0 and
2.0 business models in the IT sector. Netscape’s flagship product was the web browser, a
desktop application, and their strategy was to leverage the dominance in the browser market
to control the market of high-priced server products for content providers in the hope to
reproduce in the web industry what Microsoft had done for the desktop environment.
Eventually both web browsers and web servers turned out to be commodities, and value
moved "up the stack" to services delivered over the web platform just where Google (a small
start-up in those days) was exploiting its data mining skills to provide mediation services
between people searching for information and the servers.
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Harnessing the community

Google’s competitive edge over its competitors was in fact not only in programming skills
but in the ability to perceive the Internet as a social network and gathering knowledge from
users behaviour: Google's breakthrough in search, which quickly made it the undisputed
search market leader, was PageRank, a method of using the link structure created by web
authors across online documents rather than just the words contained in the documents to
provide better search results (Brin, Page 1999).

The initial business model that allowed Google to generate income from the visitors of their
site was initially to sell advertisement space on their pages, only this time they tried to
provide it as part of the service rather than the price-to-pay for the search service: they
displayed unobtrusive sponsored ads related the search keywords typed by the users and thus
potentially interesting, making profit from a practice that users might perceive as a feature
and in fact they charged (the publishers) only for those ads that actually got clicked-on. This
is the opposite of what happened with previous advertisement models: usually displayed with
great evidence and occupying big portions of the screen. The natural behaviours of the
community both when linking across pages and clicking on advertisement were central to the
business model.

Participation or “the long tail”

Another effective way to harness the community is to set up system in such to expand
participation to every potential user. The ability of online services to help consumers locate,
evaluate and purchase a far wider range of services than via the traditional channels usually
results in a high number of micro-transactions on the services producing relevant income
streams (Brynjolfsson et alt 2006).

This generally involves making things simple for small businesses or even single users. In the
online advertise market Overture and Google figured out how to enable web developers to
achieve advertisement placement on any web page just reading a simple guide and via an
automatic registration process. Every little content producer could place ads on his pages and
share the revenues with the advertisement company. The implementation of such system
produced in a small period an income comparable and sometimes bigger of the centralized
advertisement method with the further result of tightening the community around the service
provider. This kind of functionality was implemented using a technology called “web
service”.

Web services

Web Services should not be confused with the concept of getting served via the World Wide
Web using a browser. Web Services are more about ways of coordinating data and
procedures (services) to provide other services; they refers to a modular application
architecture that can be invoked through the Internet. Often consumers of Web services are
other computer applications that communicate, using XML standards, allowing application
integration.

In the example of the previous paragraph a “web service” provides a set of advertisement
links depending on the information contained in the page hosting them and is invoked
automatically by the calling page. The called service may in turn call a geo-localization
service to provide advertisement appropriate to the area of the viewer, semantic analysis
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servers to suggest appropriate subjects or similar functions. This service chain of calls are
invoked dynamically by the original page and do not need any complex human intervention
to configure the specific embedding in one page.

Light programming models

Once the model of web services became popular, large companies started developing
complex web services stacks designed to create highly reliable programming environments
for mission critical distributed applications. Success stories in their development though teach
us that to engage effectively with a wide community the complexity of technical
requirements should be compatible with the economic values at stake.

Amazon.com's web services, for instance, are provided in two forms: one adheres to the
formalisms and complexity of fault tolerant web services stacks while the second simply
working on XML data over HTTP. With this two methods Amazon has means to manage
high value Business-to-Business connections with established retail partners and low profile
relations through the lightweight HTTP service having the chance to engage with a wider
number of partners that cannot afford to spend several man-months in developing high-level
data management systems.

IT AND THE CONSTRUCTION INDUSTRY

The current AEC IT market is very diverse ranging from CAD applications to cost and
engineering management tools; many of them saw a rapid improvement in the user
experience and in the quality of interfaces over the last few years as the increase in
computational power and the availability of accelerated 3D graphic adapters allowed more
responsive, effective and consistent interaction with the applications; however they still do
not take full advantage of the network revolution.

Due to the large number of different professions and firms involved in the process it was
impossible for the IT market to produce a unique environment capable of handling the
extremely diverse tasks involved. General purpose CAD applications and Spreadsheets have
therefore been widely adopted to take advantage of increased drafting speed and
computational power across many of the supply chain stakeholders from the mid ’80s. While
CAD applications exposed the same interfaces and functions throughout the whole industry
to architects, engineers, interior designers and urban planners some degree of customization
has been available from the early stages through the development of specialized templates
(e.g. for cost, thermal or simplified structural analysis) for spreadsheet users.

Soon after CAD applications implemented dedicated API (Application Programming
Interfaces) a number of small and medium software companies started developing so called
vertical applications to extend the available functions for the benefit of specific trades often
storing semantic-rich information. When integrated into other systems these vertical
applications used two approaches to store relevant data: meta-data technologies to embed it in
the drawings or external files in case of more complex requirements. This marked the
beginning of the end for seamless interoperability; editing that information without the
vertical extensions could generate inconsistent or corrupted meta-data.

Building Information Modelling (BIM) commonly refers to the use of object-oriented,
parametric solid-modelling systems for buildings; although the definition of this class of
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applications has emerged only in the last few years, the ability to manage semantic-rich
building information goes back as mentioned more than 20 years at least for the construction
industry and 30 or more for plant management systems. The real break-through we are
experiencing lately is the maturity of effective integrated solutions that bring together, thanks
to the complexity of the underlying common semantic model, data interfaces that were
previously available in isolated vertical applications.

Once rich models are defined the next problem is to effectively distribute information. Chan
(2005) mentions three different ways to coordinate data exchange across the different
stakeholders in a procurement process: the fee-based project management service; the build-it-
yourself solutions; and the web-enabled software. He then recommends the use of fee-based
project management service “because it facilitates inter-organizational information sharing with
affordable price and professional services, which sets the trend for Web-based project
management”.

We do not dispute that fee-based systems are to be preferred over a build-it-yourself solution
but we see a serious limit in the definition he provides of Web-based software as “whole-set
bought and maintained by construction companies”. According to the winning strategies
identified earlier for Web 2.0 the next paragraphs will provide identification of areas in which
proper “web-based” applications could easily outperform the current status of the AEC IT.

Online Information Storage

Information sharing is now commonly obtained through file sharing. Access to company and
project information is achieved, in most cases, via a File System on the Local Area Network
(LANSs); Internet access to the same information relies — when available - on file upload and
downloads procedures, file attachments to e-mail or in rare cases Virtual Private Networks
(VPNs).

Project management intranet or extranet services usually include a service-bases web
approach limited to project meta-data such as discussions, revision statuses and calendars,
while project documents, drawings, and spreadsheets are still linked as files. This approach
requires complex coordination systems and human operation is required to perform common
tasks such accessing actual drawings, compare changes and similar activities.

In a service oriented approach information would be stored in potentially distributed database
servers and accessed through semantic queries rather than through file sets, allowing
automated version comparison of design parts, financial analysis, quantity extraction and
others.

Information format and interoperability

In projects of relevant complexity time is spent before contractual agreements are signed to
determine the methods to allow data exchange between different applications and companies.
File formats and application versions are checked to guarantee interoperability. As semantic
richness of the managed files increases firms are more reluctant to rely on low semantic value
interchange files and the solution is often to agree on common software vendors or platforms
to override the interoperability issue.

In the vision of an interoperable service oriented approach this issue would be surpassed and
each firm could maintain familiar applications, only defining proper data translation methods
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or acquiring them on the market. To harness the community simple methods should be made
available to interrogate the system for specific information and programmatically modify it.

This kind of feature could provide ways to expand the functions of the system where needed
with dedicated features surpassing current sub-optimization of information re-usage. As a
consequence (ideally) contractual practice should change to reflect the increased flexibility in
data management and mining. Through adequate web services the whole tendering process,
or trade integration (for instance) could be extremely accelerated and in some case
automatically calculated in real time making formal paper revisions meaningless.

Corporate an business knowledge

Knowledge and experience emerging from business practice is currently stored in the
drawings and documents of personal and departmental archives.

Nowadays the effectiveness of company-wide knowledge bases - when available — is sub-
optimal due to their lack of integration with the working user interfaces and to the limited
scale of the available data; thus only a few large companies are investing in the systematic
extraction of knowledge from their process. Past experience is only in people’s memory and
solutions are regularly re-invented and common mistakes repeated.

Information Technologies have a huge potential in providing the right information at the right
moment in time, but appropriate data mining techniques require specific skills and large
datasets in order to be effective. Service oriented architecture could provide the framework
for business opportunity in knowledge mining services to emerge.

INTEROPERABILITY

On the basic premise that firms are slower to produce innovations when in isolation we
recognize - along with AEC development roadmaps such as ROADCON (Hannus M. et alt.
2003), e-Cognos and VIT’s VERA - that interoperability may be the central issue to address
in order to encourage innovation. The key factor that allowed the web to experience such an
explosive growth in content and functionalities over the past years is in fact the very
interoperable nature of text contents.

Obtaining the same levels of data interoperability in our widely disperse sector is quite a
more complex challenge. In the past decade International Alliance for Interoperability (IAI)
has worked at the specifications of “Industry Foundation Classes” (IFC), an open fully
documented semantic-rich file format to allow BIM data interchange across different
platforms.

In the last years IAI has formed a very rich consensus group and is now endorsed by some of
the most prominent international standard-setting bodies including ISO. Their standard has
been recognized in late 2005 as ISO/PAS 16739, and the Publicly Available Specification
status should be removed soon making it a full-titled ISO standard. IAI has also succeeded
involving most of the key players of the CAD/BIM market such as: Autodesk, Nemetschek,
Graphisoft, Bentley, TEKLA and many other smaller companies.

IAI is pursuing interoperability through standardization of data interchange formats. Industry-
wise recognized conformance to IFC is certified by IAI to applicants through a standardized
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procedure. In the next paragraphs we propose a complementary certification approach that
could be effectively encouraging a service oriented open environment.

Standards and innovation

The reason to establish a technical standard among competing entities in a market is to bring
clear, documented and agreed ways of achieving particular objectives encouraging
competition. The clear potential drawback is of course hampering innovation as it’s hardly
possible to be better without being different.

Exploiting lessons learnt from the explosion of web 2.0 we recognize that being able to
interpret information correctly provides only half of the requirements to establish a vibrant
market. The other is the capability of having information flow on request, not depending on
user operation of file import-export procedures. We need the equivalent for BIM data of the
HTTP protocol for hypertexts.

IFC’s layers are constituted of a closed set of elements with specific properties. They have
been chosen to describe the core of AEC’s market requirements as emerged in its 10 years of
development; extensions and new properties will be added to this set as a common need for
them will be recognized by IAI. For any property not currently provided in the data structure
IFC provides a set of rules to add meta-data storage.

Applications that successfully perform a given set of tasks on sample IFC files being able to
either read or write them obtain a compliance certification status. Different levels of
certification are granted depending on the set of tasks successfully accomplished.

This approach has been chosen because it apparently meets the industry need for a known
working set of features while allowing for extensibility. Meta-data layers are, in fact, often
used to implement platform specific features. Unfortunately, though, the current certification
process does not require metadata handling opening - by design - a breach in the whole
interoperability process. A single application could in fact export its own format to IFC and
than import it back with correct extended data handling, but being those structures
proprietary, there’s no guarantee that other applications will know hot to manage it, update
them consistently, or even that they will prevent their deletion. This will make of IFC a mere
vehicle to transport partial datasets as opposed to a vibrant and diffused data standard.

The proposed model

The new certification model we propose aims to fill the gap between the current IFC file
based strategy and the need for a service oriented infrastructure. Applications undergoing the
proposed certification scheme should be checked against software architecture rather than
mere file conformance.
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Figure 1: From left to right the current Al Certification Logos for level 1 and 2 and two mock-ups of
the Logo for the new proposed certification levels.

SOA Level Certification will be granted to an application capable of operating in a Service
Oriented Architecture environment (i.e. enabling the automation of project data flows). Each
vendor could decide to apply for certification of client applications, server applications or
integrated systems.

Defining the technical details of this proposed certification process is beyond the scope of the
present paper and is the subject of the next stage of the ongoing research at CCIR, but the
core requirements for the certification architecture have already been identified and are based
on two principles:

1) Isolation of the data repository

Any application capable of saving information to a storage system (data repositories) should
not have a user interface and vice versa. Interaction with these isolated data repositories will
be achieved consuming service calls over the TCP/IP protocol. Data travelling in both
directions shall be encapsulated in XML. Technical documentation will be provided to
describe the means of accessing the service trough recognized standards such as Web Service
Definition Language (WSDL). A technical panel will evaluate the completeness of the
documentation provided for the service request protocols and XML schemas for the response
flow.

2) The data repository service import/export functionality

Application will be free to choose whether to comply or not with the ifcXML standard for
data flow between clients and services but the data repository service will provide
documented methods to export a compliant ifcXML data set or an IFC file and to import a
IFC object definition either as a new object or to replace and existing one.

Expected outcomes

In principle this minimal set of requirements will guarantee that information stored in
certified solutions will be available for interoperable processing at different levels:

1) Guarantee light programming models without hampering innovation
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Requiring an automated function to import/export IFC data formats for partial models allows
taking advantage of the interoperability levels already granted by file based IFC compliance
to provide short term interoperability methods with current applications before they adhere to
the new SOA model.

Allowing arbitrary XML data flows for will guarantee to vendors the possibility to optimize
for performance and functionalities (with the burden of documentation).

2) providing an on-demand service model versus a traditional software model

The proposed certification will not make any request in the matter of data management
capabilities of any service application. Services will perform as black boxes and no
intellectual property will have to be shared or documented as to how internal computations
are consumed.

In the case that the data repository for a project is available online vendors could decide to
provide their core service without even licensing the software to the client but providing it
through the internet.

3) Harnessing the community

As long as the service will be consumed online as suggested at the previous point the vendor
could be able to perform useful data mining on the volume of available information
generating useful bits of knowledge that could return to the community in the form of
customized interfaces or contextual information thus generating competitive advantage over
the competitors while innovating the market.

CONCLUSIONS

Communication and information technologies are changing the way for people to behave in
everyday life and in their businesses. Relevant social and economic changes have derived
from this and more are probably to come.

Architecture, Engineering and Constructions are of course influenced by technological
changes constantly evolving around them, but most of the advantages they are obtaining from
current IT, although in some circumstances impressive, still do not take full advantage of
current automation practices. There is little or no doubt that service-oriented open data
integration systems will eventually become available but the time-scale for this event might
be widely influenced by the strategies that market leaders will decide to adopt in response to
market request. The so called web 2.0 businesses represent the most advanced ways to
harness the power of the internet and should then be of inspiration in the identification of
winning strategies for a tightly interconnected AEC IT development.

The role of organisations such as IAI is to facilitate the adoption of interoperable platforms
while protecting innovation. As we reckon that interoperability in an open and competitive
market represents the key to unchain AEC process optimization and evolution we propose to
leverage IAI’s regulatory influence introducing a complementary certification procedure
finalised to accelerate the adoption of automated, flexible and modular Service Oriented
Architecture. Main guidelines for the proposed certification strategy have already been
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defined and briefly detailed in the present paper; technical details for their implementation
will have to be determined in further development of the research.
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UNDERSTANDINGS OF DESIGN QUALITY: THE CASE OF
THE BUILDING SCHOOLS FOR THE FUTURE
PROGRAMME

Paula Cardellino
University of Reading, UK
p.cardellino@reading.ac.uk

The Building Schools for the Future (BSF) programme represents the biggest single UK
government investment in school buildings for over 50 years. The programme has been
established to ensure that pupils learn in 21st-century facilities. A key goal for BSF is to
ensure that schools are designed or redesigned to allow for educational transformation. This
represents a major challenge to those involved in the design of educational buildings. The
paper explores understandings of design quality within the programme based on the analysis
of 40 reports on design quality by government organisations and on 14 semi-structured
interviews with experienced professionals that represent key actors in the provision of
schools. It describes the means by which design quality becomes defined and given
importance within the programme through official documents and by articulating the multiple
understandings of design quality that stakeholders have in practice. The preliminary findings
suggest that a well designed school building is important to educational transformation; and
that judgements of the quality of its design need to be made in the context of this wider
context.

KEYWORDS: design quality; schools; educational transformation; innovation

INTRODUCTION

Design quality is central to a number of recent debates about the built environment (Gann and
Whyte 2003; Thomson et al. 2003; Keniger 2004; Macmillan 2004). A high quality built
environment provides a goal for the construction industry. In the context of education there is
at present a growing recognition that the public sector must be provided with environments
that provide children with good places to learn. These should be designed to the highest
quality and the government has given the issue considerable attention (HM Government
2006). However, for those responsible for the delivery of such buildings the question still
remains, what does design quality actually mean.

The recent initiative, Building Schools for the Future (BSF) programme, represents the
biggest single government investment in improving school buildings for over 50 years. The
BSF programme — worth £2.2 billion in its first year (2005-6) — has been established to
ensure that pupils learn in 21st-century facilities (The Education and Skills Committee 2007).
The aim of the programme is to drive reform in the organisation of schooling, teaching and
learning, and in the procurement of school buildings. This is to be achieved by rebuilding or
refurbishing every secondary school in England in the next 10-15 years (DfES 2004). The
design of 21* century school buildings in the BSF programme aims to account for current and
future developments in education and technology as well as the local and global environment.
Ultimately, the programme’s target is to achieve educational buildings that inspire new ways
of learning and to provide ‘excellent’ facilities that benefit the whole community.
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This initiative comes on the back of an increasingly widely held belief that older schools, as
well as those more recently built or refurbished, are inadequate in their ability to cope with
anticipated changes such as shifting pedagogy, curriculum and learning expectations (Audit
Commission 2003). A key objective to the BSF programme has been the push to achieve
‘design quality’ in schools. Thus, the programme is a good context for studying the meaning
of the term “design quality” and the different ways in which this is being interpreted.

The paper explores understandings of the term ‘design quality’ in the educational context, in
particular within the BSF programme. In the next section, the academic literatures and
debates on design quality are considered. This is followed by the method section, where the
data collection methods used in this research are described. The following section describes
preliminary findings based on the analysis of reports and policy documents and 14 semi-
structured interviews. The section illustrates some challenges associated with the
understanding of the term design quality in the BSF context. Finally, the paper concludes that
judgement of design needs to be contextualised and describes areas for future research.

LITERATURE ON DESIGN QUALITY

Over the past few decades, both academics and practitioners have devoted much effort to
design quality research and there are a number of attempts to define the term “design quality’
in relation to the built environment (e.g. Macmillan 2004; Gann and Whyte 2003).

One dimension of research describes design quality as made up of, and divisible into,
different aspects. This multifaceted nature of design has been recognised, at least, since late
Antiquity, when Vitruvius (1999) described design as a tripartite division of firmitas, utilitas
and venustas, terms translated by Wotton in 1624 as commodity, firmness and delight.
Perhaps, one of the more clear applications of the tripartite concept is the conceptual framing
of the Design Quality Indicators (DQIs), a tool developed to assess the design quality of a
building. They are: function, build quality and impact (Gann et al. 2003). Function includes
concepts such as the building use, access and space; build quality relates to the building
performance and construction; and impact encompasses aspects of the building form and
materials, internal and external environment and identity. This tripartite approach still seems
appropriate to break down the design quality concept within the BSF context (CABE 2005).

Another dimension argues that design quality consists of both objective and subjective
components. While the objective components, are easily quantifiable, and therefore assessed,
other components result in ‘intangible assets’ depending in part on the subjective views,
experiences and preferences of the people asked (Cooper et al. 2003; Gann and Whyte 2003).
It is easy to calculate and minimise physical heat loss from a building, but the target of
minimising a loss of potential learning through good design is considerably more intangible.
Different schools, children, cultures and context at different times will create a variety of
conditions for potential learning. Therefore, intangible assets within the built environment are
viewed as benefits to clients and other stakeholders that are very difficult to quantify (Abdul-
Samad and Macmillan 2004). Though it is difficult to achieve explicit links, studies have
produced some evidence linking the physical school environment with teaching and learning
(Price WaterhouseCooper 2003; Higgins et al. 2005). Within the school environment,
elements of intangible benefits associated with well-designed built environment include
effective delivery of learning outcomes, improved educational attainment and calm schooling
environment.
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These very different views of design have an impact on formal descriptions of design quality
in programmes such as BSF and on informal discourses of the participants of such
programmes.

METHOD

The research reported here is based on the context analysis of published reports and of
exploratory semi-structured interviews with experienced professionals representing key
actors in the provision of schools.

The secondary data included 40 government and non-government policy reports on design
quality, including studies on design quality in buildings; design quality in schools; and, a
small sample of international reports. For each report key definitions and perspectives on
design were identified. Particular focus was given to the actions suggested to be taken in the
BSF programme to facilitate the achievement of design quality in educational facilities in the
context of wider approaches.

The interviews included 14 key stakeholders to the BSF process. Each interview was semi-
structured lasting one to two and a half hours. The interviewees belonged to the following
organisations: Partnership for Schools (PfS), the government agency charged with the
delivery of BSF programme; 4ps, the local government's project delivery specialist;
Department for Children, Schools and Families (DCSF); Construction Industry Council
(CIC) involved in the development of the DQIs; Commission for Architecture and the Built
Environment (CABE); Building Research Establishment (BRE); architects and; a contractor
involved in the BSF process; and, an architect not involved in the BSF process. The
interviewees were asked about organisation career histories, their experiences in schools
design and perception of the BSF programme regarding the handling of design quality. The
specific purpose of the interview was to learn as much as possible about the concerns,
perceptions, reactions, observations and thoughts in connections with the BSF programme.
All interviews were tape-recorded and transcribed in verbatim so that the raw data could be
systematically analysed.

The findings presented in this paper are from a preliminary analysis of this data-set as part of
an ongoing qualitative research project. At present a number of open codes and a relatively
descriptive analysis of the case have been developed. This is presented below.

SETTING: BSF PROGRAMME

In 2003/2004 the Building Schools for the Future (BSF) programme was launched as a
coordinated national strategy driven by the, then, Department of Education and Skills (DfES).
In 2005/06 the government’s investment in school buildings reached £5.5 billion. This
included £2.1 billion for the Building Schools for the Future programme which become a key
part of the current strategic and targeted capital programme (The Education and Skills
Committee 2007).

The BSF target is to rebuild or refurbish every secondary school in England by 2020 with an
extended government capital investment of £45 billion. The aim is to provide schools that:
include a diverse curriculum for students aged 14 to 19; acknowledge new ways of teaching
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and learning taking into consideration the impact of ICT; are open to the community; include
students with special educational needs into mainstream schools; use the building as a tool for
teaching and learning (e.g. sustainability), and; accomplish the pertinent ventilation
requirements. Furthermore, the design of new school buildings within the BSF programme
aims to account for current and future developments in education and technology as well as
the local and global environment. The programme’s target is to achieve educational buildings
that inspire new ways of learning and to provide ‘excellent’ facilities that benefit the whole
community. Ultimately, all these various changes will have an impact on the form of the
building.

Despite its size the BSF programme comes on the back of significant investment in schools.
Indeed, the last decade has already seen one of the largest school building programmes in UK
history mainly through the Private Finance Initiative (PFI) procurement route. Between 2000
and 2005 PFI has been the main source of funding from the Department for Education and
Skills (DfES) for new or replacement schools. The introduction of PFI projects into schools
in the UK generated a great deal of debate and received mixed responses. The Audit
Commission report ‘PFl in schools’ (2003) which assessed quality and cost in early PFI
projects (up to 2002) showed that PFI schemes did not deliver high quality buildings. The
study not only found that few schools came out well in terms of the buildings cost of
ownership but that the PFI sample scored, statically speaking, significantly worse than the
traditionally funded sample. The BSF attempts to respond to that criticism, with a programme
of improvements. The main difference between the PFI initiative for schools and the BSF is
that the latter is not merely a building or procurement programme. However, a recent study
carried out by CABE (2006) shows that, though still in the early stages, many of the BSF
schools on the drawing board are facing the same problems as previous programmes.

EMERGING FINDINGS

A key goal for the BSF programme is to ensure that schools are designed or redesigned to
allow for educational transformation. Design quality is presented as very important to the
achievement of good schools. This section describes preliminary findings based on the
analysis of reports and policy documents and semi-structured interviews. It also illustrates
some challenges associated with the understanding of the term design quality in the BSF
context. As the work is still in process, it will not be possible to provide with strong evidence
on the outcomes. However, several preliminary findings emerge.

Description of design quality in reports

The last decade has seen the publication of a host of reports addressing the need for good
design in buildings, (RIBA 2001; CABE 2002; CABE 2004). The Government has
highlighted the importance for good design in buildings through different initiatives and
reports such as ‘Better Public Buildings Initiative’ (Department for Culture 2000). This report
highlights that good design provides a host of benefits. Within the school context, the ones
that have been best designed encourage children to learn. A number of government
organisations, such as the Office for Government Commerce; the Commission for
Architecture and the Built Environment (CABE); and the Department for Children, Schools
and Families (DCSF), have increased their attention to the achievement of design quality in
educational buildings. The findings and recommendations from some of the key reports from
these 3 organisations are highlighted and discussed in this section.
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Office of Government Commerce (OGC)

The OGC is an office of HM Treasury, responsible for improving ‘value for money’ by
driving up standards and capability in procurement. In 2007, the OGC published *Achieving
Excellence 9” as part of a series of eleven guides providing guidelines on how to achieve
excellence in construction. This specific guide deals with the achievement of good design. It
explains the characteristics of a well designed building and indicates how design quality can
be raised through the procurement process. It also specifies the importance of a design
champion if design quality is to be achieved. Furthermore, the importance of having an
integrated project team is highlighted.

Commission for Architecture and the Built Environment (CABE)

CABE is the government’s advisor on architecture, urban design and public space. It is one
of the most dedicated organisations in the provision of advice to stakeholders in an attempt to
ensure the achievement of high quality design in educational buildings. Amongst the many
reports published by CABE the most relevant to defining design quality are:

e ‘Being involved in school design: a guide for school communities, local authorities,
funders and construction teams’ (CABE, 2004): probably one of the most comprehensive
reports regarding the provision of guidelines for stakeholders involved in the design of a
school. The aim of this guide is to demonstrate the importance of carefully planned
collaboration between funders, local authorities, school communities and design teams in
order to achieve the best facility possible. In particular, the guide aims to be relevant to the
Building Schools for the Future (BSF) programme. It includes ten case studies of schools
across England that provides examples of effective involvement across a range of
procurement routes. The report highlights the importance of clarity in the process of
briefing and design development.

e ‘Assessing Secondary School Design Quality’ (CABE, 2006): a guide for school
communities, local authorities and design and construction teams to enable good design in
schools. The report assesses the design of a representative sample of 52 secondary schools
completed between 2000 and 2005 using a variation on the design quality indicator (DQI)
for schools. A key finding is that users argued that a good school is one that has a “‘sense of
place’; a building that is inspiring and welcoming but that at the same time has to be
functional in a way that encourages good behaviour and is easily managed. Flexibility was
highlighted as another important aspect of the building. In particular, the ability to use
different spaces for different purposes. Finally, it was found that the school should be
‘green’ and ‘sustainable’, taking into consideration alternative forms of energy and should
be built using robust materials from sustainable resources.

e ‘Creating Excellent Secondary Schools. A Guide for Clients’ (CABE, 2007): presents 10
points that need to be achieved for a well-designed school. They can be grouped into the
three categories: its functionality, the way the building is designed to be useful as a school,
its built quality; its impact, on the users, the local community and the environment. The
report states that a successful synthesis of these key points can lead to the achievement of
good design. The case studies in the report address each of the main issues referred to
above.
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Department for Education and Skills (DfES - now DCSF)

DfES has shown a growing interest in the achievement of good design of school buildings
through the publication of “Building Bulletins’ that provide guidance to designers planning
building projects. Some of these bulletins have specifically targeted the BSF programme - cf.
‘Building Bulletin 98* (DfES, 2004b). This bulletin provides a briefing framework for
secondary school projects through the BSF programme. The latest report published by DfES,
the ‘Better Buildings, Better Design, Better Education’ (DfES, 2007) shows the capital
investment in education in the last ten years based on a survey of all the local authorities in
England. The foreword of this report states that the investment in school buildings is an once-
in-a-lifetime chance to create buildings that inspire learning and are a source of pride for
local communities. Several case studies of good design in schools are included indicating the
way in which the schools were designed to support new broader approaches to teaching and
learning; such as school sport and healthy eating, personalised learning and provision for
pupils with special needs.

Understandings of design quality

A number of stakeholders involved in the BSF programme, such as for example contractors,
designers, policy makers and consultants have had a significant impact on the parameters for
and appraisal of design quality. These stakeholders’ perceptions of what important attributes
of good design are differ. Some of these attributes are quite subjective and are subject to the
perception of the person being interviewed. Reaching a common definition of what design
quality actually means to the different people has proven itself to be a challenge.

What follows is a presentation of the views of a cross section of stakeholders from the
interview sample that concern the understanding of the term ‘design quality.” This helps to
illustrate the difficulties and challenges people phase during the daily process of designing a
school. From the analysis of the interviews 3 different aspects of design quality are
highlighted. Firstly, the role the school building has to play on the educational
transformation. Secondly, the importance of a school building that has something unique
about it, a ‘sense of place’. Thirdly, the acceptance that the design of a school building has a
complex nature.

Role of the building on educational transformation

The role that the school building has to play in educational transformation is one of the main
concerns amongst the interviewees. In particular, how to achieve a design of the educational
facility that it is fit for purpose. However, the opinions of what exactly fitness for purpose is
varied across the group. For example, the consultant engineer for the programme explains
that design quality is about “making sure [that the school building] fulfils its function which
is the learning aspect”. For him a school building that is fit for purpose is pivotal to the
achievement of a good school. He also highlights that clients have shown concerns about
spending the allocated money merely on a ‘landmark’ building they would rather spend it on
good educational facilities. The concept of fitness for purpose was also prevalent amongst the
architects. Yet, they portrayed the building as one component of the school environment. A
senior architect argued that the school buildings have a limited role to play in whether or not
a school achieves educational attainment. Whilst designers are continuously asked to deliver
transformation within the BSF programme, he was of the opinion that he and his peers in
their roles of professional designers are limited in the level of transformation they can
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provide. The perception the users have of their new school building will also have an impact
on their ability to learn.

The architects and the contractor highlighted their concerns about how the school would
benefit from the design of ‘fancy’ buildings. Again, the idea that the architectural design of a
building is only one aspect of the school was highlighted. A senior architect argued that many
designers produce superficially attractive and glitzy buildings, lacking in the ability to relate
the physical spaces needed to deliver the educational transformation required.

What is clear from the analysis is it that the building has a role to play in the route to
achieving educational attainment. However, what is not clear is the individual responsibilities
the different participants have in this journey.

Building a ‘sense of place’

The achievement of a ‘sense of place’ within the school environment is acknowledged as an
important aspect of design quality. This is linked with the views of Markus (1993) where he
describes buildings as ‘social objects’, there buildings cannot be seen as a separate entity,
they are to be considered within the wider context. Different schools, children, cultures and
context at different times will create a variety of conditions for potential learning. The
creation of the ‘sense of place’ within the school is, therefore, not only a building matter;
though designers have the potential to create spaces that can aspire to become special ones.
One architect argued that design quality is about creating special spaces within the school
building. In her view the most important aspect of designing a school building “... is about
creating the heart of the school, which is the social aspect which is never written into the
brief’. Another designer further indicated that one important feature of a good school ‘is the
architectural space, particularly communal spaces’.

The designers in the interview sample highlighted flexibility in the school building as an
important feature. The design of school buildings spaces that are flexible enough to
accommodate all the changes, including the changes in users and in curriculum was portrayed
as a key challenge. Understanding the ongoing changes and the uncertainties in the
educational sector and addressing this from the outset in designing the building is by no
means a trivial task. Nonetheless, if flexibility is achieved it enables the introduction of a
variety of spaces into the school design ’to respond to the fact that schools are no longer just
classrooms and corridors’. This matter was seen as very important to the achievement of
design quality.

Complex nature of the school building

The views amongst the interviewees indicate the acceptance of the complex nature of
designing a school building. Therefore, the views on what a good school should look like

vary. As an example, a senior architect stated that a good school is:
‘One where the design of the building supports the learning and integrates the ICT technologies, it is

healthy, naturally ventilated, well lighted, acoustically responsive and accessible’.

One of the developers of the Design Quality Indicators, a tool created to assess the design
quality of a building, addressed the complexity involved in the design of schools when the
future teaching and learning processes have to be acknowledged. He argued that:
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‘One of the big challenges is that there has been a fairly determined pedagogy in school design for the
last 20 to 30 years. What seems to be happening now is that because the pedagogy is breaking down,
becoming more fluid, it is very difficult to visualise what that form might look like’

From the point of view of the contractor there is a balance that needs to be achieved in order
to have a good school. He argues that the school is a complex system that needs to address
the importance of the teacher. Within the BSF programme, he thinks, the money allocated to
each school is being spent in the building and the ICT. There is no money allocated to train
the teachers. He argues that ‘the teacher makes the difference, and I think this is really lost in
the BSF’.

Summary

It is clear that the academic literatures and debates on design quality are reflected in the
formal descriptions of design quality found in the reports analysed. Interestingly these
organisations have extended Vitruvius’ tripartite concept to build a criteria for well-designed
buildings (cf. CABE 2003, 2006; OGC, 2007). In general terms these reports describe design
quality as a combination of: excellence, value, meeting clients’ needs and meeting design
requirements. Such ideas also resonate with the views of those involved in the actual
realisation of the BSF projects. There seems to be an agreement on that ‘school’ buildings
need to have quality in their design and therefore should not only be cost driven. Though,
some of the attributes of design quality are quite subjective and different aspects of the
quality are important to different users.

CONCLUSION

This paper explores the understandings of the term ‘design quality’ in the educational
context, in particular within the BSF programme. From the analysis of the reports and the
interviews conducted this preliminary work shows that design quality is very important to the
people involved in the BSF process. However, from the many reports analysed it is not clear
how to address the transformational education encouraged by the BSF. Several reports have
prescribed the attributes that a building should demonstrate to be a well designed school. The
tripartite approach to design has been seen as architecturally valid to assess the ‘building’
quality. This view is counteracted by the concern of stakeholders’ involved in the process.
They face significant difficulties and challenges when designing schools and the
understanding of the term “design quality’ in the BSF context. In general, they view design
quality of a ‘school’ as more than just a building. It is experienced as intimately related to
modes of learning. The BSF programme is about educational transformation. Buildings have
a pivotal role to play in this journey. Therefore, judgements of the quality of its design need
to be made in this wider context.

The research presented here forms a basis for continuing research in design quality in schools
that draws on the rich case provided by the Building Schools for the Future programme. The
following are suggested areas for future research. One direction for research involves more
detailed empirical research on the design practices and processes that are involved in attempts
to achieve design quality in the BSF programme. Another direction for future research
includes the comparison of this process with past examples within the same sector and across
other sectors nationally and internationally. Finally, an important area for further study is the
inputs of various stakeholders in the supply-chain to the design quality of the school.
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Abstract

Built infrastructure includes roads, railways and water supply and treatment. This
construction work is mainly carried out on behalf of public sector clients or by private sector
clients dependent on public subsidy or control.

In order to compare infrastructure markets in different countries and because a uniform
definition of infrastructure is not available, a new econometric model is proposed to estimate
the size of national infrastructure markets. The model adopts a benchmark approach using
information on built infrastructure in UK construction industry statistics. The purpose is to
estimate the size of infrastructure markets and the distribution of different types of
infrastructure using the UK as a benchmark. The applicability of the results for each country
depends on the actual differences found in national data compared to the benchmark figures.

The model is applied to show differences in size and growth rates of infrastructure markets in
30 countries and a breakdown of expected submarkets by type of infrastructure.

KEYWORDS: Built infrastructure, econometric modelling, infrastructure markets,
European construction industries, gross fixed capital formation

Introduction

Infrastructure is often overlooked as it forms only a relatively small proportion of total
construction output. In 2006 the provisional figures for contractors output show
infrastructure was only 10.15 per cent of construction output, according to official
construction data (DBERR, 2007). Yet infrastructure projects are amongst the largest
investments and have an economic significance far beyond their construction costs. For
example, investment in infrastructure may be viewed as the foundation upon which economic
growth and development take place. As such it can be viewed as a lead indicator. It is
therefore important to measure infrastructure investment to anticipate wider economic
changes likely to occur in different economies.
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As with any international study, international comparisons of infrastructure investment also
present a number of difficulties. The composition of infrastructure varies from country to
country and the costs of providing different types of infrastructure vary greatly within
countries. International comparisons based on purchasing power parities or exchange rates
are prone to inaccuracies as directly comparable indices of infrastructure costs and volumes
are not available. There are therefore both qualitative and quantitative problems associated
with international comparisons, which invariably form difficulties in international studies.
This paper does not seek to overcome these issues but presents the findings of a benchmark
approach to international comparisons of infrastructure which may begin an alternative
approach to the assessment of infrastructure in different countries.

The European Commission publish information through Eurostat, (European Commission,
2008), and this data is an example of readily available internationally consistent and
comparable national income accounts data. Nevertheless, the size and growth rates of
infrastructure in the different countries of Europe vary greatly. These variations may be due
to the size of each economy, the levels of national income per head and government policies.
Differences in the stages of development, levels of maintenance of the physical infrastructure,
and national priorities and requirements also contribute to the variability of investment levels
to be found across Europe.

Although government and the public sector is seen as responsible for providing most
infrastructure or at the very least ensuring the services of infrastructure are delivered,
increasingly the private sector has become involved. This trend has developed over the past
two decades in Europe as a result of political changes and priorities and because the private
sector was seen as capable of managing much of the infrastructure and financing it without
the need for government to borrow directly for capital projects. The Private Finance
Initiative and the collapse of the Soviet Union both contributed to these changes.
Nevertheless, because of the economic and strategic importance of infrastructure government
remains engaged with it and in the UK several industry regulators have been set up to oversee
the provision of infrastructure services and ensure they serve the public good.

The conventional approach, adopted by bodies such as the OECD, (2006), for estimating the
size of annual global infrastructure investment is based on gross domestic product (GDP), the
value of existing infrastructure and population growth. This top down approach uses
macroeconomic aggregates to estimate an extremely small but important component of the
economy. As an alternative, gross fixed capital formation (GFCF) represents only that part of
the economy dedicated to providing new fixed capital, such as plant and machinery, buildings
and infrastructure. As these activities are related to each other, the model proposed here is
based on GFCF rather than GDP.

A new econometric model of infrastructure based on GFCF is therefore proposed to facilitate
international comparisons. As definitions of infrastructure vary from country to country, a
benchmark model based on the UK construction industry provides a common yardstick for
estimating infrastructure in different countries.

The next section deals with the methods used and a description of the benchmark model. The
model is applied to different European countries in the subsequent section and the final
section draws conclusions from the findings.
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Method

Construction and infrastructure data and definitions vary between European countries.
Nevertheless, this study of 30 national infrastructure markets includes 26 countries, which are
members of the European Union (EU), and Iceland, Norway, Switzerland and Turkey, which
remain outside. The definition of infrastructure used here is based on the list of infrastructure
types given in Construction Statistics Annual (DBERR, 2007). The list comprises water,
sewerage, electricity, gas, communications, air transport, railways, harbours (including
waterways) and roads. This list includes ports and harbours, which do not feature as
prominently in many European countries. Nevertheless, UK construction data is used to
estimate the relative components of infrastructure and these estimates are then applied to
GFCF data for each European country.

GFCF rather than gross domestic product (GDP) is used as GFCF is comprised of
construction and other fixed capital investment. Indeed construction comprises 46 per cent
GFCF, (Author, in preparation, 2008a) although GFCF only takes construction new build
(NB) and new plant and equipment into account. The model used here uses both new build
infrastructure and repair and maintenance of infrastructure to define the size of the total
infrastructure market. As repair and maintenance (R&M) was on average almost half of
annual construction output between 1995 and 2006, total construction output is equivalent to
approximately 87 per cent of GFCF.

The benchmark model can be used to analyse total infrastructure markets and submarkets. In
the UK using the average percentage of total infrastructure represented by each type of
infrastructure in the UK, the different types of infrastructure can be estimated for each
country in Europe. Author, (in preparation, 2008b,) found the average share of different types
of infrastructure between 1995 and 2006. The result is given in Table 1.

Table 1 Average percentage share of UK infrastructure 1995 to 2006 by type of structure

Type of structure Percentage
Water 15.20
Sewerage 10.78
Electricity 6.41
Gas 3.30
Communications 8.25
Air 5.05
Railways 15.75
Harbours 5.07

Roads 30.17
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Total infrastructure 100.00

Source: DBERR, (2006) Construction Statistics Annual, Table 2.8c

Using the percentages in Table 1, estimates of infrastructure submarkets can be found for all
countries included in the Eurostat (ibid.) data. However, this use of the UK infrastructure
benchmark model is limited. The same UK percentages are applied to each country and
cannot therefore be used for cross border comparisons. Nevertheless, using the benchmark
data as an international yardstick is a tool for comparing actual performance in each country,
where the data is available. Moreover, the model can be interpreted to mean that in any
country, given the value of its GFCF, its total infrastructure output can be compared to the
benchmark model in terms of size in proportion to the UK ratio of infrastructure construction
to GFCF.

Each country’s annual infrastructure growth rate in the model also moves in line with the
growth rate of its GFCF. Any deviations found in actual construction output would reveal
out-performance or underperformance compared to the benchmark model. The benchmark
model therefore provides a simple method for estimating and comparing countries’
infrastructure markets. It represents a first iteration in the development of an econometric
model of infrastructure.

This benchmark data is used in conjunction with annual data published by the European
Commission (ibid.) on gross fixed capital formation in each country to estimate the
performance, size and growth rates of each country’s infrastructure market. The model can be
used to identify and classify infrastructure markets in four types of market: small and rapidly
growing markets, large and rapidly growing markets, small and slowly growing markets, and
large and slowly growing markets.

In the national income accounts, GFCF is analysed by 6 asset types. The construction
element in GFCF includes housing and “other constructions”. “Other constructions” includes
commercial development and public facilities, such as hospitals and universities.
Infrastructure is therefore only one of several components included in “other constructions”.
An adjustment is therefore needed. From the Construction Statistics Annual (DBERR, ibid.)
‘other non-housing excluding infrastructure new build output’ is therefore deducted from
“other constructions”. The residual is used as an estimate of new build infrastructure in the
model and links the two sources of data, namely the Office of National Statistics National
Income Accounts data and the Department of Business, Enterprise and Regulatory Reform
Construction Statistics Annual data.

The model of infrastructure based on GFCF uses the ratio of UK new build infrastructure
construction to GFCF. This ratio forms the coefficient a in Equation 1. To estimate total
infrastructure construction activity, Author (in preparation, b,) combines new build
infrastructure and infrastructure repair and maintenance. The average ratio of repair and
maintenance to new build for all construction output is used as the coefficient » in Equation
I:

I =a(GFCF + bGFCF) (Equation 1)

where 1= total new build and repair and maintenance infrastructure
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a = X{Ixg/GFCF}/n, that is the average annual ratio of Iyg/GFCF
and b = Z{R&M/NB}/n, that is the average annual ratio of R&M/NB.

The model produces the size of infrastructure for any given year based on the GFCF of that
year. The long run rate of growth of infrastructure investment from 1995 to 2006 in each
European country is given as the geometric mean of the annual percentage changes in
infrastructure.

The European infrastructure market

Table 2 summarises the findings of the model. Countries are listed in order of size in 2006 at
2005 prices and the average annual growth rate of total infrastructure investment is given for
the period from 1995 to 2006. The slowest growing infrastructure markets tend to be those in
the relatively mature and wealthy economies of Europe. With the exception of Iceland the
fastest growing markets tend to be those in Eastern Europe. With the exception of Poland,
Eastern European economies tend to be relatively small. For most countries, even moderately
sized infrastructure projects tend to have a major impact on the total size of their
infrastructure markets.

Table 2 Infrastructure markets in 2006 at 2005 prices (€m) and average annual growth 1995 — 2006

Size in Average
Country 2006 growth rate

EU (27 countries) 95,100 3.37
Germany 16,907 0.77
France 14,408 3.41

United Kingdom 13,668 4.90
Italy 12,209 2.34

Spain 11,612 6.23
Netherlands 4,217 3.14
Turkey 2,641 5.20

Belgium 2,607 3.24
Switzerland 2,596 1.41
Sweden 2,182 4.07

Poland 2,115 6.66

Austria 2,113 1.66
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Greece 1,971 7.90
Norway 1,963 5.55
Denmark 1,959 5.10
Ireland 1,782 9.48
Portugal 1,295 2.23
Finland 1,264 5.50
Czech Republic 1,078 2.54
Romania' 870 10.27
Hungary 808 6.41
Slovakia 448 4.97
Slovenia 319 7.24
Bulgaria 256 10.32
Luxembourg 252 5.05
Lithuania 226 11.75
Latvia 192 18.17
Iceland 180 12.65
Estonia 171 11.89
Cyprus 111 3.82

! Data based on 1999 - 2006 only

Source: Eurostat, (2008) Table NAMA P16 K, European Commission

These broad patterns of growth in the last decade are likely to continue for the foreseeable
future due partly to EU policies and directives aimed at developing the new accession states
of Eastern Europe.

From Table 2 the average annual growth rates of infrastructure markets between 1995 and
2006 ranged from 0.77 per cent in Germany to 18.17 in Latvia. The 27 countries of the EU
as a whole grew at the rate of 3.37 per cent per annum. This wide variation in growth rates
demonstrates a wide difference of infrastructure conditions in the different countries of
Europe. Moreover, countries with similar growth rates also experienced very different
patterns of growth.

The data in Table 2 is illustrated in Figure 1, which appears to support the argument that
smaller infrastructure markets are associated with more rapid annual rates of growth.
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Figure 1 Size and growth rates of European infrastructure markets in €m at 2005 prices

From the same data the quadrants in Figure 2 show the four types of market referred to
above. More specifically, large markets are defined as in excess of €2,000m, small markets
as less than €2,000m, slow growth as less than 4.99 per cent per annum and rapid growth as
greater than 5 per cent per annum. It is immediately apparent that the majority of countries
form themselves into two polarities: those that may be classed as large but slow growth
markets and those that are small but rapid growth markets.

Size of market Large and slow Large and rapid
Austria France Poland
Germany Italy Turkey
Sweden Switzerland
2,000 m
Small and slow Small and rapid
Portugal Greece Slovenia
Czech Republic Norway Bulgaria
0 Slovakia Denmark Estonia
- Luxembourg Hungary

0% 5% Average annual growth rate
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Figure 2 Quadrant analysis of European infrastructure markets

Only three countries appear to have performed well as large and fast growth infrastructure
markets, namely Poland, Turkey and Spain. Those countries in the top left quadrant,
representing large but slow growth markets, tend to be either large mature European
economies, with relatively high incomes per capita, where infrastructure has been largely
developed. By contrast, the lower right quadrant is largely populated by those states that
have either recently joined the European Union, the new accession countries, or are relatively
small economies with a high income per head.

An analysis of size and average growth rates is not necessarily indicative of the performance
of infrastructure markets as the performance of two countries with similar growth rates can be
very different, regardless of size. For example, the performance of the slowest growing
infrastructure markets is illustrated using indices in Figure 3, which compares infrastructure
growth patterns since 1995. This may be due to the contrasting nature of the different
economies in this group. For example, the German infrastructure market grew by just under
10 per cent between 1995 and 2006, while the Czech Republic grew by over 30 per cent in
the same period. Portugal expanded by 50 per cent by 2001 but by 2006 the Portuguese
market had contracted to be just 30 per cent larger than in 1995.

160
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— = Czech Republic = = = =ltaly
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Figure 3 Infrastructure volume indices of lowest growth countries

The experience of the most rapidly expanding infrastructure markets is more uniform in
appears. Figure 4 shows a more consistent pattern since 2002, reflecting the need for
infrastructure investment to repair and prepare for the economic growth in Eastern Europe
and therefore part of European Union policy, while the rapid growth of the Icelandic
infrastructure market is a reflection of local circumstances.
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Figure 4 Infrastructure volume indices of highest growth countries 1995 - 2006

Finally, using the benchmark model, Table 3 presents an analysis of the submarkets in the
major infrastructure markets in the largest European economies, as defined in Figure 2. The
data in Table 3 may be used to assess the relative importance of different submarkets in
different countries but at best the data is indicative rather than definitive. As such it forms a
starting point for further international research of individual markets.

Table 3 Infrastructure by type of structure in 2006 at 2005 prices (€m)

Communi-
Water Sewerage Electricity Gas cations

Germany 2,570 1,823 1,085 558 1,395
France 2,190 1,554 924 475 1,189
United
Kingdom 2,078 1,474 877 451 1,128
Italy 1,856 1,317 783 403 1,007
Spain 1,765 1,252 745 383 958
Netherlands 641 455 270 139 348
Turkey 402 285 169 87 218
Belgium 396 281 167 86 215
Switzerland 395 280 167 86 214
Sweden 332 235 140 72 180
Poland 322 228 136 70 175

Air

854

728

690

617

587

213

133

132

131

110

107

Railways
2,663

2,269

2,153
1,923
1,829
664
416
411
409
344

333

Harbours

857

731

693

619

589

214

134

132

132

111

107

Roads
5,101

4,347

4,124
3,684
3,504
1,272
797
787
783
658

638
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Austria 321 228 136 70 174 107 333 107 638

Concluding remarks

This paper has demonstrated that the UK benchmark model proposed here can be used to
estimate European infrastructure markets and submarkets. Where no actual data is available,
the need to model a market from available information is a second best option. Like weather
forecasting there is bound to be a large margin of error. The figures in the tables presented
here are only indicative and further research is needed to test and improve the benchmark
approach.

The simplicity of the benchmark model only provides an approximation. While this has the
benefit of simplicity, more variables can be added to the model to mirror the factors that
influence infrastructure demand, such as changes in the population. Modelling infrastructure
markets will always be problematic. Unlike other parts of the construction industry such as
commercial development or housing, the infrastructure market is particularly vulnerable to
sudden changes in demand due to changes in government policy and direct government
intervention. At the same time, the size of the largest infrastructure projects can lead to
distortions of trends as large discrete projects are begun and completed.

From the findings of the UK benchmark model, rapid long run average growth per annum is
associated with smaller markets. This is not necessarily a guarantee of continued long run
rapid expansion. Indeed the average long run rate of growth of all EU countries is only 3.37
per cent per annum. Of the fastest growing markets, and with the exception of Luxembourg
in Western Europe, the countries of Eastern Europe tend to be smaller than the old member
states of the EU such as France, Germany and the UK. The main reason for rapid
infrastructure growth in the countries of Eastern Europe is due to their economic expansion as
a result of economic policies emanating from Brussels.

Much work still needs to be undertaken to develop the benchmark approach. For example,
having presented the findings of this model further research is required to test the estimates
against actual annual output. Further research will reveal long run trends and forecasts.
Ultimately, the value of the model will be in accurately forecasting infrastructure demand for
different types of infrastructure in different countries. This would have benefit for policy
makers in planning resource requirements and skills training and for international contractors
seeking new markets.
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The ability of fresh Higher Education students to reflect
By Ezekiel Chinyio and Angela Nash

Abstract

Learning is a life-long endeavour and Higher Education Institutions exist to foster
learning. One aspect of learning is the ability to reflect where a learner can establish
what was done in the right or wrong way, document it and use it as a feed-forward
input in future conduct. This paper explores the reflective ability of 24 fresh students
who had completed the first 5 months of their university experience. These students
were taught different skills in one of their subjects (modules) over a period of 3
months. One of the skills they learnt is the art of reflection concerning both in-class
and out of class learning activities. In their first semester in the University, the
students were assisted with the art of reflection with the expectation that they will
carry on reflecting on their own and in life after this head start. At the end of their first
semester, they were tested with an exercise that involved them making a reflection.
This paper uses content analysis to discuss the reflections of the students
concerning a learning activity of their choice. From the submissions analysed, 50% of
the students were able to identify and reflect on an activity and amongst these, they
could map out strategies for future conduct.

Keywords: Learning, reflection, students, Higher Education Institution, Assessment,
Knowledge.
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INTRODUCTION TO REFLECTION AND LEARNING

Attempts to describe ‘reflection’ have a history that stretches back to ancient Greece
(Maranhao, 1991). The term is used in a number of different ways and may mean
different things to different people (Pee et al., 2002).

Boyd and Fales (1983) defined reflection as “the process of internally examining and
exploring an issue of concern, triggered by an experience, which creates and clarifies
meaning in terms of self, and which results in a changed conceptual perspective”.

In consolidating many definitions, Mellor (1998) concurs with Knowles (1993) in
reiterating that: ' ... reflection is an intra-personal process ... through which personal
and professional knowing can occur ... Reflection is seen as a process and method
of informing practice with reason ... ‘It is a type of thinking that is associated with
deep thought and aimed at a better understanding (Cottrell, 2008). It is a means to
learning and indeed, deep reflection is recognized as a higher-order learning activity
(Honey and Mumford, 1986; Biggs, 2003). However, there is a suggestion that there
is an incomplete understanding of the psychology involved in reflections (Day, 1993;
Bolt and Powell, 1993).

Schon (1987) distinguishes between three types of reflection. Two of these, reflection
in action and reflection on action are reactive while the third type, reflection for action,
is pro-active. Reflections can be conscious or unconscious (Bolt and Powell, 1993;
Mamede and Schmidt, 2004) and structured or unstructured (Cottrell, 2008).
Structured reflection can be question-based, open, synthetic, developmental or
evaluative (Cottrell, 2008). Evaluative reflection is retrospective in nature and useful
for planning and is the subject matter of this paper. It involves asking and answering
questions such as (Cottrell, 2008): What happened generally? What did you do?
How might you prepare differently for a similar occasion?

Different avenues can be used to facilitate a reflection and these include the use of
diaries, journals and reflective logbooks, portfolios, interviews and story telling
(Francis, 1995; Colton & Sparks-Langer, 1993; Pultorak, 1993).

The benefits of reflection include (Cottrell, 2008; Mamede and Schmidt, 2004):

* gaining a more in-depth and honest picture of ourselves;

* becoming more aware of our hidden motivations, our thinking styles, and of
how we appear to other people;

« developing a better understanding of what affects our own performance and
progress;

» developing our insight, judgement and ability to teach others;

« gaining more control over our own thoughts, emotions, responses and
behaviour so that we are in a better position to achieve what we want to
achieve.

Higher Education Institutions and reflection

Educational programmes that are run by the Institute for Learning & Teaching (ILT) in
Higher Education seek to develop ‘reflective practitioners’ (Pee, et al., 2002). In the
UK, the use of a reflective ‘progress file’ is recommended throughout higher



CIB W065/055 Commissions: Transformation through Construction 3

Education (Quality Assurance Agency for Higher Education [QAA], 2000). Some
institutions implement this in the form of Personal Development Planning (PDP)
which is a “means by which students can monitor, build and reflect upon their
personal development” (Dearing, 1998). The PDP is: “a structured and supported
process undertaken by an individual to reflect upon their own learning, performance
and/or achievement and to plan for their personal, educational and career
development” (QAA, 2001).

Within PDP, students are expected to reflect and use lessons learnt to plan for the
future. The idea is that the art of reflection and forward planning will become a life-
long endeavour (Biggs and Tang, 2007). Each Higher Education Institution (HEI)
operates its PDP in a best-fit way.

In the context of PDP, this paper is based on a research that studied how students
could reflect after being in a HEI for one semester. The next section describes the
research method. After that the results of the study are given; followed by a
discussion. The paper is then wrapped-up with a conclusion.

RESEARCH SCOPE AND METHOD

Research is worthwhile to appraise the utility and effectiveness of students’
reflections (Pee et al., 2002). In this regard, our action research studied how HEI
students could reflect. This evaluation was subsumed within an assignment which
was submitted as a portfolio that included several elements:

» A self-analysis

= A pictorial representation of oneself

= A reflection on one’s strengths and weaknesses

= Reflection on key events

= Action planning

The portfolio tasks were issued to the students in Week 1 with the instruction to
return completed portfolios within 3 months (13 weeks). This time span was guided
by the length of the semester in which they had to take the module concerned. The
module and compilation of the portfolio lasted from September 2007 to January
2008. Most tasks in the portfolio involved a self-reflection on the part of each student.

The students were introduced to PDP and reflections in the first week and
encouraged to apply the concepts. The students were encouraged to update their
reflection diaries and learning logs on a fortnightly basis. To assist the students,
templates were provided for them which they could fill.

Although the students responded to all aspects of the portfolio, only their self-
‘reflection on key events’ is covered in this article. Other aspects of the portfolio are
outside the scope of this article. Table 1 provides the basis of the analysis discussed
in this paper, i.e. a model of reflection discussed by Biggs (1988).

Sampling and analysis

The exercise involved students who were starting a construction related course at the
University of Wolverhampton. 134 students completed the exercise and their
submissions inform this article.
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Table 1: Basis of reflection (Adapted from Gibbs, 1988)

Heading Question to answer Pointers when writing
Description: | What happened? DESCRIBE the event briefly, to give
What, when, where did it the reader some background detail.
happen? Be factual.
Do not break confidences.
Feelings: What was | thinking and DESCRIBE your views during / after
feeling? the event
Analysis: What sense can | make of DESCRIBE some reasons for your
this situation? opinion. Offer rationale.
Conclusion: | What else could | have SUMMARISE any other options that
done? What have | learnt might have been taken.
from this?
Action Plan: | If this arose again what STATE the main focus of your
would | do? learning. What “golden rule(s)” have
you learned?

After submission, each portfolio was marked and graded on a scale of A to F where
‘A’ represents excellence and ‘F’ a dismal output. Due to time constraint only 24
submissions are discussed in this paper. From each category of Ato F, 4
submissions were selected by convenience to inform the analysis. The analytical
approach adopted was ‘qualitative content analysis’ which involves a scrutiny
towards establishing meanings and intentions (Fellows and Liu, 2003).

FINDINGS

All the 24 students submitted a portfolio but not all of them responded to each task.
An investigation of the portfolio task shows that 12 students (50%) in the selected
sample did respond to that task while the other 50% did not. The breakdown of the
responses within the sample is shown on Figure 1.

42% of the portfolios wherein the learning log was not completed pertain to students
who scored ‘D’ and/or below. Complimentarily 42% of those who scored ‘C’ and/or
above did complete their learning logs. Amongst the 12 students that described a
learning activity; their responses to questions posed is catalogued on Table 2. These
12 students reported on activities independently but some of these were similar, i.e.:
3 students reported on making a formal presentation; 2 students reported on an
assessment activity; and 1 each reported on a boxing competition, writing a good CV,
site surveying, accessing electronic resources, reviewing a module, going for work
experience and using graphics in WORD.
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Figure 1: Completion of the learning log by the students sampled

Table 2: Responding to questions in the learning log

Question in the learning log Number who % (out of
responded 12)
What were the most valuable learning points? 12 100%
What skills/knowledge have | gained from this 11 92%
activity?
How and when will | apply this learning? 8 67%
Any further follow up action required? 6 50%

Learning points

As a guide, the students were asked to reflect on ‘their most valuable learning points’
A diverse range of issues was highlighted e.g. how to prepare and make a
presentation, causes of fatalities on construction sites, self awareness and
assessment, being dedicated, etc.

The backgrounds and experiences of the students are different. Each of them must
have chosen an activity that impacted on him/her significantly.

Skills/knowledge gained

Most of the students responded here (Table 2) but their answers appear to fall into 2

main categories:

— Professional and or technical competencies e.g. writing a good CV, making a
presentation, estimating, surveying, researching and use of IT.

— Behavioural and social aspects e.g. communicating in a better way, ability to
express one’s feelings and opinions to others, being self-confident and camping.

Applying their learning

8 people responded to this aspect and out of these:

— 3 indicated that the lessons learnt would be valuable to them throughout their
lifetime.
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— 2 said they would use these lessons in career practice.
— 2 indicated the lessons will be useful ‘when need be’ e.g. at interviews.
— 1 respondent said he will apply the knowledge learnt while at University.

On follow-up action

— 3 respondents said they will continue to learn and improve e.g. on one’s CV

— 1 committed himself to further reading while one each said they would implement
the skills learnt at University and at work.

DISCUSSION AND CONCLUSION

The 24 submissions utilised in the present analysis are obviously not a precise
representation of the population. More than 50% of the population did discuss a
learning activity. The insight from the foregoing is that some students were able to
reflect on their relatively short time in the University and identify certain lessons they
had learnt.

When asked to identify skills and knowledge gained in their specified learning
activity, more responses (79%) were made by those who scored ‘Ato C’ in
comparison to those who scored ‘D to F’ (21%). Likewise, those who scored ‘A to C’
returned 80% of the comments on how they would apply their learning. The trend is
suggesting that those who engaged with the portfolio tasks fully and their associated
reflections, did obtain higher grades. From a tutor’s perspective, an opportunity to
learn about the students more has opened up, i.e. why some of them did not do
certain tasks. It could be that: some of these tasks were difficulty for them; they had
no time; they needed more motivation like one-on-one assistance; they learn more in
other ways than through reflection; etc.

Reflections can be done unconsciously and manifest in our actions implicitly. So
someone may reflect without being able to articulate this. The submissions of the
students represent what they could express. It may be that another approach, say
interviews or storey telling, may yield a different set of outcomes.

It is premature to draw a definitive conclusion at this stage. Rather, the entire data
set will be analysed to gain a better understanding. However, the submission of
portfolios by students marks a milestone achievement within the context of PDP,
which is to set students on the path of lifelong reflection and planning. An objective of
PDP is that students will take control and drive their reflections and planning. This will
be very relevant to them in future practice; where currently construction practitioners
rarely seize the opportunity offered by reflection and analysis (Taylor, 2004). We
hope our students will always turn back in reflection rather than turn back in
surrender. Some of them have identified lessons that will be valuable to them in life.
Our hope is that this discovery will be made by all and not just a few.

Finally, most of the students in our sample are enrolled on a 3-year course. Their
ability to reflect must be nurtured as they progress. It is pertinent for them to be
expert reflectors by the time they leave university. Thus, their reflection abilities will
be re-assessed in the second and third year of their study, which is part of our
continuing research agenda.
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Campurbis is an urban project taking place in the city of Guimaraes in the north of Portugal.
The aim of the project is to develop a platform for economic development based on the
sustainable interaction between innovation, technology and arts. The project physical location
is an ancient industrial district right in the heart of the city that faced a strong decline after the
last quarter of the twentieth century, leaving behind a set of empty buildings and valuable
heritage of the tanning and textile industries. The Campurbis project has been launched by
the partnership of the City Council and the University of Minho and aims at merging the
value of both institutions for fully achieving the project goals. However, managing urban
rehabilitation projects is a complex endeavour because of the multiple viewpoints to attend
and the restrictions imposed by the nature of the site. Design options often are a complex
balance between historical and functional requirements and project outcomes are continually
evaluated by a diversity of stakeholders. This paper briefly describes the project and analyses
the difficulties faced the project management team in performing its duties. Unlike other
projects where the design brief clarifies the scope and the restrictions, this project is an
interesting case study where the flexibility of design must encompass the demands of a
variety of stakeholders, functions and site circumstances.

KEYWORDS: project management; urban rehabilitation projects.

HISTORY

Through most of the twentieth century, the Historic Centre of Guimardes (HCG) entered into
a process of economic, social and building decay both causing and being a consequence of its
continual lost of attractiveness. This led to the degradation of life conditions of the residents
and to the departure of many of those, therefore making things worst. The problem was as
dull as the HCG contains a great umber of important cultural assets of great historical
relevance as it was the first capital of the Portuguese kingdom in the 13th century and played
an important role thereafter, in the cultural context of the North of the country.

Aware of this realty, the Municipality (Camara Municipal de Guimaraes — CMG) decided to
establish in 1985 a technical commission specially devoted to the refurbishment of the area
(Gabinete Técnico Local — GTL). From then on, the GTL has been conducting the
rehabilitation of old buildings and the improvement of the public space, by using traditional
construction materials and preserving traditional construction techniques, therefore enhancing
local businesses and maintaining residents. Consequently, the negative trend has been largely
countered, significantly augmenting the attractiveness of the HCG (Figure 1). This has been
extensively evidenced by the increase of real estate value, the development of new economic
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activities, the installation of new functions, the betterment of life conditions of residents, etc.
Parallel to the widespread recognition of the valuable work of GTL, the HCG was classified
as Cultural Human Heritage by UNESCO in 2001 and has deserved several other remarks of
international merit thereafter.

Figure 1: Guimaraes, Cultural Human Heritage (UNESCO, 2001).

Up to the last quarter of the twentieth century, the city of Guimardes and the surrounding area
was a nub for industrial development, mostly focusing on the textile cluster after the 1950’s.
This fostered the attractiveness of the region, fixing residents and fostering urban expansion
therefore generating or expanding urban communities of variable sizes, catalysed by nearby
industrial units. But then the economic activity began to decrease because of the crises in the
textile sector which led to unemployment and to the degradation of life conditions of people.

The Couros District is a small area of about 10 hectares, close to the HCG, crossed by a small
river with the same name. The origin of the tanning activity in the area is lost in the memory
of time (Couro means leather in the Portuguese language). Actually, the place was used for
the treatment of leathers and other animal furs since very ancient times. However, for sanitary
reasons, the Couros District evolved to the textile activity in the mid twentieth century and
later followed the downshift of the textile cluster in the area. The remains of this route are
evident in the landscape, notably the tanning stone tanks and the old industrial buildings
laying the river downstream. In 1971 the area was classified as an industrial nucleus of public
interest by the Portuguese Government (Direccdo Geral do Patrimonio Cultural - DGPC)

(Figure 2).
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Figure 2: The remains of the tanning tanks and the traditional tanning process in the Couros District.

In 1975 a School of Engineering of the University of Minho was established in Guimaraes
(Escola de Engenharia da Universidade do Minho EE-UM) and has been growing since. The
impact of the EE-UM in the city and the region has mostly been viewed as the most
significant higher education institution (presently with over 6000 students), a vehicle for the
diffusion of knowledge (with relevant impact in the local industry), a catalyst for residents
(students, researchers and teachers), an important employer, client and actor in the real state
market and so on.

But the relation between the EE-UM and the city can be enlarged with beneficial effects both
to the University and to the Municipality. Actually, there is an international trend for
converting old industrial cities into modern service economies supported by high technology
research and development (R&D) and by creative activities. In all these areas, the role of the
Universities may be crucial by:

Conducting and supporting R&D;

Securing innovative businesses;

- Attracting creative people for living, researching and working in the region;
- Delivering cultural performances of various types;

- Bringing in a great number of students and visitors;

- Inserting purchase power in local businesses

The Couros District emerged as an opportunity for increasing collaboration between the
Municipality and the University. For the CMG, intervening in the Couros District is an
opportunity for benefiting from the experience gained in the CHG while developing a new
urban refurbishment approach whereby:

- Attracting to the area new interrelated functions and activities, capable of inducing
innovation, technological development and cultural offer;

- Generating opportunities for levering competitiveness and differentiation of the area
while increasing its value in enlarged contexts;



CIB W065/055 Commissions: Transformation through Construction 4

- Fostering the growth of cultural consumption (art, performance, leisure, worship) and is
relationship with connecting activities.

In the other hand, the development strategy of the UM is grounded in its growing and
upholding experience and presents the following main vectors

- To develop new approaches for lecturing and learning

- To collaborate with the industry for promoting innovation and the process of learning
by interacting, learning by doing and so on;

- To foster new models of linking training, culture and economic activity

THE CAMPURBIS PROJECT

Blending the strategies of CMG and UM led to the foundations of the CAMPURBIS project
specially designed for the Couros District. The project essentially aims at embodying a
common strategy of both institutions for innovative urban intervention which is expected to
increase the national and international relevance of the city of Guimaraes and its University.
The project main objective is:

To develop a platform for economic development based on the sustainable interaction
between innovation, technology and arts anchored in an intensive training effort of human
resources.

The project physical location is an ancient industrial district in the heart of the city of
Guimaraes that faced a strong decline after the last quarter of the twentieth century, leaving
behind a set of empty buildings and valuable heritage of the tanning and textile industries.
The CAMPURBIS project has first been launched by the partnership of the City Council and
the University of Minho but has been attracting more partners. In view of the project main
objective and taking into consideration both the project location and the characteristics of the
partnership the following four strategic lines have been set up:

1. Urban rehabilitation and revitalization
2. Creativity and entrepreneurship

3. Cultural attraction

4. Economic development

Accordingly, the CAMPURBIS project has been split into four independent yet inter-related
sub-projects, each devoted to the accomplishment of each strategic line:

1. The um@couros sub-project is the university dimension of CAMPURBIS and is based
on the concept of virtual campus and aims at:

a) Increasing the attractiveness of Guimardes for university students and
researchers;
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b) Developing new paradigms of learning and fostering new models of inter-relating
learning, culture and economic activity;

c) Installing equipments to help the integrated development of innovation and
technology

2. The aim of the R&R Couros sub-project is to transform the District into a rehabilitated
and revitalized area where the objectives of CAMPURBIS and its sub-projects may be
accomplished. The R&R Couros sub-project encompasses the following components:

a) Qualification of the public space (infrastructures, leisure areas, mobility, green
spaces, paths, etc.);

b) Environmental recovery of River Couros (de-pollution, regeneration, ecological
corridors, energy generation, etc.);

c¢) Refurbishment of existing buildings (maintenance, re-construction, demolition,
new construction)

3. The CULTUR Couros sub-project is devoted to endow the Couros District with a set of
equipments that may help increase the cultural and tourist attractiveness. The Couros
District sub-project includes the following components:

a) Increase the value of existing buildings, by transforming them into lively spaces,
able to attract new functions and visitors;

b) Installation of areas for exposition, museum and cultural diffusion;
c) Integration with existing cultural projects in the area

4. The INTER Couros sub-project aims at transforming the Couros District into an area of
institutional interaction which is essential for creating the entrepreneurship culture, the
main engine of economic development of the area, this being the main objective of the
CAMPIBIS project. The INTER Couros project covers the following initiatives:

a) The installation of an information and communication centre whereby promoting
the recovery and diffusion of economic information;

b) The promotion of strategic instruments for economic development;

¢) The installation of public services and association centres

MANAGING THE CAMPURBIS PROJECT

The CAMPURBIS project is now at its first development stages. Looking at the component
sub-projects, it may be stated that R&R Couros and um@couros are possibly more advanced
than the other two. The course of action of CULTUR Couros is partially dependent on the
results of the recent application put forward by the City for European of Culture in 2012.
INTER Couros is mainly dependent on the attractiveness of the other three and on the
mobilization effort of other partners.
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The R&R sub-project is expected to run under a two phase approach (design +
implementation) whereby the client (CMG) makes or contracts the design and further
contracts implementation. This is because the Municipality of Guimaraes owns the land and
part of the buildings or is in the process of acquiring them for the CAMPURBIS project.
Presently, most of the effort in the R&R sub-project is directed to design, namely:

- Infrastructures (water supply, drainage, electricity, communications, wireless
broadband, etc.) and public space;

- De-pollution of the river;

- Refurbishment of the buildings with specified programme:
- Living Science Centre (Centro de Ciéncia Viva);
- Centre for Advanced Graduate Training;
- Design Institute — Design UM

However, other partners beyond CMG have an important role in the design of some of the
above projects, particularly UM that is providing technical support to the river de-pollution
(mathematical modelling and design consultancy), the wireless infrastructure, the
refurbishment of existing buildings (both defining programmes and assisting action in ancient
structures) and that is establishing the contents for the Living Science Centre.

The um@couros sub-project is presently dealing with the learning approach and the
programme of studies for the actions to base in the Centre for Advanced Graduate Training
(CAGT). The Centre will be organized into the following training and research areas depicted
in figure 3.

Digital Arts Building Construction
Training ‘e, ,* and Rehabilitation

General
Coordination

lllll.ll. L|V|ng LabS
Evaluation &

Textile and Control

Fashion Desian

Product engineering

(MIT Portugal Programme)
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Figure 3: Organization of the Centre for Advanced Graduate Training (CAGT)

The difficulties in management the project so far directly follow from its objective and
nature.

Firstly, making a rehabilitation project achieve economic relevance within a Historic City
Centre is not an easy task. Several rehabilitaion projects of this nature are currently being
carried all over the country but their economic success has not being challenged adequately.
In most cases, indirect advantages of the project are predicted (for example, the increase in
real estate demand leading to more purchase power of residents, the increase in tourism
yielding more business opportunities, etc.) but their economic impact is difficult to establish.
The truth is that social factors have frequently taken the lead, given the poor living conditions
of people in old city centres and the focus on housing of most of those projects. But the
Couros District is largely inhabited for the reasons explained above, and the focus of
CAMPURBIS is quite different, therefore raising the issue of its economic achievement.
Instead of depending on the preference of current inhabitants or the wish of return of those
who left, CAMPURBIS must develop its own attractiveness factors to capture new functions
and new people.

Predicting attractiveness is not an easy task either. Until recently, his has not been raised as
an issue in most projects of this type. It was granted by the existing monuments which would
continuously benefit from visitors’ contributions for their own recovery and maintenance. But
now city centres compete with each other because most are refurbished or in the process of
refurbishment. Couros for example has a relevant industrial past and so do many other
locations of the same type. It is the combination of a set of relevant factors that will build up
its attractiveness. Managing CAMPURBIS project includes balancing those factors in order
to achieve the objectives established — too much conservation would prevent new functions to
install; too much intervention would destroy the cultural heritage; too much academic activity
would turn it in an University Campus alone; and so forth. And this has to be dynamic
according to the demand opportunities found.

CMG and GTL have gained relevant design experience in the Historic Centre but the
approach followed has mostly been conservationist. Traditional construction materials and
processes have been used in refurbishment and keeping residents and local businesses has
been the main focus of the operation. The approach to Couros ought to be different in the
sense that new functions and new public are aimed for the old district. Buildings therefore
must perform to those functions adequately (structure, safety, comfort, economy, etc.)
whereas this is not always the case of those of the HCG. The difficulty arises from installing
those functions in the ancient industrial buildings whilst preserving them adequately. Some
area has to be left out and in some cases new structures will have to be erected inside the old
industrial halls. Additionally, this has the effect of raising the project costs significantly.

Another problem is managing the project scope because it mostly depends on its own
success. For example, the installation of spin-offs and small businesses will greatly depend
on the project success but enough room must be allocated for them from the start.
Accordingly an open design approach has been followed whereby the spaces can be easily
switched to other functions at a given time in the future. But this has to fit the constraints
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imposed by the metrics of existing buildings. Therefore, some of them will just be used as an
external skin for the functions set up internally.

Finally, the traditional approaches to planning and scheduling are hardly applicable because
activities are far from deterministic in what concerns to scope, resources and duration.
Alternative methods taking into consideration the variability of design and allowing for
design change have to be adopted instead.

CONCLUSIONS

Concluding, it may be stated that managing urban rehabilitation projects is a complex
endeavour because of the multiple viewpoints to attend and the restrictions imposed by the
nature of the site. Financing the project is seldom assured at the inception stage and mostly
relies on funds raised from people and companies attracted by the project. However, this
greatly depends on the way they measure the project success and on their perceived
contribution to the project. Design must be flexible enough to accommodate changes but
sufficiently accurate to allow for the specified contracting approach. Careful attention must
be paid to scope management from the first stages of the project development. Non-
traditional approaches to planning must be used due to the non-deterministic nature of project
activities.
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THE EFFECTS OF THE INDONESIAN CONSTRUCTION INDUSTRY ON THE
ECONOMY: A SERIES OF INPUT-OUTPUT TABLE ANALYSIS
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ABSTRACT

The construction industry contributes significantly in term of scale and its share to the
process of development in developed and developing countries. Roads, railways, schools,
offices, shops, factories provide the necessary public infrastructure and private physical
structures for many productive activities such as services, commerce, utilities and other
industries. The industry is not only important for its finished product, but also employs a
large number of people (directly and indirectly) and therefore has an effect on the
economy of a country/region during the actual construction process.

However, there has been lack of comprehensive study on the role of the construction
industry in Indonesia, particularly its linkages with other industries. This paper presents
an analysis of the relationship between the construction industry and other industrial
sectors forming the national economic account in Indonesia. The series of Input-Output
tables (1990, 1995, 2000 and 2003) were applied to carry out on this study.

The work is based on surveys, which were carried out in Indonesia to investigate how the
construction industry links to the economy. The data from Indonesian Statistical Bureau
were used (the input-output tables) to investigate the linkages between the construction
industry and other industrial sectors. The linkages of the construction industry into other
sectors were analysed.

Key words: the construction industry, developing countries, economy, a series of Input-
Output tables

1. INTRODUCTION

The Construction industry played key role in the economic transformation for both
developed and developing countries. The industry itself has also significant contribution
to the economic output of a country. Many studies have been done on this field. Roads,
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bridge, railway, irrigation works, schools, hospitals, dwellings, offices, factories and
other construction products have become important elements of society and crucial for
people’s living standards. Data that come from different levels of development of
countries indicate a positive correlation between per capita value added by construction
and per capita gross domestic product (GDP). The importantance of this industry is due
largely to the direct and indirect impact it has on the national economy. It stimulates the
growth of other sectors through a complex system of linkages (Brian and Ofori (1988),
Crosswhite, 2001, Lean, 2001).

However, the processes or the mechanisms of how the construction sector contributes to
the economic development are still difficult to be evaluated. It is still argued that there is
a reasonably well-defined relationship between construction output and the level of
development. This has led to confusion and misconception in analyses of construction
sector in the national economy (Drewer, 1980, Groak, 1994).

It is very common to the people to use GDP as an indicator to measure the industry
contribution. However, the construction industry may not be an industry that can be
measured fully based on the GDP figures. The reasons for this issue are, as follows:

a The GDP figures are based on the value added basis. The value added
components represent the income of various factors of production, such as: wages,
profits, interests and rents. However, the construction process needs a very large
proportion of intermediate inputs from other sectors (e.g. manufacture, mining,
services and trade) compare to the value added. The value added of construction
sector is relatively small in comparison.

a The GDP may not be as a suitable tool to conduct an economic impact analysis
where the characteristics of the industry is using a large inputs which come from
other industrial sectors, such as construction industry. For example, if there is an
increase in final demand for construction products, there will be an increase in the
output of that construction sector, as a producer react to meet the increasing
demand. This is the direct impact. As the construction sector increases its output,
there will be also an increase in demand on construction sector’s suppliers and so
down the supply chain. This is the indirect impact. As a result of the direct and
indirect impacts the level of income throughout the economy will increase, a
proportion of this increased income will be re-spent on final goods and services.
This is called as an induced effect. The ability to quantify these multiplier effects
is important as it allows economic impact analysis to be carried out. The
economic impact analysis using inter-industry models provides a method to
evaluate the economic effects of a proposed project or policy.

The objective of this study is to provide an elucidation of series of input-output tables in
order to evaluate the role of the construction industry into the economy.

2. THE CONTRIBUTION OF THE CONSTRUCTION INDUSTRY TO THE
ECONOMY
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The formation of the fixed capital investment is a vital concern for the state of the nation
as it represents investment in the future of the economy of the country. Fixed investment
usually consists of houses and infrastructures in both public and private sectors, as well
as the business investment in plant and machinery of all industries.

The concept of the gross capital stock is useful in measuring the productive capacity of
the economy. The underlying idea is that a machine or building continues to yield the
same contribution to output each year regardless of its age, until it reaches the limit of its
useful life, when this contribution falls to zero and it is scrapped (Ive and Gruneberg,
2000).

Investment in theconstruction sector can be defined as construction-related to the Gross
Fixed Capital Formation (GFCF). GFCF is an expenditure on fixed assets (buildings,
vehicles, machineries, etc) either for replacing or adding to the stock of fixed assets.
These fixed assets are repeatedly or continuously used in the production process
(Ganesan, 2000).

The construction sector constitutes about 40%-60% of the GFCF in most developing
countries. The proportion of investment that goes to entirely new construction is likely to
be higher than that which goes to repair and maintenance (Ganesan, 2000). In developed
countries, the construction industry accounts for approximately one third of the total
investment in physical assets in the economy. This is about the same as the investment in
plant and machinery (Ashworth, 2002).

The construction investment can be an important public policy tool that is often used by
central and local government to accelerate development and create employment. This
decision is not the result of consumers’ expenditure on goods and services, but as an
investment decision, which has an effect on money injection into the economy (Ive and
Gruneberg, 2000).

The multiplier effect demonstrates the impact of a change in investment on the levels of
income and employment in an economy. The main concept of the multiplier is based on
the recognition that the various sectors that make up the economy are interdependent.

The construction industry has significant interactions with other economic sectors as a
backward and forward linkage (Bon, 2000;Ganesan, 2000). The backward linkages show
the relationship of inter-industry purchases to total input, while the forward linkages
show the relationships of inter-industry sales to total output.

Figure 1 shows that construction needs inputs which come from other industries and
production factors (land, labour and capital). On the other hand, the products of
construction are used by the society to run their social, commercial and business activities.
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Figure 1: Construction as an input-output process (Lowe, 2003)
3. AN INPUT-OUTPUT ANALYSIS

The concept of input-output analysis originated from the work by Professor Wasily
Leontief in 1957. He invented this concept as a tool to examine the interaction between
industries in an economy as part of a national economic account system. This technique
has proven to be a very useful modelling system that can be used for assessing linkages
between sectors in the economy concern (Lean, 2001).

The structure of an input output table consists of transactions for industrial inputs and
outputs, which are represented by the rows and columns of a matrix. The elements of
rows show the distribution of outputs from a particular industry across sectors in the
economy, while the elements of the column represent the inputs of a particular industry.
In other word, the row wise of the input-output table represents receipts of economic
sectors, while the column wise of the input-output table explains expenditures of
economic sectors.

An extensive explanation of the input-output structure is provide by Miernyck, 1965,
Miller, 1985, Lowe, 1993, Scottish Statistics Office, 2002 and Bon, 2000, which can be
summarised as follows:

It can be seen from Figure 2 that the structure of the Input-Output table consists of:

o 4 production sectors (to simplify the explanation) as intermediate inputs and
outputs;
o Final demand (Y) that includes:
o Consumption (C);
o Investment (I);
o Government (G);
o Exports (E);
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o Value added (V) that includes:
o Employee compensation (L) (e.g. labour services)
o Other value added aspects (N) (e.g. government services (paid for in
taxes), capital, profit;

The structure of the Input-output table consists of four quadrants (Figure 2), as follows:

0 Quadrant [:

Quadrant I shows transactions for intermediate inputs to produce outputs. The
intermediate inputs are those, which are required for the production of consumers’ and
capital goods rather than for their final user. As it is assumed that one sector produces
only one good, Quadrant I is therefore represented by square matrix, which the
number of rows and column are equal. Total number of rows and columns (i.e. the
dimension of the matrix) used depends on the data collection. Each element in the
matrix represents an expenditure of a sector which corresponds to an income for the
receiving sector. The diagonal element of matrix shows transactions within the
industry industrial it self.

0 Quadrant II:

Quadrant II contains the final demands for goods and services. Total amount of this
quadrant corresponds to the gross national expenditure in a national income
accounting. Each column represents a category of spending in a national economy, for
example consumers’ expenditure, investment in fixed assets and stock building (gross
fixed capital formation), government spending and exports. If the exports are
presented by net of imports, the sum of quadrant II for each industry is equal to the
gross domestic product.

0 Quadrant II:
Quadrant IIT of the input-output table deals with the value added of each industry that
is represented by a column. The rows represent the primary inputs and value added
that consist of labour wages, profits, payment to the self-employed, rents and
government services, which are equal to gross national income.

0 Quadrant IV:
Quadrant IV represents the value added aspects that go directly to the final demand.

Intermediate inputs Final Demand (Y)
Gross output
1 I 2 I 3 I 4 Consumption Ilnvestment IGovernment I Export

QUADRANT I QUADRANT 11
1 X11 X12 X13 X14 YIC YII YIG Y1E X1
Intermediate 2 X21 X22 X23 X24 Y2C Y2I Y2G Y2E X2
outputs 3 X31 X32 X33 X34 Y3C Y31 Y3G Y3E X3
4 X41 X42 X43 X44 Y4C Y41 Y4G Y4E X4

I QUADRANT II1 QUADRANT IV
L VL1 VL2 VL3 VL4 VIC VII VIG VIE L

value added
N VNI VN2 VN3 VN4 \¥e V2I V2G V2E N
Gross input X1 X2 X3 X4 C 1 G E X
Figure 2: The input-output table (Miller, 1985
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The data used for this discussion was collected from the Indonesian Statistical Bureau.
The construction industry in Indonesia has been included in the National Development
Plans by the People’s Deliberative Assembly, and constitutes as one of important sector
of economic activity in terms of its contribution to national production. The distribution
of the construction industry is about 6-8% of the total GDP between 1995 and 2005
(Figure 3).

The Contribution of the Industries into GDP

16 — \'\—'\

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004* 2005**

‘ —e— construction —s— agriculture Mining —a— Finance ‘

Figure 3: The Contribution of the Industry into GDP

The contribution of the construction industry into the economy can be examined through
the application of the Input-Output Tables. Series of Input-Output tables (1990-2003)
was collected from the Indonesian Statistical Bureau.

Backward Linkage

Vaue
O =2 N W » 0 0 N
é)

1990 1995 2000 2003

Year

‘—Q—Construction —m— Trade —aA— Chemical Industry —e— Mining —=— Finance \

Figure 4: Direct Backward Linkages

Figure 4 shows backward linkage indicators. The backward linkages in this paper relate
to direct input interdependence between the construction sector and other sectors. To put
it differently, they refer to purchases by the construction sector of intermediate goods in
inter-industry transactions. These inputs purchase, priced at producer prices, are the fixed
coefficients indicating required amounts per unit of construction output. It can be seen
that the construction industry is considered to be one of the industries which has highest
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direct backward linkage indicator. The higher the backward linkages a sector has, the
more important that sector is in promoting the economic growth of the economy.

Forward Linkage

4 -
3.5 4
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2.5 4
2
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1990 1995 2000 2003
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—e@— Construction —s— Fertilizer Industry —a— Finance —e— Restaurant/Hotel

Figure 5: Forward Linkages

Figure 5 shows forward linkage indicators. Similar to backward linkages, forward
linkages relate to deliveries of construction outputs to other sectors, as intermediate
goods, plus final demand components. The forward linkage coefficients represent how
much the construction sector delivers to other producers and final demand users per unit
of output.

Output Multipliers

3 ”/\ /
A e A

. K?ﬁbx‘&.

1990 1995 2000 2003

Value
N

Year

—@— Construction —l— Trade —a&— Chemical Industry —@— Mining —=— Finance

Figure 6: Output Multipliers

The output multipliers represent the effect of one monetary unit change in final demand
of the construction industry on total output of all others industries. It should be noted that
the construction industry ranks very high in terms of output multipliers compare to other
sectors (trade, chemical, mining and finance industry)

6. CONCLUSION

The input-output analysis provides a comprehensive description of great value in
understanding the economic role of the construction industry. The construction industry
provides a very important contribution to the national/local economy through its job
generating ability for unskilled, semi-skilled and skilled labour. The construction process
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needs inputs from other industries and production factors (labour, land and capital). This
could generate considerable employment through multiplier effects.

This study has examined the actual mechanism of the role of the construction industry in
the economy particularly in term of the backward and forward linkages between the
construction industry and other industrial sector. The series of the input-output tables
were used to investigate the effect of the final demand change of the construction
industry to other sectors whether as direct or multiplier effects at macroeconomic level.
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MONITORING DEGREE OF COMPLEXITY IN
MULTICULTURAL CONSTRUCTION

Kalle Kidhkonen
VTT Technical Research Centre of Finland
kalle.kahkonen@vtt.fi

Risk management, its methodologies and tools are an important starting point for portraying
potential problems and their impacts. This paper shall first provide discussion on the limits of
traditional project risk management in modern multicultural construction business. It is
considered that the results and process of traditional normative risk management are
sometimes too static for modern business conditions where situations can change in a
continuous manner. The core content of traditional risk management paradigm is well-
understood and widely-studied. However, our thinking model seems to be stuck with the
formal structuring beyond this existing paradigm. This paper shall present project complexity
monitoring as a potential solution for exceeding the scope of current risk management
solutions. Degree of complexity is seen as a major uncertainty source from which potential
problems in construction projects arise. The paper is based on on-going research and
development effort about global projects and relating managerial solutions.

KEYWORDS: risk management, project management, multiculturalism

INTRODUCTION

Complex project is a concept that has rather recently gained increasing attention and interest
in the project management community. It is a key term in the IPMA (International Project
Management Association) Competence Baseline used for explaining the required competence
difference between different types of project managers where, particularly, project managers
entitled as certified senior project manager provide a reference point for explaining the
criteria and competence elements that meet the needs to complex projects (IPMA, 2006) .
Accordingly, the most important criteria for characterising complex projects are i) many
interrelated sub-systems / sub-projects and elements, ii) several organisations, iii) several
different disciplines, iv) different and possibly overlapping phases, and v) need for wide
variety of project management methods and techniques. Usually these criteria are met in
large-size projects but they can be at least partially present in smaller projects as well.

The example above about the use and definition of the term complex project can be
considered as an intuitive opinion by experienced practitioners demonstrating the importance
of the concept for practitioners. Concerning construction operations a lot of research tradition
exists in the field of task level productivity which has been the origin for studies addressing
task complexity (Gidado, 1996). More recently researchers have turned heir attention towards
project level complexity (Girmscheid & Brockmann, 2007). Shenhar et al. (2002) introduce
complexity as a factor that is due to the size of the project/system scope. Additionally,
researchers have explored the structure and dimensions of complex projects and complexity
in projects. "The concept of complexity is being used as an umbrella term associated with
difficulty and inter-connectedness" (Geraldi, 2007). Thus the term has implicit links to
characteristics such as uncertainty, dynamism, uniqueness, lack of clarity, and variety of
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perspectives and cultures. The term complex project have recognised importance for
companies and their project managers, whereas for the research community this term, its
coverage and implications to the project management body of knowledge can be seen as
potential research topics.

Complexity in projects has been understood as a general source for various managerial
challenges. With its outreach to uncertainty and lack of clarity it may also provide a starting
point for understanding root causes of project risks which can then link the identified
complexity to the project risk management.

Purpose of this paper is to present a piece of research where the monitoring of degree of
project complexity is studied as a potential new risk identification solution for multicultural
construction projects.

RESEARCH METHOD AND CONTEXT

The piece of work presented in this paper is an example of constructive proof-of-concept
study. It is based on early finding presented shortly in the introduction. The actual
'construction' is a solution for estimating and monitoring the degree of complexity in
construction projects. This has gone through a field test within a project management training
course. This session was participated by experienced project managers.

This research is part of larger Global Project Strategies (GPS) research project for the period
1.4.2007 — 31.3.2009. GPS aims to develop new ways to manage effectively and innovatively
global projects that are implemented in complex institutional and business environments with
several participating organizations. The main research areas are project networks, risk
management, culture and diversity. GPS is a joint research effort by VTT, Helsinki
University of Technology, Helsinki School of Economics, participating companies and it is
carried out in co-operation with Stanford University Collaboratory for Research in Global
Projects (CRGP) program.

CONVENTIONAL RISK MANAGEMENT
Core of conventional risk management

There are several project management state of the art standards and other presentations in
textbooks that provide a definition of project risk management content. The risk management
content is generally defined as several stages or processes. Some of these merely describe the
core risk management process whereas others can be somewhat more descriptive in terms of
explaining special characteristics of risk management with additional phases or stages.

Figure 1 introduces to the project process the core content of risk management (Kidhkonen,
2006). The basis of this model is in the recognition that some repetitive tasks seem to form
the core effort required in various situations for completing the present needs for obtaining an
improved understanding of the risks and/or opportunities contained within the project. Other
processes around the core of risk management are called accessory processes, which
characterise in a more detailed manner the on-going required effort.
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Figure 1: Risk and opportunity management core processes and accessory processes

Risk (and opportunity) identification is the most crucial process of risk and opportunity
management. During this process one can completely loose the game of having improved risk
awareness for the project or one can gain a substantially new understanding that in turn could
easily result in improved performance. All succeeding tasks are based on the outcome from
risk identification; of particular note are the achievements concerning human and group risk
awareness that are usually gained during this phase. When human risk awareness improves it
usually influences one's thinking and work immediately. If key people are involved together
in risk identification sessions on the projects, this phenomenon can result in straightforward
project plan and management improvements. In simple terms, risks, identified and accepted
as being important, stick with people and have influence over them.

Typical tools for risk identification are i) checklists, i1) prompt list and risk matrix (risk
levels: project, company, business environment; risk dimensions: product, time, money,
people), ii1) cause and effect diagrams. Although various checklists with general or detailed
titles are perhaps the most widely used risk identification tools it is the root causes of risks
which can be seen as main target of this exercise. Cause and effect diagramming that can be
equipped with questions Why?/For what reason? is naturally pointing to this direction.

Where conventional risk management paradigm fails?

Varieties of efforts having traditional risk management paradigm as a starting point have
been documented widely in scientific periodicals and text books, for example (Cooper et al,
2005; PMI, 2004; IPMA, 2006; Chapman & Ward, 2002; ISO, 2003; Smith, 1999; Nicholas,
2004). It would be unfair to judge all these sources and work behind them as promoters
traditional risk management paradigm since many of them surely goes beyond this. However,
dominantly in most sources the starting point and basic principle for explaining the content of
risk management is the core of risk management according to the traditional paradigm. The
following shortcomings can be linked to the traditional risk management paradigm
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1. Too much emphasis on mechanical risk identification, analysis and response cycle i.e.
it has normative nature

Risk management understood as a separate additional process
3. Use of universal definitions and model instead of situation specific approaches

Risk management procedures are often too static compared with dynamics of the
actual situations

5. The “traditional” paradigm tends to lead to “rear window” solutions instead of
meeting the uncertain future based on foresight and proactive measures

6. Single "focal" company thinking model does not meet the characteristics of modern
networked business

7. Opportunities i.e. upside risks not included in a well-balanced manner or they are
fully ignored

Several issues listed above fall beyond the scope of this paper and chances for improvements
arising from the complexity concept. However, it looks obvious that alternative approaches
are needed and the list above can be used as encouragements for disconnections if necessary.

Chance for improvement

Risk identification procedures with checklists result typically in wide variety of risk titles,
actual or potential problems, causes, impacts etc. Further analyses of this material are
proposing that it is possible to name general root causes or risk clusters behind various more
detailed risk titles (Figure 2). This study is showing how numerous project risk issues can
actually arise from less numerous root causes. Therefore it looks possible that by evaluating
severity of carefully selected root causes one can directly address first the root causes and
after that study more detailed risk titles. In a way this is proposing quite different risk
identification approach by proposing the use of generic root cause titles as a first step and
then more detailed risk title discussions after that.
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Figure 2: Identification of generic risk causes behind more detailed risk titles (Dietrich et al, 2004).

STRUCTURING AND ESTIMATING DEGREE OF PROJECT
COMPLEXITY

Elements of complexity

Earlier studies are proposing that it is possible to break down the overall project complexity
into explanatory elements. Examples of these previous structuring of such elements are
Geraldi (2007): i) Level of Immaturity, ii) Dynamics, iii) Number of sources/elements, iv)
Interdependence, v) Reference, vi) Transparency, vii) Empathy; and Girmscheid &
Brockmann (2007): 1) Overall complexity, ii) Task complexity, iii) Social complexity, iv)
Cultural complexity.

The structuring of complexity elements presented in Table 1 is based on workshop with
project managers of international large-size projects. Titles originating from previous studies
were presented as starting point. The proposed structuring is aiming to present a balanced set
of key elements that based on earlier studies are able to clarify the overall degree of project
complexity. The weight connected to each complexity element is proposing its relative value
compared with others.

Table 1: Elements of project complexity and their (possible) relative weights for estimating the overall
complexity.

Complexity element Weight
1. Task 30
= Uniqueness
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= Contract type
= Claiming culture
= Change orders

2. Social 30
=  Chemistry
= | eadership

3. Organizational 20
= Formal and informal

interdependencies

= Skills and competencies

4. Cultural 20

= Country issues
= Institutional issues and
diversity: internally,
external stakeholders
5. Cognitive 10
= Learning impact

Subjective estimates

Subjective estimates refers here to the fact that project risk estimates must be prepared by
knowledgeable individuals. Deriving subjective estimates means that estimates are prepared
by encoding individuals’ experiences and beliefs. The use of judgement of knowledgeable
experts does not mean that those estimates would necessarily be unreliable, but the subjective
estimate approach of expressing risk in this context rather refers to the fact that best possible
source of information - i.e. knowledgeable people - is used. Although the best possible
information source is used while using subjective estimates for encoding experts’ beliefs,
both the goodness of estimates and biases in estimates become important issues to consider
(Kéhkonen & al, 2006).

The goodness of estimates and biases there can be naturally seen as objects for improvements
but another different aspect is to focus on understanding and communicating the overall
quality of estimates. It happens easily that background variables, their formulas and
dependencies over objects in the model become invisible and the overall credibility of the
model can decrease dramatically. Therefore it is important to make the use of tool as
transparent and communicative as possible (Figure 3).
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Weights Final normerated figt
3 0.5 1.5 0.42 16.67 20.83
3 0.3 0.9 0.25 16.67 12.50
3 0.2 0.6 0.17 16.67 8.33
3 0.1 0.3 0.08 16.67 417
3 0.1 0.3 0.08 16.67 417
1.2 50.00
Estimate
1.9.07 1.10.07 1.11.07 1.12.07 1.1.08 1.2.08
1. Task 2 5
2. Social 5 3
3. Organizational 2 3
4. Cultural 2 3
5. Cognitive 2 5

Calc. figures
1.9.07 1.10.07 1.11.07 11207 1.1.08 1.2.08

1. Task 14 35 0 0 0 0
2. Social 21 13 0 0 0 0
3. Organizational 6 8 0 0 0 0
4. Cultural 3 4 0 0 0 0
5. Cognitive 3 7 0 0 0 0

45.83 66.67 0.00 0.00 0.00 0.00

@1. Task m2 Social O3. Organizational O4. Cultural ®5. Cognitive

Figure 3: Tool for monitoring degree of complexity in projects. Example of monthly subjective
estimates (applying scale 1-5), calculations and final output.

Monitoring of degree of project complexity refers to estimates that are prepared regularly
according fixed-length repeating cycles. This is also often called time-pacing in literature.
The rhythmic time-pacing principle is different compared with the conventional risk analysis
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and management practice where the main attention is on so-called critical milestones or
events, e.g. bid preparation, contract negotiations and start on site.

PROOF-OF-CONCEPT TEST

The complexity monitoring as an approach for estimating the overall risk potentiality and its
tool have been

1. Presented in two events for companies (Project Days 2007, Espoo, Finland) and 'Advances
in the Management of Uncertainty' during Nokia internal training days at Aulanko, Finland
Sep 6, 2007

2. Tested using a case project as a part of project management training course in June 2008.
The course was participated by 20 experienced project managers.

The following summarises the main findings obtained from the presentations and test.
Positive observations and feedback: 1) the tool works well as a discussion starter and helps us
to focus on important aspects, ii) the titles forming complexity are the ones we often discuss
in our project meetings. This tool can provide framework for this part of our work. iii) Scores
of various elements and total score make this exercise valuable by building concretical
reference points. iv) Looks suitable for large-size investment projects. Negative observations
and feedback: 1) "Degree of complexity" is difficult concept, which I would present to my
clients and partners only in carefully selected cases. ii) Requires knowledgably facilitator
who can connect the results to practical risk management.

DISCUSSION

Degree of complexity can be a useful concept for characterizing any kind of construction
project. Company managers and project managers have intuitively started to use it as a part of
their work. This intuitive use together with the recently increasing existence of this term in
literature are indicating that also the research society need to put attention on the concept
complexity and explore its implications to the project management body of knowledge. More
specifically it has been proposed in this paper that project complexity and relating tools can
provide clear contribution or even change the content of risk analysis and management by
putting attention on regular monitoring of root causes of risks and to use this data as a main
source for further risk analysis.

Regular monitoring of factors resulting in increasing project complexity can be a way to get
grip of dynamics of construction projects and communicate this information onward. For
example, when sudden change orders appear the complexity of project can increase promptly
and priorities of risk titles change and new titles can appear. Without regular monitoring this
event and its causes to risk management can be ignored.
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CONCLUSIONS

Compared with conventional project risk analysis the concept 'degree of project complexity',
its structuring and its regular monitoring present a alternative route to capture root causes of
project risks as a first step. During the next step the results of this analysis can be utilised as
input data for forming more detailed risk titles.

The presented approach and tool based on it look particularly suitable for construction
projects which clearly are 'complex' at first sight. Typical characteristics of such projects are
existence of factors/actors causing uncomfortable uncertainty, for example new partners,
client or business environment, multiculturalism, dynamics due to change orders, additional
requirements and non-completed contracting.

The gained results from presenting and testing the approach and the complexity monitoring
tool with company representatives are encouraging.
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The highly competitive Architectural, Engineering, and Contractor (AEC) industry has become an
integral part of today’s global economy and the management of its unique ‘culture’ seems to be
dominating the strategy of many of today’s business decisions. Every organisation, group and project
team within the AEC industry has its own unique culture, sub-culture, character, nature, and identity,
each with their own history of success and failures that simultaneously reinforce and challenge their
distinctive way of ‘doing things’. Unfortunately, people (culture) has always been ‘instinctively
programmed’ to resist any form of change. In an attempt to better understand the AEC industry’s
inherent resistance towards change this paper discusses the current status of an ongoing PhD research
investigation in developing an AEC industry-specific best-practice change framework. Leveraging off
the outcomes of a two year Australian industry and government supported Cooperative Research
Centre for Construction Innovation (CRCCI) research project (‘Project Team Integration:
Communication, Coordination and Decision Support’), as well as referring to recent international case
studies and related literature investigations, research activities include further identifying, processing,
analysing and categorising various best-practice change methods, models, frameworks and processes
utilised within the AEC and other industry sectors, and incorporating them into developing an AEC
industry-specific ‘Innovation-driven Change Framework’ that will help transform the AEC industry
and its inherent resistance towards change.

KEY WORDS: Innovation-Driven, Culture; Change; Framework; Delphi

INTRODUCTION

Despite the growing ‘theoretical’ awareness of the cultural ‘dynamics’, little attention is given to
developing innovative and practical processes, frameworks and models that can easily be employed
when attempting to implement and manage a sustainable innovation-driven change initiative within the
geographically dispersed and project-based AEC industry. By developing and fully embracing an
enhanced ‘culture change philosophy’ (as an integral part of developing the proposed ‘Innovation-
driven Change Framework’) that takes into account the AEC industry’s ‘unique’, ‘complex’ and
‘multi-levelled” culture throughout the implementation process of an innovation-driven change
initiative - will in turn provide a more realistic and sustainable approach on how to manage it.

To meet the PhD research objectives, an exhaustive literature investigation provides the foundation for
the development of a sustainable AEC industry specific best-practice ‘Innovation-driven Change
Framework’ that comprises of six key, interconnected and interdependent dynamics (Figure 1) that the
author of this paper believes are to be considered when any form of change or new way of ‘doing
things’ is proposed within an organisation or project team environment.
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Figure 1: Innovation-Driven Change Framework

The development of the author’s AEC Industry-Specific Innovation-Driven Change Framework

(Figure 1) is based on the premise that should one of the six interdependent dynamics be influenced,

‘dealt with’ or changed, it will affect one or more of the other five dynamics. For example, senior

management and change leaders can arguably not implement a new business strategy or innovative

business process (i.e.: an innovation-driven change initiative) without simultaneously...:

i. Confirming the organisation’s ability to change and willingness to adapt to a new or innovative
way of doing things
o ldentifying and applying the most suitable change model available
o Clarifying the ‘need’ vs. ‘want’ of ‘doing things’ differently
o0 Comparing the drivers and barriers of implementation
0 Analysing the various influencing cost, timing and difficulty factors

ii. Confirming the organisation’s, group’s or project team’s ability and willingness to adapt to a new or
innovative way of ‘doing things’

iii. Considering and applying the most suitable implementation strategy in order to maximise benefits
and meet central business objectives of an organisation, group or project team

iv. Correctly identifying and fully understanding how best to manage the various dynamics of their
inherent culture and sub-cultures, including (a) individual beliefs, values, attitudes, assumptions,
etc. towards the proposed change; (b) developing unique motivation strategies, rewards and
incentive packages for managers, employees and project team members alike; and (c) promote a
trusting and sharing environment that is willing to commit and fully embrace the proposed change

v. Clearly identifying effective leaders and committed champions who are capable of achieving the
implementation goals and objectives and who facilitate appropriate working environments that
encourage innovative thinking; an ‘atmosphere of creativity’ where staff enjoy the freedom to
solve complicated problems in non-traditional ways; the desire to institutionalise innovation as
standard business practice; and the support for collaborative efforts

vi. Recognising the essential need to facilitate both internal and external training incentives that
encourage lifelong learning, ongoing development, and active creation and sharing of knowledge
to help ensure the successful implementation of innovation-driven change initiatives within
existing and future work environments. The development of a learning culture that is attuned to
absorbing and applying the required knowledge and skills, will help ensure employees and project
team members (end-users) are effective in their application of the proposed innovation-driven
change initiative
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Therefore, should any of the six interdependent AEC industry-specific innovation-driven change
dynamics be ignored, disobediently followed, irregularly lead / managed / monitored, or simply
overlooked, then the implementation process of a proposed innovation-driven change initiative or ‘new
way of doing things’ is unlikely to succeed.

Finally, to help further validate the fourth dynamic (culture) as being an integral part of the proposed

sustainable AEC industry specific best-practice ‘Innovation-driven Change Framework’ (Figure 1) -

the exhaustive international PhD literature investigation provides an in-depth look at the following

areas, which due to restrictions imposed, could not be included in this paper:

e Various culture and sub-culture classifications (e.g.: ‘strong vs. weak’ cultures) of various industry

sectors (not only AEC)

Relationship between beliefs, attitudes, values and behaviour

Organisational culture models, factors and characteristics

Construction industry cultures and personalities

Innovation-driven / technology-led cultures

e Learning cultures

e The need for developing unique motivational strategies, rewards and incentive packages for
managers, employees and project team members alike

e The need for promoting a trusting and sharing environment that is willing to commit and fully
embrace the proposed change

RESEARCH APPROACH

In an attempt to demonstrate leadership and to enhance the efficiency, productivity and
competitiveness of today’s AEC industry, this paper discusses the current status of an ongoing and in-
depth PhD research investigation in developing a sustainable AEC industry specific best-practice
‘Innovation-driven Change Framework’ that can (a) strategically be employed within AEC industry
project-based organisations, business plans and project team environments to help determine their
current levels of ‘readiness’ and ‘adaptability’ towards the sustainable implementation, leadership and
management of an innovation-driven change initiative; (b) provide AEC industry leaders with a set of
best practice guidelines that can assist in identifying, assessing and potentially overcoming the ‘deeply
embedded’ cultural and sub-cultural ‘threats’ and ‘opportunities’ that challenge the successful uptake
of a sustainable innovation-driven change initiative — i.e.: by looking at organisation and team member
values, attitudes, perceptions and beliefs, etc. towards the implementation of an innovation-driven
change initiative; and (c) assist change leaders in identifying and quantifying the need, expectations,
preparedness, willingness, and sustainability of accurately ‘matching’ the implementation of an
innovation-driven change initiative with that of the uniquely interwoven and profoundly entrenched
levels of cultures and sub-cultures within the AEC industry.

Due to the restrictions imposed on the length of this paper, the author will only focus on summarising
a small portion of the author’s PhD literature investigation findings, by providing a brief outline of the
following:

e Reasons why the study of the fourth dynamic (culture — Figure 1) is important to the AEC industry
— i.e.: thereby gaining a better understanding and awareness of the ‘generic’ human factors and
characteristics (values, perceptions, attitudes, etc) that need to be considered when attempting to
bring about change within an organisation or project team environment

e A working / operational definition for the term “culture’ is proposed by the author - underpinning
the fourth interconnected dynamic of the proposed sustainable AEC industry specific best-practice
‘Innovation-driven Change Framework’ (Figure 1)
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e Reasons for resisting change are highlighted
e The need for accepting change is emphasised
¢ Finally, examples on how to bring about change within culture are introduced

WHY CULTURE?

““...our culture makes us who we are... a company defined by its people, their talent, and the
opportunity to do some pretty amazing things” (McDermott R. and O'Dell C. 2001) p77

Decisions made without awareness of the ‘operative culture forces’, may result in unanticipated and
undesirable consequences. The better understanding of culture therefore needs to be taken seriously to
help anticipate consequences and make choices about their desirability (Schein E. H. 1999). Research
identifies six reasons why the study of an organisation’s culture is important (Table 1):

Table 1: Importance of Studying Culture

IMPORTANCE OF STUDYING CULTURE

i. Culture focuses on communication at all levels of the corporate hierarchy, where individuals identify who they
are in relation to one another and the organisation, and where shared understandings form identifiable
subgroups / sub-cultures.

ii. By focusing on culture, one inevitably focuses on the daily routine and ‘sense-making’ that is the process of
building identities and shared reality among organisation members.

iii. A cultural approach focuses on largely ignored issues such as assumptions and brings underlying values and
motives to the surface.

iv. The understanding of culture offers a better insight to the managers and leaders of organisations — not in order
for them to better shape the culture, but to better understand and participate in the ‘sense-making’ activities of
organisation members.

v. Undertaking a cultural approach will help identify novel approaches and understandings of future
organisations.

vi. Culture is pervasive, not simply a variable that affects the organisation, but indistinguishable from the
organisation

(Pepper G. L. 1995)

*“...when we know what culture is, we know what needs to be changed for culture to change....only
once we appreciate its nature can we understand how it might be changed...when we know its role, we
can comprehend its importance” (Williams A., Dobson P. et al. 1993) p11.

The better understanding of culture “... thus helps generate insight into the organising activity that
would be overlooked or presented differently in other approaches” (Pepper G. L. 1995) p29

WHAT IS CULTURE?

The word “culture’ stems from the word “cultivate’ (the cultivation of soil) (Webster 1956) — i.e.: the
way in which people act on nature. In the case of humans, culture is often the primary way in which
one group (organisation, team, etc) differentiates itself from another (Williams A., Dobson P. et al.
1993; Duarte D. L. and Snyder N. T. 2001). Based on various literatures identified during this PhD
investigation, the term “culture’ has a wide range of definitions, including:

“...being a set of mores, values, attitudes, beliefs, and meanings that are shared by the members of a
group or organisation...influenced by traditions, myths, history and heritage...the sum of how we do
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things around here” (Hensey M. 2001) p49 (Williams A., Dobson P. et al. 1993; Duarte D. L. and
Snyder N. T. 2001)

*“...pervades the decision-making and problem-solving process of the organisation, influencing the

goals, means and manner of action...a source of motivation and de-motivation of satisfaction and

dissatisfaction [thereby] underlining much of the human activity in an organisation” (Williams A.,
Dobson P. et al. 1993) p15

*“...a pattern of shared basic assumptions that has been learnt whilst solving problems, that has
worked well enough to be considered valid and, therefore, to be taught to new members as the correct
way to perceive, think, and feel in relation to those problems...[culture therefore] begins to form
wherever a group has enough common experience which in turn becomes the property of that group™
(Schein E. H. 1999) p13 and (Schein E. H. 1997) p12

The characteristic patterns of a group’s behaviour and the elements of its culture can also be portrayed
using a diagram of a Lilly pond (Figure 2). Briefly, the Lilly Pond of Culture illustrates that the
behaviour, attitudes, and values of members is dependent upon the sets of both conscious and
unconscious beliefs that individual members possess, and that these beliefs are seen as a ‘key element’
of organisational culture (Williams A., Dobson P. et al. 1993). Another way of interpreting the Lilly
Pond of Culture is as ‘hidden scripts’ created by repeated interactions between members of a group,
which are used (consciously and unconsciously) to guide their behaviours. These, over time, become
‘invisible’ and “‘second nature’, serving as ‘shortcuts’ for guiding daily actions, creating perceptions or
assumptions, and forming an fundamental part of any decision-making process (Duarte D. L. and
Snyder N. T. 2001).

Change Leaders / Managers

Deeds

Performance W
. . DY
Actions & Reactions <>f 2
o
. Hs
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Manners ©

REPORTABLE

Beliefs

Philosophy

Thinkina
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Adapted from (Williams A., Dobson P. et al. 1993)

Figure 2: The “Lilly Pond’ of Culture
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WORKING / OPERATIONAL DEFINITION FOR THE TERM ‘CULTURFE’

Based on the afore mentioned findings of the in-depth literature investigation of this PhD study, the
author proposes the following working / operational definition for the term “culture’ - underpinning the
fourth interconnected dynamic of the proposed sustainable AEC industry specific best-practice
‘Innovation-driven Change Framework’ (Figure 1):

Culture is a collection of common experiences, standards, assumptions, perceptions, morals,
beliefs, and ‘ways of thinking’ that both ‘represent’ and ‘influence’ the way ‘things are done’ by
members within an organisation, group, or team environment

INDIVIDUAL RESISTANCE TOWARDS CHANGE

*“...since an organisation’s success or failure is essentially due to the things that its employees do or
fail to do... planned change also is concerned with changing the behaviour of individuals and groups
within the organisation” (Robins 1998) p629

From an individual’s perspective, resistance towards innovation-driven change initiatives resides in
basic human characteristics (perceptions, personalities, needs, fears, etc). Five reasons as to why
individuals resist change are illustrated in Table 2:

*“...change substitute ambiguity and uncertainty for the known...”” (Robins 1998) p633

Table 2: Five Individual Sources of Resistance towards Change

SOURCE OF RESISTANCE CHARACTERISTICS

i. Habit We as humans are essentially habitual in nature (creatures of habit), where life’s
complexities and daily decisions are challenging enough. To cope with today’s
stressful work environment, employees rely on many ‘habits’ and ‘programmed
responses’ that have developed and become entrenched within them over time. But
when confronted with change, the tendency to respond in ones habitual ways itself
becomes a source of resistance. By simply ‘changing places’ can disrupt an
individual’s habits when, for example, a department decides to move to a new office
building or when a team moves onto the next project — causing involuntary changes
to certain established habits, such as: building new working relationships;
identifying new personal/professional boundaries; etc.

ii. Security Certain people have an elevated need for security and are likely to resist change
because it threatens their sense of safety - fearing that the implementation of an
innovation-driven solution may threaten their current employment status, need of
expertise, or skill-sets.

iii. Economic Factors Similar to the ‘security’ factor, these economic-based fears surface due to employees
being concerned that they won’t be able to “...perform the new tasks or routines to
their previous standards, especially when pay is closely tied to productivity.’

iv. Fear of Unknown Employees and project team members dislike uncertainty within their work
environment. Therefore, if the reasons and benefits of implementing an innovation-
driven change initiative is not clearly articulated (clouded or disguised), they may
develop a negative attitude or behave dysfunctional toward the newly proposed
initiative

v. Selective Information Individuals tend to shape their world through their perceptions of their
Processing environment. Once created, this perceived world tends to resists any form of change
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(where employees / project team members ‘selectively process information’ in order
to keep these perceptions intact) - achieved by ‘...only hearing what they want to
hear... ignoring any information, arguments, statistics or potential benefits that may
influence the world they’ve created around them’

Adapted from (Robins 1998) p633

NEED FOR CULTURE CHANGE

““...if people fail to see the need for change (whether threat or opportunity driving it), they will not
change™ (Black J. S. and Gregersen H. B. 2002) p20

Fortunately, the last two decades show an increase in organisations and project teams seriously
considering the human factor (culture) as an essential component of a business decision-making
process in determining the need to employ an innovation-driven change initiative — i.e.: where the
culture and sub-cultures of today’s project-based organisations and teams are perceived to play an
essential role in the implementation process of a sustainable innovation-driven change initiative.
Many organisations decide to change their existing culture based on the need to implement a strategy-
driven change initiative, usually due to a certain business ‘crises’ or ‘opportunity’ being identified,
which in turn ‘insists’ on the need to change the existing culture itself. Interestingly, many
organisations and project teams who successfully change their culture and sub-cultures initially do not
have ‘culture change’ as their initial or main objective. Instead their main objective is to successfully
implement a new business strategy or introduce a new company policy. This process subsequently and
very much coincidently, also changes employee beliefs and attitudes towards that change or ‘new way
of doing things’ and thus the culture of the organisation as a whole (Williams A., Dobson P. et al.
1993)

““...if you do not see a truck racing towards you, you are unlikely to jump out of the way... likewise... if
you do not realise that you are standing on a treasure of gold, you are unlikely to bend down and pick
itup” (Black J. S. and Gregersen H. B. 2002) p20

With change being the ‘only thing constant in our world today', the above extract reinforces the
importance for organisations, groups and project teams to realise and create a need for culture change,
before the act of change can take place. Unfortunately, to convince people of the need for change is
easier said than done, because (a) people tend not to see even the most obvious threats and
opportunities, and (b) being ‘blinded’ by their ‘traditions’ (the ‘way we have always done things
around here’) (Black J. S. and Gregersen H. B. 2002). By continuing to ignore the various human
factors during a decision-making process can essentially result in the implementation of ‘well-
designed’ change solutions, frameworks, processes, etc. to fail due to a number of reasons, including
(a) senior managers and project leaders lack of understanding, experience, capabilities and support, or
(b) employees telling themselves “...this too would blow over’ (McDermott R. and O'Dell C. 2001)
p77. In other words, when considering the need to implement a innovation-driven initiative or ‘new
way of doing things’ into long-established organisational arrangements and multiple project culture
and sub-culture environments, senior management and project leaders can not simply assume that once
implemented, it will automatically ensure an increased sense of employee / project team member
acceptance, commitment, or enhanced levels of trust and motivation — i.e.: a positive change in culture
towards that implementation (Graham M.B.W. 1996).
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METHODS OF CHANGING CULTURE

The author’s PhD literature investigations identified and assessed a number of alternate methods and
approaches to implementing culture change initiatives within organisational and project team
environments. The two most relevant in meeting the aims and objectives of this PhD study — i.e.: help
transform the AEC industry and its inherent resistance towards change - are discussed here.

Six Key Culture Change Factors

Almost two decades have passed since industry leaders were originally exposed to the first culture

change mechanism (presented for the purpose this paper), which comprises of six key areas that need

to be considered when attempting to change the culture of an organisation or project team. More recent
literature investigations still support this approach and therefore validate its relevancy to incorporate it

in helping develop the fourth dynamic of the ‘Innovation-driven Change Framework’ (Williams A.,

Dobson P. et al. 1993) and (Robins 1998), (Maull R., Brown P. et al. 2001) and (Schneider W.E.

2000). To follow, a summation of the six key areas and their relevance to successfully changing the

culture of an organisation:

e Changing People: By changing people (particularly those in key positions or those with
‘uncompromising attitudes’), one may change the pattern of beliefs and attitudes within the
organisation (promote cultural change). Recruitment, selection and redundancy are frequently part
of the change process, but because employee commitment and positive culture is recognised as
being essential to the long-term survival of an organisation, it is suggested to do this only once -
that is, make one ‘large cut’ rather than a series of small ones.

e Changing People’s Beliefs and Attitudes: Due to beliefs of individuals directly being influenced
by or formed through observation, interaction, participation, and persuasive communication, one or
more of the following methods for changing the beliefs, attitudes and values of employees are
recommended:

o0 Through use of role models (Champions): Simply through observation, people are likely to
imitate the behaviours of senior / key individuals (acting as role models or champions) that they
believe are likely to lead to success.

0 Through participation: Formalised group discussions (morning meetings, team briefings,
etc.), are alternate methods for developing shared beliefs and attitudes.

0 Through use of formal communication: Attempts in changing employee beliefs and attitudes
can be used more effectively to better ‘communicate’ the organisation’s culture to their
employees and local community from which they recruit the majority of their employees —e.g.:
by publishing articles entitled *protecting customer investment’; “putting the customer first’; or
‘responding to change demands’.

o0 Through counselling: When, for example, there is a need for an organisation to make
significant reductions in staff in order to cut costs and improve its profitability, it is difficult to
promote a proactive and positive culture at the same time. Therefore, once the process of
informing management is complete, and there is complete commitment to the change from the
most senior level, it is suggested each level of management carries out one-to-one interviews
with their employees.

o0 Through Management Education: Educating management and change leaders and then
‘cascading’ this newly acquired knowledge and management process down to the rest of the
staff is a central strategy for many organisations to achieve a cultural change.

e Changing Behaviour: Changing culture is not only a matter of teaching people new techniques or
replacing old procedures or processes with new ones. Yet, training new skills is likely to influence
an inevitably change people’s beliefs and attitudes (culture) towards, their capabilities in producing
a new product or outcome, or accepting the new way of doing things.
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e Changing Places: Sub-cultures within an organisation develop around differences in functions,
roles, and levels of its members. Therefore, by ‘reshuffling’ or ‘rotating’ groups / individuals, with
different knowledge, experiences and skill-sets, and move them into key positions within other sub-
cultures can result in improved performances, attitudes, beliefs and values in not only the
department or project team they are relocated to, but also the one they left behind.

e Changing Structures, Systems and Technology: Changing the structure of an organisation or
project team will usually make an unpredictable impact on its culture — influencing existing work
groups and communication networks. By revising and improving existing rewards, appraisals,
incentives, monitoring, budgeting and control systems (said to be linked to specific individual and
group behaviours) will inturn increase the chances of changing people’s beliefs and attitudes
towards performing in the required way.

e Changing the Corporate Image: By developing a corporate image (e.g.: a name, logo,
advertising, publication of success, etc.), typically develops positive attitudes among both clients,
employees and their commitment towards the organisation or project. This is described in some
cases as ‘optimistic expectations’, where a positive attitude and commitment towards (a) the
organisation, is viewed as being different towards (b) one’s job, product quality or specific
behaviour.

Four Generic Approaches to Changing Culture

The second method of implementing culture change initiatives within organisational or project team
environments is presented in Table 3. The four unique approaches to changing culture also form an
integral part of the fourth dynamic of the ‘Innovation-driven Change Framework’ — i.e.: to help
industry leaders correctly identify and better understand the underlying truth and origin of an
organisation’s culture and the challenges it presents when attempting to implement an innovation-
driven change initiative.. Interestingly, although related to the process of changing culture, these four
generic approaches are also described as not necessarily culture specific. This is mainly due to certain
change leader perceptions being that (in practice) there is little difference between trying to (a) change
peoples attitudes, values, assumptions, etc. (culture) and (b) change structures, tools, operation
systems, processes, or any other aspect of an organisation (Bate P. 1996).

Table 3: Four Generic Approaches to Culture Change

APPROACHES CULTURE CHANGE CHARACTERISTICS

i. Aggressive e Also referred to as ‘cultural vandalism’ or ‘wilful attack’ on the traditional values of an
organisation and its members, creates disruption and provides clear notice of intention to
establishing a ‘new culture order’.

o Fortunately these ‘pre-civilised bullies’ belong to a small minority of the business world and tend
to live in the past and sometimes motivated solely by the desire to irritate and create trauma.

o Alternate terms used to describe this ‘radical’ approach are: Power coercive; Conflict centred;
Non-collaborative; Win-lose; Imposed; Dictate approach; Unilateral

ii. Conciliate e This approach believes cultural change can take place through *non-dramatic, gradual and routine
means’, and in many cases unnoticed by those involved.

¢ Although seemingly plausible, it is more likely to be successful in bringing about ‘first order
development change’ rather than ‘second order transformational change’.

e Alternate terms used to describe this ‘conservative’ approach are: Group problem solving; Win-
win; Collaborative; Emergent; Integrative; Joint approach

iii. Corrosive e Seen by many as an essentially political process can effect major change through the distribution
of power and authority within the corporate hierarchy.

e The organisation is viewed in terms of a ‘formal authority and informal power’ — that is, an
invisible network of power structures that are shared by all, with no dominant party, and found
difficult for a solution to be imposed by any individual or group.
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¢ Ones this “old boys network’ culture is established, changing it becomes increasing difficult due to
the status quo.

e Alternate terms used to describe this ‘corrosive’ approach are: Coalition; Unplanned;
Evolutionary; Networking; Informal approach

iv. Indoctrinate | e Here organisations and their members can, through cultural training programs, focus on the
concept of cultural change as a ‘learning process’ (Schein E. H. 1999).

o Yet, because training is (in its broadest sense) planned and programmed, it makes this approach in
establishing a new culture less ‘aggressive’, by ‘imposing” a ‘suggested’ culture in a peaceful and
less convincing manner — yet seen as not being incidental, self-directing or individually centred.

e This process may be better suited to technical rather than cultural forms of learning — that is,
where a training program is less sensitive to the special characteristics and qualities of cultural
knowledge and learning requirements.

o Alternate terms used to describe this ‘learning’ approach are: Normative and Re-educative

Adapted from (Bate P. 1996)

FUTURE RESEARCH ACTIVITIES

By encompassing a sequential ‘research in construction process’ — i.e.: by considering both the nature
of the data and investigative methods used, the research path within a construction industry
environment (organisation, project, etc), is to be in unison with (a) the research plan / design, (b) data
collection, and (c) data analysis (Fellows R. and Liu A. 2003)- this PhD study’s next step aims to
employ the eleven distinctive yet critical steps of the Delphi process (Figure 3) as the primary research
methodology to help the author develop and validate the six key, interconnected and interdependent
dynamics of the proposed AEC Industry-Specific Innovation-Driven Change Framework (Figure 1).
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Figure 3: Innovation-Driven Change Framework

Outcomes of the above eleven step Delphi process will be documented in future papers.
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CONCLUSION

Culture is one of the most difficult and complex dynamics to understand let alone change. This is
mainly due to culture being defined and perceived in so many different and sometimes conflicting
ways. Culture is also described as being both influencing and being influenced by various conscious
(visible) and unconscious (hidden) factors that determine the unique way in which members of an
organisation, group or project team address and interact with one another. Senior managers and change
leaders therefore need to seriously consider the various features, characteristics and qualities of its
culture and sub-cultures, and make it an integral part of their decision-making process of implementing
an innovation-driven change initiative into an existing work environment. Should this ‘lack of
attention” to the human aspects of today’s highly competitive AEC industry and project-driven
organisations continue, then the application of even the most optimum or fail-proof implementation
strategy may in many cases be worthless. That is to say, if an organisation’s most valuable resource
(people) is not properly aligned with, and supportive of, the implementation strategy itself, the strategy
will either stall or fail (Schneider W.E. 2000). Few could have predicted the substantial changes and
almost ‘seductive’ influence the introduction of certain technology-led and innovation-driven change
initiatives would have on today’s AEC industry overall culture (people) and business environment.
Factors contributing to this level of ‘confusion’ and ‘naiveties’ is the immense difficulty in
‘transforming’ individual personalities, as they are inevitably hindered by the AEC industry’s (a)
exceptionally fragile level of trust, (b) its reluctance to share knowledge and experiences, (c) its
inherent and deeply entrenched resistance to doing things differently, and (d) its multiple levels of sub-
cultures, each with their own unique perceptions, beliefs, value sets and attitude towards a proposed
innovation-driven change initiative.

The six mutually dependent dynamics of the Innovation-Driven Change Framework (Figure 1) are
discussed independently and comprehensively within the all-encompassing PhD literature
investigation (presented in separate papers):

e CHANGE: An in-depth investigation into the act of change itself and the intricacies, methods,
models, frameworks, drivers and barriers associated with it.

e INNOVATION: Various types, challenges, myths and realities of a proposed innovation-driven
change initiative or ‘new way of doing things’ is examined.

e IMPLEMENTATION: Various implementation strategies and processes for employing a
sustainable innovation-driven change initiative are investigated.

e CULTURE: Although this paper only focuses on a summation of the literature investigation
findings pertaining to the fourth dynamic of the Innovation-Driven Change Framework — that of
the deeply embedded culture of project-based industry organisations - the in-depth PhD literature
investigation provides (a) additional information on alternate culture types, personalities and
characteristics, (b) explores a variety of motivational factors, rewards and incentives, and (c)
examines the inevitable threats and opportunities that influence the success or failure of
implementing a sustainable innovation-driven change initiative within today’s highly competitive
AEC industry arena.

e LEADERSHIP: Various challenges and opportunities associated with effectively leading or
championing the implementation of a sustainable innovation-driven change initiative are
highlighted.

e TRAINING AND EDUCATION: Elaborating on various factors driving the essential need to
facilitate both internal and external training environments and incentives attuned to capturing
lifelong learning (experience) and applying newly attained knowledge (lessons learnt) on how to
successfully implement an innovation-driven change initiative within an organisation or project
team environment.
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Finally, based on the summation of literature findings documented in this paper, the author argues that
every organisation and project team within the AEC industry has its own unique culture, character,
nature, and identity. By employing an AEC Industry-Specific Innovation-Driven Change Framework
that facilitates the means of better managing and leading a dedicated, highly skilled, motivated,
flexible, co-ordinated, committed, and productive workforce, coupled with a leaner, flatter, and more
responsive environment will ensure the fruition of an indispensable and sustainable culture change
philosophy.
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The UK construction and building services sector is under pressure to engender the
culture of innovation and incentivization as normal working practice in the delivery of
‘flexible’ and ‘complex’ infrastructures. The role of contracts in the incentivization of
performance and particularly the diffusion of innovation in construction supply chains is
not well understood. Therefore, this research contribution, which is qualitative, will
investigate contract interfaces in construction supply chains to explore how construction
clients, contractors, manufacturers and suppliers are motivated to improve the
performance of products and services they procure or provide. The focus is on how
information is shared in terms of scope, time and price and how it is diffused throughout
the supply chain. Emerging evidence suggests that the culture of incentivization and
information sharing are not standard practices and the contractual interfaces (particularly
where it goes beyond the first tier of the supply chain) do not favour the diffusion of
innovation. Innovation must be quantified for clients and manufacturers to better lead the
process by which it is diffused throughout the supply chain.

KEYWORDS: incentivization, innovation, supply chain, healthcare infrastructure.

1. INTRODUCTION: A HEALTHCARE DELIVERY PERSPECTIVE

The significance of UK’s National Health Service (NHS) cannot be over-emphasized.
The NHS aims to provide healthcare for all at the point of need. Ever since it was
established, successive governments, particularly in the last decade, have produced a
plethora of policies in the midst of technological advancement for the sustainability of the
NHS ethos'. While the procurement of healthcare facilities is intrinsically complex, it is
made more difficult by the constant flux in government policy towards healthcare
delivery. The policy context cannot be ignored when considering how healthcare
facilities are bought. This long-standing challenge and the complexities associated with
the delivery of healthcare infrastructure are the focus of this research. In order to work

out whether the circumstances of the NHS create a unique procurement environment, the

' The underlining NHS ethos in the context of this research is providing healthcare at the point of need.
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study will also draw on lessons captured from the delivery of facilities and infrastructure
outside healthcare, as well. The aim is to consider the role of contracts in the
incentivization of performance and particularly the diffusion of innovation in
construction supply chain. Contract interfaces in construction supply chains will be
explored to examine how construction clients, contractors, manufacturers and suppliers
are motivated to improve the performance of products and services they procure and
provide. The evidence to be collected will be on how information is shared in terms of

scope, time and price and how it is diffused throughout the supply chain.

2. CONTEXT AND BACKGROUND

The most straightforward definition of innovation is that innovation is technical and
organizational change (Gann, 2003); a more widely accepted definition — “...the actual
use of a nontrivial change and improvement in a process, product, or systems that is
novel to the institution developing the change” was offered by Slaughter (1998).
However, the study of innovation predates the late 1960s (Gann, 2003), yet the key
benefits of innovation as a driver for business competitiveness, quality and productivity
improvements and, ultimately, economic growth, is largely only “thought of” and not
“exploited” by most sectors in practice. The manufacturing sector is often portrayed as a
good example of the latter, where creativity and innovation are increasingly driving the
boundaries of performance (Guilford, 1959; Barron, 1969; and Stein, 1991); this
compliments the argument that manufacturers invest more in research and development
of ‘creativity’ than contractors and consultants (Gann, 1977). Where, creativity is the
generation of creative ideas while innovation is the successful implementation of creative

ideas (Eaton et al., 2006).

To this end, the widespread perception that the construction industry performs badly
compared to other industrial sectors (Winch, 2003), may hypothetically suffice the
argument that the construction industry is less proactive and more reactive in adopting
the culture of innovation. Fragmented supply chains and the existing divide between

academia and industries have been identified, too, as inhibitors to innovation adoption in
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the construction sector (Dulaimi et al., 2002). A claim, which other commentators argue
could be remedied through the proactive influence of clients and manufacturers (Manley,
2008). In particular, Barlow (2000) reported that clients do have enormous capacity to
encourage innovation diffusion amidst integrated working practices, which Manley and
Marceau (2002) argue can be cultivated by clients’ demand for “total package” solutions.
Adopting the manufacturing industry’s practice of a contractual interfaces with clear
boundaries and transactions between them - these are usually simple buyer-seller
relationships — favours creativity in the construction sector (Gann and Salter, 2000).
Therefore, the overarching research question in this investigation, is, to what extent are
incentives used to encourage innovation and diffusion in construction supply chain? In
other words, there are limited studies, which currently address what incentives are used in
construction contracts for effective delivery of work packages in the supply chain; the
need to understand what non-contractual incentives are used for incentivizing effective
delivery, and how are incentivization and innovation facilitated or inhibited in the
construction supply chain? More importantly, the “reverse product model” on innovation
diffusion proposed by Barras (1986 and 1989), is very ‘macro’ in its approach and not
any construction specific in its application. This model is not sufficient for understanding
the processes by which major new technologies are transmitted in the growth cycle (take-
off of product innovations to radical growth process innovation and matured incremental
process innovation) because it is not developed to capture the role of actors who
participate (for example; clients, manufacturers, tradesmen and contracts) in the

incentivization and diffusion of creativity.

2.1. CONSTRUCTION INCENTIVIZATION

The focus on the recurring question in construction contracting of “how to get people to
improve their performance” is gradually shifting to that of “what kinds of incentives are
in use in the construction sector” (Hughes et al., 2006 and 2008). In other words, the
authors (Hughes et al., 2008) where in part investigating how construction participants
describe what motivates them to innovate throughout the supply chain. Notably, Hughes

et al, (2008) have argued that the term incentives is better investigated by
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contextualizing its economic, relational, legal, and psychological perspectives, which
may be associated with monetary and non-monetary incentives, contractual incentives
and extra-contractual incentives. Although, this contribution has enlivened the discuss on
incentivization in the construction sector; there is need to understand what construction
industry participants think about when they are urged to perform quicker, cheaper and
better. A gap — among the range of papers and articles about incentivization of
performance there is almost no recognition of the extended supply chains (Hughes, et al.,
2008), which this investigation aims to address. The next section outlines the
methodology by which the overarching aim of this research, which is, to understand the
structure of construction supply chains and how they facilitate the delivery of

infrastructures through incentivization will be achieved.

3. RESEARCH METHOD

The research method is qualitative, involving a scoping study, which comprises open,
unstructured interviews. The interviewees (30 - 50) will be UK construction contractors,
client, manufacturers and suppliers who operate in the healthcare, housing and education
sectors. First, the data were interrogated for evidence of innovation and clarity of
contract structure. Second, the views of data subjects were compared in the different
sectors in relation to contract types, interfaces and supply chain management experiences.
At each contract interface, the contract details were identified. These include method of
calculating price, reward structures, penalties, how scope was defined, responsibility for
design, responsibility for co-ordination, access to information from more distant tiers in
the supply chain, and so on. Contrasting issues are chosen from initial interviews, and
follow-up interviews are used for detailed data gathering. The data subjects are
predominantly participants in the construction supply chain, rather than the client side of
healthcare, housing and education, although some of these will be involved where they
interact directly with the supply chain participants. The data is still being analysed
through a combination of content analysis and graphical representation of contract and
incentivization structures. By delineating these processes, we will be able to detect

whether there are consistent and systematic features that encourage or impede innovation,
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leading to recommendations about contract drafting policy and supply chain structure for

these cases.

3.1 ANTICIPATED CONTRIBUTION TO KNOWLEDGE AND PRACTICE

It is currently being envisaged that this research will help understand those features of
supply chain and contract structures that contribute to engendering innovative solutions
to the provision of flexible healthcare services and hospital infrastructure. In addition, a
theoretical contribution would be achieved in terms of how the study will be mapping and

characterizing supply chains, a process that is difficult and rarely carried out.

The research’s envisaged contribution to practice at the regional level is to enable
providers of infrastructure to learn from each other in terms of establishing reward
systems that motivate and incentivize those who deliver infrastructure. At the national
level the research may contribute to development of guidance and policy about how the
procurement of infrastructure could or should be arranged to incentive innovation in the
supply chain. At the international level, the UK national policy and guidance about
incentivization of innovation in the supply chain may become a leading example, and
insights into business theory will contribute to the wider debate on the role of contracts in
business. In relation to the value of this research outcome, Policy-makers will be able to
influence business practices because of an increased understanding of the intricacies of
contract interfaces in construction supply chains. Emerging policies would question and
challenge the culture of flexible contracts. This would enable decisions that can be
effectively implemented, regarding a culture of innovation and incentivization in
construction supply chains. Clients and their consultants will be able to choose the extent
to which they wish to engender a culture of incentivization and innovation throughout the
construction supply chain, with an understanding of the kinds of contract that encourage
or discourage innovation. Clinicians and hospital workforce will have a better
understanding of their key role and become more proactive in the delivery of flexible
infrastructure. Main contractors will be able to understand better how to influence the

business culture and the use of incentives, whether monetary or non-monetary,
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contractual or extra-contractual, throughout the supply chain. They will also be able to
develop strategies for innovation through the supply chain, penetrating beyond the first
tier. Specialist contractors and suppliers will be in a better position to engage in pre-
contract activities in order to develop the diffusion of innovation throughout the supply

chain.

5. EMERGING PATTERNS FROM PRELIMINARY ANALYSIS

The data gathering process, which is an open ended interview with an average duration of
75 minutes, is still ongoing amid the initial analysis and coding of interview transcripts
(using Nvivo) in order to facilitate the seeking of patterns and theories where and if it
exists. The characteristics of the data subjects thus far encompasses; CEOs, supply chain
managers, procurement directors, commercial directors and development policy
managers of manufacturing, supplying, main and specialist contracting and client
organizations. While it may be difficult to achieve the exact balance in terms of
aggregation of participating data subjects, patterns are beginning to emerge from the
ongoing analysis. For example, it is the view of manufactures that the existing forms of
contract interfaces, in particular, tendering are a barrier to innovation diffusion
“Participant (3) Sorry, you were unlucky, you were too expensive.” Now we know when
we put that product — and it is our finest recyclable product, it’s designed purely so that
when you take it off the roof, you’ll have 95% return on it, and we put it in very
competitively. Now the guy who we were up against now works for me, so I know where
we were and we just — we weren’t considered and yet that was a good example of going
to the Authority said — the Architect said, “I really like the idea of this, I like the sound of
this, get it tendered and if it’s competitive, we’ll use it.” We had no chance. So I really
don’t know how you could ever prevent that happening because people have friends. It’s
nice if they’re your friends, but I can see the wider picture that when it comes to
tendering, you've got to prevent collusion, you’ve got to encourage competition, but you

mustn 't stifle innovation, whether it’s on the contracting side or the production side”.
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Main and specialist contractors seem to have a consensus view on the merits of
innovation and incentivization but they rarely put it to practice because of contractual
constrains “Participant (1) ...I think we’ve got to look to improve what we do, and when
you look at the air tightness, sort of, regimes, they have things that are going to save you
money quickly, if you plug all the gaps up, you make sure that you 're not losing air where
you shouldn’t be losing air. And so there’s quick wins to be had, and I think they’re
probably more effective than the money, sort of, innovation, which is wind turbines,

biomass boilers, this that and the other...”.

The public sector clients (UK housing associations mainly), which are a non-profit
organization, are heavily regulated by the government whom they depend on for funding;
and this puts them in a better position to drive innovation when compared with their
private sector counterparts. In other words, they draw on the benefits of framework
agreements and flexibility of not being profit driven, which they argue offers a more
flexible contractual interface that is driven by working relationships and continuity of
work “...we try and be proactive, and I suppose, if we were talking about innovation,
which — and there’s a question in here — the things that we have done, a lot of the jobs
that we'’ve done for Hertfordshire have been series of residential houses, so it’s
repetitive, so it goes, bom, bom, bom, bom, bom. And they started off at about 21 weeks.

1 think we got them down to about 17...”

5.1. DISCUSSION: THE PERCEIVED ROLE OF SUPPLY CHAINS (SC) IN THE
INCENTIVIZATION AND DIFFUSION OF INNOVATION

The significance and/or role of SC in the incentivization and diffusion of innovation have
generated mixed opinions and this can be attributed to the diversity of participants (data
subjects). In particular, the majority of interviewees did not think it was directly
beneficial, in practice, for businesses to have serious interactions with members of their
supply chains beyond the first tier, even though they thought further interactions could in
‘principle’ yield some degree of long-term benefits. Further interrogation of data,

however, indicates that the associating contractual interfaces associated with these set of
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interviewees, which are very traditional and non-negotiable in practice where a barrier to
innovation as it did not allow room for “doing things differently”. On the contrary, the
very few participants who remained steadfast on the functional role of SC in the
incentivization and diffusion of innovative ideas argued the SC is key to achieving
increased productivity and heightened satisfaction in the construction industry. A logical
explanation for such a firm opinion can be linked with the type of contractual interfaces,
which where negotiable, relational and less transactional. It is worth noting also that
these groups of participants (specialist contractors and manufacturers) were in practice
prepared to accept the risks associated with the notion of having “to do things

differently”.

6. CONCLUSIONS

There is consensus among commentators that the UK construction and building services
sector is lagging comparatively in creativity regardless of its peculiarity of being a
provider of bespoke services. In other words, the fragmented structure of its supply chain
and persisting divide between academia and industry remain a challenge. Though not
readily conclusive in terms of statistical validity, emerging patterns into the role of
contracts in the incentivization of performance and particularly the diffusion of
innovation in construction supply chains suggests that clients, policies and market forces
are the key drivers for creativity in the construction sector. In addition, transparent
information management through relational contracting is central to innovation diffusion
and incentivization with traces of practicality in the implementation of framework
agreements and negotiable contracts because it somewhat guarantees continuity of work.
However, the practicality of diffusing innovation throughout the supply chain is hugely
limited because manufacturers and clients limit their engagements in the respective
supply chains to the first tier and where it engages, the contractual interface is less

favourable to creativity.
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The high variety of construction projects in the construction industry requires several
technological and production capabilities by firms. The organization and production
arrangements of these contracting organizations vary according to the particular type of
construction in order to optimize the use of the production resources. This paper analyzes the
characteristics of US contractors in terms of markets, technologies, capabilities and
production arrangements according to the framework of transaction cost theory. The analysis
shows that firms tend to internalize or outsource part of their production depending on the
specificity of their assets. Census data are used to support the particular production criteria of
firms as predicted with the considered theory.

KEYWORDS: Transaction cost theory, outsourcing, specialization, U.S. construction.

INTRODUCTION

The construction output is characterized by a high diversity of technological inputs of varying
complexity. The variety of the technological and know-how requirements of construction
projects determines specific demands that can be met by firms with matching capabilities.
Such a factor leads different firms to develop expertise in particular types of construction and
invest accordingly. These capabilities are reflected in the composition of the U.S.
construction industry, whose enterprises are classified according to their specialization,
namely, residential building, non-residential building, non-building and specialty trade
construction firms. The characteristics of these firms, in terms of markets, technologies,
capabilities and production arrangements, are not casual, but rather reflect the organization
criteria of the supply chain that optimize the use of the production resources and that differ
according to the type of construction. The variability of these criteria can be explained in
terms of Transaction Costs Theory (TCT), particularly in regard to the asset specificity of
production means and workers’ capabilities. In fact, TCT provides a useful framework for
analyzing how the construction firms organize their production, that is, why they decide to
internalize or outsource the work production for a project. The purpose of this paper is to use
TCT to predict the particular production arrangement (or extent of outsourcing) of a firm,
depending on the specificity of their assets. Then, these theoretical considerations about the
expected specialization and production characteristics of the firms that operate in the
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aforementioned construction markets are supported by U.S. census data. The rest of the
article is organized as follow. Next section presents the characteristics of the U.S.
construction market. Particularly, a series of theoretical considerations are developed to show
the relationship between the number and specificity of technologies embodied in a
construction project, and the specialization extent as well as type of investment by firms in a
particular construction sector. These investments encompass the acquisition of human (e.g.,
know-how) or physical (specialized machinery) assets. Then, TCT is used to predict the
production arrangements of firms in construction markets. The predicted production
arrangements are compared with the census data of the US construction industry, either for
general contraction firms or for specialty trade contractors. The data tend to agree with the
predictions formulated with the theoretical framework of TCT. Lastly, conclusion and future
research are presented.

CHARACTERISTICS OF THE U.S. CONSTRUCTION MARKET

The construction industry produces three broad categories of facilities: those that shelter
people - residential buildings; those in which goods and services are produced, stored and
exchanged - non-residential buildings; and those (infrastructure) that support all the activities
of the users of the above mentioned building categories - non-building (civil and heavy
engineering) facilities. Each of these products is characterized by a varying range of
technology (trade) requirements that must be met by the firms in charge of its construction.
Table 1 shows the main technologies and work activities, including their relative percentage
costs, of 6 different types of projects in building and non-building construction. Cost data
were drawn from cost estimating guides, such as R.S. Means, and industry sources. The
considered projects result from a varying extent of intermediate inputs (labor, components,
materials and machinery) with the prevalence of machine and labor intensiveness in non-
building and building projects respectively.

Several considerations can be drawn from the analysis of the table data. Building construction
(office, hospital and residential buildings) is characterized by more trades than those used in
non- building construction (water related, tunnel and highway facilities), i.e., by a broader
technological band width (Albino et al., 2000). Some of these technologies, or work activities
(e.g., steel and exterior closure), are shared by two or more different projects such as office
and hospital buildings, while others are specific to a given project. The machinery and know-
how used in tunnel and highway construction, for example, are not interchangeable. Similarly
residential constructions (single family homes) are dominated by wood framing and carpentry
trades, which are seldom deployed in other types of building construction. The economic
importance of technological inputs varies from project to project. Concrete work, for
example, is more costly in a wastewater treatment plant than in an office-building project
with a steel superstructure.
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Table 1: Main technologies and relative cost range of different construction project types (Means,
2000)

Water and wastewater % Cost Tunnel % Cost Highway project % Cost
facility project range project range range

Major equipment 10-25 |Excavation 34-58 |Earthwork 6-9
Concrete work 10-20 |Support 4-47 |Roadway* 35-45
Mechanical installations 10-15 |Lining 1-53 |Drainage 6-9
Electrical* 10-15 |[Other construction 4-5 [Utilities 12-15
Building finishes and misc. work 10-15 Landscaping 5-10
Earthwork and yard piping 5-15 Traffic items ** 13-18
* Instrumentation and control included * Base, paving and concrete work

** Signing, marking, guardrails

High-rise office project Hospital project Single family home project

Foundations 2-3  |Foundations 12 |Foundations 9-10
Substructure 3-4  [Substructure 0,6-3 |Framing 17-19
Superstructure (steel) 18-25 |Superstructure (steel) 12-14 |Exterior walls 12-21
Exterior closure 14-18 |Exterior closure 10-12 [Roofing 2-5
Roofing 0,5-2 |Roofing 0,7-1,5 |Interior construction 32-35
Interior construction (tenant work) 16-25 |Interior construction 24-31 |Specialties 3-7
Conveying 49 |Conveying 2-5 [Mecahnical 7-10
Mechanical 21-24 |Mechanical 24-30 |Electrical 3-5
Electrical 10-14 |Electrical 11-15 |Site work <1
Equipment NA |Equipment 7-8

Sitework 2-6 |Sitework 4-6

Another important consideration is the average size of projects, from a couple of hundred
thousand US dollars, in the case of a single family home, to several hundred million US
dollars in the case of a tunnel project or highway project. Project size and related technical
complexity determine the geographical dimension of a given construction submarket. While a
single-family home project may attract local firms (both general and specialty trade
contractors), a large hospital project may attract firms (general and major specialty trade
contractors) from all over the country. These considerations suggest that there is not a single
construction market but “rather a set of sectors that are loosely related to one another by the
nature of their products, technologies, labor arrangements and institutional settings” (Lange
and Mills, 1979). The specific technological and know-how requirements of a given project,
e.g., a single family home, determine a demand that is met by firms with matching
capabilities.

Figure 1 differentiates the main types of projects within the construction industry into three
clusters (A, B and C) according to two dimensions: the number of discrete technologies that
are embodied in a given building type and the extent of their specificity. This last dimension
reflects whether the same technology/ies can be deployed in more than one type of project.
The three clusters identify the main markets in which construction firms operate and arrange
their organization accordingly. Building construction (A) consists of a wide range of building
types, each characterized by a large number of discrete technologies that need to be
coordinated during construction. Most building types share the same technologies with
varying specificity intensiveness. Commodity-like technologies, such as concrete and
masonry work, can be applied to a wide range of building projects. Customized technologies,
such as curtain walls and elevators, can be deployed on a more limited range of projects.
Firms operating in non-residential building construction tend to specialize in projects with
similar technological requirements in order to expand their markets. Thus these firms do not
achieve a high level of specialization in any single type of building construction.
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Figure 1: Classification of construction projects in terms of technological requirements and extent of
their specificity

Residential construction (B) consists mostly of homes, small building units in which wood
related technologies (i.e., framing and exterior walls) predominate and, as stated before, are
not used in other building projects. Other technologies, such as mechanical and electrical,
require basic services by specialty trades that are seldom needed in more complex building
projects. Thus house building is characterized by a very high level of specialization,
differently from multi-storey residential construction characterized by more challenging work
activities and different technologies. Non-building construction (C) consists of facilities that
embody a relatively lower number of technologies. Work activities often involve dedicated
machinery, e.g., dozers for massive earth moving, high capacity cranes for bridges or pavers
in roadways whose specificity is very high and that often cannot be redeployed in other types
of construction. Thus firms operating in cluster C are expected to have a high level of
specialization in a given type of construction.

The variety of technological inputs in construction raises the issue of how contracting firms
organize their production, i.e., how much of this production should be self-performed or
outsourced. Other important determinants of firms’ organizational and production criteria are
the relative economic value of the technology/ies within the overall cost of a given facility, its
size and technological complexity as well as the geographic extent of its market. The
following section addresses some of the determinants of the production arrangements that are
expected to be adopted by firms according to the theoretical principles of institutional
€conomics.
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TRANSACTION COSTS IN THE CONSTRUCTION INDUSTRY

Similarly to manufacturing, in the construction industry a project is rarely accomplished by a
single firm. Work production is often organized according to a variety of trades that deploy
the technologies embodied in a given project. TCT provides a useful framework for analyzing
the way in which construction firms organize their production, i.e., internalize or outsource
the work production for a project. In this regard Coase (1937) argues that the structure of a
firm is set up to minimize overall transaction costs (those incurred for searching and
gathering information about buyers and sellers, writing and negotiating contractual
agreements and administering their execution). Internalization of production activities is
convenient only when these activities cannot be provided more cheaply on the market. Thus
every firm faces the challenge of choosing the right governance structure for the
implementation of these activities.

Building on the work of Coase, Williamson develops a theoretical framework for answering
such a challenge (1975, 1979). According to the framework, the analysis of transaction costs
explains why the exchange of goods and services is governed by a specific government
structure, ranging from full internalization, or hierarchy, to full externalization, or market. In
addition, Williamson recognizes the importance of hybrid organization forms which are
characterized by a mix of markets and hierarchies. He shows how transaction costs are a
function of asset specificity and puts forward transactional hazards as a major cause of
transaction costs. As asset specificity increases, the most efficient government structure
moves from simple market exchange to hybrid contracting and then to hierarchy
(Williamson, 2008). Because of the high costs of organizing a transaction internally,
hierarchy becomes “the organization form of last resort: try markets, try hybrids and have
recourse to the firm only when all else fails” (Williamson, 2008). Several studies of
construction firms have termed these hybrid forms as quasifirm (Eccles, 1981) or macrofirm
(Dioguardi, 1983) and viewed them as a function of asset specificity (Gunnarson and Levitt,
1982). According to Williamson (1991), asset-specificity refers to “the degree to which an
asset can be redeployed to alternative uses and by alternative users without sacrifice of
productive value”. In other words, investments made for a particular transaction have a
higher value only for that transaction. It has little value for other types of transactions
(McGuinness, 1994).

Williamson (1991) differentiates between six types of asset-specificity, four of which are
applicable to the many physical (technologies) and human assets that are needed to complete
a construction project. The four types include: 1) site or location specificity, 2) physical asset
specificity, 3) human asset specificity, and 4) temporal specificity.

1. Location specificity refers the local availability of providers of a given technology,
material or labor. Little availability creates a monopolistic situation with consequent
“hold up” problems between provider and contractor, including higher cost.

2. Physical asset specificity refers to a specialized machinery that can be used for a
single purpose. In construction typical examples are the boring and lining machine in
tunneling in hard rock, the paving equipment in road building and the specialized
cranes for the steel erection of a high rise building.

3. Human asset specificity refers to the specialized human skill arising in learning by
doing. It encompasses the knowledge and experience of personnel that are specific to
a firm’s line of business and also to long-term cooperative links between general
contractors and subcontractors.

4. Temporal specificity refers to a technology that is time specific. Its value is highly
dependent on its timely deployment. Typical examples are the work activities that are
on the critical path of a project time schedule.
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Williamson’s asset-specificity factors suggest that the varying combination of technologies
and human assets plays a major role in the way construction firms organize their production
and operate in the market. Table 2 provides a classification of the six-above addressed
projects in terms of sources of asset specificity (in rough order of importance) and expected
extent of self-performance or outsourcing. The table also includes the expected specialization
rate of the firms generally involved in these projects, a dimension addressed in the previous
part of this paper.

Table 2: Categorization of construction projects in terms of asset specificity and production criteria
(Adapted from Ekstréom et al., 2003)

A B C
Type of construction High-rise Hospital Single- Tunnel Water and Highway
rojects office building | family home | facility | VESCWAET | gcilit
pro) building £ Y Y facility y
Technological bandwidth Broad Broad Broad / Narrow Average /| Average /
Average Narrow Narrow
Asset specificity Medium/High High Medium High High High
Human Human Human Physical Physical Physical
Sources of significant asset- | Temporal Temporal | Temporal | Temporal | Temporal | Temporal
specificity Locational Physical Locational Locational
Locational
Subcontracting rate High Very high Medium Low Low Low
Coordination focgs of main External External | Ext./Internal | Internal Internal Internal
work and material flows
Specialization extent Moderate Moderate | Very High | Very High | Moder./High High

In non-residential building construction projects are characterized by a very broad
technological bandwidth. Firms operating in this sector must have personnel well versed in
coordinating subcontractors and their numerous technological inputs to a specific building
project (external coordination focus). In this regard, the availability of qualified in-house
personnel is the principal source of specificity. Another source of asset specificity is the
timely and local availability of subcontractors that, in the case of hospital projects, may
provide highly customized and specialized services (physical asset specificity). The need for
deploying coordination capabilities in technologically-related projects induces firms to
achieve a moderate level of specialization in any given project. A high rate of subcontracting,
in addition, entails a large in-house force for managing and coordinating subcontracting
services (external coordination).

In residential building construction, projects are characterized by a variety of simple and
standard technologies. Asset specificity is driven by the dominance of wood-related work
activities that are seldom needed in other non-residential projects. Thus firms tend to work in
residential projects exclusively. Because these technologies are critical for the timely
completion of a project and represent a sizable percentage of a project cost, construction
firms tend to internalize them. This production arrangement leads to a lower rate of
subcontracting as compared to that of non-residential building contractors. The principal
source of asset specificity is the availability of personnel that is well versed in coordinating
the subcontractors’ technological inputs (external coordination) and, at the same time,
specialized in undertaking the direct production of wood-related work activities directly
(internal coordination).




CIB W065/055 Commissions: Transformation through Construction 7

It should be noted that specialty trade contractors that operate as subcontractors in the above-
described construction sectors are expected to have different capabilities even within the
same type of trade. HVAC work, for example, is by far more complex in an office building
than in a single family home. Thus these contractors will have a different extent of
specialization (and of external coordination capabilities) depending on the technological
requirements of the project in which they are usually involved.

In the non-building sector projects are characterized by a technological bandwidth that is
narrower than that of building projects. Some deployed technologies, e.g., specialized
machinery, give rise to physical, locational and temporal asset specificity because they are
highly customized for a single construction task and may not be available in the location of a
given project on a timely basis. Thus firms tend to internalize these technologies and acquire
specific know-how with their use. A higher rate of self-performed work leads to a lower
subcontracting rate and to a corporate focus on ensuring the efficient use of in-house
resources (internal coordination focus). The need for amortizing investments in machinery
induces firms to seek jobs with the same technological requirements, often on a widely
distributed geographic area, with a consequent high level of specialization in a given project.
In the following sections U.S. census data are used to support the theoretical considerations
about the expected specialization and production characteristics of the firms that operate in
the three construction markets under consideration. The analysis focuses on only one of the
main aspects of TCT, physical asset specificity as a predictor of production and operation
criteria in conjunction with specialization. It should be noted this aspect alone cannot explain
fully the way firms operate in the market. Other aspects related to inter-firm business
transactions should be observed and measured. Asset specificity in combination with two
pairs of factors (bounded rationality-uncertainty/complexity, and opportunism and small
numbers) creates transactional hazards that ultimately determine a given governance structure
of a transaction. These transactional dimensions cannot be observed with the statistical data
used in this study, but rather with specifically designed empirical studies of transacting
parties, such as the relationships between general contractors and subcontractors (Costantino
et al., 2001).

CHARACTERISTICS OF GENERAL CONTRACTING FIRMS

The US construction industry has an atomistic nature with a very large number of relatively
small firms. Approximately 80% of these firms, in fact, have fewer than 10 employees.
Appendix 1 classifies these firms into general contractors (residential and non-residential
building construction), heavy and civil engineering contractors (non-building construction)
and specialty trade contractors. This classification reflects the specialization by firms in a
particular kind of construction work. According to the U.S. Bureau of Census an
establishment specializes in a given type of construction when fifty-one percent or more of
the performed construction work is in this type of construction. Table 3 shows the main
characteristics of general contracting firms (residential, non-residential and non-building),
according to the data collected by the 2002 Census (U.S. Bureau of Census, 2004 and 2005).
These firms operate in three main markets that accounted for 31% (Non-residential building
construction), 49% (Residential building construction) and 20% (Non-building construction)
of the total output of the U.S. construction industry in 2002 (U.S. Bureau of Census, 2005).
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Table 3: Selected characteristics of U.S. general contracting firms (Source: U.S. Census Bureau, 2002
Economic Census)

1 2 3 4 5 6

Residential Contractors 0,92 0,38 79 0,16 545 5,1
Non-Residential Building Contractors 0,45 0,54 353 0,15 1.956 19,7
Non Building Contractors 0,75 0,19 1255 0,26 2.065 22,9
Total US construction industry 0,70 0,39 345 0,18 1051 10,7

C (4) Work subcontracted in/value of construction
(1) Amount of specialization work
(2) Work subcontracted out/value of construction work  (5) Average added value/firm (thousand dollars)
(3) Average book value/firm (thousand dollars) (6) Average number of workers/firm

Among general contracting firms, residential contractors have the highest specialization rate.
Enterprises specializing in single family homes are most likely to perform this type of work
exclusively to the exclusion of all other building projects. Wood-related technologies (shell
and fit out work), as stated before, are seldom required in other types of construction. Their
specificity leads firms to internalize them, with a consequent lower subcontracting rate
(although relevant in absolute terms), if compared to that of non-residential building
contractors. Their small size and fixed assets show that these firms are the natural evolution
of a construction trade, carpentry, similarly to specialty trade contractors. The small average
value added per firm reflects the high fragmentation of the residential market and the limited
geographic extent of the firms’ operations. Residential contractors tend to invest in human
resources. Their human asset specificity has two dimensions: the specific know-how for
wood-related construction and the coordinating capability of the work that is subcontracted to
specialty trade contractors.

Non-residential building contractors have the lowest specialization rate among general
contracting firms. Specialization and subcontracting are correlated. Rather than achieve
expertise in one type of building project only, contractors tend to specialize in related projects
(that share the same technological bandwidth) by subcontracting much of the work to
specialty trade contractors. A high subcontracting rate leads firms to develop coordination
capabilities to be applied to the varying technological requirements of building projects.
However this type of human asset specificity differs from that of residential contractors,
because coordination capabilities are applied to a wide range of projects and not to a single
type such as homebuilding.

The average book value of non-building contractors is the highest among the considered
firms, given the machine intensiveness of their construction work. A high rate of
specialization reflects the technological and know-how dissimilarity of the projects
undertaken by these firms. The specificity of the costly machinery leads firms to internalize a
large part of production and develop human assets aimed at achieving production
efficiencies. High fixed costs (amortization and salaries) create the need to keep capital and
human resources productive all the time. Therefore, in addition to a high rate of self-
performance, firms may act as subcontractors (26% of production value) and seek work over
a large geographical area. Differently from the other two types of considered contractors,
non-building construction firms are characterized by physical asset specificity.

CHARACTERISTICS OF SPECIALTY TRADE CONTRACTORS

The U.S. Bureau of Census identifies 19 types of specialty trade contractors (see Appendix
1), mainly involved with building construction. These contractors are grouped according to
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the four main sets of activities that characterize the making of a building: the construction of
the shell (foundation, structure, etc.), the installation of service systems (electrical, HVAC,
plumbing, etc.), fit-out construction (finishing) and site preparation and improvement. This
last type of firms, “other specialty trade contractors”, is involved with many miscellaneous
jobs (private driveways and parking, swimming pools and fences) and crane rentals. The list
is not exhaustive. Other specialty contractors are to be found in the heavy and civil
engineering construction sector (e.g., highway line painting), and in other industry and
service sectors of the U.S. economy. This type of contractor provides services and work such
as asbestos removal and chemical remediation, traffic controls, decommissioning and site
development (The Top 600 Specialty Contractors, 2006).

Table 4 shows the main characteristics of US specialty trade contractors according to the
2002 census data (U.S. Bureau of Census, 2004 and 2005). Their overall average
specialization rate (53%) is lower than that (70%) of all general contractors. Most of their

Table 4: Selected characteristics of U.S. specialty trade contractors (Source: U.S. Census Bureau, 2002
Economic Census)

1 2 3 4 5 6 7 8

Shell 0,571 0,09 | 0,64 | 156 | 10,3 | 0,44 | 0,50 [ 0,06
Building equipment 0,46 0,08 | 0,55 | 170 | 11,7 | 0,25 | 0,71 10,04
Building finishing 0,61] 0,11 [ 0,64 | 76 [ 7.4 ] 0,49 | 0,51 |0,00
Other specialty contractors 0,61] 0,13 | 0,47 | 436 | 84 | 0,17 | 0,25 10,57
Total specialty trade contractors 0,53 0,09 1058 179 | 9.8 | 0,33 | 0,56 | 0,11
(1) Amount of specialization (5) Average number of workers/firm

(2) Work subcontracted out/value of construction (6) Value of construction work in Res. Building/tot.
work value of construction work

(7) Value of construction work in Non Res.
Building/tot. value of construction work

(8) Value of construction work in Non Building/tot.
value of construction work

(3) Work subcontracted in/value of construction work

(4) Average book value/firm (in thousands of dollars)

capabilities, in fact, are deployed to meet the large variety of technological requirements of
building projects (89% of sales). Differently, only a small portion of their production (11%)
is employed in the non-building sector whose projects embody a narrower change of discrete
technologies. In delivering their services, specialty trade contractors self perform most of
their work, with little subcontracting (9% of production). The high rate of self-performance
reflects labor efficiencies of repetitive work obtained from general contractors on a
continuous basis. A sizeable amount of their sales (42%) is obtained by acting as a prime
contractor.

The intensity of capital investments, or physical asset specificity, is the most notable
difference among specialty trade contractors. The average book value of “building finishing
contractors” is almost 1/6 that of “other specialty contractors”. The former, in fact, are
engaged in labor intensive or craft-like activities, while the work undertaken by the “other
specialty contractors” has a machine intensive nature, such as mass excavation. The physical
asset specificity of a firm is correlated with the extent of the market in which the same firm
tends to concentrate its efforts. This relationship is shown in Figure 2 which records the
indicators of fifteen different types of specialty trade contractors. Three types were not
included because of duplication of work activities. The indicator of a fourth type (site
preparation) was outside the considered scale of representation.
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Figure 2: Physical asset specificity and market extent of specialty trade contractors
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physical asset specificity

The horizontal axis, physical asset specificity, is a rough proxy of the intensity of fixed
investments (ratio between book value and total payroll). The higher the value within a firm,
the more its operations are “vulnerable” to the uncertainty of new job acquisitions.
Differently, the vertical axis, market specificity, indicates the market extent of a firm;
whether its capabilities are applied to few types or many types of construction projects. This
indicator is expressed by the ratio of the standard deviation and the average value of
construction work put in place by each considered firm. Four groups of specialty trade
contractors can be identified.

Group A (framing, siding and finish carpentry contractors) concentrate their efforts in a very
specific market, single family homes. Their below-average physical asset specificity and
small size compensate for the possibility of negative variations of housing demand,
particularly at the local level. These contractors, in fact, operate in a geographically limited
market, as shown in other studies (Eccles 1981; Costantino et al., 2001).

Group B (electrical, plumbing, heating and air conditioning contractors) concentrate their
efforts on a wide range of non-residential building projects. These firms, with average
physical asset specificity and size, probably operate in a geographically more diffused market
to maintain a steady volume of production.

Group C (poured concrete foundations and structure, structural steel and roofing contractors)
operate in building and non-building construction, given the wide applicability of their
technologies (with the exception of roofing contractors who operate in building construction
only). This characteristic compensates for their relatively high physical asset specificity.
Group D (7 remaining contractors) operate mainly in the finishing trades, a type of work that
applies to residential and non-residential building projects only. Their fixed investments and
size are similar to those of group A. However the firms of group D are less vulnerable than
the others to job acquisition fluctuations because of the extent of their markets.
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CONCLUSIONS

The U.S. construction market is composed of a series of sectors whose products vary
according to their technological and know-how requirements. Such a variety is reflected in
the capabilities of the firms that deliver these products. These capabilities have been
addressed according to the TCT that identifies several asset specificity factors that play a
major role in the way the four different types of construction firms organize their production
and operate in the market.

Residential contractors, or homebuilders, are small firms with a very specific know-how that
is deployed in a single type of construction, single-family homes. A high specialization rate
leads these firms to internalize a sizeable part, mainly wood-related trades, of their
production, also because these technologies are usually not deployable in other types of
construction. Small size and fixed costs make these firms vulnerable to changes in the limited
geographical market in which they operate.

Non-residential building contractors undertake a variety of projects with a wide technological
bandwidth that require much broader coordination and more know how capabilities. This
characteristic leads firms to not specialize too much in a single type of construction project in
order to handle other types of technologically related projects. Coordination capabilities
reflect extensive subcontracting. Differently from homebuilders, these firms operate in a
geographically diffused market.

Non-building contractors undertake projects that are characterized by machine-intensive
construction activities. These technologies are specific to a given construction task and
usually cannot be deployed in other types of projects. Thus firms tend to internalize them
with a coordination focus on achieving efficiencies in the use of in-house resources. High
fixed costs lead non-building construction firms to seek work in a large geographical area and
act as subcontractors in order to keep internal resources productive all the time.

Specialty trade contractors deploy most of the technologies that are used in building
construction. The complexity of these technologies and related know-how vary depending on
the type and size of building projects. Thus these firms do not aim at a high level of
specialization in a given type of project, similarly to non-residential building contractors, but,
differently from the latter, they self-perform most of their work in order to maintain labor
efficiencies. In terms of size and capital investments, specialty trade contractors are similar to
home builders but the former are more vulnerable to market changes given the fact that 60%
of their production depends on the subcontracting decisions of building contractors.

Future research should address whether the observed production arrangements of the
considered construction firms change according to the size of the undertaken projects, size of
the firms and the geographical extent of the construction sector in which they operate. Lastly
more research is needed to understand how the internal organization of firms (e.g.,
administrative, technical and clerical functions) changes depending on the type of projects or
construction work that is generally undertaken by these firms.
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APPENDIX

Building contractors pools, fences, crane rentals
Residential building (single and multi-family
housing)

Operative builders (1)

Residential remodeling

Industrial building construction

Commercial and institutional buildings
Heavy and civil engineering contractors

Utility system construction (2)

Land subdivision

Highway, street and bridge construction
Other heavy and civil engineering construction
A3)

Specialty trade contractors

Shell
Poured concrete foundations and structure
Structural steel and precast concrete (4)
Framing
Masonry
Glass and glazing
Roofing
Siding
Other foundation, structure and building exterior
(%)
Building equipment
Electrical
Plumbing, heating and air-conditioning
Other building equipment contractors (6)
Building finishing

Drywall and insulation
Painting and wall covering
Flooring
Tile and terrazzo
Finish carpentry
Other building finishing (7)

Other specialty contractors
Site preparation (8)
Other specialty trades (9)
(1) Speculative or merchant housing builders
(2) Water and sewer lines, oil and gas pipelines,
power and communication lines
(3) Mass excavation, channels, heavy machinery
rentals
(4) Includes concrete reinforcement
(5) Formwork, false work and fireproofing
(6) Millwright, machine rigging, HVAC
insulation, elevators
(7) Specialty sheet metals, waterproofing,
weather-stripping
(8) Excavation, demolition, construction
equipment rentals

(9) Private driveways and parking, swimming
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To effectively manage the challenges being faced by construction organisations in a fast
changing business environment, many organisations are attempting to integrate knowledge
management (KM) into their business operations. KM activities interact with each other and
form a process which receives input from its internal business environment and produces
outputs that should be justified by its business performance. This paper aims to provide
further understanding on the dynamic nature of the KM process. Through a combination of
path analysis and system dynamic simulation, this study found that: 1) an improved business
performance enables active KM activities and provide feedback and guidance for formulating
learning-based policies; and 2) effective human resource recruitment policies can enlarge the
pool of individual knowledge, which lead to a more conducive internal business environment,
as well as a higher KM activity level. Consequently, the desired business performance level
can be reached within a shorter time frame.

KEYWORDS: knowledge management, business performance, individual knowledge,
system dynamics

INTRODUCTION

The importance of KM has been increasingly recognised in the construction context.
However, due to the fragmented nature of the construction supply chains and the dynamic
project-based structure of construction organisations, KM implementation in the sector is still
facing some problems (McCaffer and Edum-Fotwe, 2006). While a growing number of
organisations now perceive KM as an integral component for business improvement, there
are major difficulties associated with its application, including establishing strategies,
identifying resources and evaluating the benefits (Robinson et al., 2005). The primary cause
of these difficulties is the intangible and tacit nature of knowledge. Additionally, the dynamic
nature of the process for managing it, presents challenges for practitioners who need to
visualize and understand the process (Fernie et al., 2003). From the findings of an empirical
study and system dynamics (SD) simulation, this paper sheds light on the impact of human
resource recruitment strategies upon the dynamic interactions between the KM process, the
internal business environment and organisational business performance.
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LITERATURE REVIEW

Knowledge has been recognised as one of the most important strategic resources (Sanchez,
2003), being defined as the “justified true belief” that increases an entity’s capacity for
effective action (Nonaka and Takeuchi, 1995). Accordingly, KM is perceived as a multi-
disciplined approach that achieves organisational objectives by making the best use of
knowledge; it focuses on processes, such as acquiring, creating, and sharing knowledge,
along with the cultural and technical foundations that support them (Standard Australia,
2001). Human resources for a construction organisation ensure the existence of a large pool
of individual knowledge, which can be viewed as a source of competitive advantage. This
advantage occurs because employees’ tacit knowledge, such as skills, experience and
networks, that have accumulated through years of practice in a dynamic project environment,
cannot be easily copied by rivals or transferred without cost (Pathirage et al., 2007). Thus
employees with T-shaped skills, an important type of tacit knowledge (Baumard, 1999), are
extremely valuable for creating knowledge. By integrating diverse knowledge assets, they
become a crucial element in the successful KM process, through the systematic management
of these skills (Lee and Choi, 2003). From Sanchez’s (2001) view of sense-making, it appears
that individual knowledge plays a key role in the organisational knowledge creation process,
achieved through learning activities between employees at the individual, group and
organisation level. Nonaka and Takeuchi’s (1995) famous knowledge creation model also
illustrates the critical role of individual knowledge, in particular tacit knowledge, in creating
and enlarging organisational knowledge assets. As recruitment strategies vary according to
project demand, the size of the individual knowledge pool within a construction organisation
is continually changing over time, which means the the key human resource for the KM
process is not static.

A KM process model, developed through an empirical study of a sample of construction
organisations operating in Hong Kong (Chen and Mohamed, 2007, 2008), is illustrated in
Figure 1. This model suggests that KM activities interact with each other and form a process
that receives input from its context (i.e. the internal business environment), and produces
outputs that can be justified by the business performance. In other words, the KM process can
be influenced by organisational culture and policies, and is associated with variations in the
business performance level.
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Figure 1 KM process model

While this empirical linear model is plausible for exploratory study it has a significant
limitation. As Figure 1 shows, there is no feedback loop from the business performance to
either the KM activities or the internal business environment. Thus the framework is an open
system that can lead to exponential performance growth; however, this cannot continue
forever. At issue then is the adoption by this model, of the Balanced Score Card (BSC),
which is the measurement framework for its ‘business performance (BP)’ construct. The BSC
was designed as a tool for formulating, communicating and implementing an organisation's
strategy. In other words, the BSC is a dynamic tool that is able to change contents over time.
According to Kaplan and Norton (1996), however, performance measurement should provide
feedback and guidance for strategic decision making, including formulating learning-based
policies and improving the business process. Thus it is expected that the BP level will change
with strategy evolution; meanwhile the variations in the BP level also demands strategy
adjustments (Wongrassamee et al., 2003). Therefore this study proposes that a variation in the
business performance would affect the KM process and guide the formulation of internal
policies. Hence the associations of the KM process, with the internal business environment
and the business performance, are not linear, but are a loop. Moreover, the interactions
between the key variables (e.g. the KM process and business performance) within the KM
loop system vary over time.

To reveal the dynamic nature of the KM loop system, this study first provides empirical
evidence for the KM loop through structural equation modelling (SEM) analysis; then it uses
SD simulation to analyse the interactions between the variables of the loop under the impact
of various recruitment strategies, within the context of a construction organisation, over time.
SD was adopted for this study since: 1) it explains the behaviour of complex systems by
focusing on non linear, recursive relationships among variables, explicitly modelling how
these variables interact and influence each other (Forrester, 1994); 2) it is more prevalent in
the management arena, where studies examine changes in technology, business processes,
and policies by modelling their outcomes, productivity, and performance (Sterman, 2000);
and 3) it has been employed in KM and human resource (HR) related studies (Hafeez and
Abdelmeguid, 2003; Rich, 2002).

CAUSAL MODEL PROPOSITION

The primary research questions this study seeks to answer are: 1) Is there any empirical
evidence for the KM loop? 2) How do KM activities interact dynamically with organisational
context and business performance, within certain time frames? 3) How does knowledge of
individual employees influence this KM process, over certain time frames? Based on the
literature review, a KM dynamic model was proposed to facilitate the investigation,
attempting to provide answers to these research questions. As illustrated in Figure 2, the
causal loop diagram presents the inter relationships between five variables of the model:
internal business environment (IBE), knowledge management activities (KM), and business
performance (BP), as well as knowledge gain (KG) and knowledge loss (KL) within a
construction organisation.

Based on the findings of previous empirical studies by Chen and Mohamed (2007, 2008), this
study defines the above-mentioned variables as follows: IBE covers 1) the organisational
creative environment (OEc), and policies that encourage and promote innovations; 2) the
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organisational supportive environment (OEs), and policies and strategies that support KM;
and 3) the technical environment (TE), technological infrastructure and its ability to respond
to technical change. KM includes four strategically classified activities: responsiveness to
knowledge (KR), knowledge acquisition (KA), knowledge dissemination (KD) and
knowledge utilisation (KU). Business performance (BP) represents the business performance
from the four perspectives of the BSC (i.e. financial, customer, process and learning). KG
represents the total knowledge of individual employees inside the organisation, plus the
added knowledge, over time; whilst KL represents the removed individual knowledge due to
the departure of an individual from the organisation and the unlearning process (Hafeez and
Abdelmeguid, 2003; Rich, 2002).

+
(Kaplan and Norton, 1996) (Chen and Mohamed, 2008)

+
Q (Nonaka and Takeuchi, 1995;

(Lee and Choi, 2003) Sanchez, 2001)

+-
Knowledge /Q'\t - ‘/(')\ Knoli/vledge

(Nonaka and Takeuchi, 1995; (Rich, 2002)

Sanchez, 2001)
®

(Kaplan and Norton, 1996) + (Chen and Mohamed, 2007)

BP

Desired BP

Figure 2: Causal loop diagram of the KM dynamic model

The causal loop diagram, shown in Figure 2, portrays the feedback loops in the KM dynamic
model. The arrows indicate the direction of influence, and the plus/minus (+, -) signs indicate
the type of the influence. This model proposes that, firstly, the more conducive the IBE, the
higher the level of KM activities, which lead to better BP; a better BP enables an even higher
level of KM that then demands and facilitates more KM friendly IBE; secondly, admitting
new employees with desirable knowledge enables KM to exist at a higher level, whereas
losing employees reduces the size of the individual knowledge pool and thus has a negative
impact on the KM process. Additionally, active KM increases individual knowledge, reveals
obsolete knowledge and triggers the unlearning process (Rich, 2002). Finally, the desired BP
level, strategically targeted by an organisation, serves as a stimulus for the KM process
(Kaplan and Norton, 1996).

SEM ANALYSIS

Based on the data collected, and the measurement scales developed by Chen’s (2007)
investigation, this study employed a SEM technique to analyse a path model, which
incorporates the six constructs of the KM process model, and the potential causal links
between them. In the final path model, the estimates of both the regression weights and
variances were statistically different from zero, at the confidence level of 0.01. Figure 3
illustrates the significant paths (with standardised regression weights). The final path model
presented the absolute fit indices (y*=9.169 with degree of freedom (df) of 5; p= 0.103;
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GFI=0.979; AGFI= 0.913, RMR= 1.485), the incremental fit indices (Xz/df= 1.834; NFI=
0.981; CFI= 0.991), and the parsimonious fit indices (RMSEA=0.065), which were all
indicative of a very good fit to data (Byrne, 2001: 81-86). As presented in Figure 3, the final
fitted path model provides statistical evidence that the variance of BP influences KM
interactions, which in turn impact on IBE. Further, BP seems to have no direct association
with IBE. In other words, the variance of the BP influences IBE through the KM activities.
The fitted path model supports the existence of a KM Loop.

0.57*
KA: KR: 0.18%

knowledge responsiveness
acquisition to knowledge
*
0.50 'y
0.21% 0.37*

IBE: / BP:
internal business business
environment / performance
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A

*: Standardised regression weight ( p <0.01)

— : Represents significant relationships

Figure 3: Fitted Path Model

SYSTEM DYNAMIC ANALYSIS
The SD model

The dynamics software “iThink/ STELLA” package was used as simulation tool, since it
improves both the quality of the underlying mental models, and the reliability of the
associated simulations (Richmond, 2004). With the empirical support of the path model
(Figure 3), the dynamic relationships illustrated in the causal diagram (Figure 2) were
translated into the SD model shown in Figure 4. The SD model has four main stocks:
Employee, KM, IBE and BP. The Employee and KM stocks are designed for accumulative
10 employment years, divided equally into two time frames (Stage 1 and Stage 2). It is
assumed, based on the literature review, that the contribution of the individual knowledge of
employees to the organisational knowledge pool varies with their employment status within
the organisation, over time. As employees enter the organisation, they bring with them their
knowledge and skills previously learnt, which adds to the total organisational knowledge; the
longer they work, the more experienced they become, and thus the more knowledge they can
contribute. On the other hand, knowledge loss from the KM stock has two primary causes:
firstly, the employees who leave the organisation take their knowledge with them; secondly,
existing employees need to unlearn some obsolete knowledge and update it with new
knowledge through the learning process.

The BP stock is perceived as an oven with a capacity of 1000. Desired BP represents the
desired goal of performance and is set to 1,000 units. AT is the adjustment time for the
desired BP level. The stock called Total KM, is designed to represent overall KM activity
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intensity in the organisation, which it delivers to the BP stock. The Net Performance Rate is
the inflow of the BP stock, representing the total KM of the organisation, over the adjusting
time selected. The difference between the actual and the desired level of BP constitutes a
stimulus feeding into the KM Gap. The system needs to keep track of the KM gap, filling it
so that it reaches the desired level of BP. The Policy Implementation Rate is the inflow of the
IBE stock representing the implemented organisational policies that close the KM gap
through Internal Effort (the combination of OEs, OEc and TE) and new staff recruitment. The
IBE provides an environment for implementing KM strategies (the combination of KR, KA,
KD and KU), while KM strategies decide the intensity of the KM activity. In addition, the
feedback from the BP stock was designed with a delay mechanism to allow time for strategic
decision making. Another delay mechanism was designed with the policy implementation,
since corrective actions also need some time to take place.

i e e e

=T o
higwas

Figure 4: System dynamic model for the KM process.

Dynamic analysis

The SD model and simulation analyses, reported herein, relate to a hypothetical contracting
company employing 300 staff (at the initial stage). The primary objective of the simulation is
to develop various scenarios for assessing the impact of different recruitment policies on the
KM loop and to illustrate the dynamic behaviour of the main stocks. Graphs are plotted to
estimate the levels of the IBE, KM, and BP under dynamic market conditions. The simulation
revealed that the variables reached equilibrium within a certain time frame, and the individual
knowledge pool had a positive impact on the KM process; however, the strength of such an
impact varied with IBE and KM strategies.

Four case scenarios, that respectively reflect organisational strategies in the boom-and-bust
cycle of the construction market, are provided to demonstrate the model’s capabilities. The
simulations were undertaken within a 30 month timeframe, at a monthly time step. The Case
A represents a scenario where the organisation operated in a booming market, and enjoyed a
high employee entry rate and a low turnover rate; while its internal effort and KM strategy
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were kept at a medium level. In contrast, the Case B scenario, reflects a downturn situation,
where the organisation had a low employee entry rate and a high turnover rate. In addition, in
the Case B recruitment policy, scenarios I, II, and III respectively reflect the situations where
the internal effort and KM strategy were set at three different levels (medium, high and low).
Through this case design, the simulation could compare: 1) the dynamics of the main
variables under the different recruitment policies of the boom-and-bust market conditions,
when the organisation kept the internal effort and KM strategy at a medium level (i.e. Case A
vs. Case B scenario I); 2) the behaviour of the main variables under a downturn recruitment
policy, when different internal effort and KM strategies were employed by the organisation
(i.e. Case B scenario II vs. III). The key simulation input and findings are summarised in
Table 1 for easy comparisons.

Table 1: Key Simulation Results

Simulation input and key Case A Case B (downturn market)

findi :

ncings (booming market)  Scenario | Scenario Il Scenario Il
Employee entry rate High Low Low Low
Employee turnover rate Low High High High
Internal effort Medium Medium High Low
KM strategy Medium Medium High Low
Time to reach desired BP 10 months 26 months 15 months > 30 months
Highest IBE 9,000 1,665 2,308 700
Highest KM (Junior staff) 11,500 2,217 3,036 1,310
Highest KM (Senior staff) 23,500 1,237 1,700 108
KM fluctuation following Slightly Sharply Sharply Sharply
policy implementation

delays

Figure 5 illustrates a simulation of Case A: a booming construction market (experienced in
Hong Kong in the 1990s), where high employee entry rates and low turnover rates produce a
rising individual knowledge rate. Under such a circumstance, where the internal effort and
KM strategy for adding knowledge (KR, KA, KD, and KU) were kept just at a medium level,
the BP reached the desired level (1,000 units) in just 10 months. The simulation revealed that,
with a large inflow of employees, the IBE could reach 9,000 units, the highest of the four
case scenarios, reflecting enormous initial efforts in promoting KM and innovation strategies.
The delays in policy implementation caused fluctuations of the IBE; nevertheless, its lowest
level within the 30 months simulation timeframe never dropped below 1,800 units. With the
IBE becoming increasingly conducive, especially after the desired BP level was reached, the
organisation continued to focus more on maintaining the level of the IBE, which stabilised at
2,800 units at the end of the 30 month period. Following the inductive IBE, the KM activity
intensity of both the junior (with less than five years experience) and the senior (of more than
five years experience) employees increased steadily, and varied slightly with the fluctuations
of the IBE. Within the first 5 months of implementation the junior employees presented
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higher KM activity intensity than did the senior employees, apparently because they were
following the policies and performing the tasks. With the progress of the implementation, the
senior employees’ functions of co-ordinating, monitoring, and planning, as well as internal
and external networking, became increasingly intensive. As the performing of these functions
requires much more human interactions, and hence involve more intensive KM activities, the
senior employees’ KM activity intensity rose above the level of their junior counterparts at
the month 7 and reached around 20,000 units, to keep the BP at the desired level. The junior
employees’ KM intensity level varied between 11,500 to 3,500 units after the desired BP was
achieved.
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Figure 5 Case A Boom Scenario (High entry rate, Figure 6 Case B Scenario | (Low entry rate; high
low turnover rate; medium internal efforts; turnover rate; medium internal efforts; medium
medium level KM strategy) level KM strategy)

In contrast, Figure 6 shows a simulation of Case B scenario I, a downturn situation, that
suggests a declining individual knowledge rate caused by a low employee entry rate and a
high turnover rate, which appears to delay the process of achieving the desired BP level. As
Figure 6 and Table 1 show, even if the organisation kept the same medium level internal
effort and KM strategy as those of Case A, it would take 26 months to reach the same BP
target (1,000 units). The IBE level would swing around 1,000 units and never exceed 1,665
units within the 30 months time frame. With a high turnover rate, the KM activity intensity
level of both the junior and the senior employees would decrease sharply following
implementation delays in the IBE. The results of this simulation reflect the situation
experienced by the Hong Kong construction sector between 2001 to 2004. During the
downturn, and due to low project demand, most construction companies experienced
difficulties in keeping a large workforce (Chan et al., 2005). Therefore, even though the KM
strategy was kept at a medium level, the tacit knowledge pool of the organisation was
shrinking. The simulation shows the difficulties encountered in keeping the intensity of KM
activities at a high level to support BP. The pressing question, therefore, is: can such a
situation be improved?

Case B scenarios II and III were simulated in accordance with two different types of
strategies adopted by the contractors in Hong Kong during the downturn period (Chen and
Mohamed, 2007). The data in Table 1, and Figures 7 and 8 reveal a sharp contrast in the BP
level, as a result of adopting the two strategies under exactly the same recruitment policy.
Under Case B scenario II (Figure 7), the organisation adopted a highly active KM and
innovation strategy; they used existing resources to keep internal effort and KM strategy at a
high level; they focused on saving costs through innovation and process improvement. The
organisation was thus able to realise the desired BP within 15 months, and to keep their IBE
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and KM at a reasonable high level. Case B scenario III (Figure 8) reflects the results of a
strategy adopted by some overseas contractors during the downturn period. They withdrew
from the Hong Kong market due to the difficulties in meeting their profitability requirements.
Most of their managerial and professional members were re-assigned back to their overseas
headquarters or the other regional offices. The organisation’s internal effort and KM strategy
decreased to a low level. As a consequence, the organisation only reached a BP of merely 100
units at the end of the 30 month period, with both the level of the IBE and KM being very
low.
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CONCLUSIONS

This study provided statistical evidence for the KM loop, indicating that variations of
business performance (BP) influence KM activity intensity, which in turn would provide
feedback and guidance for modifying organisational policies. The SD analyses revealed that
employees’ knowledge (tacit knowledge in particular) contributes positively to the KM
process. In line with previous study findings based on the Hong Kong construction market,
the simulation’s analysis of the four case scenarios reflected an organisation’s KM
implementation during the boom-and-bust cycle. The findings suggest that organisational
policies cultivating a KM friendly environment and a well formulated KM strategy are the
two success factors for achieving effective implementation, viz. to improve business
performance. For this reason, human resource recruitment policies need to focus on enlarging
and maintaining the tacit knowledge pool to achieve a successful long-term organisational
strategy, rather than a short-term “overhead saving”.
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Since the first PFI hospital was established in4198any debates centred on the value
for money and risk transfer in PFIs. Little concam shown with PFI hospitals’
performance in delivering healthcare. Explorataegerarch was carried out to compare
PFI with non-PFI hospital performance. Five perfante indicators were analysed to
compare differences between PFI and non-PFI hdspitamely the length of waiting,
the length of stay, MRSA infection rate, C diffeiinfection rate and patient experience.
Data was collected from various government bodié® results show that only some
indexes measuring patient experience emerge gtaligtsignificant. This leads to a
conclusion that PFI hospitals may not perform létian non-PFI hospitals but they are
not worse than non-PFI hospitals in the deliveryseifvices. However, future research
needs to pay attention to reliability and validity data sets currently available to
undertake comparison.

Keywords: PFI, procurement, hospital, healthcare service, healthcar e perfor mance

INTRODUCTION

Since the first new built hospital project was amad under the Private Financial
Initiative (PFI) scheme in 1997, 92 PFI hospitaljpcts have been undertaken. Although
PFI hospitals have become increasingly populary #iso raised many criticisms. PFI
schemes were originally created with the aim tdeaghthree purposes: good value for
money, risk transfer from public sector to privagztor, and bringing in private sector
management skills and innovation abilities. Howevérether these purposes have been
achieved is still debated.

Only now, a decade after its inception, longer-tengblems are surfacing.

Pollock et al. (2002) and Broadbent et al. (200&nened whether ‘value for money’ is

achieved in PFI hospitals. The results show thist i debatable and requires further
monitoring of the impact of change over time. Saw&lence indicates that the number
of beds and the size of the space in PFI hosgtalseduced (Pollock et al., 2001). Also,
new built wards are more compact as the ratio ahlmers of beds per ward has
increased. The reduction in actual bed numbers spate are considered having
significant impact on a hospital’s capacity of atting inpatients, infection control and

patients’ experience within the hospital environimen

Gaffney et al. (1999) argued that PFI is an expensiethod of procuring a new hospital
as it causes affordability problems at local antonal level and inevitably cutting down
services is a way of financing this. Shaoul (20@%ues that ambiguous concepts of risk
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transfer and value for money implemented for mahthe projects without considering
the whole system may have caused more problemsdmidual PFI projects.

Furthermore, some scholars (e.g. Pollock et alD2P@re concerned that risks are not
actually transferred from the public sectors to phiwate sectors. Although the private
sector finances, builds, operates and maintaindtiilding, the faults or delays in the

design, construction and maintenance will impactrendelivery of healthcare services.
The risks at the end would fall on the Trusts ahe tonsortiums together. This is

partially due to the nature of the risk as it iidilt to be identified and assigned as part
of contractual arrangements. Therefore, the riskslavnot be completely transferred

from the public sectors to the private sectorsdmlly suggested.

As most of the attention has been given to the algsues in the first wave of reviews of
PFI hospitals, only little concern with whether Rféspitals provide more efficient and
effective healthcare services and safety has beaed. Therefore, this paper looks at
whether the PFI and non PFI hospitals show diffepgrformance in the delivery of
healthcare services. The data presented in thigerpgpbased on some exploratory
research. The aim of the research was to begirtifgag indicators against which the
performance of PFI against non PFI hospitals caredmpared. Whilst there is some
literature on the value of PFI initiatives, littleesearch provides evidence of the
performance difference of the two procurement muteservices provision. In order to
begin to identify measures, the research set oexpiore the possibility of using existing
and accessible performance indicators for hospttalglentify potential differences in
performance of PFI and non PFI hospitals. Theovwalhg research outlines the process
and the questions that have been raised in begjrinimincover potential measurements
of success.

PERFORMANCE OF HEALTHCARE SERVICE DELIVERY IN
HOSPITALS

In order to achieve the aim of this paper, it isessary to look at what performance is
and how it is measured.

The performance of delivery of healthcare servatehie hospital level is associated with
many factors e.g. clinical practice, administrati{@osenthal, 1998), built environment

(Mallak et al., 2003) etc. From a patient perspectin efficient and effective treatment
may be of concern. By adopting this perspective,tdrm ‘performance’ in this paper

therefore is defined as efficiently, effectivelydasafely delivering healthcare services by
the hospitals.

In light of this perspective, how performance cam fimeasured and what are the
appropriate measures needs to be considered. iBhex&nsive research that has tackled
this issue in the last decades. For instance, Ronearal. (1995) use mortality, post-
operative complication, post-operative length afysind readmission to measure hospital
outcomes. DesHarnais et al. (1990) employ riskstdph indexes of mortality,
readmissions and complications to test hospitafopmances. lezzoni et al. (1996),
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Austin et al. (2001), Werner et al. (2006) and Thenet al. (1999) work on the
development of mortality as a measure to evaludtespital’'s performance. However,
this research argues that a single measure mayerstitable for determining a hospital’s
performance, especially since the delivery of ealte service is this research’s concern.
Therefore, a set of multidimensional measures sdentse more appropriate for this
research.

The UK government has set up 198 targets (DoH, P@84guidelines and monitoring
indicators for the healthcare sector. Some targetggiven priority in relation to current
issues that ought to be quickly improved. For inséa length of waiting list is one of the
priority targets. This indicator is considered asappropriate performance measures for
healthcare delivery. It is related to efficientlyda effectively delivering healthcare
services. However, a long waiting list is a resilmultiple variables across a complex
system in which hospital capacity and the commuitonabetween different tiers of
healthcare providers are determinant. To improvbosapital’'s waiting list therefore
involves improving a hospital’'s management practsewell as clinical practice. To
tackle this problem, the length of waiting timegisen as an indicator to monitor the
mechanism of referral and admission of patientstheumore, the length of stay is also
useful to monitor the use of beds within the h@dpito ensure that occupancy of beds is
sustained at a reasonable level. Both length dfingaand duration of stay can be seen as
appropriate measures for evaluating a hospitalisiefcy.

Furthermore, a patient does not only expect awmiefft treatment but also is concerned
with the quality in terms of effectiveness and safélowever, what is effectiveness?
One may say that not having to return to hospgalrafor a given health concern denotes
a patient has been successfully treated. In trge oceadmission could be an indicator to
measure effectiveness of treatment.

In addition to being efficiently and effectivelyetited, a patient could be infected during
a hospital stay. A government report states thae® cent of patients have hospital
acquired infection in the England (NAO, 2000). Mtistse cases occur after admission.
Therefore, infection control is one prioritised gar that the government intends to
achieve. This suggests a considerable indicataevfaluating a hospital’'s performance.

RESEARCH METHODS

Study design and setting

This research compares the performance betweeraffFIinon PFI hospitals. In the
current hospital characterisation, hospitals cardiveded into acute hospitals, mental
hospitals, healthcare centres, treatment centrdsspacialist providers. Each type of
provider carries different functions within the tikeare systems. In order to perform a
consistent analysis, this research focuses on titeomal Health Service (NHS) acute
hospitals. The research aims to compare variougatais that represent efficiency,
effectiveness and safety of hospital care.
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Performance indicators

Performance indicators are selected based on pgutinge of how patients can be treated
and cared for efficiently, effectively and safelp. terms of efficiency, the length of

waiting time and the length of stay are adoptede Téngth of waiting is currently a

priority target that is associated with cutting dotlie waiting list. The length of waiting

is defined as the period from the date admissiomesided to the actual date of
admission.

The length of stay is defined as the period froe dlate of admission until the date of
discharge. The length of stay is one of the factbas influence the length of waiting.
However, one may argue that patients should nalissharged from hospital before full
confidence is achieved that the patient has reeovefhis research considers that
community care and home care can share the regilapf acute hospital care when a
patient is suitable to be transferred. Thus, tingtle of stay can be reasonably managed
to increase bed occupancy and reduce waiting tififd@s would be in line with current
government initiative of shifting care away fromute providers to more community-
based intervention (DoH, 2006).

In terms of effectiveness, readmission and comipticaare the indicators that are often
discussed in the literature. However, these twaatdrs have no publicly available data.
Being constraint in regards to access to data,résearch leaves them out from further
investigation.

In terms of safety, infection within hospitals isvays a threat. It is considered a valid
indicator to measure a hospital’'s safety. Accordiagthe Health Protection Agency
(2006), there are four types of infections that tardoe monitored on a regular basis:
Meticillin-resistant Staphylococcus Aureus (MRSAgckeraemia, Clostridium difficile
associated diseases, Glycopeptide-Resistant Eontmalc (GRE) and surgical site
infection. This research adopts MRSA and Clostrididifficile infection as the
indicators.

In addition to the above indicators, this reseaatdo is concerned with patients’
responses to the hospital services. According t mational targets published in 2006,
the patient experience is included in the moniwlist. It contains five indexes: ‘waiting

and access’, ‘safe, high quality and coordinatex’cdbetter information and more

choices’, ‘building relationship’ and ‘clean, comti@ble and friendly place to be’ (DoH,
2004). This research adopts this as an indicatooteplement previous four indicators to
ensure a consistent result generated.

Data collection

In this research, statistical data is used. Data walected from a number of public
sector organisations: Department of Health, Hobftpisode Statistics, Healthcare
Commission, National Statistics and HM Treasurye Tata was generated based on the
daily activities of each Trust and then reportedrétated government bodies at the
annual, seasonal or monthly basis. The data peoedrs nine years from 1998 to 2007
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but some of the data is fragmented and only aVailtdy certain years. The indicators
and the associated data are shown in Table 1.

Table 1: Indicator and data sources

Indicators Data source  Data period Size of sample PFI sample Non PFI sample
(yearn) (N) (N1) (N2)
Length of waiting Hospital 9 (98/07) 214(98/99) 3(00/01) 214(98/99)
episode 197(99/00) 10(01/02) 197(99/00)
statistics 198(00/01) 17(02/03) 195(00/01)
181(01/02) 23(03/04) 171(01/02)
172(02/03) 23(04/05) 155(02/03)
168(03/04) 30(05/06) 145(03/04)
171(04/05) 36(06/07) 148(04/05)
176(05/06) 146(05/06)
166(06/07) 130(06/07)
Length of stay Hospital 9 (98/07) The same as the  The same as The same as
episode above the above the above
statistics
Patient experience  Healthcare 1 (06/07) 167 33 134
commission
MRSA infection Department 5 (01/06) 173 9(01/02) 164(01/02)
(rate per 10,000 of health 18(02/03) 155(02/03)
bed days) 24(03/04) 149(03/04)
24(04/05) 149(04/05)
30(05/06) 143(05/06)
Clostridium Department 2 (04/05) 178 23(04/05) 155(04/05)
infection (rate per  of health 29(05/06) 149(05/06)

1,000 bed days)

Sample size fluctuates over the period of timeagsed by data missing or incomplete
data reporting from Trusts. An additional issudhie change of priorities during the
study period. Government priorities are oftentgigfbased on political climates. This is
one of the reasons for a fragmented data set.

Statistical analysis

This is an exploratory and comparative piece otaesh which aims to distinguish

whether PFI hospitals differ from non PFI hospitalgegards to specific performance
indicators that relate to government prioritieso@r differentiation analysis is performed
using standard t-test. The use of t-test is angpjate method to test the difference
between two independent groups, as the comparisovebn PFI and non PFI hospitals
is performed by comparing the mean of each indic#l analysis is undertaken within

SPSS.

Limitation
Some research argues that the reliability of throsginely collected data as part of the

performance evaluation framework set out by theegmwent is debatable. For instance,
Luthi et al. (2004) used readmission as an indidat@xamine the quality of care for the
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patients in the hospitals. The result shows thatimely collected data is not an accurate
indicator to evaluate the quality of care. ClarkR8@4) concurred such results and further
indicated that those data do not particularly dggish why a patient is readmitted as
well as which incidences should be eliminated fromadmission. Thus, the results
generated from such data will be influenced bylewant information. Moreover,
inconsistent data collection may occur betweenetbffit institutions. Hence, one may
have to be cautious about using such data in ansitutional comparison. However, this
research argues that any data or data collecteondwork likely contain systematic bias
through way data being generated. This restrictesgarcher’'s interpretation of the
results. Therefore, one should be conscious oflithgation of the use of routinely
collected data and make the conclusions based ahtivd data can explain.

RESULTS

The first PFI hospital opened in 2000. The lengttwaiting for admission in the first
year (2002/1) of PFI hospitals was, on averagegdorthan in non PFI hospitals.
However, t test results at 95% confidence level wshthat t=0.613, df=196,
p=0.540>0.05, indicating the difference is insigiaht. In the following year, 2001/2,
similar result can be observed. Between 2002/3 20@6/7, the means of length of
waiting in the PFI hospitals is on average loweanththat in the non PFI hospitals.
However, the differences are not significant. Mehitwy the means between 1998/9 and
2006/7 show a trend that the length of waitingasrdasing in both groups except 2000/1
in PFI group.

Table 2: The length of waiting

Length of Mean t-Test
waiting
Year Group N Mean Std. Std. error  t df Sig. Mean Std. error
deviation mean (2- difference difference
tailed)
1998/9 Non- 212 103.0802 33.00019
PFI
1999/0 Non- 194 97.3402  40.61506
PFI

2000/1 PFI 3 106.0000 17.77639 10.26320 0.613 196 0.540 11.67179 19.03365
Non- 195 94.3282  32.83519 2.35138
PFI

2001/2 PFI 10 101.8000 20.90614 6.61110 0.472 177 0.638 4.48639 9.51314
Non- 169 97.3136  29.61081 2.27775
PFI

2002/3  PFI 17 99.9412 2411812 5.84950 -
Non- 153 101.8758 30.96163 2.50310 0.249
PFI

2003/4  PFI 23 91.3478  28.78069 6.00119 -
Non- 145 95.3931  28.08279 2.33215 0.640
PFI

2004/5 PFI 23 85.6087 18.87697 3.93612 0.152 169 0.879 0.83167 5.45737
Non- 148 84.7770  25.06531 2.06036
PFI

2005/6 PFI 30 75.0333  21.12930 3.85766 -
Non- 146 77.7466 2451961 2.02926  0.564

168 0.804 -1.93464  7.76587

166 0.523 -4.04528 6.32398

174 0573 -2.71324  4.80851
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PFI

2006/7 PFI 36 70.7500 23.66115 3.94352 - 164 0.333 -4.48846 4.62674
Non- 130 752385 24.80648 2.17567  0.970
PFI

In terms of the length of stay, patients in the RbBs$pitals, on average, have shorter
length of stay than patients in the non PFI hofpitzetween 2000/1 and 2006/7.

However, t test at 95% confidence level shows thatdifferences are not statistically
significant (p value>0.05). Meanwhile, the meansaveen 1998/9 and 2006/7 show a
trend of decreasing in both PFI and non PFI greeyept an inflation in 2001/2 and

2002/3 in non PFI group.

Table 3: The length of stay

Length of stay Mean t-Test
Year Group N Mean Std. Std. t df Sig. Mean Std. error
deviation error (2- difference difference
mean tailed)

1998/9 Non- 214 6.1565 1.68203
PFI

1999/0 Non- 197 5.9655 1.38008
PFI

2000/1  PFI 3 5.3000 0.87178 0.50332 -0.848 196 0.397 -1.08769 1.28211
Non- 195 6.3877 2.21335 0.15850
PFI

2001/2 PFI 10 5.6000 1.05409 0.3333 -1.098 179 0.274 -7.77602 0.70679
Non- 171 6.3760 2.21597 0.16946
PFI

2002/3 PFI 17 5.5824 0.77801 0.18869 -1.246 170 0.215 -0.37120 0.29801
Non- 155 5.9535 1.19958 0.09635
PFI

2003/4 PFI 23 55261 0.75812 0.15808 -0.464 166 0.643 -0.10564 0.22758
Non- 145 5.6317 1.04760 0.08700
PFI

2004/5 PFI 23 5.1739 0.66279 0.13820 -0.878 169 0.381 -0.18825 0.21452
Non- 148 5.3622 0.99368 0.08168
PFI

2005/6  PFI 30 49433 0.57336 0.10468 -0.450 174 0.654 -0.06009 0.13344
Non- 146 5.0034 0.99996 0.08276
PFI

2006/7 PFI 36 47306 0.72302 0.12050 0.228 164 0.820 0.03825 0.16744
Non- 130 4.6923 0.92900 0.08148
PFI

The infection control measures in this researchutde MRSA and Clostridium difficile
infection. The mean of MRSA at 2001/2 period is different between the two groups.
From 2002/3 to 2005/6 the means of PFI group isistently higher than non PFI group
based on 10,000 bed-days calculation. Howevest steows that the differences between
these two groups within this period are not staddly significant (p values>0.05
between 2001/2 and 2005/6).
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Table 4: MRSA infection rate

MRSA infection Mean t-Test
Year Group N Mean  Std. Std. t df Sig. (2- Mean Std. error
deviation error tailed) difference difference
mean
2001/2  PFI 9 15500 0.70388 0.23463 - 170 0.890 -0.4276 0.30784
Non- 163 1.5928 0.90758 0.07109 0.139
PFI
2002/3  PFI 18 1.9322 0.65000 0.15321 1.267 171 0.207 0.27667 0.21841
Non- 155 1.6555 0.89868 0.07218
PFI
2003/4  PFI 24 1.7817 0.70927 0.14478 0.674 171 0.501 0.11764 0,17449
Non- 149 1.6640 0.80559 0.06600
PFI
2004/5  PFI 24 1.7900 0.60860 0.12423 1.247 171 0.214 0.20745 0.16642
Non- 149 15826 0.77711 0.06366
PFI
2005/6  PFI 30 1.8380 0.60545 0.11054 1.959 171 0.052 0.28583 0.14588
Non- 143 1.5522 0.74877 0.06262
PFI

A similar result appears with the clostridium diffé infection rate. PFI group’s means in
2004 and 2005 were higher than non PFI group’s. él@w t test shows that these
differences are statistically insignificant (p vaé0.05). Infection rate was calculated
based on per 1,000 bed-days and a patient ageesobdwears.

Table 5: Clostridium difficile infection rate

Clostridium Mean t-Test

difficile infection

Year Group N Mean Std. Std. t df Sig. Mean Std. error

deviation error (2- difference difference
mean tailed)

2004 PFI 29 2.3852 0.94384 0.17527 1.219 160 0.225 0.26316 0.21594
Non- 134 2.1220 1.07621 0.09297
PFI

2005 PFI 23 2.0443 0.61050 0.12730 1.013 161 0.312 0.19550 0.19293
Non- 139 1.8488 0.89006 0.07549
PFI

Patient experience includes five indicators. Traailts show that three out of five patient
experience indicators in the PFI group have siedity lower scores than non PFI group
in 2006/7. This means that patients in the PFI ialspseem to have less satisfaction in
‘access and waiting’ (p=0.05), ‘safe, high qualitgordinated care’ (p=0.027<0.05) and
‘building relationships’ (p=0.021<0.05) than patenn the non PFI hospitals. T test
results show that differences in the indicatorsttdyeinformation, more choice’ and
‘clean, comfortable, friendly place to be’ are statally insignificant (p=0.309>0.05 and
p=0.26>0.05).
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Table 6: The experiences of patients 2006/7

Patient experience  Mean t-Test

Indexs Group N Mean Std. Std. t df Sig. Mean Std. error
deviatio  error (2- differen  difference
n mean tailed) ce

Access PFI 33 83.6962 3.17125 0.55204 - 165 0.050 - 0.71714

and Non- 134 85.1101 3.38045 0.32866 1.973 1.41500

waiting PFI 4

Safe, PFI 33 67.8367 4.16714 0.72541 - 165 0.027 - 0.77866

high Non- 134 69.5762 3.96725 0.34272 2.234 1.73953

quality, PFI

coordinat

ed care

Better PFI 33 66.5021 4.87322 0.84832 - 165 0.309 - 0.93165

informatio Non- 134 67.4530 4.77484 0.41248 1.021 0.95086

n, more PFI

choice

Building PFI 33 81.8903 3.54864 0.61774 - 165 0.021 - 0.63662

relationsh  Non- 134 83.3741 3.20684 0.27703 2.331 1.48380

ips PFI

Clean, PFI 33 76.2352 2.83877 0.49417 - 165 0.26 - 0.66698

comforta  Non- 134 77.7373 3.56017 0.30755 2.252 1.50216

ble, PFI

friendly

place to

be

DISCUSSION

The indicator “length of waiting” appears to showexcreasing trend from 1998 onwards
in both PFI and non-PFI groups. Also, the meansgheflength of waiting in the PFI
group is lower than that in the non-PFI group betw2002/3 and 2006/7. The reasons of
causing a decreased trend in the length of waitmgd be explained by two factors.
Firstly, cutting down waiting list is a priority iget for government. This would decrease
the length of waiting gradually over the periodtiafe. Secondly, the occupancy of beds
has been managed in more efficient ways. This @édsweases the second indicator, the
length of stay, as Table 3 shows a trend since .196&ever, in the PFI group this trend
has been consistently carried out over time. Irtresh there is a fluctuation that appears
in 2000 and 2001 in the non-PFI group, even thaaoghe long term a decreasing trend
can be observed.

Interestingly, PFI hospitals have been criticisedy.( Broadbent et al., 2003) that they
provide smaller numbers of beds. This may resudtninncrease of the length of waiting.
However, data does not support such assumptionveZsely, it shows a consistently
decreasing trend in the PFI group in both the lergftwaiting and stay. A possible
reason for such a result may be attributed to RiSpitals benefiting from importing
private sector management skills and adopting naedities which enable them to
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efficiently manage bed occupancy and cut down ngitime. However, this justification
requires further research to provide evidence.

Although statistical results show that the infesticates of MRSA and Clostridium
difficile are no different between PFI and non BBkpitals, this result raises a question
why new built hospitals are not performing betteart old hospitals in infection control.
They are expected to have a higher performancetauke new installations and the
application of new technologies. The arguments. (allock et al., 2001; Pollock and
Gaffney, 1997) that have emerged suggest that ébggyms of PFI hospitals have to be
affordable and therefore, reduction of bed numlvemore compact design are adopted.
Thus, the distance between the beds has to be oangad (Wilson and Ridgway, 2006).
This may be against professional advice from imdectontrol professionals and increase
the risk of cross-infection (Kibbler et al., 1998urthermore, cleaning is considered an
important determinant in controlling infections.le@ning work in the PFI hospitals is
outsourced to the PFI consortiums. Therefore, wdretlutsourcers follow the guidelines
and work to the standard is unclear. Moreoverflaw and air pressure are considered
important factors associated with infection contsathin the hospitals. Both need to be
taken into consideration at the planning and désggetages of a hospital. However, the
above causes are theoretical attributions. Funtesearch may be required to explore
what the actual causes are.

In terms of patient experience, Table 6 shows Bfdthospitals in general obtain a lower

score than non PFI hospitals in the three outvaf iindicators. This may be a caution that
PFI hospitals do not adequately address patiergaagon. Especially, a conflict appears

in the first indicator, access and waiting. Althbu@able 2 shows that the length of

waiting in the PFI group is insignificantly shortéan it in the non PFI group, PFI group

obtains a lower score in this indicator than not gBup. One possible explanation is

that most new built PFI hospitals are located i $hburbs which may cause issues in
relation to access. In the survey, waiting time andess are not specifically separated.
This causes an ambiguity in the explanation ofdifferences.

Moreover, the results of ‘safe, high quality, caneded care’ and ‘building relationships’

show that patients seem to be more satisfied imeimePFI hospitals. This may show that
new built PFI hospitals may still be at the stageadapting to the new systems and
environment. Therefore, it requires a continuouseoation to see whether this is
improved over time.

Furthermore, although t test results in ‘clean aachfortable place to be’ and infection

rates show insignificant differences between PRl maon PFI groups, it may be worth

noting that there is a correlation. Hospital acegiinfections can be caused by many
factors such as uncleanliness, staff training,taisi to patients, etc. This raises the
guestions whether outsourcing of PFI hospitalsaieg work is appropriate or whether

outsourcers follows the guidelines of hospital oleg theist related standards.

The overall results from patient experiences shwt there is a room for PFI hospitals to
improve their services and provide a clean and odwatdble place for the patients.
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CONCLUSION

In conclusion, this research found that there arly ¢hree indicators in the patient

experience category that produce statistically iB@ant results. However, it is unclear

what factors cause the differentiations betweengtioeips in these three indicators. All

other indicators appear statistically insignificafhis can be interpreted that there is no
significant difference between two groups in perfance according to governmental
performance indicators. This may result from twcidas. Firstly, healthcare performance
is a complex system and derives from many attrdwich may be correlated and

difficult to be clearly separated. Secondly, théureof data also causes a limitation on
the interpretation of the results as data itsetftaims systematic errors which cannot be
eliminated. This may deteriorate the generalisatibthe results. Therefore, this paper
suggests further research to be implemented, wimal seek for the explanations of
what causes difference/no difference in the resoftshis research. It also raises a
number of questions regarding the type of indicatbat may adequately describe the
performance of hospitals. Whilst the data sets e flaws, these are indicators that
are accepted to tell government about performassiges. Whilst difference can not be
confidently determined, it seems that there is edn® find appropriate indicators to

assess and evaluate the performance of hospitads nrore accurate and appropriate
format.
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As sustainability assessment is increasingly vieagcdontributing to a wider subjectively
based approach to decision-making within buildimgjgxts, growing value is attached to
managing the flow of knowledge that surrounds theim.order to support this, a need is
identified to manage the knowledge generated duasspessment, through the facilitation of
its flow and transfer between those involved witimdividual assessments and between those
of different assessments. This paper presentsetiigrements for developing a knowledge
management system that responds to the challefggplying it as an approach within this
context. These principles are illustrated aroundirgegrated Sustainability Assessment
Toolkit (ISAT) currently being developed to aid gtiioners in the management of
assessment, by assisting in the identificationustanability issues, selection of appropriate
tools and in the consideration of the assessmdputs) in a manner that is reflective of the
assessment context.

Key words- sustainability assessment; knowledgeagament; stakeholder engagement;
learning

INTRODUCTION

The social, economic and environmental consequeasssciated with the way we design,
build, operate, maintain and ultimately disposeboildings and their support systems has
emerged as a key focus of significance for delhgesustainability (EI- Haram et al., 2007).
However, recent concern has emerged over the ldchkntegration between current
assessment practice and the decision-making pexeassll stages of the lifecycle and scales
of urban development (Lee, 2005). Kaatz et al0@Gdvances this, by arguing that only
when sustainability is integrated with the buildipgpcess, and not regarded purely as an
element of it, can both the concept and its impilices begin to be understood. In order to
achieve this, sustainability assessment requirebetoviewed as contributing towards a
decision-making process that is predominantly siwe by nature (Pahl-Wostl, 2002).
Essential in fostering such an approach, is thesstoility and availability of knowledge
amongst those involved (Wilkins, 2003). Managingowledge within this context is
traditionally difficult due to the fragmented aretriporary nature of the project environment.
This problem is compounded by the high degree oktainty regarding sustainability as a
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concept and its practical implications; in addittonthe general lack of experience and poor
knowledge base regarding assessment tools, metigiesland the absence of a recognisable
framework within which it operates (Deakin et &002). Matsumoto et al. (2005) observed
that the primary means of developing knowledge wasugh its acquisition over time
through experience, thus advocating an approac¢hshmeased on the long term development
of a dynamic knowledge base amongst practitioneZentral to such an approach is the
exposure of stakeholders to the principles and icapbns of sustainability during its
assessment, through involvement in the discours® @mactices that surround it. If
sustainability assessment is to evolve as a mesmamor stimulating learning amongst
stakeholders, the effective transfer of knowledgd axperience between those involved
during both an assessment, and future assessnt@ygsapsignificant role.

This paper discusses the role of a suggested atiegrof the knowledge management
strategies of codification and personalisation, andlines the delivery of these in a
compatible knowledge management system (KMS). 3ysem aims to assist in the
management of knowledge generated during assesshyefatcilitating its flow and transfer
between relevant stakeholders involved in presadtfature assessments. The principles
will be demonstrated around an Integrated Sustdityahssessment Toolkit (ISAT) which is
being developed to aid practitioners in the managerof assessment as part of the EPSRC
funded SUE-MoT (Sustainable Urban Environment- MsirModels and Toolkits) research
consortium involving Dundee, Glasgow Caledonian,uditborough and St. Andrews
Universities. Discussed around each phase ofSA4d lis the integration of codification and
personalisation strategies to knowledge managearm&hthe mechanisms identified to aid the
transfer of knowledge amongst stakeholders bothinguand between sustainability
assessments.

A SPECIFICATION FOR A SUPPORTIVE KMS

Thomson et al. (2007) argued that through the egjtin of knowledge management
strategies, the potential is offered to developystesn that is supportive of this goal, by
ensuring the flow of knowledge amongst stakeholdsrdacilitated and managed. In
outlining a specification for a knowledge managemegstem (KMS) that supports
sustainability assessment, it is necessary to racate an integration of two basic knowledge
management strategies; personalisation strateggrévknowledge is seen as tied to those
who develop it and is shared through personalacteam) and codification strategy (based on
the codification of knowledge and storing it inedsicts and databases where it can be
accessed) (Kasvi et al., 2003).

Personalisation Strategy

The delivery of effective stakeholder engagemens tize potential to represent the
mechanism by which a personalisation strategy eaaetivered in the context of assessment.
By encouraging discourse between stakeholders ghrau range of mechanisms, it is
anticipated that these pathways and channels ofmeomncation will aid the necessary
transfer of implicitly held knowledge by individgato the others involved. The practice of
‘social learning’ is increasingly promoted as aseggial element of sustainability assessment
and is dependent on the effective transfer of kedggé and experience through discourse
encountered during the process of ‘doing an assa#sifiKaatz et al., 2006). This provides
individuals exposure to the experience held bymgtekeholders regarding sustainability as a
concept, its practical implications and the methsalsounding its assessment; in addition to
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the collective sharing of new experiences overdbmrse of the assessment. Shelbourn et
al.’s (2006) understanding of the subjectivist aagh to knowledge management aligns
itself with this, where knowledge is identified lasked to human experience and the social
practice of ‘knowing’. Given the subjective nataed predictive inaccuracy of the outputs
of many assessment tools, facilitating discourssvéen stakeholders has the potential to
create an environment within which potential tradks-regarding sustainability can be made
in a transparent and context reflective mannerdeiveloping a KMS that is reflective of this
context, a need exists to provide mechanisms Hwlithte the access and participation of
stakeholders in the channels of discourse regardusgainability, its assessment and its
practical implications, by maximising the transéérknowledge between individuals during
it.

Codification Strategy

The high degree of uncertainty and general lackexgferience amongst those involved in
sustainability assessment, provides the potential & KMS that can supplement the
knowledge base of those involved through the capbdfirexperience and expertise generated
by individuals during an assessment, in orderithen be accessed and drawn upon by those
involved in future assessments. The developmesuoh a system embodies the principles
surrounding a codification strategy to knowledgenagement understood by the likes of
Kasvi et al. (2003). Through the provision of swchiesource; an environment would be
created for stimulating collective learning withaiie need for active engagement in the
channels of discourse between those seeking asd tialding knowledge. The development
of systems supportive of this principle are incmegly common for supporting the capture
and access to knowledge within project managemer twol for combating the problems
associated with its retention due to the transrettre of projects. These systems, act as
resources for capturing an individual’'s knowledgel @xperience, so it can be drawn upon
by others who are no longer involved in or parthaf discourse surrounding it. This resource
would prove valuable in the context surrounding tledivery of sustainability assessment
within the multi- team environment of the buildipgpcess.

Information and Communication Technology (ICT) iglaly recognised as the indisputable
enabler for implementing such a strategy, as ereffrapid search, access and retrieval of
information, and can support collaboration and camication pathways{Wong, 2005).
Figure 1 illustrates the principles around whiclcaification strategy can be achieved.
However, the purely objectivist nature of many @8R approaches delivered using ICT
systems have been criticised for ignoring the silye dimension of knowledge so vital in
achieving effective knowledge transfer and learni@gshman et al., 2002). Knowledge is
recognised to exist in two principle forms; exglievhich is documented and public,
structured, fixed-content, externalised and consc{&gbu and Botterill, 2002), and tacit
which is personal knowledge used by individualpédorm their work and to make sense of
the world (Mohamed et al., 2006) that is inforn@ntextual and difficult to communicate.
Egbu and Botterill (2002) criticised many ICT apgebes for failing to interact with the tacit
knowledge that reflects the situation or contexthimi which it is found. Whilst, explicit
knowledge such as assessment outputs and assabbai@thentation are necessary to inform
decision-making, it is the tacit knowledge conndcte the experience gained during the
contextual circumstances of the assessment i.etheén selection, implementation and
interpretation of particular tools, that provesuadile in reducing the levels of uncertainty
during future assessments. Mechanisms aimed datiléation of both explicit and tacit
forms of knowledge require to be considered indéxeelopment of a KMS.
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Figure 1: lllustrating the principles of the codification strategy

In developing a KMS that is compatible with the Im&d approach to sustainability
assessment, an integration of the personalisatidncadification strategies is required. In
order to achieve this, many of the mechanisms desdigo facilitate the discourse between
individuals require to be interlinked with the aagg and retrieval mechanisms delivered
through the ICT. This aligns with Cushman et a{2602) ‘constructionist approach’ to
knowledge management and has the potential to hedtransfer of knowledge between
assessments in a manner that facilitates learniigure 2, illustrates how the principles of
the personalisation strategy are delivered throaghlCT based KMS, highlighting the
integration of the capture and retrieval mechaniass®ciated with the codification strategy.
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Figure 2: lllustrating the principles of the personalisation strategy

THE ISAT AND INTEGRATING A COMPATIBLE KMS

The SUE-MoT research consortium has set out toldp\e comprehensive and transparent
framework that encourages key decision-makers stesyatically assess the sustainability of
urban developments taking into account scale, Jdle; location, context and stakeholder
values. Central to the research programme is e¢lreldpment of an integrated sustainability
assessment toolkit (ISAT) that is reflective of tequirement to integrate the environmental,
economic and social dimensions of sustainabilityirduassessment. The toolkit aims to
facilitate in the selection of assessment toolsr@mmte to the scale, lifecycle, location,
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context of the development project and to integtiaé® outputs in a meaningful manner. In
order that the ISAT reflects the recognized emergari the role of aiding understanding and
participation amongst those involved during susthility assessment, it will be integrated
with a KMS that is reflective of the approach désed in the previous section. The ISAT is
to be developed as an ICT web based applicatioth thie user presented in terms of
functionality with both the toolkit and the KMS Wit an integrated platform.

The research aims to develop a KMS that delivezduhctionality to enable those using the
ISAT to access and transfer the knowledge and e of others, whether they are part of
the same project or a future assessment. In ¢odechieve this, a codification strategy will
be developed and supported with mechanisms fongistiakeholder engagement in order to
facilitate a personalisation strategy. In suppgrtithe user of the ISAT in terms of
supplementing their knowledge base through theesysind in suggesting a strategy for
aiding their engagement with other stakeholderss loped that a better understanding of
sustainability, its implications and assessmefasgered through learning, in a manner that is
reflective of Pope’s (2006) advocated approacheafrhing by doing’.

In developing a system around these principles, riecessary to ensure that the nature of its
flow, interface, capture/ retrieval mechanisms #m& suggested engagement strategies, are
representative of the requirements of its potenigdrs. Five case studies reflective of
contrasting sectors and procurement routes (i.asihg, schools, office, hospital and an
example of best practice) were identified and asedyto provide the empirical basis for
capturing the requirements for the system. In&svgi were conducted with relevant
stakeholders contributing to the assessment withain case study, and a series of knowledge
maps developed to identify the key drivers, basriand facilitators, influencing factors
surrounding the flow of knowledge during the satetiof issues, tools, assessment and the
consideration of the assessment outputs. This swggported through an emerging
understanding of the proficiencies and competenafi¢ke individual stakeholders involved,
allowing for an awareness of who is involved, thaite, the knowledge they bring, the
knowledge they require, its preferred method afigfer and the nature of their relationship
reflective of lifecycle stage to be establishedhe3e findings were used to inform the
development of the flow, interface and requiremdotsthe mechanisms for knowledge
capture and retrieval system outlined in the folfaysections.

Developing a KMS supportive of the ISAT

The ISAT is structured to replicate the phases stistainability assessment. The research
identified five main iterative phases of assessntleat run across a projects lifecycle- i.e.
scoping, sustainability planning, assessing, manigoand auditing (Thomson et al. 2007).
These formed the basis for the number of key diEs/around which the development of the
ISAT would be centred. The identified activitigmao allow for the selection of appropriate
assessment tools based on the context of assesguedined by a criteria i.e. object of
assessment, lifecycle stages) and a selectionstdisability issues (identified and prioritised
reflective of the values of the stakeholder); ara kring the outputs from their
implementation together where meaningful to give iaregrated, holistic sustainability
assessment reflective and considered on the bistakeholder values. These activities are
represented in 5 modules: issues selector, toecte| assessment, integration and output
assessment around which a functional integraticdheiSAT and KMS is developed. Figure
3 displays these modules within a representatidheiSAT and KMS framework. The user
can either interact with the system as a seriesnef off assessments, or as part of a wider
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project where individual assessments are preseatetl managed together. The tools
suggested vary with project lifecycle, reflectimg tevolution of the stages of the project, and

the different function of the tools.
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Figure 3: A functional specification for the integration of the ISAT and KMS

For each module displayed in figure 3, a range mbdvkedge capture mechanisms are
incorporated to ensure that both the explicit awit knowledge generated by those involved
in delivering each of these activities is captuegdl stored. A range of mechanisms are
provided to capture explicit knowledge (e.g. assesd output data, information, reports),
and a variety of mechanisms geared towards capttin@ tacit knowledge accumulated by
the user i.e. structured questions/ prompts, quasdires (e.g. reviewing the performance of
the assessment tool) and free/ open text (allofon@n unstructured record of experience).
These are developed in response to the contex@gairements of the individual modules.
The captured knowledge is stored and tagged wihdatabase (displayed in figure 3), with
the aim of providing access to future users ofsygtem either for its retrieval as knowledge
associated directly with the activities relatinghe individual modules or as part of a generic
knowledge hub, set and accessed out with the meduld displayed at the bottom of figure
3. Within the later, the user will retrieve knodtge relevant to their assessment context
either by considering knowledge generated duringlar projects (i.e. viewed like a case
study), knowledge tied to an attribute (i.e. spedid a tool or an issue) or through a free
search for knowledge (rather like an internet d®arcThe described capture and retrieval
mechanisms form the basis of the codification sgyatand the principles of its delivery are
displayed in figure 1. In addition to this ‘useengrated’ knowledge, a proportion of static
knowledge will be provided upon the findings of thler SUE-MoT research programme.
An example of this would be the profiles of eackessment tool held in the database, to aid
the user’'s comparison of the tools. Such inforamais to be updated and managed centrally.
The retrieval mechanisms are developed to alloveex to consider both the static and the
‘user generated’ knowledge held in the databasedomplementary manner, thus informing
the actions and decisions surrounding the assessmdrstimulating learning from a variety
of sources and forms of knowledge.
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Within each module, an engagement strategy is ptegen a static form (developed within
the research), providing the user with recommendatfor managing an appropriate level of
engagement with relevant stakeholders for the #@soc module. This has a number of
functions: to ensure that their values are eliciathin choices or decisions taken during
assessment, participation and contribution in tteviies of assessment, and to encourage
the discourse and social interaction required ¢difate social learning. This represents the
delivery of the personalisation strategy discussadier and around the principles displayed
in figure 2. The following section discusses theakdown of the modules, illustrating the
integration of the two strategies.

Issues Selection

Prior to the selection of any tool, the ISAT aimsaid the user in the selection of relevant
sustainability issues reflective of the context adfsessment (i.e. object of assessment,
lifecycle stage). This can be delivered eithemasne off assessment (at any stage of the
lifecycle) or as part of the wider scoping exeraidach forms the basis of the sustainability
management for the project. Presented is a lisusfainability issues, from which the user
selects those that are appropriate to the confeadsessment. The SUE-MoT team identified
over 600 sustainability issues and indicators aatet with the life-cycle stages of an urban
development, in addition to those relating to thanafacture and transport to-site of
construction materials. These were reduced byresatmation exercise to major impact
categories, and verified through workshops and tequresaire surveys. The sustainability
impacts represented in the list are environmentatérial use, energy, water, land use,
pollution to air, global air quality, pollution tand, pollution to water, ecological health,
waste, environmental quality); social (crime andusiy, health and wellbeing, social capital,
social inclusion, culture and heritage); and ecoofuvhole life value, economic multiplier
effect on jobs) and this work is reported in Xingk (2008).

In order to aid the selection process, the usdrbelprovided with the ability to draw on
sustainability issues selected during previoussassents; either as part of the wider project,
or from previous projects that share a similar egnt This allows users to consider the
sustainability issues that are traditionally sedddor a variety of different contexts, enabling
them to question why the selected issues may differelation to context and how their
assessment relates to this. Support is providedigh the provision of definitions for each
issue and the opportunity provided to search tlwviedge hub for comments that have been
captured from previous users by searching the issuan attribute. The provision of
stakeholder engagement tools is a significant eiéroéthe support offered to the user in
stakeholder identification; and the identificatiamd prioritisation of the sustainability issues.
A variety of engagement tools will be suggestedmfrwhich if appropriate the user can
select those that match their needs. Each wilsiygported with a profile, and access
provided to the experiences of previous users dutieir application in practice. Whilst the
system advocates stakeholder engagement and saiggestapproach to managing
sustainability across the lifecycle of the projebis is not prescriptive and can be ignored by
the user if they see fit (i.e. they have alreadgded their issues prior to coming to the
system). Mechanisms are provided to capture thextgens made in order that it can be
tagged within the database relative to its assassommtext, but also to ensure that the tacit
knowledge surrounding the reasoning for the sealmacdis captured for the benefit of future
users.
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Tool Selector and Assessment

Based on the context of assessment and the sustdynassues identified, the system
suggests a range of relevant sustainability assedstools (e.g. BREEAM, LEED). The
user is supported through the provision of a peofidr each tool, statically held within the
database, and the ‘user generated’ knowledge shagptured from previous users their
experience of the tool in practice. The databdlsava for the search against individual and
multiple criteria (e.g. cost, complexity, scale application), allowing users to make
decisions based on a strong evidence base. Atdioggparison of similar tools will be
possible against the set criteria, with a rangeigial aids to help present the information in
the most suitable form. The capture of previoyseeience regarding the performance of the
tools during assessment is an important elemetiheoiSAT. Whilst a need has not been
identified for formal stakeholder engagement witkinis module, the system will suggest
mechanisms to help maximise the knowledge trartsfémeen the user and other relevant
stakeholders involved. Once the tool/s are salethe system will capture that decision, and
ask for an explanation of the reasoning througkrees of questions designed to capture the
tacit knowledge for the benefit of future users.

The system aims to support users during the apiplicaf the tool/s in practice, by enabling
access through retrieval mechanisms to the experien those involved in the previous
application of the tool in practice. This will @ users to benefit from the tacit knowledge
generated during past assessments, enabling thedentfy and provide the potential to
overcome problems. The system encourages a hisfotlye assessment to be recorded,
enabling the assessment to be viewed as transgarénipdated as it progresses, in addition
to facilitating the capture the necessary tacitkedge.

Integration and Assessment Outputs

Following the assessment, the ISAT aims to proaidigcility for users to manage the outputs
of the tools, and if appropriate to integrate thesguts in a meaningful way. Depending on
the nature of the assessment and tools appliedcdini be as simple as a place to store, access
and present the outputs from the assessment im thrakeit can be viewed and understood in
one place and by multiple users. It is structucedrovide a report of the overall assessment,
with the capacity to be incorporated into a widesessment report of all the individual
assessments conducted over the entire project. SWE-MoT research is currently
considering the value of advancing the functiothef system to potentially integrate outputs
using e.g. multi criteria analysis and the develeptrof visual methods for presenting the
outputs. A series of appropriate stakeholder et tools are suggested to support the
decision-making process surrounding the consideratif the outputs of the assessment.
Increasingly this is becoming a necessary elemktitecassessment, as through engagement,
stakeholders become exposed to the decision-mghinogess surrounding sustainability
within the built environment, thus increasing itansparency and providing the basis to
stimulate learning amongst those involved. A byedoict of such an environment is the
resultant discourse between stakeholders regattimgmplications of the findings of the
assessment, and thus the creation of an environfoentediation can be fostered between
the differing values. Following the assessmers,uber is provided with the opportunity to
review the individual tools that they have usedtfeagainst set criteria) in order that it can
be captured for the benefit of future users anglayed in the manner discussed in relation to
tools selection. In addition, a means is provittedhe user to record the contribution made
by the assessment to the wider decision-makingeptoject. This is useful, as it provides a
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transparent record for future users to considerleach from, when making decisions during
future assessments.

Further research

Over the next 12 months, a pilot system will be eleped as a web- based application.
Practitioner input will be sought through a serigls workshops and interviews with

refinements made to ensure its continued developmeets the requirements of the
potential user.

CONCLUSION

In developing an integrated system in this mantiex, potential exists for the ISAT to be
applied by the user within a system that replic#itesphases of assessment and supports the
management of the knowledge requirements encouhtsrehe user during its application.
By integrating the KMS with the ISAT, the systenmaito comply with the evolution of
sustainability assessment towards a process-oteehégproach, where knowledge generated
during assessment guides decision-making, and iscapostrained by it. Knowledge
management plays a significant role in ensuring tha knowledge retrieved through the
system is both relevant and viewed within the caok@d environment it was generated. By
emphasizing the value of the situation and suljeaimensions of knowledge, the users of
the system can view the experiences of others aptly dhe lessons learnt in their own
context. In providing a strategy to aid participat users of the system can facilitate the
flow of knowledge between those involved in assesgmn a manner that is supportive of
participation and knowledge transfer. Mechanisms provided through the system to
facilitate this transfer of knowledge so that indiuwals develop an understanding of
sustainability, its implications, the issues fackdling its assessment and the values held by
different stakeholders. Through this, the systeémsao provide the sharing of experience
and expertise amongst those involved whether thir@ogial interaction or by an attempt to
replicate this between assessments through a caiilifin strategy of the nature outlined in
order to stimulate the desired learning.
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Reinforced concrete structures are largely used in Brazilian building construction. The use of
prefabricated steel pieces are supposed to improve labor productivity. This paper evaluates
the factors that are considered to have influence on the labor efficiency, based on 9
construction sites studies. During more than one year the authors run a data collection about
steel reinforcement. Statistical analysis helped to define the factors and their influence on the
rebar labor productivity. The results can help organize production and to set
recommendations for the steel reinforcement design in order to reach improved labor
productivity.

KEYWORDS: steel reinforced concrete structures, steel reinforcement design, labor
productivity.

INTRODUCTION
Productivity

Researchers from several countries, including researchers from Brazil, have been studying
the productivity in the civil construction for a long time. Among some international work it
can be mentioned the of Abdelhamid and Everett (1999) that utilizes a tool called Time
Series Analysis to improve construction productivity; the of Teicholz et al. (2001) that
approaches the productivity using typical tasks from the building construction process and
analyzing the labor costs and output productivity trends utilizing root-squaremeans; the of
Thomas and Napolitan (1995) that details, in quantitative terms, the effects of changes and
change orders on labor productivity and efficiency.

Labor productivity has been studied around the world; a CIB report (Thomas et al, 2002)
describes the results of an international research project conducted by researchers of several
countries. In Brazil there are several researchers who study labor productivity such as: Souza
(1996), Carraro (1998), Obata (2000), Aradjo (2000), Librais (2001), Silva (2002), Maeda
(2002), Reis (2005), Dantas (2006), Aradjo (2005) among others.

According to Liou and Borcherding (1986) the term “productivity” is generally used to
denote a relationship between output and the associated inputs used in the production process.
He also mentions that in the construction industry, man-hours per unit produced is popularly
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used as a productivity index because of the concentration of manpower needed to complete a
specific task.

The definition of productivity adopted by the researchers of this article is the proposed by
Souza (2006) that defined labor productivity as being the efficiency/efficacy in the
transformation of inputs in outputs.

The indicator used in this paper to measure the labor productivity is the proposed by Souza
(1996) called Razao Unitaria de Producéo (RUP), where:

RUP = man-hours/quantity of service

RUP = Production Unit Reason
Man-hours = man-hours spent for the service (input)
Quantity of service = quantity of service performed (output)

Productivity Modeling

There are several methods of productivity modeling, for example, the Total Productivity
Model (Sumanth, 1979), the Hierarchy Model of Construction Productivity (Kellogg et al.,
1981), the Factor Model of Construction Productivity (Thomas and Yiakoumis, 1987) among
others.

The authors of this research utilized the Factor Model of Construction Productivity, proposed
by Thomas and Yiakoumis in 1987, because they understand that it is the best model to
understand and analyze the variation of productivity that occurs in the civil construction.

Thomas and Yiakoumis (1987) affirm that the Factor Model takes into consideration
productivity improvements due to repetitive operations and can be used to perform rigorous
statistical analyses of the factors affecting the productivity of labor-intense construction
activities.

Thomas et al. (1990) mention that the essential characteristics of the Factor Model are: a)
unlike work study, the Factor Model measures productivity not as a function of time, but as a
function of output; b) the focus is on the crew, as the basic work unit, rather than on
individual crew members; c) the ideal productivity required to perform the work is time-
dependent, i. e., improvements resulting from repetition can be modeled; d) the model
includes the major factors that affect productivity. The form of the model permits statistical
validation, and factors can be added or deleted as appropriate.

Souza (1996) affirms that the labor productivity can be influenced by a large number of
factors. Thomas and Smith (1990) apud Souza (1996) classify that large number of factors in
two big groups: the factors related to the “content of the work” and the factors associated to
the “context of the work™.

Souza (1996) explains that understanding the nature of the factors that can interfere
significantly on the productivity, the following step involves the prior election those it will be
observed during the data collection. The following phase is characterized by the correlation
between the factors based on statistics in order to identify what the factors that influence the
analyzed labor productivity are.
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Design of reinforced concrete structures

The design of reinforced concrete structures, analyzed as a product, can be defined as being
the document that contains technical information, descriptive and graphic elements, for the
crew that is going to perform the reinforced concrete structure.

In Brazil the designs of reinforced concrete structures are basically constituted by the
formwork design and steel reinforcement design.

The steel reinforcement design can be defined simply as being the technical document that
contains information about the features of the pieces (diameter, unit length, number of pieces,
arrangement of the piece in the steel reinforcement etc) that integrate the steel reinforcement
of the reinforced concrete structures. The steel reinforcement design is constituted by the
designs of column, beam, slab and stair.

Technology of prefabricated steel pieces

In Brazil for many years the use of the steel bars prevailed, those steel bars were cut and fold
in the construction site. However it has had a constant substitution in this way of supply by
the supply of steel pieces cut and fold (technology of prefabricated steel pieces) that only
needs to be mounted in the construction site.

The technology of prefabricated steel pieces can be defined as being simply the transference
of the phases of cut and fold of the construction site for the factory, in the case of Brazil this
factory belongs to the steel manufacturer.

Araujo (2005) mentions that the main advantages of utilizing the technology of prefabricated
steel pieces are: a) reduction of the intensive use of workers in the construction site; b) high
rationalization in all process of reinforcement production.

Although prefabricated steel pieces are used in many Brazilian construction sites, the steel
bars are still an alternative to produce concrete structures. In this context, labor productivity
evaluation is necessary to justify the adoption of prefabricated pieces.

OBJECTIVE

The objective of this article is to evaluate, that is, detect, quantify and analyze statistically,
the factors related to the content of the work that influence in the productivity improvement
in the labor of steel reinforcement assembling utilizing only the supply of steel called
technology of prefabicated steel pieces.

METHODOLOGY

This research involved the following phases: a) characterization of the construction sites; b)
collection method; c) results and analysis. Each phase will be explained below.

Characterization of the construction sites

Nine construction sites were studied in this research. The main and common characteristics
that those construction sites had were: a) they belonged to the segment of multiple floor
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buildings; b) the buildings were be constituted by reinforced concrete structures; c) they
utilized the technology of prefabricated steel pieces; d) the main tower was being executed; e)
they belonged to different construction firms (in the maximum two towers of an only
construction firm).

The authors of this paper decided to preserve the identify of the construction firms involved
in this research with the use of codes for the identification of the buildings studied (example:
Building SP 11).

Collection Method

The collection method of the data basically included three phases. Those phases will be
explained in the following paragraphs.

The first phase was constituted by the analytic understanding of the steel reinforcement
assembling for each structural member (column, beam and slab); and to the study of the steel
reinforcement design for each structural member with the detection and measurement of the
several factors that could influence in the labor productivity, for each one of these structural
members, based on the autors’ experience and the literature revision.

The second phase was characterized by daily visits to the nine towers (Building SP 11a,
Building SP 11b, Building SP 52, Building SP 83a, Building SP 83b, Building SP 101,
Building SP 121, Building SP 145 and Building SP 169) during the execution of three
consecutive floors in each tower, aiming at quantifying the man-hours involved in the steel
reinforcement assembling and also verifying the quantity of service performed by the crew
daily for each structural member. With those information was possible to measure the labor
productivity with the indicator denominated RUP for each structural member.

The third phase was constituted by the activity of correlating the factors studied with the
labor productivity for each structural member based on statistical analysis, enabling to detect
the factors that really influenced significantly the labor productivity.

Results and Analysis

After statistical analysis was established the factors (Table 1 lists and explains them) that
influenced significantly the labor productivity in the steel reinforcement assembling to each
structural member (column, beam and slab).

Table 1: Factors that influenced significantly in the steel reinforcement assembling

Factors Abbreviation Structural Influence in the labor productivity

members
Equivalent Dequiarm  Column, The bigger the equivalent diameter of the steel bars
Diameter of the Beam and of a labor, it will be necessary more Kg of steel for
steel Slab each linear meter processed. Supposed that the
reinforcement demanded work associated to the processed length
pieces of reinforcements, bigger equivalent diameters

would lead to better productivity.




CIB W065/055 Commissions: Transformation through Construction 5

Analogous definitions to the previou factor. It is
defined as being limited for the case of the
longitudinal pieces.

Equivalent Dequilon Column
Diameter of the

longitudinal

pieces

Equivalente Dequitrans Column

Diameter of the
cross pieces

Analogous definitions to the factor called Equivalent
Diameter of the steel reinforcement pieces. It is
defined as being limited for the case of the cross
pieces.

Mass of
longitudinal
pieces by total
mass

Kglongit./thotal Column

The bigger the reason Kgiongit/KQwta there will be
with the same effort, the bigger quantity (in mass) of
reinforcement produced, having as a result the
obtaining of better productivity index.

Percentage of %estracor Column
columns with
stirrups

“chained”

The minor the quantity of columns with stirrups
chained, the smaller will be the necessary effort in
the assembly, having as a result the obtaining of
better productivity index.

Mass of
longitudinal
pieces by the
number of
longitudinal
pieces

Kgiongit/Niongit Beam

The bigger the reason Kgiongit/Niongit. there will be
smaller RUP (better productivity) because of this for
each piece mounted there will be a bigger weight of
reinforcement made.

Equivalent
Diameter of the
stirrups

Dequiestr ~ Beam

Analogous definitions to the factor called Equivalent
Diameter of the steel reinforcement pieces. It is
defined as being limited for the case of the stirrups.

Equivalent Deg- Slab
Diameter of the

negative pieces

of the

reinforcements

Analogous definitions to the factor called Equivalent
Diameter of the steel reinforcement pieces. It is
defined as being limited for the case of the negative
pieces of the reinforcements.

Mass of the Kg/m? Slab
reinforcements

of the slabs by

the m? of area

of slab

The bigger the quantity (in mass) of steel by area of
slab, the bigger the quantity of service performed
resulting in a better productivity.

In the Tables 2, 3 and 4 (respectively for the structural members column, beam and slab), are
shown, based on the 9 towers studied, the relations between each factor (explained in the
Table 1) and the labor productivity, through the use of values (minimum, median and
maximum) relating those values with the tendency of better or worse labor productivity (© =
better productivity and ® = worse productivity).
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Table 2: Relation between the factors and the productivity — Column

RUP (Hh/ton) Factor Values
Minimum Median Maximum
® 57 Dequilon 10,05 12,50 20,12
(mm)
@ — ©
Kiongit/Ktotal 65,85 74,76 88,43
(%)
@ | |4 ® ©
Dequitrans 5,04 504 578
(mm) @ )
%estracor 0.00 0,00 37,00
© 30 © ' ®
Table 3: Relation between the factors and the productivity — Beam
RUP (Hh/ton)  Factor Values
Minimum Median Maximum
® a0  Dequiestr 5,46 5,46 6,80
(mm) ® ©
40
@ Kglongit./NIongit 277 4.46 7.74
® ©
© 31
Table 4: Relation between the factors and the productivity — Slab
RUP (Hh/ton)  Factor Values
Minimum Median Maximum
® pm?® Dea- 7,79 9,39 11,23
(mm) ® ©
@) 24 >
Kg/m 4,95 7,42 15,10
® ©

© 18
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FINAL CONSIDERATIONS

This article dealt with the detection, measurement and statistical analysis of the factors of
content influencing labor productivity of steel reinforcement assembling in reinforced
concrete structures. This is very important to help construction managers to adopt and to
improve the use of the technology of prefabricated steel pieces.

This research is part of a more comprehensive research to propose guidance to the steel
reinforcement design, taking into account the features that improve labor productivity.
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A novel decision making technique is described in this paper. The development of this
technique starts with the identification of the important factors that characterise a particular
decision. The identified factors are then analysed to select the most influential ones, which
are then classified into encouraging and discouraging subgroups. Based on information
collected from experts in the area under consideration, parametric profiles are developed for
each of the considered decision factors. Real life examples are used to develop a probability
distribution function for each parameter. This is to take the uncertainty inherent in most
decision making situations into account. The proposed tool has many practical applications in
the construction industry as demonstrated by a “bid” or “no bid” case study using data on real
life project collected from Italian contractors. In this case study, the proposed tool predicted
the actual bidding decisions made in 85% of unseen bidding situations.

KEYWORDS: Decision Making, Parametric Tools, Uncertainty, Bid no Bid, Italy.

INTRODUCTION

Nearly, every facet of life entails a sequence of decisions (Denardo, 1982). Different
decisions involve different sequential activities. Nevertheless, they have some common
features. Each has a purpose that interplay between constituent decisions. For instance,
bidding for a new project consumes time and resources that cannot be invested in other
projects. Moreover, some decisions must be made without knowing the outcomes. A
contractor does not know in advance what the tender prices of possible competitors are. If
this was possible, he/she would be able to adjust the tender price to win the contract or just
make a "no bid" decision. Furthermore, uncertainty about the future lays at the heart of many
decision problems. Nevertheless, that does not mean that the future can not be predicted. A
contractor selects a mark up percentage for a new project that increases the probability of
winning this project. When these probabilities can be assessed, rational decision making
becomes possible. To increase the effectiveness of the decision-making process, there must
be some systematic techniques (Tempelman 1982). The following section is devoted to
provide a brief review of common decision-making methods before explaining the proposed
practical decision making tool and providing an example application on the Bid no Bid
decision making process in the Italian construction industry context. A basic computer model
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has been developed based on this proposed method to make it even more practical and easy to
use.

A BRIEF REVIEW OF KEY DECISION MAKING TOOLS

The reviewed techniques are classified into five main categories. These are probability
theory, utility theory, regression analysis, multicriteria decision analysis and artificial
intelligence techniques. These categories are briefly outlined in the following sub-sections.

Basic Concepts of Probability Theory

In probability theory, an event is the term used for something, which may or may not occur.
A decision problem might incorporate many events and the difficulty lies in determining the
probability factor for each one of them. The probability theory is based on the concept of
complementary events. For example, when a contractor submits a bid for a certain project, he
might win the contract (event A) or might not win this contract (event A’). Therefore, it is
always true that:

Probability of (A) + Probability of (A") = 1

However, real life events do not usually occur in isolation but are strongly or weakly linked
to other events (Smith et al, 1983).

The application of probability theory is based on assumptions that might not be appropriate in
certain situations (Smith et al, 1983). This does not mean that this technique should not be
used but merely that it should be applied carefully. The majority of traditional bidding
strategy models were based on the probability theory. Many researchers have pointed out that
these models are not suitable for practitioners in the construction industry because of their
unrealistic assumptions and the complexity of their mathematical operations. Therefore, some
researchers have approached the bidding process using the utility theory, the basic concepts
of which are explained in the following section.

Basic Concepts of Utility Theory

Utility is a psychological concept, which is used to measure the desire of individuals to
possess units of a given commodity (Teo, 1990). It provides the basic foundation for
modelling the value system of a decision-maker. However, this approach has been criticised
for failing to appreciate the non-linearity of the individual preferences.

Once the utility function is defined, the unit value can be transformed into expected utility.
Utility functions can be composed from several sub-functions. For example, Ahmad (1988,
1990) used three segments; loss, general overhead and profit when developing a utility model
for mark up estimation. In this model, the selected mark up corresponds to the maximum
expected utility.

The utility theory approach provides a good representation of the value system of the
decision-maker (Teo, 1990). Furthermore, it also accounts for the risk attitude of the decision
marker. However, the utility theory is still regarded by practitioners as being theoretical and
mathematically complex. Additionally, it is often difficult to accurately determine the utility
function of decision markers especially in highly unstructured subjective problems such as
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the competitive tendering process, which is liable to be affected by large number of factors.
To account for the influence of such multiple factors, multi-criteria decision analysis
techniques can be more appropriate.

Multicriteria Decision Analysis Theory

Classical decision making theories deal with single criterion problems, e.g. maximising
profit. But, single criterion techniques are incapable of dealing with most of the real world
problems, which grow bigger in scope and complexity. Consequently, multicriteria decision
making theories have evolved.

Analytical Hierarchy Process

The Analytical Hierarchy Process (AHP) is one of the most commonly used multicriteria
techniques. The AHP was introduced by Saaty (1977) to compare alternatives considering
multiple criteria. It is based on decomposition of a decision problem into a hierarchy of
criteria and alternatives. Typically, the highest level of the hierarchy is the overall goal while
the next level usually consists of the decision's criteria and the lowest level generally is made
up of the decision's alternatives.

The relative importance is indicated at each level of the hierarchy by set of weights assigned
to the criteria and alternatives. At a lower level, for every criterion, each alternative is given a
weight based upon its relative contribution to the accomplishment of the final goal. The
problem is, then, recomposed by multiplying the weights along each branch and summing the
products for each alternative. The result is a set of multicriteria weights, one for each
alternative. The alternatives are, then, ranked according to their weights and the one with the
highest weight is designated as preferred. A good explanation of the AHP can be found in
Bryson and Mobolurin (1994).

TheAHP enables subjective judgements to be made regarding the relative importance of
criteria and the relative weighting of alternatives. However, the AHP models require a
relatively large number of inputs, i.e. weighting the decision’s criteria and alternatives. An
innovative simple technique called the Parametric Process (PP) is presented in this paper as a
possible alternative decision making tool.

Basics of Regression Analysis Techniques

Regression analysis enables us to ascertain and utilise a relation between a variable of
interest, called the dependent variable or response variable, and one or more independent, i.e.
predictor, variable(s) (Montgomery and Runger, 1994). To understand the concept of
regression analysis, it is important to understand a relation between two factors. It is useful to
distinguish between functional and statistical relations. It is important to note that a statistical
relationship between two variables X and Y is not necessarily exact.

The dependent variable is usually plotted along the Y- axis and an independent variable Xi
along the X- axis. Many straight lines could appear to fit well the relation between Y and X.
One of the widely used procedures to identify the best-fitting line and the corresponding
equation is called the Least Square Approach (Jain, 1996).

Regressing analysis is widely used in marketing research (Jain, 1996). Also, it proved to be
useful in many areas of construction management. For example, in the prediction of project
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duration (Chan and Kumaraswamy, 1999) and the estimation of the mark up size for new
bids. The main disadvantage of the linear regression technique is being unable to account for
the non-linearity that might exist in the relationship between the dependent variable and the
independent variable(s). Non-linear regression attempts to model such relationships. But, it
needs extensive intervention from the user.

Artificial Intelligence Techniques

Artificial Intelligence (AI) emerged in the 1950s and 1960s as an overlap of computer science
and psychology. It covers such diverse areas as recognising and understanding language,
recognising pictures and sounds, and robotics. Two of the most prominent approaches to Al
are the “symbol manipulating” and the “connectionist” approaches. Expert systems, which
are more correctly called Intelligent Knowledge Based Systems (IKBS), and Artificial Neural
Networks (ANN) have emerged from the symbolic and the connectionist approaches
respectively (Nikolopoulos, 1997).

Expert Systems

Expert Systems (ESs) are able to solve knowledge-intensive problems that are not easily
addressed by conventional software. Numerous definitions have been proposed for the expert
systems. The British computer society special interest group in expert systems (Alvey) has
defined an expert system as follows:

“An expert system is regarded as the embodiment within the computer to a knowledge-based
component from an expert skill in such a form that the system can offer intelligent advice or
take an intelligent decision about a processing function”.

Waterman (1986) has defined expert systems as ‘“sophisticated computer programs that
manipulate knowledge to solve problems”. The knowledge of an expert system consists of
facts and heuristics, i.e. rules of thumb. The facts constitute a body of information that is
widely shared, publicly available, and generally agreed upon by experts in the field. Expert
systems derive solutions based on heuristics rather than the algorithmic approach of
conventional programs (Jackson, 1999; Waterman, 1986). An expert system solves problems
in a narrow domain of expertise and can not be a general problem solver. Nevertheless, even
in highly restricted domains, expert systems usually need large amounts of knowledge to
arrive at a performance comparable to that of human experts in the field.

Artificial Neural Networks

The human brain is the most complex biological system with powerful capability of thinking,
remembering and problem solving known to man (Fu, 1994). This unique capability inspired
research in Artificial Intelligence to model the human brain as a computing paradigm known
as Artificial Neural Networks (ANN). The key idea is to make computers learn through
examples, as human learn through experience, to recognise patterns that exist within a given
data set. This distinguishes ANN from other Al techniques such as the expert systems, which
are based on a set of rules extracted from human experts. The main component of an ANN is
called node or Processing Element (PE), which is referred to sometimes as neuron after the
biological neuron. PEs in a neural network are interconnected by weighted links (synapses).
Each PE can receive simultaneously many inputs. These inputs are usually multiplied by the
connection weights. The PE sums the weighted inputs and transforms the product into a
response, which can be an input to the following PE(s) or may be the final output.
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The structure of an ANN model is another important aspect. The most commonly used
structure is the Multi-Layer Perceptron (MLP). This type of ANN paradigm consists of an
input layer (buffer), hidden layer(s), and one output layer. The PEs in the input buffer only
receive the user’s inputs and forward them to the first hidden layer. PEs in a neural network
are connected fully or partially in a way that the output, i.e. response, of a PE is fed via the
weighted connections as inputs to the PE(s) in the subsequent layer. The connection weights
of a neural network are modified by learning from examples. The most commonly used
learning algorithm is called error back-propagation developed by Rumelhart et al. (1986).

A NEW PARAMETRIC DECISION MAKING TOOL

The way in which construction companies/contractors make their decisions is a highly
complex process. In the absence of universal decision tools, these decisions are often based
on heuristic techniques, i.e. experience, subjective judgement and intuition of the decision
maker. Therefore, practical decision-support tools can yield significant benefits. This section
explains the development of a new technique called the Parametric Process and demonstrates
its application on the “Bid no Bid” decision making process in the Italian construction
industry.

As illustrated in Figure 1, the modelling procedure starts with the identification of the
important factors that influence the decision problem under consideration. These factors are
then classified into two groups; Encouraging Factors that usually count for a positive
recommendation and Discouraging Factors that usually count for a negative recommendation.
A parametric profile is developed for each of the considered factors (encouraging and
discouraging). A decision situation is assessed by the decision maker by assigning a score
between 1 and 5 to each factor. Based on this assessment, each factor will contribute to the
final recommendation. Real life examples are then used to test and improve the developed
model. These model development and validation steps are explained in the following sub-
sections using the Bid no Bid decision making process as an example application.

The Decision
Problem

A 4

Domain
Experts

—»{ Identification of the Most Important Factors

Encouraging | |Discouraging
Factors Factors

v v

Parametric Parametric
Profile Profile

=

Decision Index

v

Testing & Validation |——

v

Final Model

Real life cases

for testing
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Figure 1: The Development of a Parametric Decision Support Model

Identification of the Most Important Factors

A questionnaire survey was used to uncover the important factors that characterize the
“bib/no bid” decisions in the Italia construction industry. The survey also helped to collect
expert contractors’ opinions about the importance of these factors and their kill scores (when
a factor alone can cause a no bid decision) and neutral scores (i.e. the score of no influence).

The formal questionnaire was send to 44 Italian construction companies. Twenty
questionnaires were fully completed and returned. This was considered to be adequate in this
basic demonstration case study.

The questionnaire uncovered forty two factors that influence the bid no bid decision in Italy.
The factors that have an Importance index (I) below 0.60 and/or seemed to be counted for by
other factors have been ignored. The remaining 17 factors were classified into to two groups;
encouraging and discouraging.

The encouraging factors (F;) are listed in Table 1 along with their average Importance index
(I), average Kill Score (KS;) above which F; will cause a “no bid” recommendation and the
average Neutral Score (NS;).

The discouraging factors (F;) are listed in Table 2 along with their average Importance index

(Ij), average Kill Score (KS;) below above which F; will cause a “no bid” recommendation
and the average Neutral Score (NS;).

Table 1: Parameters of the most influential encouraging “bid/no bid” factors

i Encouraging "bid/no bid" Factors l; KS; NS;
1- Project cash flow 0.76 217 3.21
2- Past experience on similar projects 0.73 1.63 1.58
3- Credit & worthiness of owner 0.73 1.14 2.00
4- Potential profit from project 0.72 1.75 2.53
5- Availability of resources 065 144 1.67
6- Need for work 0.61 1.17 1.81
7- Relations with other contractors and suppliers 060 1.13 2.50

Table 2: Parameters of the most influential discouraging “bid/no bid” factors

Jj Discouraging "bid/no bid" Factors l; KS; NS;
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1- Number and type of competitors 0.75 4.13 1.74
2- Size of project 0.73 4.71 2.10
3- Availability of other projects 0.72 4.50 1.74
4- Degree of hazard 0.71 4.86 1.58
5- Current workload 0.69 4.63 1.49
6- Uncertainty in cost estimate 0.67 4.67 1.63
7- Administrative interference 0.66 4.88 2.00
8- Rigidity of specifications & Onerous contract condition 0.65 4.38 2.43
9- Bond requirement 0.63 4.71 2.93
10- Degree of difficulty 0.61 4.57 2.44

The following section demonstrates the application of the proposed parametric decision
making tool on the bid no bid decision making process.

Development of a “Bid no Bid" Index

In this example application, the proposed decision tool will recommend whether to bid on a
new project or not based on an index called the "Bidding Index" (BI). A parametric scale is
developed for each bidding factor (F: and F; in Tables 1 and Table 2).

An encouraging factor Fi is represented in Figure 2 as a beam, with a scale between zero and
six. It is supported on the neutral point (B:), which represents the centre of gravity of this
beam. Without applying any force, this beam will stay horizontal (i.e. no contribution to the
final decision).

A contractor can assess a new bidding situation in term of factor Fi by subjectively assigning
a score CA; (Contractor's Assessment) between zero and six. The contractor's assessment is
presented in Figure 2 as a force applied at the CAi point. The magnitude of this artificial force
represents how important the factor Fi is in making the "bid/no bid" decision, i.e. it is equal to
the importance index (I:). Applying this force will generate a moment, which is the physical
representation of the contribution (Ci) of factor F: in making the "bid" decision.

Based on these assumptions, the following formula is used to compute the contribution (Ci)
of a positive factor (Fi):

Ci=L*(CAi-N)) (1)

For example, the importance of the "Need for work" factor is (Is= 0.61) and its neutral score is
(N¢= 1.81). If this factor is rated as "very low", i.e. CA¢=1", in a certain bidding situation, the
contribution in the "bid" decision can be found using Formula 1 as follows:

Ce=0.61 *(1-1.81)=-0.494

Although it is an encouraging factor, the "Need for work" factor counts against a "bid" decision
in this case. If the contractor's assessment was "very high", i.e. C¢= 5, the contribution will be
(C¢ =+1.946), which contributes towards a "bid" decision.
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F;: A positive bidding factor;

I;; Importance in making the "bid/no bid" decision;

KS;: Kill-score of factor F;;

N;:  Neutral score for factor F;; and,

CA;: Contractor's assessment of the bidding situation regarding Factor F,.

Figure 2: A basic parametric model for an encouraging factor

This basic parametric model was first developed by Wanous et al. (2000) and applied on the
Bid no bid decision making using data on real life construction projects provided by Syrian
contractors. To account for uncertainty, the present paper considers a range of possible values
for the model’s parameters instead of single values as shown in Figures 3, which illustrates
the generic structure of a probabilistic parametric profile of an encouraging factor F.
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F;: A positive bidding factor;

I;; A range of possible importance indices;

KS;: A range of possible Kill Scores of factor F;;

N;: A range of possible Neutral scores for factor F; and,

CA;: A range of possible Contractor's assessments of the bidding situation considering factor F;.

Figure 3: A probabilistic parametric model for an encouraging factor

Similarly, Figure 4 illustrates the generic structure of a probabilistic parametric profile of a
discouraging factor F;.
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F;: A negative bidding factor;

I;: A range of possible importance indices;

KS;: A range of possible Kill Scores of factor Fj;

N;: A range of possible Neutral scores for factor F;; and,
CA;: A range of possible Contractor assessments of the bidding situation considering factor F;.

Figure 4: A parametric model for a discouraging factor

In the case of a discouraging factor Fj, a contractor's assessment (CA)) that is greater than the
neutral score (N;) will generate a negative contribution (C;j) towards a "bid" decision as
represented by the following formula:

Ci=-1*(CA-N) (2)

The cumulative contribution of all the considered bidding factors in making the "bid"
decision for a project £ is the bidding index (Bl) calculated using the following formula:

Bl = Z;],.*(CAi—N,.)—Z;Ij*(CAj—Nj) (3)
i= Jj=

Where:
m: number of the considered positive factors; and,
n: number of the considered negative factors.

Having all the required inputs, the model produces the Bidding Index (Blk). If Blx > 0 then
the "bid" decision is recommended. If Blx < 0 then the "no bid" decision is recommended.

A basic Excel model has been developed based on this method and using Crystal Ball to take
uncertainty into account. Crystal Ball can automatically extract the input factors’ probability
distribution functions, i.e. the all the possible values of the model parameters and their
probability from the data set collected on real life projects. It also allows the user to choose
his/her assessment of a certain factor as a range of possible values and their probabilities.

As mentioned earlier, thirteen real life projects were used to test the developed demonstration
model. The contractors' assessments of the bidding factors in each project of the testing cases
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were presented to the parametric "bid/no bid" tool. The proposed model produced
recommendations that are in line with the actual decisions made by contractors in 85% of the
real life testing cases.

CONCLUSION

A simple systematic decision making tool is presented. This model proved to be 85%
accurate in simulating the actual decisions in thirteen "bid/no bid" situations collected from
the Italian construction industry. Some bidding experience that was provided by expert Italian
contractors is embedded in this demonstration model, which could be very beneficial to
contractors, who do not have such experience. The proposed bidding model does not require
too many inputs or extensive historical data. All is required is some information about the
bidding situation and subjectively assessing this situation in terms of predefined criteria.
Uncertainty is taken into account by considering all possible values (in the form of
probability distribution functions) of the model’s parameters. The calculation of all possible
values of the decision index (the output) is done automatically by a simple Crystal Ball
programme. The proposed model will be explained in more details in a subsequent paper
after the collection of a larger set of real life bidding examples. This is expected to contribute
to wider practical applications.
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There are few Public Private Partnership (PPP) projects in the UAE, but the number
is increasing. Recently government and public bodies have increased their interest in
PPP to encourage more involvement of the private sector in the country
development. This paper reports research into the critical success and failure factors
for PPP in the UAE. The research used a case study approach to examine the
critical success factors and the failure factors. The results have shown that political
support is the most important success factor followed by having a strong private
consortium. The most important failure factor is the lack of appropriate skills.

KEYWORDS: PPP, critical success factors, United Arab Emirates.

INTRODUCTION

Public Private Partnership (PPP) is increasingly deployed in many countries to bring
in the private sector where only public organisations and government departments
used to operate. This concept is new to the United Arab Emirates (UAE) where the
government takes the responsibility for procuring all public services. The private
sector in the UAE, so far, did not play a major role in providing public services
evidenced by the very few partnerships and joint ventures formed between the public
sector and the private sector aimed at providing public services. More recently the
market witnessed a number of attempts to change this situation.

The aim of this research is to evaluate the experience of the UAE of using PPP so
far and identify lessons learned and make recommendations that can guide the
public and the private sectors toward improving the effectiveness of their
procurement of such projects. The research reports the result of case studies of
existing PPP projects which have identified the factors that have helped the
partnerships achieve their objectives and the barriers and obstacles they have
encountered in the planning, execution, and operation of such projects.
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CRITICAL SUCCESS FACTORS FOR PPP

In addition to the factors that may influence the success of projects using more
traditional procurement methods PPP projects are affected by other success factors.
This research has reviewed previous studies of PPP to identify what researchers
have identified to be the critical success factors (CSF) that will be needed to be in
place to ensure that the stakeholders realise their objectives. Researchers have
identified the following factors of appropriate risk allocation, savings and need for
finance, favourable legal framework, political support, strong private consortium,
available financial market, stable economy, transparent and competitive procurement
process, effective technology transfer, thorough feasibility and assessment study,
and opportunities for innovation (Bing Li et al., 2005; Qiao et al., 2001; Hodge, 2004;
Pongsiri, 2002; Payne, 1997; Wang, 2006, Flinders, 2005; Jefferies et al., 2006;
Hurst and Reeves, 2004). This paper will expand on these factors in the analysis of
the case studies. The research also reviewed the literature to identify the factors that
are believed to contribute to the failure, Failure Factors (FF), of PPP projects leading
to termination or delay. The FF are lack of appropriate skills, high participation cost,
high project value, high risk, lack of credibility and contacts, demands on
management time, poor communication between private partners, and long
procurement and negotiations processes (Bing Li et al.,, 2005; Papaioannou and
Peleka, 2006; Nyachhyon, 2006; Thomson, 2007).

RESEARCH METHOD

The research has adopted a case study research approach to collect the necessary
data. The main reason for selecting such approach is that the limited number of
projects using PPP and limited exposure of the market to such type of procurement
method which would make the research sample small; and that the level of
knowledge and experience are limited for a more quantitative approach. The
research was not able to find any database of UAE organizations involved in PPP
projects. Instead the research approached the main public bodies such as the
municipalities and other bodies responsible for providing public services such as
water and electricity. This exercise, as well as searching through news reports, has
identified a total of eight PPP projects. All eight projects were contacted and five
expressed interest and willingness to offer the research an interview. A set of semi
structured questions were set to guide the discussion in the interviews. The
interviewees did not allow the researcher to tape the interview and hence only notes
were taken. The interviews were conducted with a senior figure in every case study.
They were a senior consultant to the public client in project A, the operation manager
of the private party in project B, and the head of the commercial bank that is a
member of the private consortium in project C.

Case Studies

Due to the limitation of space, this paper discusses three of the case studies. The
projects are located in three of the seven emirates, Abu Dhabi, Dubai and Sharjah.

Case study A is a project for operating, managing and servicing seven existing water
and electricity centres. These are distribution centres that receive water and
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electricity from the production units and then distribute them through its network to
the customers. These centres will also be responsible for dealing with customers
direct including revenue collection. The value of the contract is estimated around 50
million AED (US$1=3.67AED). This sum does not cover any additional work such as
the construction of new network facilities or upgrading the existing network.
Currently, the project is still at tendering stage with ongoing negotiations with four
international consortiums. Bidders have expressed concern regarding the difficulties
they may face in the collection of revenues from customers and the lack review
mechanisms of management fee. The research interviewed a senior consultant who
has been involved in the project since the beginning and participated in preparing the
feasibility study, tender documents, tender analysis and the negotiations.

Case study B is a project that forms part of a major theme park that the local
municipality wanted to develop with the involvement of the private sector. Such a
project required experience and major investment which the municipality wanted the
private sector to provide. Therefore, the municipality offered the private sector an
area of 260,000 square feet in the public park to develop as a PPP project. A local
investment company won the contract with a 30 year concession. The project focus
is on providing education for visiting school groups, as well as the general public,
through entertainment. The idea of having such a theme park was an initiative of a
private investor who approached the municipality and presented the idea. The
project value is 300 million AED which covers the design and construction and it is
due for completion in the summer of 2008. The project was offered to this investor
through negotiation. The research interviewed the operation manager of the private
company who had significant experience of the project.

Case study C is a project to design, construct, fund and operate of phase 2 of an
industrial zone. The concession period is 20 years. The client, a public authority,
wanted to attract international companies to invest in the Emirate by relocating their
headquarters and factories to the UAE. The client completed phase 1 and the plots
were rented out. For phase 2 the client wanted to engage a specific reputable
international organization to carry out this phase and use its contact network to
attract international companies to relocate to the completed industrial zone. The
project's cost is approximately 1 bilion AED, which covers the design and
construction costs of the facilities. After completion of the construction phase, the
private organization should arrange and approach international companies to rent
plots and establish factories or headquarters in the area. The contract was
negotiated with the selected private investor. The financial arrangement included the
client agreeing to give the rentals received from phase 1 to finance phase 2 (which
would cover 75% of the finance needed for the infrastructure) while the consortium
will finance the 25% balance. The consortium will then pay annual rent to the client.
The research carried out the interview with a senior manager of the commercial bank
that has worked with the client in planning and negotiating the contract.

DATA ANALYSIS

Case Study A: Water and Electricity Distribution Centres
Critical Success Factors
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The risks in this project were clearly defined for all parties. The private parties that
participated in the tender were capable to deal with most types of risks including
design, construction, finance and operation risks. However, there are two types of
risk that are critical to the success of this project but are not covered by the contract.
The first is related to the tariff fee paid to the private party due to the lack of
mechanisms for reviewing the tariff fees. The private bidders were concerned about
the increase in operation costs and as a consequence to that they would have to
request the government for fee review and additional money to cover the cost.
Bidders had either to propose some conditions in their offers to minimize this risk or
propose higher fee. The second risk is related with the collection of water and
electricity bills from the customers where in certain cases it has been a difficult
exercise. This has meant that the government objective to cut down on expenditure
is difficult to achieve. In effect there will be extra cost that the public sector may have
to pass down to the customers by increasing the unit rate of the water and electricity.
There was concern that such an increase in customers’ bill will hit the low paid users.
The Senior Consultant for the project explained that “many employees have
households, and water and electricity bills paid by their companies. So it is the low
paid [users] that pay their bills that will be affected”.

There is no legal framework or law to support the procurement of PPP projects in the
UAE legal system. Hence, the private party had to include conditions in the contract
for unclear issues to avoid disputes. The client requested a contract that is clear to
all parties in order to reduce the likelihood of a dispute on interpretation. In addition,
the contract provided for the formation of an arbitration committee of 5 members, 2
from the client, 2 from the private party and 1 independent, to resolve disputes.

The concerned Emirate has an independent regulatory authority for water, electricity
and sewage responsible for regulating and licensing all companies working in water
and electricity supply in the Emirate. This authority can play a critical role in resolving
disputes between the parties. However, the role of such authority was not clear to
the parties and its decisions are not enforceable or final. This would reinforce the
importance of having a clear contract to minimize the risk of irresolvable disputes.

The two companies involved in the consortium are professional and have rich
technical experience in such projects. They acted as one unit in the negotiations
represented by project team. The consortium has sound financial skills and abilities
as well as disciplinary attitude and commitment to the project. The private party was
capable of providing innovative solutions in designing and constructing new water
and electricity network and sub-stations. The Senior Consultant said, “They can
provide innovative solutions in designing and constructing new network as well as in
restructuring the organization to be more effective’. They also have the ability to
restructure the organization structure in the distribution centres making them more
effective in handling the operation requirements.

The availability of a sympathetic financial market was not so important in this PPP
project, as initial investment required by the private party was not so big and could
be financed easily by their own funds. The initial investment is mainly consists of
payments for the tendering process, advisory requirements, salaries for staff and
project team. It was agreed that the government would fund any required
construction project. In case additional funds were required, the financial market in
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the UAE including banks and financial institutions can provide competitive financial
packages with low interest charges.

The economy of the UAE has provided the stability required for the success of such
projects. The economy was growing rapidly and the demand for water and electricity
is increasing. The materials and products required for the PPP project are available
and can be supplied easily to the project; but unfortunately the inflation rate in the
country is high, over 9%, and the fluctuation in prices is unpredictable. The private
party had the difficult task of providing a fixed rate for fee increment for the period of
the PPP when they could not get their suppliers to fix their prices for more than three
months, sometimes even for 30 days.

The procurement and tender processes were transparent to all involved parties. The
deadlines for each stage were clearly identified and the private parties did not face
any problems in communicating with the public party for clarifications and when the
bid results were known they were communicated to all bidders. The client
commissioned four different advisors to conduct detailed feasibility studies and
assessment covering the legal, financial, water and electricity aspects, and
describing the potential benefits of this project. However, tender prices were higher
than what was estimated due to the fact that the feasibility study was carried out one
year earlier during which prices increased more than forecasted.

The political support needed was missing in this PPP project. The government was
concerned about the high tenders that could lead to higher water and electricity bills
to customers. The problem requires either change to the revenue collection regime
or a subsidy from the government to facilitate such project. There is concern of the
effect of rise of service charges on the commercial sector where such increases may
push up inflation. It was felt that this issue was pivotal to the later decision of the
government to withdraw its support to this PPP. The government was also
concerned of the possible redundancies of the privatised service where the staff are
predominantly UAE nationals when it has set one of its main priorities the creation of
more job opportunities for the locals. There was also a concern that the private party
would cut jobs to maintain its profit margin in the face of these difficulties. As a result
political support was withdrawn and ultimately the project was stopped/ suspended.

Failure Factors

The lack of skills of the private party was not an issue as they have long experience
in handling similar projects and if necessary they could recruit staff that can handle
the project efficiently from the local market to train them, or from abroad if required.

The cost of participation in the tender was more expensive than traditional
procurement methods due to the hiring of the different advisors to support both the
public and the private parties. Still the participation cost for the project was not more
that would be expected for a PPP project. The project finance was not a problems as
the tender covered the cost of management of the centre and construction works are
to be funded directly by the government. It was expected that the government would
make an advance payment to the private party to cover the set up costs.

The risks involved in the project were high due to the issues highlighted about
regarding the tariff fees paid to the private part and lack of review mechanism in the
contract. The high risk was also caused by the difficulties in the collection of
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revenue. Therefore conditional offers were submitted to the public sector to minimize
those risks and protect the bidders’ interest.

The private parties faced difficulties due to the fact that they were relatively new to
the country and lacked the contacts and supplier network. It might have been useful
for the private companies to involve local partner with sound reputation to invest in
the PPP project in order to avail better facilities from the local market through the
local partner’s network.

The private party was complaining of the long time the client is taking to reach the
final decision. The waiting period and continuous negotiation is very demanding on
the management time, as they have to spend time in following up the project and
discussing it in the agendas of their meetings. This is extra cost which will need to be
covered by the project.

In conclusion it was expected that this project would fail due to the lack of political
support. The government does not want to increase the water and electricity charges
to the customers as it may lead to extra inflation in the country. The private parties
failed to propose an offer that may reduce the cost on the government, but in fact
their offers increased the government cost in case it decided to continue to provide
free water and electricity to the UAE citizens. The other factor that the private parties
could not handle efficiently is the fluctuations in prices in the market; they could not
obtain firm prices and commitment from the suppliers involved in the project. They
lacked the experience on how the local market works and did not have a good local
supply network. So the risks in this PPP project were quite high and the contract did
not provide mechanisms to deal with such issues.

Case Study B: Theme Park

Critical Success Factors

The risks in this project are carried fully by the private partner. The Municipality has
taken neither the financial nor technical risks of the execution of this project. The
private partner will handle design, construction, financial and operation risks. The
private partner has sufficient knowledge and experience within its structure to deal
with the mentioned risks. The main risk that concerns the private partner is whether
the Theme Park will attract enough visitors to make it financially viable. The private
partner, hence, developed a detailed marketing plan focusing the attention of the
marketing team on how to attract school students to visit the Theme Park due to the
learning and educational value the park has. To minimize this risk and limit its liability
the private partner formed a Limited Liability Company (LLC) to carry out the project.

Adopting PPP allowed the Municipality to develop such a facility without having to
resort to using its own capital at a time when there are serious pressures to provide
ever expanding services to society. Using PPP has allowed the Municipality to
embark on a venture in which it had no experience in operating such facility.

Again in this Emirate there is no PPP Law therefore the parties had to rely on the
contract between them to govern their relationship. The contract is a lease
agreement, where the private partner rented the land for a period of time, 30 years,
by paying annual rent to the Municipality. The Municipality will carry out regular
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inspections to make sure that the quality of works is good. A third party may be
engaged to carry out inspections on the rides.

The only political support that this project will receive will be in form of the
Municipality processing the approvals on urgent bases; the Municipality will support
the project with other Government authorities to take approvals, for example for
water and electricity connections and approvals. Although the government is not
promoting the project the parties have taken advantage of the overall support of the
government to the tourism industry and the facilities it provides to support tourism by
participating in exhibitions inside and outside the country.

In terms of having a strong consortium in this PPP project the private partner was
one company only. The owners of the company set up the management team and
selected staff with good experience in entertainment industry. It is their first project
and the company was formed specifically to carry out this PPP project. The owners
of the company are well known Saudi businessmen with good experience in
establishing and investing in new projects.

Despite the availability of good financial market in the UAE, the private partner could
not enjoy the available financial offers by the banks because it lacks credit history in
the market. It is a new-formed company and the project is a BOT project, so the
company does not own the land, and therefore it will not be considered as a security
to the banks. The Operation Manager in the private company said “banks drew back
from financing BOT project as it is new and we don’t own the land. They prefer to
watch and see what will happen”. As the government did not provide them with any
financial support, the investors had to rely on their own resources.

The market has witnessed a significant rise in the cost of resources, especially
materials, over the last 2 years. The fluctuation in construction materials prices had a
strong affect on the project leading to 30% increase in the cost. In addition, a recent
purge by the government of labourers lacking residency permits had a significant
effect on progress with subcontractors facing serious recruitment problems.

There was no tender process for this project; it was an initiative from one of the
owners of the private company. Negotiations and discussions were carried out with
the Municipality before agreeing on the BOT arrangement. Presentations and ideas
were exchanged as well as negotiations on the annual rent. The private party carried
out a feasibility study. However, this study had to be revised later. The original study
was carried out by staff who had not experience in the entertainment business. The
feasibility study had to be revised by experienced staff employed after signing the
contract with the Municipality.

The financial pressures have driven and encouraged innovation to make the project
commercially viable. The Operation Manager explained "we had to change the
design .... for example the jogging track used to cover 25% of the total area but it
contributed with only 1% to the revenue, we had to change this”. Many changes to
the original design were introduced which caused the project to be delayed.

Failure Factors
The Private Partner employed experienced staff to carry out the technical works
required for the project. The firm also had the management and business skills but
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they lacked the experience and knowledge of the local market. This has led to the
selection of the construction contract that exposed the firm to the volatile changes in
the market. The project needed the support of a local partner that can negotiate
better terms for the company and guide them in the selection of the best
procurement methods to carry out the project. The project value is quite high and it
increased due to the increase in prices of construction materials; and as there is no
financial support from the banks, the owners of the company had to rely on their
private sources to secure the extra funding. Hence the risks of this project are fully
carried by the private partner, so huge responsibilities will be laid on the project team
to make the project successful. As the project was negotiated with the Municipality
the procurement period was not onerous. The Municipality did not take much time to
decide, so the management did not waste so much time in waiting for a decision; this
minimised the demands on management time.

In conclusion this project has many of the CSF in place. The speculative nature of
the project means that the project team will have to work hard to promote the Theme
Park and to take advantage of the booming tourism industry in the UAE. The project
has the potential of expanding further, hence, it has to demonstrate its success to be
able to win the trust of the financial institution, which is needed to fund future
expansion plans.

Case Study C: Industrial Zone

Critical Success Factors

The risks in this PPP project are distributed between the partners where the private
partner handles the design, construction and operation risks, while the public party is
sharing the financial risk. The public party is contributing approximately 75% of the
cost required to carry out the project. Here the public party is minimizing the
business risk of the private party by paying the rent of all plots of the project that fail
to attract a tenant. Such arrangement represents a significant support and
encouragement to the private party to enter into this PPP.

In addition to the saving in the initial capital investment that the public party will
enjoy, the main value for money through this PPP is being able to attract a leading
international bank, like the foreign bank involved in the PPP project, to invest in the
UAE economy. Such an investment will attract other leading banks and international
companies to shift their business to the UAE and invest in its economy.

This Emirate did not have any law for leasing lands and even trading in lands was
very limited in the Emirate, and it was mainly between UAE nationals in that
authorities. However, to make this project successful new Laws and Decrees were
issued that allowed leasing lands to non-UAE nationals in certain areas. The Law
was developed at later stages to allow Gulf Council Countries' (GCC) nationals to
own land in the Emirate and for non-GCC nationals to lease lands for long periods.
Other Laws and Decrees were issued to allow foreigners and non-GCC nationals to
have trading license in certain locations and areas of the Emirate, which will allow
them to start and run their own business in the Emirate. Those Laws and Decrees
were a step forward in attracting foreign investors to invest in the Emirate and it had
a positive effect in this PPP project because it enabled the private party to attract
international companies to set up business within this project. The project enjoys a
huge political support. It was the first PPP project in this Emirate and the government
wanted to make it successful. The Head of Commercial Banking in the Local Bank
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said, "The project had to succeed, the Government was behind it and it was willing to
infject money. That was not an issue".

The PPP consortium was strong having the necessary knowledge and experience.
The foreign bank carried out many PPP projects in different countries, and it has
sound knowledge and experience in processing PPP projects. It has huge contacts
with big companies through its banking network. The local bank did not participate in
PPP projects before, but it has good experience and wide contacts in the local
market and has been involved in many local development projects. Both banks have
sound knowledge and experience in financial market, as it is their core business. As
explained above, 75% of the project's cost will be funded by the Government through
utilization of Phase 1 revenues, the Consortium will fund the balance 25%, 250
million AED which they should not have a problem to arrange.

The tendering process for this project was direct negotiation between the public and
the private parties. Discussions focused on clarifying issues and agreeing on the
scope of work. The business model itself was viewed as an innovation that helped
the public client achieve its objectives. For that purpose a thorough feasibility study
was carried out in association with a famous legal consultant office in the Emirate.

The project did not suffer due to the lack of appropriate experience among the
Consortium. Both banks in the consortium complemented each other; the local bank
has good experience in the local market, which will help in making decisions like
selecting the designers and the contractors; while the foreign bank has good
experience in PPP projects. There were no participation fees, but initial payments for
advisors were needed, for example for legal advice. In general the participation cost
was not high. The project value is one billion AED which is considered high but when
the private party only needs to pay 25% of this cost this was found to be reasonable.
The credibility of the private party and the significant support from the government
support have reduced the risk of failure of this project.

Failure Factors
This project did not have any significant failure factors.

In conclusion the project is considered a great success and it has created an
opportunity to start other PPP projects in the Emirate. It had all essential success
factors like the huge political support, the sound knowledge and experience within
the Consortium as well as the attractive financial arrangement and guarantee agreed
with the Government.

CONCLUSION

PPP is still at its infancy in the UAE with fewer than 10 projects that can be identified
in the country. This paper aim was to examine the key factors for the success of
PPP. The main factor was political support. This is not surprising as in the absence
of experience in the public sector and the lack of the legal framework to support a
new business arrangement such as PPP the industry and its stakeholders require
the intervention of the political leadership and authority to create the confidence and
understand the perceived risk of such projects. It is also necessary to develop the
knowledge of where PPP can be deployed successfully. It was clear from one of the
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case studies that if the public client had the deep understanding of what would make
PPP successful, much money would have been saved on what looks like an aborted
project.

REFERENCES

Bing Li, Akintoye, A., Edwards, P.J. and Hardcastle, C. (2005) Critical success
factors for PPP/PFI projects in the UK construction industry, Construction
Management and Economics, 23(5), pp. 459-471.

Flinders, M. (2005) The politics of Public-Private Partnerships, Political Studies
Association, 7(2), pp. 215-239.

Hodge, G.A. (2004) The risky business of public-private partnerships, Australian
Journal of Public Administration, 63(4), pp. 37-49.

Hurst, C. and Reeves, E, (2004) An Economic Analysis of Ireland’s First Public
Private Partnership. The International Journal of Public Sector Management, 17(5),
pp. 379-388.

Jefferies, M., MaGeorge, D., Chen, S.E. and Cadman, K., (2006) Sustainable
Procurement: a contemporary view on Australian public private partnerships (PPPs),
Proceedings of the Joint International Conference on Culture, Innovation and
Management, Editor Mohammed Dulaimi, British University in Dubai.

Nyachhyon, B. L, (2006) Prospects and Constraints of Public Private Partnership for
Urban Waste Management. Economic Policy Network. Policy Paper 15, available at:
http://www.mof.gov.np/economic_policy/pdf/Prospects Constraints.pdf.

Papaioannou, P. and Peleka, M. (2006) Recent Practices on Success and Failure
Stories from Funding Large Transportation Projects in Greece, 1% International
Conference on Funding Transportation Infrastructure, Banff, Alberta, Canada, 2-3
August, pages 1-13.

Payne, Helen. (1997) Key Legal Issues in Projects Procured under the Private
Finance Initiative, Engineering, Construction and Architectural Management, 4(1),
pp. 195-202.

Pongsiri, N. (2002) Regulations and public-private partnerships, The International
Journal of Public Sector Management, 15(6), pp. 487-495.

Qiao, L., Wang, S.Q., Tiong, R.L.K. and Chan, T.S. (2001) Framework for Critical
Success Factors of BOT Projects in China. Journal of Project Finance, 7(1), 53-61.

Thomson, D. (2007) Revised Guidance PFl and PPP VFM Assessment, Department
of Finance and Personnel, UK, available at
http://www.aasdni.gov.uk/pubs/DAOs/dao0207.doc.

Wang, Yin (2006) Keys to Successful Public Private Partnerships (PPP’s), University
of California SPPD Research. Proceedings of Public Private Partnerships-



CIB W065/055 Commissions: Transformation through Construction 11

Opportunities and Challenges Conference. Arranged by Hong Kong University and
Hong Kong Institution of Engineers-Civil Division. Hong Kong Convention and
Exhibition Centre, Hong Kong.



CONSTRUCTION PERFORMANCE: CONCLUSIONS FROM
A PORTUGUESE SURVEY

Helder Moura
EP — Estradas de Portugal, Almada, Portugal
helder.mmoura@gmail.com

José C. Teixeira
Minho University, Guimaraes, Portugal
jct@civil.uminho.pt

Measuring construction performance is essential for benchmarking purposes and for
organizations to achieve best practices. The most spread method is the use of Key
Performance Indicators (KPI), which are a set of quantitative and qualitative indicators,
derived from historical data provided by both clients and contractors. The idea behind Key
Performance Indicators (KPI) is to establish a set of national indicators for construction
projects, companies and clients whereby the industry could benchmark against the national
performance and identify strengths, weaknesses and opportunities for improvement. With the
international spread of KPI, comparisons can also be made among different countries and the
competitiveness of each country’s construction sector may be looked at. Although lack of
competitiveness is recognized in Portuguese construction sector, the reasons behind this
evidence are poorly known in Portugal. Against this background, a research project has been
conducted in order to survey the performance of the main management functions in
Portuguese public projects. The conclusions indicate that the main causes for the lack of
achievement of management functions are due to client’s responsibility, which increased
overall litigation and the presentation of claims.

KEYWORDS: KPI’s, Portuguese construction, management functions, claims

INTRODUCTION

A common perception of the construction industry is the one in which projects and services
are often delivered unsafely, late, over budget and below quality. However, clients want their
projects delivered on time, on budget, free from defects, efficiently, right at first time, safely
and by profitable companies (KPI Working Group, 2000). Consequently, being the most
important stakeholder in the construction, clients play an important role to the project
success.

But the success of a project is a somewhat abstract concept and is a complex task to
determine to what extent a specific project is a success or a failure (Chan et al, 2002);
sometimes, this is only realised during the operation phase of the construction facility.

Moreover, the success of a project may have different meanings for each construction
stakeholder, either internal or external (Olander, 2003) and those meanings can even change
during the course of the project. For example, the designer may consider the functionality and
the aesthetics of a building as the main factor of success, regardless of the cost, while the
client may not have the same perspective. The criteria of classifying it a success or a failure
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may also vary from project to project and be influenced by the type of project, by their size
and sophistication, by the participants, the experience of the promoter, and so on.

In the case of public funded projects, its success is also measured by the adhesion of public
opinion, and specifically of taxpayers, as we all like to see the best possible application for
the money collected through taxes.

On the other hand, construction companies have different levels of responsibility on the
overall success of a project, depending on the type of contracting system selected by client. In
the traditional system, the company is only contracted to implement the design developed by
the client. In this case, factors of success as the location of the facility, its functionality or
suitability do not depend on the contractor’s performance. Alternatively, if a client selects a
design-construction contracting system, the above factors of project’s success will take into
account the performance of the company in the design phase of the venture.

Thus, it can be concluded that factors of success of a construction project consider the
performance of construction companies to the extent of their involvement in the project. And
consequently, if success or failure is measured through a suitable set of factors, it will reflect
the performance of companies involved in the project and may affect their competitiveness
and participation in future projects. In fact, if past performance of competitors is a selection
factor, preceding failures of contractor’s liability may have negative consequences in further
competitive bidding of public projects. Failing new contracts means losing market share and
decreasing competitiveness directly or indirectly caused by the failure of projects on which
the company was previously involved.

For the above reasons, and in order to provide adequate and comparable information on
construction project performance, some measurement criteria have been developed the most
widespread of all are Key Performance Indicators (KPI). These are a set of quantitative and
qualitative indicators, derived from historical data provided by both clients and contractors,
which ought to give information on variables like construction time, construction cost, health
and safety, defects, profitability, client satisfaction and users’ expectations.

These indicators are clearly adapted to measure project performance and play a crucial role in
improving reputation of the construction industry by providing organisations with a simple
but effective method for monitoring performance, predominantly in respect to the main
project management functions, i.e, cost, time, safety and quality.

Traditionally, the construction industry has relied on reputation as its marketing tool. While
this is undoubtedly important, it can be greatly enhanced if combined with hard evidence that
KPIs can provide, allowing those within the industry to compare how organisations are
performing. In the countries where KPIs have been adopted, they have shown to stimulate a
significant number of construction companies to critically assess their performance and of
their projects against the industry average, allowing them to take positive action. However,
KPIs for themselves do not give sufficient clues on which aspects clients would like to see
the performance of projects or companies to be improved, therefore enabling the industry to
find the best ways to evolve. This has to be checked through continuous examination to the
construction stakeholder’s opinion.

Moreover, the performance of projects from the clients’ point of view has seldom been
addressed in the literature despite the importance of some of them for the national economy.
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Poor performance of public projects has otherwise been mentioned in the literature, often
revealing poor performance of clients promoting them. Reasons behind this are poorly known
in Portugal, despite a number of cost overruns and delays have been registered in some
important projects. Against this background, a research project to Portuguese contractors and
clients has been conducted in order to survey the performance of the main management
functions in public projects. This paper reports the main conclusions of the survey included in
the project.

SITUATION IN PORTUGAL

In Portugal there is not enough collected data from past construction projects, that allows
benchmarking practices or the use of the suggested indicators to measure performance. On
the other hand, the reported efficiency of the use of most KPI’s has been criticized, once they
are understandable as lagging measures that do not provide the opportunity to change or the
improvement of innovation. As a matter of fact, they are being used within the industry as a
marketing tool, and not as an integral part of business management (Beatham et al., 2004).

Simultaneously, some practical difficulties apply in gathering data, namely the one related to
monetary values (like profitability), still considered confidential and sensitive information.
Besides, in public projects, and from the clients’ point of view, the objective is to serve
citizens and not to have profit. The same occurs in respect to client satisfaction and users’
expectations, as normally a public facility is constructed to accomplish a need or a necessity,
and in consequence users are supposed to be more satisfied with then without it, even if some
kinds of discontent subsist.

So, in order to get available and consistent data, the variables/indicators surveyed were the
cost and time overruns, in respect to the beginning of the construction phase, the number of
non-mortal and mortal accidents during construction, and the number of defects claimed by
clients/users during construction and operation phase of the facility. Considering that not
achieving these management functions, frequently leads to construction claims, the
construction projects analysed were also surveyed in respect to what type of claims were
presented by contractors.

In respect to cost and time overruns, these functions have been thoroughly studied
internationally but unfortunately, at national level, research results on these overruns continue
to be very rare (Moura et. al, 2007). Recent concerns of construction industry associations
about this subject lead to the publication of recommendations for the reduction of cost and
time overruns in public construction projects, and the identification of situations that
originate cost overruns in past construction projects (OE, 2006).

Another issue reportedly pointed out in the media is the lack of safety in the Portuguese
construction sector that continues to lead the number of work-related accidents and fatalities.
Although liabilities of all who intervene in the construction process have been reinforced by
recent law amendments on risk prevention at work, numerous violations continue to occur
with dramatic consequences. Costs related to work accidents as well as health problems
related to this profession affect not only injured workers but also the employer, insurance
companies and society in general.
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According to the General Labour Inspection, 157 fatalities occurred in all the economic
activities in Portugal during 2006. The construction industry was accountable for 71 (or 45%)
of those fatalities. But more important than statistical data on labour fatalities is the analysis
of available information on the causes for these unfortunate events and find solutions for their
mitigation. In 2005, the incidence rate of work-related fatalities in the Portuguese
construction was 30.5 per 100,000 workers.

A further aspect regarding the need for better quality in the Portuguese construction sector
has impelled proposals for the revision of legislation, namely increasing the guarantee period
of buildings. Shorter life-cycles of construction materials and components cause unexpected
expenses that new end-users have to endure. However, to help mitigate these intolerable costs
leaving end-users more satisfied, it is necessary to improve the quality of construction
materials and its components.

RESULTS FROM THE SURVEY
Research methodology

To obtain quantitative performance indicators through the evidence of the lack of
achievement of cost, time, safety and quality management functions, information from past
public construction projects launched between 1998 and 2004 with an initial contract value
over 10,000,000 EURO, was gathered. Moreover clients and contractors involved in the
projects assessed were asked to point out and graduate in a scale of 1 (less important) to 4
(most important) the possible causes for the lack of fulfilment of each management variable.

In order to measure the importance and the intensity of these causes, an index (I) given by the

4
expression [ = le.al. was used, where a; is the constant that expresses the weight given to
i=1
the cause (ranging from 1 to 4) and x; is the frequency of the answers.

Simultaneously, respondents were asked about what kind of the eight possible different types
of contractual claims identified in previous studies (Moura, 2003) had been addressed. They
were also demanded to fill in the amount of each type of claim requested by contractor and
the amount paid by client.

Data analysis

Although approximately 500 public projects had been identified in the database, only 64
individual answers were received, whereas 28 from contractors and 36 from clients.
Therefore, analysis will be based on the 64 construction projects distributed by type as
follows (Table 1):

Table 1: Types of projects surveyed

Type of construction Weight

Civil Works (Buildings, Urban development) 19%
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Infrastructure (Water, Gas, Sewer) 17%
Industrial 8%
Dam/Maritime 16%
Roads/Highway/Railway 36%
Environment 5%
Time

The quantitative measure for the time function was the delay in each project, expressed in
calendar days, in relation to the initial duration. The average initial contract duration was 512
calendar days and the actual duration was 713 days. Therefore, the average delay was 201
days approximately 40% above the expected duration period.

Reasons for these delays were surveyed and respondents indicated client responsibility (116
points) as the most important, followed by designer responsibility (104 points), either in the
clients’ perspective and in the contractor’s opinions, meaning that clients are actually aware
that they contribute significantly to the delays and thus low performance of the project.
Overall responses are depicted in Figure 1:
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3 Contractor response 10 9 9 19 8 56 47 16 14 16 33 24 26

Main causes for delays

Figure 1: Intensity of delay causes

Construction cost (client perspective)

Analysis of the cost function was done by comparing the final cost of the project with the
initial contract value. The average initial cost of the 64 construction projects surveyed was
€16,183,327 while the average final cost reached €18,384,341. As a result, the average cost
overrun was € 2,201,014 or 14% of the initial average cost.
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In the last years cost overruns in main public projects in Portugal had several times reached
the maximum permitted by law: 50% for projects launched up to 1999 and 25% afterwards.
However, some caution must be taken when analysing these results, as the reasons behind
this low average rate of cost overruns are due to scope changes and reduction, which is still
permitted by regulations for the procurement of public construction services.

According to Figure 2, aggregate responses indicate three main causes for the lack of
achievement of the project’s cost management function, which rank approximately the same
intensity: design errors (100 points), direct change orders (97 points) and different site
conditions (86 points). We can see that all of these causes are deriving from client control:
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Figure 2: Intensity of cost overrun causes

Reported accidents (including fatalities)

The number of fatal and non-fatal accidents, number of workers involved in the projects,
number of work hours and the total working days lost due to accidents occurred was the data
surveyed for the safety management function. However, the most reliable and accurate data
was the labour accidents reported to the authorities, which reached 3 fatal and 159 non-fatal
accidents occurred in the 64 projects surveyed, meaning that the huge accident rate in
Portuguese construction industry is due to private and smaller projects, and not so high in
bigger public projects, contracted to more organized companies.

The causes for the reported accidents rank first, for contractors, insufficient task preparation.
In their opinion, although the high risk of the activity contributes more frequently to the lack
of safety, its intensity on the lack of achievement of the project’s safety management
function, meaning accident rate, is not as significant when compared to insufficient task
preparation and the lack of specific training. Thus, this only comes to show that contractors
acknowledge their own fault in contributing to the lack of safety in construction. The
aggregate answers also attribute insufficient task preparation the most important cause of
accidents (44 points), followed by the lack of specific training (40) and the high risk of the
activity, this one depending on client/design control. The intensity of the main causes for the
lack of achievement of the safety function is represented in Figure 3.
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Figure 3: Intensity of accident causes

Defects

The number of defects detected during the construction and operation period of the
constructed facility was used to analyse the project’s quality function. However it was
detected an abnormal frequency distribution of non-compliances that vary from 0 defects, in
26% of the projects, to more than 1,000 in 3% of them, whereas 44% had no available data.

This abnormal frequency distribution must be handled with some care as it might not explain
the real situation of the Portuguese construction projects. Instead, it is the consequence and
the inexperience in dealing with the recent implementation of Quality Management Systems
which is not yet compulsory for the construction companies in Portugal, meaning that the
number of defects is still not a reliable indicator to analyse construction performance.

In respect to the projects that indicated construction defects, poor work execution and
inadequate design solutions were the most intense causes considered in aggregated answers,
with 46 and 40 points, respectively. Clients maintained the preceding rank but with less
intensity, while contractors also weighed these causes with approximately the same intensity
as clients, along with external factors and inadequacy of construction materials/products (18
points). Figure 4 illustrates these aspects.
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Figure 4: Intensity of causes for the lack of quality

Construction claims

In respect to construction claims, data collected indicated that a total amount of €
234,196,145 was claimed by contractors, representing 24 % of the initial contract values of
all 64 projects surveyed, while the amount paid by clients summed € 176,963,636,
representing 19 % of the initial contract value of all projects, regardless they experienced
claims or not (the ratio between projects that suffered claims and those who had not, reached
the high value of 0.71).

It is also important to state, that the ratio of success (amounts awarded/amounts requested by
contractors) was 0.76. This average rate is significantly high when compared to similar
international studies (Zaneldin 2006), supporting the conclusions obtained through KPI’s that
the majority of the risk of presenting and winning claims is on the side of the clients.

The same conclusion is obtained when comparing the different types of claims presented by
contractors, as represented in figure 5, which reveals that direct changes was the most
“expensive” type of claim responsible for almost € 100 million of requested amount for
compensation, while contractors received about € 88 million, representing a ratio of success
of 0.89, considerably above the average of 0.76, relating to all types of claims. Once again
this statement reflects the recognition by clients that change orders they issued provoked cost
and time overruns, as well as damages to contractors, which gave them the necessary
arguments to present well supported claims.
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CONCLUSIONS

The results obtained from the construction projects surveyed indicate that future
benchmarking, in relation to main management functions, should be done against the
indicators presented in Table 2 (considering the average results):

Table 2: KPI’s for Portuguese public projects

Indicator Average score
Project delay 40%
Construction cost overruns 14%
Reported accidents per project 2.4
Fatalities per project 0,03
Construction defects per project 40

The results of the survey indicate that both clients and contractors agree that the reasons
behind the above high scores, which are easy to benchmark against, are mostly clients
responsibility, either direct when introducing change orders, or indirect due to low quality of
contracting documents namely the design. The high amount of construction claims due to
direct changes, and the ratio of success, points to the same conclusion, i.e, clients are the
main responsible for the failure of the project, in respect to the achievement of the
management functions surveyed.
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Moreover, if future qualification for public projects ought to be based in past performance,
contractors would be compelled to run for them, meaning that concepts like innovation,
sustainability or partnering, are subsumed to predetermined quantitative measures and
inflexible management objectives at the project level, and the expectation is that overall
litigation between parts might begin to increase.
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Site materials handling has a significant impact on labour productivity. Previous studies
showed that 10-18% of labour costs can be saved if an effective materials management
system is adopted. Following generic problem-solving steps, a web-based materials
management model, aimed at minimizing inefficiencies of site materials handling was
developed. Through various means of data collection, ineffective materials handling activities
(IMHA) were identified and their impact on tool time was quantified. The root causes of
IMHA were analyzed and a new materials management process from materials initiation to
installation was established, incorporating databases to address these root causes. Using the
Active Server Pages web tool to process information, the model can generate information of
materials requirement for specific activities, materials storage, materials delivery schedule,
detailed crane schedule, etc. The testing of the model revealed that 20% of productivity
improvement was achieved for a scaffolding crew.

KEYWORDS: Materials Management, Productivity, Canada, Tool Time, Active Server
Pages.

INTRODUCTION

One of the key areas in which construction industry can improve labour productivity is site
materials management. Previous researches showed that applying an effective computer-
aided materials management system can yield 10 to 18% savings in labour cost (Bell and
Stukhart, 1987) and a benefit/cost ratio for such a system is 5.7(Thomas et al., 1989). Other
benefits include reduced materials surplus, reduced materials management labour power and
cash flow savings (Thomas et al., 1989).

Although the benefits of a materials management system are evident and clear, relatively
fewer studies have been conducted to thoroughly investigate as to what are the reasons
causing lower productivity due to materials management issues on site and what is an
efficient process that can be followed to improve productivity (Thomas et al., 2005). Most of
the past studies focused on specific project situations in construction materials management
practices. The activities involved from materials planning, vendor selection, ordering,
delivery, site distribution until materials installation have not been treated as a whole process
in the past research projects. The potential of computer software and network technology
used as automatic process management tool has not been thoroughly explored in construction
materials management.
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A recent study conducted in Alberta, Canada involving six major general contractors,
investigated materials management practices, its impact on labour productivity and finding a
best solution that can be adopted in construction industry. Based on this Canadian research
project, this paper presents a new approach to quantify materials handling impact on tool
time, analyzes root causes that give rise to lower productivity due to materials related issues,
and introduces a web-based model developed dealing with the entire materials management
process from materials initiation to installation. The model was tested in an ongoing
construction jobsite that showed 20% increase of productivity improvement for a scaffolding
crew.

SUMMARY OF PAST STUDIES

The subject of construction materials management was first treated as a comprehensive,
integrated management activity in the Business Round Table report in 1982(Bell and
Stukhart, 1986). The studies in the 1980s focused on identifying factors relating to
effectiveness of materials management system (MMS), analyzing cost/benefit of MMS and
attributes of MMS(Bell and Stukhart, 1986). It revealed that the single most important factor
relating to the effectiveness of any MMS is the support it receives from top management
(Bell and Stukhart, 1987). In order to solicit top management support, further research was
conducted to demonstrate cost and benefit of MMS. It showed that at least 6% cost savings in
craft labour should be achieved by effective MMS as well as reductions in materials surplus,
reductions in management power, purchasing improvements, cash flow savings, and
reductions in required warehouse space (Bell and Stukhart, 1987). The main cost of the
system is computer software, system installation and initialization which far less than the
benefits achieved (Bell and Stukhart, 1987).

Thomas et al (1989) quantified the impact of ineffective materials management practice by
comparing two steel erection projects. The study showed that work-hour overrun was 18%
due to poor materials management and the benefit/cost ratio of 5.7 yielded from an effective
MMS. Delivery methods have a big impact on productivity. In this particular case discussed
in the paper, double-handling due to improper delivery methods caused a loss of productivity
from 9 to 16%(Thomas et al., 1999). O’Brien(1989) advocated that materials handling is the
key factor in improving on-site productivity and improvements in materials handling will
deserve to be “the point of wedge” that leads to a breakthrough in construction productivity.
In his study, mechanical and electrical tradesmen spent 20% of their time in materials
handling.

The just-in-time (JIT) philosophy can be applied for logistics management in construction
jobsites to increase productivity. JIT philosophy originates from the manufacturing sector. It
helps to smoothen the production process by providing the right materials at the right quantity
and quality just in time for installation (Low and Choong, 2001). The concept of JIT includes
six principles which are Kanban or pull system, top management commitment and employee
involvement, elimination of waste, total quality control, uninterrupted work flow and supplier
relations. By applying JIT in construction materials management, contractors will accomplish
inventory reduction, shorter cycle time and more competitive pricing for the client (Akintoye,
1995).

Since construction materials management involves multiple parties and a variety of materials
with different quantities, cost, shapes, functions, delivery tools, etc, it is very necessary to use
IT tools to facilitate communication, warehousing and inventory recording. However the
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benefits of its utilization vary depending on the degree with which those tools are used.
Generally, these benefits include increased engineering and support staff productivity,
reduced procurement lead times, improved data accuracy, and enhanced materials supplier
relationship(Bell and Stukhart, 1987, Bell and Back, 1995). The benefit in terms of
craftsman’s productivity has not been adequately explored in the past research project.

RESEARCH OBJECTIVES

The overall objective of the research presented in the paper is to develop an efficient
materials management model that can minimize inefficiencies of materials handling activities
to improve site labour productivity. This was achieved by three phases:

1. Investigate current site materials management practices to identify ineffective materials
handling activities (IMHA) and quantify their impact on productivity.

2. Conduct root cause analysis to track down causal factors of IMHA.

3. Based on step 2, develop a computer-based materials management model that addresses
these root causes.

By directing the treatment of the root causes through the model application, it is believed that
the symptomatic IMHA can be minimized and the productivity will increase as a result. This
paper discusses the objectives of 1 and 2 given above.

DATA COLLECTION METHODOLOGY

In this study, three methods of data collection were adopted: interview, direct observation,
and questionnaire survey. This is to ensure that the data collected reflect the evaluation of
construction practices from three different perspectives: the researcher, site craftsmen and
management personnel.

Interviews

At the beginning of the data collection stage, twelve interviews were conducted with
management staff on six different construction sites with each interview lasting from 40 to 80
minutes. The subjects of the interview consisted of project managers, project coordinators,
site superintendents and foremen. The aim of these interviews was to gain information about
current construction materials management practices and to compare and contrast the
different practices adopted by different contractors in Alberta. It was also aimed at testing the
hypothesis that there is a need to improve current site materials management practices from
site management perspective. Issues were investigated are: (1) the process of materials
management from determining materials needs to their installations; (2) the entities in charge
of the whole process as well as every stage within the process; (3) the process of monitoring
and tracking the flow of materials; and (4) the problems/challenges in materials management
and their impact on productivity.

Direct Observations

Direct site observations was the main source of data collection, which was performed in a 15-
storey office building in downtown Calgary during its structural construction stage. The aim
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of the observation was to achieve: (1) identify ineffective or inefficient materials handling
activities and events, (2) quantify the impact on productivity due to these activities or events.
The ineffective materials handling activities (IMHA) were identified as seven categories
which will be discussed in the next section. The quantification of the impact on productivity
was calculated by analyzing a large amount of samples which recorded the time periods an
individual worker spent on each materials handling activity during a five minute observation
period. The observation was conducted in two stages for a total period of six months (Table
1).

Table 1. Site Observation Stages

Observation Stage Time Period Observation Tasks Construction Stage

Stage 1 May 1, 2006 to July ldentify IMHA 2" floor to 6"
31, 2006 floor(structure)

Stage 2 August 1, 2006 to Quantify IMHA 7™ floor to 12" floor
October 31, 2006 (structure)

Questionnaire Survey

Because of the limitation of time the direct observation was conducted in one jobsite, more
data was needed to re-justify the problems found from the observations. Questionnaire
surveys were used to collect data from eight sites in Calgary. It is also necessary to compare
and contrast the results of the observation with that of the survey. The major aspects of
questions included in the survey are: (1) identification of ineffective materials handling
activities (IMHA) on sites, (2) prioritization of these IMHA, (3) estimation of the magnitude
of the impact on worker’s tool time, and (4) the reasons behind these IMHA. Through
analyzing data collected from these sites, more common materials handling problems can be
found.

DATA ANALYSIS
Current Materials Management Practices

Among all the contractors investigated, it revealed that the purchase of field materials
constitutes a major part of the procurement of bulk materials plus consumables (lumber,
nails, gravel, welding wire, etc.) for a project, ranging from 60% to 95%. However, there was
no formally defined materials management system or model in place for site construction.
Most contractors have in-house materials management systems, built on Microsoft Excel and
communicated via intranet. But these systems were only used for accounting or generating
documents, such as purchase orders. The impact of the different stages in the materials
management process upon materials handling efficiency was almost neglected. Materials
delivery was not incorporated into activity schedule, resulting in the frequent occurrences of
early or late delivery. Most of materials handling relied on tower cranes, but crane schedule
was loose and not in proper detailed level. Conflict in the usage of crane was attributed as a
major factor for ineffective materials handling. The existence of these materials management
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issues in the current practices necessitates re-establishing a materials management model
simulating the entire process from materials initiation to installation.

Identify Ineffective Materials Handling Activities (IMHA)

The first step of the direct observation is to identify ineffective materials handling activities
(IMHA) or events which cause lower productivity. Three major categories, waiting for
materials, searching for materials, and inefficient carrying materials were observed and
generalized. These IMHA are classified into eight categories listed in Table 1.

Table 2. Identify IMHA

Category Description

Waiting for Materials/Tools Crew members wait for materials delivered to the installation area.

Searching Materials/Tools Crew members search materials/tools for installation

Excessive Carrying Crew members carry materials from another area to installation
area

Double Handling Crew members or handling machine move materials from one area

to another area not for installation purpose

Improper Storage Materials are improperly stored which makes difficult to identify,
retrieval or move.

Workface Materials Congestion Too many materials are placed in small area where installation is
going on

Improper Equipment/Tool Box  Equipment, tool boxes are positioned at inconvenient areas
Positioning

Quantify IMHA Impact on Tool Time

To quantify IMHA impact on productivity, this study adopts work sampling techniques-5
minutes continuous observation to measure workers’ tool time by collecting large amount of
samples through direct observation and recording. Previous research indicated that a liner
relationship between tool time gained from work sampling data and productivity which
means tool time can reflect and predict productivity (Liou and Borcherding, 1986). For
example, if “Searching Materials™ activity accounts for 10% of the workers’ time, it indicates
this activity has around 10% negative impact on productivity. Table 2 lists the IMHA time
rate from 838 five-minute samples gained from the observation of a high-rise office building
construction in downtown Calgary. It should be noted that the listed quantifiable IMHA
categorization does not include “improper storage”, “work face materials congestion” and
“improper equipment/tool box positioning”, because the impacts of these issues are fairly
difficult to quantify using work sampling technique. Therefore, the total impact on labour
productivity due to IMHA is greater then these figures.
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Table 3. Quantified IMHA impact on tool time

Category Average-Formwork Crew Average-Scaffolding Crew
Waiting for Materials 2.68% 3.56%

Waiting for Tools 0.47% 0.385

Searching Materials 1.96% 2.46%

Searching Tools 2.30% 1.05%

Carrying Materials  5.08% 6.63%

Double Handling 1.60% 2.40%

House Keeping 2.75% 2.35%

Total 18.05% 19.10%

Summary of the Survey Results

Through analysis of the survey results, major IMHA were further identified, confirming the
findings from direct observation. The impact of IMHA on productivity loss from the
craftsmen’s estimation was 16.7% (average), which is close to the researcher’s observation at
one site (18.6%). The factors causing IMHA were prioritized based on tradesmen’s
experience. Improper materials storage and the lack of a detailed crane schedule were the
highest concerns among all the factors. Both of the results from observation and survey
favour the great potential of improving productivity through minimizing the wasted time
spent on IMHA.

Root Cause Analysis for IMHA

Root cause analysis (RCA) is a class of problem solving methods aimed at identifying the
root causes of problems or events. The practice of RCA is predicated on the belief that
problems are best solved by attempting to correct or eliminate root causes, as opposed to
merely addressing the immediately obvious symptoms (Wikipedia, 2007). As the IMHA are
obviously phenomenal factors causing lower productivity and materials management is a
complicated issue in construction sites, the method of root cause analysis is selected to find
out the “root causes” of IMHA.

Figure 1 provides a holistic map of the root causes of IMHA and their tracking process. By
examining every root cause of IMHA, three main root causes are identified, namely schedule
issues (including activity schedule and crane schedule), materials storage/positioning issues
and contractor-supplier coordination issues. Further analysis indicates that these three factors
not only individually contribute to IMHA, but also interactively impact each other (Figure 2).
When the schedule changes frequently, coordination between sites and suppliers is likely to
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be weakened. As a result, materials are delivered at the wrong time and might be stored or
staged in the places that are not close to the installation areas. Inefficient handling then
occurs, and productivity drops or becomes unpredictable, which directly affects the schedule.

The intrinsic relation of these root causes requires that site material handling management
focus on controlling work flow stability to maintain activity schedule, intensifying
coordination with suppliers to ensure on-time materials delivery and clarifying activity
sequence to optimize mapping materials site positioning (Fig 3).

[ Trafiic |

Late Delivery
Quality Problem

| Contlict in Crane Schedule |

|Coordinati0n Issuesl
|Moving Delay from Storager

|Impr0per Positioninngtoragel
Improper Positioning
|Work Face Materials Congestion

/lmproper Equipment/Tool Box Positioningl

|!mproper Storage/Staging |

Waiting for Material

|L0w Productivity I:

| Longer Carrying Time|

Double Handling

|Surp|us/Waste/House Keeping |

Improper Positioning

Improper Positioning

Improper Carrying

Too Early Delivery

| Contlictin Crane Schedule|

Coordination Issues Schedule

Fig 1. IMHA root causes analysis

Improper . Lower/
Positioning/ ) Il'jl‘:f:g;iim 1 Unstable
Storage 9 Productivity
Delivery Poor Supplier Unstable
Chaos Coordination Schedule

Fig 2. Relationship of the three root causes
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[ Coordination with Supplier |

Control Work Flow Stability |

|Activity Sequence/Storage Plan

Activity/Crane . Mapping Site
Schedule ﬁ Delivery ﬁ Positioning

Fig 3. Focusing areas of the material management model

MODEL DEVELOPMENT AND ON-SITE VALIDATION

The result of root cause analysis requires the materials management model addresses these
areas: schedule based materials requirement, up-to-date materials storage information,
relevant supplier information, materials delivery schedule, detailed crane schedule and on-
going workface information. The development of the materials management model follows
three steps:

1. Developing a preliminary flow chart model including all the steps in materials
management process.

2. Establishing a database that contains activity schedule, storage and inventory information,
supplier information, and on-going workface information which can be incorporated into the
process.

3. Developing a web-based interactive computer program using Active Server Pages to
process the flow of information.

The model has the functionality of listing materials needs for a specific activity, providing
inventory and storage area, generating purchase order, scheduling delivery, and establishing
detailed crane schedule. It can also provide real time visual site information to assist storage
arrangement when it connects to a wireless site camera.

The model was partially implemented on a construction site. Scaffolding materials were
selected for the testing subject. Using the detailed crane schedule generated through the
model, time spent on “waiting for materials”, “searching materials” and “carrying materials”
were significantly reduced. Compared with the scaffolding installation before the model
implementation, time was reduced from 2.5 days to 2 days by the same crew to install the
same amount of scaffolds, resulting in the productivity improvement by 20%. Because of the
limitation of paper length, detailed description of model development and validation are not

included in the paper.
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CONCLUSIONS

This paper presents a new approach in developing a materials management model from
productivity improvement perspective. Ineffective materials handling activities were
identified and their impact on productivity was quantified using direct site observation. By
performing a root cause analysis, the causal factors of IMHA were further identified which
provide focusing areas for model development. Future work of model development includes
integrating existing technologies into the model, e.g. applying GPS for remote monitoring of
materials delivery, using wireless handheld computer to record and retrieve data, and
migrating data from activity schedule created by MS Project or Primavera.
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Recent years have seen considerable debate about the role of research in supporting construction
competitiveness. Academics rightly focus on the need for theoretical contributions, but the quest
for a unified theory of construction competitiveness is neither plausible nor desirable. Instead, a
more pluralistic and contextualised perspective is advocated. Drawing from a three-year
collaborative research project, emphasis is given to the research process which best supports
construction sector competitiveness in the long-term. The advocated approach is positioned
within current thinking on co-production research, i.e. research where academics and
practitioners co-operate in the joint production of knowledge with a particular focus on the
process of moving knowledge into practice. Thereafter we seek to summarise what we have
learned about the way in which competitiveness is enacted by regional construction firms.
Attention is given to the unbounded contexts within which innovations must be implemented.
We further argue that the shaping effects of the past are too often ignored by policy makers and
researchers. Finally, consideration is given to substantive topics for further research.

Keywords: competitiveness, construction sector, knowledge, research, embeddedness

INTRODUCTION

‘Sustained Competitiveness in the UK Construction Sector: A Fresh Perspective’, or the Big
Ideas for short, is a collaborative research project involving Reading, Loughborough and Salford
universities which began in April 2005. One of the commitments that we made at the outset of
the Big Ideas project was to develop a ten-year research agenda addressing the theme of
construction competitiveness. We also made a commitment to offer a ‘fresh perspective’; of
particular importance was to avoid replicating the tired research agendas of the past and to
attempt to offer something a little more radical and even, dare we say it, a little more
theoretically informed. The purpose of this paper is to outline the scope and content that such a
research agenda might entail. It must also be recognised that the research agenda needs to
address the requirements of different constituents, namely (i) the research community, (ii)
industry practitioners and (iii) policy makers. Different versions of the research agenda may need
to be articulated to cater for the needs of these different audiences. However, the temptation to
go too far down this road at the outset has been avoided. Indeed, the continuous tendency to
dichotomise ‘knowledge-producers’ from ‘knowledge-users’ we find to be outdated and
unhelpful. Notwithstanding this comment, there are clearly issues about the appropriateness of
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different forms of language for different audiences. But in the first instance it is important to
formulate an overall message which is coherent, theoretically informed and yet also grounded in
the empirical research that we have done over the last three years.

The paper is structured as follows. Firstly, we address the extent to which the Big Ideas project
has contributed to a unified theory of construction competitiveness; but more importantly we
rehearse the main arguments in support of our view that this is neither achievable nor desirable.
We then present some of our core findings in terms of the research process best able to support
the competitiveness of the UK construction sector in the long-term. These findings are positioned
within current thinking on co-production research, i.e. research where academics and
practitioners co-operate in the joint production of knowledge with a particular emphasis on the
process of moving knowledge into practice. Thereafter we seek to summarise what we have
learned about the way in which competitiveness is enacted by regional construction firms.
Attention is also given to the unbounded contexts within which innovations are invariably
implemented. We further argue that the shaping effects of the past are too often ignored by
policy makers and researchers. Finally, attention is given to substantive topics for further
research.

CAN WE DEVELOP A UNIFIED THEORY OF CONSTRUCTION
COMPETITIVENESS?

Construction management research is frequently challenged in terms of its theoretical
underpinnings and criticised for its lack of any underlying “unified theory’. The various literature
reviews which underpinned the empirical work conducted on the Big ldeas project have
demonstrated beyond any shadow of doubt that there is no unified theory of competitiveness per
se, and neither is there any single theory which can be adopted to guide future work. Indeed, the
empirical work has reinforced the contention that any quest for a unified theory would be
misdirected. Proposals to develop unified theories invariably build on the ‘standard model’ of
theorizing informed by the popularisation of Popper's (1963) philosophy of science. From this
perspective, theory is seen to play a crucial role in scientific development and is crucially judged
in terms of the extent to which it aids explanation and prediction. Such a world view rests on an
idealized model of physics from the 1950s and 60s in which a coherent community of scientists,
guided by an internally generated agenda, worked to develop a unified theory. However, it is
erroneous to suggest that this model prevails across the natural sciences per se. Kuhn (1962) was
especially influential in arguing that it is the dominant paradigm which shapes scientific
production rather than any unified theory.

Within the domain of the built environment, a further problem is caused by the fact that the
world does not stand still while ‘scientists’ seek to converge upon an accepted theory. Even if
there were a coherent community of built environment researchers striving in this direction, their
efforts would be continuously disrupted by the need to take on board externally generated ideas
and policy initiatives. Examples include the continuous development of the sustainability debate
and the progressive evolution of PFP/PPP and other procurement approaches. Rabeneck (2008)
argues that the construction sector is perennially characterised by uncertainties about product
(what to build?) and process (how to build?). Such uncertainties are seen to arise from conflicts
between two conceptual frameworks that are inseparable from the construction context. The first
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relates to the institutionalised recipes that are inherited from the past; these govern how the
process of building is organised. The second relates to the constantly evolving framework of
thought that shapes what we think about buildings and the objectives that we set for the building
process. This idea of conflicts arising from these two alternative conceptual frameworks
coincides with the challenge throughout the Big Ideas project of co-ordinating between Work
Package 1 (exploring the future) and Work Package 2 (how the present is shaped by the past).
Significant progress has been made in populating these two frameworks with empirical data;
although in both cases coverage has been incomplete and partial. Hence there is considerable
further scope for populating an ongoing research agenda with the endless conflicts that arise
from these two frameworks.

The rejection of any possibility of a unified theory of construction competitiveness has
significant implications for the adopted research approach. From the outset, the Big Ideas project
sought to explore the complementary use of different research approaches. At times this has been
extremely challenging leading to exchanges which can best be characterised as the ‘dialogue of
the deaf’. Such ‘paradigm wars’ have of course occurred previously within the discipline of
construction management (CM) (Seymour et al 1997; Runeson, 1997) along similar lines to
those which have characterised other disciplines (cf. Rosenhead and Mingers, 2002). There is no
need here to re-visit these previous debates, other than to note an emerging consensus in favour
of multi-paradigmatic pluralism. Cairns (2008) summarises current thinking by advocating an
‘ambivalent’ approach to theorising; ambivalence in this context is not meant to imply apathy,
but rather to emphasise the coexistence of seemingly incompatible states. Such ideas are
increasingly recognised and debated within CM. Certainly the emphasis on multi-paradigmatic
pluralism, embracing a broad variety of ontological and epistemological stances, is much more
appealing that trying to adhere to any goal of ‘unified theory’. What is clear is that researchers
working on the Big Ideas project have gained valuable experience of multi-paradigmatic
research, while at the same time striving to provide meaningful outputs to industry. To a certain
extent, the lessons of this experience are still being absorbed, but there is little doubt that the
research team is uniquely placed to comment on how methodological pluralism should be
enacted within the context of the construction sector. Cairns’ (2008) theoretical exposition is
useful in providing a framework against which we can position our accumulated experience.
Here at last is a commentary that promotes a meaningful alternative to the instrumental
rationality of the Egan (1998) agenda and its subsequent imposition by powerful clients. Indeed,
there is much comfort here for those of us who have long since expressed discomfort at the
instrumental rationality which consistently underpins industry improvement recipes such as lean
thinking (cf. Green and May, 2003). The proposed alternative is based on Flyvbjerg’s (2001)
notion of ‘value-rationality’ which seeks to question the purpose and motivations of decision-
makers, ascertain the desirability of projected outcomes to different stakeholder groups and,
where appropriate, to future generations of affected stakeholders. As summarised by Cairns
(2008), the emphasis lies on ‘interrogating the ethics of different stakeholders and making often
difficult choices between competing rationalities’. This alternative position is particularly
appropriate for construction because it resonates with the heterogeneity of the sector. We learned
very quickly (if we did not already know) that there is no such thing as the “construction sector’.
Any responsible research agenda must clearly seek to reflect the heterogeneity of the sector and
to understand the different perspectives of the multiplicity of stakeholders of which the industry
comprises.
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CO-PRODUCTION RESEARCH

None of the above distracts from the necessity for research which is useful to industry. The issue
of industry impact has always been high on the agenda of construction academics and the Big
Ideas project is no exception. However, in recent years the linear model of research-innovation-
impact has become discredited in favour of other models which emphasise the non-linear,
iterative and multi-agent character of the innovative process (Perkman and Walsh, 2007). In
consequence, attention has increasingly focused on ‘co-production’ research whereby
practitioners and academics cooperate to develop new knowledge and technologies together.
More specifically, the term is used to signify the dynamic interaction between researchers and
practitioners which unfolds over time. The emphasis lies on the industrial benefits derived
through participating in the research process. It is therefore suggested that a research agenda for
the future needs to be explicitly structured around the co-production of knowledge which serves
the needs of two audiences: researchers and practitioners. Both must receive equal recognition.

The idea of co-production research builds on the ‘Mode 2’ theory of knowledge production, (or
rather its ‘co-production’) put forth by Gibbons et al (1994). In essence, Gibbons et al argue that
a new form of knowledge production started to emerge in the mid 20th century which they
characterised as context-driven, problem-focused and interdisciplinary. Mode 2 is seen to
involve multidisciplinary teams being brought together for short periods of time to work on
specific problems in the real world. This is distinguished from traditional research, which
Gibbons et al labelled *‘mode 1', which they saw as academic, investigator-initiated and
discipline-based knowledge production. The notion of Mode 2 research was subsequently
adopted by the Royal Academy of Engineering (2000), who emphasised the need for the
development of new quality assessment mechanisms to take into account the ‘efficiency or
usefulness’ of the research as judged by a community of practitioners. They further emphasised
that the results of engineering research are often heavily contextualised:

*“...successful engineering research will produce outputs and processes that are
relatively difficult to separate from the context of application in industry,
government or any other section of society”.

The point of interest here is that the CM research community, especially within the leading
research centres, is increasingly cited as being an exemplar of co-production research. There are
now embedded learned behaviours relating to co-production research and its enactment.
Certainly, on the Big ldeas project we have enjoyed extensive interaction with industry and have
every justification in aligning ourselves with the idea of ‘context-driven’ research. Traditionalists
of course frequently dismiss co-production research as ‘mere consultancy’. But we are not at all
embarrassed if industry partners were able to derive short-term benefit from our research.
Indeed, we would see this as a positive benefit. Overall, we would emphasise the importance of
acknowledging the need to deliver to two audiences from the outset. Furthermore, we would
concur with Maclean and Macintosh’s (2002) observation that such projects are likely to be more
rewarding than those which only cater for the needs of one audience.

Of particular importance to co-production research is an ongoing commitment to the feedback of
emerging insights to industry partners on a variety of levels. Each request for an interview, or
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access to data, should be combined with a commitment to feedback the resultant findings and
interpretations. The empirical research on the Big Ideas has been strongly characterised by this
commitment, with feedback events ranging from open half-day seminars to personalised briefing
for CEOs. In our experience, social-scientists and colleagues from within business schools are
frequently amazed by the depth and longevity of our links with industry. A useful metaphor to
describe the more established modus operandi within these other research communities is that of
‘smash-and grab’ research. Once they have the data, industry partners never hear from the
researchers again as they concentrate all their energies on the production of the journal
publications upon which their careers depend. Such an approach is the antithesis of co-
production research.

LOCALISED LEARNING AND EMBEDDEDNESS

Empirical work on the Big Ideas project into the way in which regional contractors continuously
respond to dynamic environments has moved forward the research agenda in this area. EXisting
popular theories relating to competitive advantage (Porter, 1980), the resource-based view
(RBV) of competitiveness (Barney, 1991) and dynamic capabilities (Teece et al, 1997) have
been found to be of limited use in making sense of enacted processes (Green et al 2008). In
contrast, our case studies of regional contractors have revealed the complexities and emergent
nature of how firms enact strategy in practice. This is highly dependent on the ways these firms
operate within specific and local contexts, whether these are grounded in geographical regions,
or particular market niches. For these firms, strategy is performed through the ways that they
embed themselves within these various domains, and how this enables them to leverage specific
opportunities. We believe this reaffirms the need to rethink competitiveness and competitiveness
research, in terms of engagement with localised contexts, beyond generic solutions,
instrumentalism and goal-orientation.

Our argument resonates strongly with the concept of embeddedness as articulated in the
discipline of economic geography. This is derived from empirical observations that
entrepreneurial and economic activity tends to be concentrated within certain locations, leading
to particular configurations both regionally and by specialisation or market. The concept stresses
the importance of local contexts and the social networks which constitute them. Activities such
as developing the ability to recognise and act upon opportunities specific to these localised
contexts (Jack and Anderson, 2002) together with gaining reputation and credibility within these
contexts are central to being competitive. As Maskell et al. (1998) contend, competitiveness is
rooted in a firm’s ability to mobilise capabilities within specific domains, ‘which are difficult to
imitate for outsiders, and which are partly based on intense interaction between a limited number
of actors within a regional or national industrial system’. This is significant for how ‘unique
capabilities’ are developed; they are not bounded within a specific firm, but are constituted
across networks. This extends firm-centric accounts of competitiveness in emphasising the ways
that tacit skills, resources and capabilities are developed across organisations and, more
importantly, across local and social networks.

This process of developing capabilities is one of localised learning; it is through on-going
processes of localised learning that becoming and remaining embedded depend. It represents
interactive engagement between organisations and other local stakeholders, rooted in specific
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contexts, which give rise to unique capabilities and opportunities. But this approach is not,
intended to be presented as a panacea. There are potential problems of becoming over-
embedded, which can result in over-reliance on a limited number of relational ties and key
individuals and risks strategic visions becoming too entrenched and resistant to change.
However, positioned as a process, rather than outcome, embeddedness and the localised learning
processes which constitute it offers a new and important perspective on how competitiveness in
construction is enacted.

RELATIVE BOUNDEDNESS AND CONSTRUCTION CONTEXTS

An important aspect of the notion of embeddedness is that it is not firm-centred; becoming
embedded requires engagement across local contexts, and the development of relations and
networks between firms. A firm cannot become embedded in isolation from wider contexts. This
is a key insight developed from our studies of regional contractors within the Big Ideas project,
and has particular resonance more generally within construction contexts, where project-based
work is carried out by temporary constellations of inter-organisation actors. But this
characteristic also brings challenges, especially when attempting to shift or shape current
practices.

Many approaches to enacting change place a strong coordinating ‘champion’ at the centre of the
process. Where such a systems integrator is present, centralised mediation can effectively steer
and manage change processes. Such efforts can be seen as relatively bounded; there is a coherent
centre which aligns the various parties and entities involved. But what happens if the
innovation’s effects or repercussions extend beyond the control or sphere of influence of the
implementer? In other words, what happens if the innovation is relatively unbounded? There is at
present little research which charts how the implementation of change plays out in such
circumstances. The significance of this for future research is a shift in focus from the unit of the
firm to the wider networks in which particular actors and organisations are situated. Research
would need to be directed at exploring the ways that relations are developed across these inter-
organisational networks, and examining the interactions and negotiations mobilised over time.
Such a research agenda would involve ascertaining who, or what, is being drawn into the
negotiations that take place around such change processes, and who and what is being excluded.

The notion of relative boundedness accounts for the contexts in which change is enacted. This
means that implementation of the same processes or techniques may be more or less bounded in
one location rather than in another and hence generates different challenges and different
outcomes. Considering relative boundedness avoids common assumptions that change is
uncontested, always taking place within coherent and unilateral landscapes. It also brings more
clearly into focus the range of context-specific pre-existing conditions and practices at which
change is directed.

Within construction, the appreciation of boundedness is highly significant in terms of attempts to
reconfigure sequences and practices of inter-organisational project work. Construction work
shows seemingly indelible and intractable patterns such as the partial exchange of information
leading to reworking, recourse to litigation, and inflexible sequences in which different actors are
mobilised on a project. In such contexts the effects of implementation cannot always be tightly



CIB WO065/055 Commissions: Transformation through Construction 7

controlled and constrained, and extend beyond the influence of a single organisation or
individual. In order to successfully innovate in such a relatively unbounded context, the
cooperation or alignment of multiple actors and spheres of influence from across different
organisations would be required. Considering the relative boundedness of attempts at
transformation and change makes this explicit, and can thereby contribute to bridging the gaps
between calls for reconfiguring construction work and detailed exploration of how change plays
out in specific contexts.

CONTEXTUALIST RESEARCH

A further important touchstone for a future research agenda is provided by the tradition of
‘contextualist research’, which emphasises the importance of studying ‘reality in flight” and of
locating present behaviour in the context of its historical antecedents (Pettigrew, 2003). Few
current CM researchers give significant attention to time, with the result that much of their work
IS an ‘exercise in comparative statics’. In contrast, our research agenda would recommend that
researchers follow the approach of historians to ‘reconstruct past contexts, processes, and
decisions’ in order to discover patterns, find underlying mechanisms and triggers, and combine
inductive search with deductive reason (after Pettigrew, 2003).

Such an approach has already produced alternative accounts of competitiveness as part of the Big
Ideas project. Rather than view competitiveness as if it were a tangible, acontextual and generic
entity that can be measured, benchmarked, transported and improved, it is better positioned as an
emerging and evolving set of discourses and material manifestations, situated within specific
contexts and historical trajectories. These temporalities are both contingent and complex. The
circulation and development of policy initiatives, the legitimization and popularization of generic
improvement recipes are directly implicated in shaping over time the contexts, both broad and
local, within which competitiveness is constituted and performed.

The re-conceptualisation of competitiveness as an emerging discourse rather than an intrinsic
characteristic of organisations has significant implications for research. It certainly questions the
relevance of narrowly-construed positivist research methodologies and points towards the need
to understand the unfolding complex processes through which competitiveness is enacted and
legitimised. The important point for future research is that the context within which strategic
decisions are made must be conceptualised as an active part of any analysis. But context is not
only shaping, it is also shaped by action (Pettigrew, 1997). Issues of consideration include
unpacking how contexts have been shaped over time, the relationship between language and
action and the way that human agency relates to structural aspects of society. Such a research
agenda would require a significant shift in theoretical orientation, together with a multitude of
research skills beyond those normally mobilised in the cause of construction competitiveness. Of
key importance would be the need to shift from a ‘being ontology’ towards a ‘becoming
ontology’ (cf. Chia, 1995). Such a shift equates directly with a conceptualisation of
competitiveness as subject to continuous processes of flux and transformation, rather than an
objective characteristic that can be possessed and measured.
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POPULATING THE AGENDA WITH SUBSTANTIVE RESEARCH
TOPICS

Consistent with the stated commitment to co-production research is the principle of engaging
industry in the setting of the research agenda. Furthermore, this is seen to be an ongoing and
contextualised process, rather than something which is done at a distance. Nevertheless, on the
basis of extensive engagement with a broad cross-section of industry practitioners, colleagues at
Loughborough have identified a range of substantive areas which are currently of central
importance to industry concerns. These include skills and skill shortages, both in terms of trades
and management, issues of recruiting and retaining staff, the need for better collaborating across
supply chains, and engaging clients. Similarly, specific markets have been consistently identified
as important, such as homes and social housing and hospitals.

In themselves, the above topics do not especially constitute anything which is new or innovative.
Furthermore, the current economic downturn is likely to have already changed industry priorities
in terms of what they consider to be important. Nevertheless, it is contended that fresh insights
could be developed in all these areas by the unfolding application of the research approach
advocated above. Staff training becomes an issue of ensuring that individuals have the necessary
capabilities to develop and sustain inter-firm social networks. Retention becomes central in
keeping those social networks in place. Similarly, leveraging opportunities in specific markets
such as hospitals, schools or affordable housing can be positioned as underpinned by becoming
embedded into specific local networks and framework arrangements.

The Big ldeas project has succeeded in developing exemplar system dynamics models and
exploring how they might be used to better inform decision making. There still remains
significant scope for interaction with industry in terms of identifying meaningful applications.
Nevertheless, several such potential applications have emerged from the workshops done to date
with industry. From the outset, the use of system dynamics — and the modelling process
especially — was primarily seen as a vehicle for the development of learning and social
coordination (de Geus, 1994; Vennix, 1996). As such, the enactment of system dynamics
modelling is entirely consistent with the principles of co-production research. However, the
communication of the core ideas of system dynamics to construction sector audiences has
consistently presented a challenge, and the degree of engagement originally envisaged between
modellers and construction practitioners has been difficult to achieve. But the introduction of
new ideas, and new ways of thinking is never easy and the models developed to date by
colleagues at Salford University have undoubtedly established proof of concept. Future research
opportunities lie in the development of models to allow a comparative process analysis between
different procurement approaches. Related to this is the exploration of the dynamic effects of the
way in which clients decide to package their projects. Further opportunities are provided in terms
of better informing contractors’ project selection strategies. For example, what are the
consequences of targeting a larger number of smaller projects rather than targeting a smaller
number of large projects? Such decisions are of central importance to contracting firms, and yet
decision support algorithms are few and far between.

The final potential topic for the proposed research agenda relates to the nature and benefits of co-
production research itself. Current thinking within policy domains tends to focus on links
between universities and industry, but the concepts of open, networked and interactive
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innovation suggests that relationships play a more important role (Perkman and Walsh, 2007). In
the context of construction-related research, little is known about the nature of such
relationships, how they arise, how they are maintained over time and the effects they have on the
innovation process. This in itself would constitute a significant research agenda for several years
to come.
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The volume of team literature is testimony to the organisational appeal of team working. The
notion that team compositions cultivate from group origins is widely respected within team
management theory. Within the UK construction industry the team ideal rarely extends
beyond a casual interpretation that may be more accurately expressed as group work.
Although a definitive definition of a team is elusive, research suggests it may be best
articulated in terms of performance outcomes. A performance measurement framework for
both site management teams and construction project performance is established within an
overarching team-performance management model. Analysis is undertaken to empirically
evaluate the correlation between the two variables. The results establish a team performance
benchmark for future education and training of site management team compositions. Key
threats and opportunities for the attainment of high performance teams and enhanced project
performance are identified and a measurement template established that others can use.

KEYWORDS: Teams, Project Performance, Key Performance Indicators, Performance
Management.

INTRODUCTION

A fundamental feature of management thinking in recent times has been teams and team
working, (McCabe and Black, 1997). This observation has a particularly resonance for the
UK construction industry. Firstly, the construction industry is extremely important to the
UK’s economic well-being, not only in fiscal terms but also on society in general. Industry
contribution to Gross Domestic Product (GDP), Gross Value Added (GVA) and employment
positions the construction industry as a strategic barometer of economic and domestic well-
being, (Dti, 2005). Secondly, “teamwork is an inherent part of construction work and seen as
one of the major factors in success,” (Raiden et al, 2006). As a consequence it could be
argued that the realisation of a sustainable socio-economic environment may be strengthened
by improving the performance of the UK construction sector. Over the past decade raising the
performance of the construction industry has been the ambition of several government
initiatives, (Leiringer et al., 2005). One of the recurring themes to stem from the various
reports has been the better utilisation of team working philosophies, (Latham, 1994; Egan,
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1998 and Egan, 2002). The reports identified team working as a primary tenet of a successful
UK construction industry operating in a highly competitive global market. The formation of
high performance team working in an industry closely aligned with socio-economic
indicators may have far-reaching benefits that extend beyond organisational and industry
boundaries.

The Research Rationale

The research rationale aspires to address an observation made by Katzenbach and Smith
(1993) in their seminal team article ‘The Discipline of Teams’; “the difference between teams
that perform and other groups that don’t is a subject to which most of us pay far too little
attention.” A ‘measured’ investigation of the team — performance relationship may elicit
positive virtues that would be beneficial for the management of teams in the workplace. For

this particular research, construction site management teams.

TEAM WORKING

Team and team working are familiar expressions. Regardless of their popularity in daily
conversation a precise meaning of the term remains elusive. Dictionary definitions only
communicate a casual interpretation of the team ideal. Whilst a generic use of team
terminology may represent a societal need for expressing collaborative activity, within a
business model, laissez-faire team rhetoric may dilute the very essence of team-oriented
tasks. Vague team classifications will only support ‘lazy’ management in the creation of
‘name-only’ teams and with it carries the danger that teams and team working will lose all
meaning, (Procter and Mueller, 2000). Already corporate language uses the term group and
team synonymously, drawing little or no distinction between the two expressions, (Fisher et
al., 1997; Belbin, 1997). The notion that team compositions cultivate from group origins is
widely respected within team management theory. Published in 1965, Bruce Tuckman’s
universal sequential ‘group-to-team’ transition model of ‘forming, storming, norming and
performing’ is an important point of reference for the majority of today’s’ contemporary
group studies. The model culminates with the group developmental stage ‘performing’. This
suggests that the transformation from group to team classification may be judged in terms of
performance levels achieved. For some, the link with performance is absolute. In the article,
“The Discipline of Teams,” Katzenbach and Smith (1993) state that “teams and good
performance are inseparable; you cannot have one without the other.” This declaration
suggests that regardless of factors influencing the human, organisational and environmental
backdrop; the definitive definition of a team may best be articulated in terms of a
performance outcome. As a result, team working can be characterised in terms of working
collaborations that demonstrate satisfactory levels of performance achievement. They may be
described as ‘true’ teams; collaborative compositions that fail to demonstrate acceptable
levels of performance may be more accurately defined by the term ‘group’.

PERFORMANCE MANAGEMENT

Interpretation of organisational performance is contingent upon the contextual constraints of
a particular situation. While performance is principally outcome orientated it can signify
different things to different people. Historically, organisational performance criterion has
focused first and foremost on the financial aspects of business achievement, (Crowther,
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1996). Over the years a number of criticisms have been levied at the cost-accounting
approach to performance management. Monetary data reflects operational competence
“emphasising economy and efficiency and neglecting measures of customer satisfaction and
quality,” (Open University, 2001). Lagging indicators typified by financial accounting
systems are better at measuring the consequences of yesterday’s decisions than they are at
indicating tomorrow’s performance, (Eccles, 1991). This viewpoint is supported by Kaplan
and Norton (1993), who have written extensively on the shortcomings of traditional
accounting systems. Contemporary management thinking has embraced performance an all-
inclusive, holistic concept, amalgamating ‘hard’ and ‘soft’ standards of measurement. The
“hard measures are those which are quantifiable, such as profit and market share, while soft
measures include innovation and flexibility,” (Ingram, 1996). These emergent ideologies
coupled with continued development in quality management provide construction companies
with an opportunity to engage with and measure best practice principles.

Performance Management of Teams

Team working is a long-established practice and in recent times its popularity has grown in
direct response to changes in organisational outlook, (Staniforth, 1996). Traditionally
corporate conviction in team working was operational, used to secure improvement in both
productivity and morale. Today the application of team values has been given a strategic
status, endorsed as a business philosophy that has the potential to remodel an array of
organisational processes. The paradigm shift in corporate interpretation of team ideals has
unquestionably tied the wider business interests to the performance of teams. That said it is
surprising to discover that at present there is limited research literature on team performance
management, (Armstrong and Baron, 1998; Staniforth, 1996; Telleria et al., 2002). This may
suggest that the resurgence in team theory and subsequent utilisation within the workplace
has outpaced the traditional performance management support mechanisms. They are now
becoming increasingly obsolete. The omnipresent contradiction in management rhetoric,
advocating team working on the one hand and appraising only the individual on the other
may be indicative of a wider underlying cultural and organisational conflict between the
behaviour management desire and the behaviour management reward. Staniford (1996)
recognised that many UK organisations have not yet appeared to have broken the shackles of
an individualistic approach to work.

METHODOLOGY

The principal aim of the research is to empirically test the presumption that teams and
performance are inter-dependent variables. In an effort to promote analytical consistency and
confidence in research outcomes it is imperative to clearly identify the research parameters.

Team Variables

A literature review of team theory identified seven recurrent key variables deemed necessary
for the accomplishment of a ‘true’ team ethos. The key success variables are prearranged
under three distinctive categories. The first category, Group Compatibility and Diversity
refers to the intra-team dynamics of the individual and the group. The variables include
‘inter-dependency’, ‘group diversity’, ‘team dynamics’ and ‘trust’. The second category
refers to Organisational Context, examining the inter-relationship between the site-based
participants and the wider corporation. Team variables include ‘corporate intent’ and ‘policy,



CIB WO065/055 Commissions: Transformation through Construction 4

procedures and customs’. The third category, Industry Context, with the team variable
‘culture’ has been included to capture latent facets of established industry conventions and
behaviour, functional and dysfunctional that pervade and characterise construction conduct.

Team Metrics

Teams come in many guises and therefore team demarcation was crucial. Team member
participation for the research programme was restricted to site-based construction
professionals, employed full-time by the sponsor contractor and working under the direct
leadership of the construction project manager. The evaluation of perceived team working is
best suited to an attitude statement questionnaire. A ‘team rating’ team member questionnaire
was developed. The questionnaire had seven sections, one for each variable identified and
five statements per variable. The team member was asked to answer to all thirty-five
statements, selecting only one response from a set of five predetermined options. The options
were; completely true, mostly true, partly true, slightly true and never true. Although
qualitative in its conceptual origins the questionnaire response was later quantified by
applying a Likert scale of 1 (never true) to 5 (completely true). Each of the seven team
variable scores were collated and calculated as a team variable percentage rating. The
percentage ratings are then plotted and illustrated on a radar chart. In addition to the seven
team variables, a mean team variable rating was calculated and presented as an overall
collaborative appraisal of construction site management team performance.

Performance Metrics

Construction project performance measurement has a more tangible aspect to the
quantification of data. It was a key consideration to develop a project performance
measurement model that was holistic in nature and compatible with recent developments in
the management and measurement of construction activity. One of the most prominent
contemporary performance management frameworks is the Kaplan and Norton’s Balanced
Scorecard. Kaplan and Norton’s Balanced Scorecard outlines a performance template that is
structured around four different business perspectives, namely; financial, external, internal
and innovation and learning. The financial perspective is traditionally viewed as a ‘lagging’
measure. Providing a snapshot of past results primarily founded on monetary data. The other
three perspectives may be considered as ‘leading” measures. The function of ‘leading
measures’ is to provide a potential insight of organisational attributes that may significantly
influence future performance. For the purpose of the project performance measurement seven
Key Performance Indicators, four from the ‘Economic - All Construction’ KPI’s and three
from ‘Respect for People’ KPI’s were selected for inclusion within the balanced scorecard
framework. The resultant project performance research selection model assimilates current
Key Performance Indicators (Constructing Excellence, 2004) with Kaplan and Norton’s
Balanced Scorecard to produce a customised suite of ‘Pan-Project’ Performance Indicators.
The working definitions of the KPI’s selected conform to best practice initiatives advocated
and endorsed by Constructing Excellence in the Built Environment. In addition to the seven
individual KPI’s, a mean project performance score was calculated and presented as an
overall measurement of construction project performance. The calculation of a mean project
score aligned with the evaluation of a mean team rating creates a unique opportunity to
investigate the correlation between construction site management team working and project
performance across a number of construction case-studies.
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Project Case-Studies

The operational merits of a case-study offer an obvious and pragmatic method to test the
assertion that team work and project performance are related. Data from a cross-section of
construction site management teams sampled from different UK construction companies
facilitate the examination of project, corporate and industry team performance trends. To
support the validity and reliability of the case-study results and in an attempt to minimise
sources of ‘contamination’ the focus of assessment is specific, namely team working and
project performance. The case-study and data collection phase of the research project was
carried out between June 2004 and April 2005. The research data compilation involved the
cooperation of three major UK construction contractors, (Company B, C and D) and involved
the participation of thirteen individual construction project case-studies. In total eighty two
research questionnaires were completed and returned. This included fifty six ‘Team Member’
questionnaires’, thirteen ‘Team Member / Team Leader’ questionnaires and thirteen ‘Client /
Client Representative’ questionnaires. The response rate for ‘Team Member’ questionnaires
was 96%. The response rate for both ‘Team Leader’ questionnaires and ‘Client / Client
Representative’ questionnaire was 100%. All KPI scores have been calculated using
Constructing Excellence in the Built Environment KPI Pack 2004.

RESULTS

The results of the construction project case-studies have been ranked in order of team rating.
In the first instance the highest to lowest team rating corresponds with their associated project
performance score, (see Table I). If the team rating is of an equal value the league position is
determined using the highest project performance score.

Table I. Project League Table based on Team Rating

Rank Project Id. Team Rating (x) Project Performance (y)
1. Project C/1 80% (rank 1%.) 70% (rank 2™.)
2" Project D/4 79% (rank 2".) 74% (rank 1°)
3", Project C/2 77% (rank 3™.) 59% (rank 5™))
4" Project D/2 77% (rank 4™.) 42% (rank 10™.)
5™ Project D/3 76% (rank 5™.) 63% (rank 3™.)
5™ Project B/5 74% (rank 6™.) 61% (rank 4™.)
7" Project B/1 72% (rank 7™.) 54% (rank 7™.)
8™ Project D/1 72% (rank 7™.) 40% (rank 11™.)
9" Project D/5 70% (rank 9™.) 59% (rank 5™))
10", Project B/4 70% (rank 9™.) 43% (rank 9™.)
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11" Project C/3 69% (rank 11™.) 39% (rank 12™.)
12" Project B/2 68% (rank 12™.) 48% (rank 8™.)
13" Project B/3 62% (rank 13™.) 29% (rank 13™)

To test the core research hypothesis, (Ho: 1 = o) a number of statistical investigations have
been undertaken. A Pearson’s Correlation Coefficient for the two variables, team and project
produced a positive value of +0.8, indicating a strong, marked level of association. A
Spearman Rank Correlation Coefficient was calculated at +0.70, although marginally less
than the Pearson’s value the outcome does support the initial finding. A Kendall tau rank
coefficient of concordance also produced a marked level of agreement (+0.60) corroborating
with the earlier findings. The team / project league table highlights three exact matches,
Project(s) B/1, B/4 and B/3 are ranked 7™, 10"™ and 13" respectively. There are three
projects one position out of synchronisation, namely Project(s) C/1, D/4 and C/3 are ranked
1%, 2™ and 11™ respectively. The top two team ratings align closely with their project
performance ranking and two of the bottom three team ratings align in a similar fashion with
their associated project performance position. Four of the top five team ratings all align
within two places of their corresponding project performance ranking. To better appreciate
the correlation between team ‘performance’ and their corresponding project ‘performance’ a
Team Rating / Project Performance Scattergram (see Figure 1) has been produced.
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Figure 1. Team Rating / Project Performance Scattergram

From the scattergram it can be seen that in response to an increase in team rating (x) there is a
resultant increase in the project performance (y). The Spearman Rank Correlation Coefficient
(rs) was used to test the null hypothesis, Hy: x and y are independent variables against Ha: x
and y are positively correlated. For a sample size of 13 and o = 0.05, H, would be rejected if
the calculation produced a value of rs > 0.480 (obtained from Spearman Rank-Correlation
Coefficient tables). The calculation shows that rs = 0.692 > 0.480 and therefore the null
hypothesis is rejected in favour of Ha. To summarize, team rating (x) and project
performance (y) are positively correlated with a 95% level of confidence.
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DISCUSSION

The set of results spread across the thirteen construction projects illustrates some interesting
findings. Some of which may have been predictable. Key team variables such as
interdependency and team dynamic rated highly across the majority of the projects.
Functional, hands-on leadership, small team numbers and clearly defined professional
responsibilities probably helped contribute to a strong interaction between all site members.
At the other end of the spectrum the team variables that consistently recorded below average
ratings were ‘corporate intent’ and ‘membership diversity’. Membership diversity may also
be considered foreseeable. For an industry driven by unpredictable ‘availability’, the
alignment of people and projects would appear to be a continual challenge for construction
management. The upshot is that limited consideration appears to be given to the concept of
balanced teams in terms of function and personality. Questionnaire responses endorse this
observation with an overwhelming majority of team members stating that they have never
partaken in any inventory of team member analysis or psychometric profiling. Team member
feedback on the influence of corporate intent raises some interesting challenges for team
working. Corporate intent recorded the lowest overall mean rating. Combined with a lower
than average rating for the team variable ‘policy, procedure and custom’, the organisational
relationship between the site management group and the parent organisation is singled out as
a potential barrier to the fulfilment of team working practices. Further discussion
concentrates on the causes of organisational dissonance and the importance of organisational
fit between project-based team structure and corporate strategy.

Human Resource Management

In terms of corporate homogeneity and organisational compatibility a key department of
influence is arguably Human Resource Management (HRM). It is widely recognised that
HRM policy broadly falls in to two distinct schools of thought, the ‘hard’ school and the
‘soft’ school. The soft model recognises employees as valued assets and a source of
competitive advantage. The hard approach adopts an unapologetically commercial
perspective of labour as a commodity, (Marchington and Wilkinson, 2002). In this guise a
number of criticisms have been levied at HRM policy within the construction sector. Green
(2002) in a critical examination of HRM policy observed that “there is an established
dichotomy in the HRM literature between the ‘hard’ model, reflecting utilitarian
instrumentalism, and the ‘soft’ model reflecting developmental humanism.” The review
concluded that within the UK construction industry the ‘hard’ model of HRM policy was in
most cases the ‘default’ model adopted by the majority of construction companies. Under
these circumstances the introduction of a team management philosophy would appear to
contradict some of the core values associated with a ‘hard” HRM policy. On the one hand
there is a potential for enhanced performance output that is likely to satisfy the ideology of
greater economic efficiency. On the other hand the majority of current HRM policy is
individualistic in nature with relatively few organisations making any specific arrangements
for team performance management, (Armstrong, 2004). A collectivism approach to managing
people would be central to the successful adaptation of a team performance criterion. To
achieve an HRM — organisational fit, construction companies would be required to modify
existing HRM doctrine. In practice this may ‘soften HRM policy, amalgamating the
‘utilitarian instrumentalism’ currently practiced with a measure of humanistic persuasion.
Realigning HRM policies with a more altruistic standpoint, developing team pay initiatives as
well as promoting good communication systems all present opportunities for better team
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management and enhanced team performance in the workplace. Two managerial issues
foremost in the research findings were the existence of communication ‘gatekeepers’ and
contradictory reward management practice.

Formal Communication

The problem with corporate intent is communication. During discussions with senior
management, responsible in part for disseminating company strategy to site managers and
supervisors, it became apparent that senior managers communicated on a one to one basis
with the various site project managers. In turn the project managers became the ‘gatekeepers’
of the information and it was at their discretion, regardless of senior management
expectations; when, how or if the information was broadcast. For some project leaders it was
apparent that the link between corporate strategy and the site management team contribution
to the success of the bigger corporate picture was less significant when prioritised against the
short-term demands of project cost, time and specification. For all three companies the
organisational structure and the position of the project leader as a ‘buffer’ between the
‘wider’ organisation and the site team meant communiqués important in meaning to senior
management were filtered and edited for site management team briefings. The corporate
intent variable may benefit from more frequent communication with senior management
talking directly to the site teams. This would capitalise on the sense of corporate unity,
promote a stronger, more visible senior management presence and simultaneously remove an
unintentional communication ‘gatekeeper’. Improved and frequent formal communication
would increase the likelihood for the effective dissemination of corporate intent and help
convey the increasingly strategic role played by site management teams.

Reward Management

The assertion is a simple one. Not to reward the behaviour your organisation desires will only
compound existing misconceptions of corporate intent. This is reflected in the team member
response to the questionnaire. The majority of team members questioned felt that there was
little or no explicit policy linking individual pay to the collective efforts of the site team. It
was evident that a team reward for enhanced project performance was not common policy.
The solution for this type of organisational misfit between collectivism and individualism
resides with senior management and HRM. Where reward management of team performance
remains the exception rather than the rule a contradiction in terms of strategy (team work)
and tactics (the individual) will persist. The disparity between working ethos and
remuneration may provide the catalyst for addressing deep-rooted problems of organisational
mismatch. Motivating the group unity via a team reward system has the potential to reinforce
the need for a common agenda and encourage participation in collaborative working
practices. Team rewards “may also be more effective in making the link between the
individual team member and the wider concerns of both the team and the organisation as a
whole,” (Thompson, 1995). In other words the implementation of team rewards will
communicate a corporate allegiance to genuine team-based strategies.

CONCLUSION

The debate that better performing teams will consistently produce better performing projects
is always going to be contentious. The argument is inherently complex and depends much on
the definitions adopted for both the team rating and corresponding performance
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measurement. Notwithstanding the many imperceptible and elusive facets that interminably
infuse the field of behavioural sciences the resultant research programme has produced a
compelling series of findings. Statistical evidence validates, with a significant degree of
confidence, the widely held belief that the team works, “teams and good performance are
inseparable, you cannot have one without the other,” (Katzenbach and Smith, 1993). The
resultant team-performance diagnostic toolkit is not another team building programme. On
the contrary, it is a management model with the potential to provide an objective measure of
site management team performance. Traditional team building initiatives address the question
of team performance whereas the innovative team-performance model addresses the question
of team management capacity. The results establish a team performance benchmark for the
future education and training needs of site management team compositions. The ability to
identify, measure and challenge explicit aspects of team synergy provides opportunities for
further developments within the team management theme, principally performance
management and human resource management. In conclusion two notable contributions have
been made to construction management research: first, empirically testing the construction
site management team - project performance relationship; and second, creating a
methodology and a team - performance template that others can use.
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Current research, in conjunction with the Cooperative Research Centre for Construction
Innovation (Australia), is investigating the role of greater corporate responsibility in the
provision of urban infrastructure projects. This paper reports on doctoral research which is
enabling project teams to better identify and align project objectives with corporate
objectives, thus assisting in managing future risk and possible ecological and social harm.

The research methodology in use is based on Checkland’s soft system methodology,

engaging in action-research with Brisbane City Council (Australia) on three case study

projects. Key findings of the collaborative case studies include:

e Linking project objectives to corporate objectives provides greater decision-making
transparency; increased rigor in establishing objectives; and greater awareness of project
opportunities.

e Using an iterative process to identify the project’s stakeholder footprint and
accountabilities, at the pre-feasibility phase, can better inform the subsequent project
phases.

e Developing project indicators, measureables and targets, linked to corporate objectives
can enhance decision-making transparency and communication.

KEYWORDS: corporate responsibility, value mapping, major economic infrastructure
projects, construction innovation

INTRODUCTION

The aim of this current doctoral research is to develop a value mapping framework for major
economic infrastructure projects for the Australian public sector. This will assist those
delivering such projects to better identify and align project objectives with stated corporate
objectives, values and outcomes, and to assist in managing medium to long term risk and
minimise possible ecological and social harm.

A review of literature relevant to this paper has been previously published (Kraatz, Kajewski
and Manley 2008, pp.4-5). Key outcomes of this research include the development of a
framework which provides enhanced understanding of project accountabilities and the
project’s stakeholder footprint; greater decision-making transparency; increased rigor in
establishing and tracking project objectives; and increased awareness of project opportunities
beyond the traditional scope of the project’s budget and contractual arrangements.
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THE RESEARCH METHODOLOGY

This academic basis for this research derives from the fields of both corporate responsibility
and lean thinking. The value maps which are the outcome of this research integrate tools from
both areas, into a single framework appropriate for application in the construction sector.
This value-mapping framework addresses issues related to value as expressed by Emmitt et al
(2005, p.59). The authors provide a clear distinction between the differing types of value, and
how it can be interpreted by different players in different situations. “The distinction between
client values as the focus and end goal of our efforts and internal values of the delivery team
is made... The external value is separated into (i) process value and (ii) product value. Process
value is about giving our customers the best experience during the design and construction of
the project. It comprises:

* ‘Soft values’ such as work ethics, communication, conflict solving etc. between the client
and the delivery team.

* ‘Hard values’ such as the delivery teams ability to keep agreed time limits, cost estimates,
quality of the product and workers safety etc.”

An understanding of this interpretation of value is an important basis for implementing this
framework.

The research methodology underpinning this work is based on Checkland’s soft system
methodology (SSM) (1984, 2000). The approach adopted involves engaging in an action-
research based relationship with an Australian public sector agency on selected major
economic infrastructure case study projects. Checkland’s SSM research cycle was used as the
basis for identifying a real world problem (i.e. how to track project deliverables back to
corporate objectives) and then progressing through a series of structured steps, involving
engagement and evaluation in a real world context.

In this context, three practice-based case studies have been undertaken, by way of
‘exploration’, ‘testing’ and ‘implementation’ of the value mapping framework. Dul and Hak
(2008, p.23) discuss the distinctive role of practice-based case studies as those which
“describe the design, implementation and/or evaluation of some intervention, or illustrate the
usefulness of a theory or approach to a specific company or situation. Although such studies
might make use of theories or theoretical notions, their aim is not to contribute to the
development of those theories. We use the label "practice-oriented" for this category of case
studies.”

The ‘exploratory’ case study, the Eleanor Schonell Bridge, Brisbane, Australia (Case 1), was
part of the initial action-planning phase, in which the conceptual model for both the process
maps and the value mapping framework was developed. The ’test’ case study, the Hale Street
Link, Brisbane, Australia (Case 2), was the initial action-taking phase wherein the draft
models were applied to a real-life situation to test the framework. The final ‘implementation’
case study, the Northern Link, Brisbane, Australia (Case 3), then enabled the learnings the
both these case studies to be applied as part of a second round of action-taking, prior to a
final evaluation of the framework wherein key findings and learnings will be considered.
Final evaluation will be undertaken based on reflections by the researcher; formal feedback
from those involved in the collaboration, and through discussions with other agencies as the
applicability of the framework to their program/sector. Figure 1 illustrates how the SSM has
been adapted for the purposes of this research.



CIB W065/055 Commissions: Transformation through Construction 3

Case Study \

collaboration - = . . .
Case1l ‘ "Models of
Exploratory b 1

commences

relevant
purposeful
activity systems”

Draft
Value-map
ping
framework

"Perceived Real-world
Problem Situation”
(Linking Project
Outcomes to Carporate
Objectives)

. g ‘ "A structured
Action research e i " debate about
environment . desireable and
L =~ / feasible change"
|
\
S Y
Case 3 e
Implementation
- "Question

problem

"Action to

improve"

situation using
models"

Action research )
- environment - . Action research
- . environment
(All quotations '

from Checkland
2000 Fig.A1)

Figure 1 - Value mapping framework development cycle (Adapted from Checkland 2000, p.S16)

Prior to detailed work on the three case studies it was necessary to study the corporate context
in which the case study projects were being delivered. This was needed to develop an
understanding of the corporate responsibilities and values that guide decision-making, and the
linkages between the corporate structure and the sub-agency delivering the infrastructure
projects. The project proponent for each of these projects was the Major Infrastructure
Projects Office (MIPO) of Brisbane City Council (BCC), Australia. The highest level of
corporate objectives within this agency are the eight themes of the Living in Brisbane 2026
(LiB2026) statement. These themes are Accessible City, Active and Healthy City, Sub-
tropical City, City of Inclusive communities, Clean and Green City, Creative City, Regional
and World City and Smart and Prosperous City. These themes are accompanied by a set of
seven Values and Behaviours which form a part of BCC’s operational and ethical guidelines,
and twenty ‘city-wide outcomes’ which are used to guide policy and decision-making, and
measure performance and outcomes. These three elements, the themes, values and outcomes,
are developed through a rigorous process of community and organisational consultation, and
form a valid basis upon which to develop and implement the value-mapping framework.
MIPO then has a formalised ‘work breakdown structure’ which provides definition around
the actual delivery of projects within this broader corporate context.

The Case Studies
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Case 1 was undertaken in November and December 2006. The Eleanor Schonell Bridge is a
cable-stay bridge spanning 390 metres, serving bus, pedestrian and cycle traffic. It was
completed in January 2007 for a total project cost of AUS$57million, and was delivered via a
modified design and construct contract. The research objectives of this case study were
three-fold:

1) to test and consolidate the proposed research direction.

2) to understand the delivery of a major project in this public sector agency, and map

these processes.

3) to develop the draft project-specific value maps for further testing.
A review of this project enabled the researcher to identify what gaps, if any, existed in the
process of linking project and corporate objectives and outcomes. This work included
interviews with eighteen project team members and a review of project documentation from
the pre-feasibility, detailed feasibility and implementation phases. The case study provided a
well documented opportunity to build a series of process maps which represent a high level
overview of project decision-making for that project.
A key outcome of this case study was that it revealed little in the way of formal, documented
linkages between corporate objectives and project outcomes, throughout the planning and
procurement process, and that decision-making in the pre-feasibility phase of the project in
this regard, was largely intuitive and informal.

The second case study was undertaken between June and December 2007, once the draft
framework and method had been established and verified. The Hale Street Link project will
be a 60km/hr, four-lane tolled cross-river bridge and is currently due for completion in 2010.
The project budget is AUS $250million and it is being delivered by an alliance contract.
The research objectives of this case study were to test:

1) the applicability of the generic process mapping process developed on the pilot case

study.
2) the practicality and applicability of the draft value mapping process on a current
project.

Five interviews were conducted with three project team members from mid to late 2007. A
workshop engaging with a broader cross-section of team members was scheduled but
cancelled due to conflicting project team commitments and uncertainty on behalf of the
researcher as to the value to all of such a workshop. Case 2 confirmed the relevance and
applicability of the proposed framework, but demonstrated the difficulties in implementing
such a framework once the project has progressed to the implementation phase, when the
project team was focused on project delivery rather than project strategy. The indicator set
being focused on by team members was that negotiated and committed to by the Alliance
team. Revisiting past processes (i.e. development of project objectives, accountabilities and
stakeholder foot-printing) provided no value add to the project team retrospectively. Despite
these difficulties, project team members expressed a high level of satisfaction with the intent
of the framework, and an interest in the application of this framework on future projects.

Collaboration on Case 3 also commenced in July 2007 and is continuing. The Northern Link
project is currently in detailed feasibility stage with completion scheduled for 2014. It has a
project budget of AUS$2billion and options for delivery are still under consideration. The
proposed project is an electronically tolled vehicle tunnel extending six kilometers from the
inner western suburbs of Brisbane to the inner city providing a missing link in a CBD bypass
for both freight and passenger vehicles. The project had just commenced detailed feasibility
work when the first interview was held between project staff and the researcher. Senior
project team members recognised the value of implementing the framework in terms of
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current activities, and readily agreed to the collaboration. This enabled the researcher to work
in conjunction with fourteen key project team members over an intensive period of two
months to refine the framework in an implementation environment.

THE VALUE MAPPING FRAMEWORK

Prior to work on this framework proper, an understanding of the processes involved in
delivering projects within the agency was required. This initial mapping required a helicopter
view of the key processes involved in the delivery of the project, so that a set of key decision
points can be determined for the implementation of the value mapping framework. The value
mapping framework itself, is where accountabilities, stakeholders, indicators and measurables
are determined so that performance can be monitored on a selected project, and reported on
against corporate objectives, throughout the planning and procurement process.

Process Mapping

The methodological foundations for the process mapping are drawn from the lean
manufacturing methodology developed in the vehicle manufacturing sector in the early to
mid 1990’s (Jones and Womack 2002, Rother and Shook 2003). These principals were later
adopted by proponents of ‘lean construction’ such as Bertlesen and Koskela (2004). Klotz et
al (2007) have recently developed the ‘lean’ concept into their ‘lean and green’ protocol
wherein they track the development of this protocol from the initial lean manufacturing
process, through to current day, with a priority on an expanded set of values and the
sustainability agenda. This current value mapping research thus adopts this proven strategy to
map an overview of the decision-making processes on major economic infrastructure projects,
in order to establish the key intervention points for monitoring performance to indicators
aligned to established corporate objectives.

Value Mapping

Two key elements of corporate responsibility, as developed by the World Business Council
for Sustainable Development (WBCSD) are integral to the value mapping framework under
development. These are (i) enhanced accountability and (i) stakeholder foot-printing. Engen
and DiPiazza (2005) discuss the relationship between business, accountability and
sustainability, including the need to build awareness of the ‘spheres of influence’ of
corporations, and better understanding the nature of corporate accountability. Holme and
Watts (2000) introduce their stakeholder foot-printing tool and suggest that corporations need
to better recognise and understand their engagement with external stakeholders. Emmitt et al
(2005) further highlight the need to better understand these needs and drivers, based on the
premise that stakeholders “all have a different set of values and interests in the project. When
we know that the perception of value is subjective and individual, and that it changes over
time, how do we map the values and satisfy all the stakeholders?” (Emmitt 2005, p.59)

The value mapping framework draws upon this background and proposes a series of
activities to capture these elements of corporate responsibility for infrastructure projects.
Activities undertaken includes the identification of objectives for the project; the
establishment of accountabilities and stakeholders for each objective; using an organisation’s
stated corporate objectives and outcomes, to establish a set of project-based indicators; the
establishment of measurables and targets for these indicators; and the review, monitoring and
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reporting on of indicators at key project decision points to assure on-going alignment. This
process is outlines in Figure 2.
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Figure 2 - Value mapping process

Thus, the value mapping framework as developed consists of a series of five spreadsheets,
linked to each of the five stages of implementation, including (i) the Project Objectives

worksheet; (ii) the Accountability Map; (iii) the Stakeholder Footprint; (iv) the Indicators
Matrix and (v) the Value Map.

Case 3 Value Mapping

Knowledge and information relevant to the development of the value maps for the final
‘implementation’ project (Case 3) was gained from a number of sources including outcomes
of the two previous case studies; a review of project documentation by the researcher; semi-
structured interviews between the researcher and project team members; a project team

workshop including the researcher; direct input by project team members, and from academic
and technical literature.

Establishing the draft project objectives

The first step was to establish a set of objectives aligned to the corporate objectives and
values, which could be effectively tracked throughout the life of the project. A key issue
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identified in Case 1 was the number of differing sets of project objectives discovered,
attributable to differing purposes, for differing stages of planning and procurement. Despite
this complexity, it was not until detailed feasibility work began that any formal alignment
was made between the corporate objectives and project objectives.
For Case 3, strategic project objectives were identified in addition to the corporate objectives
previously detailed. These included:

e service level requirements as detailed in the TransApex Pre-feasibility Report (2005)

e five primary project objectives listed in the Initial Advice Statement to the State

Government in mid 2007
e three strategic objectives in the Preliminary Assessment Report (2007)
e four strategic project objectives developed in project team workshops in September
2007

All of these were developed with specific intent, and are strategic in nature. The value
mapping process however requires a set of objectives, which align with pre-determined
corporate objectives, for which specific measurables and targets can be established, and
which would remain relevant for subsequent review, measurement and reporting through to
project completion. Thus, an initial set of project objectives were developed which
recognizes a hierarchy of objectives from corporate to strategic to project. The draft set for
value mapping was thus based on the above, along with knowledge and information gained
from a variety of other sources (i.e. previous projects, technical experts and academic
literature). These were then developed and verified in interviews and a workshop with project
team members.

Establishing accountabilities

The accountability mapping methodology used derives from World Business Council for
Sustainable Development (WBCSD) tools, including (i) the accountability mapping tool
presented by Engen and DiPiazza (2005, p.9); and (ii) the stakeholder foot-printing tool as
presented by Holmes and Watt (2000, p.6). The first tool asks the questions:

1. Who is accountable?

2. For what?

3. To whom?

4. Through what mechanisms?

5. With what outcomes? (Engen and DiPiazza 2005, p.6)
Engen and DiPiazza (2005, p.8) also present the ‘spheres of influence’ proposition, which
expands upon the above question of ‘accountable to whom’ through requiring businesses to
think outside their traditional mindsets when considering the impacts of their decisions.

For Case 3, accountability data relevant to the project objectives was discussed by the
researcher at an early interview with two project team members. Further development of this
map was undertaken by the project team members independent of the researcher. In its final
form, this map will be cross-referenced to the actions identified against the indicators in the
final value map. Additionally, the stakeholder footprint was used to clarify accountabilities
and responsibilities by mapping the draft project objectives to a generic set of possible
stakeholders. Through this process, project team members are stimulated to consider a
broader set of stakeholders than may otherwise be the case; and a transparent and trackable
map of stakeholders is developed. The final stakeholder foot-print worksheet can thus
become a comprehensive listing of project stakeholders for each of the project specific
objectives.
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Consolidating the project objectives

The draft project objectives for Case 3 were then reviewed and finalized with the project
team members, in light of consideration of accountabilities and stakeholders.

Table 1 - Case 3 Value Mapping Objectives

Accessible City
Improve cross city and orbital traffic flow
Improve freight network efficiency
Improve local traffic accessibility on the local road network.
Improved opportunities for public transport service
Maximise tunnel access without negative impacts on local network
e Provide opportunity to improve pedestrians/cycle accessibility
Active & Healthy City
e  Improve opportunities for pedestrian/Cycle connectivity
City Designed for Sub-tropical Living
e Maximise beneficial environmental outcomes
e Improve Brisbane's livability
e Provide opportunity to improve surface corridor to enhance sub-tropical local environment
City of Inclusive Communities
e Effectively manage the impact on local community
e Provide a safe project in all project phases
e Provide effective stakeholder and community consultation
Clean & Green City
e Provide best practice environmental outcomes.
e Minimise and manage of impacts of air pollutants
e  Assist in the development of sustainable urban environment for inner western suburbs
Creative City
e Provide high quality, innovative design solutions
Regional & World City
e Deliver a legacy project as per project vision statement
e  Contribute to the effectively servicing of high density urban development in Toowong and Milton

Smart & Prosperous City

e Provide innovation in delivery
e Project affordability
e Economic growth and employment facilitated

Establishing the project indicators

For Case 3, both the project objectives (as aligned with the BCC corporate objectives or
themes) and the twenty city-wide outcomes where then used to develop a set of project
specific indicators. A matrix was established between the two, and primary and secondary
linkages highlighted in collaboration with project staff. A total of fifty-four primary linkages
were identified (i.e.3-4 per objective), with these becoming the key performance indicators.
These were then transferred to the final value map from where measurables and targets were
established. When operationalised, it is proposed that this process would be undertaken by a
team representing both stakeholders and knowledge experts.

Establishing the measurables and targets
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These indicators were then used to establish a set of measurables and targets; identify
associated tools to assist with their capture; and detail actions associated with their
implementation for each of the project objectives established for Case 3. Measurables were
formerly segregated into three categories including qualitative, quantitative (physical) and
quantitative (monetised). Monetized and physical measurables are typically the most easily
managed in the intense decision-making environment in the delivery of major economic
infrastructure projects. The least easily managed is the qualitative aspects of projects, and
whilst these cannot be conveniently measured, their impacts can be considerable in terms of
both medium and long-term environmental and social outcomes. To disregard the latter thus
increases the risk of future project failure (e.g. community dissatisfaction, environmental
degradation).

Initial input into this map was made by the researcher on the basis of documentation review,

and data derived from the previous case studies. Further input was made by project team

members. A final overlay of data was subsequently made by the researcher, drawing upon
academic literature and industry knowledge on the monetization of some of the
environmental and social indicators. Sources included:

e Sinha and Labi (2007): related to the measurement of indicators for visual impacts,
energy intensity and impacts, land-use impacts and social/cultural impacts (with specific
reference to environmental justice).

e Todd Litman (2007) reviews the costs and benefits of transportation, and how this can be
applied in the planning process. The author “provides monetised estimates of twenty costs
for eleven travel modes under three travel conditions.”

e Peter Bein (1997) reports on the monetisation of environmental impacts of roads and how
this knowledge can be incorporated in the decision-making process.

Against each indicator and measure, a project or corporate target was then identified, along

with the option for a potential stretch target, which can be of value in terms of contractual

performance. The setting of targets was a task for the project team to determine, based on
expert knowledge and corporate intention.

Monitor, review and report

The final step in the framework is the on-going monitoring, reviewing and reporting on
performance to these measurables. Key points for this activity will be identified in future
research, which will provide input to the overview process map previously discussed.

CONCLUSION

Outcomes to date of this research and the associated collaboration, has been the development
of a value-mapping framework which clearly links project objectives (via a set of project-
based indicators) to pre-existing corporate objectives, against which performance of Brisbane
City Council, as an organization and a community agent is measured. This framework is
currently being implemented in an on-going manner on Case 3, with the support of both
project team members, and agency executive.

Two areas of future research have been identified. The first is further research on enhancing
engagement with non-contractual stakeholders over the long-term course of such projects,
and the second is to further investigate the monetisation of qualitative indicators, without
diminishing their intangible value.
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Very little is known about the role of women in construction research and the factors
hindering the equal presence of men and women. This paper explores initial findings from the
‘WOMEN-CORE’ project (co-funded by the European Commission’s Research Directorate
General under the Sixth EU Framework Programme), to demonstrate the extent of women’s
participation in construction research. This is achieved by analysing existing sources of data,
including the Community Labour Force survey, the Education database; the EC CORDIS
project database, the European Patent Office database and the ISI Web of Knowledge.
Findings indicate that women are under-represented in all aspects of construction research
with clear evidence of vertical segregation and some evidence of horizontal segregation
across built environment research domains. Women appear to be more successful in ‘so-
called’ softer issues within construction, such as research related to environmental and
sustainability issues.

KEYWORDS: women, gender, research, Europe

INTRODUCTION

This paper reports on the development of the WOMEN-CORE (Women in Construction
Scientific Research) project, established to address the under-representation of women in
construction research. The premise of WOMEN-CORE is to determine whether women are
under-represented and how women’s experiences may differ from those in other research
sectors. Given the nature of both construction sector and scientific research cultures, it may
be that construction research represents a ‘double hurdle’ for women seeking a career in this
field. This paper begins by examining the significance of gender in both the construction
sector and research more generally, and then uses existing data sources to establish women’s
representation in construction research and how this compares to other research areas.
Specifically it focuses on: the potential supply of construction researchers, using data from
the Community Labour Force survey (CLFS) and the Education database; gender in
construction scientific publications, using the ISI Web of Knowledge; gender in patenting
related to the construction sector, using the European Patent Office database; and, gender in
EU-funded construction research, using the EC CORDIS project database.

GENDER IN CONSTRUCTION

The construction industry is one of the most important industry sectors in terms of economic
growth and employment. In 2006, construction in the EU27 totalled € 1,196 billion, 10.4% of
GDP and employed 15.2 million operatives (FIEC, 2007). This makes it the largest industrial
sector in the EU (ENBRI, 2005), accounting for 7.2% of the EU’s total employment and
30.4% of industrial employment (FIEC, 2007). However, the construction sector also faces
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increasing global competition, tends to have low profit margins, is dominated by small firms
and has a low level image and a poor safety record (ENBRI, 2005). The industry also suffers
from a low R&D intensity and the cost of non-quality as a proportion of total output is also
high, estimated at 5-10% (COM, 1997). It is therefore important to embrace R&D in order to
develop new structures, processes, and relationships that promote innovation and meet the
needs of clients, users and society more effectively (ENBRI, 2005). On a European level this
has been supported by the establishment of the European Technological Construction
Platform (ECTP) in 2005, to promote and shape R&D in the European Construction Sector.

Gurjao suggests that “construction needs diversity to sustain development and growth”
(2006: 2) but the construction sector is one of the most male-dominated industries with
women representing 10% of the UK construction workforce (EOC, 2006) and 8% of the EU
(EC, 2008a). This is despite women’s growing role as decision makers and clients. Watts
(2007) suggests the low proportion of women in the sector is a result of the continued
dominance of masculine stereotypes based on a male career model and a culture of long
hours and presenteeism. Watts also maintains that women are not made welcome by the
cultural imagery that continues to construct the profession as technical and dirty, or by the
abstract curriculum in education which lacks relevance to the real world and fosters an
impersonal learning environment. Clarke et al. (2004) suggest that gender equality issues
have been taken up only minimally within the EU construction sector, despite the fact that
national partners are key players in the formation of the social and equal opportunities agenda
at the national level.

GENDER IN RESEARCH

Alongside the significant role the construction sector plays in society and the under-
representation of women within this, wider research has addressed the lack of women in
decision-making positions in scientific research (EC, 2008b). Despite Europe’s strong
tradition in research and innovation, the ETAN report (EC, 2001) found that gender plays a
disproportionate role in the likelihood of being able to enter, remain in and succeed within the
scientific community. Gender was also found to play an unwarranted role in the allocation of
positions and resources in science and technology (EC, 2001). At the same time, a more
diverse workforce is needed to release potential, foster innovation, create markets and reach
diverse consumers (Rubsamen-Waigmann et al, 2003). However, social, economic and
demographic changes in Europe also mean that the potential workforce is shrinking while the
need for industrial researchers is growing. Rubsamen-Waigmann et al. (2003) argue that
employers across Europe need to become more competitive by investing in staff for R&D,
and by using staff more effectively. This means it is vital to retain women at every stage of
their careers. Similarly, Mitos (2001) maintains there is a need to recognise the promotion of
women in science as crucial to improving the relationship between science and society, in
order that science better reflects the diversity of the entire population.

In 1999, the Helsinki Group on Women and Science was established to learn about initiatives
occurring in the name of women and science and, to benchmark policies and practices
designed to promote gender equality in the culture of scientists and in scientific careers. The
Helsinki Group (Rees, 2001) concluded that: there is a lack of harmonised sex-disaggregated
statistics on women and science; there is a lack of gender-balance in decision making; there is
a ‘leaky pipeline’, whereby there is a disproportionate leak of women from science careers at
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every stage of the academic hierarchy and; there is a need to modernise human resource
management policies in universities and research institutions.

Numerous studies have addressed the barriers women face in both academic and industrial
research and many of these factors may be transferable across disciplines, including the
construction sector. Some of the main barriers identified include:

Sexualised cultures: women are often equated with biologically determinist definitions of
gender, which mean they are perceived as women first and scientists second (see, Etzkowitz
et al, 2000; Faulkner, 2006);

Organisational cultures: despite an increase in policies designed to tackle inequalities in the
workplace, there is often an inconsistency between organisational policies and workplace
practice and norms (see Etkowitz et al, 2000; Bagilhole, 2006);

Long hours culture: the dominant culture in scientific research is long working hours and the
expectation of total availability. This is particularly significant for women given that they
usually have more domestic responsibilities than men (see Davis, 2001; Grant et al, 2000;
Watts, 2008);

Gender stereotyping: the association between masculinity and technology can mean that
women are pushed into ‘softer’ research areas, deemed more suitable for women, but often
with less opportunities for career advancement (see Cockburn, 1985);

Gendered networking: despite the significance of networking for career success, women in
science are often excluded from existing social and professional networks (see Davis, 2001;
Faulkner, 2006; Etzkowitz et al, 2000).

This complex web of cultural and structural issues are a clear expression of the dominance of
masculine cultures and together create problematic career paths for many women (and some
men) pursuing scientific careers (Bagilhole et al., 2007; Watts, 2008).

RESEARCH METHODS AND DATA ANALYSIS

Building on the current climate of the construction sector and the situation of women in
scientific research, WOMEN-CORE has been established to address the unequal
representation of men and women in construction research in Europe by enhancing the
knowledge and strengthening women’s participation in construction research. The data
presented in this paper is particularly focused on enhancing the knowledge on women in
construction research. The project examines a number of core disciplines within it’s
definition of construction research, including: architecture; building physics; building
structures; construction and economic management; construction technology; environmental
engineering; heating, cooling, ventilation, electricity and networks; geotechnics and
underground studies; IT; transport organisation and structures; urban planning; water
management and structures; and, mechanics, including fluid mechanics and dynamics.

The project has undertaken a secondary analysis of data sources, compiling relevant statistics
from, the CLFS, the education database, the EC CORDIS project database, the ISI Web of
Knowledge, and the European Patent Office database in order to build a picture of: gender
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education segregation; gender segregation in R&D personnel; women’s construction
scientific research publications and citations; the role of women as patent originators in
construction; and, women’s participation in EU funded projects in construction research.

As some of the databases used in this analysis do not collect data on gender (ISI Web of
Knowledge, European Patent Office database and EC CORDIS project database), a first name
database (FNDB) was created using a similar methodology to Naldi and Parenti (2002). The
FNDB is a comprehensive collection of European first names, divided by country and gender.
It is derived from a combination of government sources, internet searches and language
experts and contains a total 46,619 names in 20 European languages. Of these, 25,135 were
identified as female, 21,107 were male and 377 were ‘double-gendered’ in that they could be
applied to both genders. First names listed in the databases were then cross-checked against
the FNDB to establish gender. The FNDB was successfully used to identify gender of 91% of
publishing authors, 76% of patentees and 86% of people involved in EU funded construction
research.

POTENTIAL CONSTRUCTION RESEARCHERS

As shown in table 1, women were found to account for 40.7% of bachelor and masters
graduates and 33.9% of doctoral graduates in construction-related fields of study (2004).
While this is considerably lower than the average across all fields of study, for bachelor and
masters graduates, it is higher than the proportion of women graduates in science and
engineering. This may be because construction-related study includes architecture which
tends to be less male dominated than other science and engineering subjects. The data also
indicates that the proportion of women graduating in construction is increasing, albeit at a
lower rate than the proportion of women graduates across all fields.

Table 1: Proportion of Women among Graduates in EU27, 2004. Source: Education database,
Eurostat.

Bachelors and Masters Graduates | Doctoral/PhD Graduates

All fields of study 58.8% 43.4%
Science and Engineering 33.9% 33.9%
Construction 40.7% 33.9%

In 2004, countries with the highest proportion of women construction bachelor and masters
graduates were Cyprus (66.0%) and Bulgaria (51.1%), while those with the lowest were the
Netherlands (21.8%) and Austria (29.8%). Interestingly, while most countries experienced
an increase in the proportion of women bachelor and masters construction graduates between
1998-2004, the UK, Denmark, Cyprus, Bulgaria, Malta and Latvia all experienced decreases.
Among PhD construction graduates, Latvia (66.7%) and Lithuania (54.5%) had the highest
proportion of women and Germany (22.1%) and Estonia (29.4%) had the lowest.

Despite the increase in women among recent graduates, women only account for 21.5% of
the highly qualified population (total population holding bachelor, masters and doctorate
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degrees) in construction, compared to 48.9% across all fields of study in 2005 (see table 2).
Figures for the proportion of women among the highly qualified population in employment
are slightly lower for all fields of study and construction fields of study.

Table 2: Proportion of Women among Highly Qualified Population in EU27, 2005. Source: Community
Labour Force Survey, Eurostat.

Total In Employment
All fields of study 48.9% 47.7%
Construction fields of study 21.5% 20.8%

In 2005, the Netherlands (12.5%) and Denmark (12.8%) had the lowest proportion of women
among the highly qualified population in construction-related fields of study, compared to the
highest proportions of women in Bulgaria (37.8%) and Latvia (36.6%). For construction
fields of study this data was only available for 2005, so no historical comparison was
possible.

As displayed in table 3, women only account for 19.0% of construction scientists and
engineers compared to 34.8% of scientists and engineers in general, although there has been a
positive increase between 2000-2005. Scientists and engineers are understood to be
employees working in the most R&D oriented occupations. In construction these are
scientists and engineers working in occupations most related to construction research
(architects, engineers, physicists, chemists and related professionals).

Table 3: Proportion of Women among Scientists and Engineers in EU27, 2000-2005. Source:
Community Labour Force Survey, Eurostat.

2000 2005
Total 33.2% 34.8%
In construction 16.1% 19.0%

By country, in 2005, Bulgaria (38.7%) and Portugal (32.4%) had the highest proportion of
women among construction scientists and engineers, while Germany (13.9%) and the UK
(14.7%) had the lowest proportion of women.

GENDER IN CONSTRUCTION SCIENTIFIC PUBLICATIONS

In total 918 articles from 20 journals were analysed, 454 in 2000 and 464 in 2003. The 20
most relevant international journals in construction research were identified based on a
balanced coverage of scientific disciplines within the construction sector and impact factor.
As some of the articles were co-authored, the total number of authors addressed in this
analysis was 2052; 962 in 2000 and 1090 in 2003. Of these, on average women represented
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18% of authors, increasing from 14.7% in 2000 to 21.7% in 2003. There was also high
variation between journals, ranging from 0% in HVAC&R (Heating, Ventilation, Air
Conditioning and Refrigeration) Research to 30.3% in Water Research in 2000, and from
5.3% in Journal of Constructional Steel Research to 50.0% in Indoor and Built Environment
in 2003 (see figure 1). For most journals there was an increase in the proportion of women
authors between 2000 and 2003. Decreases in the proportion of women authors occurred in 3
journals: Cement and Concrete Research, Energy and Buildings, and the European Journal of
Operational Research.

These results indicate that women may be more successful in subjects related to ‘softer’
issues within the construction sector, such as the environment and architecture, rather than
the ‘harder’ engineering based subjects. Women's rate of publication also varied widely by
country. In 2003, Romania (83.3%) had the highest proportion of women publishing, while
Cyprus, Lithuania and Slovenia had no women authors.

60% 1 Proportion of Women Publishing in Construction Journals

| @2000 m2003 |

50.0%

50% -

40% -

30% -

20%

10% -

Figure 1: Proportion of Women Authors in Construction-related Journals, 2000 & 2003. Data compiled
using ISI Web of Knowledge.

The results also illustrate that citation of articles is high. In 2000, 71.5% of articles were cited
and in 2003, 65.6% of articles were cited at least once. In 2000, 75.0% of articles published
with women authors were cited, compared to 70.4% of male-only authored articles. In 2003,
this difference was even greater with 71.2% of articles with women authors being cited
compared to 63.1% of male-only authored articles. This is encouraging and demonstrates
that if women are accepted in construction research, their results are highly accepted.
However, it may also indicate that women need to provide research findings of a higher
quality than men in order to be accepted and successful.
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GENDER IN CONSTRUCTION PATENTING

As shown in table 4, while patenting was found to be less common in the construction sector
compared to the chemical and pharmaceutical sectors, women patentees were found to be
very poorly represented in the construction sector (4.5%) compared to the chemical (10.2%)
and pharmaceutical (17.3%) sectors.

Countries with the highest proportion of women patentees were Lithuania (23.0%) and Malta,
while Luxembourg (1.4%) and Austria (2.2%) had few women patentees. However, all these
countries also had very few actual patents. Germany, for example, has the highest number of
construction patents between 1994-2004 (153,677 compared to 113 in Lithuania), but only
4.4% of patentees were women. On average there was an increase in the proportion of
women patentees between 1994-2004, again with variation across countries.

Table 4: Proportion of Women Patentees in EU25, 1994-2004. Data compiled using European Patent
Office database.

1994 2004
Construction 3.7% 4.9%
Chemistry 8.0% 11.7%
Pharmaceuticals 13.9% 21.4%

GENDER IN EU-FUNDED CONSTRUCTION RESEARCH

This task identified a total of 497 construction related projects funded by the EU; 308 of
which were funded by the Fifth Framework Programme, FP5, (1998-2002) and 189 funded
by the Sixth Framework Programme, FP6 (2003-2006). Although fewer projects were
funded under FP6 than FP5, the average budget per project was much higher (€5.2 million
compared to €2.2 million).

On average (as shown in table 5), women represented 8.7% of all partners in construction
related projects, including 10.1% of coordinators and 8.6% of scientific managers (partners
named as leading the project within their organisation). Women’s participation also
increased between FP5 and FP6, with the proportion of women coordinators increasing from
6.2% to 16.4% and the proportion of women scientific managers increasing from 6.7% to
10.8%. The data from FP6 also show that there is a higher proportion of women coordinators
than women scientific managers. This may indicate that women are more likely to participate
in funded research if they have instigated the research themselves.

Table 5: Proportion of Women Participating in EU funded Construction Research 1998-2006. Data
compiled using EC CORDIS database.

FP5 (1998-2001) FP6 (2002-2006)

Total Women 6.6% 11.2%
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Women coordinators 6.2% 16.4%

Women scientific managers 6.7% 10.8%

Analysing the data by country, in FP5 Slovakia (25.0%) and Greece (16.1%) had the highest
proportion of women partners, while Estonia, Latvia, Lithuania, Luxembourg and Malta had
no women partners. In FP6, Slovakia (28.6%), Luxembourg (25.0%) and Cyprus (25.0%)
had the highest proportion of women partners, compared to no women partners in Bulgaria,
Estonia and Latvia. Of the countries with greater participation in construction projects, the
proportion of women partners is much lower. For example, Germany is one of the countries
with the most involvement in EU construction projects, but the proportion of women partners
was only 3.0% in FP5 and 6.6% in FP6.

Analysis of EU funded projects by project budget also indicated that the higher the budget of
the project, the less likely it is that women will be participating in the project as either
coordinators or scientific managers. While there appears to be a higher proportion of women
involved in high budget projects in FP6, this may be due to the fact that the average
construction project budget was more than double that in FP5 (€5.2 million, compared to €2.2
million). This finding may indicate that women are less likely to have the more senior roles
within organisations that allow them to lead larger scale projects.

CONCLUSIONS AND RECOMMENDATIONS

This paper has focused on exploiting existing sources of information relating to women in
construction research. Specifically, this was achieved by analysing women’s representation
in higher education, the highly qualified population and among scientists and engineers, and
women’s participation in publication and citation, patenting and EU funded construction
research.

Some of the key findings of the research are: in 2005, women accounted for 19% of scientists
and engineers in construction research; in FP6 (2003-2006), women represented 11.2% of
coordinators and scientific managers of construction research projects funded by the EU; in
2004, women comprised only 4.9% of patentees in the construction sector; in 2003, women
accounted for 21.7% of publishing authors in construction scientific journals. The data
suggests that vertical segregation may be apparent, with high proportions of women studying
construction subjects in higher education (40.7% of bachelor and masters graduates), but
much smaller proportions of women in more senior positions such as coordinating European
research (16.4%). However, it is also important to consider that any increase in women in
more junior positions will take some time to be seen in more senior roles, as they develop
these women develop their careers. The difference in the proportion of women involved in
publishing (21.7%) compared to patenting (4.9%) may also indicate that women are better
represented in construction research in academia rather than industry, as the emphasis on
publishing may be higher in academia, while industry has more focus on the commercial
impact of research. Generally speaking, the countries with the highest proportions of
women’s participating across all areas of construction research are countries where the total
number of people involved in construction research is very small. For example. Lithuania has
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the highest proportion of women involved in construction patents (23.0%), but only
accounted for 113 patents between 1994-2004, compared to over 150,000 in Germany.

Based on the findings and conclusions of the analysis of existing data, a number of
recommendations can be made. Firstly, there is a strong need for the European Commission
to improve access to (sex-disaggregated) data and the findings of research previously funded
by the EC. This is particularly important if such data can improve the quality of subsequent
research and also impacts on the effective use of resources (for example, it is inefficient to
collect the same data or complete the same analysis twice, even if it is for different projects).
Secondly, given the relatively high proportions of women undertaking construction related
degrees (bachelors and masters), but lower proportions of women in scientific and more
senior construction research positions, it is important to consider measures for recruiting and
retaining women in research-orientated careers in the construction sector. Thirdly, further
research is necessary to explain the decrease in women's participation in construction
research within particular countries. Additional research may explore whether this pattern is
specific to construction research or a pattern reflected more generally within certain
countries. Fourthly, with regard to patenting, it is recommended that patent applications
collect data on the gender of patentees. This would be a more efficient and effective way of
obtaining sex-disaggregated data. Fifthly, analysis of women’s rate of publication indicated
that women may have a higher rate of participation in softer areas of construction research
such as the environment or architecture. However, further analysis of women's horizontal
segregation in construction research is necessary as this was not conclusive in other tasks.
Finally, it is also necessary to further explore the significance of publishing and patenting in
industrial and academic careers, and whether or not women are better represented in
academia than industry. This will be considered further in the data collection stages of the
WOMEN-CORE project.
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Megaprojects are very special structures and therefore call for innovative solutions. Resources
of one company are usually insufficient to complete the task. With very few exceptions me-
gaprojects are built by international construction joint ventures (ICJVs). Size, untested solu-
tions, and international collaboration are the salient components making up the complexity of
megaprojects.

One of the key activities in dealing with this complexity is the project organization that in-
cludes not only the structure but also all necessary rules, regulations, and norms. This paper
researches appropriate organization structures for megaprojects. Using grounded theory as
methodology, it can be stated that the structure of choice for ICJVs is a functional organiza-
tion with decentralized competencies. Other than the formal and informal structure a third
type can be found. Reporting and sense-making follow the line of national languages and cul-
tures within an ICJV, not the formal line of command.

KEYWORDS: megaprojects, organization, decentralization, ethnocentric struc-
ture

INTRODUCTION

Literature on the organization of ICJVs for megaprojects does not exist. Research has to draw
on the theoretical knowledge of organization science as such. Therefore the question arises
whether megaprojects have some specifics that require a special approach to organization.
The following two paragraphs lay out the particulars of megaprojects and adapt organization
to this framework.

Megaprojects

Megaprojects are invariably described by using superlatives (the prefix “mega” is already one
of them). They are called the “giants” among the projects (Griin, 2004) or the “new animal”
(Flyvbjerg et al., 2003). While such projects are large, they are not unparalleled in history.
Five of the seven wonders of the ancient world have been civil engineering structures (Ogun-
lana, 1999). Megaprojects are only new as subjects of research.

The label “megaproject” is not used by all authors. Some refer to them as large-scale engi-
neering projects (LSE-Projects, Hassan et al., 1999) and describe them by five attributes: (1)
“high” capital cost, (2) “long” duration but program urgency, (3) technologically and logisti-
cally demanding, (4) requiring multidisciplinary inputs from many organizations, and (5)
leading to a “virtual enterprise” for the execution of the project. Miller / Lessard (2000) have
researched 60 LSEs and in their sample the average capital cost is 985 million US$, the aver-
age duration is six and a half years with a construction period of four years. This is meant by
high capital cost and long duration.
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Griin (2004) puts the emphasis on the aspect of the multi-organizational enterprise (MOE)
and characterizes these by (1) singularity, (2) complexity, (3) goal-orientation (technical, fi-
nancial, time) and (4) the nature and number of project owners. Taking these attributes to-
gether, megaprojects are indeed daunting tasks especially since cost and time overruns are
typical. The list of projects with cost overruns reads like a “who is who” in megaprojects
(Flyvbjerg et al., 2003), among them are the Suez Canal (1,900%), the Sydney Opera House
(1,600%) or more recently the Boston Artery Tunnel (196%), the Great Belt Rail Tunnel (110
%) and the Channel Tunnel (80%). Reasons given are planning optimism, mistakes, and polit-
ical lies.

Organization

First, organizations depend on the technology they use. In the construction industry the gener-
al technology used is unit production (instead of mass production). This calls for an organic
structure with little formalization, little centralization and plenty of communication (Wood-
ward, 1965).

Second, for any type of project it is possible to distinguish between the structure of the
client’s or the contractor’s organization. This research is concerned with how a contractor
organizes in design/build contracts. Project complexity for the contractor in such settings is
very high and he has to manage a large workforce. For one of the researched projects, the
BangNa Expressway, this amounted to 500 employees and 5,000 workers. The client on the
contrary manages contracts with a comparatively small workforce.

Third, megaprojects in construction are normally carried out by joint ventures because their
size exceeds the resources of one company. This is not necessarily so, but it is the norm.
Again, in most cases the joint venture has the form of an international construction joint ven-
ture (ICJV).

In sum, the paper is concerned with civil design/build contracts where two or more partners
form an international construction joint venture to execute a megaproject for a client. This is
the most complex task imaginable within the given limitations.

Research Question

Under these circumstances a question arises begging for an answer: Are there any peculiari-
ties in the way megaprojects are organized and if so, what are they? There is sufficient evi-
dence that the organization of megaprojects cannot follow what is practiced in large corpora-
tions because they require a short-term project organization. Neither can they be entirely
modeled as normal construction projects, since their much higher complexity does not allow
this.

RESEARCH METHODOLOGY

Since there is no existing theory on the research topic, we employed grounded theory as re-
search methodology (Strauss and Corbin, 1998). 35 interviews have been conducted using a
semi-structured interview guideline. The technique was adopted from ethnographic interviews
(Spradley, 1979). The interviews represent eight case studies (i.e. different ICJVs) and allow
for literal and theoretical replication (Yin, 2003). The selection of the cases was guided by the
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ideas of theoretical sampling to allow for the use of replication logic and to create the situa-
tion of a quasi-experiment (Campbell and Stanley, 1963). Six of the eight cases are taken
from the Taiwan High Speed Railway (Anonymous, 2002). There were two Ko-
rean/Taiwanese ICJVs, two Japanese/Taiwanese ICJVs and two German/Taiwanese ICJVs.
This allows for replication. In addition, the type of work, the client, the contract, the economi-
cal, social, and judicial environment were for all ICJVs the same. This is the quasi-
experimental setting.

Two other cases were from Thailand, one a subway and the other an expressway project.
These serve to verify any claims with regard to a different type of work and a different micro-
and macro-environment. With this arrangement it was possible to double check all statements.

Data evaluation followed the ideas of grounded theory by employing first a micro-analysis of
all interviews. Then open coding helped to classify events, things and actions into categories,
axial coding to develop subcategories, selective coding for connecting the categories with
each other and finally process coding to detect dynamic developments (Strauss and Corbin,
1998).

RESULTS

Results are discussed in the following four paragraphs. First the environment of ICJVs in
charge of megaprojects is described, followed by an analysis ofthe different organizational
tasks. Then the type of formal organization is laid out and finally attention will be drawn to a
special variety of an informal organization: the ethnocentric structure.

Environment

The task of the ICJV is to design and build an innovative structure by combining very high
quantities of resources in a very short time, often using an untested technology and combining
the ideas and wishes of a multitude of stakeholders. Specifically they have to fulfill the goals
set by the different partners to the ICJV and by the one or more clients. In the words of a
project manager this sounds as follows: “But what happens at the beginning of a project in
most joint ventures is, a joint venture has won a project, where we’ll limit this to a large
project. They have won a large project which will have a turnover and a staff that will be
equivalent to most medium sized companies. Medium sized companies develop in most cases
from small companies, their procedures develop as the company develops, their staff develops
as the company develops and so it’s a long process that is controlled. What happens in the
start of these projects is that you suddenly have to throw a medium to large company together
with no procedures, no processes, no understanding, no trust and you throw it into being an
operational organization on day one. And so you have a situation where nobody really knows
what the other person is doing, why they are doing it, how they are doing it and even if they
should be doing it. And that is the big difficulty in managing these joint ventures because you
are suddenly creating a large company on day one and expecting it to operate with the effi-
ciencies of a large company without having any of the benefits of the development time. You
can’t even, or very rarely are you in a position where you can say, we will adopt the proce-
dures and the policies of one of the joint venture partners and run the joint venture on that
because the other partner won't accept that. They believe that their procedures and their
processes are what’s needed. So you have to blend this organization out of the beliefs of the
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two parent companies, into something that they are both happy with and that is also effi-
cient.”

Organizational task

The organizational task of ICJVs for megaprojects is so demanding that it becomes one of the
pillars on which the success of the project depends. It achieves the same importance as de-
sign, work preparation, site installation and construction itself. While for a normal sized
project organizational set-up and development are side tasks, this is not true for megaprojects.
Prominent on the to-do list are: Organizational structure and organization chart, distribution
of competencies, job descriptions, contract management, quality management, safety man-
agement, personnel management, purchasing, financial accounting, communication, corres-
pondence and filing. More abstract is the creation of an organizational culture. As mentioned
in the quote above, each partner has his own ideas about all the tasks and the ICJV has to find
some common and efficient solution to those demands.

Formal Organization

The organization of choice in megaprojects is functional. This is due to the fact that they are
designing and manufacturing just one product. Therefore a divisional design is not an option.
While there might be matrix elements on lower levels of the structure, the second level of the
organization is clearly functional and this level normally characterizes the whole organization
(Steinmann and Schreyogg, 2005). The organization of a megaproject with its typical func-
tions is shown in fig. 1.

Project Manager

Design Electrical / Mecha- Construction Commercial Precast Yard
Manager nical Manager Manager Manager Manager

Fig. 1: Functional Organization of a Megaproject

While the functions of design, E/M, construction and commercial management are found in
all ICJVs, precast yard management is instituted in most since precasting helps to fulfill tight
schedules.

According to theory, functional designs allow for a tight control but little flexibility (Hatch
and Cuncliffe, 2006). Coordination across the different departments is also seen as a major
problem (Bateman and Snell, 2002). These problems are of greatest importance in a dynamic
environment such as described for the start of an ICJV and even later most ICJVs are sub-
jected to sudden changes to their environment. The answer of all ICJVs in the sample (except
one) was to delegate authority. They all tried to strike a balance between the emphasis on the
functional hierarchy for coordination and delegation of authority for flexibility through decen-
tralization of the structure. In the words of a project manager this sounds as follows: ,./t’s a
delegation because of the size of the project you have no chance to follow up each and every
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detail. So you have to delegate certain issues and also tasks. This is very important and of
course the implementation has to be followed up.”

Ethnocentric Organization

What has been said up to now concerned the formal structure of an ICJV. Since the Haw-
thorne studies in the 1930s everybody in organizational science is also aware of the informal
structure within an organization (Roethlisberger and Dickson, 1939). Little if anything has
been published on the organizational behavior that follows neither a formal nor an informal
(buddy) structure but rather the path of a national language and culture. In all ICJVs such a
behavior could be detected. If possible subordinates addressed compatriots in the hierarchy
with their problems: “You know, it doesn’t matter if you are the project manager, the local
staff will be more dependent on the local senior manager of whatever position he is and
they’ll be more inclined to report to him then they will be to report to the Western manager.
And the information that they are expected to provide is different.”

Most joint ventures facilitate the flow of information along the lines of language and culture
by always installing a person from each of the two partners of the ICJV in one position. The
doubling of positions is also recommended in theory, although for the reason of finding a bal-
ance between the different perspectives of the partners (Yoshino and Rangan, 1995).

ANALYSIS

The amount of organizational work to be done is rather challenging in quantity but it is not
difficult to deal with. If at least one of the partners to the ICJV has sufficient knowledge of
the required processes, it is a question of early action with the necessary resources. While this
sounds simple enough, there are manifold examples where the know-how was not available or
the resources were insufficient.

Delegating authority is a more difficult problem. According to Hofstede (2005) and
Mintzberg (1983), all national cultures tend to prefer one of five different basic organizational
structures. The preferred type of structure depends on the power distance (degree to which
differences between superiors and subordinates are accepted) and uncertainty avoidance (way
in which uncertainty is handled). In our sample Japan (92) and South Korea (85) score consi-
derably higher on uncertainty avoidance than Taiwan (69), Germany (65), and Thailand (64).
Thailand (64), South Korea (60), Taiwan (58), and Japan (54) in turn score considerably
higher on power distance than Germany (35). Thus, we would have to expect different orga-
nizational structures. The groups with high uncertainty avoidance and high power distance
should choose a simple hierarchy without delegation of power. This was not observed. In just
one of the eight cases, a Korean/ Taiwanese ICJV, the project manager considered himself to
be a general commanding his troops. All the others preferred guerilla tactics (to stay in the
picture). The one example of a simple hierarchy produced the worst economical results and
everybody — regardless of the national background — commented on the impossibility to or-
ganize a megaproject in this way. The conclusion is that the influence of megaproject com-
plexity outweighs national preferences for different organizations.

Reporting and coordinating along the lines of national language and culture was also preva-
lent. This is a fact that has not been given attention in the literature. The ICJVs are aware of it
without specifically setting up their organization with regard to this fact. A possibility to deal
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with the problem could be by using the idea of Likert’s linking pins (1964). This means in-
formation is gathered in specified positions and distributed by key persons that can link the
different cultures together (fig. 2). It can be arranged either between peers (horizontal link) or

between different levels of the hierarchy (vertical link).

Vertical
Linking Pin Level 1:

Top Management

Level 2:
Superintendants

Level 3: Workers

Horizontal Linking Pin
A\ J

Fig. 2: Linking different National Cultures in ICJVs

CONCLUSION
The results and analysis of the research on organizational behavior in ICJVs are summarized
in fig. 3.
Megaproject
Informal Structure Formal Structure National Culture =
Structure s Q
S 2
23
>
[}
L)
o
c
Decision-making in ICJV S
Client Partners (Accommodating the Partners’ Different }a_)
(Different Organizational Cultures) and Organizational Cultures and Blending
with Own Perceived Needs
AN )

Fig. 3: Influences on the Organizational Structure of ICJVs
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The client always has (a small) influence on the set-up of the organization through stipula-
tions in the contract. The partners have an interest to see as much as possible of their own
organizational culture incorporated in the ICJV. This is not only founded on the belief that
one’s own cultural practices are superior, but also on practical considerations. If the ICJV for
example adopts the accounting system of one partner, he can easily consolidate the data in his
balance sheet while the other partners have to rearrange their financial accounts. These stipu-
lations and interests need to be taken into consideration by the decision makers in the ICJV.
In addition, it is their task to find the structure best fitted to fulfill the contract with regard to
time, budget (resources), and quality.

The preferred organizational structure is also dependent on the national culture of the actors
and the technology used. The result of the planning process is the formal structure. The over-
whelming complexity of megaprojects exerts a very strong influence on the type of formal
structure: The choice of decentralization and delegation of authority is a condition sine qua
non. The result of the organizational behavior is an informal and ethnocentric structure. These
two can be predicted, taken into account and to a certain degree molded, yet they escape the
complete control of the management of the ICJV.
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Contributing to the development of a sustainablgetp is currently on the agenda of most
organizations and has become an important feafuteew internal identity and their external
image. The everyday life of these organizationshaghly infl