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ABSTRACT 

Globalisation of world economy requires that any robust benchmarking of contractor 

performance be conducted on an international level. The Japanese and US construction 

industries are internationally renowned as world leaders. Notwithstanding this, when at its 

best, UK construction has been shown to be excellent, and capable of matching any other 

construction industry in the world. A comparison of contractor performance and practices 

between the three countries can distinguish their respective strengths and weaknesses and 

provide an opportunity for contractors to learn from each other and improve their 

performance. 

However, comparing international construction is onerous because of the uniqueness of 

construction products and the complexity of the production process. Each of the existing 

methods developed for this purpose has its own limitations in terms of comparability 

and/or representativeness of data. 

Having undertaken an international review of contractor performance, the research has: 

e defined 'best practice' for contractors and established criteria to evaluate contractor 

performance and practice in terms of construction cost, construction time, construction 

quality and sustainable development; 

* developed a new research approach towards comparing international contractor 

performance based on a hypothetical construction project which maintains the 

comparability and representativeness of data; 
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9 conducted a questionnaire survey arnong contractors in the three countries to collect 

information in regards to their performance and practices; 

* identified the significant differences in contractor performance and practices between 

the three countries and revealed the possible causes for the disparities; 

e developed six best practice performance models by means of multiple regression 

analysis. 

The thesis concluded that there exist significant differences in contractor performance and 

practice between Japan, the UK and the US. Based on the practices of contractors in the 

three countries, factors significantly influencing contractor performance are identified and 

measures for performance improvement are recommended for contractors. 
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Chapter I Introduction 

CHAPTER I INTRODUCTION 

1.1 INTRODUCTION 

The construction industry is one of the pillars of the domestic economy. Both the 

increasing world population and the changing societal behaviour require more from 

construction products and will place greater pressure on the construction industry to 

perform effectively in the future (Atkin and Pothecary 1994). Unlike in other industries, 

construction products (e. g. buildings, highways) are undeniably unique because they are 

usually produced for specific clients, each with its own distinct requirements. Even if they 

are the same in design, they may also vary at least in their location, site conditions, team 

characteristics, project-specific priorities and many other variables (Kumaraswamy and 

Chan, 1995). Further, they require substantial investment over a prolonged period and 

involve many disciplines and specialist processes. All the various parties involved (e. g. 

clients, consultants, contractors, subcontractors, and suppliers) have to work together 

temporarily to bring the project to conclusion. Among all the participants of the process, 

contractors are of particular importance, because it is they who ultimately convert the 

design into physical reality. Good contractor performance is therefore, vital to the success 

of any construction project. 

Globalisation of the world economy continues to develop and the construction industry is 

no exception to this trend (Sillars and Kangari, 1997). Allied with the formation and 

enlargement of the European Union, UK construction contractors are facing fiercer 

competition both in domestic and international markets. To respond to the changing world 

and the new opportunities, contractors are entering the international construction market to 

increase their long-term profitability, balance growth and make better use of resources 
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Chapter I Introduction 

(Abdul-Aziz, 1994). The international construction market is huge and market penetration 

has already become a reality rather than just a proposition. According to the statistics of 

the Engineering News-Record (ENR, 2000), about a third of the revenue ($118.7 billion 

out of $368.3) of the top 225 international contractors in 1999 were generated from 

projects outside each firm's home country. Hence, any robust performance benchmarks 

need to be determined on a global scale, from which UK competitiveness may be assessed 

and improved where necessary. 

Benchmarking is not a new concept. It has been conducted effectively in electronics and 

automobile industries to enhance customer satisfaction and achieve greater efficiency. It is 

a useful tool for continuous improvement, for it makes possible to identify and examine 

the best practices of other organisations and then initiate constructive changes in one's 

own organisation. In fact, benchmarking is the process of communicating and sharing 

knowledge of 'best practice' (Palaneeswaran and Kumaraswamy, 2000). 

The Japanese and US construction industries are internationally renowned as world 

leaders (Levy, 1990; Flanagan, 1994). Notwithstanding this, when at its best, UK 

construction has been shown to be excellent, and capable of matching any other 

construction industry in the world (Centre for Strategic Studies in Construction, 1988; 

Egan, 1998; Flanagan et al., 1998). Contractors from the three countries are also very 

active in the international construction market. Of the top 225 international contractors, 

43.6% are from the three countries (74,6, and 18 firms from the US, the UK and Japan, 

respectively), among which three US and two UK companies press into the top ten (ENR, 

2000). Moreover, the contrasting cultural features, traditions and customs of the three 

countries provide an excellent opportunity for cross fertilisation and leaming. A 
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Chapter I Introduction 

comparison of contractor performance in these three countries would provide a convincing 

performance improvement benchmark for contractors across the globe. 

Contractor perfonnance has long been recognised to vary internationally. Not least, this is 

because of the many variable factors including economic, legal, cultural, technological, 

managerial and environmental issues that impact on performance. However, variations in 

these factors from country to country do not invalidate international comparisons, so long 

as due account is taken of them when establishing performance benchmarks. On the 

contrary, such comparisons will provide novel solutions or approaches which may well 

transfer from one socio-economic climate to another, albeit with some adjustment. Hence, 

a comparison of contractor performance and practices in these three countries will reveal 

their respective performance characteristics, and help to identify their weaknesses and 

strengths. This could then lead towards performance improvement for contractors in these 

countries and for those located in other parts of the world. 

1.2 RESEARCH HYPOTHESES 

The hypotheses of this research are: 

(i) there exists significant difference in contractor performance and practices 

between Japan, the UK and the US; 

(ii) best practice performance models can be derived based on contractor practices 

in the three countries. 

These hypotheses will be tested through the aims and objectives of this research. 
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Chapter I Introduction 

1.3 AIM AND OBJECTIVES 

Building on previous research conducted by Proverbs (1998), the aim of this project is to 

evaluate and compare the performance and practices of UK contractors with that of those 

from Japan and the US. From such evaluation, best practice performance models are to be 

derived. 

To achieve the main aim of the research, the following objectives need to be satisfied: 

* To investigate the characteristics of the Japanese, UK and US construction industries 

from literature; 

* To define 'best practice' for contractors and to establish the criteria for the evaluation 

and comparison of contractor performance and practices internationally; 

* To develop a new research approach for the international comparison of contractor 

perfonnance and practices; 

* To conduct a questionnaire survey among contractors in the three countries to test the 

research hypothesis (i) by applying quantitative statistical analysis; and 

9 To verify the hypothesis (H) by developing best practice performance models based on 

contractor practices in the three countries. 

The main emphasis of this research is to compare contractor performance and practices 

and to identify the factors significantly influencing contractor performance. From these, 

possible measures for contractor performance improvement can be found. 
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Chapter I Introduction 

1.4 RESEARCH METHODOLOGY EMPLOYED 

As with most other investigations of this nature, the research commenced with a detailed 

review of literature. From a UK perspective, both the Japanese and US construction 

industries were studied based predominantly on the literature. This was to identify 

disparities in construction performance and practices among the three countries and to 

provide an early indication of their respective strengths and weaknesses. This confirmed 

the potential for comparing contractor performance in the three countries and the 

possibility of developing best practice performance models. 

Literature review was then extended to the various aspects of contractor performance, 

from which a definition of 'best practice' derived and the evaluation criteria were 

determined. While other external factors impacted the performance of contractors, in the 

context of this research, only those that fell within the remit of a contractor's 

responsibility were to be considered. This would facilitate a more meaningful comparison 

of contractor performance with subsequent best practice being practicable and relevant to 

contractors. 

After reviewing the methods previously used for conducting international construction 

comparisons, a new research approach was developed. Based on a hypothetical 

construction project a questionnaire was designed and a survey of contractors in the three 

countries was implemented to collect comparable and representative contractor 

performance and practice data. 

Comprehensive analyses of the survey responses led to the identification of significant 

differences in performance and practices between the contractors in the three countries. 
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Best practice performance models were then developed to identify factors found to 

influence contractor performance and the potential for improvement. The findings were 

verified through a process of external and internal validation to confirm the reliability and 

robustness of the work. 

1.5 CONTRIBUTION TO KNOWLEDGE 

This research provided a comprehensive international comparison of contractor 

perfonnance and practices in Japan, the UK and the US. Respective strengths and 

weaknesses were identified and the causes of performance disparities revealed. This 

provides an opportunity for contractors to learn from their counterparts in other countries, 

and to address their respective strengths and weaknesses accordingly. Best practice 

performance models for contractors were developed to provide a useful performance 

improvement benchmark for contractors across the globe. This represented a significant 

contribution to the international construction management research domain. 

During this process, a new research approach towards undertaking an international 

construction comparison was developed, tested and implemented. The approach largely 

overcame the problems of comparability and representativeness of data and was 

considered to be an effective methodology. 

Fourteen technical papers were produced directly as a result of this research, seven of 

which have now been, or are soon to be, published in refereed international construction 

journals and conference proceedings. Full bibliographic details are provided in Appendix 

G. 
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1.6 ORGANISATION OF THE THESIS 

The thesis consists of nine chapters. In Chapter 1, the aim and objectives of the research 

are introduced. The research methodology applied is briefly described, and the 

contribution to knowledge represented by the research is presented. The structure of the 

thesis is then explained. 

Based mainly on the literature, Chapter 2 reviews contractor performance and practices in 

the three countries in terms of background, construction cost, construction time, 

construction quality and construction sites. Differences between the three countries are 

identified and their respective strengths and weaknesses are distinguished and discussed. 

This review indicates that contractors in different countries can learn from each other and 

that it is possible to develop best practice performance models at such an international 

level. 

Chapter 3 discusses various aspects of contractor performance. Usually, clients expect 

their projects to be delivered within budget, on time and to the required quality. Therefore, 

contractor performance is traditionally evaluated in terms of construction cost, 

construction time and construction quality. However, the achievement of these goals 

should not be at the expense of a contractor's sustainable development. The sustainable 

development of contractors is subsequently included within the performance evaluated and 

this is explained in detail. The concept of 'best practice' is subsequently defined in the 

context of this research. 
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In Chapter 4, existing methods for undertaking international construction comparisons, 

namely pricing studies, macroeconomic studies and case studies, are reviewed. In pricing 

studies, experienced professionals in different countries are asked to price buildings on the 

basis of drawings, specifications and bills of quantities. Comparability is maintained but at 

the expense of representativeness, or vice versa. Macroeconomic studies utilise available 

statistical data and are thus cost effective. However, they only reflect the situation on a 

macro level, so results have little practical value to individual contractors. In case studies, 

comparable construction projects in different countries are selected and studied. However, 

it is very difficult (if not impossible) to find matching cases in different countries so that 

data comparability is suspect, and data collection is also extremely expensive and time- 

consuming. The need for a new research approach is highlighted. 

Chapter 5 presents a new approach towards conducting international construction 

comparisons. The approach combines the appropriate characteristics of pricing studies and 

case studies and minimises the negative features of both methods. Based on a hypothetical 

project, the approach draws specifically upon the respondents' previous experience, so as 

to maintain the comparability and representativeness of data. Criteria for the evaluation of 

contractor performance are determined, and a set of performance indicators is presented. 

The design of the hypothetical project and the development of the questionnaire are 

explained. The results of a pilot survey conducted in the UK to test the feasibility of the 

new research approach are presented. Details of the major surveys conducted 

simultaneously in Japan, the UK and the US are then given. 

In Chapters 6, contractor performance and practices are evaluated and compared in terms 

of construction cost, construction time, construction quality and sustainable development 
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respectively. The comparison is conducted at a national level. The Kruskal-Wallis and chi- 

square tests are used to identify significant differences between the three countries. 

Detailed discussions of the performance disparities found are presented. 

In Chapters 7, the multiple regression technique is used to develop models of best practice 

cost performance, best practice time performance, best practice quality performance, and 

best practice overall contractor performance respectively. The relationships between the 

dependent variables and independent variables are evaluated to identify the factors found 

to influence contractor performance and to identify ways for possible future performance 

improvement. 

Validation of the models is presented in Chapter 8. This includes both external and 

internal validation techniques. External validation uses responses held back from the 

original surveys to test the reliability and robustness of the models. Internal validation 

investigates the convergence of questionnaire analyses, literature search and academic 

validity. 

In Chapter 9, the objectives of the research are reviewed and highlighted. Major 

conclusions drawn from the work are presented and recommendations for future research 

and for the industry are made. 

Figure 1.1 is a flow diagram of the organisation of the thesis. 
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CHAPTER 2 CONSTRUCTION PERFORMANCE AND 

PRACTICES IN JAPAN, THE UK AND THE 

US: A LITERATURE REVIEW 

2.1 INTRODUCTION 

Chapter I summarised the research aim and objectives and presented an overview of the 

thesis. As contractor performance has long been recognised to vary internationally, based 

predominantly on literature, this chapter reviews both the Japanese and US construction 

industries (from a UK perspective) to identify their characteristics in terms of construction 

perfonnance and practices. After presenting the background to the three national 

construction industries, contractors' practices in terms of construction cost, construction 

time, and construction quality are studied. This exercise justifies not only the need for an 

international investigation of contractor performance but also the possibility of the 

development of best practice performance models for contractors. 

2.2 BACKGROUND TO THE THREE CONSTRUCTION 

INDUSTRIES 

In order to effectively evaluate and compare contractor performance and practices between 

the three countries, it is necessary to have some insights of the three construction 

industries first. In this section, the background of the three construction industries is 

described under the headings of structure of industry, economic environment, management 

style, perfonnance ethos, relationships and contracts. 
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2.2.1 Structure of the industry 

Construction is one of the most dynamic, risky, challenging and rewarding businesses, and 

it plays a very important role in the Japanese, UK and US economies. These three national 

construction industries share a similar structure, consisting principally of a very small 

number of large contractors and a multitude of small subcontractors and specialist 

contractors (Chapman, and Grandjean, 1991; Walker and Flanagan, 1991; Ruddock, 1992; 

Levy, 1993). Those large contractors have a predominant role in the industry because of 

the proportion of the employment and the output they are responsible. This kind of 

structure provides a high degree of flexibility to meet the fluctuating demand for 

construction work. 

In 2001, there are 168,123 contracting firms in the UK, among which 46% were private 

individuals or one-person firms and 90% employed seven or fewer people. Only 0.15 % of 

the companies employed 300 or more people. There were 56 companies having 1,200 

employees and over, with an average of 1,757 (Department of Trade and Industry, 2002). 

The situation in the US is similar to that in the UK. Sixty-two percent of the 656,448 

contactors are very small with one to four employees. The percentage of contractors 

employing nine or fewer employees is eighty-one. Only 0.19% of US contractors have 250 

employees or more, and the largest 75 contractors have 1967 employees on average (U. S. 

Census Bureau, 2000). 

Compared to the UK and US construction industries, the Japanese construction industry is 

more polarized. Approximately half of the 606,931 contractors consist of four or fewer 

people, 78% employ nine or fewer people, and only 0.05% have over 300 employees 
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(Statistics Bureau & Statistics Center, 2001). However, the Japanese general contractors 

tend to be bigger than those in the UK and the US. Altogether, there are only about 150 

general contractors who can undertake large contracts across the country, with the 

reminder being subcontractors who operate locally (Sidwell et aL, 1988; Levy, 1993). This 

kind of structure requires a close cooperation between Japanese contractors and their 

subcontractors. 

2.2.2 Economic environment 

As the only superpower in the world to have maintained a prosperous economy over the 

past decade, and with a philosophy to replace rather than refurbish old buildings, the US 

provides a relatively stable and sizeable demand for its construction industry. Construction 

is the second largest industry after the computer and software industry in the US, 

employing 6.7 million people, expending $650 billion annually and contributing about 

10% of the Gross National Product (GNP) (Banik, 200 1). 

Japan is one of the wealthiest countries in the world, but its housing, infrastructure and 

standards of living are not commensurate with its economic status (Levy, 1990). The 

Japanese government has invested heavily to improve these aspects. Consequently, the 

Japanese construction industry is of a similar magnitude to that of the US and EU 

construction industries in terms of output (Haley, 1994; Sjoholt, 1999). This is why 

Japanese contractors tend to rely mainly on their domestic market and are not so much 

influenced by international markets. Due to their technological superiority, their financial 

capacity, and their skills for forming strategic alliances with host governments and local 

firms, Japanese contractors are also a major player in the international construction market 

(Raftery et al., 1996). 
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The situation in the UK is quite different. Almost half of UK construction work is 

refurbishment and maintenance. Over-capacity in the UK's domestic construction market 

leads to fierce competition, and during recession or periods of economic decline 

contractors are forced to seek out work in overseas markets (Chapman and Grandjean, 

1991). In fact, UK contractors have a long history of working overseas, especially in the 

Commonwealth countries such as Malaysia, Australia, Hong Kong, Kenya, and Canada 

because of their similar contracting systems and historical links (Flanagan, 1994). 

2.2.3 Management style 

It is widely believed that the Japanese culture is based on co-operation while Western 

culture is based on competition (Haley, 1994). Generally, teamwork, collective decision- 

making, harmony in human relations, lifetime employment and seniority systems (in 

which promotion is determined by one's age and working period in a company, rather than 

ability or contribution to the company) are important characteristics of Japanese 

management (Sidwell et aL, 1988; Hickson and Pugh, 1995; Genda. and Rebick, 2001). 

These characteristics are somewhat different to those in the Western world and may be 

explained by the geographic isolation of Japan, its divorce from outside contact and the 

close human relationship shared by the population and fostered by religion (Levy, 1990). 

It is said that you do not exist if you do not belong to a group in Japan (Morton, 1994). UK 

and US management styles are very similar and are characterised by individualism, top- 

down decision-making, competition and privacy, and widespread usage of contracts 

(Sidwell et al., 1988). 
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2.2.4 Performance ethos 

To Japanese contractors, high quality and completion on time are more important than 

profitability (Institute of Civil Engineers, 1988). Their business purpose is to produce high 

quality, to deliver on time and at low cost, in contrast to their Western counterparts who 

strive to make sufficient profit to satisfy shareholders (Morton, 1994). This is based on the 

Japanese longer-term perspective. Japanese contractors believe that high quality and 

completion on time will automatically lead to profitability, this assuming that projects are 

well planned and high safety standards are maintained (Bennett et aL, 1987; Haley, 1994; 

Morton, 1994). The quality of their final products can normally meet clients' expectations 

(Saito, 1994). Japanese contractors are willing to accept that some projects may be 

unprofitable, but remain confident that long-term results will be profitable because of 

good relationships with their clients. 

Contrary to this Japanese way of thinking, contractors in the UK and the US normally 

expect a faster financial return. They tend to think with a short-term view because of their 

pragmatism (which means an immediate financial result is their main, if not their only, 

business criterion) (Chapman and Grandjean, 1991; Haley, 1994). Priorities of US clients 

are speed, cost and quality sequentially. This is because a greater proportion of clients in 

the US are from the private sector who require a quick financial return, and the design life 

of their buildings is relatively short (25-40 years). UK clients tend to focus on cost, 

followed by quality and then speed (Flanagan et aL, 1986). In the UK, the government is 

the construction industry's leading client, and about 40% of the construction industry's 

output by value (some L24 billion per year) is purchased by the public sector (DETR, 

2000a). Therefore, public accountability is more important and the cost of projects is 

15 



Chapter 2A literature review 

paramount. The design life of buildings is longer (60-100 years) than that in the US 

(Flanagan et aL, 1986) and in Japan (25 years of tax payment period) (Saito, 1994). 

2.2.5 Relationships 

Japan is considered a client oriented country, in which it is much more important to 

expand market share by increasing reliability between clients and contractors than to 

obtain profits from a construction project (Saito, 1994). In Japan, mutual trust and long- 

term relationships between contractors, designers, clients, sub-contractors, and suppliers 

are commonplace, these being based on a sense of social obligation of the parties involved 

(Fraser and Zarkada-Fraser, 2001). The development of long-term relationships with 

clients allows Japanese constructors (designers and contractors) to more effectively satisfy 

clients' needs, with less risk regarding project budget and duration. As a way of 

maintaining good relationships with their clients and while under no obligation to do so, 

Japanese contractors take responsibility for checking the design to avoid possible delays or 

additional costs (Institute of Civil Engineers, 1988). A subcontractor may work 

exclusively for one contractor for decades. This long-term relationship and pyramid 

structure requires that subcontractors are very flexible in capacity (Sjoholt, 1999). 

Therefore it is they who suffer most from the economic cycles and shocks, hence in some 

sense insulating the larger companies from such cyclical fluctuations (Bennett et al., 

1987). Moreover, the close relationships between some large contractors and the 

government, banks and other financial organisations evolved over years give those 

contractors some advantages in the market (Haley, 1994). Because of the trust among 

participants in the construction process, fewer lawyers are involved in construction 

businesses in Japan when compared to the UK and the US (Levy, 1990). However, in 

recent times something of a change has been witnessed in the nature of such long-term 
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relationships, with a trend towards cost-based ones. This is a result of the recent economic 

recession in Japan (Sillars and Kangari, 1997). 

Labour relations in the three countries are generally good, with unions having a declining 

influence on the industry. There is no active labour union in Japan (Sjoholt, 1999). Well- 

educated, well-trained and hard working staff committed to lifetime employment 
4. 

represents a great source of strength to Japanese construction firms (Bennett et aL, 1987). 

Because of the incredible bond that has developed between employees and employers, 

Japan has an absenteeism rate 50% lower than the US, demonstrating a level of diligence 

unmatched in the industrial world (Levy, 1990). 

2.2.6 Contracts 

Different procurement methods may be found in all three countries, but traditional 

procurement, i. e. design-competitive bid-construction is more popular in the UK and the 

US. In Japan, the design and construction process is more integrated because Japanese 

clients prefer having only one contract and thereby single-point responsibility and they 

normally have long-term relationships with contractors (Sekiya et aL, 1996). As a result, 

design-build has a higher market share (about half of total construction output) in Japan 

than in the UK and the US (Saito, 1994). The Japanese believe that such an approach 

results in increased speed, lower cost, and higher completion certainty, but it may not 

guarantee high quality in respect of the whole construction process (Bennett et aL, 1996). 

Attitudes to contracts are quite different among the three countries. It is believed that 

while Westerners read the actual lines and words of a contract, the Japanese read only 

between the lines (Baba, 1990). The heavy reliance on extensive contract documentation 
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in the UK and US construction industries is derived from the perception of vulnerability 

associated with an adversarial or non-trusting approach (Agile Construction Initiative, 

1998). Compared to UK and US standards, Japanese construction contracts are usually 

very simple, and the restriction of contracts comes more from an implied Confucian sense 

of social obligation (i. e. good order prevails in the realm when each individual occupies a 

fitting position in the society and acts in accordance with the duties and privileges 

appertaining to that position) and a will for good and long-term relationships among both 

parties other than in written terms and conditions (Haley, 1994). When a dispute occurs 

(which is a common occurrence), recourse to litigation is extremely rare (Institute of Civil 

Engineers, 1988). The Japanese prefer to negotiate a settlement (often leading to some 

cost or time adjustment), or to set aside the dispute, for settlement on the next project. 

While clients in the UK prefer standard forms of contract, clients in the US like to use 

bespoke ones and allocate financial risks to their designers and contractors (Royal Institute 

of Chartered Surveyors, 1979). Disputes and claims arising in the UK and US are more 

often resolved by litigation (Flanagan et aL, 1986). 

2.3 Contractor's practices 

In this section, contractor's practices in the three countries are reviewed in terms of cost, 

time, quality and construction site. 

2.3.1 Cost issues 

Several studies (Royal Institute of Chartered Surveyors, 1979; Nahapiet and Nahapiet, 

1985; Flanagan et al., 1986) have suggested that there is no significant difference in the 

cost of building construction between the UK and the US, especially, when the life 

expectation of buildings is taken into account. Nevertheless, it is reported that the building 

18 



Chapter 2A literature review 

process in the US converts inputs into outputs more efficiently than in the UK, to which 

different performance specification, greater use of standard components and less 

construction management supervision contribute (Lynton, 1993). Latham (1994) claimed 

that some UK buildings were over-specified and thus unnecessarily costly. Further, the 

UK workforce is generally considered to be higher skilled than that in the US, which may 

also contribute towards the additional costs reported (NEDO, 1990). 

Compared with the UK and the US, the cost of construction in Japan is much higher due to 

a reliance on negotiation by Japanese clients. However, Japanese contractors can submit 

lower prices when competitive bidding is used, or when negotiating with a new client 

(Walker and Flanagan, 1991). Japanese clients are willing to accept higher prices in the 

knowledge that the finished construction product will be of the highest quality, within 

budget and delivered exactly on time because of their long-term relationships with 

contractors (Fraser and Zarkada-Fraser, 2001). Nevertheless, it is claimed that when 

adjusted for purchasing power parity' (PPP) to minimise differences in exchange rates, 

Japan has the lowest cost for buildings compared with the EC and the US (Latham, 1994). 

Hence, making meaningful comparisons of international construction costs is notoriously 

difficult because of the many factors involved including currency exchange rates, taxation, 

market conditions, regional variations, building design and contracts. Analysis of such can 

be suspect if not carefully designed (Edkins and Winch, 1999). Further research is needed 

in this domain before a firm conclusion about international construction costs can be 

made. 

1 Purchasing power parity (PPP) is the parity between two currencies at a rate of exchange that will give 

each currency exactly the same purchasing power in its own economy. 
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Japanese contractors regard the development of innovative construction technologies as a 

key factor contributing towards their competitiveness in today's market (Kangari and 

Miyatake, 1997). They invest heavily in research and development, for which direct 

expenditure is typically 1% of turnover, but can be as much as 10% (Bennett et aL, 1987; 

Ota, 1992; Haley, 1994). They are renown for using the latest construction methods and 

equipment available in the drive towards competitiveness and continuous improvement. 

Their research and development fields include super-high-rise buildings, long-span-all- 

weather-domes, super clean room technology, construction robotics, underground cities 

and other advanced technologies (Sekiya et aL, 1996). Japanese clients consider a 

contractor's research facility to be a symbol of the company's capability, and a sign of 

their commitment. 

On average, US contractors have a higher allowance for overheads and profit as a 

percentage of total construction value, compared to UK contractors (Flanagan et aL, 

1986), but of course, final profit levels can be affected by many other factors relevant to 

the performance of contractors. 

During the tendering process, Japanese contractors do not normally invite their 

subcontractors to bid. Instead, contractors will stipulate the prices. Subcontractors trust 

contractors to represent their interests well and the prices fixed by contractors will be 

acceptable to subcontractors because of their good longstanding working relations 

(Bennett et aL, 1987). In the UK and the US, subcontractors are invited to bid for the 

work, but the lowest price is not necessarily adopted. The subcontractors whose prices are 

20 



Chapter 2A literature review 

used in the tender are not named in the UK, while in the US this is usually required (Royal 

Institute of Chartered Surveyors, 1979). 

2.3.2 Time issues 

It is generally accepted that US contractors are able to complete projects faster than their 

counterparts from either Japan or the UK. There are several reasons for this. First, 

buildings in the US tend to be larger and can benefit from economies of scale. They are 

also considered simpler and have higher levels of constructability, and make greater use of 

standardisation, allowing more repeat work during construction (Nahapiet and Nahapiet, 

1985). Standard designs are used wherever possible and pre-fabricated components are 

commonplace. Hand-held power tools are more widely used in the US, and are relatively 

inexpensive (Flanagan et aL, 1986). The early involvement of contractors and 

subcontractors in the design stage also contributes to this high speed (i. e. through 

improved constructability). Variations (change orders) are avoided as much as possible by 

US clients in order to minimise delays and additional costs (Royal Institute of Chartered 

Surveyors, 1979). Strong client involvement and representation, and the use of 

construction managers also contribute to the high speed of construction in the US 

(Nahapiet and Nahapiet, 1985). The high cost of the workforce in the US requires fast 

delivery of projects to reduce the cost of construction (Gray, 1996). 

In the UK, unique, bespoke, or one-off designs are preferred, and there is a great 

reluctance to standardise specifications (Edkins and Winch, 1999). There are more design 

variations (change orders) in the UK construction process, which is both a strength and a 

weakness of the traditional British contract system (NEDO, 1983). While this allows 

clients' functional requirements to be met as much as possible, it leads to increased cost 
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and prolonged project duration (Flanagan et aL, 1986; NEDO, 1988) and can be used as an 

excuse for delays (NEDO, 1983). Due to the relatively low cost of labour, construction in 

the UK tends to be labour-intensive (Flanagan et aL, 1986). But labour shortages have 

prompted a reassessment of the industry's labour-intensive approach to site operations and 

led to off-site fabrication and on-site mechanisation (NEDO, 1988). However, longer 

completion times for UK projects are not necessarily a reflection of UK productivity. 

According to a survey conducted by the Royal Institute of Chartered Surveyors (1979), 

&average' construction workers in the UK have longer holidays (19 days vs. II days) each 

year and shorter working hours (45.2 hours vs. 50.8 hours) per week than those in the US. 

The increasing use of subcontractors has also contributed to an improvement in UK 

productivity over the past decade (Harvey and Ashworth, 1997). But more lost time at the 

beginning and end of the working day and more official breaks were observed on UK 

construction sites than on US sites (NEDO, 1990). 

Japanese contractors cannot compete with their US counterparts for construction speed, 

but they do provide much more certainty regarding completion time. Japanese contractors 

consider project delivery as a matter of honour (Bennett et aL, 1987; Levy, 1990). Once a 

delay is encountered, they will try everything possible to bring the work back on schedule 

and complete the work on time. The long-term relationship and mutual trust between 

contractors and clients is hence strengthened. In the UK and -the US, programmes and 

budgets are minimised in order to secure work. In Japan, this is regarded as irresponsible 

and would be reason alone to reject Japanese contractors (Institute of Civil Engineers, 

1988). Claims for extension of time are very common in the UK and the US, but are 

extremely rare in Japan. 
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Contrary to the Japanese experience, in the event that work starts falling behind 

programme, because of their pragmatic thinking, UK contractors would not normally 

consider working at weekends or overtime or increasing manning levels as this would not 

be economical when compared to the cost of liquidated damages they might eventually 

have to pay (NEDO, 1988). For UK contractors, their own economic situation is the first 

consideration when making decisions and implementing measures about such delays. 

It is also worthy of note that there exist different interpretations for completion of a 

building in the UK and the US. UK clients prefer fully decorated buildings, which they 

can put into use immediately. US clients prefer to receive a 'core and shell' building, 

allowing the occupiers to do their own partitioning and decorating (Flanagan et aL, 1986). 

This prolongs the duration of UK construction projects and needs to be borne in mind 

when making such comparisons. 

2.3.3 Quality issues 

There are no significant differences in the quality of finished buildings among the three 

countries, but Japanese and UK contractors seem to be better at the detailed and finer-parts 

of a building than those from the US. This may have some connection with the cultures 

and traditions of the three countries. 

On Japanese construction sites, everyone is assumed to be responsible for the quality of 

the final products. Workers are encouraged to form groups to study, suggest and practise 

ways to improve the quality of their operations and the final products. The concept of 

quality prevails in every comer of their practice. The UK, and to a greater extent the US, 

rely on prefabrication and greater levels of factory production to provide quality. In 
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comparison with Japan, work on site in the UK and the US suffers from a lack of care 

(Bennett et aL, 1987). 

The UK and the US have different ways for obtaining quality assurance on site. In the UK, 

contractors do most testing of materials and components, under the monitoring of clients' 

representatives on site. US clients normally contract an independent testing organisation to 

make sure the desired specifications are achieved (Flanagan et aL, 1986). 

2.3.4 Construction site issues 

There are no specific construction methods unique to any of the three countries (Flanagan 

et aL, 1986; Levy, 1990). The Japanese are good at the design and construction of 

earthquake-proof buildings, but this is due to their country's geological characteristics. 

The Japanese tend to plan everything in detail and carry out the plan exactly to schedule. 

During the construction process, they have more monitoring meetings (normally everyday 

within the project team and once a week with subcontractors) than their UK and US 

counterparts (Bennett, 1993). This helps to identify and solve problems as soon as 

possible, in aspiring to meet clients' requirements. 

Safety is at the top of Japanese contractors' priorities. Eye-catching posters about safety 

are often displayed on site. Safety rules and regulations are strictly observed by the 

workers. Before work, operatives are gathered together to be addressed on safety issues 

and to check the safety facilities of co-workers (Levy, 1990). Relatively, less emphasis is 

placed on safety on US construction sites, however, despite higher levels of 

mechanisation, the US safety record is still good. But it is the UK that shows the best 
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safety record among the three countries (Flanagan et aL, 1986). Better on-site facilities 

such as canteens where hot meals can be obtained are commonly provided in the UK. It is 

customary on UK construction sites to have more scaffolding than on US sites to provide a 

better and safer working environment, which certainly leads to higher costs and longer 

construction times (NEDO, 1990). 

Because of the lower population density and relatively lower price of land, construction 

sites in the US are normally less congested and more convenient for working than in Japan 

and the UK (Nahapiet and Nahapict, 1985). US construction sites employ only about one 

half of the management personnel as do UK sites because there is generally less 

administration and less manual operations (Flanagan et aL, 1986). 

As for construction planning, contractors in the US tend to use more complicated planning 

methods such as networks, while in Japan and the UK simpler methods such as bar charts 

are more popular (Nahapiet and Nahapiet, 1985). 

2.7 SUMMARY 

From the preceding, it can be concluded that there exist some dramatic differences among 

the performance and practices of contractors in Japan, the UK and the US. These 

differences stem from their respective business environments as well as from contractors 

themselves. 

In general, Japanese contractors can deliver projects with high quality and on time albeit 

somewhat expensively. They prefer to develop mutual trust and long-term relationships 

with their clients and subcontractors and provide more certainty in the delivery of their 
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projects. US contractors often finish work more quickly benefiting from the use of 

standardisation, prefabrication and mechanisation in the construction process, and are 

often more cost effective. In the UK, bespoke buildings are preferred and this results in 

higher prices and longer construction times. However, UK contractors acquire higher 

levels of safety. A summary of characteristics of the three construction industries is 

presented in Table 2.1. 

While new construction technologies and management concepts have been developed 

across the globe during the past two decades, the author considers that these national 

distinctions in terms of contractor performance and practices owe more to cultural aspects 

than to technological/managerial developments. 

The review suggests that there is a potential for contractors in the three countries to learn 

from each other and to improve their performance accordingly. It is also possible to 

develop best practice performance models for contractors and to provide a robust 

benchmark for contractors across the globe. 

The next chapter will present the perfonnance indicators adopted in the research and 

provide a definition of 'best practice'. 
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Table 2.1 Characteristics of the Japanese, UK and US construction industries 

Japan UK us 

Structure of 

industry 

Fewer but bigger 

general contractors 

with large number 

of subcontractors 

Small number of big 

contractors with 

larger number of 

subcontractors 

Small number of big 

contractors with 

larger number of 

subcontractors 

Prosperous Limited domestic Prosperous domestic 

Economic domestic market, market, half new market, more new 

environment more new projects and half construction projects 

construction refurbishment and 

projects maintenance 

Teamwork, Individualism, top- Individualism, top- 

collective decision down decision down decision 

Management making, harmony in making, competition, making, competition, 

style human relations, privacy, contracts privacy, contracts 

lifetime 

employment, 

seniority system 

Performance Quality - speed - Cost - quality - speed Speed - cost - quality 

ethos cost 

Relationships Mutual trust and Project-based Project-based 

long-term 

Contracts More design-build More traditional type. More traditional type. 

type Contract is very Contract is very 

important. important. 
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Construction Expensive but with Expensive Less expensive 

cost higher certainty 

Construction Slow but with Slow Fastest 

time higher certainty 

Construction Very good Very good Very good 

quality 

Construction Plan in detail and Better safety Less congested and 

site more monitoring performance good safety 

performance 
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CHAPTER 3 PERFORMANCE INDICATORS AND 'BEST 

PRACTICE9 

3.1 INTRODUCTION 

Chapter 2 reviewed the three national construction industries and identified established 

differences in contractor performance and practices. In order to make an objective 

evaluation of international contractor performance, it is firstly necessary to determine the 

performance evaluation criteria. In this chapter, different aspects of contractor 

performance are considered, from which the term 'best practice' is thus defined. It is 

proposed that contractors' 'best practice' should embrace construction cost, construction 

time, construction quality and sustainable development, and therefore contractor 

performance should also be evaluated and compared in these aspects. Based on this 

notion, a set of detailed performance indicators is developed to form the contractor 

performance evaluation criteria used in this research. 

3.2 CONTRACTOR PERFORMANCE 

Project success has been the subject of much discussion, yet the methods for achieving 

such are rarely agreed upon. The definition of project success, which can mean a variety of 

things to different people (because of varying perceptions), has remained ambiguous (Liu 

and Walker, 1998). A project may be perceived as a success to one party, whilst at the 

same time be a complete failure to another. That is different parties involved in the project 

may have different, possibly even contradicting objectives (de Wit, 1988). It is argued that 

best practice never has any absolute meaning for it is 'good' only in a given context, and 

must be assessed and adapted in relation to any other conditions or contexts (Norwegian 
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Building Research Institute, 1997). It is totally mistaken to believe that best practice exists 

elsewhere, and can be instantly transferred from one organisation to another (Waterhouse 

and McCabe, 1999). 

Nevertheless, it is generally accepted that client satisfaction should be the main focus, 

when a contractor's performance is evaluated, because 'clients are at the core of the 

process and their needs must be met by the industry' (Latham, 1994). Without clients' 

investment, the construction industry would lose the ground of its existence. A 

contractor's success depends on fully understanding the customers' business needs 

(Flanagan et al., 1998), so that contractors should seek to satisfy clients' requirements as a 

priority. In most cases, a building represents the largest single investment made by any 

client. Clients have the right to expect value for money for their investment. Whether one- 

off or long-term, clients expect their projects to be delivered within budget, on time and to 

the level of quality required. Latham (1994) summarised clients' requirements on 

construction projects as the follows: 

* Value for money; 

9 Pleasing to look at; 

* Free from defects on completion; 

* Delivered on time; 

* Fit for the purpose; 

* Supported by worthwhile guarantees; 

* Reasonable running costs; and 

0 Satisfactory durability. 
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Chinyio et aL (1998) also categorised clients' needs into eight groups (aesthetics, 

economy, functionality, quality, working relationships, safety, surprises, and time), and 

found that functionality of buildings, timeliness of completion and value for money were 

most frequently desired by clients. Traditionally, cost, time and quality are the three prime 

indicators for the evaluation of contractor performance (Ward et aL, 1991). Poor cost 

performance results in decreased profits and, potentially, a financial loss to contractors. 

Poor time performance may lead to the failure to meet the contractual completion date and 

the requirement to pay late completion penalties or liquidated damages. Poor quality 

performance may cause increased rework to remedy the lack of quality, directly or 

indirectly influencing cost and time performance. 

However, de Wit (1988) pointed out that it was too simplistic to summarise project 

success in this regard. For example, achieving these prime objectives should not be at the 

expense of sustainable development. Atkinson (1999) asserted that the 'Iron Triangle' 

success criteria consisting of cost, time and quality represented two best guesses 

(unpredictable cost and time) and a phenomenon (subjective quality), and benefits to 

organisations and stakeholder communities should also be included. It has been contended 

that the subject of contractor performance to be extended beyond time, cost and quality 

and include issues such as the sustainable development of contractors, research and 

development, harmonious relations throughout projects, envirom-nental protection, and 

safety (Mohsini and Davidson, 1992; Atkin and Pothecary, 1994; Flanagan et aL, 1998; 

Harris and Holt, 1999; Palaneeswaran and Kumaraswamy, 2000). Successful projects 

come about through the successful identification and realisation of all stakeholders' 

interests. It has been argued that the very low and unreliable rate of profitability within 

construction is an obstacle to sustainable healthy development (Egan, 1998). If contractors 
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are squeezed too much, the final result will benefit neither the construction industry nor 

clients as a whole. What is desired here is to create a 'win-win' situation for both clients 

and contractors. Therefore, cost, time and quality performance as well as the satisfaction 

of participants (including clients and contractors) are conunonly used as criteria for project 

success (Ashley et aL, 1987; Pinto and Slevin, 1988). 

In the context of this research, only those factors which are within the contractors' control 

are to be considered. Thus, evaluation of contractor performance is restricted to facets of 

cost, time, quality and sustainable development. The following discussions will elaborate 

on these indicators. 

3.3 PERFORMANCE INDICATORS 

It is widely accepted in the field of management that it is very difficult to manage what 

you cannot measure. The corollary is the performance you get is the performance you 

measure (Carr and Winch, 1998). Measurement is the first step towards improvement. 

Waterhouse and McCabe (1999) pointed out that it is crucial for an organisation to 

compare its performance and business results against those of the competition at home and 

abroad, in order to improve its ability to respond to more demanding customer 

expectations. The comparison in itself, however, will not deliver the answers and achieve 

the improvement (Spendolini, 1992) - it brings about an awareness which hopefully acts 

as a catalyst for self-improvement. In order to evaluate contractor performance it is firstly 

necessary to define suitable evaluation criteria (Holt, 1995). 
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3.3.1 The key performance indicators 

In response to Sir John Egan's report, Rethinking Construction, the Department of the 

Environment, Transport and the Regions has developed Key Performance Indicators 

(KPIs) for the industry. These consist of ten indicators, of which seven (namely 

construction cost, construction time, cost predictability, time predictability, defects, client 

satisfaction on product, and client satisfaction on service) concern project performance, 

and three (namely safety, profitability and productivity) concern company performance 

(DETR, 2000b). These KPIs, in the form of a wall-chart, give information on the range of 

performance currently being achieved on all construction activities. With them, clients can 

evaluate their service providers against a broader range of parameters other than just price. 

Designers, consultants, contractors and sub-contractors can benchmark their own 

performance against the rest of the industry. In practice, the results achieved are plotted on 

the appropriate wall-chart, and the respective benchmark scores can be obtained. Joining 

all benchmark scores with a line on a radar chart, the overall performance of an 

organisation or a project can be shown clearly. In this way, contractors may evaluate their 

own performance in the industry and identify the areas they need to improve. These KPIs 

are therefore useful tools for the construction industry to increase client satisfaction, 

reduce wasted effort and rework, and become more efficient and more profitable. 

However, these KPIs cannot be simply applied to such an international study, where the 

focus is contractor performance on site. From this aspect, the indicators concerning project 

performance may be applicable, but other indicators concerning company performance 

demand modification if they are to be applied to such an international study. For example, 

it would be difficult, if not impossible, to calculate the productivity indicator (defined as 

turnover per full time equivalent employee) due to the subcontracting of almost all of the 
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operations on site. The international context of this research demands that the evaluation 

criteria should also include indicators to demonstrate strong points of national construction 

industries such as the prevalence of long-term partnerships in Japanese construction. 

Albeit these KPIs and charts are simple to use, in the context of this research they are 

considered too simplistic and cannot reveal the reasons behind the performance achieved. 

Notwithstanding this, the KPIs represent a good starting point and can provide a generic 

framework on which suitable international contractor performance evaluation criteria can 

be based. This needs to be supplemented with specifications suitable for the international 

comparison of contractor performance from which the respective strengths and 

weaknesses and ways to enhance performance can be identified. 

3.3.2 Performance metrics and indicators 

In their benchmarking study of goverment clients, Graves and Rowe (1999) used forty 

key metrics to compare project performance. These forty key metrics were categorised 

into project success for funders/end users, project success for suppliers, project practices, 

and project risks. As their study covered the whole construction process and all the 

participants of a project, not all of these forty metrics are applicable to this research. But 

some of the metrics, like predictable cost, predictable programme, service quality, 

relationship development, and safety management, are relevant and will be incorporated 

into the evaluation criteria. 

In terms of the features of the data, performance indicators for contractors can be 

categorised into hard factors and soft factors (McCaffer and Edum-Fotwe, 1999). Hard 

factors refer to the mechanical operations of planning, scheduling, estimating and 

controlling. Soft factors involve behaviour, attitudes, learning, knowledge, management, 
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and communication styles, and they derive essentially from the social sciences, i. e. 'the 

people factor'. In comparing the performance of contractors internationally, both hard and 

soft factors require inclusion if a full picture is to be obtained from the subsequent 

analysis. 

In this research, only those factors that fall within the remit of a contractor's responsibility 

are to be considered with a view to deriving best practices that are both practical and 

controllable by contractors. The comparison of contractor performance is therefore to be 

conducted in four areas: (1) construction cost and cost certainty; (2) construction time and 

time certainty; (3) construction quality and service to clients; and (4) contractor's 

sustainable development. Among these, the first two categories mainly deal with hard 

factors, while the last two concern mainly soft factors. A detailed discussion of these four 

areas now follows. 

3.4 CONSTRUCTION COST AND COST CERTAINTY 

Cost is known to be one of the main determining factors during the contractor selection 

process. While it is determined by many internal and external factors, construction cost is 

still a good indicator of contractor performance as it reflects the added value to clients. 

When construction cost is applied to the evaluation of contractor performance, it should 

not be simply assumed that the lowest bidding price or construction cost is the best. Atkin 

and Pothecary (1994) found a discernible shift by clients away from considering only 

capital (or initial) costs, towards total life costs and the incorporation of sustainability of 

development into cost appraisals. In fact, it is a little unfair to evaluate contractor 

performance only by means of cost because to a large extent it is clients as well as 

designers who determine the cost of a project (Sidwell, 1990; Gray, 1996). For example, 
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clients decide the scale and functions of a project, architects and engineers select the types 

of structures and materials, and the price of building materials and labour are mainly 

regulated by market demands. However, this does not mean that contractors cannot 

contribute positively to the construction cost of a project. Through careful cost predicting 

and planning before the commencement of construction, and strict cost control and 

management during construction, contractors can realise their aspirations in this regard. 

Further, contractors may help to reduce the cost of a project through technological 

innovation and improvements in productivity and management. As the life-circle cost of a 

building is affected by many external factors and is difficult to determine accurately, this 

research therefore concentrates on actual construction cost. 

Low price is not always the main concern of clients today; instead cost certainty is 

becoming increasingly important (Flanagan et al., 1998). Normally, most construction 

projects may more or less meet the quality specifications but seldom complete within 

budget and on time (Wright, 1997). In their investigation, Graves and Rowe (1999) 

reported that two thirds of the public projects investigated in the UK exceeded cost 

estimates. Therefore, more emphasis should be placed on cost certainty, which is more 

likely to be within the control of contractors (Construction Industry Board, 1996a) and is 

equally very important to clients. No doubt, some cost increases may be triggered by 

clients, designers and other uncontrollable factors such as adverse weather conditions. 

However, this kind of cost increase is regarded unavoidable and will be compensated 

according to the contract during or after construction. Contractors can also be responsible 

for some cost increases. Unexpected increases in (i. e. materials and component) costs 

cause budget overruns and serve to dissatisfy clients. Higher cost certainty is associated 

with contractors who are better able to predict and control construction cost. It may be 
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argued that higher cost certainty may be achieved if a higher price is bid. But in reality, a 

highly priced tender is often the very single reason for it to be rejected. Low cost and high 

cost certainty are not so contradictory as they may seem and provide a useful evaluation of 

a contractor's cost performance. 

3.5 CONSTRUCTION TIME AND TIME CERTAINTY 

Construction time performance is significant to clients, as is time certainty, both of which 

can bring direct and indirect benefits to clients. Time is an important indicator of 

contractor efficiency, professionalism and competence (CIDA, 1993). Therefore, time is a 

high priority to clients during the contractor selection procedure and can be used to 

evaluate the success of a project and the efficiency of contractors (Nkado, 1995). Because 

of time-related overheads and other relevant expenses such as the hire of construction 

plant, contractors also prefer to shorten their stay on site as much as possible in order to 

maximise their profit (NEDO, 1983). However, it has been found that three quarters of the 

public projects investigated in the UK experienced delayed completion (Graves and Rowe, 

1999), leading to clients' dissatisfaction. Delays may be caused by different factors, such 

as by clients, by contractors, by acts of God, by a third party, or by any combination of 

these (Bubshait, and Cunningham, 1998). Despite some external factors affecting 

construction time and time certainty, contractors can still contribute positively because of 

their status as project implementers. Construction time and time certainty should thus be 

integrated into the concept of 'best practice' and be used to assess and compare project 

achievement and contractor performance. Here, construction time represents the time 

between the contractor's start on site and practical completion of the project. This raises 

the question about what is a reasonable construction time. Often a comparison with other 
I 

similar projects is used to determine whether a project is fast or slow. Time certainty deals 
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with the certainty and reliability of completion compared with that planned. With these 

two indicators, contractor time performance can be objectively measured and compared by 

relatively simple quantitative means. 

It has been argued that fast building is possible without sacrificing either cost or quality 

(NEDO, 1983). Faster projects are usually cheaper at the tender stage, punctual to 

deadlines and completed to customers' satisfaction (NEDO, 1988), thus demonstrating 

that these aspects of contractor performance (cost, time and quality) are inter-linked and 

that 'best practice' is achievable. 

3.6 CONSTRUCTION QUALITY 

The quality of goods and services has been universally regarded as a prerequisite to 

commercial success for businesses in many industries. For example, the automobile 

industry has made considerable advances in the management of this critical aspect of 

performance (CIDA, 1993). Quality is the entry point for world-class companies and the 

qualification for entering the competition (Morton, 1994). Compared to cost and time, 

construction quality cannot be so easily quantified and measured. Construction quality 

may sometimes be taken for granted and insufficient attention may be paid to it (Rad and 

Khosrowshahi, 1998). This is deeply rooted in the traditional procurement system where 

competitive bidding emphasises the easily quantified construction cost and time 

(Rwelamila and Hall, 1995) which thus become the two principal feasible objectives to 

clients. To compound this, different clients may have different definitions of quality hence 

the term quality is inevitably always subjective in nature (Flanagan et aL, 1986). The 

extent to which construction quality is achieved is, to a certain degree, determined by the 

requirements of the client. Nevertheless, buildings must satisfy the functional 
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requirements of clients. Buildings are also an important component of the landscape and 

environment. They should meet aesthetic requirements, and be pleasant, both 

psychologically and visually. 

Furthermore, as buildings are designed to last for long periods, they should be free from 

defects and be easily maintained. Defects are not inevitable in a building and the aim 

should be 'right first time, every time'. As it may take years after completion for some 

defects to become apparent (Atkin and Pothecary, 1994), construction products should, 

like other durable products such as automobiles and electronic home appliances, have a 

long-term warranty. The fundamental idea behind this is not to 'guarantee free repair 

services for ten years, ' but to 'produce structures in which defects will not occur for at 

least ten years' (Hasegawa, 1988). In his report, Latham (1994) also suggested the 

provision of a mandatory ten-year latent defects insurance for commercial, industrial and 

retail construction. This kind of quality assurance can give clients more confidence in the 

construction products they purchase. It may also bring a change in construction industry 

culture from that based on a supervisory mentality to a culture where construction 

companies accept full responsibility for the provision of goods and services in accordance 

with the customer's requirements (CIDA, 1993). 

It should be noted that some quality issues are beyond the responsibility of contractors. 

Indeed, it is during the construction period that a project is transferred from the blue print 

to reality and contractors play an important role in the formation of the quality of a 

project. A contractor's main contribution to the quality of a project is the standard of 

workmanship and conformance to specifications. Other quality aspects, like the 

responsibility for aesthetics of a project, should reside with designers and clients. Defects 
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like the ones inherent from design faults should also not be allocated to contractors. 

Therefore, in this research, only those defects originating from the contractor's work will 

be considered when determining quality performance. 

Morton (1994) asserted that quality could be achieved without increasing cost. In fact, 

good quality performance can enhance a contractor's cost and time performance. Proper 

quality control and management can reduce the amount of non-conformance in the 

construction process and hence minimise wastage of materials and labour, with substantial 

savings to overall project costs and duration. Previous research has showed that the cost of 

quality could account for up to 30% of project costs (CIDA, 1993). This again indicates 

the close relations among the indicators of contractor performance, and that integrated best 

practice performance is possible. 

3.7 SUSTAINABLE DEVELOPMENT 

Delivering a project within budget, on time and to the desired quality should not be at the 

expense of sustainable development. Sustainable development is a relatively new concept 

and means different things to different people. Hill and Bowen (1997) singled out the four 

4pillars' - social, economic, biophysical and technical - for the sustainable development of 

construction. Of all the four 'pillars', the social one emphasises the promotion of equity or 

social justice, the economic one is concerned with financial affordability and cost 

effectiveness, the biophysical one deals with the improvement of the quality of human life 

within the carrying capacity of supporting ecosystems, and the technical one relates to the 

performance, quality and service life of a building or structure. To achieve sustainable 

development, it is suggested that the construction industry should work on three aspects: 

economic (profitable and competitive contractors, client satisfaction and added value), 
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social (fairly treated shareholders, and a healthy and safe built environment), and 

environmental (natural environment protection and reduction of consumption of natural 

sources) (DETR, 2000a). The Construction Best Practice Programme (CBPP, 2000) 

claimed: 

"Sustainable development ISN'T outstanding environmental performance at the 

cost of a company which goes out of business, nor is it outstanding financial 

performance at the cost of adverse effects on the local environment and 

communities. It also does not demand the : perfect' solution. Sustainable 

development is essentially a goal or vision thatforward looking organisations are 

working towards. A sustainable approach is a balanced approach. " 

Therefore, in the context of this research, sustainable development includes appropriate 

profitability, proportional investment in research and development, harmonious 

relationships with other participants, environmental protection, and effective levels of 

health and safety. The justification of their inclusion is presented in the following. 

3.7.1 Appropriate profitability 

Mohsini and Davidson (1992) claimed that there were two levels of objectives in building 

projects,. of which the first was to meet every single requirement of the clients, and the 

second was the sustainable development of the organisations involved in the construction 

process. However, in the UK construction industry, the profitability of contracting is 

normally low and fairly constant at around 3% of turnover because of excessive 

competition in the market (Akintoye and Skitmore, 1991). Contractors need appropriate 

profits to survive in the market place, enhance their position in it, and to make the 
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construction industry attractive to talented and qualified young people. In the long term, 

this will also benefit clients. Cut-throat price competition and inadequate profitability 

benefit no one and are likely to bring poor quality, uncertainty and instability to the 

industry (Egan, 1998). 

3.7.2 Investment in research and development and personnel training 

Sustainable development also requires continuous improvement in technology, 

management and human resources. There has been growing demand worldwide for the 

construction industry to increase investment in research and development. The former 

Construction Industry Development Agency (CIDA) of Australia recommended 

contractors' effort on research and development as one of the pre-qualification criteria for 

it indicates contractors' ability to identify and assess new technologies and processes and 

subsequently incorporate these into their operations (Palaneeswaran and Kumaraswamy, 

2000). Research and development involves systematic, investigative or experimental 

activities to search or innovate for new knowledge, new or improved materials, products 

or processes or services. Research and development can facilitate the construction industry 

to supply construction products faster and cheaper (CIDA, 1993). Inadequate investment 

in research and development is one of the main reasons why the productivity of the 

construction industry lags far behind that in other industries. Tberefore, contractors need 

proportional profit to invest in research and development which plays a significant part in 

enhancing the capabilities of contractors (Gray, 1996). 

Appropriate investment in staff and labour training represents another hallmark of 'best 

practice' finns and organisations, irrespective of size, function and structure. After all, 

good performance on cost, time, quality and safety has to be performed by people. Human 
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error has been identified as the single most important source of failure (Groeneweg, 1994). 

Skill training can help contractors to meet the construction industry's long-term objectives 

anticipatedly rather than responsively. Hill and Bowen (1997) argued that the 

implementation of skills training and capacity enhancement should ensure that the 

development of human resources was a lasting legacy of construction, which was one 

element of the social principles of sustainable construction. Additionally, such training can 

enhance an employee's motivation, commitment and retention (CIDA, 1993). The end 

result would be improved productivity and better performance as a whole. 

3.7.3 Harmonious relationships with other participants 

Atkin and Pothecary (1994) reported that the subject of contractor performance be 

extended beyond time, cost and quality of construction projects, and be accompanied by 

harmonious relations throughout projects and a consistency of performance across the 

industry in order to engender trust between the industry and its clients. If construction is 

not the core business of a client, the client may not only expect a construction project to 

meet his/her specific criteria but also some suggestions for alternatives that could add 

value to his/her business. This can only be achieved on the basis of good mutual 

understanding and harmonious relationships between clients and suppliers (contractors 

and designers). However, the construction industry has long been recognised as being 

fragmented (Centre for Strategic Studies in Construction, 1988; Latham, 1994; Egan, 

1998). The relationship among participants in a construction project may be adversarial 

because of possible contradictory objectives. For example, clients may want flexibility to 

modify design at no cost while contractors may intend to reopen the budget whenever 

changes are made. Some ways must be found to eliminate the distrust and merge the 

participants' interests to form a collaborating working relationship. 
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A construction project is undertaken by a broad range of companies and individuals 

temporarily organised together, during which their performance is interdependent. 

Generally speaking, best practice is closely associated with projects in which risks are 

allocated to and controlled by the party best able to manage them (Agile Construction 

Initiative, 1998). To achieve this, the adversarial and non-trusting attitude in construction 

must be changed. A long-term, stable and harmonious relationship among participants in a 

construction project can produce significant and continuous improvement in project 

performance (Watts et aL, 1999), which leads to a 'win-win' situation favoured by all. It 

has been found that partnered projects can generate very high levels of client satisfaction 

in key project performance measures such as cost, time, quality, safety, and avoidance of 

potential claims and disputes (Bresnen and Marshall, 2000a). For instance, according to 

Marks & Spencer's estimation, a project with a new contractor takes at least 40% more 

executive time than one involving a contractor who has been used for many years (Gray, 

1996). Collaborative approaches do not necessarily remove conflicts at source among 

participants of a construction project, but potential claims and disputes may be avoided 

and early and repeat contractor (subcontractor) involvement may result in added benefits 

(such as reduced tendering costs and greater contractor front-end input into costing, design 

and value/risk management) (Bresnen and Marshall, 2000a). 

3.7.4 Environmental protection 

Albeit construction processes remain time and cost driven, environmental issues are 

receiving increasing attention from governments, non-governmental institutions and 

commercial organisations in most sectors of the economy as well as from the general 

public nowadays, and are set to become one of the major determining factors of 
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competitiveness in the future (Harris and Holt, 1999). Environment is treated consciously 

as the fourth construction project constraint together with cost, time and quality (Ofori, 

1992). It is estimated that half of the C02 emitted in the UK results from energy use in 

buildings, six tonnes of construction materials are used for every man, woman and child in 

the UK each year, and construction directly and indirectly accounts for over 30% of the 

annual waste in the UK (BRE, 1998). A damaged environment will sooner or later hold 

back economic growth and lower the quality of living. 

Jackson-Robbins (1998) suggested that every construction project had an impact on the 

environment, which provoked increasing public awareness. Even though construction was 

recognised as a necessary activity and frequently a disruptive process, there was growing 

reluctance to tolerate pollution, noise, dust or other nuisance during the construction 

process. Every participant shares the responsibility for the environment, and failure at any 

point to meet environmental obligations could be very costly in terms of cost and delay to 

the project. It is time for the construction industry to take proactive action under a 

comprehensive strategy which anticipates environmental trends rather than reacts to 

external pressure. New methods of undertaking the total construction process with greater 

empathy for the surrounding environment should be devised or existing methods adapted 

(Griffth, 1997). Saving energy, reducing the energy content of materials and products, 

using recycled materials, minimising waste and disposal and diminishing pollution are 

focuses of the environmental movement (Atkin and Pothecary, 1994; DETR, 2000a). 

Albeit this does not mean that sustainable construction is an approach that will increase 

efficiency, productivity or profitability at present (DETR, 1998), a contractor's credibility 

will be enhanced and competitive advantage strengthened. More important than the 

technical solutions is people's attitude to environmental issues in the construction 
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industry. Contractors should take a proactive attitude on environmental issues. The 

evaluation criteria for contractor performance should also reflect the prevalent 

environmental requirements of contractors. 

3.7.5 Health and safety 

Kibert and Coble (1995) asserted that when the environmental issues were stressed it was 

actually their impacts on humans that were emphasised, and ultimately environmental 

issues in their broadest context were safety issues. Safety performance on construction 

sites is considered to be of particular importance to clients (Flanagan et aL, 1998). Yet it is 

a complicated issue and is determined by economical, psychological, technical, 

procedural, organisational and environmental factors involved. The construction industry 

has long been known to lag behind other industries in terms of health and safety. In 

construction, the risk of a fatality is five times more likely than in a manufacturing based 

industry, whilst the risk of a major injury is two times higher (Ngowi, 1996). In the US, 

the construction industry accounts for only 5% of the workforce but claims a 

disproportionate 20% of all occupational fatalities and 9% of all disabling occupational 

injuries (National Safety Council, 1997). Forty-eight construction workers were killed and 

13,000 were injured in the UK in 1999 (Construction Confederation, 2000). The situation 

appears to be worsening, with twenty-nine construction workers killed on site between 

April and August 2000 against just nineteen during the same period in 1999. Construction 

is dishonourably the only industry in the UK in which death rates are increasing 

(Construction Manager, 2000). Variable hazards, a transient work force, harsh operative 

environments, and strenuous physical tasks contribute to this poor safety performance 

(Ahmad et aL, 1998). Besides the human cost of suffering an accident, the direct and 

indirect cost ranging from product and material costs to legal costs, can reduce contractor 
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profitability catastrophically. It is estimated that every El of an accident cost could result 

in E5 to E50 indirect costs to contractors (Sawacha et aL, 1999). Pressure to improve 

safety performance on construction sites also comes from external stakeholders such as 

investors and insurers in the form of reduced investment and increased insurance 

premiums (Preece and Stocking, 1999). A poor health and safety record may stain a 

contractor's reputation and decrease his competitiveness in the market. Therefore, health 

and safety issues, particularly on construction sites, need to be managed and evaluated like 

other performance factors. 

3.8 THE DEFINITION OF'BEST PRACTICE' 

Nowadays, many new words have entered the lexicon of everyday use and 'best practice' 

is one of them (Waterhouse and MaCabe, 1999). In order to achieve complete client 

satisfaction and improve their own positions in the market, contractors, like other 

businesses, need to compare their performance and practices against those of the best of 

the competition at home and abroad. According to the definition of the Best Practices Ad 

Hoc Committee of the GSA Office of Government-wide Policy of USA, 'best practices' 

are good practices that have worked well elsewhere, have been proven and have produced 

successful results (Palaneeswaran and Kumaraswamy, 2000). They are the improved 

processes/approaches producing significantly better results compared to past/current 

results and those of similar processes/approaches elsewhere. In the construction industry, 

however, no companies can claim to be better than all the others and there are always 

some aspects in which a company can learn from others (Carr and Winch, 1998). 

Nowadays, the scientific and technological development and innovation is so rapid that 

the best practices are a moving target and the search for emerging best-practice 

organisations and sources of new information and ideas is never-ending (Spendolini, 
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1992). In this sense, 'best practice' should be an achievable yet continually evolving aim 

which can be applied to every organisation. 

From the proceeding discussion, 'best practice' is the proven successful practice 

undertaken by leading organisations and is an achievable yet continually evolving aim. In 

this research, the term 'best practice' can be defined as an aggregate of cost, time, quality 

and sustainable performance. These can be further decomposed into the following 

elements: (1) low construction cost and high cost certainty; (2) short construction time and 

high delivery certainty; (3) high/appropriate quality; and (4) the sustained development of 

contractors. 

Figure 3.1 shows the definition of best practice for contractors in the light of the above 

discussions. 
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COST 

Low construction cost 

High cost certainty 

QUALITY 

" Satisfied functional 

quality 

" Quality of service 

post completion 

TIME 

Short construction duration 

High time certainty 

- BEST 

PRACTI 

SUSTAINABLE DEVELOPMENT 

Appropriate profitability 

Harmonious relationships with 

other participants 
Adequate R&D investment 

Environment friendly 

Good health and safety record 

Figure 3.1 Definition of best practice 

3.9 SUMMARY 

To compare contractor performance and practices, it is necessary to determine contractor 

performance indicators and define the term 'best practice' for the construction industry. 

Normally, clients expect their projects to be delivered within budget, on time and up to the 

required quality. Therefore, contractor performance is usually evaluated in terms of 

construction cost, time and quality. But achieving these goals should not be at the expense 

of contractor's sustainable development. In this research, contractor performance 
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indicators have been categorised into one of four aspects namely, cost, time, quality and 

sustainable development. These form the basis of the contractor performance evaluation 

criteria used in this research. 

'Best practice' is what has been proven successful in leading organisations and is an 

achievable yet continually evolving aim. From a contractors' perspective, the term 'best 

practice' in this research is defined by cost, time, quality and sustainable development. 

'Best practice' should provide low construction cost and high cost certainty, short 

construction time and high time certainty, high construction quality and good safety, and 

allow the sustainable development of contractors. With such, the international 

performance and practices of contractors can be compared and evaluated thoroughly. 

The next chapter will review the current research methods for conducting international 

construction comparisons and discuss their respective characteristics and limitations. 
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CHAPTER 4 REVIEW OF EXISTING METHODS FOR 

CONDUCTING INTERNATIONAL 

CONSTRUCTION COMPARISONS 

4.1 INTRODUCTION 

The previous chapter discussed the concept of contractor performance and defined 'best 

practice'. In this chapter, the existing methods used for conducting international 

construction comparisons, namely pricing studies, macroeconomic studies and case 

studies, are reviewed. The characteristics of these methods are studied and their limitations 

are discussed. This as a basis for developing a new approach applied in this research and 

presented in the following chapter. 

4.2 INTERNATIONAL COMPARISONS 

International comparisons have been the subject of much research whether on a macro 

level, such as the United Nations International Comparison Project to compare national 

incomes and prices (Kravis, 1984; Heston and Summers, 1996), or on a micro level to 

compare certain products such as airlines (Ourn and Yu, 1998) and medicine (Danzon and 

Kim, 1998; Kjellstrand et aL, 1998). International construction comparisons are still 

relatively in their infancy, but are expected to increase with the continuing globalisation of 

construction industries (Loosemore, 1999). In the construction domain, various aspects 

have been compared at an international level including construction price, methods and 

productivity (Proverbs et al., 1999; Vermande and Van Mulligen, 1999; Crosthwaite, 

2000). 
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Comparing performance in construction is a fastidious and onerous process; a fact 

compounded when international comparisons are attempted (Proverbs, 1998). When 

comparing contractor performance and practices internationally, the key issue is to 

maintain comparability and representativeness of data. Buildings are unique in nature and 

irrespective of how similar they may appear in design or intended use, different customers 

are likely to have different requirements and their projects have to be produced 

accordingly. Even with an identical design, the construction process will still be unique 

and is influenced to a greater or lesser degree by factors that will never be repeated on 

other projects such as the physical and economic environments, the construction team, 

and/or the location and time. All of these factors taken singly or in combination act to 

influence contractor performance. Comparability of data represents a major issue that must 

be addressed if a reliable and objective study is to be undertaken. The aim of this research 

being towards developing best practice performance models, there is also a need for 

differences in construction practices to be demonstrated. Only in this way can a complete 

representative picture of national performance and practices be obtained, allowing 

differences to be distinguished, weaknesses to be identified and best performance 

developed (Edkins and Winch, 1999). 

4.3 REVIEW OF EXISTING METHODS 

Over the past two or three decades, in responding to the challenge brought by the 

globalisation of the world economy, increasing concerns regarding international 

competitiveness and the need to find ways to improve performance on the international 

construction market have been witnessed. Methods previously employed to compare 

construction performance internationally have been categorised into one of three 

approaches, namely pricing studies, macroeconomic studies, and case studies (Edkins and 
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Winch, 1999). Each approach has its own advantages and limitations, in terms of two 

important aspects, that is their comparability and/or their representativeness of a particular 

country. Comparability concerns comparing projects on a like-for-like basis and is 

difficult to achieve because of the bespoke nature of most construction projects. 

Representativeness concerns whether the project(s) considered and the performance 

measured represent an accurate indication of national performance and practices. Now 

follows a detailed review of the three approaches. 

4.3.1 Pricing studies 

Pricing studies are mainly used to compare construction prices or costs internationally as 

well as other relevant issues such as productivity and completion time. In pricing studies, 

experienced professionals in different countries are asked to price buildings on the basis of 

drawings, specifications and bills of quantities (Lynton, 1993; Meikle, 1990; Verniande 

and Van Mulligen, 1999). The buildings compared may be either standardised identical 

buildings, standardised buildings with some accommodation to local conditions, or 

buildings with similar functions. With standardised identical buildings, the prices in 

different countries are comparable but not necessarily representative because it may be 

impossible, or at least uneconomic, to build identical buildings in different countries 

without some adjustments being made for local conditions. Some degree of 

accommodation made to the standardised buildings can improve the representativeness of 

such data but reduce the comparability. If typical buildings with similar functions are 

used, the prices are representative but not necessarily comparable (Meikle, 1990). 

Therefore, when pricing studies are used, a compromise has to be made to balance 

comparability and representativeness. Most often, standardised identical buildings or 

standardised identical buildings with some accommodations are used in pricing studies. 
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A demonstration of pricing studies may be found in the Eurostat studies (Meikle, 1990; 

Vermande and Van Mulligen, 1999). The Statistical Office of the European Communities 

(Eurostat) collects and analyses construction price data annually from its member 

countries as part of a five-yearly programme to calculate Purchasing Power Parities 

(PPPs). The data is based on a number of bills of quantities from projects in three 

categories, i. e. residential buildings, other buildings and civil engineering works. The list 

of building types are carefully selected and updated and each individual project is a 

standardised hybrid construction which is not representative of any one country but is 

broadly representative of all. The bills are priced by national experts using their own 

currencies and then the prices are converted to European Currency Unit (ECU). The prices 

are supposed to reflect market prices, charged by contractors to clients in competition. 

Some flexibility is provided to take into account differences in national standards, 

regulations and practices. These allow the cost of construction in different countries to be 

compared. 

The research conducted by a team from Lynton PLC is also an example of pricing studies 

(Lynton, 1993). This research aimed to compare the efficiency of the UK and the US 

construction industries. In their research, the UK benchmark was based on the 'real life' 

design, contract and cost information available from the Centre for Combined Operations 

(CCO) Project at Heathrow Airport, which was a shell and core office development 

undertaken by Lynton. In the US, this same project was priced in three different ways: 

first constructed entirely in accordance with the CCO drawings and specifications; 

secondly, modified to reflect US codes and standard practices while maintaining the 

CCO's aesthetic intent and performance criteria; and thirdly, adjusted to reflect typical US 
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client requirements and tenant expectations for a building of the CCO's nature and sector. 

Then, the actual cost and productivity achieved in the UK were compared with those in 

different situations in the US, enabling the factors that were found to impact cost and 

productivity performance to be revealed. 

The methodologies of pricing studies are relatively transparent and amenable to direct 

replication and triangulation (Edkins and Winch, 1999). To a large extent, they solve the 

problem of comparability of data but at the expense of representativeness. Planning prices 

(instead of actual prices) are used and other productivity data (e. g. the time and man-hours 

needed for various construction operations) may also be different from the practical 

situations. The subjects compared are restrained to prices and productivity figures of 

projects. It should also be noted that the results of pricing studies are very sensitive to the 

economic cycles in different countries. If the countries compared are in different phases of 

the economic cycle, which is not uncommon, results may be misleading. Project content, 

location, base date, project quality, project duration and exchange rates are also among the 

influencing factors, which should be taken into account when pricing studies are applied 

(Meikle, 1990). 

4.3.2 Macroeconomic studies 

Macroeconomic studies utilise available statistical data such as national accounts, national 

construction industry statistics, labour market surveys and other macroeconomic data 

sources to compare the performance of national construction industries between different 

countries as well as with other industries within a national economy. 
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For instance, Roy (1982) collected relevant data mainly from Eurostat figures together 

with data from the Organisation for Economic Co-operation and Development (OECD) 

for the US and Japan to compare productivity at an aggregate level (GDP/worker) for the 

years between 1973 and 1980. Six European countries (Belgium, France, Germany, Italy, 

the Netherlands, and the UK), Japan and the US were included in the study. Labour 

productivity in each construction industry was compared across the eight economies as a 

whole and against the other four national economy sectors (namely agriculture, fuel and 

power, manufacturing, and services) in each country. PPPs were applied to achieve 

commonality of national figures. 

Davis et aL (1988) utilised data mainly from the official World Bank and United Nations 

publications to present and compare the economies and construction industries of thirty- 

two countries in the world, ranging from the United States to China, and from Zimbabwe 

to Sweden. The comparison encompassed numerous aspects including population, 

geography, finance and economy, construction output, construction output per capita, 

skilled and unskilled labour costs, material costs, and approximate estimates of two types 

of buildings (warehouses and offices, and housing). The data compared was authoritative 

and consistent but somewhat dated because it took time for international agencies to 

collate and publish such data. Nevertheless, this comparison provided a convenient 

reference point and presented each of the thirty-two construction industries in an 

appropriate international context. 

As the data used in macroeconomic studies are normally extracted from previously 

published authoritative sources, the method is considered cost effective, and can provide a 

much more dynamic picture of differences in performance between national industries. 

56 



Chapter 4 Review of existing methods 

However, the construction industry is one economic sector for which little statistical 

information is available (Vermande and Van Mulligen, 1999) and construction statistics 

are thus especially uncertain (Davis et aL, 1988). Further, due to the wide variety of 

sources and varying tenninologies and definitions of those data, their reliability and 

comparability is suspect (Ruddock, 2000). Such studies can only reveal differences 

between construction industries at a macro level, and may hence be said to be lacking in 

detail to be of any real value to individual contractors. Therefore, this method has been 

used less often for undertaking international construction comparisons. 

4.3.3 Case studies 

Compared to other data collection methods, case studies can provide further opportunities 

to test ideas and presumptions through observation, asking both structured and 

unstructured questions of multiple players as well as gathering documentary evidence 

(Yin, 1994). In case studies, comparable construction projects in different countries are 

carefully selected and studied. Performance is actually measured against a variety of 

project criteria. All aspects of performance, including prices and productivity of 

construction, can be compared in different ways. Data used for comparison can be 

obtained through questionnaire surveys, interviews, site visits, documentation perusal, or 

any combination of these. 

A good demonstration of case studies is the comparison of the construction of two Kodak 

PET plants built simultaneously in the UK and the US, conducted by the National 

Economic Development Council (NEDO, 1990). Such an opportunity is rare, for the two 

plants produced were identical in terms of the processes and technology involved, were 

built in similar semi-rural locations under a similar form of management contract, and had 
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a common project manager and common teams for design and engineering. The only 

significant areas of difference were in the organisation of labour (trade union in the UK 

and 'open shop' in the US) and requirements for fireproofing and cladding. The 

productivity of the two projects were studied and compared through frequent meetings 

with site management staff in both countries, many site visits and direct interviews with 

key members of the two projects. The research showed that the UK's productive 

performance left considerable scope for improvement against those who could offer clients 

both reliability and greater cost-effectiveness. Findings indicated the US team to be 42% 

more productive than the UK team. Factors found to be attributable to these differences, 

were identified as level of standardised design, off-site prefabrication, number of design 

changes, degree of subcontracting, and client involvement. 

Flanagan et aL (1986) selected nine pairs of recently finished buildings projects, mainly 

office buildings as well as light industrial and house buildings, similar in type and scale in 

the UK and the US to compare the performance of the two construction industries. Cost, 

speed of construction and quality of the finished product were used as performance 

measures. Design and construction processes in the two countries were investigated in 

order to report the differences between the countries and ways in which the UK 

construction industry could improve. Through site visits, interviews with the contractor's 

site management staff, the clients and members of the design team, observations, perusal 

of project documents and other published sources, data on the building projects was 

collected, and then adjusted sensibly and accurately to accommodate for differences in 

each pair of projects. A detailed analysis of the data was then undertaken to compare the 

performance of the two industries. The findings revealed there were some improvements 

in productivity and efficiency in the UK construction industry. The research also pointed 
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out the areas, such as marketing and education and training of site personnel, which the 

UK building industry needed to improve. 

Case studies are one of the most popular as well as the most effective ways for comparing 

differences in performance. They have the advantage of being able to provide insight into 

how differences in performance are generated, and how similar problems are handled in 

different countries. Case studies can provide performance improvement measures for those 

who seek to emulate better performance. However, it is very difficult to find matching 

cases in different countries because of the uniqueness of construction products and 

uncertainties around the construction process. Data collection in case studies is extremely 

time-consuming and expensive. How representative such case studies are of a particular 

nation's construction industry is also debatable. 

4.4 SUMMARY 

Contractor performance is influenced by many factors including economic, legal, cultural, 

technological, managerial and environmental issues. International variations in these 

factors make comparisons onerous but not impossible, so long as due account is taken of 

them when designing such research. On the contrary, such comparisons can provide novel 

solutions or approaches, which may lead to performance improvements for contractors 

across the globe. 

Previously, international construction comparisons have been categorised as pricing 

studies, macroeconomic studies and case studies. Each of these methods has its own 

advantages and limitations in terms of their comparability and/or their representativeness 

of data, and in terms of their cost and time effectiveness. 
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Pricing studies are relatively easy to apply and the results are somewhat simpler to accrue. 

Comparability is maintained but at the expense of representativeness, or vice versa. The 

subjects compared are only prices of buildings or other productivity figures, and the 

results are sensitive to many factors such as economic cycles, exchange rates and project 

characteristics. 

Macroeconomic studies utilise available data, and thus are cost effective. But they only 

reflect the situation on a macro level, and therefore the results have little practical value to 

individual contractors. This method has been applied less often in the construction sector. 

Case studies can compare all aspects of a construction project and can demonstrate 

differences between countries and why these differences exist. However, it is very difficult 

(if not impossible) to find matching cases in different countries because of the uniqueness 

of construction products and the uncertainties around the construction process. The 

comparability of data may therefore be questioned. Data collection is also extremely 

expensive and time-consuming. 

It is apparent that there is a need for a new approach towards international construction 

comparisons. Ideally, this new approach should maintain comparability and 

representativeness of data and preferably be inexpensive and convenient to undertake. 

The following chapter will introduce the development of a new approach for comparing 

contractor performance internationally. It utilises the appropriate aspects of pricing studies 

and case studies, but attempts to address their limitations. 
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CHAPTER 5A NEW APPROACH TOWARDS COMPARING 

CONTRACTOR PERFORMANCE AND 

PRACTICES INTERNATIONALLY 

5.1 INTRODUCTION 

In view of the limitations of the existing methods for comparing construction 

internationally discussed in the preceding chapter, a new research approach has been 

developed for this purpose and is presented in this chapter. This new approach balances 

the requirements of data comparability and representativeness which previous approaches 

have failed to address. A hypothetical project is used as a platform for data collection 

which is achieved via a questionnaire survey. Performance is evaluated on the basis of the 

criteria established and the definition of 'best practice' used in the context of this research. 

The questionnaire is thus designed to collect all the necessary data for the evaluation and 

comparison of contractor performance and practices in the three countries. The results of a 

pilot survey conducted in the UK are provided and then the major surveys conducted in 

Japan, the UK and the US are described. 

5.2 A NEW RESEARCH APPROACH 

A new approach towards comparing contractor performance internationally was 

developed (Xiao et aL, 2000a and 2000b). The approach has been tailor-made to address 

those performance criteria established for this research (refer to Chapter 3). This 

encompassed aspects of performance and practices with the ambition of developing 

international benchmarks in the domain of contractor performance. 
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As used in research by Proverbs (1998), an appropriate hypothetical project (a six-storey 

concrete framed office building considered common to the three countries) (refer to 

Appendix A and B) was used as the basis for a semi-structured questionnaire survey. Due 

to resource restraints it was not feasible to attempt a major international field study, and 

therefore a questionnaire survey was chosen for this research. Case studies or on site 

interviews were considered too expensive and too time consuming to undertake. 

Telephone interviews were also believed inappropriate due to the complexity and the 

amount of information needed for this research. While questionnaire surveys have some 

disadvantages (such as poor return rates, being somewhat impersonal, not allowing 

follow-up questions to be asked, and questionable validity) they can collect information 

from a large population, are easy to construct, relatively inexpensive and provide 

information that can be conveniently analysed (Spendolini, 1992). Questionnaire surveys 

can also reduce biasing error, provide greater anonymity and allow respondents more time 

for considered answers and consultation (very much needed in this research) (Frankfort- 

Nachmias and Nachmias, 1996). Thus, when carefully designed, questionnaire surveys 

provide an appropriate option, especially with the resource constraints associated with a 

three-year PhD research project. 

Whilst it is accepted that there is no novelty in applying survey method to elicit 

knowledge, the methodology applied in this research is considered unique and bespoke for 

comparing contractor performance and practices internationally. Like pricing studies, the 

use of a hypothetical project provided a convenient platform on which comparable data, 

such as the labour to be used and the construction cost of the project, could be yielded. A 

broad, but carefully worded description of the project, including its location, gross floor 

area, height, and some basic technological characteristics were provided (refer to 
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Appendix A and B). Exact details of the project were deliberately excluded to allow for 

differences in national preferences and practices. 

Some closed as well as open-ended questions were included in the questionnaire to allow 

hard and soft factors to be investigated. Closed questions refer to those to which the 

possible answers have been provided. Open-ended questions refer to those to which the 

respondents have to provide their own answers. A high level of flexibility was offered to 

respondents in order that differences in national construction practices could be 

demonstrated. For example, respondents were able to make certain structural decisions 

(i. e. precast or in situ) in line with their national tendencies. Whilst a small part of the data 

required was estimated from the hypothetical project, other information was based on the 

respondents' previous experience in order to reveal their routine practices, i. e. being 

representative of that particular country. For example, respondents were asked to indicate 

the time taken to resolve claims and the level of client satisfaction on their previous 

similar projects. This 'flexibility' represented a significant and fundamental feature of the 

research design. While this affected the comparability of data, relative rather than absolute 

measures of activity were used as much as possible. Absolute measures refer to those 

which vary with the features of a project, such as the cost of a building and its construction 

duration. Relative measures refer to those which are not specific to any one project and are 

in the form of ratios or percentages, such as the probability of finishing a project on time. 

Bennett and Jayes (1995) concluded that construction project performance could be 

measured and compared best by means of ratios or percentages. This strategy enables 

international construction comparisons meanwhile summarising and simplifying raw 

accounting data (CFR, 1994), and removes the need to identify matching or concurrent 

case studies. 
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The survey targeted at project managers located at the head office. The underlying 

assumption was that participants in the survey were competent and experienced and had 

exercised sound judgement in their response. As such personnel had access to several 

projects at any one time, were knowledgeable about day-to-day practice, dealt with 

various project interfaces, they could provide the information needed for the research and 

satisfy the basic assumptions required. Statistical analysis of the data collected would 

reveal possible causes and effects of any perfonnance disparity found, and could be used 

as the basis for subsequent performance modelling work. 

As could be expected, data collection presents a considerable challenge to the researcher, 

especially because of the Japanese inclination not to respond to surveys when there is no 

existing relation or trust (both being of utmost importance to the Japanese). Nevertheless, 

participation and response from contractors in the three countries is vital to this research. 

To solve this problem, collaboration was sought with national contractor organisations, 

professional bodies and academic researchers in the three countries. Their assistance in 

helping to distribute, collect and return the questionnaires served to make the survey 

successful. 

Adopting this new research approach maintained the comparability of data whilst also 

allowing differences in performance and practices to be determined from subsequent 

analysis. The data collected was categorised as dependent and independent variables. The 

term independent variable denotes a variable that has an impact upon the dependent 

variable. The dependent variable, on the other hand, is deemed to be an effect of the 

independent variable (Bryman and Cramer, 1999). Contractor performance (measured in 
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terms of construction cost, construction time, construction quality and sustainable 

development) was measured by using dependent variables such as the unit price and 

construction time for the hypothetical project, the probability of completing the project 

within budget and on time, the number of defects and reportable accidents and anticipated 

levels of client satisfaction. Factors impacting performance were explored by independent 

variables such as the number of design variations during construction, the communication 

methods used on site, the procurement methods implemented, and the attitude of 

contractors towards project aims and other participants in the project. 

The approach used here differs from pricing studies and that by Proverbs in that exact 

details of the hypothetical project are left to the respondents to decide, allowing them to 

draw upon their previous project experience and facilitate the inclusion of certain national 

vernacular characteristics into the design. This is considered essential in order not to 

impose irregular/abnormal specification details onto the respondents, as this would no 

doubt induce a degree of bias into the response. Unlike case studies, this new approach 

uses a hypothetical project for generating comparable data. That is, the appropriate 

characteristics of pricing studies and case studies are utilised by integrating respondents' 

previous construction experience, while disadvantages of both methods are minimised. By 

combining pricing studies and case studies and through careful research planning and 

design, this new research approach was considered feasible for an international 

comparison of contractor performance. Table 5.1 summarises the characteristics of the 

current methods used for international construction comparisons and those of the new 

research method. 
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5.3 HYPOTHETICAL PROJECT DESIGN 

Forming the basis for data collection, the hypothetical project had to be designed carefully 

to meet the requirements of this research, that is to maintain the comparability and 

representativeness of data collected. To achieve this, the hypothetical project had to be 

typical of the three countries. Further, sufficient information about the project had to be 

specified so that respondents could complete the questionnaire, whilst at the same time 

offering a suitable level of flexibility in order to reveal international differences in 

performance and practices. 

In selecting the type of hypothetical project, industrial buildings were considered to be 

suitably international but somewhat too function-oriented, demanding detailed 

requirements from clients. Industrial buildings often have some peculiar structural 

elements and represent just a small portion of the whole construction market. That is, 

industrial buildings were not considered suitably representative. Residential buildings are 

highly localised and thus more representative of national characteristics but less 

comparable between countries. Commercial buildings like offices, shops and hotels fall 

somewhere between in regard to their materials and technology used during the 

construction process and space standards and functional provision required (Meikle, 

1990). In this research, a 'typical' speculative office development with modest 

specification was considered appropriate for the hypothetical project. 
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Table 5.1 Matrix of methodology characteristics with respect to international construction 

comparisons 

Methodology 

Characteristics Pricing studies Macroecono- Case studies New method 

mic studies 

Subjects compared Prices of Prices of Construction Construction 

buildings or/and buildings process process 

productivity or/and 

figures productivity 

figures 

Means of Hypothetical National Practical Hypothetical 

comparing projects without construction projects project with 

or with industries previous 

accommodation experience 

Nature of input data Planning data Statistical Practical data Planning and 

data available practical data 

Degree of High to medium Medium Low High 

comparability 

Degree of Medium to low Low Medium Medium 

representativeness 

Degree of cost & High to medium High Low High 

time effectiveness 
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Steel, concrete and composite framed structures are all widely used for office buildings in 

Japan, the UK and the US. Concrete, however, is one of the fundamental structural 

materials throughout the international construction industry and one of the most common 

structural types in the three countries specified. Furthermore, a concrete framed structure 

is more demanding for contractors in terms of technical and managerial measures, and 

may therefore offer greater insight into contractor performance and practices. In Japan, all 

concrete framed buildings taller than 20 meters need special approval because of the 

earthquake-proof requirement. In order to eliminate any possible impacts from this special 

requirement in Japan and allow as much repeat work as possible (which is common in the 

US), the hypothetical project was designed as a six-storey concrete fraine office building 

with a storey height of three meters (i. e. giving a total height of 18 meters). 

The scale of the project had to be limited so as not to require special measures and 

construction methods unique to very large projects. Conversely, a small project would 

prevent the use of available standardised and mechanised construction methods and 

technologies. With this in mind, the hypothetical office building was designed to provide a 

gross floor area of 5500 M2 (measuring 40m x 23m) and a storey height of 3.00 m. Service 

zones were provided at both ends of the building along with stairways and lifts. Other 

architectural and structural details of the building were determined, deliberately selecting 

common solutions in order to remove any unnecessary bias. The anti-seismic requirements 

in Japan were specially considered to ensure that the hypothetical project was appropriate. 

In the UK brick facades are commonplace and technical/skill standards for bricklayers are 

thus higher. To eliminate the possibility for bias imposed by such differences, the 

characteristics of the hypothetical project were chosen to be appropriate in all three 
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countries. This again, attempted to address the question of international relevance. With 

this principle in mind, the building was designed with reinforced concrete pad 

foundations. The external envelope was lightweight concrete block with gypsum plaster 

inside, and sand and cement render outside. The floors and roof slabs were plastered 

concrete slabs. Internal partitions for rooms (kitchens, toilets, etc) were light gauge steel 

and gypsum boards. The mechanical and electrical work of the project included some 

basic installations such as hot and cold-water services, electrical installations and a lift. No 

other subsidiaries such as parking, external services or landscaping, were specified. 

Respondents were asked to assume that the project be handed over fully decorated, ready 

for the client to take possession and co-ordinate the installation of furniture, etc. As site 

location affects contractor performance (Bresnen et aL, 1987), the hypothetical project 

was said to be located on a vacant plot of land in a suburban part of a medium-sized city, 

allowing ready-access with ample space for storage of materials and site set up facilities 

(e. g. for offices/mess cabins etc. ). Construction was said to take place during the summer 

months, and therefore extreme climate conditions were not anticipated. It was also made 

clear that no abnormal sub-surface conditions were expected. 

Respondents were told to assume no design responsibility and that the project was to be 

constructed in their own country, locally and that they were to represent the main 

contractor. The project was said to be for a private client with moderate requirements in 

terms of price, duration, and quality, and the work was to be done in accordance with the 

relevant specifications and regulations in each respective country. The contract was said to 

be the standard form widely used in the respondent's country. Respondents were 

encouraged to choose their preferred choice of plant, equipment and construction methods 

as well as the deployment of labour, which needed to be a realistic and accurate reflection 
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of the market place, and of their own companies' practice. Table 5.2 provides an 

indication of the scope of this description and the rationale for the chosen design. The 

hypothetical project and the project description are presented in Appendix A and B. 

Table 5.2 Hypothetical project design rationale 

Item Features Rationale for choice 

Type of A typical speculative Office building is simpler in function and 

building office building less localised, therefore easier to compare. 

Structure Concrete frame Concrete framed building is more 

common and involves more technical and 

managerial factors during actual 

construction. 

Size of building Six-storey with a 

gross floor area of 

In Japan, all concrete framed buildings 

taller than 20 meters need special 

5500 M2 (40.30m by approval. The building should be suitably 

22.80m) and a storey large to allow some repeat work. 

height of 3.00 rn 

Location of Vacant lot at a suburb Allow ready-access with ample space for 

building area storage of materials, site set up facilities 

and access/egress. 

Construction During summer 

time 

No extreme climate conditions to be 

anticipated, and therefore such 

uncontrollable factors could be eliminated. 

Foundations Reinforced concrete It is the conventional foundation for this 

pad footings kind of building with normal subsurface 
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conditions. 

External Lightweight concrete Considering the requirements for 

envelope block wall with earthquake-proof buildings, it is a suitable 

gypsum plaster inside, form in office buildings in the three 

and sand and countries. 

cemented render 

outside 

Floors Concrete slabs with It is the conventional type floor. 

plaster Respondents were allowed to choose in 

situ concrete or precast. 

Roof Concrete slab with It is the conventional type floor. 

insulation and Respondents can choose in situ concrete 

waterproof covering or precast. 

Internal Light gauge steel and This is a conventional design for internal 

partitions gypsum boards partitions. 

Finishes Inner walls and The simplest finish was specified as 

ceilings plastered different clients may have totally different 

preferences. 

Mechanical and Basic M&E The focus of this research is on the main 

electrical installation including building work. The prices of service 

services hot and cold-water equipment may vary greatly, and are often 

services, electrical out of the contractor's control. 

installations and one 

lift 
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5.4 PERFORMANCE EVALUATION CRITERIA 

Criteria are defined as a set of principles or standards by which a judgement can be made 

(Lim and Mohamed, 1999). When contractor performance is evaluated, the evaluation 

criteria should align with best practice for it is the level every contractor should strive to 

reach. 

It is noted that each national construction industry is shaped by the local cnviromnent, 

customs and traditions, building codes and regulations, climate, and architectural history 

(Flanagan et aL, 1986). The perfonnance and practices of contractors are influenced by 

those factors. While other external factors impact the performance of contractors, in the 

context of this research, only those factors that fall within the remit of a contractor's 

responsibility were to be considered. This was to facilitate a more meaningful comparison 

of contractor performance with subsequent best practice being practical and controllable 

by contractors. Based on the definition of 'best practice' and the selection of performance 

indicators described in Chapter 3, the contractor performance evaluation criteria were 

determined. For each indicator, a thorough literature search was performed to establish the 

particular variables impacting upon it. 

These variables are listed in Table 5.3 and are now discussed. 
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Table 5.3 Criteria for the evaluation of contractor perfonnance internationally 

Criteria Indicators Sub-indicators 

Construction cost Unit price 

Composition of unit price 

Cost Cost certainty Probability of completing within budget 

Typical percentage of budget overruns 

Construction time Duration of construction 

Time Time certainty Probability of being on time 

Typical percentage of delayed time 

Functional quality Typical defect number 

Quality Period of maintenance assurance 

Quality of service post Typical times of being called upon during 

completion defects liability period 

Sustainable 

Development 

Appropriate profitability Profit rate 

Harmonious relationship Partnering relationship with other 

participants 

Adequate investment in Typical research and development 

research and development investment rate 

and training Typical training investment 

Environment friendly Effective environment protection measures 

Health and safety policies and 

Good safety record implementation 

Number of reportable accident per project 
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5.4.1 Cost performance 

Cost and cost certainty are known. to be the top priorities of construction clients 

(Davenport, 1997). It is quite natural for clients to be concerned about the costs of their 

projects, as this will determine the return on their investments. In most projects, the major 

part of the money is spent during the construction process. Contractors' cost performance 

plays an important role in this aspect. Low construction cost is obviously what clients 

pursue. However, as the cost of a project is normally fixed before the actual work begins 

and there will be a lot of uncertainties during the construction process, cost certainty is 

hence another main concern to clients. 

5.4.1.1 Construction cost 

The construction cost of a building project is an effective indicator of contractor 

performance and is commonly applied in the contractor selection process. While affected 

by many internal and external factors, construction cost is considered a good and 

measurable indicator of contractor performance. In this research, unit price was used 

because it is easier to estimate and is less prone to error. As the subject to be priced was 

the same (the hypothetical project), the unit price is comparable between the three 

countries. 

An analysis of unit price (broken down into labour, materials, plant, overheads and profit) 

is used to explore any deviations in price. Normally, contractors cannot control the price 

of materials, labour, and plant and equipment, but they can reduce the amount used 

through careful planning and effective management. Overheads and profit margins are 

indicative of the effectiveness of contractors' management and strategic planning 

respectively. 
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5.4.1.2 Cost certainty 

Clients require not only low construction cost but also high cost certainty from 

contractors. It is believed that cost certainty is more likely to be within the control of 

contractors (Construction Industry Board, 1996a). The probability of completing a project 

within budget can indicate the reliability of a contractor's planned cost performance. The 

respondents were asked to draw upon their experience to estimate the probability of 

completing the project within budget. Respondents were asked to estimate the typical 

percentage of budget overruns against the original contract price as a means of evaluating 

their performance on cost certainty (McKim et aL, 2000). Design changes are recognised 

as one of the main reasons for cost and time uncertainty (Ireland, 1985; McKim et aL, 

2000). So the typical number of design variations per project on similar projects was 

sought. 

5.4.2 Time performance 

Contractors' time performance will influence clients' interests directly and/or indirectly. It 

is also beneficial to contractors to complete projects quickly. Like cost, the pre-contract 

determination of construction time requires some confidence in delivering the project on 

time. Hence planned construction time and time certainty were included in the 

performance evaluation criteria. 

5.4.2.1 Construction time 

In today's fast-paced construction environment, clients demand fast projects in order to 

attain 'first in the market' advantage over competitors (Kog et aL, 1999). To contractors, 

better time performance can improve competitiveness and increase profits (Walker, 1995). 
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Construction time, together with construction cost and quality, is a crucial target for most 

projects and can be used to measure the efficiency of contractors (Nkado, 1995). Time is 

an important indicator of contractor efficiency, professionalism and competence and can 

be used to evaluate the success of a project and to compare contractor performance 

(Sidwell, 1982; Ireland, 1985; CIDA, 1993; Naoum. and Mustapha, 1995). To compare 

contractors' time performance, respondents were asked to estimate the construction time 

for the hypothetical project. 

Additionally, as prefabrication has been identified as one of the major contributing factors 

towards fast construction (Flanagan et aL, 1986), respondents were asked to identify the 

main elements (such as beams, columns, stairs, etc. ) which would be prefabricated 

assuming they were to build such a project. The number of managerial staff and operatives 

employed on site directly influences the construction process and also provides an 

indication of productivity levels. Communication methods and IT applications are 

becoming increasingly important in the construction process. Therefore, standard practice 

on site in these areas were also sought out to explore their impacts on construction time. 

Construction planning and monitoring methods were investigated to explore differences in 

management styles. 

5.4.2.2 Time certainty 

To some extent, completing a project on time is even more important than the overall 

duration of a project, and it realistically reflects a contractor's ability to organise and 

control site operations, to optimally allocate resources and to manage the flow of 

information to and from the design team and among the contractors (NEDO, 1988). But 

delays are not uncommon in construction projects (Morris and Hough, 1991; Chan and 
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Kumaraswamy, 1995; Graves and Rowe, 1999). Contractors themselves may face 

liquidated damages for finishing late. Research has shown that at least 50% of delays 

could be categorised as non-excusable delays (e. g. materials-related delays, labour-related 

delays, equipment-related delays, improper planning, and financial delays) of which 

contractors are mainly responsible (Majid and McCaffer, 1998). 

Respondents were asked to estimate the probability of completing the project on time. As 

past performance provides a useful measure of current performance (McKim et aL, 2000), 

respondents were also asked to indicate typical delays as a percentage of the original 

duration. 

5.4.3 Quality performance 

Clients' long-term interests lie in the high quality of their projects. The work performed 

must conform to the specifications established for the project. Low cost and speedy 

construction should not be achieved at the expense of the quality of the project. Quality of 

construction products as well as the quality of processes that produce the products is 

crucial to contractors' competitiveness in the market (Harris and McCaffer, 2001). 

5.4.3.1 Functional quality 

Latham (1994) believed that defects should not be inevitable in a building or other form of 

construction projects and that work should be done right first time and every time. It has 

been argued that quality accreditation and past performance ratings are considered to be 

suitable indicators of quality perfonnance for contractors (Palaneeswaran and 

Kumaraswamy, 2000). Thus, in this research, the number of typical defects at practical 

completion on similar projects was used to evaluate contractors' quality performance. 
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5.4.3.2 Quality ofservice post completion 

Clients need not only the best quality possible within the budget but also a guarantee on 

the products (Flanagan et aL, 1986). As some defects may not appear for some time after 

project delivery, there should be some provision for this offered by contractors. 

Maintenance assurances provide clients greater confidence that their finished products will 

be free from defects. The defects liability period provides a useful indicator in this regard. 

McKim et aL (2000) suggested that the number of rework and/or repair requests could be 

used to compare the quality performance of contractors. In this research, this is used to 

compare the long-term quality of the finished project. The degree contractors seek 

feedback from clients after practical completion demonstrates contractors' sense of 

responsibility and strive for continuous improvement in their performance and service. 

This too was included in the research. 

5.4.4 Sustainable development 

In order to promote the lasting prosperity of the construction industry and ultimately the 

service provided to clients, the sustainable development of contractors should not be 

ignored. A healthy and prosperous construction industry is good for the economy of all 

countries. This was considered against a range of indicators discussed below. 

5.4.4.1 Appropriate profitability 

Profit margins represent a useful indicator of a contractor's strategy and ability to be 

successful. However, the rate of profitability in the UK, which is fairly constant at around 

3% of turnover, is too low for the industry to sustain healthy development (Akintoye and 

Skitmore, 1991; Egan, 1998). Those contractors who serve their clients well deserve a 
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higher rate of profitability, and in the end clients will also benefit from this. Here, 

profitability is obtained from the breakdown of the unit price for the hypothetical project. 

While this may not be the same as the profitability of a company and may well vary on 

different projects, profits built into the unit price represents a reliable indicator. 

Contractors need appropriate profits for their sustainable development, providing funds for 

innovation, professional training, and improvements in health and safety facilities on 

construction sites. 

5.4.4.2 Harmonious relationships with other participants 

Harmonious relationships between participants of a project can help to achieve a 

consistency of performance (Atkin and Pothecary, 1994). It constitutes an indispensable 

link to the success of a project. Partnering is a possible way to provide this. Therefore, 

respondents were asked to identify with whom they have partnering relationships (among 

clients, consultants, subcontractors and suppliers) and the longest duration of such a 

partnership to demonstrate the range and degree of such relationships with other 

participants. Contractors' preferred procurement methods were also used to investigate the 

relationship between procurement methods and contractor performance. Partnering by no 

means removes conflicts at source, and is not trouble free (Bresnen and Marshall, 2000a). 

Therefore, the dispute resolution methods and the time taken to resolve claims provided a 

further indicator of the relations between contractors and their clients. 

5.4.4.3 Adequate investment in research and development and training 

Investment in research and development made by contractors shows their commitment 

towards continuous improvement. Investment in training is another suitable indicator since 

the quality of people determines the performance of a project (Abdul-Rahman, 1996). The 
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ageing workforce in the UK construction industry also calls for effective measures to 

attract and retain the most able people (DETR, 2000a). Therefore, respondents were asked 

to indicate their investment in research and development and training against annual 

tumover 

5.4.4.4 Environmentfriendly 

Construction is acknowledged to have real and potential adverse impacts on the 

environment and the well-being of the populations of the world. The most prominent 

environmental effects of construction include land use, existing site dereliction, natural 

habitat destruction, use of natural resources, air emissions and pollution, use of water 

resources, discharges and water pollution, waste, comfort disturbance (like noise, dust, 

dirt, pollution and traffic), health and safety, and energy consumption (Griffith, 1997). 

Compared to other major industries, the construction industry has been slow to respond to 

environmental issues. Contractors should be aware of the impact of their work on the 

environment and take proactive measures to minimise pollution (Ofori, 1992). The 

environmental protection measures employed on site by contractors were used as a 

measure of their efforts towards environmental issues. 

5.4.4.5 Health and safety 

Accidents trigger extra cost and delay, irrespective of whether people are injured or killed, 

plant and machinery damaged, or material wasted. High standards of health and safety are 

not only ethically desirable (Smith, 2000), but also can enhance the poor image of the 

construction industry and improve contractor performance as a whole. Contractors should 

also improve their health and safety record to ensure employees' welfare. The typical 

number of reportable accidents (fatal, major injuries, and over three-day injuries to 
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employees, self-employed people and members of the public) per project was hence used 

to quantify the health and safety performance of contractors. The respondents were also 

asked to provide the three most effective health and safety measures on their construction 

sites to see if there were any 'ready-to-apply' steps for contractors in other countries. 

5.5 QUESTIONNAIRE DESIGN 

In this research, the questionnaire represents the main data collection tool. Proper 

questionnaire design is vital to successful data collection and thus the whole research. All 

primary data required for this research was to be obtained through a questionnaire survey. 

The questions were designed to be 'respondent-friendly' in order to maximise the response 

rate, which is known to be particularly low in construction management research. 

In this research, contractor performance was evaluated and compared against four key 

criteria, namely construction cost, construction time, construction quality and sustainable 

development, as discussed in the preceding section. Hence, the questionnaire was designed 

around these criteria. 

The questionnaire consisted of five sections. Section I was designed to obtain basic 

information about the respondents and their employers, such as the name and position of 

the respondent, and annual turnover and number of employees of the company. This also 

allowed analysis of company size and its impact on contractor performance to be studied. 

In Section 2 respondents were asked to estimate the cost of the hypothetical project based 

on unit price and the contribution of labour, materials, plant, overheads and profits. 

Further, respondents were asked to provide the probability of the project being completed 
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within budget. Other information relevant to cost, such as number of design variations 

during construction and the percentage of projects won by competitive bidding were also 

required. 

Section 3 aimed to generate data concerning construction time and time certainty. 

Respondents were asked to indicate the construction time and to estimate the time 

certainty for the hypothetical project based on their previous project experience. Other 

issues, which affected construction time and time certainty including construction 

methods, communication measures, working time and personnel deployment were also 

investigated. For example, respondents were asked to indicate which elements of 

construction (beams, columns, and stairs, etc. ) were to be pre-fabricated, how many 

operatives (skilled and unskilled) would be employed at peak times on site, and the 

frequency of monitoring meetings within their own project team as well as with 

subcontractors. 

Section 4 explored contractors' quality management practices and safety performance. 

Questions were designed to investigate the quality management system, quality of 

previous projects and service, and safety records. An open question was used to assess 

health and safety measures used on construction sites. Respondents were asked to indicate 

whether they performed Total Quality Management (TQM), what kind of quality 

assurance (IS09001 and IS09002) they had obtained, their typical number of defects and 

accidents on projects of this kind, and the extent to which feedback from clients was 

sought. 
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In Section 5 information on issues which might directly or indirectly affect contractor 

performance were requested. These included their attitudes to the aims of the project and 

other participants, procurement methods, disputes resolution methods, investment in 

research and development and personnel training, and levels of client satisfaction on 

previous projects. An open question was used to obtain any environmental protection 

measures used by contractors. 

Wherever possible, scales and frequencies or list of choices were used simplifying and 

reducing the time taken to complete the questionnaire. This also facilitated subsequent 

statistical analysis. Due to the international dimension and broad coverage of this research 

some unstructured questions were included to seek ideas which were novel in one country 

but were commonplace in another. Two open questions were used to collect information 

on health and safety and environmental protection measures used on sites. 

The questions in the questionnaire covered a broad range of performance and practices 

issues, to enable a comprehensive evaluation of international contractor performance. 

As confidentiality is always a concern, respondents were assured that the information 

obtained from the survey would be kept strictly confidential and used for research 

purposes only. Data was not to be made available to any third party or used in any 

published material, except as a component in aggregated statistics. This statement was 

intended to appease any misgivings on behalf of the respondents and encourage a better 

response rate. 
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5.6 PILOT SURVEY 

In order to test the clarity, comprehensiveness and feasibility of the questionnaire and 

make sure the forthcoming major surveys were a success, a small-scale pilot survey was 

conducted in May 2000 in the UK. Thirty UK construction companies were selected 

randomly from the list of building contractors in Kompass 1999-2000 (Reed Business 

Information, 2000). Those in the category of building contractors, general building and 

maintenance contractors, and/or office blocks, hotels and apartment buildings contractors 

were selected. The questionnaires were addressed for the attention of the Project Manager, 

which is the most common title for the personnel this research intended to target. Another 

twenty-nine questionnaires were distributed to members of the Association for Project 

Management, among which ten people were found to have left their registered companies 

already by follow-up telephone enquires. In addition to completing the questionnaire, 

respondents were also asked to critically review the design of the hypothetical project and 

the structure of the questionnaire in order that any improvements could be made prior to 

the major surveys. 

It was estimated that it would take almost two hours to complete the questionnaire. Due to 

the nature of the questionnaire and the target recipients, it was not realistic to expect a very 

high response rate. The aim of the pilot survey was to test the feasibility of the general 

research methodology and the suitability/comprehensiveness of the questionnaire. 

Six questionnaires (12.2%) were completed and returned. Primary analysis of the 

completed questionnaires provided some indication of UK contractor performance (Xiao 

and Proverbs, 2001). A follow-up interview with two project managers was conducted in 

order to yield more detailed feedback on the rationality and feasibility of the 
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questionnaire. Some comments and suggestions were addressed resulting in a more 

concise, accurate and respondent friendly questionnaire. The number of questions was 

reduced from sixty to fifty-four (10% reduction). A further question on the degree of 

seeking feedback from clients after project delivery was added in order to evaluate the 

service quality of contractors. Six questions were deleted either because of lack of 

information (e. g. the wages of skilled and unskilled operatives, and the ownership of plant 

and machinery) or because of repetition (e. g. the percentage of plant in unit price and the 

percentage of work conducted by plant and machinery). The wording of some questions 

was changed in order to eliminate any possible ambiguity (e. g. 'in your previous projects' 

was changed into 'in a project such as this based on your own experience'). Several 

questions (such as the involvement in design, degree of subcontracting, and procurement 

options) were also changed into scale type. 

According to the interviewees and the respondents to the questionnaire, the new research 

approach was considered appropriate to evaluate and compare contractor performance and 

practices. The hypothetical project was considered suitably international in design and 

relevant to the three countries and the information provided was sufficient to complete the 

questionnaire. This new research approach was considered suitable for comparing 

contractor performance internationally. 

5.7 MAJOR SURVEYS 

After modification of the pilot questionnaire, the major surveys were conducted 

simultaneously in Japan, the UK and the US between October 2000 and January 2001, 

during which the already established contacts with researchers, contractor organisations, 

professional bodies and contractors in the three countries were utilised. The targeting 
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organisations of this research were general building contractors in the field of general 

buildings or commercial buildings, and there was no discrimination in terms of size or 

geographical location. As the questionnaire was considered more complicated than typical 

'opinion-search' examples, demanding approximately two hours to complete, and the 

individuals targeted were subjected to many similar requests to complete questionnaires 

amidst busy schedules, a relatively low response rate was not unexpected. 

5.7.1 Survey in Japan 

In Japan, the questionnaires, which had been translated into Japanese for the convenience 

of Japanese respondents (refer to Appendix B and D), were distributed to contractors from 

the Building Contractors Society (BCS) through Mr Kenichi Matsui, a researcher in the 

Public Works Research Institute of the Ministry of Construction of Japan. Project 

managers were contacted with the help of Professor Shuzo Furusaka from Kyoto 

University in Japan who was conducting a research on project perfonnance. 

Supplementary contact details of other construction companies were obtained from the 

Internet and pursued independently in order to maximise the potential response. 

Altogether, 129 Japanese construction firms were targeted, and twenty-four completed 

responses were generated, representing a response rate of 20.2%. 

5.7.2 Survey in the US 

In the US, contractors were contacted by means of The Associated General contractors of 

America (AGC). About 1500 contracting organisations were contacted through electronic 

medium to seek their cooperation and participation in this research. 113 companies (7.5%) 

showed an interest in this research and questionnaires were subsequently distributed to 
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them. Thirty-eight completed questionnaires were obtained representing a response rate of 

33.6%. 

5.7.3 Survey in the UK 

In the UK, companies in the category of building contractors, general building and 

maintenance contractors, and/or office blocks, hotels and apartment buildings contractors 

in Kompass 1999-2000 (Reed Business Information, 2000) were contacted by telephone 

for cooperation in the survey. Members of the Chartered Institute of Building (CIOB) 

were also contacted (Chartered Institute of Building, 2000). In total, 368 questionnaires 

were distributed and twenty-eight completed questionnaires were returned (7.6%). The 

relatively low response rate was disappointing but a number of contributing factors were 

identified: 

1. Some of the individual firms identified from the CIOB Directory did not work in 

general building contractor companies or work as project managers; 

2. Some companies did not have the required experience to undertake the 

hypothetical project; 

3. Some companies claimed that they received too many research survey 

questionnaires to respond; 

4. It was the policy of some firms not to engage in research surveys; and 

5. Some individuals claimed to be too busy to complete the questionnaire. 

This, however, should not invalidate the outcome of the survey. Rather, it does imply that 

the questionnaire had been taken seriously and the responses received were of intrinsic 

interest and of a reliable nature. 
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5.7.4 Respondents and responses 

Of all the completed questionnaires from the pilot survey and major surveys, six 

questionnaires from the US, four from Japan and two from the UK were reserved for 

future validation work. Detailed information about the distribution and response to the 

surveys is shown in Table 5.4. 

Table 5.4 Questionnaire survey 

Distributed 

No. 

Received 

No. % 

Held back for 

validation 

No. % 

Used in analyses 

No. % 

Japan 129 26 20.2 4 15.4 22 84.6 

UK 417 34 8.2 2 5.9 32 94.1 

us 113 38 33.6 6 15.8 32 84.2 

Total 659 98 14.9 12 12.2 86 87.8 

All the respondents were from general contractors whose main business was construction. 

On average the Japanese companies were larger with mean values of 4534 employees and 

an annual turnover of f. 2840 million (refer to Table 5.5 and Table 5.6). Mean figures for 

UK companies were 1241 employees and an annual turnover of E334 million. The US 

companies were generally smaller, with only 236 employees and an annual turnover of 

E105 million on average. Although the inequality in the scales of the responding 

contractors between the three countries may impose a certain degree of bias on the 

analysis, this inequality reflects the differences in the structure of the industry in the three 
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countries, as described in Chapter 2. That is, Japanese general contractors normally tend to 

be bigger than those in the UK and the US. Therefore, the sample is deemed robust for the 

statistical analysis. 

Table 5.5 Size of participating firms by number of employees 

Number of Number and percentage of contractors 

employees Japan UK us Total 

No. % No. % No. % No. % 

<ý 50,0 0.0 3 9.4 14 36.9 17 17.3 

50-199 0 0.0 7 21.9 12 31.6 19 19.4 

> 199 26 100.0 21 62.5 11 28.9 58 59.2 

Not answer 0 0.0 3 6.3 1 2.6 4 4.1 

Total .,, --, 26 100.0 34 100.0 38 100.0 98 100.0 

Table 5.6 Annual turnover of participating firms 

Annual Turnover Numbers and percentage 

(million pounds) Japan UK us Total 

No. % No. % No. % No. % 

<50 0 0.0 10 29.4 23 60.5 33 33.7 

50-499- 6 23.1 12 35.3 5 13.2 23 23.5 

> 499 '' 20 76.9 8 23.5 3 7.9 31 31.6 

Not answer 0 0.0 4 11.8 7 18.4 11 11.2 

Total 26 100.0 34 100.0 38 100.0 98 100.0 
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5.8 SUMMARY 

In order to conduct a robust and reliable international comparison of contractor 

performance and practices, a new approach was needed that would address and/or 

eliminate the limitations of previous methods mainly in terms of their comparability and 

representativeness of data. For this purpose, a new research approach was developed by 

combining the appropriate characteristics of pricing studies and case studies as presented 

in this chapter. This approach differs from pricing studies in that it draws upon the 

respondents' previous project experience, and from case studies in that it utilises a 

hypothetical project to provide comparable data. 

The hypothetical project was designed as a six-storey concrete framed office block, which 

was considered common internationally. Data was collected via a semi-structured 

questionnaire based on the hypothetical project. The questionnaire was designed around 

the contractor performance evaluation criteria identified earlier involving aspects of 

construction cost, construction time, construction quality and sustainable development. A 

high level of flexibility was provided to the respondents in order that different national 

construction practices could be demonstrated. Hard and soft measures of contractor 

performance were collected based on the respondents previous project experience and 

plans for the hypothetical project. This method provided data that was both comparable 

and representative, while enabling disparities in performance and practices in different 

countries to be represented. 

A pilot survey and follow up interviews in the UK indicated that this new research 

approach was feasible. With some modifications to the questionnaire based on the 
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feedback from the pilot survey, the major surveys were conducted simultaneously in 

Japan, the UK and the US. Altogether, ninety-eight sets of data were generated, 

representing a total response rate of 15%. This formed a solid database on which 

contractor performance could be compared and was to allow development of best practice 

performance models in the later phases of this research. 

It is conceded that, like every other research methodology, this new research approach also 

has its own limitations. As a hypothetical project was used, some of the data like the cost 

and duration of the project were estimations instead of those actually achieved. The 

research results may not be necessarily applied to other types of buildings such as 

residential buildings and steel frame buildings. The use of a self-administrated 

questionnaire survey as the main data collection method may lead to variations in the 

interpretation of some questions. Despite these limitations, this new research approach 

provides an interesting snapshot of contractor performance and practices in the three 

countries and provides a novel way for conducting international construction comparisons. 

After accruing the necessary data by means of this new research approach, a detailed 

statistical analysis follows in order to evaluate and compare contractor performance and 

practices internationally. Each aspect of performance is analysed and results are presented 

in the next chapter. The statistical analysis methods are also explained and presented, and 

possible causes for performance disparities are explored and discussed. 
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CHAPTER 6A COMPARISON OF CONTRACTOR 

PERFORMANCE 

6.1 INTRODUCTION 

In this chapter, statistical analysis methods are first considered and chosen for application 

in the analysis of the survey response. Using these techniques, contractor perfonnance 

data is evaluated and compared among the three countries in terms of construction cost, 

construction time, construction quality and sustainable development. Other issues relevant 

to contractors' practices are also investigated. A discussion of the results then follows. The 

intention is to identify whether there exists significant difference in contractor 

performance between the three countries and to reveal possible causes for such 

differences. These causes may therefore provide evidence of best practice and propose 

potentially performance-enhancing solutions. 

6.2 STATISTICAL ANALYSIS METHODS 

Analysis of variance (ANOVA) is a technique to test simultaneously whether two or more 

population means are significantly different and provides a useful technique in comparing 

contractor performance and practices between the three countries. The parametric 

ANOVA assumes that the populations are normally distributed with equal standard 

deviations and that the samples are independent (Mason et aL, 1994). Here, some of the 

performance indicators did not conform to the assumptions of normal distribution and/or 

equal standard deviation, and hence to make the comparisons robust non-parametric 

ANOVA (Kruskal-Wallis) tests were employed instead. The Kruskal-Wallis test is a 

nonparametric alternative to one-way ANOVA, which can also be used to compare the 
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means between two or more groups. It still assumes that the data must be from 

independent samples from populations with the same shape and equal variances, but the 

data may not necessarily be in normal distribution (Norusis, 1995). 

The analysis was conducted with the aid of the Statistical Package for Social Sciences 

(SPSS 10) software, and the significance level used throughout the analysis was 5%. As 

some respondents failed to answer all of the questions contained in the questionnaire, the 

samples with missing data were excluded from calculations of means, standard deviations 

and other statistics. 

For nominal data, the chi-square test was applied to determine the presence of an 

association between qualitative variables. Chi-square tests also require that the samples 

tested be independent. Generally, chi-square tests have been proscribed when: (i) in 2x2 

tables, any of the expected frequencies is less than 5; and (ii) in larger tables, any of the 

expected frequencies is less than I or more than 20% are less than 5 (Kinnear and Gray, 

2000). Here, some data was merged in order to conform to these requirements. 

6.3 A COMPARISON OF COST PERFORMANCE 

In this section, cost performance is compared on an aggregated level between the three 

countries. Then follows a detailed discussion to reveal the possible causes of the 

performance disparities found. 
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6.3.1 The comparison of cost performance and practice 

Based on the evaluation criteria for cost performance established in Chapter 5, contractor 

cost performance is compared in terms of construction cost, cost certainty and client cost 

satisfaction. Issues relevant to cost performance are also compared and evaluated. 

63.1.1 Construction Cost 

In this research, the unit price and the composition of the unit price were used to compare 

construction cost between the three countries. 

Unit price 

To compare the cost differences between the three countries, respondents were asked to 

estimate the unit price for the hypothetical project, assuming they were the general (i. e. 

main) contactor. Here, unit price was chosen because it provided a broad indication of cost 

levels (Ashworth, 1994) and was considered appropriate for the assessment of 

performance (Ireland, 1985; Naourn and Mustapha, 1995). Table 6.1 presents the 

descriptive statistics for unit price, as provided by the Japanese, UK and US respondents 

(based on the exchange rates dated 15th December 2000 in Financial Times, i. e. fl=$1.47 

and fI =-Y 164.90). 

Given that the exchange rates do not usually reflect the relative purchasing powers of 

currencies and constantly fluctuate (Kravis, 1984; Ashworth, 1994), the unit prices were 

adjusted by using PPPs (at the rate of UK: US: Japan--100: 103: 70) as published by the 

Organisation for Economic Co-operation and Development (OECD, 2001). 
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Table 6.1 Unit price for the hypothetical project 

Country No. of Unit price (; E/ml) Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 22 1443.72 855.93 3138.20 123.29 3 

UK 30 882.98 550.00 1400.00 187.89 2 

us 32 710.10 351.82 1230.90 43.55 

Total 84 963.98 351.82 3138.20 455.89 

PPPs are key statistical tools for international comparisons. They represent the rates of 

currency conversion that eliminate differences in price levels between countries. PPPs are 

a geometric average of price relatives of various products and services in a national 

economy including consumer goods and services, government services, equipment goods 

and construction projects. When prices of a product or service in different countries 

converted by PPPs are compared, they are all being valued at a common set of prices and 

they are not affected by the relative prices of tradable goods and by factors such as interest 

rates, financial flows etc. For a detailed explanation of PPPs, readers are directed to 

Officer (1982). For example, OECD (1995) compared the residential telephone charges in 

the member countries based on PPPs. As construction is so deeply enmeshed in each 

national economy and has such diverse price relativities between countries there might be 

a need for a special PPPs index for construction. However, this is beyond the remit of the 

current research. The unit prices converted using PPPs are presented in Table 6.2. 
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Table 6.2 Unit price for the hypothetical project converted by PPPs 

Country No. of 

respondents 

Unit price (; E/m2) 

Mean Minimum Maximum 

Standard Rank 

deviation 

Japan 22 843.38 500.01 1833.28 337.81 2 

UK 30 882.98 550.00 1400.00 187.89 3 

us 32 738.60 365.94 1280.28 256.25 

Total 84 817.61 365.94 1833.28 264.31 

The Kruskal-Wallis test revealed significant differences in the mean unit prices adjusted 

by PPPs for the hypothetical project between the three countries (e=9.524, 

p=0.009<0.05). The same tests were applied to each pair of countries and the unit price in 

the UK was found to be significantly different from those in Japan (e=4.710, 

p=0.03<0.05) and the US (e=7.247, p=0.007<0.05), but there was no significant 

difference between those in Japan and the US (e=2.513, p=O. 1 13>0.05). 

Composition of unit price 

In order to further investigate construction costs for the hypothetical project among the 

three countries, respondents were asked to estimate the composition of the unit price (in 

percentages) in terms of labour, materials, plant, overheads and profit (refer to Table 6.3). 

The Kruskal-Wallis tests indicated that four components of unit price were significantly 

different (labour, plant, overheads and profit). 
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Table 6.3 Composition of unit price for the hypothetical project 

Country No. of Mean Min Max Standard 

Variables respondents deviation 

Percentage Japan 21 24.60 5.00 60.00 14.138 

oflabourin UK 29 36.84 10.00 50.00 9.929 

unit price us 29 38.59 8.00 60.00 12.385 

N Total 79 34.23 5.00 60.00 13.278 

Percentage Japan 21 39.62 20.00 79.00 14.985 

of materials UK 29 42.56 27.50 63.00 9.870 

in unit price us 29 43.10 15.00 84.00 13.539 

N Total 79 41.98 15.00 84.00 12.667 

Percentage Japan 21 15.95 2.00 35.00 11.704 

of plant in UK 29 9.58 1.50 25.00 6.079 

unit price us 28 7.79 0.00 20.00 6.344 

N Total 78 10.65 0.00 35.00 8.615 

Percentage Japan 21 10.45 2.00 25.00 5.907 

of overhead UK 29 7.49 2.00 16.00 3.904 

in unit price us 32 6.66 2.00 12.00 3.045 

M Total 82 7.93 2.00 25.00 4.448 

Percentage Japan 22 6.41 2.00 10.00 2.789 

of profit in UK 29 3.53 1.00 10.00 1.901 

unit price us 32 4.76 1.50 10.00 1.547 

M Total 83 4.77 1.00 10.00 2.323 

The Kruskal-Wallis test was subsequently applied to each pair of countries to determine 

the presence of these significant differences. The test results showed that Japan was 
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significantly different from the US on all four variables, and from the UK on labour, 

overheads and profit. The UK and the US differed significantly only on profit. Noticeably, 

Japanese contractors had higher percentages for plant, overheads and profit, but a lower 

percentage for labour. Figure 6.1 shows the comparison of the compositions of the unit 

price between the three countries. 
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Figure 6.1 Comparison of the compositions of the unit price for the hypothetical project 

6.3.1.2 Cost certainty 

Cost certainty was evaluated by two variables: cost certainty and typical cost overruns, as 

described in Chapter 5. 

Cost certainty 

To evaluate and compare cost certainty, respondents were asked to estimate the probability 

of completing the project within budget according to their previous project experience 

(refer to figures in Table 6.4). The Kruskal-Wallis test revealed significant differences 

between the three countries in this regard (XI=6.201, p=0.045<0.05). Further tests 

confin-ned these differences to be between Japanese and UK contractors (X2=5.28 1, 
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p=0.022<0.05), but no significant differences were found between those in Japan and the 

US and those in the UK and the US. 

Table 6.4 Levels of cost certainty 

Country No. of 

respondents Mean 

Cost certainty (%) 

Minimum Maximum 

Standard 

deviation 

Rank 

Japan 22 89.18 50.00 100.00 15.882 1 

UK 27 80.19 20.00 100.00 22.393 3 

us 32 88.39 10.00 100.00 16.503 2 

Total 81 85.87 10.00 100.00 18.740 

However, when the responses were further observed some interesting differences 

emerged. Eight Japanese contractors (36.4%) indicated 100% cost certainty, compared 

with just one (3.7%) in the UK and two (6.3%) in the US. This suggests that Japanese 

contractors are more confident of completing a project within budget than their 

counterparts in the UK and the US. 

Typical cost overruns 

Respondents were asked to indicate the typical cost overruns against the original contract 

price according to their previous project experience (refer to figures in Table 6.5). The 

Kruskal-Wallis test (&3.108, p=0.21 1>0.05) indicated no significant differences between 

the three countries. 
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Table 6.5 Typical cost overruns 

Country No. of 

respondents 

Typical cost overrun (%) 

Mean Minimum Maximum 

Standard Rank 

deviation 

Japan 20 3.63 0.00 10.00 3.199 1 

UK 29 5.89 0.00 15.00 4.427 3 

us 31 5.05 0.00 20.00 4.503 2 

Total 80 5.00 0.00 20.00 4.228 

6 3.1.3 Client cost satisfaction 

Client satisfaction is an important determinant of contractor performance. Respondents 

were asked to evaluate the level of satisfaction of their clients on previous similar projects 

on a scale of one to ten, where one represents totally unsatisfied and ten represents very 

satisfied (refer to Table 6.6) 

Table 6.6 Client cost satisfaction 

Country No. of Client cost satisfaction Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 22 9.23 7.00 10.00 0.81 1 

UK 31 8.39 3.00 10.00 1.52 3 

us 32 8.75 6.00 10.00 1.14 2 

Total 85 8.74 3.00 10.00 1.26 
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According to the respondents, client cost satisfaction was relatively high in all three 

countries. Nevertheless, The Kruskal-Wallis test (&5.527, p=0.019<0.05) showed that 

for UK contractors' client satisfaction scores were significantly different to that of 

Japanese contractors. There was no statistically significant difference between Japanese 

and US and UK and US contractors on this issue. 

6 3.1.4 Other relevant cost performance issues 

In addition to the above, several other factors considered to impact cost performance were 

investigated, including: percentage of competitive bidding and number of design 

variations during construction. 

Percentage of competitive bidding 

It has long been believed that Japanese contractors win projects by negotiation more than 

by competitive bidding. However, in this survey, no significant statistical differences were 

found (&4.065, p=0.13 1>0.05) (refer to Table 6.7) in this regard. 

Table 6.7 Projects won by competitive bidding 

No. of Projects won by competitive Standard 

Country respondents bidding (%) deviation Rank 

Mean Minimum Maximum 

Japan 20 44.25 10.00 90.00 30.75 2 

UK 
, 

31 50.16 15.00 95.00 23.47 1 

us 32 36.63 0.00 95.00 30.19 3 

Total 83 43.52 0.00 95.00 28.29 

101 



Chapter 6A comparison of contractor performance 

Design variations 

Design variations have been identified as one of the main factors responsible for causing 

budget overrun (Flanagan et aL, 1986; Jahren and Ashe, 1990). In this survey, respondents 

were asked to estimate the number of design variations during the construction period per 

project according to their previous experience on similar projects (refer to Table 6.8). The 

Kruskal-Wallis test indicated that there were significantly more design variations in the 

UK than in Japan (&25.207, p<0.05) and the US (e=l 1.572, p=0.001<0.05), but there 

was no significant difference between Japan and the US in this regard. 

Table 6.8 Design variations in previous similar projects 

No. of Design variations in previous Standard 

Country respondents similar projects deviation Rank 

Mean Minimum Maximum 

Japan 21 11.95 1.00 40.00 11.356 1 

UK 25 100.44 6.00 500.00 104.653 3 

us 29 45.85 0.00 350.00 75.167 2 

Total 75 54.55 0.00 350.00 83.552 

6.3.2 Discussion of cost performance results 

The above analysis has demonstrated levels of cost performance in the three countries and 

revealed a number of disparities in this regard. The following discussion attempts to 

explain possible causes with a view to drawing lessons for contractors in the three 

countries which may help to improve their performance. 
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6 3.2.1 Cost ofconstruction 

The results from this survey corresponded with former claims that the cost of construction 

in Japan (converted by exchange rates) is much higher than in the UK and the US (Walker 

and Flanagan, 1991). However, when adjusted by PPPs, it appears that UK construction 

costs are the highest, followed by Japan and the US. This corresponds with the findings of 

Latham (1994) who reported that Japan had the lowest cost for buildings compared with 

the EC and the US. Evidently, there is some conflict in these findings and serves to 

demonstrate the difficulty in making such international cost comparisons. It is 

acknowledged that other factors (e. g. institutional and legal infrastructures) may impact 

cost performance in different countries, but these are considered beyond the scope of this 

research. 

Aspects of Japanese cost performance (e. g. characterised by lower cost and higher cost 

certainty) may be linked to the Japanese emphasis toward long-term harmonious 

relationships with clients. Japan is considered a client oriented country, in which it is 

much more important to expand market share by increasing reliability between clients and 

contractors than to obtain profit from each single construction project (Saito, 1994). In 

Japan, mutual trust and long-term relationships between contractors, designers, clients, 

subcontractors, and suppliers are commonplace; these being based on a sense of social 

obligation of the parties involved. As a way of maintaining good relationships with their 

clients and while under no obligation to do so, Japanese contractors take responsibility for 

checking the design to avoid possible delays or additional costs (Institute of Civil 

Engineers, 1988). Japanese contractors are willing to accept that some projects may be 

unprofitable, but remain confident that long-term results will be profitable because of 
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good relationships with their clients, which then helps to sustain a stable and continuous 

workload (Bennett et aL, 1987). 

In contrast to the foregoing benefits, Japanese long-term relationships have also been 

known to breed widespread corruption in the construction industry. Collusion is not 

unusual in awarding public works projects and favoured contractors contribute large 

amount of funds to government officials and political parties (Hasegawa, 1993; Levy, 

1993). Furthermore, the volume and type of construction activity in Japan during the 

1980's and early 1990's was a fundamental factor in initiating and reinforcing the current 

recession in the Japanese economy. This highlights the importance of an open, fair and 

transparent market environment, and may also force Japanese contractors to lower prices 

in order to remain competitive and keep their share of the market. 

Unlike in Japan, contractors in the UK and the US normally expect a faster financial 

return. They tend to think with a short-term view because of pragmatism (which means an 

immediate financial result is their main, if not their only, business criterion) (Centre for 

Strategic Studies in Construction, 1988; Chapman and Grandjean, 1991; Haley, 1994). It 

is not surprising that construction costs in the UK are the highest among the three 

countries. UK buildings tend to be over-specified and thus unnecessarily costly (Business 

Round Table, 1994; Latham, 1994; Atkinson, 1995). d'Arcy (1995c) claimed that over- 

specification added approximately fifteen per cent to the cost of construction work. 

The low cost in the US is attributed to the higher degree of standardisation, prefabrication 

and mechanisation (Nahapiet and Nahapiet, 1985; Flanagan et al., 1986) and fewer design 

variations (Royal Institute of Chartered Surveyors, 1979). Standardisation involves mass 
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production and can improve efficiency; prefabrication can improve quality, safety and 

efficiency; and mechanisation can reduce time and labour on site (Evans, 1995; 

Construction Industry Board, 1996a; Egan, 1998). Another important factor is the more 

open US domestic construction market with many prominent foreign contractors such as 

Skanska (Sweden), AMEC (Britain), Bovis Lend Lease (Australia), Shimizu (Japan) and 

Hochtief (Germany) who help to increase competition and drive down construction costs. 

63.2.2 Design variations 

The significantly higher number of design variations on UK construction projects may 

also contribute to higher UK construction costs and lower cost certainty. In the UK, 

bespoke and tailor-made solutions are preferred, requiring a more precise specification and 

often demanding more drawings (Flanagan et aL, 1986; Business Round Table, 1994). 

Changes of design during construction have been perceived as one of the main problems 

faced by the UK construction industry (Proverbs et aL, 2000). The fact that there are more 

design variations (change orders) in the UK construction process is both a strength and a 

weakness of the traditional British contract system (NEDO, 1983). While this allows a 

client's functional requirements to be met as much as possible, it also leads to increased 

cost and prolonged project duration (Flanagan et aL, 1986; NEDO, 1988). 

However, design-build procurement is more popular in Japan because Japanese clients 

prefer to have one contract and single-point responsibility (Sjoholt, 1999). Hence, 

buildability is given due consideration at the design stage leading to fewer variations, 

faster construction at lower cost and projects generally delivered on time (Bennett et aL, 

1996). Contrary to the design culture in the UK, the US favours standardised 

specifications (Edkins and Winch, 1999). The early involvement of contractors and 
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subcontractors in the design stage is encouraged in the US, and design variations (change 

orders) are avoided as much as possible by US clients in order to maximise monetary 

value (Royal Institute of Chartered Surveyors, 1979). 

6 3.2.3 Client cost satisfaction 

Respondents were asked to make an assessment of the satisfaction levels of their clients, 

which while being somewhat subjective, was considered an appropriate compromise in the 

study. Furthermore, it is acknowledged that different cultural backgrounds may impact the 

way satisfaction/dissatisfaction is expressed. Nevertheless, satisfaction levels are a relative 

and subjective concept, and closely relates to levels of expectation (Swan and Combs, 

1976; Ahmed and Kangari, 1995). It was therefore considered that as both clients and 

contractors are under the same cultural influences, this self-evaluation provides an 

indication of the general international trends in client satisfaction. 

With lower cost yet higher cost certainty in Japan than in the UK, Japanese clients, in the 

knowledge that their finished construction products will be completed (and normally are) 

to the highest quality, within budget and exactly on time (Walker and Flanagan, 1991), 

acquire higher satisfaction levels than their UK counterparts. The development of long- 

term relationships with clients allows Japanese contractors to more effectively satisfy 

clients' needs, with less risk regarding project budget and duration. This kind of mutual 

trust is built upon an implied 'Confucian' sense of social obligation (i. e. good order 

prevails in the realm when each individual occupies a fitting position in society and acts in 

accordance with the duties and privileges appertaining to that position) and a will for 

harmonious long-term relationships in sharp contrast to the reliance on contractual terms 

and conditions on which UK and US contractors extensively rely (Haley, 1994). 
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63.2.4 Composition of unitprice 

Composition of the unit price for the hypothetical project presents an insight into the 

international differences in cost previously described. Various materials are used in the 

construction process, ranging from raw materials to prefabricated components. Normally 

materials constitute a significant proportion of the cost of construction (Akintoye, 1995). 

The amount of materials used in any particular project relates closely to the project itself 

and thus is relatively rigid, although it is still influenced by factors like construction 

methods, waste ratios and management levels (Hutchinson, 1993). The prices of materials 

are determined by fluctuations in market demand. The fact that there is no significant 

difference in the material proportion of the unit price between the three countries may 

reflect the high levels of competition in the materials supply sector in international 

markets and the effectiveness of materials management in each of the three countries. 

Profit levels depend on a contractor's expectations, requirements and need or desire for the 

project, and are influenced by the degree of competition in the market (Hillebrandt, 1985; 

Hutchinson, 1993). While the construction industry does not demonstrate a high level of 

profitability compared with manufacturing industries, it is still a very profitable one when 

capital input is taken into consideration (Walker and Flanagan, 1991). The higher levels of 

profit in Japan may be linked to the characteristics of the sample obtained from the survey, 

as larger companies generate persistently higher profits which has been attributed to 

greater managerial efficiency (Akintoye and Skitmore, 1991). With higher profitability, 

these big Japanese contractors can invest heavily in research and development, in which 

direct expenditure may be 1% of turnover and total expenditure may be as high as 10% 

(Bennett et aL, 1987). Japanese clients consider an effective research facility to be a 
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symbol of the firm's capability and a sign of their commitment to clients (Walker and 

Flanagan, 1991), and also acknowledge that at the end they themselves will also benefit 

from the improvement of contractors. Unlike the pervasive business objective of making a 

sufficient profit to satisfy shareholders in the UK and the US, the Japanese emphasis is on 

producing quality at low cost and delivery on time, on the assumption that profits will 

automatically follow if these things are right (Morton, 1994). Nevertheless, owing to the 

liberalisation of financial markets, the increased demands from shareholders and the new 

regulations for greater transparency in corporate accounting, Japanese finns have to pay 

much more attention to profit than before (Genda and Rebick, 2000). 

Compared to Japan, profitability in the UK construction industry is very low (Flanagan et 

aL, 1998). A low and unreliable rate of profitability in the UK restrains healthy sustainable 

development and leads to a lack of investment in research and development, this 

ultimately being a cause of client dissatisfaction and benefiting no one (Egan, 1998). 

Higher profits do not necessarily result in higher prices to clients; instead it may come 

from driving out unnecessary costs, reducing waste and from making the design and 

construction process more efficient (Flanagan et aL, 1998). 

In Japan, contractors hire subcontractors on a regular basis and union involvement is low, 

this being in contrast to the US where contractors often acquire construction labour by 

signing contracts with labour unions (Hasegawa, 1988). The Japanese construction 

industry workforce is ageing and has a high shortage of skilled workers (Sidwell et aL, 

1988), which forces contractors to turn to mechanisation and robotilisation to reduce the 

usage of manpower. It is reported that a one percent increase in absenteeism causes an 

increase in labour cost of 1.5 percent (Business Roundtable, 1982). Because of the 
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incredible bond that has been developed between employees and employers under the 

lifetime employment system, Japan has an absenteeism rate 50% lower than the US, 

demonstrating a level of diligence unmatched in the industrial world (Levy, 1990). All 

these factors may contribute to the lower percentage of labour in the unit price in Japan. In 

the US, workers are paid higher rewards because of their higher productivity (Royal 

Institute of Chartered Surveyors, 1979), which results in higher levels of labour in the US. 

Due to the availability of equipment, expansion of equipment business and economics for 

lease and rent, US contractors rarely own equipment (Banik, 2001). 

63.2.5 Competitive bidding 

Competitive bidding is utilized by public clients for public accountability and by private 

clients for obvious commercial reasons (Turner, 1990). However, negotiated contracts can 

be used to meet clients' requirements simpler and more quickly, for in many cases 

contractors may have already completed similar projects for clients and be familiar with 

their requirements, quality levels, and preferred choice of materials and equipment (Levy, 

1990). The economic recession in Japan over the past decade has led to a demand for more 

cost transparency and cost effectiveness, resulting in more competitive bidding and less 

negotiation (Sillars and Kangari, 1997). For example, for the Takenaka Corporation, one 

of the six largest contractors in Japan, negotiated contracts have increased by 

approximately 15-20% over the last ten years (Sjoholt, 1999). 

6.3.3 Summary of cost performance comparison 

From the survey, contractors in the three countries displayed various differences in their 

cost performance. Construction costs in the UK, when fluctuations for exchange rates are 

eliminated by PPPs, are significantly higher than those in Japan and the US. This may be 
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due to the Japanese emphasis towards long-term harmonious relationships with clients and 

the higher degree of standardisation, prefabrication and mechanisation used in the US. The 

higher cost and lower cost certainty in the UK may also be attributed to the higher number 

of design variations during the construction process. While there is no significant 

difference in the proportion of materials in the unit price, labour is lower and plant, 

overheads and profit are higher in Japan than in the UK and the US. With higher 

profitability, Japanese contractors are able to invest in research and development to 

maintain their competitiveness. The ageing workforce and shortage of skilled workers may 

impel Japanese contractors to reduce manpower by increasing mechanisation and 

robotilisation in construction. By providing lower cost and higher cost certainty together 

with good relationships with their clients, Japanese contractors can be confident of 

achieving higher levels of client satisfaction. 

6.4 A COMPARISON OF TIME PERFORMANCE 

This chapter presents a detailed comparison of contractor time performance between the 

three countries, including an evaluation of construction time, time certainty, and client 

time satisfaction. Possible causes of the disparities found in time performance including 

working patterns, human resources, schedule monitoring and techniques for schedule 

control are also investigated. Following this, a detailed discussion of the disparities 

revealed is then presented. The intention being to distinguish the strengths and weaknesses 

of contractors in time performance and to identify the potential for improvement. 

6.4.1 The comparison of time performance and practice 

Based on the evaluation criteria established in Chapter 5, contractor time performance was 

compared in terms of construction time, time certainty and client time satisfaction between 
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the three countries. Other issues relevant to contractor time performance are also 

compared. 

64.1.1 Construction time 

In the survey, respondents were asked to estimate the construction time for the 

hypothetical project (refer to Table 6.9). On average, Japanese contractors required 46 

weeks, followed closely by UK contractors (46.9 weeks), and then by US contractors who 

required 53 weeks which was significantly longer than that required by Japanese 

contractors (&4.088, p=0.043<0.05). US performance also demonstrated a high level of 

disparity, with a range of some 96 weeks. 

Table 6.9 Construction times for the hypothetical project 

Country No. of 

respondents 

Construction duration (weeks) 

Mean Minimum Maximum 

Standard 

deviation 

Rank 

Japan 22 46.0 36.0 65.0 7.672 1 

UK 31 46.9 24.0 78.0 12.731 2 

us 32 53.0 12.0 108 18.623 3 

Total 85 49.0 12.0 108 14.509 

64.1.2 Time certainty 

Time certainty was used to evaluate contractors' capability of completing project on time. 

It was compared in terms of time certainty and the typical delays on similar projects, as 

described in Chapter 5. 
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Time certainty 

Respondents were asked to estimate the probability of completing such a project on time, 

based on their previous project experience. Table 6.10 provides the descriptive statistics in 

this regard. According to the survey, Japanese contractors achieved the highest level of 

time certainty (98.1%), which was significantly higher than that in the UK (&23.334, 

p<0.05) and US (&20.263, p<0.05). US (91.6%) and UK (83.6%) time certainty was not 

found to be significantly different (X! = 1.415, p=0.234>0.05). 

Table 6.10 Time certainty for the hypothetical project 

Country No. of Time certainty (%) Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 22 98.1 80.0 100 4.669 

UK 32 83.6 10.0 100 22.504 3 

us 32 91.6 50.0 100 9.310 2 

Total 86 90.3 10.0 100 15.974 

Typical delays 

Respondents were required to estimate the extent of a typical delay as a percentage of the 

original contract time, assuming this had occurred on the project (refer to Table 6.11). 

Mean delay times in Japan were only 2% of the original contract time, which were found 

to be significantly shorter than in the UK ()e=13.094, p<0.05) and the US (e=15.725, 

p<0.05) respectively. UK and US delays were not found to be significantly different 

(&0.12 1, p=0.728>0.05). 
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Table 6.11 Typical delays 

Country 

No. of 

respondents 

Delay times as a percentage of 

original contract time (%) 

Mean Minimum Maximum 

Standard 

deviation Rank 

Japan 22 2.00 0.0 10.0 3.586 1 

UK 32 6.12 0.0 20.0 4.626 2 

us 32 6.55 0.0 25.0 4.847 3 

Total 86 5.17 0.0 25.0 4.819 

64.1.3 Client time satisfaction 

Respondents were asked to evaluate levels of client satisfaction arising from their time 

performance on a scale of one to ten, where one represents totally unsatisfied and ten 

represents highly satisfied (refer to Table 6.12). Generally, the satisfaction levels were 

high with an overall mean value of almost nine. Japanese levels (9.55) were found to be 

significantly higher than those in the UK (&9.571, p=0.002<0.05) and the US (e=5.993, 

p=0.014<0.05) where satisfaction levels were 8.42 and 8.84, respectively. No significant 

difference was found between UK and US client time satisfaction levels (&3.582, 

p=0.058>0.05). This indicates that Japanese clients may enjoy higher levels of satisfaction 

in regard to time performance. 
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Table 6.12 Client time satisfaction 

Country No. of 

respondents 

Client time satisfaction 

Mean Min Max 

Standard 

deviation 

Rank 

Japan 22 9.55 8 10 0.67 1 

UK 31 8.42 3 10 1.59 3 

us 32 8.84 5 10 1.19 2 

Total 85 8.87 3 10 1.32 

6 4.1.4 Other relevant time performance issues 

In addition to the above, several other factors considered to impact time performance were 

investigated, including: working hours, working days and annual leave, human resources, 

schedule monitoring methods, techniques for schedule control, levels of pre-fabrication, 

IT application, and communication methods. 

Working hours, working days and annual leave 

The numbers of working hours and working days on construction sites together with the 

annual leave provided to the labour force are factors known to influence construction 

duration (Flanagan et aL, 1986). In the survey, respondents were required to provide the 

working hours per day, working days per week and annual leave in days on their sites 

(refer to Table 6.13). 
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Table 6.13 Working hours, working days and annual leave on construction sites 

Country No. of Standard 

respondents Mean Min Max deviation 

Working 

hours per 

day 

(hours) 

Japan 

UK 

us 

Total 

22 

32 

32 

86 

8.82 

8.85 

8.08 

8.56 

7.0 

7.0 

6.0 

6.0 

12.0 

11.0 

12.0 

12.0 

1.393 

0.790 

0.824 

1.045 

Working Japan 22 5.55 5.0 6.0 0.486 

days per UK 32 5.44 5.0 6.0 0.397 

weeks us 31 5.05 5.0 6.0 0.198 

(days) Total 85 5.32 5.0 6.0 0.421 

Japan 21 18.10 6.0 66.0 12.58 

Annual UK 31 20.45 8.0 33.0 7.12 

leave us 32 7.31 5.0 12.0 1.53 

(days) Total 84 14.86 5.0 66.0 9.68 

Overall results showed that UK and Japanese contractors had similar working patterns, 

which were generally different to those in the US. Japanese and UK contractors worked a 

similar number of hours per day (8.82 and 8.85 respectively) and days per week (5.55 and 

5.44 respectively). In contrast, US contractors worked significantly shorter working hours 

per day (8.08 hours) and working days per week (5.05 days) than their Japanese (&3.572, 

p=0.059; &17.797, p<0.05 respectively) and UK (& 21.280, p<0.05; e= 19.418, p<0.05 

respectively) counterparts. Annual leave on US construction sites was 7.31 days, which 

was significantly shorter than that on Japanese (e=21.040, p<0.05) and UK sites 
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(&38.976, p<0.05). Here, there was also a significant difference between Japanese and 

UK annual leave allowance (XI=5.233, p=0.022<0.05). A summary of the comparisons is 

presented in Figure 6.2. 

25 

20 

15 

10 

5 

0 FT-w 
Working hour Working day (days) Annual leave (days) 

(hours) 

ý E3 Japan' 

! MUK 
I ýMus 

Figure 6.2 Comparisons of working hour, working day and annual leave 

While US contractors have statistically significant shorter working hours and fewer 

working days in a week than Japanese and UK contractors, they do have fewer holidays. 

Human resources 

Construction time relates closely with the human resources used on site. Respondents 

were required to indicate the number of managerial staff based on site and to estimate the 

number of operatives (skilled and unskilled) at peak time for the hypothetical project (refer 

to Table 6.14). 

On average, US, Japanese, and UK contractors planned to use 2.80,3.23 and 4.55 

managerial staff respectively. Here, significant differences were found among all three 

countries. 

116 



Chapter 6A comparison ofcontractor performance 

Table 6.14 Numbers of managerial staff and operatives on site 

No. of Standard 

Country respondents Mean Min Max deviation 

Managerial Japan 

staff based UK 

22 

32 

3.23 

4.55 

1.0 

2.0 

5.0 

10.0 

0.960 

1.687 

on site us 32 2.80 1.0 7.0 1.596 

Total 86 3.56 1.0 10.0 1.676 

Operatives Japan 22 95.00 40 200 44.88 

based on UK 26 69.15 15 210 44.88 

site us 32 68.97 12 177 43.39 

Total 80 76.19 12 210 44.79 

Ninety-five operatives (skilled and unskilled) were used at peak time on Japanese sites, 

which was significantly more than that on UK sites (&4.771, p=0.029<0.05) and on US 

sites (e=4.413, p=0.03 6<0.05), where average numbers were the same (69 operatives). 

Schedule monitoring methods 

Planning and monitoring meetings can function as ways of problem solving, planning, and 

as a channel for task assignment, information collection and coordination (Neale and 

Neale, 1989). In the survey, respondents were asked to indicate the frequencies of 

planning and monitoring meetings within the project team as well as with their 

subcontractors (refer to Table 6.15). 
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Table 6.15 Frequencies of planning and monitoring meetings 

Japan UK us Total 

Everyday 1(4.5%) 3(9.4%) 4(12.5%) 8(9.3%) 

Twice a week 0 (0.0%) 2(6.3%) 4(12.50/o) 6(7.0%) 

Within project Once a week 8 (36.4%) 25 (78.1%) 21 (65.6%) 54 (62.8%) 

team Less than 13 (59.1%) 2 (6.3%) 3(9.4%) 18(20.9%) 

once a week 

Everyday 18 (81.8%) 4 (12.5%) 4(12.5%) 26(30.2%) 

Twice a week 2 (9.1 %) 3(9.4%) 1(3.1%) 6(7.0%) 

Once a week 0 (0.0%) 19(59.4%) 22(68.8%) 41(47.7%) 

With Once every 2(9.1%) 6(18.8%) 4(12.5%) 12(14.0%) 

subcontractors other week 

Less than 0(0.0%) 0(0.0%) 1(3.1%) 1(1.2%) 

once every 

other week 

For analysis purposes data had to be merged into 'once a week or more' and 'less than 

0 nce a week' for the planning and monitoring meetings within the project team and into 

'twice a week or more' and 'once a week or less' for planning and monitoring meetings 

with subcontractors, in order to conform to the assumptions of the chi-square test whilst 

maintaining the characteristics of the samples as much as possible. Over 90% of Japanese 

contractors had planning and monitoring meetings with their subcontractors twice a week 

or more and 82% of them even did so daily. However, the majority of UK and US 

contractors (78% and 84% respectively) had planning and monitoring meetings with their 
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subcontractors only once a week or less. Over 90% of UK and US contractors had 

planning and monitoring meetings within their project team once a week or more, this 

compared to only 41% of Japanese contractors. 

Results of the chi-square test indicated that Japanese contractors had significantly less 

frequent planning and monitoring meetings within the project team (X! =18.145, p<0.05 

with UK; X! =15.454, p<0.05 with US) but more frequent meetings with their 

subcontractors (e=24.852, p<0.05 with UK; &29.719, p<0.05 with US). No significant 

differences were found between UK and US contractors for these two issues (&0.217, 

p=0.64 1>0.05 for within project team; &0.4 10, p=0.522>0.05 for with subcontractors). 

Techniques for schedule control 

Respondents were asked to indicate which technique(s) they would use to monitor 

progress on site. Two common methods were cited in the questionnaire, and respondents 

were invited to indicate any others used. Results are presented in Table 6.16. 

Table 6.16 Schedule monitoring methods 

Japan UK us Total 

Bar charts 7(33.3%) 30(93.8%) 18(56.3%) 55(64.7%) 

Networks 14(66.7%) 8(25.0%) 14(43.8%) 36(42.4%) 

Others 1(4.8%) 10 (31.3%) 8(25.0%) 19(22.4%) 

Ninety-four percent of UK contractors used bar charts while only 25% used networks. In 

contrast, the dominant technique in Japan was networks with over two thirds preferring 
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this form of schedule control. In the US, both techniques were applied almost equally, 

albeit with a slight preference for bar charts. Chi-square tests revealed a number of 

significant differences between the three countries: UK was significantly different from 

Japan (e=21.960, p<0.05) and the US (e=12.000, p=0.001<0.05) in bar chart use, and 

from Japan (e=9.066, p=0.003<0.05) in networks use. Interestingly, almost a third of UK 

respondents were using 'other' techniques, while in Japan, very few contractors indicated 

this preference. 

As one cell (25%) had a count less than five in the chi-square tests for the issue of 'Other 

more advanced techniques' between Japan and the UK and between Japan and the US, the 

results were not applicable. There were no significant differences between the UK and the 

US on this issue. Suretrack, Primavera, and Microsoft Project were mentioned by US 

contractors as other options for schedule control. Populated Matrix Planning Software, 

Power Projects, CS Project (Project Management Software), Primavera P3, and Microsoft 

Power Project Programmes were used by UK contractors. From Japanese contractors, only 

Detailed Matrix chart was identified. 

Degree of prefabrication 

Off-site prefabrication can contribute to shorter construction time and higher productivity 

on site. In this survey, respondents were asked to indicate the components which would be 

prefabricated in the construction of (refer to Table 6.17). 
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Table 6.17 Pre-fabrication of components 

Components Japan UK us Total 

Beam 6(27.3%) 14(45.2%) 14(43.8%) 34(40.0%) 

Columns 4(18.2%) 11(35.5%) 15(46.9%) 30(35.3%) 

Floor slabs 12(54.5%) 13(41.9%) 6(18.8%) 31(36.5%) 

Stairs 8(36.4%) 27(87.1%) 23(71.9%) 58(68.2%) 

Roof 1(4.5%) 9(29.0%) 5(15.6%) 15(17.6%) 

Inner walls 5(22.7%) 4(12.9%) 2(6.3%) 11(12.9%) 

Inner partitions 4(18.2%) 5(16.1%) 2(6.3%) 11(12.9%) 

External walls 10(45.5%) 3(9.7%) 8(25.0%) 21(24.7%) 

Average 28.4% 34.7% 29.3% 31.0% 

In order to determine whether there exists statistically significant difference between the 

three countries in this regard, chi-square tests were subsequently applied. No significant 

difference was found between the three countries in regard to the use of prefabricated 

beams. However, there were more prefabricated stairs on both UK (e=14.767, p<0.05) 

and US (&6.724, p=0.010<0.05) sites. On US sites, there were less prefabricated floor 

slabs than on Japanese (e=7.517, p=0.006<0.05) and UK (e=4.019, p=0.045<0.05) sites. 

While roof slabs were more likely to be prefabricated in the UK than in Japan (&-5.040, 

p=0.025<0.05), there would be more prefabricated external walls on Japanese sites than on 

UK sites (&8.897, p=0.003<0.05). US contractors would use more prefabricated columns 

than their Japanese counterparts (e=4.707, p=0.03<0.05). 

Due to limitations of data, other components could not be fully tested. Generally, it can be 

concluded that the three countries have similar level of off-site prefabrication. 
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IT application 

Unobstructed communication during construction can enhance contractor performance, 

and IT now plays a more important role in this field. Table 6.18 shows the levels of IT 

provision used on site in the three countries. 

Table 6.18 IT provision on site 

Japan UK us Total 

Computer 17(77.3%) 28(87.5%) 24(75.0%) 69(80.2%) 

Scanner 5(22.7%) 

Printer 20(90.9%) 

Lap top 16(72.7%) 

8(25.0%) 

28(87.5%) 

25(78.1%) 

8(25.0%) 

24(75.0%) 

20(62.5%) 

21(24.4%) 

72(83.7%) 

61(70.9%) 

Web camera 14(63.6%) 5(15.6%) 16(50.0%) 35(40.7%) 

Web page 8(36.4%) 2(6.3%) 11(34.4%) 21(24.4%) 

There were no statistically significant differences between the three countries in the usage 

of computers, scanners, printers and laptops on construction sites. Computers, printers and 

laptops were widely used in the three countries, but scanners were found to be in use on 

just a quarter of the construction sites across the three countries. There were significantly 

higher levels of web camera and web page applications in Japan (& 13.177, p<0.05 and 

&-7.835, p=0.005<0.05 respectively) and the US (&8.576, p=0.003<0.05 and e=7.819, 

p=0.005<0.05 respectively) than in the UK. This suggests that Japanese and US 

contractors are quicker to adopt new IT appliances on sites. 
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Communication methods 

In the survey, respondents were asked to indicate the frequencies of the use of normal 

communication methods (in tenns of Often, Occasionally, and None) (refer to Table 6.19). 

Table 6.19 Communication methods 

Communication Frequency Japan UK us Total 

method 

Often 22(100.0%) 31(96.9%) 32(100.0%) 85(98.8%) 

Telephone Occasionally 

None 

0(0.0%) 

0(0.0%) 

1(3.1%) 

0(0.0%) 

0(0.0%) 

0(0.0%) 

1(1.2%) 

0(0.0%) 

Often 10(47.6%) 18(58.1%) 20(62.5%) 48(57.1%) 

E-mail Occasionally 10(47.6%) 10(32.3%) 10(31.3%) 30(35.7%) 

None 1(4.8%) 3(9.6%) 2(6.3%) 6(7.2%) 

Often 21(95.5%) 29(93.5%) 32(100.0%) 82(96.5%) 

Facsimile Occasionally 1(4.5%) 2(6.5%) 0(0.0%) 3(3.5%) 

None 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 

Often 0(0.0%) 23(74.2%) 21(65.6%) 44(51.8%) 

Letter Occasionally 15(68.2%) 8(25.8%) 10(31.3%) 33(38.8%) 

None 7(31.8%) 0(0.0%) 1(3.1%) 8(9.4%) 

Often 20(90.9%) 25(78.1%) 32(100.0%) 77(89.5%) 

Mobile phone Occasionally 2(9.1%) 7(21.9%) 0(0.0%) 9(10.5%) 

None 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 

Often 5(23.8%) 13(41.9%) 13(43.3%) 31(37.8%) 

Walkie talkies Occasionally 8(38.1%) 15(48.4%) 10(33.3%) 33(40.2%) 

None 8(38.1%) 3(9.7%) 7(23.3%) 18(22.0%) 

123 



Chapter 6A comparison ofcontractor performance 

As far as the communication tools used on construction sites are concerned, most 

contractors in the three countries often used telephone, fax and mobile. Email and 'walkie 

talkies' were not utilised as extensively, but there was no statistically significant 

difference in this regard. Interestingly, Japanese contractors used letters significantly less 

than their UK (&28.837, p<0.05) and US (e=23.625, p<0.05) counterparts. 

6.4.2 Discussion of time performance results 

The above analysis has demonstrated disparate levels of time performance and practices 

between the three countries. The following discussion attempts to explain the possible 

causes with a view to drawing lessons for contractors in the three countries which may 

help to improve their time performance. 

6.4.2.1 Construction time 

In this survey, Japanese contractors achieved the shortest construction time for the 

hypothetical project, closely followed by UK and then US contractors. Shorter 

construction times in Japan may be attributable to the greater number of operatives 

employed on sites. According to the survey, Japanese contractors planned to use about a 

third more operatives than their UK and US counterparts at peak time for the hypothetical 

project. Significantly more managerial staff were also employed on Japanese sites than on 

US sites. This may be because the US construction industry has higher levels of 

standardisation (Nahapiet and Nahapiet, 1985), prefabrication, and mechanisation 

(Flanagan et aL, 1986) resulting in the need for less labour on site. Notwithstanding this, 

well-educated, well-trained and hard working staff committed to lifetime employment is a 

great source of strength to Japanese construction firms (Bennett et aL, 1987). 
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Shorter construction times in Japan may be also attributed to schedule planning and 

monitoring techniques. It has been found that a contractor's ability to plan and set a 

correct pace for the work from the outset and maintain it throughout is of utmost 

importance to fast construction projects (NEDO, 1983), and most of US contractors agreed 

that planning and scheduling had high potential for productivity improvement (Banik, 

2001). Nkado (1995) also identified contractor's programming of the construction work as 

one of the most important factors to construction time. The Japanese tend to plan 

everything in detail and carry out the plan exactly to schedule (Bennett et aL, 1987; 

Institution of Civil Engineers, 1988). For example, in Japan, the materials and components 

required are usually delivered 'just-in-time' through careful plans (Bennett et aL, 1987). 

Japanese attention to detail is also reflected in their patterns for schedule planning, where 

the use of networks was found to be extensive, unlike UK and US practices. Compared to 

the relatively simple bar charts, networks can link the activities of a project, show their 

interrelationships and sequence of execution, and be analysed numerically to determine 

the estimated project duration and to distinguish those activities critical to the earliest 

completion of the project (Neale and Neale, 1989). 

Japanese contractors may also benefit from working more closely with their 

subcontractors. Russell and McGowan (1987) suggested that the nature of relationships 

between the general contractor, subcontractor and client's agent was a key factor 

influencing construction time. Unlike Western culture, which is based on competition, 

Japanese culture is based on co-operation (Haley, 1994) and long-term partnerships are 

commonplace. In Japan, a subcontractor may work exclusively for one contractor for 

decades (Sjoholt, 1999), and contractors take good care of their subcontractors and rely on 
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their loyalty. Contractors and subcontractors are more interdependent in Japan than in the 

Western world. However, in the UK and the US, deriving from the vulnerability 

associated with an adversarial or non-trusting approach, both contractors and 

subcontractors rely heavily on extensive contract documentation, and mutual trust exists 

only on a limited scale (Abdul-Rahman, 1996; Agile Construction Initiative, 1998). 

The close working relationship between Japanese contractors and their subcontractors is 

also revealed by the remarkably different planning and monitoring patterns they 

employed. Compared to UK and US contractors, Japanese contractors have planning and 

monitoring meetings more frequently with their subcontractors but less within their own 

project team. Having frequent contacts with their subcontractors helps Japanese 

contractors to identify and solve problems as soon as possible, and ensures the success of 

the project. The Japanese management style requires a consensus to be reached before any 

decisions are made (Sidwell et aL, 1988). Once a plan is made, everyone knows what to 

do and how to finish their task. Therefore, less planning and monitoring meetings within 

the project team are needed in Japan. In contrast, UK and US contractors put more onuses 

on their project team. To them, it is more important to manage and coordinate their own 

project team than to monitor their subcontractors. 

64.2.2 Time certainty and extent ofdelay 

Timely completion of projects has been found to be one of the most frequently desired 

needs of clients, which contractors strive to satisfy (Kometa et aL, 1995; Chinyio et aL, 

1998). Japanese contractors achieved significantly higher time certainty than US 

contractors, and UK contractors lagged even further behind. Further scrutiny of the 

responses to this question confirmed Japanese superiority in this regard. Among the 

126 



Chapter 6A comparison ofcontractor performance 

respondents, fifteen (68.2%) Japanese respondents claimed that they were 100% confident 

of completing the project on time, while only two companies (6.3%) in the UK and three 

companies (9.4%) in the US had such levels of confidence. 

Higher time certainty in Japan may be linked to the importance attached to timely delivery 

of projects. To the Japanese, to complete a project on time is a matter of honour and 

comes before profitability (Bennett et aL, 1987; Levy, 1990). Work is guaranteed to (and 

generally does indeed) finish on the due date (Institute of Civil Engineers, 1988). Once a 

delay is encountered, Japanese contractors will try everything possible to bring the work 

back on schedule and complete the work on time. Doing so may increase their costs and 

lower their profit levels, but their long-term relationship and mutual trust with their clients 

is hence strengthened. Japanese contractors can remain confident that the long-term results 

will be profitable because of good relationships with their clients, which then helps to 

sustain a stable and continuous workload (Bennett et aL, 1987). In the event of a delay, 

Japanese contractors benefit from such healthy relationships, allowing them to minimise 

the extent of the delay through cooperative working. 

Like their counterparts in Japan, US construction managers are unwilling to accept any 

delays to their projects if they can possibly be avoided because of their typical American 

'winning or can-do' attitude (Bennett, 1991). However, in the UK and US, programmes 

and budgets are minimised in order to secure work, which increases the risk of delayed 

completion. In Japan, this is regarded as irresponsible and would be reason alone to reject 

Japanese contractors (Institute of Civil Engineers, 1988). In the event that work starts 

falling behind programme, because of their pragmatic thinking, UK contractors would not 

normally consider working weekends or overtime or increasing manning levels as this 
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would not be economical when compared to the cost of liquidated damages they might 

eventually have to pay (NEDO, 1988). For UK contractors, their own economic situation 

is the first consideration when making decisions and implementing measures about such 

delays. Claims for extensions of time are very common in the UK and the US, but are 

extremely rare in Japan (Bennett et aL, 1987). 

UK construction typically involves a high number of design variations (Xiao, and 

Proverbs, 2002a) which may lead to lower time certainty as revealed in this survey. 

Design variations have been identified as the commonest and principal source of time 

overruns (Kumaraswamy and Chan, 1995). Design variations, whether initiated by clients 

or consultants, always lead to poor time performance (Chan and Kurnaraswamy, 1996). 

6 4.2 3 Client satisfaction 

Time is one of the main demands to clients in most of circumstances. Client satisfaction 

tends to relate to faster and punctual projects (NEDO, 1988). With shorter construction 

time and higher levels of time certainty, it is of no surprise that Japanese contractors are 

more confident that their clients are highly satisfied at their time performance. Japanese 

contractors tend to establish long-term relationships with their clients. Through repeated 

business, they understand their clients' needs and how to satisfy them effectively. To 

Japanese contractors, time and quality are considered prior to their own profits. There 

exists a trust between Japanese contractors and clients. On average, client satisfaction on 

time performance in the UK and US is not low, as shown in the survey. Levels of client 

satisfaction will be raised if UK and US contractors can improve their performance on 

time certainty, which is an area they currently appear to lag behind Japanese contractors. 
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6.4.3 Summary of time performance comparison 

Construction time performance is very important to both clients and contractors because 

good time performance can bring about direct and indirect benefits. In the survey, 

Japanese contractors performed significantly better than their UK and US counterparts in 

all four aspects considered, i. e. construction time, time certainty, extent of delay, and 

client satisfaction. UK contractors were superior to US contractors in construction time 

and extent of delay, and inferior in time certainty and client satisfaction, but without any 

statistically significant differences. 

Several factors contribute to the shorter construction times on Japanese construction sites. 

Japanese contractors use approximately a third more operatives at peak times for the 

hypothetical project than their UK and US counterparts. They tend to use more 

sophisticated methods of schedule planning and attempt to carry out the detailed plans 

exactly. The Japanese work more closely with their subcontractors than their UK and US 

counterparts. Time certainty is known to be a top Japanese priority and this was indeed 

indicated in the Japanese response. With such, Japanese clients appear to enjoy higher 

levels of satisfaction. In contrast, adversarial relationships, pragmatic thinking, and less 

intensive schedule planning and monitoring may explain the inferior levels of time 

performance found in the UK and the US, as reflected in this research. 

6.5 A COMPARISON OF QUALITY PERFORMANCE 

In this section, different aspects of contractor quality performance are evaluated and 

compared between the three countries, and other relevant issues confronted. Following 

presentation of the results, a detailed discussion which investigates possible causes of the 

performance disparities found between contractors in the three countries is given. 
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6.5.1 The comparison of quality performance and practice 

In this research, contractor quality performance is evaluated and compared using several 

evaluation criteria developed in Chapter 5: defects at practical completion, client quality 

satisfaction, durations of defects liability period, and number of times called upon during 

the defects liability period. Furthermore, other relevant issues such as the extent to which 

feedback was sought from clients, the life expectancy of buildings, and use of quality 

management systems were also compared. 

6 5. LI Defects at practical completion 

Respondents were asked to estimate the typical number of defects at practical completion 

based on their experience with similar projects (refer to Table 6.20). Results indicated an 

enormous difference between the three countries in this regard. On average, Japanese 

contractors anticipated three defects, compared with that of twenty-nine and forty-eight in 

the US and UK respectively. The Kruskal-Wallis test indicated these numbers to be 

significantly different among the three countries (Japan and UK & 13.342, p<0.05; Japan 

and US &4.949, p=0.026<0.05; and US and UK e=5.3 53, p=0.02 1 <0.05). 

Table 6.20 Defects at practical completion 

Country No. of Defects at practical completion Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 20 2.71 0.0 10.0 2.393 

UK 29 47.93 0.0 300.0 68.441 3 

us 27 28.52 0.0 500.0 96.411 2 

Total 76 29.13 0.0 500.0 72.770 
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6 5.1.2 Quality ofservice post completion 

The quality of service provided by contractors after practical completion was evaluated by 

the defects liability period and the number of times called upon during the defects liability 

period. 

Defects liability period 

The defects liability period provides a useful indicator of the guarantees provided by 

contractors for their completed projects. Respondents were asked to indicate their defects 

liability period for the hypothetical building (refer to Table 6.21). The defects liability 

period provided by Japanese contractors (4.25 years) was significantly longer than that in 

the US (2.48 years) (&20.538, p<0.05) and that in the UK (1.63 years) (e=36.591, 

p<0.05). No significant difference was found between the UK and the US defects liability 

periods. 

Table 6.21 Defects liability period 

Country No. of Defects liability period Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 22 4.25 2 10 3.14 1 

UK 32 1.63 1 12 2.47 3 

us 31 2.48 1 20 3.93 2 

Total 85 2.62 1 20 3.36 

131 



Chapter 6A comparison of contractor performance 

Times called upon during defects liability period 

Respondents were asked to report the number of times they would expect to be called 

upon during the defects liability period based on their previous project experience (refer to 

Table 6.22). Here, Japanese and US contractors performed the best, being called upon on 

average of three times. UK contractors expected to be called upon six times, although no 

significant difference was found among the three countries. 

Table 6.22 Times to be called upon during defects liability period 

Country No. of Times to be called upon during Standard Rank 

respondents defects liability period deviation 

Mean Minimum Maximum 

Japan 21 3.08 0 10 2.524 1 

UK 31 5.61 0 20 5.463 3 

us 31 3.37 0 10 2.370 2 

Total 83 4.14 0 20 3.982 

6 5.1.3 Client quality satisfaction 

Respondents were asked to evaluate client satisfaction in respect of their quality 

performance on a scale of one to ten, where one represents totally unsatisfied and ten 

represents highly satisfied (refer to Table 6.23 for a summary of the responses). Generally, 

the satisfaction levels were high with an overall mean value across the three countries of 

almost nine. No significant differences were found between the three countries in this 

regard. 
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Table 6.23 Client quality satisfaction 

Country No. of Client quality satisfaction Standard Rank 

respondents Mean Min Max deviation 

Japan 22 9.00 8 10 0.76 2 

UK 31 8.48 3 10 1.46 3 

us 32 9.16 7 10 0.81 

Total 85 8.87 3 10 

6 5.1.4 Other relevant quality performance issues 

In addition to the above, several other factors considered to impact quality performance 

were investigated, including: extent to which feedback was sought from clients, the life 

expectancy of buildings, and the use of quality management systems. 

Extent to which feedback is sought from clients 

The extent to which feedback is sought from clients after practical completion can serve to 

demonstrate contractors' sense of responsibility and strive for continuous improvement. 

Respondents were asked to indicate the degree they sought feedback from clients on a 

scale of one to ten, where one represents highly seldom and ten represents very often 

(refer to Table 6.24). US and UK contractors sought most feedback from clients with 

scores of 7.84 and 7.65 respectively. Somewhat surprisingly, Japanese contractors sought 

least feedback from their clients (4.36) which was found to be significantly less than their 

UK (&-l6. l48, p<0.05) and US (e=19.250, p<0.05) counterparts. 
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Table 6.24 Extent to which feedback is sought from clients 

No. of Extent to which feedback is sought Standard 

Country respondents from clients (1-10 scale) deviation Rank 

Mean Minimum Maximum 

Japan 22 4.36 292.01 3 

UK 26 7.65 3 10 2.58 2 

us 32 7.84 1 10 2.49 

Total 80 6.83 1 10 2.82 

Life expectancy of buildings 

Respondents were asked to indicate the life expectancy of the hypothetical project (refer to 

Table 6.25), with results indicating that these were the longest in Japan (44 years), 

followed closely by the US (41 years). The UK had the shortest life expectancy, which 

was significantly different from that in Japan (&4.654, p=0.03 1 <0.05) but not from that 

in the US (&0.836, p=0.361>0.05). 

Table 6.25 Life expectancy of buildings 

Country No. of Life expectancy of buildings (year) Standard deviation 

respondents Mean Minimum Maximum 

Japan 21 43.81 30 80 12.84 

UK 31 37.16 15 80 17.51 

us 29 41.00 20 75 13.05 

Total 81 40.26 15 80 14.93 
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Quality management 

Respondents were asked to indicate whether their firms employed a total quality 

management (TQM) system and whether they had gained quality assurance certification 

(refer to Table 6.26). 

Table 6.26 Quality management 

Japan UK us Total 

TQM 20(90.9%) 17(53.1%) 13(40.6%) 50(58.1%) 

IS09001 & 10 (45.5%) 16(50.0%) 2(6.7%) 28(33.3%) 

Quality IS09002 

assurance IS09001 12(54.5%) 8(25.0%) 1 (3.3%) 21(25.0%) 

certificates IS09002 0(0.00/0) 2(6.3%) 0(0.0%) 2(2.4%) 

None 0(0.0%) 6(18.8%) 27(90.0%) 33(39.3%) 

Over 90% of Japanese companies investigated conducted TQM, this compared to only 

53% in the UK and 41% in the US. Chi-square tests revealed significant differences 

between Japanese and UK contractors (e=8.628, p=0.003<0.05) and Japanese and US 

contractors (& 13.87 1, p< 0.05). No significant difference was found between UK and US 

contractors. 

In order to meet the assumptions of the chi-square test, the responses to quality assurance 

certification were merged into two categories, i. e. with and without quality assurance 

certification. All Japanese companies investigated had some kind of quality assurance 

certification, compared to 81% of UK companies. However, only 10% of US companies 
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had gained quality assurance certification, which was significantly fewer than in Japan 

(, v'--41.184, p<0.05) and in the UK (&-31.573, p<0.05). 1. Jl. 

6.5.2 Discussion of quality performance results 

The above analysis has demonstrated levels of quality performance in the three countries 

and revealed a number of disparities in this regard. The following discussion attempts to 

explain possible causes with a view to drawing lessons for contractors in the three 

countries which may help to improve their performance. 

6 5.2 1 Quality culture 

Generally, Japanese contractors achieved significantly better quality performance than 

their UK and US counterparts, with fewer defects on finished products, longer defects 

liability periods and fewer defects discovered after completion. In fact, high quality is one 

of the outstanding characteristics of Japanese contractors (Levy, 1990). Japanese 

superiority in quality performance may originate from their deep-rooted quality 

consciousness, close working relationships with their subcontractors, and fully developed 

TQM systems and QA certification. 

To Japanese contractors, quality is the top priority (Bennett et aL, 1987; Institution of 

Civil Engineers, 1988). The concept of quality prevails in every comer of their practice. 

On Japanese construction sites, there exists an across-the-board commitment to quality 

and every individual clearly feels responsible for the quality of the final products 

(Institution of Civil Engineers, 1988). Workers are encouraged to form groups to study, 

suggest and practise ways to improve the quality of their operations and the final products 

(Levy, 1990). That is, they are empowered (Nesan and Holt, 1999), and the motivational 
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process is thus greatly enhanced. Japanese quality has a depth bom of slow, steady 

development in technology and careful workmanship, which is not evident in the West 

(Bennett et al., 1987). The UK, and to a greater extent the US, rely on prefabrication and 

greater levels of factory production to provide quality. In comparison with Japan, work on 

site in the UK and the US suffers from a lack of care (Bennett et aL, 1987). The UK 

construction industry has been criticised for its backward approach towards quality and its 

poor supervision and management, insufficient communication of good practice 

throughout the industry, reluctance to investigate error and feedback experience, and 

under-motivated workforce (Harvey and Ashworth, 1997). As quality tends to suffer from 

attitudinal rather than technological problems, there is a need to create a culture of quality 

(Atkin and Pothecary, 1994; Love et al., 1998; Dulaimi et al., 2001). The insistent 

pressures of cost and schedule experienced on most Western construction sites should not 

prevent practitioners from embarking on continuous quality training and education. This 

will ultimately help to improve quality performance and practices and inculcate a sense of 

quality into every phase of construction, as witnessed in Japan. 

6 5.2.2 Working relationships 

Stable and long term close working relationships between Japanese contractors and 

subcontractors may also contribute to their superior quality performance. On construction 

projects, teamwork is not a choice but a necessity (Ahmad and Sein, 1997). Problem- 

solving in construction requires cross-boundary communication and cooperation 

(Shammas-Toma et al., 1998a). Unlike Western culture, which is based on competition, 

Japanese culture is based on co-operation (Haley, 1994) and long-term partnerships are 

commonplace. In Japan, a subcontractor may work exclusively for one contractor for 

decades (Sjoholt, 1999). Loyalty to others and reciprocity (i. e. doing for others what is 
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proper in return for what they do for you) are emphasised (Hickson and Pugh, 1995). 

Subcontractors are evaluated according to the quality of their work. Tough standards are 

set for subcontractors, but help from contractors is also available. Japanese contractors 

treat their subcontractors fairly to ensure their subcontractors are profitable and have 

opportunities to grow. In return, subcontractors strive every day to deliver the agreed 

work, complete and exactly to the specified standards (Bennett, 1991). It has been found 

that over 90% of Japanese contractors had planning and monitoring meetings (which can 

function as ways of problem solving, planning, and as a channel for task assignment, 

information collection and coordination) with their subcontractors twice a week or more 

and the vast majority did so daily (Xiao and Proverbs, 2001). In contrast, the majority of 

UK and US contractors (78% and 84% respectively) had planning and monitoring 

meetings with their subcontractors only once a week or less. An investigation of twenty- 

five UK construction sites found a culture dominated by short-term financial 

considerations and reflected in uncooperative, antagonistic and suspicious relationships 

with accusations, recriminations and blame common (Shammas-Toma et aL, 1998a). This 

culture undoubtedly has a negative influence on the quality performance of UK 

contractors. Contractors need to embrace their subcontractors and develop closer working 

relationships of mutual benefit, rather than continue with the present trend towards risk 

aversion. Such closer working relationships between contractors and subcontractors can 

create 'win-win' situations favoured by all. 

6.5.2.3 Quality management systems 

Intense competitive pressures in construction markets demand new ways to improve 

performance and better satisfy clients' needs. There appears to be an increasing demand 

from clients for contractors to have or to establish quality systems, or at least as a 

138 



Chapter 6A comparison of contractor performance 

requirement for tender submissions (CIB, 1994). Quality systems have been identified as 

one of the most important means of achieving the quality standards required (Atkin and 

Pothecary, 1994). The pervasive TQM systems found in Japanese construction companies 

facilitate their continuous improvement. According to the survey, over 90% of Japanese 

companies investigated conducted TQM. Construction quality in Japan has been improved 

greatly since the introduction of TQM in the 1970's (Bennett et aL, 1987). TQM can be 

interpreted as a long-term strategy of growth through quality (Morton, 1994), which 

integrates total process quality, product quality and continuous improvement. TQM 

enables a construction company to fully identify the extent of its operational activities and 

focus them on customer satisfaction. TQM emphasises prevention rather than detection of 

defects, i. e. identifying the origin of defects and continuously improving the capacity to 

prevent them from occurring (Shammas-Toma et aL, 1998a). TQM helps to create a 

culture of trust, participation, teamwork, quality-mindedness, zeal for continuous 

improvement, continuous learning and, ultimately, a working culture that contributes 

towards a firm's success and existence. Besides improved quality performance, TQM can 

also reduce cost and increase profits. It is estimated that the cost of correcting deviations 

from stated requirements is in the region of 12% of project cost, whereas the cost of 

providing TQM is between 1-5% (Atkin and Pothecary, 1994). One of the critical 

elements to the success of TQM is to establish a receptive environment throughout the 

organisation (Crosby and Bayard, 1980), which is natural to the Japanese. However, it was 

revealed by a poll conducted among 300 architectural, engineering and contracting firms 

in the US that most of their top managers did not understand or accept TQM (Rosenbaum, 

1993). This is consistent with the findings presented, in that only 40% of the US 

companies investigated conducted TQM. Without the commitment of top management, 

TQM cannot be conducted effectively. The situation in the UK is hardly better, with just 
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over half of the companies investigated having a TQM system. To many contractors, 

quality system is just regarded as a marketing tool and is provided only because clients 

demand it (Langford et aL, 2000). 

With a deep-rooted culture of quality, it was not surprising to find that all Japanese 

companies investigated had obtained ISO 9000 certification. The vast majority of UK 

companies had also acquired same level of Quality Assurance (QA), compared to only 

10% of US companies. ISO 9000 and TQM are not competing approaches but 

complements to each other (Love and Li, 2000a). Quality Assurance is a structured 

approach to business management and control with established policies, procedures, 

standards, guidelines, and systems, which enhances the ability to consistently provide 

products and services to specification, programme and cost (Duncan, 1990; Winch et aL, 

1998). It is achieved by documenting what processes are performed and how they are 

accomplished, by self-checking that each process is completed correctly, and finally by 

recording that fact (Harris and McCaffer, 2001). Research conducted by CIRIA (1996) 

among 35 construction firms including architects, main contractors, subcontractors, 

quantity surveyors, consultants, products manufacturers and material suppliers, concluded 

that the implementation of QA systems such as ISO 9000 could be an effective way of 

managing quality within firms. ISO certification could result in better management 

practices and structure, the raising of quality consciousness among personnel, particularly 

at management level, and increased customer satisfaction. Other benefits include 

improved performance, better customer and staff morale, creation of a first-class 

marketing tool, and higher productivity (Street and Fernie, 1993; Langford et aL, 2000; 

Ofori and Gang, 200 1). The inevitably additional costs, time and paperwork are justifiable 

by the improvements gained. ISO 9000 compliance is rapidly becoming a prerequisite for 
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construction companies seeking contracts and a competitive position in the construction 

market. Although customer requirement was indeed the initial main driver for ISO 

certification, other issues, particularly improving the quality of management and working 

practices and ensuring continued customer satisfaction, have become more dominant 

(Moatazed-Keivani et aL, 1999). With a proven track record in other countries and 

industries, construction firms are encouraged to adopt TQM and QA in a way that meets 

their own conditions and strive to benefit most from them. 

65.2.4 Client satisfaction 

Client satisfaction is an important consideration in the evaluation and comparison of 

contractor performance (Sidwell, 1982) and it is the driving force for continuous 

improvement (Ahmed and Kangari, 1995). Companies differentiate themselves from 

competitors and maintain a competitive edge by providing superior quality and keeping 

clients satisfied (Torbica and Stroh, 2001). Quality means not only zero defects and right 

first time, but also means after-sales care (Egan, 1998). Feedback from clients is needed 

because the true measure of the success of a project can be determined only by how well 

the finished facility meets the expectations of the client (Oberlender and Garold, 1993). 

Feedback can help contractors to identify areas of concerns for clients so that action can be 

taken to eliminate the source of any dissatisfaction (Chase, 1993). US and UK contractors 

were found to seek feedback from their clients on a more frequent basis. This does not 

necessarily mean Japanese contractors ignore their clients' requirements. On the contrary, 

Japanese contractors normally have very close relationships with their clients. In many 

cases, they may have already completed similar buildings for their clients and are very 

familiar with their clients' requirements, quality levels, and preferred choice of materials 

and equipment (Levy, 1990). Furthermore, Japanese contractors provide longer defects 
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liability periods, which gives their clients more confidence in the finished products. 

Therefore they may not need to pursue such post completion feedback so frequently. 

Generally, satisfaction levels depend on levels of expectation. High levels of client 

satisfaction are achieved when according to the clients' perception, their products and 

services match or exceed their expectation, while dissatisfaction occurs when performance 

expectations are not fulfilled (Swan and Combs, 1976; Ahmed and Kangari, 1995). In fact, 

sophisticated and demanding customers should be encouraged because such customers 

push industry into ever better performance and ever faster and more imaginative 

innovation (Bennett, 199 1). 

Quality has been identified as one of the fundamental needs of clients (Kometa et aL, 

1995; Chinyo et aL, 1998; Hassan et aL, 1999) and therefore is a key factor to client 

satisfaction. Even though Japanese contractors have significantly better quality 

performance than their UK and US contractors, US contractors achieved slightly higher 

levels of client satisfaction. This might be due to higher expectation levels in Japan, where 

quality is the priority. Meanwhile, UK and US clients might not be so demanding in 

quality as Japanese clients. Unlike in Japan where quality is the top priority, cost is 

preferred to quality by UK clients (Flanagan et aL, 1986). In the UK, the government is 

the" construction industry's leading client (DETR, 2000a), and therefore public 

accountability is very important. Clients in the US are mainly from the private sector and 

generally prioritise cost and speed over and above quality (Flanagan et aL, 1986). 

Theref6re, in order to better satisfy clients, contractors should communicate with their 

clients more effectively and understand fully their requirements. This will lead to other 

benefits such as the sustainable development of contractors. 
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6.5.3 Summary of quality performance comparison 

The survey found that Japanese contractors achieved far fewer defects on their finished 

products than their UK and US counterparts. The Japanese were also found to provide 

longer defects liability periods and can be expected to be called upon fewer times during 

the defects liability periods than UK and US contractors. US and UK contractors do 

however seek more frequent feedback from their clients after project delivery. Contractors 

in the three countries achieve similar levels of client satisfaction from their respective 

quality performance. 

The Japanese have a deep-rooted culture of quality and their contractors regard quality as 

the top priority. They believe their clients will be satisfied if they can complete projects to 

the required quality and on time and then profits will automatically follow. Japanese 

contractors work with their subcontractors on a more stable and closer basis. For example, 

Japanese contractors have more planning and monitoring meetings with their 

subcontractors, and some subcontractors may work for the same contractor for decades. 

TQM, which is an effective tool for the provision of consistent quality and continuous 

improvement, is conducted by the majority of Japanese contractors. QA certification is 

also pervasive in Japan. All these factors may contribute to the superior quality 

performance of Japanese contractors. In contrast, cost and speed are preferred to quality in 

the_, UK and the US. The relationship between contractors and subcontractors in the UK 

and US tends to be adversarial rather than cooperative. TQM and QA in the UK and US 

are still far from being well established. While Japanese contractors seek feedback from 

clients less frequently than their UK and US contractors, this may be due to their closer 

and longer term relationships with clients. Client satisfaction levels may be similar in the 
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three countries, but it is suggested that this may be due to varying expectation levels, 

which in Japan are likely to be far higher. 

6.6 A COMPARISON OF SUSTAINABLE DEVELOPMENT 

This section investigates and compares the sustainable development of contractors among 

the three countries. The relationships contractors share with other participants, their 

research and development, environmental protection measures, and health and safety 

procedures are all considered. A discussion of the international disparities found in these 

regards is also presented. 

6.6.1 The comparison of sustainable development 

In order to compare the sustainable development of contractors among the three countries, 

a number of criteria were developed as discussed in Chapter 5. These included harmonious 

relationships with other participants, adequate investment in research and development, 

environmental protection, and good health and safety record. Other relevant issues 

including procurement methods, type of clients and their attitude to performance factors 

are also investigated. Detailed comparisons are first presented, followed by a detailed 

discussion. 

661.1 Relationships with other participants 

Týe relationships contractors share with other participants involved including clients, 

subcontractors, consultants, suppliers and employees were investigated through the use of 

partnerships, claims and their resolution, use of subcontracting, involvement in design, 

and provision of lifetime employment. 
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Partnerships 

Respondents were asked to indicate whether their companies had developed partnerships 

with their clients, subcontractors, consultants and/or suppliers, and if so what was the 

longest of these (refer to Tables 6.27 and 6.28). 

Table 6.27 Partnerships with clients, subcontractors, consultants and suppliers 

Japan UK us Total 

Partnership with any participants 11 (52.4%) 30 (93.8%) 24 (75.0%) 65 (76.5%) 

Partnership with clients 

Partnership with subcontractors 

Partnership with consultants 

Partnership with suppliers 

3 (15.0%) 25 (86.2%) 22 (68.8%) 50 (61.7%) 

8 (40.0%) 16 (55.2%) 15 (46.9%) 39 (48.1%) 

3 (15.0%) 13 (44.8%) 15 (46.9%) 31 (38.3%) 

2 (10.0%) 15 (51.7%) 12 (37.5%) 29 (35.8%) 

Table 6.28 Longest partnerships 

Country No. of Longest partnership (years) Standard 

respondents Mean Minimum Maximum deviation 

Japan 12 31.25 0 50 15.97 

UK 30 11.77 0 72 15.85 

us 32 12.63 0 50 12.00 

Total 74 15.30 0 72 15.79 

The vast majority of UK (94%) and US (75%) contractors had experienced partnering in 

contrast to only 52% of Japanese contractors. Of interest is the nature of partnerships in 
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the three countries. In the UK and the US, most contractors partnered with clients, while in 

Japan the trend was to partner with subcontractors. 

In regard to the duration of the longest partnerships, Japanese firms were found to be 

significantly longer (&8.763, p=0.003<0.05 for the UK; and &10.423, p=0.001<0.05 

for the US). 

Claims and their resolution 

Respondents were asked to indicate their preferred dispute resolution methods and levels 

of usage and the typical time required to resolve a claim based on their previous project 

experience (refer to Tables 6.29 and 6.30). 

All companies investigated used negotiation for resolving disputes, although this was 

prevalent in the UK and US. The pattern of mediation usage was similar in the three 

countries, with approximately two thirds of companies using it occasionally or often. 

Arbitration seemed more popular in the UK than in Japan and the US. Over three quarters 

of UK contractors used arbitration occasionally or often, while only 60% of Japanese 

contractors and just over half of US contractors did the same. Dispute review panels were 

rarely used in the three countries, and the majority of contractors did not use this method 

at all. Approximately 60% of UK and US contractors and 75% of Japanese contractors 

used litigation occasionally. 
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Table 6.29 Disputes resolution methods 

Disputes 

resolution Frequency Japan UK us Total 

methods 

Often 13(59.1%) 30 (93.81/o) 26(81.3%) 69(80.2%) 

Negotiation Occasionally 9(40.9%) 2(6.3%) 6(18.8%) 17(19.8%) 

None 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 

Often o(o. 0%) 2(6.7%) 2(6.5%) 4(4.9%) 

Mediation Occasionally 14 (66.7%) 19(63.3%) 18(58.1%) 51(62.2%) 

None 7(33.3%) 9(30.0%) 11(35.4%) 27(32.9%) 

Often 1(5.0%) 2(6.7%) 0(0.0%) 3(3.7%) 

Arbitration Occasionally 11(55.0%) 21(70.0%) 16(51.6%) 48(59.3%) 

None 8(40.0%) 7(23.3%) 15(48.4%) 30(37.0%) 

Often o(o. 0%) o(o. 0%) o(o. 0%) o(o. 0%) 

ý Dispute Occasionally 4(19.0%) 8(27.6%) 2(6.7%) 14(17.5%) 

review Panel None 17(81.0%) 21(72.4%) 28(93.3%) 66(82.5%) 

Often o(o. 0%) o(o. 0%) o(o. 0%) o(o. 0%) 

Litigation Occasionally 17 (77.3%) 18(60.0%) 18(58.1%) 53(63.9%) 

None 5(22.7%) 12(40.0%) 13(41.9%) 30(36.1%) 

On average, UK contractors needed about twenty-two weeks to solve a claim, which was 

significantly longer than that of fifteen weeks in Japan (e=8.062, p=0.005<0.05) and 

seventeen weeks in the US (e=8.656, p=0.003<0.05). 
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Table 6.30 Time for resolution of a claim 

Country No. of 

respondents 

Time for resolution of a claim (wk) 

Mean Minimum Maximum 

Standard 

deviation 

Japan 21 14.71 2 100 23.37 

UK 29 22.17 3 52 16.16 

us- 30 16.70 0 156 29.09 

Total 80 18.16 0 156 23.48 

Subcontracting 

Respondents were asked to indicate the degree of subcontracting when similar projects 

were constructed on a scale of one (no work subcontracted) to ten (all work subcontracted) 

(refer to Table 6.3 1). 

Table 6.31 Degree of subcontracting 

Country No. of Degree of subcontracting (1-10) Standard 

respondents Mean Minimum Maximum deviation 

Japan 21 8.429 6.0 10 1.028 

UK 32 8.703 3.0 10 1.791 

us 30 7.867 4.0 10 1.676 

Total 83 8.331 3.0 10 1.612 

Among the three countries, UK contractors had the highest degree of subcontracting, 

closely followed by Japanese and then US contractors. The Kruskal-Wallis test indicated 
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significant difference between UK and US companies (&4.847, p=0.028<0.05) in their 

degree of subcontracting. 

Involvement in design 

Respondents were asked to indicate the degree to which they were involved in the design 

process in their routine practice on a scale of one (no involvement in design at all) to ten 

(involvement in all design stages) (refer to Table 6.32). 

Table 6.32 Involvement in design 

Country No. of Involvement in design (1-10) Standard 

respondents Mean Minimum Maximum deviation 

Japan 22 5.18 2 8 2.34 

UK 31 7.02 1 10 2.36 

us 32 6.75 1 10 2.63 

Total 85 6.44 1 10 2.55 

Among the three countries, UK contractors had the highest involvement in design, 

followed closely by US contractors, and then Japanese contractors. Both UK (&8.076, 

p=0.004<0.05) and US (&4.887, p=0.027<0.05) contractors had significantly higher 

levels of involvement in design than Japanese contractors. 

Lifetime employment 

Respondents were asked whether their companies provide lifetime employment for their 

employees. All Japanese companies claimed to provide lifetime employment, this 
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compared with approximately half of the US companies and about a third of UK 

companies. Chi-square tests revealed that lifetime employment in Japan was significantly 

more common than that in the UK (&25.523, p<0.05) and the US (&14.279, p<0.05). 

661.2 Research and development 

In this research, investment in research and development and investment in staff training 

were utilised to compare contractors' commitment to research and development. 

Investment in research and development 

Respondents were asked to estimate their investment in research and development as a 

percentage of annual turnover, and the responses are surnmarised in Table 6.33. 

Table 6.33 Investment in research and development 

Country No. of Investment on research and Standard Rank 

respondents development (%) deviation 

Mean Minimum Maximum 

Japan 20 0.88 0.00 4.00 1.120 3 

UK 29 1.30 0.00 5.00 1.685 2 

us 27 1.44 0.00 10.00 2.749 

Total 76 1.24 0.00 10.00 2.012 

According to the survey, US contractors invested the highest percentage of their annual 

turnover in research and development, closely followed by UK contractors. Japanese 

contractors lagged behind their US and UK counterparts, but no statistically significant 
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differences were found between the three countries (&1.172, p=0.425>0.05). It may be 

assumed that contractors in the three countries have similar levels of investment in 

research and development. 

Investment in training 

Respondents were asked to estimate their investment in training as a percentage of annual 

turnover (refer to Table 6.34). Both UK (&11.466, p=0.01<0.05) and US ()e=12.442, 

p<0.05) firms showed significantly higher levels of investment than Japanese firms. 

Table 6.34 Investment in training 

Country No. of Investment on training Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 20 0.306 0.010 2.000 0.533 3 

UK 28 1.440 0.000 12.000 2.362 2 

us 27 2.996 0.000 15.000 4.178 

Total 75 1.698 0.000 15.000 3.067 

6.6 1.3 Environmental protection 

Respondents were asked whether they had an environmental protection policy. All 

Japanese firms and the vast majority of UK firms (87%) had such policies in place. In 

contrast, only 40% of US firms did the same, which was significantly less than their 

counterparts in Japan (&20. I88, p<0.05) and the UK (&14.666, p<0.05). 
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661.4 Reportable accidents 

Respondents were asked to indicate the number of reportable accidents they would expect 

to occur on the hypothetical project based on their past experience (refer to Table 6.35). 

The results showed that UK firms had significantly more reportable accidents than their 

Japanese (&6.348, p=0.0l2<0.05) and US (&5.479, p=0.0l9<0.05) counterparts. 

Table 6.35 Number of reportable accidents 

Country No. of Reportable accident (times) Standard Rank 

respondents Mean Minimum Maximum deviation 

Japan 22 0.66 0.00 3.00 0.8774 

UK 29 2.04 0.00 10.00 2.5806 3 

us 32 0.83 0.00 4.00 1.0947 2 

Total 83 1.21 0.00 10.00 1.8171 

661.5 Other miscellaneous issues 

Other issues considered to impact the sustainable development of contractors included 

procurement methods, type of clients, and the importance attached towards satisfying 

clients and improving their own performance. 

Procurement methods 

Respondents were asked to indicate the frequencies of the use of different procurement 

methods (in terms of Often, Occasionally, and None). The results are surnmarised in Table 

6.36. 
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Table 6.36 Usage of procurement methods 

Procurement Frequency Japan UK us Total 

methods 

Often 15 (88.2%) 20 (69.0%) 22 (68.8%) 57(73.1%) 

Traditional Occasionally 1(5.9%) 8(27.6%) 7(21.9%) 16(20.5%) 

None 1(5.9%) 1(3.4%) 3(9.4%) 5(6.4%) 

Design- Often 4(23.5%) 26(86.7%) 18(56.3%) 48(60.8%) 

build Occasionally 11(64.7%) 3(10.0%) 14(43.8%) 28(35.4%) 

None 2(11.8%) 1(3.3%) 0(0.0%) 3(3.8%) 

Construction Often 2(11.8%) 8(28.6%) 15(48.4%) 25(32.9%) 

management Occasionally 7 (41.2%) 14(50.0%) 11(35.5%) 32(42.1%) 

None 8(47.0%) 6(21.4%) 5(16.1%) 19(25.0%) 

Design & Often 

Manage Occasionally 

0(0.0%) 

9(53.0%) 

7(26.9%) 

14(53.8%) 

1(3.1%) 

11(34.4%) 

8(10.7%) 

34(45.3%) 

None 8(47.0%) 5(19.2%) 20(62.5%) 33(44.0%) 

Management Often 0(0.0%) 4(15.4%) 2(6.5%) 6(8.2%) 

contracting Occasionally 9(53.0%) 18(69.2%) 7(22.5%) 34(45.9%) 

None 8(47.0%) 4(15.4%) 22(71.0%) 34(45.9%) 

There were no significant differences between the three countries in the use of traditional 

procurement, which was still quite popular in all three countries. But design-build was 

used more frequently in the UK than in Japan (&18.736, p<0.05) and in the US 

(&-6.953, p=0.008<0.05). Both design-build (e=4.805, p=0.028<0.05) and construction 1. 

management (&5.319, p=0.012<0.05) were used more frequently in the US than in 
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Japan. Design and manage was used significantly more often in the UK than in the US 

6,2=10.951, p<0.05). Management contracting was more popular in the UK than in both t. 

Japan (&5.126, p=0.024<0.05) and the US (&l 7.6 10, p<0.05). 

Perceived importance of satisfying clients 

Respondents were asked to indicate their perceived importance towards satisfying clients 

in regard to cost, time, quality and environment, on a scale of one to ten (where one 

represents totally unimportant while ten represents very important) (refer to Table 6.37). 

Analysis revealed that contractors in the three countries considered effective cost, time and 

quality performance to be very important to clients (9.09,8.92, and 9.12 -respectively) but 

environmental protection was somewhat less important (6.60). Chi-square tests found no 

significant differences between UK and US contractors in the importance they attached to 

the four factors to satisfy clients. Japanese contractors demonstrated a greater concern to 

the environment than their UK (e=3.843, p=0.05) and US counterparts (&6.041, 

p=0.014<0.05). Japanese contractors also attached significantly more importance to 

quality than UK contractors (e=5.329, p=0.02 1<0.05). 
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Table 9.37 Perceived importance of satisfying clients 

Country No. of Mean Min Max Standard 

respondents deviation 

Japan 22 9.45 8 10 0.74 

Cost UK 31 9.00 4 10 1.24 

us 32 8.94 5 10 1.19 

Total 85 9.09 4 10 1.12 

Japan 22 9.05 5 10 1.29 

Time UK 31 8.84 6 10 1.29 

us 32 8.91 5 10 1.23 

Total 85 8.92 5 10 1.26 

Japan 22 9.50 8 10 0.86 

Quality UK 31 8.84 7 10 1.13 

us 32 9.13 7 10 1.01 

Total 85 9.12 7 10 1.04 

Japan 22 7.55 3 10 1.95 

Enviromnent UK 31 6.35 3 10 2.23 

us 32 6.19 3 10 1.94 

Total 85 6.60 3 10 2.11 

Perceived importance of contractor performance 

In order to investigate the attitudes of contractors towards to different aspects of their 

performance, respondents were asked to indicate their perceived importance of their own 
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performance on a scale of one to ten (where one represents totally unimportant while ten 

represents very important) (refer to Table 6.38). 

Table 6.38 Perceived importance of contractor performance 

Country No. of Mean Min Max Standard 

respondents deviation 

Japan 22 9.86 8.0 10 0.468 

Cost UK 30 8.93 5.0 10 1.413 

us 31 8.71 5.0 10 1.657 

Total 83 9.10 5.0 10 1.411 

Japan 22 9.59 8.0 10 0.666 

Cost UK 30 9.07 5.0 10 1.112 

certainty us 31 8.94 6.0 10 1.031 

Total 83 9.16 5.0 10 1.006 

Japan 22 9.64 8.0 10 0.727 

Time UK 30 8.67 4.0 10 1.269 

us 31 8.37 5.0 10 1.663 

Total 83 8.81 4.0 10 1.407 

Time Japan 22 8.96 5.0 10 1.253 

certainty UK 28 8.75 6.0 10 1.110 

us 31 8.63 5.0 10 1.472 

Total 81 8.76 5.0 10 1.287 

Japan 22 9.77 8.0 10 0.528 

Quality UK 30 8.93 7.0 10 1.015 
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us 31 9.13 4.0 10 1.284 

Total 83 9.23 4.0 10 1.074 

Japan 22 9.77 8.0 10 0.528 

Relations UK 30 9.43 7.0 10 0.728 

with client us 31 9.48 5.0 10 1.180 

Total 83 9.54 5.0 10 0.888 

Japan 

Environment UK 

protection us 

Total 82 7.26 1.0 10 2.078 

Japan 22 8.55 3.0 10 1.819 

Public UK 30 7.47 3.0 10 1.548 

relation us 31 6.81 2.0 10 2.136 

Total 83 7.51 2.0 10 1.959 

Technology Japan 22 7.91 4.0 10 1.797 

innovation UK 30 6.30 2.0 10 2.103 

us 31 6.10 1.0 10 2.286 

Total 83 6.65 1.0 10 2.211 

Safety Japan 22 9.73 7.0 10 0.767 

UK 30 9.83 8.0 10 0.531 

us 31 9.61 8.0 10 0.615 

Total 83 9.72 7.0 10 0.631 

21 8.81 5.0 10 1.209 

30 7.00 1.0 10 2.051 

31 6.45 2.0 10 2.047 
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Japanese contractors' top three priorities were cost, relationship with clients and quality. 

VAlile UK and US contractors shared their top two priorities, i. e. safety performance and 

relationship with clients. UK contractors chose cost certainty and US contractors chose 

quality as their third priority respectively. However, technology innovation, public 

relations and environmental protection were considered less important by all contractors. 

Japanese contractors considered safety, time, cost certainty and time certainty performance 

in order of importance. For UK contractors cost and quality, time certainty, and time 

performance were ranked in order of importance, while for US contractors the order was 

cost certainty, cost, time certainty, and time performance. 

Generally speaking, Japanese contractors perceived their performance to be more 

important than their UK and US counterparts (safety performance being the exception). 

Chi-square tests identified that Japanese contractors put significantly more importance on 

cost, cost certainty, time, quality, environmental protection, and technological innovation 

than their UK and US counterparts, and significantly more importance to public relations 

than UK contractors. 

6.6.2 Discussion of contractors' sustainable development 

The above results demonstrate a degree of disparity between the three countries in the 

sustainable development of contractors. Detailed discussions and inferences are now 

presented under the headings of relationships with other participants, research and 

development, and environment protection and health and safety. 
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662.1 Relationships with other participants 

Long-term, stable and harmonious relationships among participants can produce 

significant and continuous improvement in project performance (Watts et aL, 1999), 

which leads to 'win-win' situations favoured by all. A collaborative spirit of co-operation 

and teamwork has been identified by clients and architects as one of the most important 

aspects of contractor performance (Soetanto et aL, 2001). However, the construction 

industry has long been recognised as being fragmented (Centre for Strategic Studies in 

Construction, 1988; Latham, 1994; Egan, 1998). Construction projects are undertaken by a 

broad range of companies and individuals who work together on a temporary basis, during 

which their performance may interact. Relationships among project participants may be 

adversarial because of their often-conflicting interests. For example, clients want 

flexibility to modify design during construction at no cost increase from contractors, while 

contractors may manipulate loopholes in the contract to raise claims whenever possible. 

Ways must be found to eliminate the distrust and merge the participants' interests to form 

a collaborating working relationship. 

In the past two decades, partnering has been seen as an effective way of dealing with the 

fragmentation and lack of integration between participants (Bresnen and Marshall, 1998 

and 2000b; Thompson and Sanders, 1998). Partnering involves two or more organisations 

working together to improve performance through agreeing mutual objectives, devising a 

way for resolving any disputes and committing themselves to continuous improvement, 

measuring progress and sharing the gains (Egan, 1998). Partnering relationships can be 

developed between clients, consultants, contractors, subcontractors and/or suppliers. 

Detailed discussions and inferences are now presented under the following headings of 
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client relations, subcontractor relations, consultant and supplier relations, employee 

relations, and claims resolution. 

Client relations 

Partnering is well established in the US, and it has also been used in the UK successfully 

by a number of different major companies (Bennett et aL, 1996; Harvey and Ashworth, 

1997). In this survey, nearly 90% of UK contractors and over two thirds of US contractors 

investigated had established partnerships with their clients. However, it has been reported 

that 90% of all partnering in the US is project rather than strategic partnering (Bennett and 

Jayes, 1995). UK and US contractors tend to think with a short-term view because of their 

pragmatism, and their first and foremost aim is to make profit and satisfy shareholders 

(Chapman and Grandjean, 1991; Haley, 1994). More effort is needed on behalf of both 

contractors and clients to build trust between them and to create a culture and environment 

conducive towards cooperation and teamwork. 

Despite Japan being considered a client-oriented country (Saito, 1994), only 15% of 

Japanese contractors were partnering with their clients. In Japan, good relationships with 

clients are seen as being vital to the success of any company and much money, effort and 

time is spent trying to achieve this (Walker and Flanagan, 1991). The development of 

long-term relationships with clients allows Japanese contractors to more effectively satisfy 

clients' needs, with less risk regarding project budget and duration. The relatively low 

level of partnering in this survey might indicate a change in Japan. The economic 

recession over the last decade has caused Japanese clients to become more cost-conscious 

(Sjoholt, 1999; Fraser and Zarkada-Fraser, 2001). 
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Subcontractor relations 

The economic performance of contractors was found to be positively and strongly 

associated with their relationships with subcontractors (Kale and Arditi, 2001). The survey 

revealed that about half the contractors in the three countries had some kind of partnership 

with their subcontractors. Compared to traditional contracts, partnering between 

contractors and subcontractors can promote openness, reduce programme times and the 

need to be contractual and alleviate problems more effectively (Millett et aL, 2000). This 

is a characteristic of the Japanese construction industry, where contractors and their 

subcontractors work together regularly for a very long time, sometimes even for decades. 

Contractors may help their subcontractors to reach the tough quality standards set for 

regular evaluation of subcontractor performance. In response to this loyalty, contractors 

provide subcontractors with continuous employment and fair payment to ensure their 

subcontractors are profitable and have opportunities to grow. Japanese contractors are 

known to generally work far closer with their subcontractors compared to those in the UK 

and US (Xiao and Proverbs, 2002b). Another major difference between subcontracting in 

Japan compared to the UK and US is that the Japanese general contractor will more than 

likely purchase the necessary materials and equipment and hire subcontractors for the 

provision of labour only (Levy, 1990). 

Subcontracting and specialisation are well established in the UK building industry 

(Bennett et al., 1996). This is due to the volatility of changes in technology and economic 

development (Gray and Flanagan, 1989). However, the use of nominated subcontractors 

makes it difficult for contractors to develop long-term stable relations. From an 

investigation among subcontractors in the UK, Greenwood (2001) concluded that the 

relationship between contractors and subcontractors remained traditional, arms-length and 
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cost-driven from the outset despite contractors' professed interest in closer relationships. 

In this survey, the overwhelming majority of contractors in the US subcontracted work. 

This concurs with the finding that more than 75% of average work is subcontracted by 

83% of US contractors (Banik, 2001). In the US, the main reason for subcontracting is the 

need for reducing liability exposure because of increasing claims and legal actions and as 

a way to shift risks and uncertainties (Banik, 2001; Costantino et aL, 2001). Therefore, 

subcontracting and project-based partnering between contractors and subcontractors in the 

UK and the US is not the same as the brotherhood relations between Japanese contractors 

and their subcontractors. This sense of alienation prevents contractors and subcontractors 

from close teamwork and presents various productivity barriers (Hsieh, 1998). 

Consultant and supplier relations 

Decisions or actions taken at design stage will profoundly influence performance during 

the construction period. In fact, design and construction are extensions of each other and 

their separation is an artefact that denies the intrinsic link between them (Puddicombe, 

1997). The integration of design and construction can bring direct benefits (decreased total 

cost, shorter duration, improved quality and stronger external interfaces) and indirect 

benefits (increased mutual understanding, more training opportunities, increased 

innovation, more experience transfer, and competitive advantages) to construction projects 

(Flanagan et aL, 1986; Tatum, 1990; Kumaraswamy and Chan, 1999). 

Even though the traditional design-bid-build procurement prevents contractors' substantial 

contribution to design, the increasing popularity of alternative procurements such as 

design-build in the UK as well as in other parts of the world promotes contractors' 

involvement in the design process (Akintoye, 1994; Bennett et aL, 1996; Mosey, 1998). 
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Bresnen and Marshall (2000b) found that UK contractors' input into the design was high. 

This corresponded with the results of the survey. Furthermore, more UK and US 

contractors had partnerships with consultants than Japanese contractors (45% vs. 15%). 

This indicates that UK and US contractors work more closely with consultants than their 

Japanese counterparts. Many Japanese contractors, especially the large ones, have their 

own in-house design team, and usually provide at least some part of the design allowing 

design and construction processes to be closely incorporated (Sidwell et aL, 1988). 

Japanese clients prefer design-build contracts owing to the single point responsibility and 

so design-build has a high market share (about half of total construction output) in Japan 

(Saito, 1994). 

Despite the high number of UK contractors who claimed to share partnerships with their 

suppliers, adversarial attitudes are still common and characterised by one-off contracts and 

a failure to develop longer-term relationships between contractors and key suppliers 

(Latham, 1994). 

Employee relations 

Lifetime employment remains a distinctive characteristic of Japanese business culture 

because of the strong employment protection laws, solid long-term relationships between 

employees and employers, and the private pension system (Genda and Rebick, 2001). To 

some extent, Japanese construction companies function similar to a family community and 

employees regard the names of their companies as their most important identification 

(Levy, 1990; Walker and Flanagan, 1991). By adopting a policy of lifetime employment, 

and paying large profit related bonuses, Japanese companies achieve a remarkable 

commitment from their workforces which has contributed to the success of their 
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companies (Bennett, 1994). For example, Japan has an absenteeism rate 50% lower than 

the US, demonstrating a level of diligence unmatched in the industrial world (Levy, 1990). 

It has been suggested that construction companies that implement TQM have a strong 

focus on employees (Chase, 1993). In this research, significantly more Japanese 

contractors conducted TQM than their UK and US counterparts. Japanese workers form 

groups to study, suggest and practise ways to improve the quality of their operations and 

the final products. Due to the economic recession in Japan over the last decade, however, 

even the well-run successful Japanese companies are not immune to market pressures that 

eventually demand job cuts. Lifetime employment is not as popular as before, especially 

among young people (Morton, 1994) and only a small portion of core employees can get 

this guaranteed (Sidwell et al., 1988). Notwithstanding this, the well-educated, well- 

trained and hard working staff committed towards lifetime employment represents a great 

source of strength to Japanese construction firms (Bennett et al., 1987). 

Considering the different cultural and business environments and the relatively unstable 

construction industry economy, it is unrealistic to expect UK and US contractors to 

compete with Japanese contractors in providing lifetime employment (Morton, 1994). The 

US does not have the Japanese consolidation of labour and management (Banik, 2001). In 

the UK and the US, individualism, competition and privacy are advocated (Sidwell et aL, 

1988). It is very unusual for people to work for one company for their whole life. 

Therefore, it is of no real surprise to find that only a third of UK companies and a half of 

US companies are committed to lifetime employment. 
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Claim resolution 

The construction industry is regarded as having a proliferation of disputes. Collaborative 

approaches do not necessarily remove conflicts at source, but potential claims and disputes 

may be avoided and early and repeat contractor (subcontractor) involvement may result in 

added benefits (such as reduced tendering costs and greater contractor front-end input into 

costing, design and value/risk management) (Bresnen and Marshall, 2000a). 

In the UK and US, programmes and budgets are minimised in order to secure work, which 

increases the risk of delayed completion and budget overrun. In Japan, this is regarded as 

irresponsible and would be reason alone to reject Japanese contractors (Institute of Civil 

Engineers, 1988). It has been found that Japanese contractors can provide higher cost and 

time certainties than UK and US contractors (Xiao and Proverbs, 2002a and 2002b), 

which may profoundly reduce the possibility of claims. In fact, the best solution for 

disputes is to avoid them altogether (Latham, 1994). 

When a dispute does occur, which is common in construction, a timely resolution of 

claims will benefit all the parties involved and the project (Cox, 1997). This research 

indicates a shift in the approach towards claim resolution in the three countries. While UK 

and US contractors turn to non-litigation methods, Japanese contractors seem to be 

becoming more conscious of the importance of contract documents and the need to utilise 

legal methods to protect themselves. 

662.2 Research and development 

In a broad sense, research and development includes research and development and 

training. Contractor investment in both fields is now discussed. 
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Research and development 

Advances in technology are widely regarded as major sources of improvement in the 

competitive position of firms and industries. But the construction industry is slow in 

adopting new technologies, with negative consequences on productivity and international 

competitiveness. Even though no significant difference has been identified in investment 

in research and development between the three countries, Japanese contractors (especially 

the larger ones) are believed to invest vast effort in research and development in areas like 

building materials, design concepts and construction techniques, and work towards 

nothing less than excellence in their field of endeavour (Sidwell et aL, 1988; Levy, 1990). 

Unlike in other countries where research and development is mainly carried out by 

universities and government funded institutions, Japanese contractors regard research and 

development as a necessity and take the lead in it (Walker and Flanagan, 1991). As early 

as in 1949, Kajima, one of the largest six contractors in Japan, founded the first research 

institute of technology and this has now been emulated by other general contractors 

(Institution of Civil Engineers, 1988). These corporate research institutes have top 

researchers and the latest facilities comparable to (if not better than) those found in the 

universities or government laboratories (Hasegawa, 1988). As a result, Japanese 

contractors can use the latest construction methods and equipment available, improve their 

competitiveness on the market and often earn more profit (Sidwell et aL, 1988). This 

relates closely to the Japanese cultural background and business environment. The 

Japanese tend to think in the long term, and to invest in research and development is a way 

to differentiate themselves from competitors, to win bigger market share, and to ensure 

their future growth rather than immediate profit (Bennett et aL, 1987; Levy, 1990). Long- 

term partnerships, client demand, government pressure and technological advancement 
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inspire Japanese contractors to invest in research and development (Fraser and Zarkada- 

Fraser, 2001). The strength of Japanese research and development lies in the strong 

motivation and clear focus, but duplications and waste of resources can hardly be avoided 

without appropriate coordination across the industry (Institution of Civil Engineers, 1988). 

Although much of the UK's long-term future competitiveness depends on research and 

development (Morton, 1994), it is still regarded as a luxury rather than as a necessity by 

the construction industry and the level of investment in it is disappointing (Centre for 

Strategic Studies in Construction, 1988; Latham, 1994). In the UK, research and 

development work and costs are shared either directly by or through national or 

government establishments, and the fragmented nature of the construction industry makes 

it difficult for individual contractors to benefit from research and development investment 

(Hillebrandt, 1985; Institution of Civil Engineers, 1988). It is reported that in-house 

research and development has fallen by 80% since 1981 in the UK and capital investment 

is a third of what it was twenty years ago, which damages the industry's ability to keep 

abreast of innovation in processes and technology (Egan, 1998). Banik (2001) found that 

US contractors also did not wish to take active part in developing, funding and 

coordinating research and innovation for productivity improvement. In the UK and US, 

design-bidding-building procedure is widely used and the competition is almost 

exclusively based on price. As contractors cannot obtain sufficient financial returns from 

construction, they have less incentive to invest in research and development (Sidwell et 

al., 1988; Atkin and Pothecary, 1994). The relatively high level of investment in research 

and development in the UK and US revealed in this survey may indicate a hopeful sign of 

change in these two countries. 
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Training 

As new technology changes the nature of construction work, the provision of a skilled and 

up-to-date workforce at all levels presents a great challenge for training (Bennett, 1991). 

Training is vital for contractors to obtain a competitive edge and commercial advantage, as 

the survival and success of business depends on a flow of high-quality people 

(Construction Industry Board, 1996b). Contractor performance can be improved by using 

a properly trained and certified workforce and keeping skills up to date (Flanagan et aL, 

1998). But a large number of operatives in the construction industry are unskilled or semi- 

skilled and their training traditionally takes the form of 'learning by doing' on 

construction site (Wilson, 1989). It seems that nobody has the time or incentive for 

adequate training (Sharnmas-Toma et aL, 1996b) and levels of training investment and 

contractor performance have rarely been linked together (Chan et aL, 200 1 a). 

In this research, both UK and US contractors showed significantly higher levels of 

investment in training than Japanese contractors. This might be due to the unique lifetime 

employment in Japan, and that training has become a continuous and long-lasting process, 

which permeates through every aspect of business in Japanese construction firms (Bennett 

et aL, 1987), so that they do not need to single out the capital for training. Under the 

lifetime employment system, Japanese contractors recruit new graduates each year, give 

them long-term training, and provide continuous employment until retirement (Sidwell et 

aL, 1988). Another distinguishing feature of Japanese training is wide-ranging job rotation 

and the development of broad sets of skills, enhancing cooperation and allowing for 

greater flexibility (Genda and Rebick, 2001). They also dispatch employees to banks, 

manufacturing companies, research institutes, and government offices for two or three 
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years to gain non-construction knowledge and to build personal relations with other 

industries (Hasegawa, 1988). 

In contrast, since the 1970s the proportion of trainees in the UK construction industry has 

declined by half and the ageing skilled workforce is difficult to replace (Egan, 1998). 

Chan et aL (2001b) asserted that UK employers had not actually realised the value of 

training and would eagerly cut training if their short-term profits were jeopardised, and the 

training provided was mainly concerned with safety rather than skill improvement. The 

inadequately trained and qualified workforce was considered a contributory factor to the 

low productivity, poor product quality, unsatisfactory safety record of the UK construction 

industry, and the increase in self-employment and the decline in training resulted in 

serious skills shortages in the UK construction industry which may limit its future 

effectiveness (Harvey and Ashworth, 1997). Similarly, US contractors do not want to 

invest adequate resources into staff training because of their lack of loyalty for the 

company and low rates of retention, although the majority of US contractors acknowledge 

the potential of training for productivity improvement (Banik, 2001). It seems a sensible 

decision for all UK and US contractors to increase their investment in training. 

662.3 Environmental protection and health and safety 

Built environment provides the context for most human activities, and its design, 

construction, maintenance and demolition has significant impact on the environment 

(Harvey and Ashworth, 1997). Environmental protection is not an abstract concept 

anymore and has become one of the major challenges confronting the construction 

industry worldwide. It is driven by legislative requirements, client and public demands, 

and commercial benefits (Pasquire, 1999). Contractors have the responsibility to protect 
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the environment, for the sake of their own competitiveness and the sustainable 

development of the whole society. Contractors can play a positive role in protecting the 

enviromnent, such as efficient energy usage, waste reduction, pollution control, site safety 

management and site planning. In this research, all Japanese companies and the vast 

majority of UK construction companies had an environmental protection policy. This may 

relate to the fact that people living on island countries like Japan and the UK instinctively 

realise that natural resources are limited and should be protected. On the contrary, the US 

is famous for its natural resources. Awareness of environmental protection issues is still 

weak among US contractors. Here, only 40% of US companies had an environmental 

protection policy in place and US contractors also attached less importance to the 

environinent. 

Construction work requires the execution of dangerous and demanding tasks in a rigorous, 

hazardous and constantly changing enviromnent. This adds extra concern about health and 

safety on construction sites. However, beliefs such as 'construction is inherently 

dangerous' and 'health and safety and cost, quality and schedule are mutually exclusive' 

are not iffefutable (Smallwood and Deacon, 2001). In fact, the health and safety 

performance depends on the competence of the management and the attitude of people 

involved. Commitment is needed from all parties contributing to design and construction 

to take appropriate measures to protect the health and safety of persons affected by the 

works (Harvey and Ashworth, 1997). 

The survey revealed that UK companies had significantly more reportable accidents per 

project than their Japanese and US counterparts. In the UK, the health and safety record of 

construction is the second worst of any industry, because of the improperly trained 
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workforce and undisciplined working process. The facilities available to workers on site 

are not considered satisfactory (Egan, 1998). In contrast, safety is of very high priority to 

Japanese contractors. Equal attention is paid to safety as to quality, and safety is 

incorporated into the construction method (Bennett, 1991). Levy (1990) observed that on 

Japanese construction sites tripping hazards were almost non-existent, dust was at a bare 

minimum, and work areas were uncluttered as workers stock materials and equipment on 

floors. Levy concluded that clean and orderly construction sites contributed greatly to the 

improvement of the Japanese safety record. The Japanese have improved their safety 

performance by means of training new recruits and regular updates for experienced 

workers, weekly and monthly meetings to discuss safety issues, regular inspection by 

safety officers, daily and weekly routines for cleaning and tidying the site, and constant 

reminders of the importance of safety, under the effects of safety programmes introduced 

in the early 1970s (Bennett, 1991). As the multiplicity of small firms and the widespread 

use of subcontractors are considered to be contributory factors towards the higher 

incidence of accidents (Harvey and Ashworth, 1997), cooperative health and safety 

training and discussion between contractors and subcontractors may greatly enhance 

health and safety performance (Hill and Ainsworth, 2001). The closer working 

relationships between Japanese contractors and subcontractors may therefore attribute to 

their better performance in health and safety. 

6.6.3 Summary of sustainable development comparison 

The sustainable development of contractors is an important aspect of contractor 

performance. In this section, four aspects have been considered, namely relationships with 

other participants, investment in research and development, environmental protection, and 
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health and safety. Additionally, profitability has been considered in cost performance 

section. 

Harmonious relationships are an important indicator of contractor performance as they 

affect other aspects of performance such as cost, time and quality. The survey found that 

significantly more UK and US contractors had established partnerships with their clients, 

consultants, and suppliers. Notwithstanding this, Japanese partnerships tended to last 

longer. Subcontracting was common practice in the three countries. UK and US 

contractors were more involved in the design process than their Japanese counterparts. All 

Japanese companies investigated claimed to provide lifetime employment to their 

employees, this compared to only half of US companies and a third of UK companies. As 

far as claim resolution is concerned, negotiation, mediation and arbitration were preferred 

by contractors in the three countries, while dispute review panels were avoided. UK and 

US contractors tended to use negotiation more often than Japanese contractors. UK 

contractors demanded longer periods to resolve claims than Japanese and US contractors. 

Results suggest that UK and US contractors are realising the importance of long-term 

relationships and are tending to follow the Japanese model which emphasises client 

relationships and their needs. In contrast and as a result of the changing economic 

environment, Japanese contractors seem to becoming more cost-conscious and are facing 

increasing competition as clients seek to reduce costs and delivery times. Subcontracting 

is widely used in the three countries to respond to the fluctuation of demand in the market. 

It is believed that Japanese contractors work more closely with their subcontractors and 

their relations are more stable while in the UK and the US these relations are more 

pragmatic, business-like and more short-term. Contractor's involvement in design can 
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improve buildability and constructability and enhance contractor performance. While UK 

and US contractors were more involved in design and had more partnerships with 

consultants and suppliers, Japanese contractors traditionally undertake part of the design 

work. Adversarial attitudes are still pervasive between UK contractors and their suppliers. 

Lifetime employment is more popular in Japan than in the UK and the US, although this 

may be changing. Committed, well trained and hardworking employees contribute to the 

superior performance of Japanese contractors. While UK and US contractors tend to use 

more non-litigation methods to solve disputes, Japanese contractors have become more 

conscious of the importance of contract documents and legal measures. This indicates a 

tendency that contractors in the East and West are learning from each other. 

The survey found no significant differences between the three countries in terms of their 

investment in research and development. However, it is generally believed that Japanese 

contractors are more willing to invest in research and development in order to show their 

commitment to clients and maintain their competitiveness and market share. Unlike in 

Japan, individual UK and US contractors chose not to invest in research and development 

because of the fragmented nature of their national construction industries and the poor 

financial return received from it. UK and US contractors invested significantly more than 

Japanese contractors in training. This may be because training is carried out in a 

continuous way in Japan due to their pervasive lifetime employment. UK contractors tend 

to take a pragmatic view of training and are focused towards safety rather than skills 

improvement, which hinders the further improvement of contractor performance. The 

apparent increase in investment in research and development and training in the UK and 

US indicates a positive sign of change. 
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Construction has a great impact on the environment because its design, construction, 

maintenance and demolition change the environment constantly. All the Japanese 

companies and a vast majority of UK companies had environmental protection policies in 

place while only 40% of US companies had the same. The relatively limited natural 

resources in island countries may help persuade contractors in Japan and the UK to realise 

the importance of environmental protection. 

Health and safety on construction sites should be incorporated with other project aims 

such as cost, time and quality and used to mutually improve each other. UK contractors 

had significantly more reportable accidents per project than Japanese and US contractors. 

Japanese contractors have improved their health and safety performance by intensive 

health and safety education and training, constant monitoring and working closely with 

their subcontractors. This is the example UK contractors can follow. 

After having evaluated and compared contractor performance in cost, time, quality and 

sustainable development between the three countries, the following chapter will further 

investigate the factors found to influence contractor performance. From this the 

development of best practice performance models will then be presented. 

6.7 SUMMARY 

In this chapter, the Kruskal-Wallis test and Chi-square test were selected to compare 

contractor performance in cost, time, quality and sustainable development between Japan, 

the UK and the US. Significant differences in these aspects were identified and the 

possible causes for the performance disparities were discussed. 
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Building costs in the UK, when adjusted by PPPs to eliminate the exchange rate 

fluctuations, are significantly higher than that in Japan and the US. Furthermore, cost 

certainty and client satisfaction are higher in Japan than in the UK but there is no 

significant difference between Japan and the US. Disparities in cost perforniance between 

the three countries are believed to originate from differences in the relationships between 

contractors and clients and also in the construction process. 

Japanese contractors achieve shorter construction times and higher levels of time certainty 

than their UK and US counterparts. Anticipated delays are also far shorter in Japan and 

levels of client satisfaction are significantly higher than in the US and UK. The superior 

performance of Japanese contractors may be attributed to their working practices which 

were characterised by the use of a larger workforce on site, detailed planning, close 

working relationships with their subcontractors, and an overriding focus on time certainty. 

Japanese contractors complete their construction projects with fewer defects, provide 

longer defects liability periods and are called upon fewer times during the defects liability 

period than their UK and US counterparts. UK and US contractors do seek more regular 

feedback from their clients than Japanese contractors and generally similar levels of client 

quality satisfaction are achieved in the three countries. The somewhat superior 

performance of Japanese contractors may be attributed to their deep-rooted quality 

consciousness, closer working relationships with their subcontractors, and more advanced 

total quality management systems and quality assurance procedures. 

Results indicate that partnering is reasonably well established in the three countries and 

that a wide range of participants including clients, subcontractors, consultants and 
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suppliers are likely to be involved. In the UK and US, contractors focus on client 

relationships, while Japanese contractors tend to work more closely with their 

subcontractors. Evidence suggests that in regard to claim resolution methods, an exchange 

of ideas between firms in the East and West is developing. Although there is no significant 

difference in the level of investment in research and development between the three 

countries, UK and US contractors spend more on training than their Japanese counterparts. 

Compared with Japanese and UK contractors, US contractors put less effort in 

environmental protection. UK contractors have more reportable accidents than Japanese 

and US contractors because of the insufficiency of training and monitoring. 

After having evaluated and compared contractor performance in cost, time, quality and 

sustainable development between the three countries, the following chapter will further 

investigate the factors found to influence contractor performance. From this the 

development of best practice performance models will then be presented. 
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CHAPTER 7 BEST PRACTICE PERFORMANCE MODELS 

7.1 INTRODUCTION 

In the preceding chapter, different aspects of contractor performance in Japan, the UK and 

the US have been compared, and disparities revealed and analysed. Next is to develop best 

practice performance models for contractors. Best practice performance models depict the 

relationships between dependent and independent variables in the construction process. 

The aim of the models is to facilitate investigation into which factors are important for 

achieving outstanding performance and how these factors relate to contractor performance. 

The models can also assist in determining the importance of these factors to contractor 

performance. 

In this research, six best practice performance models, namely construction cost, cost 

certainty, construction time, time certainty, construction quality, and overall contractor 

performance models were developed. As the concept of sustainable development is 

diversified and some of its indicators such as partnerships with other participants and 

environmental protection deal with 'soft' factors which are not suitable for modelling, 

independent models for sustainable development performance were not developed. 

Instead, sustainable development was considered in an overall contractor performance 

model which included all four aspects of contractor performance. 

In this chapter, the methodology for modelling is firstly introduced. Follow up are the 

development and discussion of the six best practice performance models. 
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7.2 METHODOLOGY FOR MODELLING 

The multiple regression technique was selected for developing the best practice 

performance models for this research. In this section, having presented the rationale, the 

assumptions of multiple regression are discussed and examined, followed by a description 

of the selection and amendment of variables. 

7.2.1 Analysis method 

With the aim of this research being to identify and disseminate best practice, multiple 

regression analysis was applied for the modelling purpose. Multiple regression analysis 

was chosen in favour of other possible analysis methods (e. g. multivariate discriminate 

analysis, factor analysis and artificial neural networks) because of the characteristics of the 

variables, the size of the sample and the aim of the modelling. 

Multivariate discriminate analysis was not suitable because it is designed to deal with 

nonmetric variables. A majority of variables derived from the survey are or can be 

converted to metric ones. Even though the dependent and independent variables might to 

some extent be interdependent, and for which factor analysis could be applied, the 

relatively small sample size generated from the survey made factor analysis rather 

unconvincing for this research. Artificial neural networks (ANN) can capture functional 

forms automatically and allow the uncovering of hidden non-linear relationships between 

the variables, but its 'black box' characteristic limits its explanatory capabilities (Goh, 

1999), which are the most desired function of this research. Furthermore, the relatively 

small sample size involved and large numbers of input variables makes ANN 

inappropriate for this research. 
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Multiple regression analysis is by far the most widely used multivariate technique used to 

analyse the relationship between a single dependent variable and several independent 

variables (Hair, Jr. et aL, 1995). The ever-widening application of multiple regression 

analysis can be classified into two broad categories of research problems: prediction and 

explanation. When the prediction function is used, multiple regression analysis uses the 

independent variables whose values are known to predict the single dependent value. Each 

predictor variable is weighted, the weights denoting their relative contribution to the 

overall prediction. In calculating the weights, the regression analysis procedure ensures 

maximal prediction from the set of independent variables in the variate. These weights 

also facilitate interpretation as to the influence of each variable in making the prediction, 

although correlation among the independent variables complicates the interpretative 

process (Hair, Jr. et aL, 1995; Johnson and Wichern, 1998). Multiple regression analysis 

has been used, for example, by Chan and Kumaraswamy (1999) to predict construction 

durations in Hong Kong public housing, by Goh (1999) to forecast construction demand in 

Singapore, and by Edwards et aL (2000) to predict construction plant maintenance costs. 

When the explanation function is used, multiple regression analysis provides a means of 

objectively assessing the degree and character of the relationship between dependent and 

independent variables by forming the variate of independent variables. The independent 

variables, in addition to their collective prediction through the dependent variable, may 

also be considered for their individual contribution to the variate and its predictions. 

Interpretation of the variate may rely on any of three perspectives: the importance of the 

independent variables, the types of relationships found, or the interrelationships among the 

independent variables. Multiple regression analysis has previously been applied to 

investigate the role of managerial actions in the improvement of cost, time and quality 
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performance of high-rise commercial building projects (Ireland, 1985), to compare the 

impacts of procurement and non-procurement variables on time and cost performance in 

building projects (Dissanayaka and Kumaraswarny, 1999), and to determine the factors 

affecting the quality of building projects and identify their importance to client's 

satisfaction (Chan and Tam, 2000). 

In this research, the explanation function of multiple regression analysis is utilised. As the 

research is based on a hypothetical project and explores respondents' previous project 

experience, it would be of little practical meaning to predict contractor performance in 

aspects such as unit price and construction time. But through multiple regression analysis, 

the factors influencing contractor performance can be identified, the relationships between 

dependent and independent variables established, and the relative importance of each 

independent variable determined. With such, contractors can benchmark their own 

practice and identify the areas they need to improve. 

In multiple regression analysis, the model takes the following general form (Lewis-Beck, 

1993): 

Y =-- ao + b, Xl + b2X2 + ... + bkXkq 

where Y is the dependent variable; Xk is the independent variable; ao is a constant 

indicating the average value of Y when each independent variable equals zero; and bk is 

the coefficient indicating the average change in Y associated with a unit change in Xk 

when the other independent variables are held constant. 
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7.2.2 Testing the assumptions of multiple regression 

Multiple regression analysis has several assumptions which need to be met if the analysis 

is to be correctly undertaken (Hair, Jr. et aL, 1995; Norusis, 1995): 

1. For each value of the independent variable, there is a normal distribution of values 

of the dependent variable; 

2. The distributions have the same variance; 

3. The relationship between dependent and independent variables is linear; and 

4. The observations are independent. 

These assumptions are examined below. 

Z2.2.1 Normality 

A fundamental assumption in multiple regression analysis is the normality of the data, 

referring to the shape of the data distribution to the normal distribution (Hair, Jr. et al., 

1995). A graphic representation of a normal distribution is bell shaped and symmetrical, 

peaked in the middle with long tapering tails (Gauch, 2000). A diagnostic test for 

normality is by means of the histogram of standardized residuals (Hair, Jr. et al. 1995; 

Norusis, 1995). Residuals are the difference between the actual and predicted dependent 

variables. If the histogram appears as normal distribution, the data can be assumed to meet 

the assumption of normality. A more reliable approach is to use the normal probability 

plot. ý If the data is in normal distribution, the plotted data should closely follow a diagonal 

line (Hair, Jr. et aL 1995). Figure 7.1 presents the histogram of standardized residuals for 

unit price in PPPs and Figure 7.2 the normal probability (P-P) plot for unit price in PPPs, 

fronl'Aich it can be concluded that, based on these two tests, the model does not violate 
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the assumption of normality. The figures of the histogram of standardized residuals and 

the nonnal probability (P-P) plot for other variables are presented in Appendix E. 
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Figure 7.1 Histogram of standardized residuals for unit price in PPPs 
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Figure 7.2 Normal probability (P-P) plot for unit price in PPPs 

7.2.2.2 Constant variance 

Another important assumption of multiple regression analysis is that the variance of the 

dependent variable is constant for all the independent variables. The diagnosis of this 

assumption can be made with the plot of the studentized residuals (the most commonly 

used form of standardized residual) against the predicted values. If the valiance is 

constant, the residuals fall within a generally random pattern around a horizontal line 
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through 0 (Hair, Jr. et al. 1995; Norusis, 1995). For example, Figure 7.3 is the plot of 

studentized residuals versus predicted values for unit price in PPPs. The random pattern of 

the data points suggests that the assumption of constant vaiiance is not violated. The same 

plots for other variables are presented in Appendix E. 
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Figure 7.3 Studentized residuals versus predicted values for unit price in PPPs 

7.2.2.3 Linearity 

Multiple regression analysis assumes that the relationships between a dependent variable 

and the independent variables are linear. A direct approach to testing linearity is to plot the 

dependent variable against the independent variable and the data points should cluster 

around a straight line if the assumption of linearity is met. An alternative method is to plot 

the studentized residuals against the predicted values, as in Figure 7.3. A curve will appear 

in the plot if the relationship between the dependent variable and the independent variable 

is not linear (Hair, Jr. et al. 1995; Norusis, 1995). Here, the random pattern of the data 

points suggests that the relationship is linear. Similar results were obtained for the other 

dependent variables (refer to Appendix E). 
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Z2.2.4 Independence 

Multiple regression analysis requires independence of the observations, meaning that the 

value of one observation is in no way related to the value of another. The Durbin-Watson 

test can be used to evaluate the assumption of independence. The Durbin-Watson statistic 

ranges in value from 0 to 4, and should be close to 2 (between 1.5 to 2.5) if the 

observations are independent (Kvanli et aL, 1992; Norusis, 1995). As the data were 

collected spontaneously from different contractors in different countries, it can be assumed 

that all the observations are independent, and the Durbin-Watson tests (refer to the tables 

of the multiple regression analysis results for the models) also confirmed this. 

7.2.3 Selection of variables 

As the intention was to explore the possible relationships between dependent and 

independent variables rather than to produce results comparable to previous studies or to 

confonn to accepted theories, all relevant independent variables were considered in the 

multiple regression analysis. The following section describes how variables were selected 

for modelling. 

7.2.3.1 Correlation 

For the purpose of modelling, the statistical association between dependent and 

independent variables needs to be measured. Only those independent variables which are 

significantly related to the respective dependent variables are incorporated into the 

modelling process. 

Pearson correlation (r) is the most commonly used correlation coefficient to measure the 

strength of a linear association. Pearson correlation (r) is so defined that it can take values 
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only within the range from -1 to +1, inclusive. The larger the absolute value is, the 

stronger the correlation will be. When there is no association whatever between two 

variables, Pearson correlation (r) will be about zero. 

As the aim of this research is to derive best practice among contractors internationally, 

their nationalities were not discriminated. That is, measurement of association and the 

modelling procedure were performed on the aggregated response. The significant level 

was 0.05 (2-tailed). 

However, the values of a Pearson correlation (r) alone cannot assure the association 

because it may be misleading due to factors such as the leverage of outliers. The 

relationships have to be confirmed by inspection of the scatterplots. In this section, only 

those independent variables whose associations were confirmed as being significant are 

included in the correlation matrices as presented in Appendix F. 

Z2.3.2 Multicollinearity 

Another key issue in multiple regression analysis is the presence of multicollinearity, 

which occurs when the independent variables are highly correlated with each other. If 

multicollinearity is present, it will substantially affect the results of the regression 

procedure. That is, it will limit the size of the coefficient of determination and make it 

more difficult to add unique explanatory prediction from additional variables. It will also 

make determining the contribution of each independent variable difficult (Hair, Jr. et aL, 

1995). In this research, multicollinearity among independent variables was assessed by 

means of the tolerance value and variance inflation factor (VIF). Tolerance value ranges 

from 0 to 1, and the smaller tolerance value means the variable is more highly collinear 

185 



Chapter 7 Best practice performance models 

with other variables. Those with tolerance values less than 0.1 were omitted from the 

multiple regression analysis. VIF is an indicator of the effect that other independent 

variables have on the variance of a regression coefficient, and a large VIF value indicates 

a high degree of collinearity or multicollinearity. The collinearity statistics for the 

independent variables are included in the tables of the multiple regression analysis results. 

The high tolerance values and low VIFs suggested that the multicollinearity between the 

independent variables examined in each case was negligible. 

723.3 Stepwise analysis 

In order to allow the final equation to be simple yet powerful enough to reveal any 

relationship, a variable selection procedure is needed. This determines how many and 

which variables are selected and included in the final equation. 

There are three approaches to variable selection in multiple regression analysis, namely 

forward selection, backward selection and stepwise selection. With the forward selection 

approach, all relevant independent variables that are not in the equation are evaluated 

according to the selection criteria for entry and those eligible are entered one at a time 

until no more are eligible. The backward approach begins with all of the relevant 

independent variables in the equation and proceeds by eliminating the least useful 

variables one at a time according to the selection criteria for removal until no more are 

eligible. In stepwise multiple regression analysis, the independent variables not in the 

equation are evaluated for entry one at a time, and those already in the equation are 

evaluated for removal one at a time being determined by statistical considerations until no 

independent variable is eligible for entry or removal (Norusis, 1995; Afifi and Clark, 

1996). 
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In this research, the stepwise approach was used to select the independent variables for 

modelling because this enables the number of independent variables to be reduced while 

the explaining ability of the model is maintained as much as possible. The criteria for the 

entry of an independent variable was the significance of F test is no more than 0.050, and 

the criteria for the removal of an independent variable was the significance of F test is no 

less than 0.100 (Kinnear and Gray, 2000). 

7.2.4 Dummy variables 

As multiple regression analysis is suitable only for modelling with metric variables, 

nominal variables need to be transformed by means of dummy variables. For questions 

with, only "Yes" and "No" answers, the dummy variable can be defined as: Xi=1 for 

"Yes", and Xi=O for "No". For questions with more than two optional choices (e. g. 

"Often7, "Occasionally", and "None"), in order to make the analysis simpler, the answers 

are merged into two categories (e. g. the use of different procurement methods) so that only 

one dummy variable is needed for each such variable. 

7.2.5 Missing data 

Missing data is not uncommon and was found to exist in this research. Some respondents 

failed to answer all questions contained in the questionnaire. The required information 

might not be available to some respondents or they may not have had the experience 
1.1 1 
needed to answer some of the questions. Here, the amount of missing data ranged from 

one (1.2%) (e. g. construction time for the hypothetical project) to twelve (14%) (e. g. the 

longest partnership they had). In order to make full use of the data collected, the missing 

data was replaced. 

187 



Chapter 7 Best practice performance models 

There are different imputation methods for missing data, including case substitution, mean 

substitution, cold deck imputation, regression imputation, and multiple imputation. Mean 

substitution is one of the more widely used methods as the mean is considered the best 

single replacement value (Hair, Jr. et aL 1995). Considering that contractors in the three 

countries have displayed certain disparities in performance and practices, the respective 

mean figures from each country (rather than the overall mean figures) was considered 

more suitable to replace the missing data for respondents from the respective countries. 

This can reduce the distortion of contractor performance characteristics and practices, and 

enable the analysis to be more representative. 

7.3 CONSTRUCTION COST MODEL 
t 

Over the past two decades research on cost modelling has mainly been concerned with 

predicting and estimating the cost of construction projects at different phases. The cost 

model developed by Singh (1990) was used to estimate the cost of reinforced concrete 

beam and slab structural systems in high-rise commercial buildings. Elhag and 

Boussabaine (1998) developed artificial neural network (ANN) models to predict the 

tender prices of educational building projects. Adeli and Wu (1998) formulated a 

regularization neural network model to estimate the cost of construction projects. The 

parametric cost-estimating model developed by Hegazy and Ayed (1998) allowed users to 

reoptimize to their particular environment and predict budget costs of highway projects. 

Chau 1 (1999) used the plan shape index to forecast building construction costs during the 

early stage of design. 
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However, there has also been much effort towards identifying those factors found to 

influence project costs. For example, Ireland (1985) developed a model for high-rise 

commercial building projects to investigate the effects of managerial actions on cost 

reduction. The cost model from Dissanayaka and Kumaraswamy (1999) was created to 

compare the impact of procurement and non-procurement variables on time and cost 

performance in building projects in Hong Kong. 

Here, unit price was deemed to be a valid indicator of contractors' cost performance. After 

presenting the results of the multiple regression analysis with unit price as the dependent 

variable, a detailed discussion follows on ways to improve cost performance. 

7.3.1 Multiple regression model 

To investigate what factors influence contractors' cost performance, multiple regression 

analysis was applied with the unit price as the dependent variable. Here, the unit price 

converted by PPPs was used to eliminate distortion caused by exchange rates. Pearson 

correlation (r) tests identified ten independent variables significantly related to unit price 

(refer to Appendix F). 

A stepwise multiple regression procedure was applied. Under the selection criteria, four 

independent variables were selected. The final regression model can be presented as: 

Y (Unit price in PPPs) = 523.417 + 20.636 (OVERHEAD) + 267.891 (INNERWAI) 

114 (DVARIATI) + 94.406 (COLUMNS 1) 
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Here,, OVERHEAD represents the percentage of overheads in unit price, DVARIATI 

represents the number of design variations during construction, and INNERWAI and 

COLUMNSI are dummy variables which equal one if the inner walls and columns are 

prefabricated and zero otherwise. 

The six variables eliminated in the regression were (i) the percentage of materials in unit 

price, (ii) the percentage of plant in unit price, (iii) the number of working days per week, 

(iv) whether the contractors possessed Quality Assurance certificates, (v) the use of 

management contracting procurement, and (vi) the use of design and management 

procurement. 

The regression analysis results are summarised in Table 7.1. The resulting R2 was 0.408, 

signifying that 41% of the total variation in unit price could be explained by the four 
I 

independent variables. 

7.3.2 Discussion of the results 

Multiple regression analysis revealed that higher percentage of overheads in the unit price, 

higher levels of prefabrication in inner walls and columns, and more design variations 

during construction would increase construction cost. These results provide guidance to 

contractors on how to improve their cost performance on high-rise construction projects. 

190 



Chapter 7 Bestpractice performance models 

Table 7.1 Regression analysis results of unit price in PPPs 

Multiple R 0.639 

R20.408 

Durbin-Watson 1.672 

Standard error 205.9904 

Adjusted R20.379 

Analysis of variance DF 

Regression 4 

Residual 81 

T= 13.962, Sig. F=0.000 

Sum of squares Mean square 

2369672.7 592418.177 

3436996.3 42432.053 

Variables in B Std. Error Beta t Sig. Tolerance VIF 

the equation 

(Constant) 523.417 51.080 

OVERHEAD 20.636 5.207 0.344 

INNERWAI 267.891 67.571 0.344 

DVARIATI 1.114 0.285 0.336 

COLUMNSI 94.406 47.062 0.173 

10.247 0.000 

3.963 0.000 0.972 1.028 

3.965 0.000 0.969 1.032 

3.913 0.000 0.988 1.012 

2.006 0.048 0.981 1.020 

7.3.2.1 Overheads in unitprice 

The results of multiple regression analysis showed that the unit price of building projects 

(converted by PPPs) increased with the percentage of overheads. Overheads are the costs 

associated with the off-site expense of managing a company or facilitating the 

construction project, and include the costs of maintaining a head office, workshop and off- 

site storage compound for plant and materials (Ashworth, 1996; Brook, 1998). Overheads 

are normally recovered from projects undertaken by contractors in terms of percentage of 

turnover and may vary from project to project under different market situations. There are 
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not many differences in direct cost (labour, plant, materials and subcontractors) estimating 

methods between contractors nowadays because they normally access the same labour 

supply, use the same type of equipment and obtain supplies and materials from the same 

sources (Tah et aL, 1994). To make sufficient profit while maintaining a competitive 

position in the market, contractors need to reduce overheads in order to keep construction 

costs to an absolute minimum. Contractors should improve the efficiency of their 

management teams and effectiveness of their management systems, and concentrate on 

activities which can improve productivity. For example, the just-in time (JIT) system, 

which means having the right items of the right quality and quantity in the right place and 

at the right time, can be implemented in construction projects to reduce overheads by 

eliminating non-value-added activities, minimising inventory levels and improving 

productivity (Akintoye, 1995; Low and Mok, 1999). 

Z3.2.2 Degree ofprefabrication 

From, this analysis, higher levels of prefabrication (specifically for inner walls and 

columns) will increase the cost of this type of building project (a six-storey concrete 

framed office building). This concurs with Arditi et aL (2000) who found that almost half 

of the contractors investigated claimed not to achieve cost savings by using prefabrication. 

Prefabrication removes the work from the site to the more controlled environment of the 

factory so that components and assemblies are manufactured off site or by the construction 

of, temporary workshops or production units such as concrete precasting plant. 

Prefabricated components have been mainly used in industrialised residential buildings 

and large mass production is needed to achieve the proclaimed economic benefits (Ishai, 

1989). However, delays in production can affect erection schedules and a lack of 

communication at the design stage can have negative effects on any cost saving. 
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Fluctuations in the market make the production of prefabricated components unstable, and 

the increased cost in the production process has to be passed down the chain to contractors 

and clients. Furthermore, prefabricated concrete components are normally large, bulky and 

heavy and require the use of expensive cranes for hoisting, and the long delivery vehicles 

often pose problems to the traffic flow on site (Low and Choong, 2001). Prefabrication 

also demands higher costs in terms of transportation and factory overheads (d'Arcy, 

1995b). Greater coordination between clients, designers, manufacturers and contractors is 

needed before prefabrication can fully demonstrate its potential. Contractors need to 

carefully consider the use of prefabrication and plan this effectively into the production 

process if the desired results are to be achieved. 

Z3.2.3 Design variations during construction 

The model indicated that design variations during construction increase the unit price of 

building projects, which is consistent with the findings of Ireland (1985). Variations were 

defined by Wallace (1995) as works which are not expressly or impliedly included in the 

original contract and therefore are not included in the contract price, whether they 

represent a change or alteration of the original work or simply an addition to or omission 

of it. Nearly all construction projects witness a number of design variations because of 

various problems such as the thoroughness of the pre-design site investigation, the 

completeness of working drawings available at the time of estimate, and the general 

unpredictable circumstances during construction (Kaming et al., 1997). These changes 

after construction has commenced are disruptive to the planned construction process, 

leading to cost and time overruns (Ireland, 1985). 
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With increasingly lower profitability under the current sluggish economic growth and 

highly competitive market conditions, the rate of mark-up is already low and cost overruns 

caused by design variations and other sources may lead to losses for contractors (Akinci 

and Fischer, 1998). Therefore, it is crucial that design variations are kept to a minimum in 

order to reduce construction costs and improve cost performance. A clear and thorough 

brief, quality contract documentation, and the use of a independent cost manager were 

perceived as the three most important strategies for reducing design variations by 

Australian practitioners (Chan and Yeong, 1995) and may be considered effective in other 

countries. 

7.3.3 Summary of construction cost model 

Multiple regression analysis revealed that the percentage of overheads in the unit price, the 

number of design variations during construction, and the use of prefabrication were 

identified as being closely related to cost performance. Overheads are mainly indirect 

costs and can be reduced through more effective site management leading towards 

increased profit. The use of prefabrication may lead to increased construction cost due to 

difficulties caused by transportation, poor coordination among the participants, and delays 

to the construction process. Design variations during construction bring more uncertainties 

and will unavoidably increase the construction cost to both clients and contractors. 

While these findings in themselves are not totally surprising, they will be of interest to 

practitioners and clients alike. Constructers need to reduce their overheads and look at 

ways of improving their use of prefabrication. Clients and designers need to reduce or at 

least minimize the number of design variations issued during construction. Findings 
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reported herein, suggested that these will lead to a significant reduction in construction 

cost. 

7.4 COST CERTAINTY MODEL 

Cost certainty has caused increasing concern worldwide due to its importance to both 

clients and contractors. Jahren and Ashe (1990) investigated a large number of US naval 

facility construction projects and found that the quality of the contract documents, the 

nature of interpersonal relations on the project and the policies of the contractors had the 

most significant impact on the cost overrun rate. Kaming et aL (1997) identified that 

inflationary increases in material costs, inaccurate material estimating and project 

complexity were the main causes of cost overruns in Indonesia. 

Here, a cost certainty model was developed based on the practices of contractors in Japan, 

the UK and the US. After presenting the results of the model, its implications to 

contractors are discussed. 

7.4.1 Multiple regression model 

Multiple regression analysis was applied to the dependent variable of cost certainty. 

Pearson correlation (r) tests identified ten independent variables significantly related to 

cost certainty (refer to Appendix F). 

A stepwise multiple regression procedure was applied. Under the selection criteria, four 

independent variables were selected for cost certainty. The final regression model for cost 

certainty can be presented as: 
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Y (Cost certainty) = 19.381 + 0.622 (TIMECERT) + (-0.460) (HOLIDAYS) + (-0.878) 

(BOVERRUN) + 2.431 (CERTTIME) 

Here, TIMECERT represents the level of time certainty for the hypothetical project, 

HOLIDAYS represents the amount of annual leave on site, BOVERRUN represents the 

typical cost overruns, and CERTTIME represents the importance contractors allocate to 

time certainty. 

The'six variables eliminated in the regression were (i) the percentage of projects won by 

competitive bidding, (ii) typical delays (percentage against the original contract duration), 

(iii) the importance contractors allocated to construction time to satisfy clients, (iv) the 

importance contractors allocated to environmental protection to satisfy clients, (v) the 

importance contractors allocated to environmental protection to themselves, and (vi) the 

use of laptops on site. 

The resulting R2 for cost certainty was 0.525, signifying that 53% of the total variation in 

cost certainty could be explained by these four independent variables selected. The 

regression analysis results for cost certainty are surnmarised in Table 7.2. 

7.4.2 Discussion of the results 

Multiple regression analysis revealed that cost certainty was positively influenced by time 

certainty and the importance contractors allocate to time certainty. Conversely, the amount 

of annual leave on site and typical cost overruns were found to have a negative effect on 

cost certainty. The implications of the results for contractors are now discussed. 

196 



Chapter 7 Best practice performance models 

Table 7.2 Regression analysis results of cost certainty 

Multiple regression R 0.725 Standard error 12.864 

R2,, _, 0.525 Adjusted R2 0.502 

Durbin-Watson 1.895 

Analysis of variance DF Sum of squares Mean square 

Regression 4 14843.093 3710.773 

Residual 81 13403.749 165.478 

'F = 22.425, Sig. F=0.000 

Variables in B Std. Error Beta t Sig. Tolerance VIF 

the equation 

(Constant) 19.381 11.306 1.714 0.090 

ýI TIMECERT 0.622 0.096 0.545 6.478 0.000 0.828 1.207 

HOLIDAYS -0.460 0.146 -0.242 -3.150 0.002 0.994 1.006 

BOVERRUN -0.878 0.348 -0.197 -2.542 0.014 0.964 1.038 

CERTTIME 2.431 1.211 0.167 2.008 0.048 0.852 1.174 

7 4.2.1 Time certainty and the importance of time certainty 

Among the four influencing factors, time certainty played a predominant role and the 

importance contractors allocate to time certainty was also significant. In construction 

projects, there are many uncertainties which may have cost and time implications. For 

example, clients may change their minds about the functions or specifications of their 

projects and introduce variations which will inevitably increase construction cost and 

prolon"g construction time. Other factors such as unforeseen ground conditions, inclement 

weather, late drawings, inflation, and fluctuating market demands, etc., may worsen the 
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situation (Hillebrandt, 1984; Akinci and Fischer, 1998). Even though contractors may 

claim an extension and/or compensation from clients, fundamentally, contractors are 

exposed to more risks than clients whatever contracts are used and they should not rely on 

the sharing of cost overruns and delays with clients through contracts (Akinci and Fischer, 

1998). 

Once delays occur, contractors will suffer additional costs from items such as labour, plant 

hire, material storage, overheads, liquidated damages and delayed payments from clients 

(Scott, 1997; Kumaraswamy and Chan, 1999; Akpan and Igwe, 2001). Lost time might be 

made up, but usually at a considerable cost, by means of working longer hours, more 

shifts, increasing numbers of operatives and additional plant (Bames, 1988; Farrow, 

1991). This kind of schedule acceleration may also cause labour inefficiencies (Noyce and 

Hanna, 1998; Thomas, 2000). Moreover, the injection of additional resources may lead to 

overcrowded working conditions, causing severe quality and safety problems (Li et al., 

2000). ý Prolonged construction duration makes the risk of cost overrun even more 

significant. An emphasis on time certainty on behalf of clients may encourage contractors 

to strive to complete projects on time. If contractors regard time certainty as a priority in 

project management, cost certainty will also be improved, as indicated in this research. 

Z 4.2.2 Typical cost overruns 

Typical cost overruns on similar projects impact negatively on cost certainty. In fact, past 

performance has been identified as a significant variable for the assessment of contractor 

performance (Tam and Harris, 1996). The past performance of contractors, together with 

their financial capability and past experience, was ranked as the top selection criteria by 

clients (Fong and Choi, 2000). The model confirmed that clients could be confident in 
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selecting contractors with good levels of past performance in cost certainty, as this 

corresponds positively with their actual performance. Consequently, contractors can 

strengthen their competitiveness in the market by improving their ability to deliver 

projects within budget. 

Z4.2.3 Annual leave 

Longer periods of annual leave on site were found to reduce levels of cost certainty on 

construction projects. Annual leave of key staff and workers may cause disruption and 

delays to progress on site. Absences cause more interruption to the normal workflow and 

task accomplishment and underutilization of tools and equipment (Business Roundtable, 

1982). This may make contractors vulnerable to the risk of cost overruns. 

7.4.3 Summary of cost certainty model 

The multiple regression analysis indicated that cost certainty is positively influenced by 

time certainty and the importance contractors allocate to time certainty, but negatively 

influenced by the amount of annual leave on site and the typical cost overruns on previous 

projects. Cost overruns and delays are endemic to construction projects because of the 

uncertainties inherent in the construction process. Delays usually bring about extra cost to 

contractors because of the extended period on site, and additional resources needed to 

make up the lost time. A focus on construction time certainty will encourage contractors to 

deliver projects on time, reducing the risks of cost overruns. Contractors' past 

performance provides a reliable indicator of their ability to control construction cost. More 

annual leave on site prolongs construction time and can cause interruption to projects, thus 

affecting cost certainty. 
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7.5 CONSTRUCTION TIME MODEL 

Investigations of construction time have increased considerably and statistical models for 

forecasting construction time have been formulated over the past two decades. For 

example, by applying multiple regression analysis, Nkado (1992) utilised some 

preliminary design data including floor area, building height and number of storeys to 

predict construction time during the early stages of construction in the UK. Chan and 

Kumaraswamy (1999) developed a construction time prediction model for Hong Kong 

public housing projects based mainly on project characteristics such as type of foundations 

and presence of precast facades. Other research has aimed at identifying factors affecting 

construction time performance. Ireland (1985) used multiple regression analysis to 

inve stigate the role of managerial actions in the improvement of time performance of high- 

nse commercial building projects. Walker's (1995) multiple regression model indicated 

that the principal factors affecting construction time performance were management and 

client related factors. Kog et aL (1999) identified five key determinants of construction 

time performance related to the project manager, project team, and planning and control 

efforts by means of a neural network predictive model. 

The following section presents a multiple regression model developed to identify the 

factors paramount to the construction time for high-rise concrete building projects. 

IiI 

7.5.1 Multiple regression model 

Multiple regression analysis was applied using construction time as the dependent variable 

and contractors' preferred practices and methods as the independent variables. Pearson 

correlation (r) tests identified nine independent variables significantly related to 

construction time (refer to Appendix F). 
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Stepwise multiple regression analysis was applied to the dependent variable of 

construction time, and three independent variables were identified as being significant. 

The final regression model can be expressed as: 

Y (Construction time) = 36.711 + 0.129 (OPERATIV) + (-10.565) (SUBMEET1) + 7.960 

(COMPUTE2) 

Here, OPERATIV represents the number of operatives on site at peak time, SUBMEETI 

is a dummy variable representing the number of meetings held with subcontractors per 

week, and COMPUTE2 is a dummy variable which represents the usage of computers on 

site. 

The six independent variables eliminated in the regression are (i) the percentage of 

projects won by competitive bidding, (ii) the number of design variations during 

construction, (iii) the amount of working days per week, (iv) the longest partnership with 

other participants, (v) the importance contractors allocate to cost, and (vi) the use of 

printers during construction. 

The regression analysis results are surnmarised in Table 7.3. The resulting R2 was 0.309, 

meaning that 31% of the total variation in construction time could be explained by the 

three independent variables. 
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Table 7.3 Regression analysis results of construction time 

Multiple R 0.556 Standard error 12.207 

R 2. 
,, 0.309 Adjusted R2 0.284 

Durbin-Watson 1.763 

Analysis of variance DF Sum of squares Mean square 

Regression 3 5468.579 1822.860 

Residual 82 12218.867 149.011 

F= 12.233, Sig. F=0.000 

Variables in B Std. Error Beta t Sig. Tolerance VIF 

the equation 

(Constant) 36.711 3.831 9.582 0.000 

OPERATIV 0.129 0.031 0.387 4.169 0.000 0.978 1.022 

SUBMEETI -10.565 2.766 -0.356 -3.820 0.000 0.969 1.031 

COMPUTE2 7.960 3.327 0.221 2.393 0.019 0.987 1.013 

7.5.2 Discussion of the results 

Multiple regression analysis revealed that the construction time of a high-rise concrete 

framed building project prolongs with the number of operatives on site at peak time and 

the usage of computers on site, but it decreases with the frequency of meetings with 

subcontr I actors. These results indicate the areas on which contractors should focus if they 

want to improve their construction time performance on such projects. 
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Z 5.2.1 Number of operatives 

'Me model indicates that construction time is extended when the number of operatives on 

site at peak time increases. On a 'normal' building project, the amount of work to be 

performed follows a predictable pattern, i. e. it increases at a steady pace to reach a peak 

point, and then declines. Work should be made available in a consistent manner in order to 

avoid labour inefficiencies (Thomas, 2000). However, nowadays construction sites are 

usually highly congested, have constrained accessibility and working space, and involve 

many trades working simultaneously. The excessive use of labour on site may cause some 

to become redundant and rather than contribute to productivity, present obstructions to 

those who actually do contribute (Hsieh, 1998). Hanna et aL (2002) also found that a 

higher peak-to-average manpower ratio was more likely to affect the success of a project 

because of overmanning or because mobilization of workforce happened too quickly. One 

effective way to reduce the number of operatives at peak time is to implement a 

multiskilled workforce. Multiskilled workers possess a range of skills to allow them to 

participate in more than one work process. This provides for more flexible project 

planning, decreases the number of operatives hired for a project, improves productivity, 

and saves labour cost (Burleson et aL, 1998; Haas et aL, 2001). This strategy has also been 

found to significantly reduce project time (Hegazy et aL, 2000). 

Z5.2.2 Meetings with subcontractors 

Subcontracting is common practice in construction projects in the three countries and 

other parts of the world (Hsieh, 1998; Xiao and Proverbs, 2002d). Subcontractors have to 

work cooperatively with each other, despite in many cases, the fact that they may have 

seldom (if at all) worked with each other before. To many subcontractors, a lack of 

information and the overlapping of activities are common occurrences on construction 
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sites, and thus lead to rework, which increases costs, delays completion and lowers quality 

pI erformance (Arditi and Gunaydin, 1998). Poor site management and supervision was 

attributed unanimously by clients, consultants and contractors as one of the most 

significant factors causing delays in building projects (Chan and Kumaraswamy, 1996). 

Good supervision and coordination from contractors is thus vital to the success of 

construction projects. As a channel for task assignment, information collection and 

coordination among project participants, planning and monitoring meetings have been 

identified as one of the key determinants for construction time performance (Kog et aL, 

1999). An action based plan is more cost-effective than those that arise out of impromptu 

decisions. Frequent planning and monitoring meetings with subcontractors can improve 

communication and the effectiveness of supervision. Such meetings were found to 

contribute to Japanese contractors' superior construction time performance and improved 

time certainty (Xiao and Proverbs, 2002b). That is, contractors need to work more closely 

with their subcontractors if they wish to improve their time performance. 

7.5.2.3 Usage of computers on site 

Computers and other IT techniques have been widely used on construction sites for some 

time now. However, the use of IT should not be considered a panacea to all problems and 

on its own cannot provide greater efficiency and quality in construction (Egan, 1998). 

Here, the use of computers on construction sites was found to increase the construction 

time of high-rise concrete framed buildings. While somewhat surprising, this concurs with 

the findings of Walker (1995) who reported that construction duration increased as the use 

of IT increases due to problems in connection with the learning effect and the use of 

mutually incompatible or poorly integrated software. Construction is a complicated 

process involving many participants and many diverse tasks. Although computers have 
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been applied to construction for a variety of tasks, there exists difficulty in sharing data 

between applications, which often makes the implementation of computer systems 

counter-productive (Kartam, 1999). In this sense, the use of computers on construction 

sites does not necessarily enhance time performance. A reduction in the level of software 

fragmentation and an increase in the integration of project data through all stages of the 

project are needed before the potential of computer systems can be fully exploited. One 

possible solution is the implementation of an Electronic Document Management Systems 

(EDMS) and related technologies. This can improve the speed of document preparation, 

reduce the cost of managing documents, and provide effective access to information across 

functions and applications (Gyampoh-Vidogah et aL, 1999). 

7.5.3 Summary of construction time model 

Results of the analysis indicated that the construction time of high-rise concrete framed 

buildings was influenced by the frequency of planning and monitoring meetings, the 

number of operatives on site at peak time and the usage of computers on site. Greater 

planning and coordination with subcontractors can help reduce construction time because 

it can lead to better supervision and coordination of site operations. The excessive use of 

labour may cause some to become redundant leading to a reduction in productivity and 

possibly, prolong the construction programme. The use of computers on site should not be 

seen as the panacea to all performance issues and may in fact cause delays to construction 

due, to problems with data compatibility and integration. In order to improve their time 

performance, contractors should work more closely with their subcontractors, plan and 

utilise labour appropriately and adopt an integrated approach to the use of computers. 
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7.6 TIME CERTAINTY MODEL 

Time ýc'ertainty has caused increasing concern worldwide due to its importance to both 

clients and contractors. Assaf et aL (1995) studied the causes of delays in large building 

projects in Saudi Arabia and attributed materials-related delays as the main cause of 

project delays. Through a survey among clients, consultants and contractors, Chan and 

Kumaraswamy (1996) identified poor site management and supervision, unforeseen 

ground conditions and low speed of decision making involving all project teams as the 

three most significant factors causing delays in Hong Kong building projects. Kaming et 

aL (1997) identified that design changes, poor labour productivity and inadequate 

planning were responsible for delays in high-rise building projects in Indonesia. 

Here, a time certainty model was developed from the practices of contractors in Japan, the 

UK, and the US. After presenting the results of the model, their implications to contractors 

are discussed. 

7.6.1 Multiple regression model 

Multiple regression analysis was applied to the dependent variable of time certainty. 

Pearson correlation (r) tests identified twenty-six independent variables significantly 

related to time certainty (refer to Appendix F). 

A stepwise multiple regression procedure was subsequently applied to time certainty and 

four independent variables were selected. The final regression model for time certainty can 

be presented as: 
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Y (Time certainty) = 22.351 + 0.526 (COSTCERT) + 3.074 (COST) + (-5.585E-02) 

(DEFECTS) + (-0.652) (DELAYEDT) 

Here, 'COSTCERT represents the level of cost certainty, COST represents the importance 

contractors allocate to cost, DEFECTS represents the number of defects at practical 

completion, and DELAYEDT represents the typical delays. 

The twenty-two variables eliminated in the regression were: contractors' annual turnover; 

the, percentage of plant in unit price; the percentage of projects won by competitive 

bidding; the importance contractors allocated to construction cost'. construction time and 

construction quality to satisfy clients; the level of client cost and time satisfaction; the 

longest partnerships contractors had with other participants; the importance of cost, time, 

time certainty, quality, environmental protection, technological innovation, safety to 

contractors themselves; contractors' commitment to lifetime employment; the use of 

laptop on site; whether contractors had environmental protection measures; the frequency 

of meetings per week contractors had with their subcontractors; the number of employees 

(in logarithm); and the number of design variations during construction (in square root). 

The resulting R2 for cost certainty was 0.595, signifying that 60% of the total variation in 

time certainty could be explained by these four independent variables selected. The 

regression analysis results for cost certainty are summarised in Table 7.4. 
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Table 7.4 Regression analysis results of time certainty 

Multiple R 0.771 Standard error 10.415 

R2,0.595 Adjusted R20.575 

Durbin-Watson 2.026 

'Analysis of variance DF Sum of squares Mean square 

Regression 4 12904.147 3226.037 

Residual 81 8786.123 108.471 

F= 29.74 1, Sig. F=0.000 

Variables in B Std. Beta t Sig. Tolerance VIF 

the equation Error 

(Constant) 22.351 10.315 2.167 0.033 

COSTCERT 0.526 0.065 0.601 8.148 0.000 0.920 1.087 

COST 3.074 0.842 0.267 3.649 0.000 0.935 1.069 

DEFECTS -5.585E-02 0.017 -0.240 -3.316 0.001 0.957 1.045 

DELAYEDT -0.652 0.261 -0.191 -2.502 0.014 0.857 1.166 

7.6.2 Discussion of the results 

Multiple regression analysis revealed a positive relationship between time certainty and 

cost certainty and the importance contractors allocate to cost. Conversely, a negative 

relationship was found between time certainty and the number of defects at practical 

completion and the typical delays. 
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Z62.1 Cost certainty and importance ofcost 

Time certainty was found largely dependent on cost certainty and the importance 

contractors allocate to cost. This is logical because time and cost are interchangeable in 

project management (Barnes, 1988). They are like the two sides of one coin. The neglect 

of one aspect will have a corresponding detrimental effect upon the other. The 

uncertainties in construction projects mentioned above will simultaneously impact on 

construction cost and time. Factors causing cost overruns such as design variations, 

unforeseen underground conditions, and non-conformance of specifications, may also 

cause delays. 

It is the attitude of the parties in a contract which primarily determines whether targets are 

met (NEDO, 1983). It is contended that projects completed within budget are usually 

those of which it is known in advance that no extra sums are available (Barnes, 1988). 

This is also true for construction time. In such cases, contractors realise that they have no 

other options but to finish the project within budget and on time, and therefore do as much 

as possible to ensure this takes place. That is, a focus on construction cost may make 

contractors aware of the cost implications of delays, and urge them to complete projects 

on time, resulting in reduced construction costs and durations and improved certainties. 

Greater planning effort on behalf of the contractor is also known to have a positive effect 

on improving project performance (Faniran et aL, 2001). This is why faster projects are 

usually found to be cheaper at the tender stage, punctual to deadlines and completed to 

customers' satisfaction (NEDO, 1988). 
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Z62.2 Typical delays 

The typical delays experienced on similar previous projects were also identified as a 

predictor of time certainty performance. That is, contractors with longer delays in their 

previous projects are less likely to complete their future projects on time. Here, it seems 

that the performance of contractors is largely consistent from one project to another. The 

nature and characteristics of their project management is unlikely to change dramatically 

in a short period of time and similar results may therefore be expected. Indeed, past 

performance is used commonly during contractor selection (Fong and Choi, 2000). 

Realising the vital importance of a good reputation in time certainty, contractors should 

strive to improve their time certainty performance to benefit both clients and themselves. 

762.3 Defects at practical completion 

The multiple regression model found that time certainty was detrimentally influenced by 

the number of defects at practical completion. In construction projects, quality, time and 

cost performance are inseparable and they affect one another (Duttenhoeffer, 1992; 

McKim et al., 2000). It is undesirable to meet cost and/or time objectives by sacrificing or 

compromising the quality of products. Poor quality was identified as one of the primary 

causes of delays due to contractors (Majid and MaCaffer, 1998). Once defects occur, 

rework is needed to rectify them, which increases the likelihood of cost increases and 

delays and ultimately leads to client dissatisfaction (Love et al., 1999). As high quality is 

not achieved by checking but by producing, the focus to eliminate systemic or chronic 

defects on finished construction products should be on facilitating coordination at site 

level and enabling a properly trained work-force to do the work 'right first time' 

(Shammas-Toma et al., 1998b). With the reduction or even elimination of defects, it 

would be more likely for contractors to meet their time target. To improve time certainty, 
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contractors should not just focus on activities directly related to construction time alone. 

Rather, an integrated approach should be taken to tackle the problems encountered. 

7.6.3 Summary of time certainty model 

Time certainty was found to be positively influenced by cost certainty and the importance 

contractors allocate to cost, but negatively influenced by the number of defects at practical 

completion and the typical delays on previous projects. Time certainty shares a close 

relationship with cost certainty. Factors causing cost overruns may also induce delays. A 

focus on cost will encourage contractors to put more effort into time planning and 

controlling, resulting in enhanced performance in time certainty. Defects at practical 

completion need extra time and resources to rectify. Past performance is a reliable 

indicator of a contractor's future performance and should be considered by clients during 

contractor selection. 

To conclude, it is evident that cost certainty and time certainty are closely related and 

interact with each other. An improvement in one aspect can lead to the enhancement of the 

other, and vice-versa. Contractors are advised to take an integrated approach, to emphasise 

cost and time certainty and to reduce defects in order to improve their performance in cost 

certainty and time certainty and strengthen their competitiveness in the market. 

7.7 CONSTRUCTION QUALITY MODEL 

In'the past two decades, construction quality has been focused upon with the aim being to 

improve the overall quality of projects. For example, Ireland (1985) used multiple 

regression analysis to investigate the role of managerial actions in the improvement of 

quality performance of high-rise commercial building projects. Through a questionnaire 
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survey among experienced practitioners, Arditi and Gunaydin (1998) investigated the 

factors that affected quality in construction as well as in the design and operation phases 

of building projects in the US. By applying factor analysis and multiple regression 

analysis to 110 building projects in Hong Kong, Chan and Tam (2000) found that better 

project management actions, increased effectiveness of the construction team leader, and 

increased client's emphasis on quality and time could lead to higher levels of client quality 

satisfaction. 

Here, a multiple regression model was developed to identify the factors paramount to the 

quality of high-rise concrete building projects. After presenting the results of the multiple 

regression analysis, a detailed discussion follows aimed at identifying ways to improve 

quality performance. 

7.7.1 Multiple regression model 

Multiple regression analysis was applied using construction quality as the dependent 

variable (measured here as the number of defects at practical completion) and contractors' 

preferred practices and methods as the independent variables. Pearson correlation (r) tests 

identified nine independent variables significantly related to construction quality (refer to 

Appendix F). 

Stepwise multiple regression analysis was applied to the dependent variable of 

construction quality, and four independent variables were identified as being significant. 

The final regression model can be expressed as: 
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Y (Number of defects) = 94.288 + 13.209 ACCIDENT + (-75.354) TRADIT01 + 5.344 

CALLEDUP + (-10.951) PLANT9 

Here, ACCIDENT represents the typical number of reportable accidents on similar sites, 

TRADITOI is a dummy variable for the usage of the traditional procurement route, 

CALLEDUP represents the number of times the contractor would typically be called upon 

during the defects liability period, and PLANT9 represents the volume of plant used on 

the project. 

The five variables eliminated in the regression were (i) the number of design variations 

during construction, (ii) the time certainty for the hypothetical project, (iii) the use of bar 

chart for schedule planning and monitoring, (iv) the use of arbitration for claim disputes, 

and (v) the longest partnership contractors had with other participants (in square root). 

The regression analysis results are surnmarised in Table 7.5. The resulting R2 was 0.344, 

signifying that 34% of the total variation-in construction quality could be explained by the 

four independent variables. 

7.7.2 Discussion of the results 

Multiple regression analysis revealed a positive relationship between construction quality 

and the number of reportable accidents per project and the number of times called upon 

during the defects liability period, respectively. That is, an increase in the number of 

accidents or the number of times required to visit during the defects liability period, would 

'lead 
to, an increase in the number of defects at practical completion (i. e. a reduction in 

quality). In contrast, a negative relationship between construction quality and the usage of 
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traditional procurement and the volume of plant used, respectively, indicates that 

traditional procurement and a greater usage of plant can lead to a reduction in defects. The 

implications of these results for contractors are now discussed. 

Table 7.5 Regression analysis results for construction quality 

Multiple R 0.586 Standard error 56.9068 

22 R 0.344 Adjusted R 0.311 

Durbin-Watson 2.313 

Analysis of variance DF Sum of squares Mean square 

Regression 4 137311.67 34327.917 

Residual 81 262309.01 3238.383 

F= 10.600, Sig. F= 0.0 00 

Variables in B Std. Error Beta t Sig. Tolerance VIF 

the equation 

(Constant) 94.288 27.964 3.372 0.001 

ACCIDENT 13.209 3.469 0.345 3.807 0.000 0.987 1.013 

TRADITOI -75.354 26.622 -0.259 -2.831 0.006 0.970 1.031 

CALLEDUP 5.344 1.590 0.305 3.361 0.001 0.982 1.018 

PLANT9 -10.951 4.794 -0.209 -2.284 0.025 0.964 1.037 

7.7.2.1 Accidents 

It is contractors' obligation not only to complete their projects within budget and on time 

but also to deliver a quality product safely. However, safety on site can sometimes be 

overlooked in order to maintain the project schedule and/or minimise project cost. The 
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multiple regression model found a high correlation between the number of defects and the 

number of reportable accidents on site. In fact, quality and safety are like the two sides of 

the same coin and are closely related to each other. Accidents are generally caused by a 

lack of knowledge or training, lack of supervision, lack of means to carry out the task 

safely, or error of judgement, carelessness, apathy or downright recklessness (Sawacha et 

aL, 1999). Variable hazards, a transient work force, harsh operative environments, and 

strenuous physical tasks also make construction sites more vulnerable to fatality and injury 

(Ngowi, 1996; Ahmad et aL, 1998). These negative factors may also cause quality 

problems. Quality and safety share the same driving factors for excellence (leadership, 

strategic planning, customer focus, information and analysis, human resource focus, 

process management, and business results) (Warrack and Sinha, 1999), and they share the 

same elements of management (policy, aims and objectives, organisation, documentation, 

plans, procedures, records, audit, and review) (Griffith, 2000). To a large extent, 

contractors' quality performance is congruent with their safety performance. Cooper and 

Phillips (1995) asserted that better safety management could enhance the achievements of 

quality management, as found in this research. It is desirable and feasible for an integrated 

management system to achieve both high quality and safety control of construction 

projects (Warrack and Sinha, 1999; Griffith, 2000; Low and Sua, 2000). 

7.7.2.2 Being called upon during the defects liabilityperiod 

It may take a certain amount of time after practical completion for some defects to become 

apparent (Atkin and Pothecary, 1994). Contractors are thus responsible for any defects 

originating from the construction process and are obliged to rectify them within the 

defects liability period agreed by both parties in the contract. In this research, respondents 

were asked to estimate the number of times they would typically be called upon during the 
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defects liability period which demonstrated a strong and positive relationship with the 

number of defects. This is logical as poorer quality at practical completion provides a 

reliable indication of future problems during the defects liability period. These two 

variables represent reliable measures of contractor quality performance. 

7.7.2.3 Traditional procurement 

Even though there are diverse procurement routes available such as design and build, 

design and manage, construction management, and management contracting, the 

traditional procurement route has been tried and tested for centuries and is still the most 

widely used procurement system for construction projects (Franks, 1984; Turner, 1990). In 

the traditional procurement process, clients approach architects/engineers to initiate a 

process to design, and then procure and construct buildings to meet their specific needs 

(Mohsini and Davidson, 1992). Although any one procurement option may provide 

satisfactory performance in regard to cost, time and quality, each of them places a 

different emphasis. It is generally believed that the traditional procurement route is a more 

appropriate option than other procurement systems when product quality is highly desired 

(Bennett and Grice, 1990; Turner, 1990; Hashim, 1996; Kurnaraswarny and Dissanayaka, 

1998; Bowen et aL, 1999). In this research, it was found that the usage of traditional 

procurement results in fewer defects at practical completion. This may be because in 

traditional procurement, design has normally been fully developed at tender stage so that 

there are less design variations during construction. Indeed, the adequacy of plans and 

specifications has been identified as one of the most significant factors influencing quality 

performance (Chua et aL, 1999). Furthermore, traditional procurement is often used on 

projects which are well-understood and/or are conventional in nature and hence are less 

likely to experience quality problems. In contrast, some other procurement options have 
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become associated with bigger and more complex and therefore riskier projects (Bennett 

and Grice, 1990; Mohsini and Davidson, 1992; Naoum, 1994). 

7. Z 2.4 Construction plant 

A high volume of construction plant used during the construction process was found to 

reduce the number of defects at practical completion (i. e. improve quality). This may be 

because mechanisation can make the production process more controllable and can 

provide better consistency in product quality. It can also facilitate the implementation of 

standardisation and pre-assembly, leading towards improved value for money and quality, 

and better efficiency and reliability (Gibb, 2001). Furthermore, plant operatives are 

usually better trained and can achieve higher levels of quality (Edwards et al., 1998). 

Additionally, the usage of plant can produce other benefits such as higher productivity, 
I- 

better safety, reduction of the intensity of labour, and shorter construction time (d'Arcy, 

1995b)., 

7.7.3 Summary of construction quality model 

Results of the analysis indicated that the quality of high-rise concrete framed buildings 

was influenced by (i) the number of reportable accidents, (ii) the usage of the traditional 

procurement route, (iii) the number of times called upon during the defects liability period, 

and_ (vi) the extent to which plant is used during construction. 

Quality and safety performance were found to share a positive relationship in regard to 

their influencing factors. Traditional procurement is generally considered to be the more 
I-II 
appropriate method where construction quality is the principal client objective and this 

was supported in the findings. The number of times a contractor is called upon during the 
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defects liability period was found to be a good indicator of the level of quality at practical 

completion. Greater usage of plant during construction was found to improve quality 

through the possible use of standardisation and pre-assembly, the benefits of a better 

trained workforce and through improved productivity, reduced labour and faster 

construction. Contractors should work on these areas to improve their quality 

performance. 

7.8 OVERALL CONTRACTOR PERFORMANCE MODEL 

In the preceding sections, independent models for best practice performance in cost, time 

and quality have been developed and discussed. An overall contractor performance model 

which included all four aspects of contractor performance considered in this research 

(namely construction cost, construction time, construction quality and sustainable 

development) was developed in this section. The argument here is that contractors need to 

consider all aspects of performance if they are to satisfy their clients. That is, the 

achievement of one performance aspect should not be at the expense of another. This 

provides a more holistic view of contractor performance based on an aggregated 

performance indicator. 

While contractor performance has been the subject of much research, evidence suggests 

that there remains much need for further improvement (Egan, 1998). Contractor 

performance has long been defined in terms of cost, time and quality, and each of these 

aspects has been the subject of much research (Nkado, 1992; Walker, 1995; Arditi and 

Gunaydin, 1998; Chan and Kumaraswamy, 1999; Dissanayaka and Kumaraswamy, 1999; 

Kog et aL 1999; Chan and Tam, 2000). Other researches have attempted to examine 

contractor performance more comprehensively. For example, Ireland (1985) investigated 
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the role of managerial actions in the improvement of project performance. Tam and Harris 

(1996) studied building projects in Hong Kong and identified the underlying factors that 

influenced contractor performance. Assaf et aL (1996) examined the characteristics of 

projects and contractors and their degree of influence on levels of contractor performance 

in Saudi Arabia. 

In this section, the concept of overall contractor performance (OCP) is firstly introduced. 

Then, a multiple regression model for OCP is developed and the implications of the results 

are discussed. 

7.8.1 Concepts of the OCP model 

Contractor performance was evaluated and compared in terms of cost, time, quality and 

sustainable development in this research, and these aspects are highly interrelated and 

affect one another (McKim et aL, 2000). Therefore, contractor performance is most 

appropriately modelled at an aggregated level. To do so, the fifteen indicators of 

contractor performance were converted into performance indices on a scale of zero to ten. 

For each indicator, the best performance among all the contractors investigated was 

assigned a value of ten and the worst performance was assigned a value of zero, while 

those in between were assigned values proportionally between zero and ten. For those 

indicators measured on a positive scale (higher value equals to better performance) such as 

cost certainty and client satisfaction, the index was calculated as: 

Index = (Xi - Minimum) / (Maximum - Minimum) x 10 
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For those indicators measured on a negative scale (lower value equals to better 

perfonnance) such as the unit price for the hypothetical project and defects at practical 

completion, the index was calculated as: 

Index = (Maximum - Xj) / (Maximum - Minimum) x 10 

where Maximum represents the highest value for each indicator; Minimum represents the 

lowest value for each indicator; and Xi represents the value of perfonnance indicators for 

contractor i. 

The final OCP index was the aggregated weighted individual values for each of the 

performance indicators. Here, the four aspects of contractor performance were considered 
I 

equally important (25% each) and apportioned equally to the various measures. For 

example, cost performance was measured against three indicators (construction cost, cost 

certainty, and client satisfaction), and each weighted 8.33%. The performance indicators, 

their measurement and weight distribution are summarised in Table 7.6. 
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Table 7.6 Indicators of OCP and their weight distribution 

Aspect Performance Measurement Weight Total 

indicator % weight 

Construction cost Unit price (in PPPs) for the 8.33 

hypothetical project 

Cost certainty Probability to finish the 8.33 

Cost hypothetical project on budget 25% 

Client cost Client satisfaction on similar 8.33 

satisfaction projects 

Construction time Construction duration for the 8.33 

hypothetical project 

Time certainty Probability to finish the 8.33 

Time hypothetical project on time 25% 

Client time Client satisfaction on similar 8.33 

satisfaction projects 

Defects Number of defects on similar 6.25 

projects 

Being called upon Number of being called upon on 6.25 

Quality similar projects 25% 

Liability period Years 6.25 

Client quality Client satisfaction on similar 6.25 

satisfaction projects 

Profitability Percentage of profit at the unit 5 

price 

Partnership Whether having partnership with 5 

Sustainable other participants and the duration 

development of the longest of these 
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Investment in 

research and 

development and 

training 

Environment 

protection 

Ratio of investment in research 

and development and training 

25% 

Whether have environment 

protection policy and measures 

5 

Health and safety Number of reportable accidents 5 

on similar projects 

7.8.2 Multiple regression model 

Multiple regression analysis was applied to the OCP index as the dependent variable. 

Pearson correlation (r) tests identified 19 independent variables significantly related to 

OCP (refer to Appendix F). A stepwise procedure was then applied, and five independent 

variables were selected. The final regression model can be presented as: 

Y=5.458 + (-6.403E-02) DELAYEDT + 0.489 LIFEEMP2 + 0.172 CSTIME + 0.415 

PSUBCON2 + (-2.003E-03) DVARIATI 

Here, DELAYEDT represents the typical delay on similar projects (as percentage of the 

original contract time); LIFEEMP2 is a dummy variable for a commitment towards 

lifetime employment (one for 'yes' and zero for 'no'); CSTIME represents the importance 

contractors allocate to construction time to satisfy clients (on a scale of one to ten where 

one represents totally unimportant while ten represents very important); PSUBCON2 is a 

dummy variable for the partnering with subcontractors (one for 'yes' and zero for 'no'); 

and DVARIATI represents the typical number of design variations during construction. 
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The fourteen variables eliminated in the regression were (i) annual turnover; (ii) number of 

employees; (iii) ratio of projects won by competitive bidding; (iv) importance contractors 

allocate to environmental protection to satisfy clients; importance contractors allocate to 

(v) time, (vi) time certainty, (vii) quality, (viii) environmental protection, (ix) public 

relations and (x) technological innovation to themselves; (xi) Total Quality Management 

system; (xii) usage of letter for communication in construction; and (xiii) frequencies of 

meeting per week within project team and (xiv) with subcontractors. 

The resulting R2 was 0.490, signifying that nearly half of the total variation in OCP could 

be explained by the five independent variables. The regression analysis results are 

surnmarised in Table 7.7. 

7.8.3 Sensitivity Analysis 

In this research, the OCP was calculated by an index aggregating the arbitrarily weighted 

performance measurement values. As different clients may have different priorities for 

their projects and thus varying weights may be assigned to these performance indicators, it 

would be beneficial to examine the impact of the change in the weights on the modeling 

results. 
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Table 7.7 Regression analysis results of OCP 

Multiple R 0.700 Standard error 0.6048 

R2 0.490 Adjusted R2 0.458 

Durbin-Watson 1.708 

Analysis of variance DF Sum of squares Mean square 

Regression 5 28.084 5.617 

Residual 80 29.260 0.366 

F= 15.357, Sig. F=0.000 

Variables in B Std. Error Beta t Sig. Tolerance VIF 

the equation 

(Constant) 5.458 0.522 10.453 0.000 

DELAYEDT -6.403E-02 0.015 -0.365 -4.266 0.000 0.872 1.147 

LIFEEMP2 0.489 0.133 0.297 3.671 0.000 0.977 1.023 

CSTIME 0.172 0.054 0.261 3.168 0.002 0.938 1.066 

PSUBCON2 0.415 0.136 0.254 3.058 0.003 0.925 1.081 

DVýMTI -2.003E-03 0.001 -0.192 -2.318 0.023 0.925 1.081 

To do so, another OCP index was calculated with a different set of weights, assuming the 

fifteen performance indicators were equally important. This resulted in varying weightings 

with sustainable development (33.3%) and quality performance (26.7%) having heavier 

weights than cost and time performance (20% each). The Pearson correlation (r) tests 

identified twenty-one related independent variables. This included the same nineteen 

variables identified in the original model plus (i) the importance contractors allocate to 

construction quality to satisfy clients and (ii) the quality assurance certificates (such as 
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ISO 9001). A stepwise multiple regression analysis was then applied to the new OCP 

index as the dependent variable. The same five independent variables were selected as the 

significant influencing factors to OCP, as shown in Table 7.8. This indicates that the OCP 

index is insensitive to the weighting assigned to the performance indicators, and 

demonstrates that the influencing factors identified by the multiple regression model do 

have significant impact on OCP. 

Table 7.8 Regression analysis results of the new OCP index 

Multiple R 0.717 Standard error 0.5816 

2,2 R 0.514 Adjusted R 0.484 

Durbin-Watson 1.666 

Analysis of variance 

Regression 

Residual 

F= 16.94 1, Sig. F=0.000 

DF Sum of squares Mean square 

5 28.649 5.730 

80 27.057 0.338 

Variables in B 

the equation 

SEB Beta t Sig. Tolerance VIF 

(Constant) 5.238 0.502 10.453 0.000 

DELAYEDT -6.434E-02 0.014 -0.372 -4.458 0.000 0.872 1.147 

LIFEEMP2 0.555 0.128 0.341 4.330 0.000 0.977 1.023 

CSTIME 0.155 0.052 0.238 2.963 0.004 0.938 1.066 

PSUBCON2 0.388 0.130 0.241 2.977 0.004 0.925 1.081 

DVARIATI -2.216E-03 0.001 -0.216 -2.667 0.009 0.925 1.081 
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7.8.4 Discussion of the resuIts 

Multiple regression analysis revealed a positive relationship between the OCP index and a 

commitment towards lifetime employment, the importance contractors allocate to 

construction time, and the use of partnering with subcontractors, respectively. In contrast, 

a negative relationship was found between OCP and the typical delays on similar projects 

and the number of design variations during construction, respectively. The implications of 

these results for contractors are now discussed. 

Z 8.4.1 Importance of construction time 

Clients normally expect fast projects in order to attain 'first in the market' advantage over 

competitors (Kog et aL, 1999). Shorter construction time leads to improved client 

satisfaction and places contractors in an advantageous position in the market. Because of 

time-related overheads and other relevant expenses such as the hire of construction plant 

and liquidated damages, contractors also prefer to shorten their stay on site to reduce costs 

and increase their profits (NEDO, 1983; Scott, 1997). Once delays occur, the lost time 

may be made up at considerable additional cost, as discussed in the preceding sections. 

Quality standards may also invariably drop during accelerated work (Farrow, 1991). An 

emphasis on time can make contractors realise any quality problems will cause rework, 

making the time target more difficult to achieve, and therefore greater effort is expended 

in an attempt to guarantee satisfactory quality performance. 

Contractors' past performance is one of the most important determinants of predictive 

performance (Tam and Harris, 1996). This means those contractors who complete projects 

successfully are more likely to achieve project targets in the future. Delays are not 

uncommon in construction projects (Wright, 1997; Graves and Rowe, 1999) and have 
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significant cost and quality implications, as contended above. Thus, a high priority should 

be given to contractors' past time performance during selection (Khosrowshahi, 1999; 

Fong and Choi, 2000). Contractors of high repute and better past performance will bring 

about improved client confidence and raise the possibility of future business. 

Z&4.2 Commitment towards lifetime employment 

The multiple regression model revealed a positive relationship between the commitment 

towards lifetime employment and OCP. In the survey, all Japanese companies claimed to 

provide lifetime employment. In contrast, approximately half of US companies and about 

a third of UK companies claimed to do so (Xiao and Proverbs, 2002d). Compared to the 

manufacturing industry, the work force in construction is quite transient (Arditi and 

Gunaydin, 1998). While lifetime employment does not necessarily mean employment until 

retirement even in Japan now (Sidwell et aL, 1988; Morton, 1994), it does provide a 

certain degree of stability and continuity. This gives contractors an incentive to invest in 

training their workforce, leading to better quality, productivity and efficiency. Ultimately, 

it is the operatives who produce the building products, and their attitude and ability will 

determine the final results. With a commitment to lifetime employment, the workforce 

may be more committed as they realise their own interests lie in the survival and 

development of the company. A sense of loyalty and belonging can motivate operatives to 

play an active role in activities such as TQM which requires the participation of everyone 

in an organisation. The performance of Japanese workers, who often form groups to study, 

suggest and practise ways to improve the quality of their operations and the final products 

(Levy, 1990), demonstrate the benefits of such commitment on the behalf of employers. 
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Z 8.4.3 Partnering with subcontractors 

Contractor performance is positively and strongly associated with their relationships with 

subcontractors (Kale and Arditi, 2001), as confirmed in this research. Subcontracting is 

common practice on construction projects nowadays and a majority of the work on site is 

conducted by subcontractors (NEDO, 1983; Hinze and Tracey, 1994; Hsieh, 1998; Ball et 

aL, 2000; Xiao and Proverbs, 2002d). However, subcontracting can be the cause of delays 

(NEDO, 1983; MaJid and McCaffer, 1998), and damage by subcontractors and poor 

workmanship has been identified as the primary cause of defects at practical completion 

(Love and Li, 2000b). The sense of alienation and mistrust between contractors and 

subcontractors often prevents teamwork and can cause various productivity barriers 

(Hsieh, 1998). Uncertainties in connection with a subcontractor's technical qualifications, 

timeliness, reliability and financial stability may bring risks to contractors in terms of cost, 

time and quality (Akinci and Fischer, 1998). Contractors and subcontractors need to work 

closely with each other and share common goals. Here, a 'win-win' scenario is desirable. 

1 41, 

Partnering may be one way of achieving this. The philosophy underpinning partnering is a 

commitment between involved parties to cooperate, allowing each to meet its own 

business objectives more effectively meanwhile achieving the objectives of the project as 

a whole (Bennett and Jayes, 1995; Bresnen and Marshall, 2000b). A partnership between 

contractors and subcontractors can promote openness, reduce programme times and the 

need to be contractual and alleviate problems more effectively (Millett et aL, 2000). In the 

survey, nearly half of the contractors investigated partnered with their subcontractors 

(Xiao and Proverbs, 2002d). Long-term cooperation fostered by partnering can eliminate 

the leaming curves which originate from the temporariness of construction projects. 

Furthermore, partnering can improve communication between parties and strengthen 
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teamwork (Arditi and Gunaydin, 1998). Projects where partnering has been implemented 

have been known to benefit from better performance, lower budget overruns and shorter 

delays (Pocock et aL, 1996). Without much extra input, the typical cost saving for 

partnered projects ranges from 2% to 10%, and can be up to 30% in the long term because 

of improved productivity (Bennett and Jayes, 1995). The characteristics of partnering (i. e. 

continuous evaluation, the project charter, mutual objectives and team building) can also 

facilitate the transfer of knowledge between contractors and subcontractors and improve 

safety management and performance on site (Matthews and Rowlinson, 1999). The 

extensive use of partnering is considered a mode of achieving high quality (Arditi and 

Gunaydin, 1998). 

7.8.4.4 Design variations during construction 

The survey analysis found that the number of design variations during construction had a 

detrimental effect on OCP. Even though variations allow clients' functional requirements 

to, be met as closely as possible, when implemented during construction they have been 

known to be disruptive to the planned construction process, and to have implications in 

terms of construction cost, time and quality (Ireland, 1985; Flanagan et aL, 1986; NEDO, 

1988; Hanna et aL, 1999). Design variations occur due to problems in aspects such as the 

thoroughness of the pre-design site investigation, the completeness of working drawings 

available at the time of estimate, and the general unpredictable circumstances during 

construction, or simply design errors and additions to the scope of work (Kaming et aL, 

1997; Hanna et aL, 2002). 

Design variations have substantial impact on cost overruns (Dawood et aL, 2001), and 

even for very successful projects, design variations during construction can cause a 5-8% 
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increase in project cost (Cox et aL, 1999). This is because design variations bring in extra 

works. Higher construction costs in the UK have been attributed to the higher number of 

design variations during construction (Xiao and Proverbs, 2002a). They are also one of the 

primary causes of rework in construction which leads to cost increases (Love and Li, 

2000b), a reduction in profits, and long term damage to the sustainable development of the 

industry. Vv%ether initiated by clients and consultants, design variations during 

construction often lead to delays (NEDO, 1983 and 1988; Chan and Kumaraswamy, 

1996). They were perceived as the commonest principal source of cost and time overruns 

in construction projects in Hong Kong (Kumaraswamy and Chan, 1995). To reduce 

construction cost and construction time, design variations need to be minimised (Ireland, 

1985). 

7.8.5 Summary of the OCP model 

Various aspects of contractor performance are closely related and interact with each other. 

In order to investigate the factors influencing overall contractor performance, an OCP 

index on a scale of zero to ten was developed by aggregating the weighted performance 

measurement values. Multiple regression analysis was applied to investigate the factors 

influencing OCP for high-rise concrete framed buildings. Results indicated that the OCP 

for such buildings was influenced by a contractor's (i) past performance on similar 

projects, (ii) commitment towards lifetime employment, (iii) perceived importance of time 

performance, (iv) relationships with subcontractors, and (v) the number of design 

variations during construction. Results of a sensitivity test indicated that the OCP index 

was relatively stable when varying the weighting of the performance indicators. 
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Construction time is important to both clients and contractors because of its economic 

implications. Delays lead to an increase in construction costs and a reduction in quality. 

The past performance of contractors represents a reliable indicator of their performance on 

future projects. With a lifetime employment policy, the workforce may be more stable and 

more committed, and contractors more willing to invest in training, resulting in a better 

workforce and improved overall performance. Partnerships between contractors and 

subcontractors can enhance mutual trust and teamwork, and lead to harmonious 

relationships and also can help to achieve better performance. Design variations during 

construction are disruptive and often cause cost overruns and delays. 

7.9 SUMMARY 

In order to satisfy clients more effectively and strengthen their competitiveness in the 

market, contractors need to improve their performance. Multiple regression analysis is an 

effective tool to explicate the relationship between dependent and independent variables. 

The best practice performance models developed by means of multiple regression analysis 

can identify the factors which influence contractor performance and highlight possible 

ways for improving performance. 

In this chapter, multiple regression analysis was applied to the dependent variables of 

construction cost, cost certainty, construction time, time certainty, construction quality and 

OCP separately and six best practice performance models were developed. 

Construction cost was found to increase with the percentage of overheads in unit price, the 

number of design variations during construction, and the use of prefabrication. To reduce 
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construction cost, contractors should cut down overheads, aim to minimise the design 

variations during construction, and improve the use of prefabrication. 

The cost certainty model identified four influencing factors, namely time certainty, the 

importance contractors allocated to time certainty, annual leave on site and the typical cost 

overruns. To improve cost certainty, contractors need to consider time certainty as a 

priority and look to improve their ability to deliver projects on time. Further, they should 

closely monitor the annual leave on site, and look to deliver projects on budget. 

Tbe'construction time model revealed that the construction time would increase if there 

were more operatives on site at peak time and more usage of computers on site. On the 

contrary, more meetings with subcontractors could help to reduce construction time. These 

results indicate that to reduce construction time, contractors should enhance their 

communication and coordination with subcontractors, improve the usage of computers and 

maintain a constant number of operatives on site. 

The multiple regression analysis found cost certainty, the importance contractors allocate 

to cost, the number of defects at practical completion, and their typical delays as the 

factors found to significantly influence time certainty. To improve time certainty 

performance, contractors should take an integrated approach and pay due attention to both 

cost and cost certainty, and improve project quality. 

The construction quality model identified the number of reportable accidents, the usage of 

the traditional procurement method, the number of times called upon during the defects 

liability period and the extent to which plant is used during construction as the significant 
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factors to construction quality. To improve their quality performance, contractors are 

advised to focus on both quality and safety and to look to develop a more systemised and 

integrated project process. Mechanisation and the usage of plant and equipment should be 

encouraged. Where quality is the principal objective, clients are advised to consider the 

use of traditional Procurement, as this shows a positive relationship with quality at 

practical completion. 

The OCP model showed that in order to improve their overall performance, contractors are 

advised to focus on aspects of time performance, maintain a stable and well-trained 

workforce, and establish long-term partnerships with their subcontractors. Clients should 

realise that design variations during construction bring about uncertainties and risks and 

are disruptive to the planned work, and should be avoided as much as possible. 

Up to now, six best practice performance models have been developed in this research. 

They differ from previous research in the domain of contractor performance in that they 

are based on the practices of contractors from the world's leading construction industries, 

namely Japan, the UK and the US, with a view to providing a robust benchmark for 

contractors. To minimise the influence of project characteristics, data used for modelling 

was based on a hypothetical construction project. Factors considered include both 

technical (such as construction methods and communication tools) and managerial (such 

as quality management and procurement methods) aspects. Tberefore, findings 

demonstrate how contractors from these three countries (and others) may improve their 

performance on buildings of this type. 
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It is acknowledged that the resulting adjusted Rýs for some of the models presented are just 

moderate. But it is unrealistic to assume that the complex nature of any economic 

relationships can be described accurately by a simple linear form (Newbold and Bos, 

1990). For example, when Ball et aL (2000) used firm and industry characteristics to 

predict firm profitability, the adjusted Rýs were as low as 0.27 and 0.18. Considering the 

international feature of this research, and the influence of various differences in culture 

and values, the results of the best practice performance models were deemed significant. 
II 

Those variables eliminated in the regressions might still have certain impact on the results 

of the models. Further, there may be other factors which have not been considered in this 

research (such as the organisation structure of contractors and the extent of client 

involvement in the construction process) which may also have influence but these were 

considered beyond the scope of this research. 

The next chapter will present the validation of the models presented through both internal 

and extemal measures. 
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CHAPTER 8 VALIDATION OF THE MODELS 

8.1 INTRODUCTION 

In the preceding chapter, six best practice performance models have been developed and 

discussed. These models need to be validated for their generalizability and transferability. 

In this chapter, the validation of the models is conducted in two dimensions: external and 

internal. For external validation, independent samples held back from the major surveys 

are used to calculate the prediction fit of the models. Internal validation seeks convergence 

of knowledge. The validation process is now described in detail. 

8.2 EXTERNAL VALIDATION 

After the development of the best practice performance models, their generalizability and 

transferability have to be validated, i. e. to ensure those models represent the characteristics 

of the general population and they are not specific to the samples used in estimation (Hair, 

Jr. et aL, 1995). The issues of validation are important, because in them the objectivity and 

reliability of research is at stake. The validation of the models can be conducted in two 

ways: (i) predicting values for the new samples by using the original models and 

calculating the predictive fit; and (ii) developing new models with the independent 

samples and comparing their characteristics with the original ones. However, due to the 

problems of data collection, there was insufficient data to develop new models. Here, 
III 
independent samples not previously used in the development of the models are used to 

extemally validate the models. 

There are three methods of calculating the predictive fit: the mean absolute deviation 

(MAD), the predictive mean squared error (MSE), and the mean absolute percentage error 
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(MAPE) (Kvanli et aL, 1992). MAD is the average of the absolute values of each residual 

(the difference between the observed values and the predicted values from the models), 

MSE is the average of the squared residuals, and MAPE is the average of the absolute 

percentage error for each predicted value. Among the three, MAPE is preferred as a 

predicting accuracy measure as it is a relative one (Makridakis et aL, 1983). It measures 

the magnitude of the errors incurred by the forecast. 

Using the twelve questionnaires held back from the major surveys (six from the US, four 

from Japan and two from the UK), the predicted values were calculated respectively by 

each of the six best practice performance models, and then compared with the observed 

values. The predictive fit was subsequently calculated by MAD, MSE and MAPE. The 

results are surnmarised in Table 8.1. 

Table 8.1 The predictive fit of the models 

Model MAD=Y-Ietl/n MSE= Eet 2 /n MAPE= F. Jet/ytl/n 

Cost 134.75 24384.29 21.42% 

Cost certainty 4.35 30.99 4.58% 

Time 8.10 105.41 17.75% 

Time certainty 3.32 17.28 3.42% 

Quality 4.66 46.03 30.82% 

OCP 0.37 0.23 5.25% 

The results indicated that the time certainty model, the cost certainty model and the OCP 

model fit the data very well, with a relative error of prediction at only 3.42%, 4.58% and 
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5.25% respectively. Correspondingly, these three models also had relatively higher Rýs. 

The time model and the cost model could predict well, with a relative error of prediction 

of 17.75% and 21.42% respectively. The relative error of prediction of the quality model 

is moderate at 30.82%. Compared to the MAPEs from other multiple regression models in 

construction management research, such as 7.30%-51.7% from Akintoye and Skitmore 

(1994), 9.48%-58.97% from Goh (1999), 6.98% and 13.69% from Dissanayaka and 

Kumaraswamy (1999) and 15.7%-32.4% from Soetanto and Proverbs (2001), the 

prediction accuracies of the models in this research were acceptable. 

The MAD and MSE values also indicated the variation of the predicted values from the 

models. All the MAD and MSE values are within an acceptable range, except only one, 

i. e. the MSE for cost model. This is due to the high figures used in the cost model, and 

may be somewhat accentuated because of the squared residuals. 

In addition to the prediction fit, the fact that the adjusted Rý values of the models were 

very close to their Rý values (difference ranging from 0.020 for time certainty model to 

0.042 for OCP model, refer to the tables in Chapter 7) also indicated that these models 

were not overfitted to the sample used in the estimation. 

To conclude, the independent samples indicated that the best practice performance models 

developed achieved acceptable prediction accuracies. That. is, the models reflect the 

characteristics of contractor performance and practices in the three countries and could be 

applied in other similar situations. What should be pointed out is that there is no final and 
I 

aýsolute regression model unless it is estimated from the entire population (Hair, Jr. et aL, 

1995). 
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8.3 INTERNAL VALIDATION 

The internal validation seeks triangulation of, or convergence among three major aspects 

of the work: (i) literature search; (ii) analyses of questionnaire survey; and (iii) academic 

validity. This strategy has been implemented successfully by Nesan (1997) and Proverbs 

(1998), and is now described. 

8.3.1 Convergence of literature search and questionnaire analyses 

Convergence of findings from the literature and the output of the models has been 

identified. That is, the influencing factors identified by the best practice performance 

models from the analysis of the survey data were found to be replicated in the literature. 

Further details are considered individually for the best practice performance models. 

8.3.1.1 Cost model 

The' cost model indicated that fewer design variations during construction, lower 

percentage of overheads in unit price, and less prefabrication of inner walls and columns 

would result in lower construction cost for projects like the hypothetical building. These 

results are supported elsewhere in the literature. 

After'studying twenty-five high-rise office building projects in Australia, Ireland (1985) 

concluded that variations during the construction was disruptive to planned construction 

processes and would increase the cost. Other researchers also found that design variations 

during construction caused increased cost (Cox et aL, 1999; Dawood et aL, 2001). Arditi 

et aL'(2000) found that approximately half of the contractors they investigated in the US 

did not achieve cost savings by using prefabricated concrete systems because of delays in 
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production schedules and a lack of communication in the design stage. d'Arcy (1995a) and 

Low and Choong (2001) also pointed out the potential problems related to transportation 

and high factory overheads of the usage of prefabricated components. 

8.3.1.2 Cost certainty model 

Time certainty, the amount of annual leave on site, the typical cost overruns on similar 

projects, and the importance contractors allocate to time certainty were identified as the 

influencing factors to cost certainty. Supporting evidence can be found in the literature. 

Scott (1997) asserted that delays caused extra costs such as additional overheads due to 

contractors' prolonged presence on site. As a result of extended construction duration, the 

cost of construction materials and labour may also rise from inflation (Akpan and Igwe, 

2001). Contractors may also face potential claims for liquidated damages from clients 

(Kumaraswainy and Chan, 1999). Both Barnes (1988) and Farrow (1991) pointed out 

delays could be recovered but at the expense of considerable cost increase. Noyce and 

Hanna (1998) attributed the cost increase in accelerated project to labour inefficiencies, 

and Li et al. (2000) highlighted the quality and safety problems related to the recovery of 

delayed schedule. These proved the inherent connection between cost overruns and delays 

in construction projects. Tam and Harris (1996) identified contractor's past performance 

as a predictive variable for contractor performance, and Fong and Choi (2000) also found 

contractors' past performance was a determinant for contractor selection. It is reported that 

absences bring about interruption to the normal workflow and many increase construction 

cost (Business Roundtable, 1982), which is similar to the conclusion from this research 

that annual leave has a negative effect on cost certainty. 
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8.3.1.3 Time model 

The time model identified that the frequency of meetings with subcontractors had a 

positive impact on contractor time performance, but the number of operatives at peak time 

and the usage of computers on site has a negative impact on contractor time performance. 

These findings concurred with those reported elsewhere in the literature. 

Arditi and Gunaydin (1998) argued that a lack of information led to delays, and Chan and 

Kumaraswamy (1996) found poor site management and supervision were responsible for 

delays in building projects in Hong Kong. Kog et aL (1999) reported that more planning 

and monitoring meetings on site resulted in better time performance because of the 

improved communication between contractors and their subcontractors. Hanna et aL 

(2002) claimed that too much manpower at peak time indicated overmanning and the 

project would be affected. Thomas (2000) also contended that the fluctuation of operatives 

on site would lead to labour inefficiencies. Therefore, more operatives at peak time could 

not reduce construction time. The key issue here is to schedule the project well and 

maintain high levels of productivity and efficiency. When investigating building 

construction time performance in Australia, Walker (1995) found that construction time 

prolonged with the increased of use of IT, mainly because of incompatibility and 

segmentation of software and data. Kartam (1999) shared Walker's opinion about IT use 

in construction. 

8.3.1.4 Time certainty model 0 

Time, certainty was found to be influenced by cost certainty, the importance contractors 

allocate to cost, the number of defects at practical completion, and the typical delays on 

similar projects. These results were supported by other researches. 

240 



Chapter 8 Validation ofthe models 

Bames (1988) contended that time and cost targets of projects were inherently correlated. 

NEDO (1988) also found that high time certainty was linked to better cost performance. 

Fong and Choi (2000) argued that contractors' past performance was a reliable indicator 

for their future projects. Meanwhile, Dutternhoeffer (1992) and McKim et aL (2000) 

elicited the relations between construction time and construction quality. Majid and 

MaCaffer (1998) investigated the factors of delays contractors were responsible for and 

found poor project quality was a primary factor. Love et al. (1999) also claimed that 

rework from rectifying defects increased the possibility of delays. 

8.3.1.5 Quality model 

The quality model concluded that contractor quality performance was closely related to 

their typical number of reportable accidents on similar projects, the usage of traditional 

procurement, the number of times being called upon during defects liability period, and 

the volume of plant used in construction. Similar conclusions were again found elsewhere 

in the literature. 

It has been reported that quality and safety are closely related with each other (Warrack 

and Sinha, 1999; Griffith, 2000; Low and Sua, 2000). Cooper and Phillips (1995) argued 

that better safety management could improve quality and reliability of both products and 

operations, substantially reduce accidents and their associated costs, and increase 

competitiveness and profitability. It has been widely agreed that traditional procurement is 

an appropriate option to generate high quality projects (Bennett and Grice, 1990; Turner, 

1990; Hashim, 1996; Kumaraswamy and Dissanayaka, 1998; Bowen et al., 1999), as the 

design is normally fully developed before construction and there are fewer uncertainties. 
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More . use of plant in construction projects is associated with higher levels of 

standardisation and pre-assembly, which improves the quality of projects (Gibb, 2001). 

Better-trained plant operatives also help to achieve better quality (Edwards et aL, 1998). 

Thus, literature supports the findings from the quality model. 

8.3.1.6 OCP model 

Overall contractor performance was found to be positively influenced by the commitment 

towards lifetime employment, the importance contractors allocate to construction time, 

and the partnering with subcontractors, and negatively influenced by the typical delays on 

similar projects and the number of design variations during construction. This was 

supported in the literature as follows. 

Construction time is important to contractor performance because it has a direct impact on 

cost performance (NEDO, 1983; Scott, 1997). Farrow (1991) argued that once delays 

I occurred, the quality of projects could not be guaranteed when work was accelerated. 

According to Chan and Tam (2000), contractors can achieve better quality if they consider 

time as a priority. Both Khosrowshahi (1999) and Fong and Choi (2000) agreed that 

contractors' past time performance was a reliable indicator of their future performance. 

Kale and Arditi (2001) claimed that a positive relationship between contractors and their 

subcontractors contributed to better contractor performance. A partnership between them 

can enhance mutual trust and promote cooperation (Bennett and Jayes, 1995; Arditi and 

Gunaydin, 1998; Bresnen and Marshall, 2000a; Millett et aL, 2000). Pocock et aL (1996) 

contended that partnered projects had better performance with lower budget overruns and 

shorter delays. Better safety performance and quality performance from partnered projects 
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have also been reported by Matthews and Rowlinson (1999) and Arditi and Gunaydin 

(1998) respectively. In regard to the lifetime employment, Sidwell et aL (1988) and Levy 

(1990) presented some good examples of the benefits derived in Japan when this is 

provided. 

The negative influence of design variations during construction on contractor performance 

has been well documented. When investigating the role of managerial actions in high-rise 

building projects, Ireland (1985) found design variations during construction increased 

construction cost and prolonged construction time. NEDO (1983 and 1988) claimed that 

design variations introduced in the construction process were frequent causes of delays. 

Hanna et aL (1999) reported that design variations affected labour efficiency. Cox et aL 

(1999) concluded from their case studies that the direct cost of design changes during 

construction was over 5% of the total project cost. Dawood et al. (2001) identified design 

variations as a primary driver for cost escalation in Japanese civil engineering projects. 

Meanwhile, other researchers have identified the negative influence of design variations 

during construction on construction time and quality (Chan and Yeong, 1995; Chan and 

Kumaraswamy, 1996; Love and Li, 2000b). 

8.3.1.7 Summary ofconvergence ofliterature and questionnaire analyses 

From the above, the findings from each of the best practice performance models 

developed were found to be supported by previous research. This demonstrates the 

convergence of literature and questionnaire analyses, and a degree of validity and 

reliability of this research. 
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8.3.2 Convergence of questionnaire analyses and academic validity 

To disseminate the findings of the research to practitioners and academics at large, four 

journal papers and three conference papers have been generated from the research and 

have been (or about to be) published in international academic journals and conference 

proceedings. Another six journal papers and one conference paper are in the review 

process. The journals those papers were submitted to are Construction Management and 

Economics, Engineering Construction and Architectural Management, International 

Journal of Quality & Reliability Management, Journal of Construction Research, Journal 

of Construction Engineering and Management, Journal of Construction Procurement, The 

Australian Journal of Construction Economics and Building, and Building Research & 

Information. Conferences papers included those presented at the annual conferences of the 

Association of Researchers in Construction Management (ARCOAP (2000 and 2001) and 

Bizarre Fruit Postgraduate Research Conference in the Built and Human Environment in 

the UK (2000). 

Those journals and conferences were purposely targeted because they all need peer 

review. Peer review provides the opportunity for the methodologies, meanings and 

interpretations of the research to be questioned (Lincoln and Guba, 1985). During the 

review procedure, a paper is sent anonymously to two to four independent experts in the 

areas relating to the particular subjects of the paper. The anonymity of the authors removes 

the possible bias/prejudice in the review. After scrutiny by the referees, a paper can be (i) 

accepted without amendments; (ii) accepted with minor amendments; (iii) accepted with 

major amendments; and/or (iv) rejected. A majority of the papers mentioned above needed 

minor or major amendments according to the referees' comments. The issues raised by 

referees, many of which were very important or even fundamental to the research, were 

244 



Chapter 8 Validation ofthe models 

clarified, or addressed and incorporated into the final thesis. At conferences or workshops, 

the ,r ese I arch was also presented to academic peer and appropriately defended when 

needed. 

With such continual challenge and feedback from the academic community, the research 

has been improved greatly, enabling the findings to be robust and reliable. Acceptance of 

the papers for publication supports the academic validity of the research and this particular 

convergence aspect. 

8.3.3 Convergence of academic validity and literature search 

A, characteristic of all the papers described in the preceding section is that the main 

findings of the research were supported by comprehensive literature. Of the fourteen 

papers produced, 578 references have been cited with an average of forty-one per paper. 

While some references are unavoidably duplicated due to the similarities in the 

introduction of the research background, many are bespoke and used to support those 

specific findings presented in each paper. This demonstrates the convergence of academic 

validity and literature search. Details of the references cited in the papers are presented in 

Table 8.2. 
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Table 8.2 References cited in journal and conference papers 

No. Authorship Year No. of references cited 

I Xiao et aL 2000a 28 

2 Xiao et aL 2000b 21 

3 Xiao and Proverbs 2001 29 

4 Xiao and Proverbs 2002a 15 

5 Xiao, and Proverbs 2002b 73 

6 Xiao and Proverbs 2002c 47 

7 Xiao and Proverbs 2002d 45 

8 Xiao et aL 2002 63 

9 Xiao, and Proverbs 2002e 41 

10 Xiao and Proverbs 2002f 32 

11 Xiao and Proverbs 2002g 39 

12 Xiao and Proverbs 2002h 44 

13 Xiao and Proverbs 2002i 53 

14 Xiao and Proverbs 2003 48 

Total 578 

Mean 41 

8.4 SUMMARY 

In this chapter, the best practice performance models were validated in two dimensions: 

external and internal. In the external validation, twelve independent samples held back 

from the major surveys were used to predict contractor performance by each of the six 

models. The predicted values were then compared with the observed values from the 
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samples. The relative errors of prediction of the best practice performance models ranged 

from 3.42% to 30.82%, which was considered acceptable for this international 

construction research. 

Internal validation sought convergence of literature search, analyses of questionnaire 

survey and academic validity. The best practice performance models were 

comprehensively supported by previous research and similar conclusions could be found 

elsewhere. Fourteen papers have been generated from the findings of the research and 

seven of them have been (or are to be) published in various peer reviewed academic 

journals and conference proceedings. A large number of references have been cited in 

those papers to justify the research. Hence, this research is convergent with the established 

knowledge. 

In next chapter, the conclusions as well as the limitations of the research will be 

summarised, and recommendations will be put forward. 
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CHAPTER 9 CONCLUSIONS AND RECOMMENDATIONS 

9.1 INTRODUCTION 
II 

Globalisation of the world economy requires that any robust benchmarking of contractor 

performance be on an international scale. This research has undertaken a comparative 

study of international (i. e. Japan, the UK and the US) contractor performance, in which 

their respective strengths and weaknesses have been distinguished and best practice 

performance models have been developed. After summarising the issues covered by the 

research, this final chapter presents the main findings and, just as importantly, their 

limitations, and proffers some recommendations for future research, to continue and build 

upo n this theme, and also for the industry to consider. 

9.2 DISCUSSION 

In fulfilling the objectives of the research, contractor performance has been investigated 

and 'best practice' has been defined. Based on a hypothetical project, a new research 

approach towards comparing international construction has been developed. Contractor 

performance and practices have been compared in terms of construction cost, construction 

time, construction quality and sustainable development, and the differences between them 

have been identified and explained. Six best practice performance models (namely 

construction cost, cost certainty, construction time, time certainty, construction quality, 

and overall contractor performance) have been developed and these have revealed the 

respective influencing factors. Using a process of external and internal verification, these 

models have subsequently been successfully validated. 
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9.2.1 Contractor performance and 'best practice' 

Clients normally expect their projects to be delivered within budget, on time and up to the 

required quality. Traditionally, contractor performance is evaluated and compared in terms 

of cost, time and quality. However, achieving these goals should not be at the expense of 

contractors' sustainable development. Therefore, in the context of this research, contractor 

performance consists of four aspects, namely, construction cost, construction time, 

construction quality, and sustainable development. 

To facilitate a more meaningful comparison of contractor performance with subsequent 

best practices being practical and controllable by contractors, only those factors that fall 

within the remit of a contractor's responsibility were considered. Subsequently, 

contractors' 'best practice' was defined in four aspects: (i) construction cost (low 

construction cost and high cost certainty); (ii) construction time (short construction time 

and high time certainty); (iii) construction quality (no/few defects at practical completion, 

long defects liability period, and not being called upon during liability period); and (iv) 

sustainable development (appropriate profitability, harmonious relationships with other 

participants, adequate research and development investment, environment friendly, and 

good health and safety record). 

9.2.2 A new approach to conducting international construction comparisons 

Methods previously applied to international construction comparisons were categorised 

into three groups, that is, pricing studies, macroeconomic studies, and case studies. Each 

of , these approaches has its own limitations in terms of comparability and 

representativeness of data. Pricing studies are easy to apply and can compare building 

costs and productivity in different countries, but the comparability is maintained at the 
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expense of representativeness, or vice-versa. Macroeconomic studies utilise available 

statistical data and are thus cost effective, but only reflect the situation on a macro level 

and hence have little value to individual contractors. Case studies can compare contractor 

performance comprehensively, however, it is very difficult to find comparable projects in 

different countries and data collection is extremely time consuming. 

By combining the appropriate characteristics of pricing studies and case studies and 

minimising their negative features, a new research approach to international construction 

comparisons has been developed. A hypothetical construction project (a six-storey 

concrete framed office building considered common to the three countries) formed the 

basis of a questionnaire survey and was used to accrue comparable data. Due flexibility 

was afforded to respondents allowing routine practices to be represented. A questionnaire 

survey conducted among contractors in Japan, the UK and the US has demonstrated its 

validity. 

9.2.3 A comparison of contractor performance in Japan, the UK and the US 

With the data generated from the surveys conducted in Japan, the UK and the US, 

contractor performance and practices were evaluated and compared in terms of 

construction cost, construction time, construction quality and sustainable development 

between the three countries. Distinctive differences in these aspects have been identified 

as follows. 

9.2.3.1 A comparison of cost performance 

When adjusted by PPPs to eliminate exchange rate fluctuations, construction cost in the 

UK was found to be significantly higher than that in Japan and the US. The Japanese 
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emphasis towards long-term harmonious relationships with clients and the higher degree 

of standardisation, prefabrication and mechanisation in the US were said to be possible 

reasons for this. Japanese contractors provided significantly higher levels of cost certainty 

than UK contractors. More design variations during construction might also contribute to 

the higher cost and lower cost certainty in the UK. By providing lower cost and higher 

cost certainty, Japanese contractors achieved higher levels of client satisfaction. 

9.2 3.2 A comparison of time performance 

By applying more human resources on site, planning in more detail and working more 

closely with their subcontractors, Japanese contractors achieved significantly shorter 

construction time than their UK and US counterparts. Time certainty, which was found to 

be an overriding focus in Japan, was found to be significantly higher than that in the UK 

and the US. With such, Japanese clients enjoyed higher levels of satisfaction. In contrast, 

adversarial relationships, pragmatic thinking, and less intensive schedule planning and 

monitoring may explain the inferior levels of time performance found in the UK and the 

us. 

9.2.3.3 A comparison ofquality performance 

Japanese contractors achieved far fewer defects on their finished products, provided longer 

defects liability periods and would be called upon fewer times during the defects liability 

periods than UK and US contractors. This may be because TQM was conducted by the 

majority of Japanese contractors and QA certification was also pervasive in Japan. In 

contrast, cost and speed were preferred to quality in the UK and the US. However, US and 

UK contractors sought feedback from their clients more frequently. Contractors in the 

three countries achieved similar levels of client satisfaction from their respective quality 
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performance, but this might be due to expectation levels, which in Japan were likely to be 

far higher. 

9.2.3.4 A comparison ofsustainable development 

Significantly more UK and US contractors had established partnerships with their clients, 

consultants, and suppliers. Notwithstanding this, Japanese partnerships tended to last 

longer. Subcontracting was common practice in the three countries. UK and US 

contractors were more involved in the design process than their Japanese counterparts. All 

Japanese companies investigated claimed to provide lifetime employment, this compared 

to only half of US companies and a third of UK companies. When disputes occurred, 

negotiation, mediation and arbitration were preferred in the three countries. However, UK 

and US contractors tended to use negotiation more often than Japanese contractors. UK 

contractors needed longer periods to resolve claims than Japanese and US contractors. 

This sug I gests that UK and US contractors are realising the importance of long-term 

relationships and are tending to follow the Japanese model. In contrast and as a result of 

the changing economic environment, Japanese contractors seem to becoming more cost- 

conscious and are facing increasing competition as clients seek to reduce costs and 

delivery times. All Japanese companies and a vast majority of UK companies had 

environmental protection policies in place, compared to only 40% of US companies. UK 

contractors had significantly more reportable accidents per project than Japanese and US 

contractors. 

Figure 9.1 is a summary of the relative performance of contractors in the three countries 

calculated by means of the performance index (refer to the concept of OCP in Chapter 7). 
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Figure 9.1 Comparison of relative contractor performance 

9.2.4 Best practice performance models 

Japan 
'UK 

us 

Six best practice performance models have been developed, namely construction cost, cost 

certainty, construction time, time certainty, construction quality, and overall contractor 

performance. Based on the i-esponding data from the surveys, those variables shown as 

having significant correlation with contractor performance were selected as the 

independent variables. Multiple regression analysis was applied to identify the factors 

found to influence contractor performance, to establish the relationships between 

dependent and independent variables, and to determine the relative importance of each 

independent vatiable. 

9.2.5 Validation of the models 

The validation of the models consisted of two dimensions. Extemal validation used the 

independent samples held back from the major surveys to calculate the predictive fit of the 
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models. The relative errors of prediction of the six best practice performance models 

generated are considered within an acceptable range and consequently the models are 

considered applicable to other similar cases. 

Internal validation involved the convergence of literature search, analyses of questionnaire 

survey and academic validity through publication of research findings. Evidence 

supported the convergence of these three sources of information, hence justifying the 

validity of the research. 

i 

9.2.6 Dissemination of research findings 

The findings from the research have been widely disseminated to practitioners and 

academics at large through academic (peer reviewed) journals (such as the journals 

Construction Management and Economics and Engineering, Construction and 

Architectural Management) and international conference proceedings (such as the annual 

conferences of the Association of Researchers in Construction Management (ARCOAP). 

Moreover, a summary report of the principal research findings has been forwarded to all 

those project managers in the three countries who responded to the research surveys. 

9.3 CONCLUSIONS OF THE RESEARCH 

The following conclusions can be drawn from this research: 

The Japanese, UK and US construction industries possess different characteristics. 

'Best practice' for contractors must embrace the concepts of construction cost, 

construction time, construction quality and sustainable development, and contractor 

performance should be evaluated and compared in these four aspects. 
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Based on a hypothetical project and respondents' previous experience, a new 

II research approach towards comparing contractor performance and practices 

internationally has been developed, tested and implemented. This new approach 

-., . utilises the appropriate characteristics of pricing studies and cases studies and 

minimises their negative features to maintain the comparability and 

representativeness of data, and is considered feasible for such international research. 

0- There is a significant difference in contractor performance and practices in terins of 

construction cost, construction time, construction quality and sustainable 

development between Japan, the UK and the US. 

Differences in contractor performance and practices originate from their distinctive 

cultural backgrounds, management approaches and construction processes. 

The best practice performance models developed herein including construction cost, 

cost certainty, construction time, time certainty, construction quality, and overall 

contractor performance have been shown to be robust and valid. 

The best practice performance models developed in this research can help to improve 

contractor performance and strengthen their competitiveness. 

9.4 LIMITATIONS OF THE RESEARCH FINDINGS 

The research aimed to evaluate and compare contractor performance internationally. Using 

a hypothetical construction project and drawing upon respondents' project experience, the 

new research approach solved a problem that has perplexed previous international 

construction comparisons, i. e. to maintain the comparability and representativeness of 

data. It nullified the impact of project specific aspects (such as project type and 

buildability). Notwithstanding this, it is acknowledged that it is difficult to address the 
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issues of comparability and representativeness of data completely in such a desk-based 

research like this, and that some degree of trade-off between the two is unavoidable. 

To explicate the performance disparity between countries, some 'soft' factors such as the 

priorities of project objectives and relationships with other participants have been 

considered, but not in a comprehensive way. Furthermore, some other factors which may 

influence contractor performance such as the organisational structure of contractors and 

the extent of client involvement in the construction process were excluded. In fact, these 

suýjects_themselves could be worthy of another PhD research. A number of other extrinsic 

factors, such as government policy, quality standards, health and safety regulations, and 

geographical climate, were not addressed and should be acknowledged. In one way or 

another, these factors may impact contractor performance on a nationwide scale and could 

therefore account for part of the international disparity in contractor performance found in 

this research. 

The research focused on one particular type of construction, that is, a high-rise concrete 

framed office building. Therefore, performance disparities identified between the three 

countries and the best practice performance models developed from the survey are 

applicable only to this type of project. Different or even contrary conclusions may be 

generated from alternative construction forms. 

It is also acknowledged the disproportion in the amount of responses and the sizes of the 

contractors between the three countries. There were about a fourth fewer responses from 

Japan than those from the UK and the US, and Japanese companies tended to be larger 

than UK and US companies. This may impose a certain degree of bias to the research 
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results. Therefore, findings from the research should be viewed as an indication of 

contractor performance in the three countries. 

9.5 RECOMMENDATIONS FOR FUTURE, RESEARCH 

The research methodology designed and implemented for this work has great potential to 

be extended to other aspects of international construction studies. Based on a hypothetical 

office building project, the new research approach balanced the comparability and 

representativeness of data, and was successfully applied in Japan, the UK and the US. The 

same methodology could be applied to other countries to broaden the range of 

benchmarking and take in more valuable experience from other parts of the world. 

Furthermore, the strategy could be used to investigate contractor performance in 

alternative forms of projects (such as residential buildings and general industrial 

buildings) by modifying the hypothetical project. By adjusting the questions in the 

questionnaire and introducing new variables, other aspects of contractor performance and 

practices (such as productivity and supply chain management) can also be evaluated and 

compared. 

The best practice performance models in this research were developed on an aggregated 

level to identify the best practices. Alternatively, similar best practice performance models 

could be developed for a particular country, which may be more practical and applicable 

to indigenous contractors. Such models may explain further the disparity in contractor 

perfonnance and practices found in this research. 
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Research on international contractor performance is still scarce. A comparison of 

contractor perfonnance and practices internationally can provide novel and effective ways 

to improve contractors' competitiveness in their domestic as well as international markets. 

More effort should be devoted to this research field. 

9.6 RECOMMENDATIONS FOR INDUSTRY 

The evaluation and comparison of contractor performance and practices in terms of 

construction cost, construction time, construction quality and sustainable development 

between Japan, the UK and the US revealed their respective characteristics in the 

construction process. The best practice performance models developed indicated the areas 

contractors should work at to improve their performance and to strengthen their 

competitiveness. 

To reduce construction cost, contractors should reduce the cost of overheads, avoid design 

variations during construction, and use less prefabrication. To reduce construction time, 

contractors are advised to work closely with their subcontractors, maintain a constant 

workforce, and improve the usage of computers. By strengthening safety management, 

using traditional procurement whenever possible and increasing plant use in construction, 

contractors can improve construction quality. Cost certainty and time certainty are 

dependent on each other and better project quality and less annual leave can lead to an 

imp'rov'ement in both. 

To obtain better overall performance, contractors are advised to improve their time 

certainty and focus on construction time. A close relationship with subcontractors and a 
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stable workforce can also contribute to the improvement of contractor performance. 

Design variations during construction should be avoided as much as possible. 

In summary, the following measures are recommended to industry. 

1. Contractors should consider construction time and time certainty as their priority as 

these have significant impact on cost and quality performance. Further, intensive 

schedule planning and monitoring can help to achieve better time performance. 

2. Contractors are encouraged to establish long-tenn and stable partnerships with their 

clients and subcontractors, and work closely with them. 

3. Clients and designers should be conscious of the negative effects brought by design 

variations during construction and attempt to minimise these as much as possible. 

4. Contractors are advised to conduct TQM and pursue QA certification to improve 

quality performance. 

5. Contractor should realise that quality and safety are important elements of contractor 

perfonnance and should not be neglected. 

6. A stable, committed and well-trained workforce is important to contractor 

perfonnance. 

7. Contractors should promote the usage of mechanisation and improve the application of 

IT. 

8. Contractors should be aware of the importance of environmental issues and 

technological innovation and put more effort into them. 
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APPENDIX A HYPOTHEICTICAL PROJECT 

(ENGLISH) 
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DESCRIPTION OF THE HYPOTHETICAL PROJECT 

The inter-country comparison is based on a hypothetical project as described below. 

This hypothetical project is a six-storey office block with a gross floor area of 5500 M2 

(measuring 40m x 23m and 18m high) and a storey height of 3.00 m. It is a typical 

speculative office development with modest specification. Service zones are provided at 

both ends of the building along with stairways and lifts. The building has reinforced 

concrete pad foundations and a concrete frame structure. The external envelope is 

lightweight concrete block wall with gypsum plaster inside, and sand and cemented render 

outside. The floors and roof slabs are plastered concrete slabs. The internal partitions for 

rooms (kitchens, toilets, etc) are light gauge steel and gypsum boards. The M&E of the 

project include some basic installation such as hot and cold-water services, electrical 

installations and a lift, etc. No other subsidiaries such as parking, external services or 

landscaping, need to be considered. The project is to be handed over fully decorated, 

ready for the client to take possession and co-ordinate the installation of furniture, etc. 

The project is located on a vacant lot at a suburb area of a medium-sized city, allowing 

ready-access with ample space for storage of materials and site set up facilities (e. g. for 

offices/mess cabins etc. ). Construction is to take place during the summer months, and 

therefore extreme climate conditions are not anticipated. There are no abnormal sub- 

surface conditions. 

You are to assume that this hypothetical project is to be constructed in your country, 

locally and you are to represent the main contractor. You have no responsibility for 

design. The project is for a private client. The requirements of the project in terms of price, 
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di uration and quality are moderate, and the work must be done in accordance with the 

relevant specifications and regulations in your country. The contract used in this project is 
I 

the standard contract form widely used in your country. 

You are free to assume your preferred choice of Plant, equipment and construction 

methods. The deployment of labour and the selection of construction materials are matters 

for your consideration, but must be a realistic and accurate reflection of the market place, 

and of your own company's practices. 
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APPENDIX B HYPOTHETICAL PROJECT (JAPANESE) 
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APPENDIX C QUESTIONNAIRE (ENGLISH) 
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,, Pear Sir/Madam: 

We would like to invite your participation in an international investigation aimed at 

benchmarking the performance of contractors in Japan, the UK and the US. The research 

seeks to reveal possible causes and effects of any performance disparity found, and to 

develop a robust and reliable best practice performance model. Such a performance model 

will provide a useful improvement benchmark for contractors across the globe. Your 

participation involves the completion of the attached questionnaire. 

The questionnaire is based on a hypothetical construction project described overleaf We 

have minimised the restrictions on this hypothetical project in order to allow you to make 

the decisions, that as a contractor, you would normally make when constructing a similar 

Project. This will enable us to compare the various international managerial and technical 

strategies adopted on such a project, among those countries surveyed. 

You are assured that the information obtained from this survey will be kept strictly 
I 

CONFIDENTIAL and used for research purposes only. Data will not be made available to any 

third party or used in any published material, except as a component in aggregated statistics. Upon 

request, those who participate in the study will receive a free copy of a report detailing the results 

of this research. 

If you require any further information we would be pleased to answer your questions by telephone, 

e-mail, facsimile or letter. Alternatively, you may wish to make assumptions on any matters that 

are unclear to you. If so, please make clear any assumptions made. 
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We appreciate that this questionnaire will take some of your valuable time. However, without your 

kind and expert input the ambitions of this research project can not be realised. To that end, we 

would like to thank you very much for your valued and kind consideration. 

Thanking you in anticipation. 

Yours sinccrely, 

Hong Xiao 

Built Environment Research Unit 

School of Engineering and the Built Envirorunent 

University of Wolverhampton 

Wolverhampton, WV II SB 

United Kingdom 

ý Tel: (+44) 01902 322108; Fax: (+44) 01902 322743; E-mail: H. Xiao@wlv. ac. uk 
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QUESTIONNAIRE FOR CONTRACTOR PERFORMANCE 

Section 1. General Information 

Name of Respondent: 

Position of Respondent: 

Name of Company: 

Address: 

Telephone: Fax: E-mail: 

Annual Turnover: 

Number of Employees: 

Section 2. Cost Information 

1. To construct this project, the possible unit price would be approximately - 
(f/m, of 

gross floor area). 

I 

2. Please indicate the breakdown of this unit price in terms of the following: 

(1) Labour % (2) Materials % 

(3) Plant % (4) Overheads % 

(5) Profit % 

3. In a project such as this based on your own experience, the probability of completing within 
budget is 

_. 
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4. The budget overrun on projects such as this based on your own experience is about % of 

the original contract price. 

5. About % of the projects conducted by your company is won by competitive bidding. 

6. In a project such as this based on your own experience, the number of design variations during the 

construction period is 

Section 3. Time Information 

1. To construct this project, the anticipated construction duration would be weeks. 

1 

2. In a project such as this based on your own experience, the probability of completing on time is 

about %. 

3. The typical delay on a project such as this based on your own experience is about % ofthe 

original contract duration. 

4. Please indicate by ticking (. /) the components which would normally be pre-fabricated on your 

sites when constructing projects of this nature: 

r7l Beams Columns E3 Floor slabs E] Stairs 

F1 Roof Inner Walls E] Inner Partitions [: ] External Walls 

5. The number of your own company managerial staff based on site for this project would be 

6. The number of operatives (skilled and unskilled) at peak time on site for this project would be 
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7. Is your company committed to lifetime employment of its employees? 
Yes F1 No 

8. Please indicate by ticking (, () the possible IT provision on site for this project: 
E] Computers [] Scanning equipment Printers 

[I Laptops E] Web camera 

9. Please indicate by ticking (, /) the extent to which the following communication methods are used 

on your sites. 
Telephone E-mail Facsimile Letter Mobile phone Walkie talkies 

Often C] Often Often E] Often Often Often 

Occasionally Occasionally Occasionally Occasionally Occasionally Occasionally 
None None None None None EJ None 

10. Would you have a web page for this project? 
F1 Yes F1 No 

11. The frequency of planning and monitoring meetings within the project team from your own 

company would be: 

F1 Everyday Twice a week Once a week EJ Less than once a week 

12. The frequency of planning and monitoring meetings with your subcontractors when their work is 

in progress would be: 

[] Everyday [: ] Twice a week F1 Once a week Once every other week 
F1 Less than once every other week 

13. You will use for the monitoring of the schedule in this project. 
F1 Bar charts Networks [: ] Other more advanced techniques 

Please specify 

14. There are normally 
_ working days a week on your site. 
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15. There are normally working hours in a working day on your site (break time excluded). 

16. There are normally _ 
days of official holidays in your company annually. 

Section 4. Quality Information 

1. The average design life of such an office building would be years in your country. 

2. Do you perform TQM (Total Quality Management) in your company? 
n Yes F1 No 

3. Please indicate by ticking (. /) the certificate your company has obtained. 
El IS09001 & IS09002 E] IS09001 only [] IS09002 only E3 None 

4. The number of defects originating from your work on a typical project like this is about 

5. The period of defects liability on such projects is normally _ year(s) in your company. 

6. The number of times your company would be called upon during the defects liability period on 

projects such as this would be approximately 

7. Please indicate by circling the degree your company seeks feedback from clients after the delivery 

of projects (where 10 means very often, and I means never). 
123456789 10 

8. The number of reportable accidents (fatal, major injuries, and over 3 day injuries to employees, 

self-employed people and members of the public) in a typical project like this based on your 

experience would be 
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9. Please describe the three most effective health and safety measures on your site (in descending 

order of their effectiveness). 
(1) 

(2) 

(3) 

Section 5. Other Information 

1. In order to completely satisfy your clients, please indicate by circling the degree of importance you 

attach to the following factors (where 10 means very important, and I means totally unimportant): 
Cost of a project 123456789 10 

Time of a project 123456789 10 

Quality of a project 123456789 10 

Project's impact on the environment 123456789 10 

2. Please indicate by circling the level of client satisfaction on your previous projects (where 10 

means very satisfied, and I means totally unsatisfied): 
Cost of the projects 123456789 10 

Time of the projects 123456789 10 

Quality of the projects 123456789 10 

3. Please indicate by circling the degree of your company's normal involvement in the design of 

projects such as this (where 10 means involvement in all design stage, and I means no 
involvement). 

123456789 10 

4. Please indicate by ticking (, /) the extent to which the following procurement options are used in 

your company: 
Traditional Design-Build Construction Design & Manage Management 

Management Contracting 

[3 Often E] Often Often Often Often 

[: ] Occasionally Occasionally Occasionally E] Occasionally Occasionally 

[3 None None E] None [] None E] None 
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5. Please indicate by ticking (, /) the degree of subcontracting when similar projects are constructed 
by your company (where 10 means all the work subcontracted, and I means none of the work 

subcontracted): 
123456789 10 

6. Has your company developed any kinds of partnership with other participants in construction? 
E] Yes F1 No 

If your answer is No, please go to Question 8. 

If your answer is Yes, please indicate by ticking (, /)with which of the following organisations 

your company has a long-term (at least five years) partnership: 
F1 Clients [3 Subcontractors [] Consultants E] Suppliers 

7. The longest of these partnerships has been on going for 
_ years. 

8. About % of your clients are from the public sector. 

9. Please indicate by ticking the extent to which the following disputes resolution procedures are 

used by your company: 
Negotiation Mediation Arbitration Dispute Review Panel Litigation 

[3 Often Often Often Often E] Often 

F1 Occasionally Occasionally Occasionally Occasionally [] Occasionally 

[: ] None None None None E] None 

10. Ina project such as this based on your own experience, the period for the resolution of a claim is 

_____week(s). 

11. Investment in research and development in your company is normally about % of your 

yearly turnover. 
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12. Investment in staff and labour training in your company is normally about % of your yearly 
turnover. 

13. Is there any environmental protection policy in your company? 
C] Yes rl No 

14. Please describe the three most effective environment friendly measures on your site (in descending 

order of their effectiveness): 
(1) 

(2) 

(3) 

15. Please indicate by circling the importance of the following factors to your company when 

conducting this project (where 10 means the most important, and I means totally unimportant) 
Cost of the project 123456789 10 

Cost certainty of the project 123456789 10 

Construction Time 123456789 10 

Time certainty 123456789 10 

Quality of the project 123456789 10 

Relationship with clients 123456789 10 

Environment protection 123456789 10 

Public Relations 123456789 10 

Technology innovation 123456789 10 

Safety performance 123456789 10 

16. Would your company be interested in receiving a copy of the final results of this research? 
F1 Yes n No 
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APPENDIX D QUESTIONNAIRE (JAPANESE) 
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APPENDIX E FIGURES OF MULTIPLE REGRESSION 

ASSUMPTION TESTS 
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APPENDIX F CORRELATION MATRICES FOR 

MULTIPLE REGRESSION 
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