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PREFACE 

The construction industry and its processes are hard to understand without being a part of 
it. That’s what I encountered when I started this research in 2005. You can read hundreds 
of papers about it, but without the experience of working in a construction project, it is 
difficult to study it. Some reasons for this are the complex processes, the many different 
contractual forms and the numerous stakeholders. To become familiar with all this, I 
combined my research work with a job in the construction industry, the laboratory for 
construction management researchers. This combination led me from supplier selection 
to project success and how to reach that. Although supplier selection indeed is an 
important factor in reaching success, my interest was on the real projects and what 
happens during their development. That interest led me to large infrastructural works in 
the Netherlands for which integrated contracts were used, and a relatively new way of 
quality monitoring and contract management were applied. The result of that interest is in 
your hands right now! 
 
I could not have finished this thesis without the support of many people. In the first 
place, I have to express my sincere gratitude to my first supervisor, Ger Maas. The first 
time we met was during the course of European Building Process management in the 
spring of 2003. This resulted in an interesting Master’s thesis concerning the cultural, 
legal and economic problems that arise when designers and builders work abroad. For me 
this was a great period. Therefore it was not surprising that I accepted your invitation to 
start a PhD study. And also during these last five years you knew to motivate and guide 
me when needed. Thanks for all the opportunities you offered me and for many valuable 
experiences!  
 
Secondly I would like to thank my second supervisor, Chris Snijders. During the last 1.5 
years our cooperation has been highly productive. You showed me how to ‘crack’ our 
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database and taught me how to write everything down in a smooth and clear manner. It 
was great to work with you and I hope we can continue cooperating in the future! 
 
I am grateful to Annelies van Bronswijk for all scientific lessons you taught me and my 
colleagues. Always on your own characteristic manner, but as you can see in the 7-words 
title your effort paid off! I also would like to thank the other members of my PhD 
committee, Jan Telgen and Hennes de Ridder for reading my manuscript and giving me 
good feedback. 
 
Many thanks go out to my TU/e colleagues for the many hours we spent together in 
various activities. Frans, Francesco, Erik, Gaby, Michiel, Lilliana, Wim, Remy, Bert, 
Cor, Jules and Paul: thanks for all valuable experiences! 
 
My appreciation goes to the companies that I worked with during the PhD study: Hevo 
for giving me the opportunity to become familiar with the construction processes, and 
DHV for letting me finish my thesis and make use of the great body of knowledge 
available in the company. Special thanks to some of my colleagues: Paul Hunnego, 
Martien Reniers, Jan Reinout Deketh, Don de Mello, Annette Biesboer, Marije van 
Koeveringe, Jan-Bert Bos, Martijn Albers, Carlo Kuiper, Paige Long and Patricia de 
Greef for providing me with information or other resources needed to finish the thesis. Of 
course I also want to thank all other DHV and Hevo colleagues for their support!  
 
Many thanks also go to the Dutch Directorate-General for Public Works and Water 
Management for giving me the opportunity to make use of their data. Special thanks to 
Gijsbert de Jong, Wiebe Witteveen, Marcel van Oosterom, Emile Vermeirssen and Paul 
Spierings for their support. 
 
I also want to thank all my friends with whom I shared many moments running, cycling, 
skiing, drinking and eating! I hope we will continue doing all that in the future! I am also 
grateful to my family: mom, dad and Eva. You always supported and motivated me to 
take up challenges and overcome them. Last but not least I would like to thank Janneke 
for her support, but especially for all the great moments we shared together! I hope we 
will share a lot more of those moments in the future! 
 
 
Ruben Favié 
Utrecht, October 2010 
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1. INTRODUCTION 

1.1 Introduction 

On 23 August 2007, two auditors hired by the Dutch Directorate-General for Public 
Works and Water Management audited the supplier charged with the design and 
construction of part of the highway between Utrecht and Amsterdam in the Netherlands. 
Their task was to establish whether or not the supplier’s soil settlement monitoring 
process of the initial load complied with the client’s requirements. If these tasks were not 
performed properly the existing roads, ditches and dikes in the vicinity might be 
damaged, and lead to road consolidation at a later stage resulting in cracks in the asphalt. 
The audit was conducted with a view to minimizing these risks. 
 
One of the two auditors was a 34-year-old employee from a consultancy firm hired by the 
Dutch Directorate-General for Public Works and Water Management (the project client). 
He was an experienced designer. The other was a 36-year-old auditor employed by the 
client. He had gained most of his experience in the execution of infrastructural projects. 
The project supplier was a large road construction company with over 5000 employees. 
The auditees were two employees from the supplier who were required to demonstrate 
that their work had been discharged in compliance with the requirements, which they had 
to prove by submitting reports, calculations, drawings and other documents. 
 
The auditors had listed 10 points on which they wished to check the supplier’s work. One 
point focused on working in accordance with the plans, four points covered the handling 
of monitoring data, four looked at how defects were handled, and one point examined 
how objects near the site were protected. The first check involved visual inspections in 
the monitoring procedure which the client and the supplier had agreed upon. 
Unfortunately, the supplier had opted to follow a different procedure without registering 
it as an amendment, so the auditor’s assessment was that it was ‘non-compliant’. The 
second check looked at the corrective action the supplier had taken as a result of these 
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visual inspections. The supplier was unaware that any of these actions had taken place, so 
the auditors were not able to make an assessment about it. Check three focused on the 
comparison between the theoretical soil settlement calculations and the actual monitoring 
data. The auditors wanted to know how potential defects were communicated to the 
design and planning departments. The auditees stated that a comparison could not yet be 
made at this stage of the process. As a result, this check had to be repeated in a later 
audit. The fourth and fifth checks were about the analysis of the monitoring data of the 
environment object’s settlements and possible corrective measures to safeguard these 
objects. The supplier could show the benchmark measurement that had been taken before 
settlement started, but no monitoring data was available. As a result, an analysis could 
not be performed, no corrective action could be taken and the auditors were not in a 
position to assess these checks. The sixth check dealt with force-ups that arose during 
monitoring and were registered as defects. The auditors wanted to know what corrective 
measures had been implemented as a result of these defects. The supplier could 
demonstrate that these force-ups had been correctly repaired with sand, and as a 
preventive measure the supplier decreased the initial load at critical locations. All this 
was recorded and submitted to the auditors who then assessed it as ‘compliant’. The 
seventh check was about recording defects during construction of vertical drainage. One 
defect occurred and it was registered in a report. The report was handed over to the 
auditors who again declared: ‘compliant’. The eighth and ninth checks were about 
placing inclinometers and analysing the data generated by these instruments respectively. 
The supplier was able to demonstrate that eight inclinometers had been positioned, but no 
measurements had yet been taken, so this check had to be repeated in a later audit. The 
final check was about the results of a field experiment to ascertain whether a particular 
digging method actually worked or not. The experiment was described in a memo, and 
the conclusion was that the proposed method did work properly. The memo was 
submitted to the auditors and the check was again assessed as ‘compliant’.  
 
It was only the first of these ten checks that the auditors assessed as non-compliant: the 
supplier showed that he did not work in accordance with the agreed procedures. Checks 2 
through 5 were considered ‘informative’ because there was no evidence on which to base 
an assessment, but the auditors wanted to include these checks in their report as 
information for management, and as a reminder for future audits. The auditors considered 
checks 6 through 8, and 10 were ‘compliant’: the suppliers showed that they had fulfilled 
their tasks to meet the requirements. Check 9 was marked as ‘not checked’, because this 
particular check was too early in the process. The total audit took approximately 1.5 
hours: one hour for the interview, 15 minutes for the auditors to make their assessment, 
and 15 minutes for the auditors and the auditees to discuss the findings. The auditors 
subsequently drew up an audit report and uploaded it to a web-based registration system 
used for the project. Two months later, on 24 October, two different auditors checked 
whether the supplier had implemented the appropriate procedure for the defect that had 
been detected in the first check on 23 August. The procedure was found to have been 
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implemented correctly effective 24 October. The check that had not been made and the 
checks said to be ‘informative’ were used as input for later checks conducted by auditors. 
 
The audits described above for checking a supplier’s process quality is the backbone of 
the system-oriented contract management approach taken by the Dutch Directorate-
General for Public Works and Water Management for all their infrastructural design-
build projects. The aim of these audits is to monitor whether the supplier draws up his 
quality plans and executes his tasks in line with the requirements, and to adjust them if 
necessary. This type of monitoring was introduced as a consequence of the use of 
integrated contracts such as design-build in which the supplier is responsible for both 
design and execution of the tasks and the client’s quality control shifts from product 
quality control to process quality checks. This system has been used in over 500 projects 
in the Dutch infrastructural Works sector since 2001. 
 
Auditing is used in many projects and the audit that is described is just one example out 
of several thousand that are held yearly in the projects of the Dutch Directorate-General 
for Public Works and Water Management. It is imaginable that this is a time-consuming 
activity for both client and supplier organizations. This raises questions about the 
functioning of the system: How does it work? What leads to a non-compliance judgment? 
The research presented here analyses this monitoring system to find answers to these 
questions. This chapter develops these topics further, and continues with a short section 
(1.2) that sets out the reasons for selecting this particular subject, and presents the 
reasons that underlie what is behind this research theme. Section 1.3 then discusses the 
research objective and the research questions, and section 1.4 presents the thesis outline 
and the methodology. 

1.2 Motivation 

As the example in the previous section shows, this research zooms in on an audit-based 
monitoring system referred to as ‘system-oriented contract management’ that is used by 
the Dutch Directorate-General for Public Works and Water Management. Using this 
particular system is a consequence of the trend in society and the construction sector for 
public parties to leave more tasks to private companies. This has led to more private 
company influence in the construction sector and the incorporation of more tasks in one 
construction contract. The design-build contract is an example of one of these more 
integrated contracts. 
 
More integrated contracts involve a different type of procurement process in which 
private parties are involved at an earlier stage in the project. This gives rise to different 
strategic choices for the client, a different way of selecting and paying the supplier, and 
different quality monitoring. The latter means there is a shift in focus from product 
quality check to process quality control because it is the suppliers rather than the client 
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who are responsible for ensuring and monitoring product quality. It is the suppliers that 
have to demonstrate to the client that his specifications have been met by demonstrating 
that the design methods, design choices, execution methods and execution choices meet 
the requirements and therefore achieve the required quality. The client’s role is to 
supervise the process leading to these choices and the final product.  
 
One instrument that can be used to monitor process quality is the audit. As the above 
example showed, the Directorate-General for Public Works and Water Management in 
the Netherlands uses audits as the basis of a monitoring system to assess quality. Because 
it is novel, many different opinions are expressed about the system, and questions about 
how it functions, about audit frequency and the influence exerted by the auditor arise in 
practice. Prompted by the lack of information in the literature on other audit-based 
monitoring systems, it is an interesting topic for research. Other monitoring systems for 
construction projects are described, but none of them conduct audits as the basis of the 
system, and there is no empirical research on any of these systems. The present research 
analyses the audit-based monitoring system to ascertain if and how it works, it examines 
the factors that influence whether an audit question is evaluated positively or negatively, 
and explores whether the system can be improved for infrastructural design-build 
projects. 

1.3 Research objective and questions 

This research considers a Dutch monitoring system for infrastructural design-build 
projects in which audits are conducted to control quality. We were unable to find any 
empirical study either on this particular subject or on other monitoring systems in place 
in other parts of the world. This research therefore fills this gap by using empirical audit 
report data to understand the functioning of the monitoring system by answering the two 
research questions discussed below. 
 
Research question 1: What are the factors that influence supplier compliance in Dutch 
infrastructural design-build projects? 
 
Three different subsequent actions were taken to find the answers to this question. 
Initially a literature review was conducted to establish the factors that influence the 
success of a project. This resulted in a base set of ten articles from which we were able to 
draw up, as far as we could see, an exhaustive list of potential Critical Success Factors 
(CSFs) for these kinds of projects. Based on expert interviews and hands-on experience 
in the Dutch construction sector, the CSFs that were found in these ten articles were 
adapted for use in infrastructural design-build projects. Together, these two steps resulted 
in the development of a new framework of CSFs for design-build infrastructural projects. 
The third step was to test this framework using empirical project data to discover which 
factors correlate with supplier compliance. The difference between this research and the 

4 



existing literature is the actual use of empirical project data. We only found studies in the 
existing literature that used data from expert interviews to specify CSFs. In the present 
research the findings of the existing literature were used and tested with empirical project 
data. 
 
The fact that empirical data from the monitoring process is analysed in detail in this 
research affords the opportunity to gain a detailed empirical insight into what happens in 
this process. This leads to our second research question. 
 
Research question 2: What are the key process characteristics of the monitoring system 
as implemented in Dutch infrastructural design-build projects?  
 
The monitoring system that conducts audits to control and assure the quality of 
infrastructural design-build projects has been implemented in many infrastructural 
projects in the Netherlands. However, there is much discussion in practice about its 
value, effectiveness and efficiency compared with the more traditional method of 
monitoring quality (Swanenberg 2009). Several other quality monitoring systems for 
infrastructural projects are described in the literature. Four of them also focus, to some 
extent, on process quality. Two of them are only theoretical and have not yet been used 
in practice (Cheung, Suen, & Cheung 2004; Lee & Arditi 2006). One system is used 
successfully in practice in Hong Kong (Hong Kong Housing Authority 2000), and one in 
the United Kingdom (Constructing Excellence 2003), but as far as we are aware, neither 
have been tested in any scientific study.  
 
The present research does not take account of all monitoring systems, but focuses on the 
Dutch quality monitoring system, system-oriented contract management, to analyse it 
carefully. This system is based on the use of quality audits to monitor the supplier’s 
operations. We collected data from 721 audit reports containing over 5,500 audit 
questions and subjected them to statistical analysis to find out about the monitoring 
process and its most important characteristics, such as the role of the auditor and audit 
frequency.  

1.4 Thesis outline and methodology 

Several methods were used to collect and analyse data in order to answer the two 
research questions and achieve the objective of this research. Chapter 2 first discusses 
recent developments in the construction industry and its characteristics. This is based on 
both desk research of scientific and professional literature, and on five years’ 
participative observation in the construction industry. During the first 2.5 years of this 
participative observation I worked three days a week as a project manager in a 
construction management firm. This enabled me to accumulate knowledge about how 
parties collaborate in the construction process and about the necessary steps involved in 
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the development of a construction project. The last 2.5 years I worked two days a week 
in a consultancy firm. I was part of a contract and tendering team with the Dutch 
Directorate-General for Public Works and Water Management involved in the renovation 
of a design-build highway project in the Netherlands. I was also a contract manager for 
the design-build phases of a ship lock (between the Gooi lake and a future canal) and a 
dike in the Netherlands. This led to a thorough understanding of the procurement process 
in construction, of the cooperation and the division of tasks, roles, responsibilities and 
liabilities between client and supplier in design-build contracts, and of the contract 
management effort required of the client in design-build projects. 
 
Chapter 3 discusses the procurement process used to develop a construction project. The 
monitoring of supplier performance is just one small part of this process, but effective 
monitoring requires the whole procurement process to be followed closely. This process 
is therefore expanded upon, based on a combination of scientific literature on 
procurement and construction management. The knowledge gained during the 
participative observation period also came in useful when writing this chapter. Some of 
the results of Chapters 2 and 3 have already been published in papers on supplier 
selection and tendering (Favié et al. 2010; Favié, Beelen, & Maas 2009; Favié, Van 
Nordennen, & Maas 2009; Van de Water et al. 2007; Vrieling, Favié, & Maas 2008), 
construction project characteristics (Favié & Maas 2008), supplier characteristics (Favié, 
Abdalla, & Maas 2007) and cooperation between parties in construction (Favié, Kafa, & 
Maas 2009; Geijtenbeek et al. 2007; Giebels et al. 2007; Ketelaars et al. 2007; Van 
Heuckelum et al. 2007; Wagemakers et al. 2007). 
 
Chapter 4 expands the concept of quality monitoring and the use of quality audits in 
monitoring systems. Eight existing monitoring systems are discussed to give an 
impression of the general state of affairs of monitoring in construction. One of these 
systems is the previously mentioned system-oriented contract management approach as 
used by the Dutch Directorate-General for Public Works and Water Management. This 
system conducts quality audits to monitor the quality of a project. As with the other 
monitoring systems that are used in practice, no scientific studies could be found that 
consider the Dutch system in any detail. This chapter is based on desk research. Both 
scientific literature and professional literature were used.  
 
Chapter 5 develops the framework of Critical Success Factors for design-build 
infrastructural works. This framework consists of CSFs from the scientific literature and 
is represented by combining the “the supplier as a dynamic system” model (Azzone & 
Rangone 1996) and the theory of Critical Success Factors (Rockart 1979) to fit in with 
the objective of this research. This framework states that the supplier’s performance is a 
product of input variables (environmental variables and control variables) and so-called 
‘state variables’, which describe a company’s most important capabilities and resources. 
The audit outcome (compliance or non-compliance) is the dependent variable in this 
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literature and in the model. To confront the theoretical framework with input from 
practitioners, three expert meetings were arranged during the development of this 
framework. One meeting as an initial analysis of the most important supplier 
characteristics (see: Favié, Abdalla, & Maas 2007). The aim of the second meeting was 
to establish the most important project characteristics (see: Favié & Maas 2008), and the 
third meeting was to test the completeness and backgrounds of the framework in 2008. 
The framework was further validated and improved with input from expert interviews 
with four professionals in the field. These experts were prof.dr.ir. H. de Ridder (chair of 
construction processes at TU Delft), ir. D. de Mello (quality management expert in 
construction), ir. P. de Greef (risk manager for highway projects) and ing. M. van 
Koeveringe (highway projects auditor). 
 
The data and methodology used in the empirical part of this research are discussed in 
Chapter 6. We collected data on supplier performance in large infrastructural design-
build construction projects based on project databases from the Dutch Directorate-
General for Public Works and Water Management. Auditors gathered data during these 
projects in both the design and the construction phases of a highway between Amsterdam 
and Utrecht between 2006 and 2009. Our research database consists of 57 different 
projects in which the client (70 different auditors) evaluated over 5,500 audit questions 
put to the suppliers. The audits focused on the quality of processes that the client 
considered critical. These data enable the theoretical framework developed in Chapter 5 
to be put to the test, and provide more information about the key characteristics of the 
monitoring process. It should be noted here that our data only consists of information 
concerning the quality of the supplier’s processes and products that was measured by the 
audits. The data does not include information about the costs of the projects. Another 
limitation of using these data concerning infrastructural Design-Build projects in which 
suppliers are held responsible to prove the quality of their work is that the results can 
only be applied for comparable projects. More limitations of the research can be found in 
chapter 9. 
 
In order to test the theoretical framework in as much detail as possible, the data were 
augmented with several measurements of other potential CSFs. The audit database 
contained basic information about the projects, but quite a bit of additional information 
about the 57 subprojects, the 14 suppliers, the 70 auditors, and the characteristics of the 
audit questions were added to the database. Data on project information were collected 
by consulting project documentation and by interviewing project participants from both 
client and suppliers. These were ing. M. van Oosterom, assistant contract manager at the 
Dutch Directorate-General for Public Works and Water Management for the A2 highway 
project, and ing. J. Bos, head of the construction preparation and planning department for 
the A2 highway project. Information about the suppliers was found by interviewing 
suppliers and by consulting public domain documentation about the suppliers on the 
internet. Information about the auditors was collected through a mail survey (n=65) that 
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was sent to all auditors. The characteristics of the audit questions that had to be added to 
the database to be able to learn about the supplier capabilities (technical skills, 
communication skills, etcetera) were added to all 5,500 audit questions by manually 
categorizing the questions. Detailed information about the process is given in Chapter 6. 
 
Chapters 7 and 8 present a number of descriptive results and then move on to several 
explanatory analyses, which lead to a better understanding of the exact content of the 
data in the database, and the areas for further research. The explanatory analyses use 
logistic regression to investigate the relationship between the input and state variables 
(independent variables) and the dependent variable. In addition, the results of the 
research were presented in an internet survey to a large group of professionals from the 
Dutch Directorate-General for Public Works and Water Management to see how the 
results compared with current perceptions in the field. 
 
Chapter 9 presents the conclusions of this research, together with a discussion of its 
implications and merits. We show that the research contributes to the literature in at least 
four ways: i) a new procurement model for the construction industry; ii) the key process 
characteristics of the audit-based monitoring system; iii) some interesting empirical 
findings, and iv) a test of factors that influence supplier compliance. Inadequacies in the 
research and areas for further research are also discussed. Figure 1.4.1 provides a 
schematic diagram of the thesis. 
 

 
Figure 1.4.1: A schematic diagram of the thesis  
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2. THE CONSTRUCTION INDUSTRY 

2.1 Introduction 

There is currently a worldwide trend for public organizations to transfer increasingly 
more functions to private sector companies (Kakabadse & Kakabadse 2001). In the 
Netherlands, this started in the 1980s with former Prime Minister Ruud Lubbers whose 
electoral slogan was “More market, less government”. The Dutch Directorate-General for 
Public Works and Water Management currently applies the principle of: “market, 
unless…” (Directorate General of Public Works and Water Management 2007). This 
means they hire private sector parties unless they can do it themselves and this enables 
them to focus on their public core tasks. This approach is based on an earlier statement 
by the Directorate-General for Public Works and Water Management on its development 
lag in the fields of innovation, made-to-measure, and quality when compared with the 
market (Counsel for Transport and Public Works 2000). 
 
If public parties are to take full advantage of the knowledge to be found among private 
parties, then there needs to be room for these suppliers to contribute their expertise. For 
this reason, public clients in the Netherlands incorporate more tasks in the contracts they 
award their suppliers. The focus in the present research is on quality monitoring in 
infrastructural design-build contracts. Design-build is an integrated contract in which 
both the design and build tasks are integrated in one contract leading to different roles, 
tasks, responsibilities and liabilities in the construction process.  
 
This chapter considers the construction industry: its projects, roles, tasks, responsibilities 
and liabilities. The design-build contract is compared with the traditional design-bid-
build contract to clarify the differences and reveal the difficult choices clients have to 
make when opting for a design-build contract. 
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2.2 The construction industry 

The construction industry can be divided into three groups: i) residential; ii) non-
residential, and iii) civil engineering (see Figure 2.2.1). Residential construction is 
housing. Non-residential covers, for example, offices, hospitals, schools, agriculture, 
storage, industry and commercial buildings. Civil engineering is not involved with the 
construction of buildings, but with other construction works such as bridges, tunnels, 
roads, railways, dikes, dams and locks. Civil engineering can be divided into dry works, 
such as roads, bridges, railways and tunnels, and wet works such as dikes, dams and 
locks. In spite of the fact that our research is restricted to infrastructural works such as 
roads, bridges and tunnels, this chapter discusses the entire industry in order to present 
the full picture. 
 

 
Figure 2.2.1: The three construction industry groups 
 
A euro forecast for the European construction market for 2011 shows a total output of 
€1,458 billion (Residential 43%; Non-residential 33%; Civil engineering 24%). Civil 
engineering may only account for the smallest share of total construction output, but it 
still represents a value of 350 billion euros in 2011 (Euroconstruct 2009). These euros are 
spent by a wide range of clients. For example, clients for housing are mainly private 
parties, house owners, and private firms such as real estate agencies. The type of client in 
non-residential construction varies and includes both public and private parties. Public 
parties are generally the clients for civil engineering projects, and may be the state, 
provinces or municipalities (Euroconstruct 2009). The largest civil engineering projects 
in the Netherlands are initiated by large public parties operating at a national level. The 
client responsible for infrastructural construction projects such as roads, tunnels, bridges, 
and water projects is the Directorate-General for Public Works and Water Management. 
They spent approximately 5 billion euros on their Dutch projects in 2009 (Directorate-
General for Public Works and Water Management 2009).  
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The amounts of money spent on civil engineering works in the Netherlands and in the 
rest of Europe indicate that it is a huge industry. Being able to make this industry work 
more efficiently would save both public and private parties considerable sums of money. 
To achieve this, we have to understand how these construction projects are organized. 
This is discussed in section 2.3. 

2.3 Construction project organization 

A construction project is a complex endeavour. It can be divided into (i) five phases in 
which different (ii) participants have to fulfil a number of (iii) functions (Figure 2.3.1). 
 
(i) Phases. Delivering a construction project is a process that consists of 5 phases. (1) 
programme phase; (2) design phase; (3) elaboration phase; (4) realization phase, and (5) 
use and maintain phase of the construction object (Maas 1997). The output of phase 1 is 
the input for phase 2 etc. 
 
(ii) Functions. There are 6 financial functions that have to be performed in these phases. 
These functions are: (a) taking an initiative; (b) making land available; (c) making money 
available; (d) design; (e) execution, and (f) maintenance. These functions are financial 
functions because money is involved and can be made in these functions (Hendriks, 
Smeenk, & Soeter 1984). 
 
(iii) Participants. Several parties fulfil some of the roles and tasks that are necessary to 
realize the project: clients, (local) authorities, financiers, real-estate developers, 
designers, builders, building material suppliers, and facility managers. In addition, there 
are several important stakeholders who do not actually work on the project, but who are 
nevertheless important for the project. These include people from the neighbourhood, 
action groups, users, etc.  
 
The phases and financial functions are the same for all construction projects. The 
participants, their tasks, roles, responsibilities and liabilities can change for every project, 
and how this is arranged is up to the client. The projects covered in this research are 
infrastructural projects initiated by the Dutch Directorate-General for Public Works and 
Water Management. It is their policy to prescribe the use of design-build contracts for 
every new or renovation project rather than the traditional design-bid-build contracts. 
Section 2.4 compares these two different kinds of contract. 
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Figure 2.3.1: Phases, functions and participants in a design-bid-build construction 
project (Maas 1997) 

2.4 Different kinds of contract 

In a design-bid-build contract, the client is responsible and liable for completing the 
design in conjunction with consultants. Once the design is ready, the client hires a 
contractor to build the project in line with the detailed specifications. This is the 
traditional delivery approach, with two separate groups involved: the design group and 
the construction group (Ling 2004). The designing and building processes are strictly 
separate. This means that the client is responsible for developing the final design 
including detailed construction specifications. These specifications are the basis for 
selecting a contractor. During project construction, the client is normally involved in 
supervising and monitoring quantity and quality to ensure that the contractor is 
performing his tasks properly. This can be seen in Figure 2.3.1. Construction 
practitioners currently generally believe that this design-bid-build delivery approach is 
inadequate for meeting the public sector owners’ requirements and expectations of 
finishing projects on time and within budget (Al-Reshaid & Kartam 2005; Kartam, Al-
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Daihani, & Al-Bahar 2000). In order to improve project outcomes, it is becoming 
commonplace to use project delivery approaches that integrate design and build. Studies 
performed in the Netherlands and abroad confirm this trend among all types of clients 
(Jansen & Sijpersma 2007; Pakkala, De Jong, & Aïjö 2007). Design-build is today one of 
the most popular kind of integrated contract. 
 
Design-build is an integrated contract in which a number of tasks are executed by one 
party. This contract is shown in Figure 2.4.1. In this contract, one party is responsible and 
liable for both the design and the construction tasks. This means that, compared with the 
design-bid-build approach, the client now has to develop a totally different set of 
specifications. In addition, he has to select a supplier at an earlier stage and he has to 
monitor the quality of the work in a different way. The design-build concept has deep 
historical roots. In ancient times, the ‘master builder’ had full responsibility for all the 
phases of the project. The current design-build approach involves a multidisciplinary 
team (Palaneeswaran & Kumaraswamy 2000).  
 
However, the concept is practically the same as the master-builder system: the 
design/build contractor agrees to deliver the design and to construct the project, either 
himself, using his own resources, or with subcontractors and consultants. The greatest 
advantages of design-build contracts are that it is possible to incorporate buildability 
considerations in the process, that coordination and communication are improved, 
decision making becomes easier, and there is less risk to the client of cost and time 
slippage (Anumba & Evbuomwan 1997). In addition, the simplicity of having one party 
responsible for the development of the project is much easier for the client (Al-Reshaid 
& Kartam 2005; Anumba & Evbuomwan 1997; Busby & Marshall 2000; De Ridder 
1994). As a result of partly overlapping design and construction phases, time can be 
saved, and construction costs might be reduced by releasing the contractor from 
unnecessary constraints (Busby & Marshall 2000).  
 
The disadvantages are the risk of poor design quality (aesthetics), uncertainty 
surrounding expected performance, high tendering costs, and a lack of flexibility when 
accommodating client changes (Anumba & Evbuomwan 1997). 
 
These advantages and disadvantages have to be considered when deciding what kind of 
contract to opt for. The client’s requirements, wishes and project characteristics then 
need to be thoroughly analysed in order to make the best choice (Favié, Sijbers, Abdalla, 
& Maas 2010) 
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The Dutch Directorate-General for Public Works and Water Management does not have 
to decide what kind of contract to enter into for its projects. The design-build contract is 
prescribed for all new or renovation projects as a result of their policy of leaving more 
tasks to the private sector. As can be seen in this section, the shift from design-bid-build 
to design-build has numerous advantages for clients. However, this shift also means 
different roles and behaviour for all the parties involved.  
 
This research focuses on design-build contracts. However, the trend for public clients 
willing to leave more to the private sector does not stop there. Increasingly more 
functions are also being included in the supplier’s responsibilities. This leads to new 
kinds of contracts with the functions suppliers fulfil incorporated in their titles. The more 
functions the supplier fulfils, the more integrated a contract title. Examples include 
(Kenniscentrum PPS 2008): 
 

- Design-Build-Maintain (DBM): the supplier is responsible for maintaining the 
structure for a number of years following completion. 
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- Design-Build-Maintain-Operate (DBMO): along with designing, building and 
maintaining a structure for a number of years, the supplier also operates the 
structure. 

- Design-Build-Finance-Maintain-Operate (DBFMO): the supplier is responsible 
for all the other functions plus financing. 

2.5 Conclusion 

As seen in this chapter, the shift from the traditional design-bid-build contracts to more 
integrated contracts leads to changing roles, tasks, responsibilities and liabilities for all 
parties involved in the construction sector. These changes also influence the way clients 
monitor supplier quality, the main focus of this research. The choices clients can make to 
achieve the best possible contractual situation and monitoring system, are all part of the 
client procurement process. This is covered in Chapter 3. 
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3. PROCUREMENT IN THE CONSTRUCTION 
INDUSTRY 

3.1 Introduction 

Chapter 2 looked at the construction industry and its projects. The current trend is to 
integrate different tasks in construction contracts. This has led to a new kind of quality 
monitoring that uses audits, an example of which is given in section 1.1. These two 
auditors are only one vital link in the bigger process that must lead to successful, high-
quality construction products. This bigger process is the client’s procurement process in 
which decisions have to be made which should eventually lead to a successful project. 
 
The analysis in Chapter 6 only focuses on quality monitoring. This means the bigger 
picture that is depicted in this chapter is disregarded, and so the analysis is inevitably 
incomplete. However, establishing these limits enables us to make a detailed analysis of 
the quality monitoring process. Nevertheless, the decisions that are taken in the strategic 
and tactical procurement phases that precede the actual monitoring do influence it 
greatly: in order to be able to monitor the supplier’s quality in an effective and efficient 
manner, all preceding decisions have to be made carefully. Therefore, all the steps the 
client has to take and the complex decisions he has to make will be discussed in this 
chapter to show the reader that they are, in fact, not to be ignored. What these decisions 
mean for the monitoring process is also revealed. 

3.2 The procurement process 

As indicated in section 3.1, this chapter examines the procurement process clients have to 
follow to develop a successful construction product. The shift from traditional design-
bid-build projects to more integrated contracts, such as design-build, makes knowledge 
about the procurement process indispensable. This shift, as it happens, calls for different 
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decisions for clients in the strategic procurement phase, in the development of 
specifications, supplier selection, and quality monitoring. This change means clients need 
to be aware of the choices they have to make, and know what matters they have to 
consider in order to make the right choices. The enormous sums of money that are spent 
on infrastructural works underline the importance of making the right choices in a sector 
where exceeding the 100 million euro mark is not an exception. 
 
To understand this process, we developed a new procurement model for this research. 
The model consists of 10 steps divided into three phases: strategic, tactical, and 
operational phases. A combination of these three phases is necessary to understand the 
entire process. The following section examines these three phases in more detail to create 
a broad understanding of the entire process, of the complex choices to be made, and of 
the influence of decision making for the quality monitoring process. This model is 
presented in Figure 3.2.1 and is based on previous work by Van Weele (2007), 
Kumaraswamy and Dissanayaka (1998), Momme and Hvolby (2002) and Monczka et al. 
(2009). We took elements from their models to develop our procurement model for the 
construction industry. Combined, it represents what should be performed for a 
construction project.  
 

Strategic procurement

1. Determine 
work packages

4. Supplier 
development 

and QM

3. Determine 
level of supplier  

integration

2. Insourcing / 
Outsourcing

5. Strategic cost 
management

10. Contract 
termination

9. Managing 
relationship

8. Project 
execution

7. Selecting 
Supplier

6. Determining 
Specifications 
and contracts

tactical procurement Operational procurement

 
Figure 3.2.1: The procurement process for construction projects 

3.2.1 Strategic procurement 

Determine work packages 
The process in construction usually starts with a client having a certain need. In the case 
of a public party, this could be to improve a connection between city A and city B. 
Fulfilling this need means that the characteristics of this connection have to be described 
to make the plans more applicable. To determine the characteristics of the connection 
that has to be improved, the client can opt to procure the whole connection in one go, or 
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to cut it up into several smaller sections. The whole connection could, for example, be far 
too big for any single supplier in the country to build. So dividing the connection into 
pieces might, in spite of the interfaces, be a good choice. Once the project has been 
divided into pieces, multiple work packages, each with unique characteristics, result 
(Kumaraswamy & Dissanayaka 1998). These characteristics can be described in terms of 
location, project type (tunnel or bridge), project size (length of the connection) and 
function (carry all types of vehicles or only pedestrians). 
 
Insourcing/outsourcing strategy 
The next four steps of the procurement model are also strategic and are linked, to a great 
extent, to each other. These strategic choices generally depend on the client’s strategy. 
The Dutch Directorate-General for Public Works and Water Management for example 
introduced the slogan “Market, unless…” meaning all tasks are to be developed by 
private parties unless they can be performed better by the client himself. The result is an 
outsourcing strategy in which the client chooses to divest himself of all resources (assets, 
infrastructure, people and competencies) by transferring a particular activity to another 
company so the client is in a better position to develop his own core competencies 
(Monczka, Handfield, & Giunipero 2009). 
 
Determine level of supplier integration 
This outsourcing strategy strongly influences the subsequent steps in the procurement 
process because the client decides to leave more tasks in the hands of private companies. 
In the Dutch case, this leads to a contract with a certain level of supplier integration, 
design-build, which incorporates the design and build tasks. Opting for this level of 
supplier integration is the result of strategic and tactical considerations concerning the 
economic functions in the construction process and the division of roles, tasks, 
responsibilities and liabilities for the different parties. These considerations are highly 
dependent on the type of client and his policy, the external environment, and the project 
characteristics (Kumaraswamy & Dissanayaka 1998). Examples include the professional 
level of the client, the economic situation, and the complexity of the project 
(technological / organizational) (Baccarini 1996). Moreover, the client’s expectations 
about budget, planning, quality, and willingness to be involved and take responsibility 
and liability for the project also play a role (Favié et al. 2010) 
 
After listing all wishes and requirements, the client can then opt for a certain kind of 
contract. This contract choice links the different construction process phases with the 
different parties cooperating in the process (Kumaraswamy & Dissanayaka 1998) and 
thereby forms the structure of the project organization. This consists of functional and 
contractual relations and the division of roles, tasks, responsibilities, liabilities and risks 
as discussed in Chapter 2. The choice for the traditional design-bid-build contract, in 
which a supplier is contracted based on pre-existing specifications and drawings, is 
segmented. More integrated organizational forms in which one company is responsible 
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for both the design and execution of a project, as with a design-build contract, requires an 
entirely different attitude on the part of the supplier and of the client. Organizational 
forms like design-build-finance-maintain (DBFM) integrate even more tasks and 
responsibilities. 
 
The abovementioned contractual forms differ from one another in their division of roles, 
tasks, responsibilities and liabilities. The stage at which the supplier is contracted is also 
different. In the traditional process, the client, usually together with a consultant, 
develops a design and specifications as far as the final design. The stage at which the 
supplier is contracted is then just before the start of the realization phase. With a design-
build contract, the supplier also develops part of the design. In this case, the contract has 
to be signed earlier in the process. In a DBFM contract, the supplier is also responsible 
for some of the financing and for maintenance. In design-build and design-bid-build 
contracts, financing is clearly with the client at the beginning of the process. Therefore, 
the supplier in a DBFM contract needs to be contracted before the construction process. 
This moment of contracting provides a convenient arrangement of the different contract 
forms by depicting it as a decoupling point. This decoupling point describes the point in 
the supply chain at which the client’s work and the supplier’s involvement meet 
(Hoekstra & Romme 1992), as depicted in Figure 3.2.1.1.  
 

 
Figure 3.2.1.1: The decoupling point: depicting the level of supplier integration in a 
construction project 
 
As mentioned in section 3.1, not all the procurement steps mentioned here are part of the 
analysis in this study. Nevertheless, these steps do have considerable influence on the 
main issue of this research: monitoring - which is part of the tenth step in the 

20 



procurement model. The insourcing/outsourcing choice and the related choice for a 
certain level of supplier integration indicate the division of responsibilities and liabilities 
and therefore determine, to a large extent, the options and structure for the client to 
monitor the quality of the supplier. The fourth and fifth steps also significantly influence 
quality monitoring.  
 
Supplier development and quality management strategy 
The project organization is determined once the kind of contract has been selected. The 
client then has to decide how he is willing to cooperate with the supplier during the 
project. What is important here are the reactive and pro-active strategic activities the 
client is willing to perform which focus on identifying improvement opportunities and on 
facilitating improving supplier performance (Monczka, Handfield, & Giunipero 2009). 
This supplier development and quality management strategy are directly linked to the 
choice of quality monitoring system: the auditors in the example in section 1.1 are part of 
a monitoring system aimed at testing and improving the supplier’s quality management 
and performance. This means that the client decides in this phase of the process what the 
actual monitoring process will look like. The next step in the procurement process is to 
decide how the supplier will be paid.  
 
Strategic cost management 
Strategic cost management consists of choices that recognize the need to manage costs 
and cost drivers throughout the supply chain (Monczka, Handfield, & Giunipero 2009). 
Where a construction client works with a supplier, opting for a particular payment 
method could lead to the suppliers performing better. This is also strongly related to the 
quality monitoring choice and can even be linked to the supplier development and quality 
management strategy as discussed in the preceding section. This is exactly what the 
Dutch Directorate-General for Public Works and Water Management does: they pay the 
supplier for the work they have actually done based on the audit findings. If these audits 
consider the quality of the processes to be non-compliant, the client can opt to postpone 
payment. It is obvious that this kind of strategy encourages suppliers to do their work 
properly. 
 
Although these strategic steps are not discussed in detail, the aim of this section is to give 
the reader a rough idea of the complex matters involved in this stage in the procurement 
process. As can be seen, the steps are closely linked to the monitoring process and need 
to be carefully planned and executed. Section 3.2.2 discusses the tactical steps of the 
procurement process. They are dependent on the choices that have been made in the 
strategic procurement phase and these steps also have considerable influence on the 
monitoring process. 
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3.2.2 Tactical procurement 

Determining specifications and contracts 
Tactical procurement consists of three phases and concludes with the contracting of a 
supplier for the construction project. As with the strategic phase, the client has a number 
of difficult choices to make. One of which is to determine specifications and contracts. 
However, exactly how these specifications are developed is not the focus of this study, 
but it does impact on the way quality monitoring can be conducted. The specifications of 
a construction project are the client’s documented requirements that describe the 
construction project that has to be developed. In other words, it sets out the scope of the 
work. In a traditional contract, the client is responsible and liable for completing the 
design which will be the basis for the detailed technical specifications right down to the 
smallest detail. The client in a more integrated contract opts to leave more to the 
creativity of private companies and therefore only draws up functional specifications. So 
decisions about the design, materials and working method are now left to the supplier. 
Process specifications are added to ensure that nothing goes wrong and to make it 
possible for the supplier’s work to be controlled and monitored. These specifications 
prescribe the use of quality management, technical management, environmental 
management and project management to ensure a transparent, verifiable process. As far 
as the design tasks are concerned, this means that the supplier has to implement a system 
for verifying and validating all decisions in order to prove that the client’s requirements 
are met. 
 
Along with the specifications, the construction project contract is also drawn up. The 
specifications, together with the contractual arrangements together form the contract that 
is signed by both the client and supplier. Defining the legal and commercial terms and 
conditions that cover the liabilities of all parties involved is extremely important 
(Momme & Hvolby 2002). This is related to the choice of a certain contract form. In the 
Netherlands, for example, there are standard terms and conditions (Uniforme Algemene 
Voorwaarden (UAV)) and there are standard terms and conditions for integrated 
contracts (UAV-gc) such as design-build projects.  
 
Selecting the supplier 
The output of this phase consists of the contractual documents: the client’s specifications 
and the legal terms and conditions. These documents are linked to the quality monitoring 
strategy as they are the main reference for superintendents to check the product quality in 
traditional contracts and for auditors to check the process quality in Dutch design-build 
projects. The specifications are the main element of the contract between client and 
supplier and are therefore important for the next step in the procurement process - 
selecting the supplier. As discussed in section 3.2.1, the stage in which the supplier is 
selected in the process is one of the main differences between a traditional contract and 
more integrated ones. This stage is actually decided upon during the strategic 

22 



procurement phase, and once the specifications are complete, the supplier can actually be 
selected. This phase is also called the tendering phase, and again it is a complex 
procedure in which the client has to take numerous decisions that can have considerable 
influence on cooperation with the supplier. These are the choice for a certain tendering 
procedure, the selection and awarding criteria and the decision modelling. In all cases, 
the three basic principles of European tendering – transparency, non-discrimation and 
objectivity have to be taken into account (Pijnacker Hordijk, Bend, & Nouhuys 2009). 
 
The EU recognizes four main tendering procedures: 1) open tendering; 2) restricted 
tendering; 3) negotiated tendering, and 4) competitive dialogue (Ministry for Housing 
2005). When it comes to selecting the supplier, there is a difference between selection 
criteria and award criteria. The selection criteria, which are used in prequalification, are 
company oriented. They can be criteria on which the supplier can score, such as their 
references in previous projects, but they can also be exclusion criteria, such as financial 
credibility. The criteria for awarding the contract are usually project oriented i.e. price or 
quality. Clients are able to designate the criteria themselves providing they meet the 3 
principles mentioned above. Although not taken into account in the present research, 
many researchers in the literature indicate the importance of a good selection and 
awarding process. A number of theoretical findings are presented below to alert the 
reader to this importance. 
 
Lowest price tendering is still common in the construction industry. Indications are that 
the level of supplier integration affects the type of supplier that is needed (Masella & 
Rangone 2000; Sen et al. 2008). This means that different criteria have to be used in the 
supplier selection and awarding phase for different levels of supplier integration. In an 
adversarial relationship the selection can be simply based on cost. In a collaborative 
relationship the focus is more on the supplier’s state variables i.e. a company’s unique 
resources or capabilities. Criteria for these state variables should be implemented in the 
supplier selection process for collaborative relationships such as design-build 
construction projects. This is supported by research conducted in the construction 
industry that found proof that selecting a supplier on price only is not appropriate for 
most projects (Doloi 2009; Hatush & Skitmore 1997; Holt, Olomolaiye, & Harris 1995). 
 
The Dutch government has also commented on the drawbacks of lowest price tendering. 
Research conducted in the construction industry showed that the choices that are made in 
this step can have a negative influence on the project outcome if they are not made 
properly. They mention that awarding projects solely on lowest price can cause a 
downward price-quality ratio. To prevent this happening, clients should try to find 
different ways of tendering, such as awarding the “Economically Most Advantageous 
Tender” (Enquetecommissie Bouwnijverheid 2003), in which, as suggested above, 
criteria concerning the supplier’s state variables could be implemented.  
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Figure 3.2.2.1. Competition versus Performance in the construction industry (Kashiwagi 
et al. 2005) 
 
The downward spiral, as observed by the Dutch government, that can occur with lowest 
price tendering is confirmed by other, international research (Kashiwagi, Sullivan, 
Greenwood, Kovell, & Egbu 2005; Pakkala, De Jong, & Aïjö 2007). Pakkala speaks of a 
circle of regret in which all parties lose, and Kashiwagi found that the extent of 
competition and project performance of the supplier are strongly related, as shown in 
Figure 3.2.2.1. Kashiwagi declares that most public construction projects are in Quadrant 
I. Competition here is high, but performance is low. Other research (Kashiwagi & 
Sullivan 2005) even demonstrated that high-quality suppliers have to lower their quality 
in order to be competitive. This is what the Dutch government also meant by the 
downward spiral. The construction sector and society at large would benefit considerably 
if the public works were to shift to Quadrant II: best value, high performance and high 
competition. However, this would involve a different way of selecting suppliers. 
 
The concluding sections show that choosing the right criteria to select a supplier is 
important. This also has considerable impact on the quality monitoring process, as it 
could influence the quality of selected suppliers. It is conceivable that a low quality 
supplier would have a lower quality performance and therefore the risk of non-
compliance is greater. This increases the effort needed from the client in the monitoring 
process.  
 
Several methods can be used to calculate the best offer if the client chooses to add more 
criteria in addition to price to the selection procedure. De Boer listed the possible 
techniques for decision modelling in his research and indicated that the use of a certain 
technique can drastically influence the outcome. A winning tenderer using technique A 
can be a loser if he uses technique B (De Boer 1998). This means that which technique is 
chosen is important. 
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This section showed the importance of developing comprehensive contracts, 
specifications and supplier selection strategies. All the activities are highly complex and 
should be planned carefully so that a successful construction project is the result. Along 
with that, the relationship of these activities with monitoring is discussed in section 3.2.3. 

3.2.3 Operational procurement 

Project execution and managing the relationship 
The work that the supplier and the client agreed upon is executed in the operational 
phase. This is also the phase in which the client monitors supplier performance. Once the 
agreement has been signed, the supplier can start conducting the agreed activities. This is 
the moment at which the liability and responsibility shifts from client to supplier 
(decoupling point). Both client and supplier have to get used to each other and therefore 
in the construction industry, sometimes a project start-up will be planned to accelerate 
this process. The basis of the work is the contract in which everything should be 
arranged. This contract is also the basis of the communication, information and 
monitoring systems, and continuous performance assessment of the supplier (Momme & 
Hvolby 2002). These arrangements are all part of managing the relationship between 
client and supplier. 
 
The client uses a monitoring system as a tool for the continuous performance assessment 
of the supplier. In traditional contracts, in which the supplier only builds what has been 
designed by the client, this monitoring focuses on the product (quality) level. In more 
integrated contracts, such as design-build, the supplier monitors this product quality 
himself and proves to the client that his requirements are met. In this case, the client’s 
monitoring shifts from product level to process level. The Directorate-General for Public 
Works and Water Management in the Netherlands uses audits to monitor the supplier’s 
performance. These audits are performed on a regular basis to test and control the 
supplier’s performance during all phases of the construction project until it is completed 
and meets all the client’s requirements. The final step of the procurement process is then 
reached: contract termination.  

3.3 Conclusion 

This chapter took the reader through the client’s procurement process in which strategic, 
tactical and operational tasks are fulfilled. This was done for two reasons: i) to 
demonstrate the process, and the complex decisions clients have to take to develop a 
construction project, and ii) to illustrate the process which includes quality monitoring to 
create a better understanding of the reasons for monitoring and the reasons for organizing 
things it in a certain way. Chapter 4 discusses the concept of quality monitoring in detail.  
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4. QUALITY MONITORING 

4.1 Introduction  

In addition to time and cost, quality is one of the major concerns for practitioners in the 
construction industry. The main aim is to provide a quality product that is satisfactory to 
the stakeholders of all parties involved, compliant with the legal regulations and industry 
standards, completed on schedule, and within budget etc. (Leung, Mak, & Lee 2008). 
Therefore, monitoring currently plays a critical role in that it provides information for the 
client’s project manager to enable him to develop contingency plans (risk inventories and 
risk management) to prevent problems arising in the project. As seen in Chapters 2 and 3, 
monitoring is part of the client’s procurement process and when applied to integrated 
contracts, such as design-build, it shifts from product quality to process quality. This 
chapter discusses the concept and the background to quality monitoring (section 4.2). 
Section 4.3 then presents eight existing construction project monitoring systems, 
including the Dutch system-oriented contract management approach. No scientific, 
empirical studies were found that analysed these systems. Since the aim of the current 
research is to fill this gap and zoom in on the Dutch monitoring system that uses quality 
audits, the characteristics of these audits will be developed in section 4.4. 

4.2 Quality monitoring 

As stated in section 4.1, quality monitoring is one of the major concerns of the 
construction industry. Although quality is “an unusually slippery concept, easy to 
visualize and yet exasperatingly difficult to define” (Garvin 1988), the focus of 
monitoring is generally on one of the common definitions of quality: conformance to 
specifications (Sila & Ebrahimpour 2003). How this can be monitored differs for every 
contract type. In a design-bid-build contract, the superintendents control the quality of 
the products and compare it with the required quality as determined in the specifications. 
In design-build contracts, in which the supplier is responsible for the quality of both 
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design and construction work, quality control by the superintendents focuses on the 
processes. 
 
Controlling quality that focuses on processes stems from the Total Quality Management 
(TQM) philosophy. Deming (Deming 1986), one of the founding fathers of TQM, 
stressed that 85% of the problems encountered in manufacturing are with the process. 
The focus of his TQM philosophy is that quality cannot be inspected in a project, be it an 
automobile or a building, and management must concentrate on improving the process 
(Burati, Matthews, & Kalidindi 1991). The difference between product and process 
control is that product control is designed to detect problems with a product or service, 
and process control attempts to prevent problems from arising later by tweaking the 
production process until it produces a quality product (Webber & Wallace 2007). 

4.3 Quality-monitoring systems 

More systems have been found in both the scientific and professional literature alongside 
the Dutch monitoring system for infrastructural works. This section briefly discusses 
eight of these systems, including the Dutch system. A division has been made between 
theoretical systems that focus on i) product quality (4.3.1); ii) process quality (4.3.2), and 
iii) monitoring systems that are used in practice (4.3.3). 

4.3.1 Product-quality monitoring systems 

Leung et al. (2008) developed a cost-effective construction site monitoring system that 
integrated a long-range wireless network, network cameras, and a web-based 
collaborative platform for monitoring the behaviour of workers, project progress, and site 
events anywhere with internet connectivity. The system was installed in two construction 
sites (for buildings) in Hong Kong for about 25 months and 16 months respectively. This 
system focused solely on product quality.  
 
Navon and Sacks (Navon 2005; Navon 2007; Navon & Sacks 2007) conducted research 
in Israel on Automated Project Performance Control (APPC) monitoring systems for 
labour productivity, the productivity of earthmoving operations, tower crane monitoring, 
materials and safety (prevention of falls from height). The first study used an indirect 
approach to automate the measurement of labour productivity – the location of the 
workers is measured at regular time intervals and converted into productivity. In the 
second project, the same principles were applied to automate the productivity 
measurement of earthmoving operations. The third project stems from the first two, but 
uses two indirect parameters while monitoring a tower crane. These parameters – the 
location of the hook and the gross weight of the load on the hook – are then automatically 
converted into project progress. The fourth project automated materials management, and 
the fifth dealt with workers’ safety. This system is also product-quality oriented.  
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4.3.2 Process quality-monitoring systems 

Cheung et al. (2004) developed a web-based construction performance-monitoring 
system (PPMS). The system includes 8 performance measurement categories: People, 
Cost, Time, Quality, Safety and Health, Environment, Client Satisfaction and 
Communication. Two aspects of the system were evaluated by a survey in a Hong Kong 
railway project: (i) Relevance of Performance Indicators, and (ii) System Effectiveness. 
The results confirm that both the performance indicators and the system effectiveness of 
the PPMS are appropriate. However, it appeared that this system could not be related to 
actual behaviour in construction processes and it has therefore not been used in practice. 
 
Lee & Arditi (2006) use Quality Function Deployment (QFD) to measure the Total 
Quality performance for design-build projects in the US. Their research included service 
quality, corporate quality and building quality factors. The measurement tool includes 
experience obtained from experts. QFD is defined as ‘a technique to deploy customer 
requirements into design characteristics and further deploy them into subsystems, 
components, materials and production processes’ (Hoyle 1998). In their research, the 
QFD is used to compare different contractors or projects on the actual quality that has 
been delivered. No information has been received on the use of this system in practice, so 
it is assumed that it is not widely used.  

4.3.3 Professional monitoring systems 

There are four additional systems that have been developed in practice by professional 
bodies. Tests of effectiveness and efficiency in practice are lacking in all cases.  
 
The Hong Kong Housing Authority uses the PASS system (Hong Kong Housing 
Authority 2000). PASS was introduced in 1990 as an objective means to measure 
contractors’ performance against a set of defined standards and to provide a consistent 
means for comparing the performance of individual contractors on individual projects. 
The measures are: end-product quality (structural work, architectural work) and process-
quality (safety, environment and other obligations, management input assessment, 
programme and progress assessment, maintenance period assessment). 
 
CONQUAS (Construction Quality Assessment System) was developed in Singapore to 
assess the end-product quality of construction works in order to improve construction 
quality (Building and Construction Authority 2005). This system was developed as a 
consequence of the large number of construction failures, and is aimed at monitoring the 
product quality of structural works, architectural works, mechanical works and electrical 
works. Consultants from the Building and Construction Authority regularly conduct 
random checks on several components. The scores for all the separate components 
eventually lead to one CONQUAS score for the construction company. Research pointed 
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out that using this method did, in time, improve the quality of construction (Pheng, Kee, 
& Leng 1999). 
 
Key Performance Indicators (KPIs) are used in the United Kingdom to measure 
construction performance (Constructing Excellence 2003). The purpose of the KPI 
programme is to facilitate project and organizational performance measurement 
throughout a large number of projects and hence give an indication of construction 
industry performance. KPIs measure: i) client satisfaction: product; ii) client satisfaction: 
service; iii) construction cost; iv) construction time; v) defects; vi) predictability-time; 
vii) profitability; viii) productivity, and ix) safety. There are also a number of secondary 
indicators that give an overview of the overall state of health of the projects. They are 
classified into two categories: a) operational indicators, and b) diagnostic indicators. The 
construction companies using this system have to collect data in their own projects 
(Costa et al. 2006).  
 
In the Netherlands, the Directorate-General for Public Works and Water Management 
uses system-oriented contract management to monitor performance in their projects. 
System oriented means that it focuses on the supplier’s quality management system. This 
system must ensure that the supplier detects defects in good time, takes the appropriate 
corrective measures, and evaluates this process. The client monitors whether or not the 
quality system is working properly. This is done through audits conducted by client 
representatives. The subjects of the audits are risk based. This means that the client 
constantly draws up an inventory of the current risks in the project. These risks focus on 
project-critical processes. The audit results are stored in a database and should be used to 
refine the audit strategy in order to improve control. 

4.4 Auditing 

As seen in section 4.3, the Dutch system that uses audits to monitor the quality of 
suppliers is one of eight monitoring systems that were found in the literature. Since 2001 
this system has been used in over 500 projects. The aim is to effectively monitor different 
aspects of the construction. It has proven to eventually end up with a high quality 
construction project. Like the other seven monitoring systems, the effectiveness and 
efficiency of the Dutch system have not been scientifically tested. To be able to fill this 
gap for the Dutch system, the audit procedure and its requirements will be discussed in 
this section using the audit described in section 1.1 as an example.  
 
A quality audit is a systematic and independent examination to determine whether quality 
activities and related results comply with planned arrangements and whether these 
arrangements have been implemented effectively and are suitable to achieve the 
objectives (Parsowith 1995). To do this competently, a prescribed audit procedure has to 
be followed by auditors familiar with auditing techniques and the criteria they are 

30 



auditing (Russel 2005). An effective auditing procedure consists of four phases: 
preparation, performance, report and follow-up, and closure (Russel 2005). This 
procedure was followed by the auditors mentioned in section 1.1. They first determined, 
from three different options, what kind of audit would be the most suitable for the subject 
in question (Parsowith 1995):  
i) A system audit is a documented activity performed to verify, by examination and 

evaluation of objective evidence, that applicable elements of the quality system 
are appropriate and have been developed, documented, and effectively 
implemented in accordance and in conjunction with specified requirements.  

ii) A process audit is the evaluation of established procedures. It is an audit of in-
process controls of operations or a series of operations. It verifies that process 
procedures and work instructions exist, that they are appropriate, and that they are 
being followed under standard conditions, rushed conditions, and adverse 
conditions.  

iii) A product audit is the reinspection of a product that has gone through final 
inspection. The product audit is an assessment of the inspection process, which 
includes the correct use of the specifications and the ability of the inspector to use 
proper judgment to determine the acceptability of the product. In addition, it is a 
re-verification that product characteristics are being met. 

 
Since the auditors from the example in section 1.1 wanted to check the process 
procedures of the soil settlement monitoring process, they opted for a process audit. The 
auditors then prepared for the audit by studying previous audits and reports, and by 
examining drawings and calculations relating to the supplier’s soil settlement monitoring 
process. The ten questions they derived from this preparation concentrated on the greatest 
risks that originated from the client’s risk inventory. The auditors started the actual audit 
with these ten questions. As can be seen in section 1.1, the auditors made observations 
and collected evidence, such as reports or other documents, to verify that requirements 
were being met. As audit theory prescribes, the auditors used three judgment categories, 
i.e. non-compliance, compliance, and ‘informative’. This last category can be seen as 
input for management consideration, because it did not seem to be in the best interests of 
the organization being audited. The auditors could also have included exemplary 
practices or good practices as part of a tier audit report so it can be shared with other 
areas in the organization (Russel 2005). 
 
After the auditors’ assessments had been shared and discussed with the auditees, the 
auditors completed the audit report and submitted it to the parties concerned. The 
assessments were used as input for future audits. 
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4.5 Conclusion 

A client developing construction work wants to end up with a high quality product and 
can use monitoring to achieve this. Both practitioners and scientists are interested in 
finding the best way of monitoring in order to control and assure the quality of 
construction projects. Eight monitoring systems for construction projects were found in 
the literature, four of which take process quality into account. However, no empirical 
research on these systems has been conducted. The aim of the present research is to fill 
this gap by studying the Dutch quality-monitoring system that uses audits to ascertain 
whether the system functions correctly. 
 
Chapter 5 develops a theoretical framework that can be used as a basis for analysing this 
monitoring system. 
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5. CRITICAL SUCCESS FACTORS IN 
CONSTRUCTION PROJECTS 

5.1 Introduction 

The Dutch Directorate-General for Public Works and Water Management uses audits as 
part of their quality monitoring system. Their main goal in using this system is to control 
the quality of the supplier’s work with a view to the project being completed 
successfully. Many researchers have written about the concept of success and how to 
achieve it. If a construction client wants a project to be successful, the monitoring system 
should focus on pertinent issues. This chapter reviews previously published literature on 
critical success factors (CSFs) for construction projects. A theoretical framework will be 
developed with these CSFs. This framework will form the basis for analysing the 
monitoring system and for answering the first research question concerning the factors 
that influence supplier compliance.  
 
Section 5.2 discusses the concept of project success, and sections 5.3 and 5.4 explain the 
CSFs and the supplier as a dynamic system, the basis of the theoretical framework. 
Section 5.5 develops the theoretical framework. This is an addition to the existing body 
of knowledge as it combines the literature on CSFs in construction projects and is 
rendered applicable for infrastructural design-build projects by expert interviews in the 
Dutch infrastructural works sector. 

5.2 Project success 

The assumption underlying the system of process quality control in which suppliers are 
responsible for product quality is that it will improve the internal process quality, which 
will then improve operational performance. Evidence was found for this assumption in a 
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study on the American industry for room air conditioners (Garvin 1988). However, it is 
still not clear what performance or success is exactly. This will be developed here. 
 
Chan et al. state that due to the ambiguous definition of project success and the different 
perceptions of participants towards this concept, it may be difficult to say whether a 
project is successful or not (Chan, Scott, & Lam 2002). From a macro perspective (Lim 
& Mohamed 1999) the output of the building process, and the procurement process, 
should be a construction work and construction process that fulfil the objectives of the 
client, users, suppliers and other stakeholders. Every client and user will have his own 
requirements and wishes for the work, and the trend is for the construction industry to 
become increasingly more user oriented. This means that parties from the industry have 
to pay attention to their needs when it comes to achieving success.  
 
The micro perspective of project success will deal with project achievement in smaller 
component levels. It is usually referred to at the conclusion of the project construction 
phase by the parties involved in the construction (Lim & Mohamed 1999). 
 
The public client has to spend taxpayers’ money as efficiently as possible: as much 
service for the citizens for as little money as possible. These requirements of the public 
client meet the definition of success that can be found in the literature as the basis of 
success: time, cost and quality. Atkinson (1999) calls this the “Iron Triangle”. In addition 
to these basic criteria, stakeholder satisfaction is also given as a criterion in the literature. 
Pinto and Pinto (1991) mention the satisfaction of the project team members with regard 
to interpersonal relationships. The satisfaction of users and clients is also mentioned as 
an important criterion for project success (de Wit 1988). Currently, the most commonly 
used success criteria are: i) time, ii) cost, iii) quality, and iv) client satisfaction. Success 
in the present research project is defined in terms of all these criteria by defining it as the 
extent to which the supplier’s work is compliant with the client’s requirements. 

5.3 How to achieve project success 

Section 5.2 explains that it is difficult to define success. It differs for every participant in 
the construction process and this research focuses on the supplier’s compliance with 
requirements. This section discusses how this can be achieved.  
 
The factors affecting project success relate to the criteria as determined. They have been 
thoroughly researched. Lim and Mohamed (1999) state that the criteria for project 
success can be seen as a set of principles or standards by which project success is or can 
be judged. Factors for project success are the set of circumstances, facts, or influences 
that contribute to project outcomes. The most important factors that affect the success of 
a project are called Critical Success Factors (CSFs) in the literature (Belassi & Tukel 
1996; Pinto & Slevin 1987; Shenhar et al. 2002; Zwikael & Globerson 2006). Rockart 
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(Rockart 1979) was one of the first to address the Critical Success Factor theory in the 
literature. He stated that CSFs and the CSF method should result in an information 
system that can be used by a CEO as it pinpoints key areas that require a manager’s 
attention. Much research has subsequently been conducted on this topic in project 
management literature focused on finding the most suitable CSFs for different type of 
projects in different industries (Baker, Murphy, & Fisher 1988; Boynton & Zmud 1984; 
Cooke-Davies 2001; Cooper & Kleinschmidt 1987; Cooper & Kleinschmidt 1995; 
Cooper & Kleinschmidt 1996; Leidecker & Bruno 1984; Lester 1998; Pinto & Slevin 
1988; Pinto & Slevin 1987; Reel 1999; Shenhar, Tishler, Dvir, Lipovetsky, & Lechler 
2002; Zwikael & Globerson 2006). However, the present research refers to the literature 
concerning CSFs in construction projects. 

5.4 The supplier as a dynamic system 

The focus in this research is on factors that play a role in monitoring the supplier’s 
processes in a construction project. This is why supplier performance, which is also one 
of the most relevant success factors, is taken as the basis of the development of a model 
for critical success factors for design-build projects. This model derives from the research 
by Azzone and Rangone (1996), who introduce the supplier as a dynamic system. This 
system is presented in Figure 5.4.1.  
 
This dynamic system is based on the Resource Based View of the Firm. This theory 
states that the performance of a company is dependent on its resources and capabilities 
(Barney 2000; Peteraf 1993; Prahalad & Hamel 1990). Resources can be either general, 
non-firm specific, or firm-specific. The basic assumption of this approach is that, while 
in the short term a company’s competitiveness depends on the price/performance 
attributes of current products, in the long term it mainly derives from its endowment of 
resources that are unique, durable and hard to imitate, trade or substitute. 
 
The input variables are represented by control variables that are the leverages that 
managers can use to realize output variables, and by environmental variables. These are 
the variables that affect the system but are not completely under the company’s control. 
The output variables represent the performance of the supplier, and the state variables are 
the variables, knowledge of which is indispensable, together with input variables, in 
calculating the system output. Azzone and Rangone (1996) divide the state variables into 
two subsets:  
i) the state variables related to manufacturing-critical capabilities which are a set of skills 
and technologies that are fundamental for achieving manufacturing performance.  
ii) manufacturing infrastructural resources are tangible and intangible resources that play 
a fundamental role in the process of critical capabilities development, i.e. they can be 
considered as the main ‘engines’ of a company’s collective learning that builds up 
capabilities. 
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Figure 5.4.1: Factors affecting the supplier’s performance (Azzone & Rangone 1996) 
 
The variables that are important differ for various types of industries, companies and 
relationships. The nature of the relationship can change the need for certain resources. 
The more integrated a partnership between a client and a supplier, the more important the 
supplier’s resources become (Masella & Rangone 2000). The input variables, state 
variables and output variables also differ for each project. To be able to develop a new 
theoretical framework for infrastructural design-build construction projects, the input, 
state and output variables have to be found. Once these variables are clear, it is possible 
to make a dynamic system of a design-build supplier for public infrastructural works. 
This system is developed in the following sections by performing a literature search. 

5.5 Towards a theoretical framework 

This section presents the results of a literature study and interviews in order to arrive at a 
theoretical framework for the factors that influence the supplier’s performance in the 
construction sector. 
 
Along with general management literature, the topic of CSFs has also been addressed in 
construction management literature. This literature is used to develop a theoretical 
dynamic system for the design-build construction supplier. This system is based on ‘The 
supplier as a dynamic system’ (Azzone & Rangone 1996) which has been supplemented 
with the CSF literature from the construction management field. This system will 
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indicate which the factors are assumed to be critical for achieving a successful design-
build project. 
 
Output variables 
This is the supplier’s performance. For the purpose of this research, this is defined as the 
supplier’s compliance with the requirements. 
 
Input variables 
A review of the existing literature was conducted to ascertain which factors influence the 
success (the supplier’s compliance with the requirements) of a construction project. Ten 
articles were found that use empirical research to establish CSFs for construction 
projects. Along with these articles, there are also articles that only make use of literature 
surveys. These articles were not taken into account in this study. The ten articles used in 
this research are discussed briefly here. 
 
Ref 1 (Ashley, Lurie, & Jaselskis 1987) attempts to determine the factors that influence 
project success. Success in this article is construed as results that are better than expected 
or normally observed in terms of cost, schedule, quality, safety and participant 
satisfaction. The authors listed approximately 2000 success factors in 5 major areas: i) 
management, organization, and communication; ii) scope and planning; iii) controls; iv) 
environmental, economic, political, social, and v) technical. The eleven most important 
factors were selected for further analysis. Data was collected from interviews conducted 
at eight companies. Each company contributed one average and one outstanding project 
for the analysis. Structured interviews were held with individuals who had direct 
experience with the projects, and approximately 90 questions relating to the eleven 
factors as well as the various measures of success were addressed. Response data was 
analysed using two-sample hypothesis testing to show whether these percentage 
differences were statistically significant. A correlation analysis was then performed to 
establish whether any of the factors had a causal effect on construction project success. 
 
Ref 2 (Belassi & Tukel 1996) developed a theoretical framework based on 7 empirical 
and 9 theoretical studies of CSFs. This framework contains factor groups with factors 
related to: i) the project manager; ii) the project; iii) the organization; and iv) the external 
environment. These factor groups lead to a system response of the project manager’s 
performance on the job. The CSFs were ranked using a survey that was filled in by 91 
project managers from the US. Frequency analysis was used for the ranking. This study 
did not solely focus on the construction industry. However, 31% of the responses came 
from construction. Only the results for the construction industry were taken into account 
in this reference. 
 
Ref 3 (Chan, Ho, & Tam 2001): A set of CSFs was developed based on a literature 
review using empirical studies. This set of CSFs was the basis of a survey that was 
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completed by 53 public sector practitioners in Hong Kong. All were experienced in 
design-build projects. Respondents were requested to rate all project success factors on a 
5-point Likert scale. Respondents were also requested to provide information about time 
and cost performance of the design-build project in which they were involved on a nine 
point scale, while the perceived overall project performance and the project participants’ 
satisfaction on time, cost, quality of design and quality of workmanship of the design-
build project were rated on a 5-point Likert scale. Factor analysis was conducted to 
reduce the 31 items (CSFs) to a smaller number of factors. Multiple stepwise regression 
was performed to explore the relative influence of the factors on project performance. 
The relationship between project performance and project participants’ satisfaction on 
project performance was examined by bivariate correlations. 
 
Ref 4 (Chua, Kog, & Loh 1999) seeks to identify the CSFs for construction projects, 
based on accumulated knowledge and the judgment of experts in the industry. A model 
for construction project success is presented; where success is determined by a variety of 
factors pertaining to four main project aspects, namely project characteristics, contractual 
arrangements, project participants and interactive processes. Altogether, 67 factors were 
examined. The CSFs for the objectives of budget, schedule and quality are identified 
through a survey with experts from leading construction-related organizations. In total, 
20 practitioners participated in the study. All respondents were senior managers in 
construction or consultant firms in Singapore. Their average experience was 20 years. 
The relative importance of each of the CSFs was determined using Analytical Hierarchy 
Process (AHP). 
 
Ref 5 (Chua et al. 1997): Altogether 27 project management parameters for achieving 
successful budget performance were considered in this study in 4 categories: project 
manager, project team, planning, and controls. Data was obtained in a questionnaire 
survey on 75 construction projects, 48 from contractor organizations and 27 from owner 
organizations. Factors were measured on a six-point or binary scale. For budget 
performance, the classification was made based on loss or profit on completion of the 
project expressed as a percentage value of the total contract price. Integer numbers of - 2, 
- 1, 0, 1, 2 were assigned to classifications of 'bad', 'slightly bad', 'average', 'slightly 
good', and 'good' respectively. The data were analysed using the neural network approach 
to acquire a pattern of relationships or a mapping between project management elements, 
as input, and project performance, as output. 
 
Ref 6 (Jaselskis & Ashley 1991) defines success as a construction endeavour that is 
perceived by the project manager to have outstanding results for all significant parties 
involved in the project. Management-related input is related to: i) achieving overall 
project success; ii) achieving better than expected schedule performance; and iii) 
achieving better than expected budget performance. Data was obtained in a questionnaire 
survey on 75 construction projects, 48 from contractor organizations and 27 from owner 
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organizations. Logistic regression was conducted to find relations between the success 
factors and the output factors. 
 
Ref 7 (Lam, Chan, & Chan 2008) developed a questionnaire with success criteria and 
success factors. This questionnaire was sent to design-build participants in the Hong 
Kong construction industry. 92 valid responses were received and analysed. 43% of the 
respondents were contractors, 24% clients, 33% consultants and the remainder were 
architects and consultants. The questionnaire asked the respondents to evaluate the 
factors affecting the performance of their design-build projects and at the same time they 
were requested to rate their level of satisfaction on such projects. A 7-point Likert scale 
was used in the questionnaire. Factor analysis and multiple linear regression analysis 
were used to analyse the relationship between a single dependent variable and several 
independent variables. 
 
Ref 8 (Ling 2004): From the literature, 11 performance measures and 65 potential factors 
affecting project performance were identified. A retrospective case study questionnaire 
was designed based on these measures and factors. The questionnaire asked the 
respondents to provide specific information about their project’s final and initial costs, 
final and planned duration, gross floor area, and tender closing date. Respondents also 
had to indicate the project quality and owner’s satisfaction level. In addition, questions 
were asked about project characteristics, owner characteristics and contractor 
characteristics. The questionnaires were sent to owners, consultants and contractors 
involved in both public and private design-build projects in Singapore. A total of 156 
respondents filled in the questionnaires (50 owners, 50 consultants and 56 contractors). 
Correlation analysis was undertaken to identify factors that are significantly correlated to 
each performance metric. 
 
Ref 9 (Sanvido et al. 1992) defined both success criteria and CSFs by conducting a 
literature review. A questionnaire was then developed to facilitate data collection. The 
questionnaire was sent to participants in 8 pairs of projects. The two projects in each pair 
were similar in scope and proposed by the same client. One project was successful in the 
eyes of the client and the second was less successful. The questionnaire was used by the 
researchers during site visits and interviews with the owner, architect, engineer, 
contractor and operator. At the conclusion of each interview, the interviewee was asked 
to rank how successful the project was. The data obtained was transferred onto a data 
analysis sheet for each project. Correlation analysis was conducted to relate the success 
factors to the success of a project. 
 
Ref 10 (Songer & Molenaar 1997) used a literature review to find a list of 35 
characteristics of successful design-build projects. After that, unstructured interviews 
were held with participants. The aim was to brainstorm about the list of appropriate 
project characteristics. This resulted in a list of 15 project characteristics. These 
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characteristics were used in an owner survey to generate a rank order of importance for 
both success criteria and project characteristics. This survey was completed by 88 public 
sector representatives. A series of structured interviews was conducted to provide 
additional insight into the ranking of project characteristics. The Analytical Hierarchy 
Process (AHP) was used for these interviews. To analyse the data from the survey and 
the interviews, mean scores were calculated to rank both the success criteria and the 
success factors.  
 
As can be seen, these researchers used success factors in their studies and all used 
empirical data from interviews or surveys to establish the most important CSFs. These 
CSFs have been used to list the most important input variables. The input variables are 
the CSFs that are not related to the supplier. These are the factors that the supplier has to 
deal with during project execution. They can be divided into 4 groups (Chan, Scott, & 
Chan 2004; Lam, Chan, & Chan 2008; Ling 2004): i) Supplier-related factors; ii) Project-
related factors, and project procedures; iii) External environment, and iv) Client-related 
factors. The following sections present the factors that were found in these ten articles 
and related to these four groups. The state variables, which are the supplier’s capabilities 
needed to successfully develop a construction project, are also discussed. 

5.5.1 Supplier-related factors 

The most important project-related factors affecting project success which can be derived 
from the literature are presented in Table 5.5.1.1 
 
Table 5.5.1.1: Supplier related factors 
Critical Success Factor References 
1. Supplier’s experience 
 

Ref 7, 8 

2. Supplier’s track record Ref 4, 8 
  
1. It was found that the supplier’s experience with a certain type of construction project 

(both design and execution) can influence the success of a project (Lam, Chan, & 
Chan 2008). Correlations have been found between extensive experience and good 
budget performance (low unit costs and low cost growth), high turnover quality, 
system quality, and equipment quality (Ling 2004).  

2. A supplier’s team, their experience and track record influences quality and schedule 
performance (Chua, Kog, & Loh 1999). Moreover, correlations have been found 
between a good supplier’s track record (time, budget, quality) and the amount of 
work that can be done in a certain period, turnover quality (ease of starting up and 
extent of call-backs), system quality (performance of the building elements), 
equipment quality (performance of the electrical and mechanical works), owner’s 
administrative burden and owner’s satisfaction (Ling 2004). 
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5.5.2 Project-related factors 

Important project-related factors affecting project success which can be derived from the 
literature are presented in Table 5.5.2.1 
 
Table 5.5.2.1: Project-related factors affecting project success 
Critical Success Factor References 
1. Room for supplier’s input in the design 
 

Ref 1, 5, 7, 8 

2. The flexibility of the scope of the work 
 

Ref 8, 10 

3. The size of the project  Ref 4, 10 
 

4. The complexity of the project Ref 4, 7 
 

5. Procurement-related factors (contracts, 
 project procedures) 

Ref 9, 10 
 

  
1) Room for supplier’s input in the design: the extent to which the scope has already 

been defined and how much input is needed from the contractor is an important 
success factor. It was discovered that if a design-build project provides room for the 
contractor to input his knowledge and expertise, the project can become easier to 
build and the success level can be enhanced (Lam, Chan, & Chan 2008). Other 
research, conducted in traditional construction projects, shows that the percentage of 
detailed design that has been finished at the construction start can influence 
performance: the less detailed, the more budget performance problems in traditional 
projects (Chua, Loh, Kog, & Jaselskis 1997). Ling found correlations between design 
completion, cost performance and delivery speed performance: if the design is more 
complete, the cost performance is better whereas the delivery speed is worse (Ling 
2004).  

2) Flexibility of the scope of the work: a correlation has been found between the 
flexibility of the scope and the performance: the less flexibility, the higher the 
product quality (Ling 2004). Other researchers found that a good scope definition 
positively influences project success (budget, planning, quality) (Songer & Molenaar 
1997). 

3) The project size has some influence on performance, and mainly on quality (Chua, 
Kog, & Loh 1999). Other research shows that project size in terms of dollars impacts 
project success on a project-by-project basis and cannot be determined critical 
(Songer & Molenaar 1997). 

4) The complexity of the project: Chua et al. found that the constructability of a project 
(technical complexity) strongly influences all types of project success (Chua, Kog, & 
Loh 1999). Another study indicates that complexity does have an influence, but it is 
not as strong as the former (Lam, Chan, & Chan 2008). 
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5) Procurement-related factors are important for project success: a series of contracts 
that allow and encourage the various specialists to behave as a team without conflicts 
of interest and differing goals. These contracts must allocate risk and reward in the 
correct proportions (Sanvido, Grobler, Parfitt, Guvenis, & Coyle 1992). Along with 
that, an established budget and completion date in the contract positively influences 
the project result (Songer & Molenaar 1997). 

5.5.3 External factors 

The most important client-related factors affecting project success which can be derived 
from the literature are presented in Table 5.5.3.1. 
 
Table 5.5.3.1: External factors affecting project success 
Critical Success Factor References 
1. Economic environment Ref 2, 10 

 
2. Technological environment Ref 2 
  
 
Songer and Molenaar (1997) found that the current amount of work available in the area 
of the project and the bidding climate can have a slight influence on project success. 
Other scholars found a statistically significant relationship between both technological 
and economic environment with construction project success (Belassi & Tukel 1996). 

5.5.4 Client-related factors 

The most important client-related factors affecting project success which can be derived 
from the literature are shown in Table 5.5.4.1. 
 
Table 5.5.4.1: Client-related factors affecting project success 
Critical Success Factor References 
1. The client’s capabilities of managing 
design-build projects 
 

Ref 3 

2. The client’s understanding of the project 
scope 

Ref 3 
 

  
1) If clients are capable of managing design-build projects, the project results are better 

(Chan, Ho, & Tam 2001). 
2) If clients have a precise understanding of the design-build project scope before it was 

submitted to the contractor, the results are better (Chan, Ho, & Tam 2001). 
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More vaguely, other research has indicated that the client in construction projects might 
be the reason for ineffective consultation, which could lead to project failure (Belassi & 
Tukel 1996). A significant link was found for this. 

5.5.5 State variables (supplier capabilities) 

In our model, the state variables of the supplier are its capabilities / skills to ensure the 
output variable: compliance with the requirements. In previously published research the 
following supplier capabilities were found to be critical to the project output (Table 
5.5.5.1). 
 
Table 5.5.5.1: supplier’s state variables affecting project success 
Critical Success Factor References 
1. Communication capabilities  Ref 2, 7, 8 

 
2. Technical capabilities Ref 1, 2, 3, 5, 8 

 
3. Planning capabilities  
 

Ref 1, 3, 4, 7, 9 
 

4. Quality management capabilities  
 

Ref 1, 3, 4, 5, 7, 8, 9 
 

5. Financial management capabilities  
 

Ref 4, 5, 8 
 

6. Health and Safety management  
capabilities 
 

Ref 8 

7. Coordination capabilities  Ref 2 
  
1) Communication capabilities: Lam et al. (2008) found that effective means of 

communication can safeguard the transmission of messages among project 
participants from site to office to reduce abortive work. Other research found that 
when time is used to measure project success, communication between team 
members becomes critical (Belassi & Tukel 1996). Ling (2004) found a positive 
correlation between turnover quality and good communication among team members. 

2) It was found in the literature that the technical capabilities of the supplier’s project 
manager have a significant influence on whether an outstanding project results 
(Ashley, Lurie, & Jaselskis 1987). Others found that the technological background of 
the project team members and the effective use of technology influence construction 
project success (Belassi & Tukel 1996). Chan et al. (2001) indicated that the use of 
special building techniques could speed up the building process. The input of the 
supplier’s building knowledge in the design process and the supplier’s thorough 
understanding of the design process also had a positive influence on project success. 
Chua et al. (1997) found that the project’s manager’s technical experience is one of 8 
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key project management attributes associated with achieving successful budget 
performance. If a client hires a supplier with good technical expertise and design 
capabilities, more work can be done in less time, the turnover quality is better, the 
system quality is better, the equipment quality (performance of the electrical and 
mechanical works) is better, and the owner’s administrative burden is less 
(correlations have been found between these factors (Ling 2004). 

3) Planning capabilities: it appears from the research conducted by Ashley et al. (1987) 
that planning efforts in both the design and the construction phase are highly 
significant factors in determining project success. Other studies also found the 
contractor’s planning capabilities to be critical (Chan, Ho, & Tam 2001; Lam, Chan, 
& Chan 2008). Sanvido et al. (1992) found that a well-organized, cohesive facility 
team to manage, plan, design, construct and operate the facility is critical to project 
success. Chua et al. (1999) found that planning capabilities are exceedingly important 
to achieve good budget, schedule and quality performance. 

4) Quality management capabilities: the effectiveness of control systems and the 
monitoring and approval mechanisms for design changes are found to be critical for 
project success (Chan, Ho, & Tam 2001; Lam, Chan, & Chan 2008). Chua et al. 
(1997, 1999) showed that monitoring and control of progress, safety, quality and 
budget is critical for budget, quality and schedule performance. Sanvido et al. (1992) 
found that timely, valuable optimization information from owner, user, designer, 
contractor and operator in the planning and design phases of the facility are critical 
for project success. Ashley et al. (1987) also proved the influence of good quality 
control on project success. Ling (2004) found positive correlations between a good 
supplier’s quality control and management capability and good turnover quality, good 
system quality, owner’s minor administrative burden and owner’s high satisfaction.  

5) Financial capabilities: Chua et al. found (1997, 1999) that a budget control system 
and a high frequency of project budget updates leads to budget success in a project. If 
a client hires a supplier with good financial management ability, more work can be 
done in less time, turnover quality is better, system quality is better and the owner’s 
administrative burden is less, or at least correlations have been found between these 
factors (Ling 2004). 

6) Health and Safety management capabilities: correlations have been found between a 
supplier’s health and safety management capabilities and turnover quality, an owner’s 
administrative burden and owner’s satisfaction (Ling 2004). 

7) The ability to coordinate has been found to be critical for the success of a project 
(Belassi & Tukel 1996).  

 
The abovementioned factors (input, output and state variables) are the basis for a new 
theoretical framework depicting the factors influencing the supplier’s performance in a 
infrastructural construction project. This framework can be used as a model to predict the 
output: the supplier’s compliance with requirements. 
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5.5.6 Validating the framework 

The theoretical framework has been developed based on results from empirical research 
published in the literature. However, the empirical research of this thesis focuses on a 
specific type of project: Dutch public infrastructural design-build projects. The 
framework makes it possible to predict the output: the supplier’s compliance with the 
requirements. To ensure that no variables were forgotten in the framework, interviews 
were held with four experts from the Dutch construction industry: (i) a professor of 
construction management in the civil engineering department at TU Delft; (ii) a quality 
management expert in the construction/civil engineering industry; (iii) an experienced 
auditor who has been involved in various design-build infrastructural projects, and (iv) a 
risk manager who has worked on a major design-build infrastructural project for the 
Dutch Directorate-General for Public Works and Water Management. The experts were 
asked to list the factors that influence the supplier’s process quality. This was done in a 
structured interview in which five questions were addressed:  

1) List the factors that influence the outcome of an audit (compliance or non-
compliance) in a design-build project with system-oriented contract management. 

2) List the contractor capabilities (state variables) that influence the outcome of an 
audit. 

3) List the project characteristics that influence the outcome of an audit. 
4) List the supplier characteristics that influence the outcome of an audit. 
5) Could you please take a look at the factors from the literature and add any factors 

that are not there and have not been discussed during the interview? 
 
Along with the variables from the literature, the following can be added to the list. 
 
Project-related factors: according to three experts, the amount of time pressure in a 
project can have considerable influence on process quality. Two experts mentioned the 
time span of the project as part of the project size. The phase the project is in was 
mentioned by two experts, and one mentioned familiarity of the supplier with the 
responsibility of a certain task (new or common responsibility). 
 
Client-related factors: these factors were not discussed during the interviews because the 
focus was on projects executed by the same client (Dutch Directorate-General for Public 
Works and Water Management). 
 
External environment: one expert mentioned the pressure on the project from external 
factors such as the traffic that needs to drive over (parts of) the projects during execution 
and the problems that occur with all kinds of authorities involved in the projects. 
 
Supplier-related factors: three experts mentioned that the type of company could 
influence the process quality. A road construction company is different from a structural 
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works company. The company size was also mentioned by two. A bigger company could 
have a better established quality system that could be used in a project. Three experts 
mentioned the tendering and awarding process as an important factor: if the award 
criterion is lowest price, the supplier’s behaviour could be different compared with more 
quality-based award criteria.  
 
State variables: all four experts added Risk Management capabilities to the list of 
variables. In addition, a number of capabilities were also mentioned that belong to one of 
the state variables from the literature. These sub factors are discussed in more detail in 
Chapter 6. 

5.6 Conclusion 

This chapter concludes with a theoretical framework to be used in this thesis depicting 
the factors influencing the supplier’s performance in an infrastructural construction 
project. Figure 5.6.1 presents this framework. 
 
This framework is applicable to infrastructural design-build projects and can be used to 
analyse these projects in order to establish the factors that influence the supplier’s 
compliance with the requirements. As can be seen in this chapter, it originated from ten 
articles that conducted expert interviews to find CSFs for construction projects. These 
CSFs have been put into a framework based on the work of Azzone and Rangone (1996) 
to make it applicable for this research, and the total framework has been validated by 
expert interviews.  
 
 

46 



 
Figure 5.6.1: Factors affecting the construction supplier’s performance in 
infrastructural design-build projects 
 
As we saw before this list of CSFs derives from the literature and has been enriched with 
expert interviews. In the empirical part of the research we see that not all of these CSFs 
can be measured in the same detail and some of the factors correlate that strongly that we 
can not determine the separate effects. This is elaborated on in detail in Chapter 8. The 
data collection and analysis are presented in the following chapters.  
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6. DATA 

6.1 Introduction 

Empirical data needs to be collected in order to analyse the quality monitoring system 
that is used in the Netherlands and to answer the research questions. Audit reports are 
used as the main source of data in this research. In total, we enriched and analysed 
approximately 5,500 audit questions. This chapter presents the data, data collection and 
enrichment.  

6.2 The projects used in the research 

6.2.1 The projects 

The highway between Amsterdam and Utrecht in the Netherlands was out of date and 
had insufficient capacity, so the Directorate-General for Public Works and Water 
Management decided to reconstruct and widen it. They started a procurement process for 
a design-build project. The scope of the work roughly consisted of the design and 
execution of the reconstruction and widening of 17 km of highway with 14 new 
structural works (bridges, tunnels and flyovers), 13 new culverts (underground 
waterways), 12 new concrete agricultural bridges (bridges to make meadow-land 
accessible), a new electrical system (for traffic signalling, public lighting, etc) and 
acoustic barriers. This scope was documented in functional specifications and together 
with the process management specifications and the legal terms and conditions it formed 
the contract of the work. The contract sum for the whole project was approximately 200 
million euros. 
 
In 2006 the project was awarded to one private company in a European tendering 
procedure. This private company was a consortium consisting of three large road 
construction companies from the Netherlands. Once awarded the project, the supplier 
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developed a project management plan, which set out the work breakdown structure for 
the project, the internal and external communication structure, the interface management 
(internal and external), the implementation of a quality management system, the division 
of responsibilities and liabilities within the consortium and the risk management strategy. 
Within the limits of the functionally-specified contract, the supplier was completely free 
to make his own choices for all above-mentioned items. In the work breakdown structure, 
the supplier proposed to divide the total project into 57 subprojects, which were executed 
by 11 different Dutch suppliers, including the consortium partners. Eight of these 
companies are subcontractors to the consortium and together they are charged with a total 
of 18 subprojects. The consortium itself is charged with 34 subprojects, a combination of 
consortium partners 2 and 3 execute two subprojects and consortium partner 2 is charged 
with three subprojects. Table 6.2.1.1 displays the 57 subprojects and Figure 6.2.1.1 
shows the organization of the project, a schematic representation of the audit group with 
the various auditors and some random audit teams performing random audits with the 
supplier. 
 
Once the project management plan had been accepted by the client, the suppliers could 
start on the 57 subprojects. Every subproject had one supplier charged with responsibility 
for it, and they all had to comply with the contract and the project management plan. To 
check compliance with these requirements, the client used a system called system-
oriented contract management in which audits are performed to control the quality of the 
supplier’s work. As part of that system an audit group was formed consisting of 70 
auditors. These auditors were called in to check compliance with the requirements in all 
57 subprojects. An auditor was not in charge for a specific subproject, but could be called 
in for any subproject based on the specific needs on a certain moment (see Figure 
6.2.1.1). This contract management approach is further elaborated on in section 6.2.2. 
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Table 6.2.1.1: The 57 subprojects originated from the supplier’s work breakdown 
structure 

Projects Projects – continuation
1 Project management plan and work breakdown structure 30 Structural works 4,5 and 6
2 Project management 31 Structural work 3 and remove existing structural work
3 Communication (internal and external) 32 Structural works 13, 14, 17-19 and remove existing SW
4 Procurement management 33 Structural works 1 and 2 and remove existing SW
5 Analysis of specifications and interface management 34 Structural works 8 and 9 (stage 1)
6 Design road substructure 35 Structural works 8 and 9 (stage 2)
7 Design structural works 36 Environmental bridges
8 Design electrical works 37 Culverts a
9 Design environmental works (acoustic barriers) 38 Culverts b
10 Permits 39 Signalling
11 Cables and wiring 40 Public lighting
12 Archaeologic findings 41 Other electrical works
13 Non-exploded explosives 42 Underlying roads near city 1
14 Quality assurance 43 Underlying roads near city 2
15 Health and safety management 44 Underlying roads near city 3
16 Construction road substructure stage 1 section 1 45 Underlying roads near city 4
17 Construction mounds 46 Underlying roads structural works 4, 5 en 6
18 Construction road substructure stage 2 sections 1 and 2 47 Culverts not A2
19 Waiting time settlement stage 1 section 1 48 Environmental works (not noise)
20 Waiting time settlement stage 2 sections 1 and 2 49 Acoustic barriers (stage 1)
21 Paving stage 1 50 Acoustic barriers (stage 2)
22 Paving stage 2 51 Mobilization costs
23 Signposting 52 Site preparation and traffic management stage 1
24 Waterways 53 Site preparation and traffic management stage 2
25 Drainage and sewer systems 54 Upkeep of all subsystems
26 Crash barriers 55 Completion of the work
27 Traffic signs, marking and signposting 56 Maintenance of all subsystems
28 Maintenance facilities 57 Warranty of all subsystems
29 Emergency telephone facilities  
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Figure 6.2.1.1: Schematic representation of the supplier’s organization and the auditor 
group and the connection between the two groups (through audits) for the A2 highway 
project. 

6.2.2 Quality monitoring 

System-oriented contract management is based on the principle that the suppliers are 
responsible for the quality of their own work. As a consequence, the supplier must be 
able to prove that he meets the client’s requirements, which the client checks by 
performing risk-based audits to ensure that the contract specifications are met and his 
risks are kept to an acceptable level. It should be noted that by using a procedure of 
verification and validation of requirements, this auditing system can certainly detect 
failure at product level. This contrasts with other audit-based systems such as ISO9001 in 
which audits are only focused on the quality management system of a company and not 
on the contents of their work (ISO 2008). The procedure for verifying and validating 
requirements holds that the suppliers have to demonstrate that all the design and 
execution choices comply with the requirements. This starts with the translation from the 
functional specifications (developed by the client) to the preliminary design and ends 
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with the completion documents. Every step in this design and construction process needs 
to be verified with the requirements and the standards to demonstrate the accuracy of that 
choice for the final product. The suppliers use systems engineering to structure this 
process and this makes it possible for the auditors to check all steps and choices. If this 
way of working is followed carefully then the result should be a product without a 
failure. 
 
This type of quality monitoring was also used for the 57 subprojects mentioned above. 
To this end, the client sets up a contract management organization with, among others, a 
contract manager, a risk manager, an audit planner (the contract management team) and a 
large number of auditors. The task of the contract management team is to constantly 
determine, for all 57 subprojects, which of the suppliers’ activities are risky and need to 
be checked by the auditors. Three possible audit types could be used for these checks 
(see section 4.4): system, process and product audits, each focusing on a different level. 
After determining which activities to check and which audit type to use, they select the 
most suitable auditors. Most product audits require only 1 auditor to check, for example, 
a calculation made by one of the suppliers. In almost all cases the contract management 
team select 2 auditors for the system and process audits, who together prepare and 
conduct the audit by interviewing the supplier for a face-to-face audit.  
 
When preparing for an audit, the auditors have to: i) check the client’s risks file to 
determine the highest risks in the supplier’s activity; ii) analyse previous audit results 
related to this activity to establish whether there are any leads for this audit; iii) 
determine the audit questions based on i) and ii); and iv) make an appointment with the 
auditees of the supplier charged with responsibility for the project under consideration in 
order to perform the actual audit. The auditors normally check approximately ten issues 
during the audit. An example of this kind of audit is presented in section 1.1. The 
auditor’s task in these audits is to observe and compare their observations against a 
reference. This reference might be the contract between the client and supplier, the 
supplier’s plans, the supplier’s quality management system, or a certain standard (e.g. 
ISO9001, technical standards). If the observation does not match the reference, the 
supplier’s work is not compliant with the requirements. It is important that non-
compliance or compliance should only be determined if it is based on hard (documented) 
evidence.  
 
After the audit, the auditors draw up an audit report that sets out all their findings and 
they then discuss these findings with the auditees. The auditor then uploads this report to 
a web-based document management system so that it is accessible for all other auditors, 
and it can be used as input for future audits. It should be noted that not all non-
compliances were rechecked. If a recheck was needed, it was indicated in the web-based 
system based on a qualitative assessment of the auditors concerning the risks the non-
compliance might entail for the quality of the work. The contract manager also assesses 
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the audit report to see whether there are non-compliances that are risky for the quality of 
the work and which therefore need some kind of sanction e.g. postponing payment until 
the supplier remedies the non-compliance. In our data we found that the contract 
manager defined almost 20% of the non-compliances as a serious defect (137 out of 691 
non-compliances). When this label was given, the supplier had to submit to the contract 
manager for his approval a plan outlining corrective and preventive measures. Following 
approval, the supplier had to implement the plan and write a letter to the contract 
manager informing him that the problem had been definitively solved. Once this letter 
had been received, the payments were started again (if they had been postponed) and in 
more than half the cases, the contract manager asked the auditors to conduct a new audit 
to establish that the plan had indeed been implemented correctly. Figure 6.2.2.1 
represents the flowchart of this auditing process as an example of one of the subprojects.  
 

Detect risk in 
project 44
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type (system, 

proces, product)

Contract-, Risk 
manager, and 
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Project 
44 
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Figure 6.2.2.1: Flowchart of audit planning, execution and follow up in the client’s 
organization 
 
As this figure (6.2.2.1) shows, the client’s audit strategy is based on the risks in a project. 
This means that not all 57 subprojects necessarily have to be audited with the same 
frequency. Altogether, our data consists of 721 audit reports in which over 5,500 audit 
questions were performed. Section 6.3 discusses the data we collected in detail. 
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6.3 The data collection 

6.3.1 The auditors’ work 

To monitor the quality of the suppliers’ work in all 57 subprojects, the contract 
management team had at its disposal a considerable number of auditors, all with different 
skills and experience. In the period 2006-2009, 70 auditors were operative during both 
the design and the construction phases. These auditors conducted 721 audits covering 
approximately 5,500 questions. The conclusion of each audit question was either positive 
(compliance), negative (non-compliance) or informative. Informative is a status that 
auditors report if there are areas that are not effective or areas that can be improved upon 
as input for management consideration. Auditors also included exemplary practices or 
good practices as ‘informative’ so they could be shared with other areas in the 
organization (Russel 2005). 

6.3.2 The audit data 

The present research uses the 721 audit reports and their 5,500 audit questions as data to 
answer the research questions presented in section 1.3. In short, the aim is to understand 
the key process characteristics of the monitoring system and the factors that influence 
supplier compliance in these subprojects. The basic set of data used was a database we 
compiled from all the audit reports. This was easy because all the audit reports were 
stored in a web-based program that interfaced with Microsoft Excel. This basic set of 
audit data consists of the following variables: 
 
- Type of audit (system, process, document) 
- Date of the audit (dd-mm-yyyy) 
- Audit ID 
- Auditors’ names 
- Audit question 
- Audit result (comparison between the reference and the supplier’s answer) 
- Status according to the auditor(s) (compliance (positive), non-compliance (negative), 

not asked or informative) 
- Subproject to which the audit question refers (e.g. project 44) 
 
This basic set of data had to be enriched to be able to answer the research questions. This 
is explained in the following section. 

6.4 Enrichment of the database 

Section 6.3 indicated that a large basic database was found that could be used to answer 
the research questions presented in section 1.3. First, we had to collect the data that was 
needed to analyse the theoretical framework of CSFs presented in section 5.6. This 
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framework consists of: i) supplier-related factors; ii) project-related factors; iii) external 
factors, and iv) state variables (supplier capabilities). We used the framework to answer 
the first research question (see section 1.3). We then collected information about: v) the 
auditors involved in the project in order to understand one of the most important process 
characteristics - the auditor. This additional data for the theoretical framework was 
collected by interviewing participants, studying project documentation, and interviewing 
contractors. Information about the auditors was gathered through a mail survey (n=65) 
sent to all the auditors involved. 
 
Client-related factors are included in the theoretical framework presented in section 5.6. 
In this research, we opted not to take these factors into account because the same client 
was in charge of development in all subprojects. Therefore, taking the client-related 
factors into account would not result in any characteristic attributes. The room for the 
supplier’s input (part of the project characteristics) was also removed from the 
framework because the subprojects are all part of one contract and therefore this would 
not be distinguishing. The technological and economic factors were removed for the 
same reason. The following sections examine the data we collected and the way it was 
collected. To explain the structure of these sections, the theoretical framework is 
presented again in Figure 6.4.1. This time with all the factors that have to be measured in 
this research to establish their influence on the compliance of the suppliers.  
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Quality Management capabilities
Communication capabilities

Technical capabilities
Planning capabilities
Financial capabilities

Safety capabilities
Coordination capabilities

Risk Management capabilities

Supplier’s performance 
(compliance with the 

requirements)

Project-related factors

Output variablesInput variables & State variables

External factors

Complexity
Size

Time span
Time pressure

Project type
Project phase

Flexibility of scope /contract 
amendments

Procurement related factors
New or common responsibility

Traffic density during execution 
Problems with authorities 

Company size
Company type

Company’s experience / track record
Tendering process

State variables

Supplier-related factors

Figure 6.4.1: The theoretical framework with all the Critical Success Factors that have 
to be measured in this research 

6.4.1 Supplier-related factors 

Every audit and audit question is linked to one of the 57 subprojects in the basic 
database. Every project has a supplier that was responsible for it and by listing this, we 
were able to add the name of the supplier to the database. After this initial step, we 
collected the following information about each supplier in order to enrich the database: 
- The size of the suppliers was made operational by the number of employees. This 

was determined from annual reports and internet sites. 
- The core sector for every contractor was ascertained so that the type of company 

could be determined. The sectors are: road construction; structural works (bridges, 
tunnels); environmental works (acoustic barriers); and electrical engineering (e.g. 
public lighting, signalling systems). Data were collected through a survey completed 
by the head of the planning department of the consortium who had a comprehensive 
overview of all the projects. 
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- The suppliers’ experience was determined by a survey completed by the head of the 
consortium planning department. The suppliers’ experience level was given a number 
between 1 and 5 (1= no experience, 5 considerable experience). 

- The main award criteria in the tendering process the main contractor used to procure 
each contractor for each project was also listed by the head of the planning 
department. The possible options were price, quality or business relation (e.g. the 
subcontractor is a sister company of the main contractor and no tendering process 
took place). 

6.4.2 Project-related factors 

Only the name of each project was given in the main database. We collected additional 
information about all 57 subprojects in a number of different ways: 
- Complexity of the projects was measured with a scale from 1 to 5 (1 = low 

complexity and 5 = high complexity). Data were collected using a survey held among 
people from both client and contractors; 

- Value in euros was used for project size and was collected using financial documents 
from the suppliers; 

- The time span of each project in days was collected using time plans from the 
suppliers; 

- Time pressure on the project was measured using a scale from 1 to 5 (1 = low time 
pressure and 5 = high time pressure). Data were collected in a survey conducted 
among participants from both client and suppliers. 

- Project type: every project can be classified into one of five categories: road 
construction works (design and execution of roads); structural works (design and 
execution of bridges and tunnels); electrical engineering works (design and execution 
of, for example, public lighting and signalling systems); environmental works (design 
and construction of acoustic barriers); and general works (management tasks such as 
quality management tasks, communication, procurement). This information was 
collected by interviewing project participants from the client. 

- Type of construction process activity: every project that was taken into account can 
be classified in one of the following classes based on the construction process: design 
activities (design of all types of work); planning activities (preparation of all types of 
work); execution activities (execution of all types of work); and management 
activities (activities required to align the processes such as quality management tasks, 
communication, procurement). This information was collected by interviewing 
project participants from the client. 

- The main award criteria in the tendering process that the main contractor used to 
procure each contractor for each project was also listed by the head of the planning 
department. The possible options were price, quality or business relation (e.g. the 
subcontractor is a sister company of the main contractor and no tendering process 
took place). 
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- The question whether or not this task is a new responsibility for the supplier was 
answered by a survey filled in by the head of the contractor’s planning department. 

6.4.3 External Factors 

We collected data for each project on the external factors that influence it. To do this, we 
used a survey conducted among people from the suppliers. The following factors were 
considered: 
- Traffic density during construction was measured using a scale from 1 to 5 (1 = no 

traffic density during execution of the work and 5 = heavy traffic density during 
execution). 

- The problems with the authorities that arose during the construction period were 
measured using a scale from 1 to 5 (1 = no problems and 5 = a lot of problems). 

6.4.4 State variables (supplier capabilities) 

The state variables of the supplier that are indicated in the theoretical CSF framework 
are, in theory, the capabilities that a supplier needs to develop a successful construction 
project. Although the auditors did not use these state variables while performing the 
audits, the 5,500 questions they asked all had a particular subject that could be linked to 
one of the state variables. Therefore, in order to add the state variables to the database, I 
read all 5,500 questions and allocated one of the eight state variable labels to each 
question. The eight possible labels that derive from the theoretical framework developed 
in Chapter 5 are: 
 
- Quality Management capabilities; 
- Communication capabilities; 
- Technical capabilities; 
- Planning capabilities; 
- Financial capabilities; 
- Safety capabilities; 
- Coordination capabilities; 
- Risk management capabilities. 
 
The labels are given based on a protocol we developed in this research, as shown in 
Table 6.4.4.1. The protocol was developed in multiple steps starting with the usual issues 
that are addressed in the literature surrounding each capability. This is, for example, the 
plan-do-check-act circle as a Quality Management item. This resulted in a first protocol 
that was improved and completed further during the labelling. I sometimes found audit 
issues I could not address immediately and therefore added them to the most logical state 
variable. An example of this is the supplier’s handling of permits which I added to the 
supplier’s communication capabilities because it is part of the communication with 
external parties. The state variables were discussed during the interviews with the four 
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experts from the field (see section 5.5.6), and this also helped in filling in the protocol. 
The last step in which the protocol was improved and completed was during the interrater 
agreement test described below. In this test three people were asked to label 75 randomly 
selected questions and they were asked to give their opinion on and difficulties with the 
protocol (see also below). This resulted in an improved protocol. 
 
As Table 6.4.4.1 shows, there are eight state variables. I added one of these eight state-
variable labels to each of the 5,500 audit questions in the database by hand. To ensure 
that the definitive classification is not totally dependent on myself, I asked three other 
people – 2 junior and 1 senior project managers from the civil engineering field – to 
classify 75 randomly chosen audit questions. We could then calculate the interrater 
agreement between myself and each of the three ‘testers’. This was done using the 
interrater agreement coefficient kappa which calculates the extent to which two auditors 
agree with each other in classifying the audit questions (Acock 2008). The kappa 
coefficient can range from 0 - 1 in which kappa = 0 means that there is absolutely no 
agreement and kappa = 1 means that there is full agreement between the two raters. 
When we compared my classification of the 75 audit questions with the classification of 
the ‘testers’, we found values for kappa ranging from 0.59 to 0.71. This means that the 
agreement is substantial (Landis & Koch 1977). After the testers had rated their 75 cases, 
we looked into the differences between my classification and theirs. It turned out that the 
protocol was not totally clear in all cases. For example, this was the case for some 
differences between Communication and Coordination. The effort of the supplier to get a 
permit and the communication needed with the supplier to do so is labelled as 
communication. Once the permit is granted the supplier should work in accordance with 
the requirements of that permit. Because working according to the plans and 
requirements is part of the coordination capabilities, I added working in line with permits 
as an extra line in the protocol. In all those cases the protocol was improved.1  

                                                 
1 After improving the protocol we did not perform any additional interrater agreement tests. However, we 
expect the kappas to be higher if testers use the new protocol. 
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Table 6.4.4.1: The supplier capabilities protocol for adding labels 
Supplier Capabilities Items
Quality Management Capabilities Role of management leadership and quality policy

Role of the quality department
Training
Supplier quality management
Quality data and reporting
Plan-do-check-act (improving the processes and modifications)
Plan-do-check-act (improving shortcomings)
Internal audits
Quality plans
Document management
ISO
Registrations

Communication Capabilities Communication with stakeholders
Communication with third parties
Permits (communication with authorities)
Complaints
Communication with the authorities

Technical Capabilities Verification of specifications
Design
Delivery reports
Analysis of the technical specifications
Verification plans
Working plans
Validation of specifications
Execution
Work Breakdown Structures
Test plans
Monitoring

Planning Capabilities Progress reports
Start/finish of tasks
Status of tasks

Financial Capabilities Payment schemes
Cost calculations

Safety Capabilities Health and safety plans
Security for traffic during execution (timely repairing and cleaning)
Security for traffic during execution (proper traffic signs and crash barriers)
Health and safety Training

Coordination Capabilities Internal interface management: interfaces between the different projects and tasks
External interface management: interfaces between this and other projects
Coordination of subcontractors
Work according to plans
Traffic measurements
Kabels en Leidingen (en POSsen)
Upkeep of environmental functions
Phasing plans
Work according to permits

Risk Management Capabilities Risks
Control measures (risk reducing)  
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6.4.5 Auditor-related factors 

Although the audit-related factors are not part of the theoretical framework, the auditors 
are a main part of the whole monitoring process and therefore an important characteristic 
of that process. The auditor’s name is already available in the basic database. Therefore, 
in order to get to know more about these auditors we sent an email survey to all 70 
auditors asking for the following information: 
- The auditor’s company: some auditors work for the client, others work for 

consultants and are hired in to conduct an audit. The name of the auditor’s company 
was added to the database.  

- The auditor’s age. 
- The year the auditor started in the project. 
- The auditor’s experience in traditional contracts: the number of years that an auditor 

has worked with traditional contracts. 
- The auditor’s experience in integrated contracts: the number of years that an auditor 

has worked with integrated contracts. 
- The auditor’s experience with one of the contractors: the question was whether or not 

the auditor had ever worked with one of the contractors involved in the projects.  
- The auditor’s function in the project. 
- The auditor’s function after the project (if applicable). 
- The auditor’s function group: all auditors were classified in a function group. This is 

the group where their main experience lies. The following groups were made: 
programme (main experience in contract development); design (main experience in 
the design of construction projects); execution (main experience in the execution of 
construction projects); maintenance (main experience in the maintenance of 
construction projects), and other (none of the preceding groups, for example, a 
financial expert). We made these classifications using the auditor’s function in and 
after the project and our knowledge about the auditors’ backgrounds. 

6.5 The variables in the database 

After enriching the database, we had all the information necessary to start the analyses 
with variables concerning all suppliers, all projects, all state variables and all auditors. 
Appendix 1 includes this list of variables. In Chapter 7 we describe the contents of the 
database and its descriptive analysis. 
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7. DESCRIPTIVE ANALYSIS 

7.1 Introduction 

Chapter 6 discussed the development of the database we used for the present research. 
This chapter examines the contents of the database and the results of the first analyses. 
These first analyses were conducted by simultaneously analysing two variables to 
ascertain whether one variable is related to another variable. We conducted these 
bivariate analyses to look for relationships between single independent variables 
(variables from the CSF framework and audit-related variables) and the audit outcomes. 
By doing this we get a first impression of the data and the possible factors related to the 
audit outcomes.  

7.2 The contents of the database 

The database that we composed consists of audit reports enriched with additional 
information. In total, 721 audits were held in which 5,659 audit questions were asked in 
44 different subprojects.2 An average of 105 audit questions were handled per project, of 
which 57 were document-oriented, 38 were process-oriented audits and ten were system-
oriented audit questions. Most audits were held in 2007, 2008 and 2009, because the 
projects started at the end of 2006. An average of 1,800 audit questions were asked each 
year by the auditors. These questions were all judged: 63% of the supplier’s answers 
were judged as compliant, 13% as non-compliant. The other findings were ‘informative’ 
(22%) or the prepared questions were not taken into account during the audit (3%). As 
we will see later, the percentage findings that were compliant are higher than the 
expectations of the field-experts (see the survey results in section 8.4). 

                                                 
2 In the basic database there were missing data: in 290 cases the audit outcome was not registered and in 
1,129 cases the project that the audit was related to was not registered. In 166 cases the audit question was 
missing and therefore the state variables could not be added. In 60 cases the auditors’ names were not 
registered.  

63 



 
In the database, there are 7 road construction companies who answered most of the 
questions, namely 3,796. The other questions were answered by 2 structural works 
companies (tunnels, flyovers and bridges, 461 questions), one acoustic barrier company 
(73 questions) and one electrical works company (200 questions). The average project 
that these companies execute has a project-value of € 3.5 million and is planned to take 
900 days. 15 projects are road construction projects (design and execution) in which 
1,033 questions were asked. Other projects are general projects in which management 
tasks have to be fulfilled to support all other projects (13 projects, 2,469 questions), 9 
structural works projects (design and execution, 715 questions), 4 electrical works 
projects (design and execution, 200 questions) and 3 acoustic barrier projects (design and 
execution, 113 questions). All projects were divided by task type. There are 5 
management projects (activities needed to align the processes such as quality 
management tasks, communication, procurement, (1,879 questions), 5 design projects 
(design for all types of construction, 1,140 times), 29 execution projects (execution of all 
project types, 1,388 questions) and 5 planning projects (planning and preparation of all 
construction types, 123 questions) 
 
Over 43% of all audit questions refers to a technical issue, such as design or execution 
tasks. The others are quality management-oriented (the functioning of the quality 
management system, 18%), planning-oriented (development and working according to 
planning, 13%) or communication- (for example about the internal communication 
within the teams, 2%), coordination- (for example the coordination of interfaces between 
two projects, 10%), health and safety- (for example safety for traffic during execution, 
6%), risk management- (for example the use of control measures to minimize risks, 2%) 
and financially-oriented (for example the supplier’s cost calculations, 7%). 
 
The audits for an average project were conducted by one (21%) or two auditors (66%). In 
the other cases they were with three (9%), four (3%), five, six, eight or 33 (together 1%) 
and these auditors originated from the Dutch Directorate-General for Public Works and 
Water Management in half of the cases or from one of the two consultants hired by the 
client for this job. Most of these auditors had a design background (41%) and the others 
were experienced in execution projects (32%) and contract development (24%). The 
average auditor’s age was 46 years and each handled approximately 155 audit questions 
during the whole project. The average auditor had 13 years experience in construction 
projects. Most auditors performed audits with more than one other auditor. This means 
there are interconnections between the auditors, as can be seen in Figure 7.2.1. This is a 
weighted network which means that the number of audits that the auditors performed 
together is represented by a number of undirected graphs, representing the forced mutual 
relation between the auditors. Every line from one auditor to another auditor represents a 
minimum of ten audit checks that were performed together. The thickness of the line 
represents the number of audits that were performed together – the thicker, the more 
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audits. As we can see in the centre of the network, there is a group of auditors that 
conducted many audits together. There are also a number of auditors that are more on the 
sides of the figure and only performed audits with one other auditor.  
 

 
Figure 7.2.1: The network of auditors. Every line between two auditors represents these 
auditors conducted at least ten audit questions together. 
 
For a more detailed representation of all variables, Appendix 2 represents all variables 
and their frequencies. 

7.3 Bivariate findings 

In this section we will show a number of bivariate analyses to find out to what extent the 
compliance or non-compliance of the supplier is related to the factors from the CSF 
framework and audit-related factors such as the auditors or audit type. These are analyses 
in which we simultaneously analyse two variables (an independent and the dependent 
variable) to see if the variables from the CSF framework and the audit related factors are 
related to the audit outcome. For these analyses we use a different database than we did 
until now. The database we used for section 7.2 is the complete database including all 
cases. For the bivariate analysis we eliminated all audit questions from the database that 
had an ‘informative’ or ‘not asked’ judgment. As we already explained in section 4.4, the 
‘informative’ judgment was given by the auditors as input for management consideration 
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if something did not seem to be in the best interest of the organization being audited or if 
the auditors noticed some exemplary or good practices. It is not entirely clear how these 
informative judgments play a role in this data, but we assume that the auditors only used 
this judgment for cases in which no proof could be found to base a negative or positive 
judgment on and that there is no strategy behind this. The ‘not asked’ judgment was only 
given if a prepared question could not be asked during the audit. Based on these 
considerations we decided to eliminate all 1,320 cases from the database. Along with that 
we eliminated 130 cases in which questions were asked for the second time. We 
eliminated these cases because these are more likely to have a positive outcome and 
therefore ‘pollute’ the outcome. We found these cases by searching in the raw data for 
second audits. These were not always clearly marked, but by searching for audit 
questions with ‘as a result of’, ‘re-audit’, ‘shortcoming’, ‘defect’, etcetera, we found 130 
cases. Combined with the 290 cases in which the judgment was missing this results in 
database with (5,659-290-1,320-130) 3,919 cases in which a compliance or non-
compliance judgment was given.  
 
We will start the analysis with the factors from the CSF framework. In section 7.3.1 the 
supplier related factors are discussed, in 7.3.2 the project related factors and in 7.3.3 the 
state variables. In section 7.3.4 we reveal the factors related to auditing. The tables that 
are represented in these sections have an equal outline: the factors that relate to the 
compliance or non-compliance are in the left column. The middle column represents the 
frequency in which this occurs (judged as compliant or non-compliant). The right column 
represents the percentage of negative evaluations. At the bottom of each table the chi 
square distribution and the significance of the differences (probability, p) are represented. 
P-values smaller than 0.05 imply that equality of the percentages across the rows is 
rejected.  
 
It should be noted that in these analyses we only show the differences between different 
variables. The reasons for these differences will be discussed in Chapter 8. 

7.3.1 Supplier-related factors from the CSF framework 

In total, there are 11 suppliers involved in the projects. Table 7.3.1.1 shows differences 
between these suppliers. Supplier 1 has a negative evaluation in more than a quarter of 
the cases, while there are other suppliers that have almost no negative evaluations. The 
table also shows that the frequency in which the suppliers have been evaluated during the 
project differs greatly. 
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Table 7.3.1.1: The proportions of negative evaluations by supplier3 

Supplier Freq. Proportion negative 
evaluations

1 168 27%

2 1,928 17%

3 45

4 428 24%

5 174 20%

6 26 15%

7 235 5%

8 101 15%

9 6

10 6 0%

11 173 6%

Total 3,290

Test of equal proportions: chi2(10) =  73.7876, p< 0.001

4%

0%

 
 
If we classify these suppliers into 4 types, namely electrical works suppliers (e.g. the 
design or execution of public lighting and signalling systems), environmental works 
suppliers (design or execution of acoustic barriers), structural works suppliers (e.g. 
design or execution of bridges and tunnels) and road works suppliers (design and 
execution of roads), we see that the supplier type is related to the proportion of negative 
evaluations. As we can see in table 7.3.1.2 the percentage of negative evaluations of road 
works suppliers is high compared to the other suppliers.  
 
Table 7.3.1.2: The proportion of negative evaluations by supplier type 

Supplier type Freq. Proportion negative 
evaluations

Electrical works supplier 173 6%

Environmental works supplier 45 4%

Structural works supplier 336 8%

Road works supplier 2,736 19%

Total 3,290

Test of equal proportions: chi2(3) =  43.0219, p< 0.001  

                                                 
3 The total number of observations in this table is 3,289. In the 3,919 cases in the database, there are 630 
cases in which no project has been registered (missing) in the database.  
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7.3.2 Project-related factors from the CSF framework 

There are five project types in the database. As table 7.3.2.1 shows the general works 
(management tasks to support all other projects such as overall quality management) are 
audited the most by the client. This is not strange because the monitoring system is aimed 
at the supplier’s quality management. Along with that, we see that audits held in road 
construction projects are evaluated negatively more often compared to the other project 
types.  
 
Table 7.3.2.1: The proportion of negative evaluations by project type 

Project type Freq. Proportion negative 
evaluations

General works 1,811 17%

Electrical works 173 6%

Road works 685 24%

Environmental works 76 5%

Structural works 545 12%

Total 3,290

Test of equal proportions: chi2(4) =  54.0837, p< 0.001  
 
Of the 44 subprojects, four contain new responsibilities for the suppliers. This means that 
these tasks in other projects are normally done by other parties. These projects are project 
10 (Permits), project 12 (Archaeological findings), project 14 (quality assurance) and 
project 54 (upkeep of all subsystems). In traditional contracts the responsibility of these 
tasks is with client. As table 7.3.2.2 shows, the proportion of negative evaluations in 
these ‘new’ projects is higher than for the other projects. Compared to the overall 
proportion of negative evaluations for all projects, which is 16%, this percentage is still 
substantially higher (p<0.001).  
 
Table 7.3.2.2: The proportion of negative evaluations for new and common 
responsibilities for the supplier 
Project new or common 
responsibility for supplier Freq. Proportion negative 

evaluations
Common 2,948 14%

New 342 36%

Total 3,290

Test of equal proportions: chi2(1) = 96.8412, p< 0.001  
 
There are two contract amendment variables in the database. The first indicates whether 
an amendment occurs or not. If there is an amendment in the project, a second variable 
describes the moment it occurs. Table 7.3.2.3 shows that the existence of a contract 
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amendment in a project is related to the proportion of negative evaluations during the 
whole project. In this table we see the projects that are audited between 2006 and 2009. 
The contract amendment that is taken into account here is the acceleration of projects to 
advance the completion of the work. This contract amendment has been signed in May 
2008.  
 
Table 7.3.2.3: The proportion of negative evaluations for projects in which a contract 
amendment occurred or not 

Contract amendment in project Freq. Proportion negative 
evaluations

no 1,807 14%

yes 1,483 21%

Total 3,290

Test of equal proportions: chi2(1) =  29.2159 p< 0.001  
 
Table 7.3.2.4 incorporates the second contract amendment variable: the proportion of 
negative evaluations after the signing of the contract amendment in May 2008 (in 
projects in which the contract amendment occurred). Here we see that the audit 
evaluations after the contract amendment has taken effect are less negative compared to 
other evaluations (p.  
 
Table 7.3.2.4: The proportion of negative evaluations for projects before and after a 
contract amendment occurred 
Evaluations before and after 
contract amendment Freq. Proportion negative 

evaluations
before 638 32%

after 845 12%

Total 1,483

Test of equal proportions: chi2(1) =  90.4849, p< 0.001  

7.3.3 State variables from the CSF framework 

As can be seen in section 6.4.4 all audit questions have been classified into eight 
categories representing the suppliers’ state variables. This means for example that an 
audit question concerning the design method for a bridge refers to the technical 
capabilities of the supplier. Table 7.3.3.1 shows the scores of all suppliers on their state 
variables. As can be seen the safety management capabilities lag behind compared to the 
other capabilities and the financial capabilities have a low percentage of negative 
evaluations. 
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Table 7.3.3.1: The proportion of negative evaluations by state variable 
State variables (contractor 
capabilities) Freq. Proportion negative 

evaluations
Communication 69 17%

Coordination 381 16%

Financial 330 6%

Planning 541 19%

Quality Management 642 22%

Risk Management 73 14%

Safety 203 41%

Technical 1,679 14%

Total 3,918

Test of equal proportions: chi2(7) = 135.1265, p< 0.001  

7.3.4 Audit-related factors 

In this section all factors related to the process of auditing will be analysed bivariately 
with the audit outcome. We will zoom in on the relation of the proportion of negative 
evaluations with the audit types, the time and the auditors.  
 
Table 7.3.4.1 reveals the way the choice for a certain audit type is related to the 
proportion of negative evaluations. As can be seen, a document audit is evaluated 
positively in more cases than the process and system audits. 
 
Table 7.3.4.1: The proportion of negative evaluations by audit type 

Audit type Freq. Proportion negative 
evaluations

Document audit 2,266 13%

Process audit 1,340 22%

System audit 313 27%

Total 3,919

Test of equal proportions: chi2(3) =  73.9584, p< 0.001  
 
The moment on which the supplier’s work is evaluated is also related to the proportion of 
negative evaluations. As can be seen in table 7.3.4.2, over time the percentage of 
negative evaluations decreases. The proportion decreases from 52% in 2006 to 6% in 
2009. 
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Table 7.3.4.2: The proportion of negative evaluations by year 

Year Freq. Proportion negative 
evaluations

2006 153 52%

2007 1,200 29%

2008 1,473 11%

2009 1,093 6%

Total 3,919

Test of equal proportions: chi2(3) = 394.2681, p< 0.001  
A scatter diagram with the proportion of negative evaluations by month exposes the same 
trend in more detail, see figure 7.3.4.1. Table 7.3.4.3 also shows the decreasing 
proportion of negative evaluations. In addition to figure 7.3.4.1 we can also see the 
frequencies in which the auditors evaluated in each of the months. 
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Figure 7.3.4.1: Proportion of negative evaluations by month 
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Table 7.3.4.3: The proportion of negative evaluations by month 

Month Freq.
Proportion 

negative 
evaluations

Month - 
continuation Freq.

Proportion 
negative 

evaluations
Oct-06 37 51% Apr-08 167 16%

Nov-06 59 59% May-08 169 11%

Dec-06 57 46% Jun-08 91 5%

Jan-07 46 35% Jul-08 151 21%

Feb-07 52 33% Aug-08 43 21%

Mar-07 79 24% Sep-08 120 1%

Apr-07 77 31% Oct-08 112 4%

May-07 112 27% Nov-08 166 6%

Jun-07 138 36% Dec-08 58 0%

Jul-07 129 32% Jan-09 86 2%

Aug-07 146 43% Feb-09 158 3%

Sep-07 72 35% Mar-09 102 13%

Oct-07 100 26% Apr-09 84 6%

Nov-07 166 15% May-09 138 1%

Dec-07 83 16% Jun-09 149 3%

Jan-08 210 11% Jul-09 171 7%

Feb-08 111 20% Aug-09 100 12%

Mar-08 75 20% Sep-09 105 10%

Total 3,919

Test of equal proportions: chi2(35) = 523.3234, p< 0.001  
 
If we look to the different months and bundle all audits conducted in March, April, 
etcetera, we see that there are some differences between these months. Table 7.3.4.4 
shows that August has the highest proportion of negative evaluations during the three 
years of auditing: 29%. January, May and September are the lowest with 12%.  
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Table 7.3.4.4: The proportion of negative evaluations by month of the year 

Month of the year Freq. Proportion negative 
evaluations

January 342 12%

February 321 13%

March 256 18%

April 328 16%

May 419 12%

June 378 15%

July 451 19%

August 289 29%

September 297 12%

October 249 20%

November 391 18%

December 198 20%

Total 3,919

Test of equal proportions: chi2(11) =  56.3064, p< 0.001  
 
If we take the 70 different auditors into account, we find that the proportion of negative 
evaluations varies with the auditor’s company. In table 7.3.4.5 we see that if the majority 
of an audit team (a team of 1 to 4 auditors that together perform an audit) is employed by 
company 1, the proportion of negative evaluations is higher compared to the other 
companies. However, this bivariate analysis is just a first impression of the data and does 
not tell us what the reasons are for this representation. In a later stage of the research it 
will appear that this negative score will be explained by the fact that the auditors 
employed by company 1 did most of their audits at the beginning of the projects. This 
will be further elaborated on in chapter 8. 
 
Table 7.3.4.5: The proportion of negative evaluations by auditor’s company 

Majority of auditors work for Freq. Proportion negative 
evaluations

No majority 1,407 18%

Company 1 809 22%

Company 2 173 5%

Company 3 1,125 13%

Company 4 57 2%

Total 3,571

Test of equal proportions: chi2(4) =  60.3798, p< 0.001  
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Also, the background of the auditors is related to the audit outcome. In table 7.3.4.6 we 
see that there is a big difference between the proportions of negative evaluations between 
the four backgrounds of the auditors. Like with the auditors’ company this represents the 
background of the majority of the audit team. The design auditors and the miscellaneous 
group (for example financial controllers who did certain audits) score 20%. This is in 
contrast with the execution auditors and the program auditors who score 10% and 6%.  
 
Table 7.3.4.6: The proportion of negative evaluations by auditor’s background 
Majority of auditors have 
background Freq. Proportion negative 

evaluations
No majority 1,785 17%

Design 1,038 20%

Execution 394 10%

Miscellaneous 130 20%

Program 224 6%

Total 3,571

Test of equal proportions: chi2(4) =  41.9411, p< 0.001  
 
The last analysis we show here is the number of auditors involved in an audit team versus 
the proportion of negative evaluations. Table 7.3.4.7 shows the difference between the 
different numbers of auditors and indicates that audits performed by two or three auditors 
are more often evaluated negatively than audits performed by one or four auditors. 
Audits conducted by more than four auditors have a small frequency. 
 
Table 7.3.4.7: The proportion of negative evaluations by number of auditors in the audit 
team 
Number of auditors conducting 
the audit Freq. Proportion negative 

evaluations
1 867 10%

2 2,592 19%

3 301 16%

4 86

5 8 63%

8 23 57%

33 3 0%

Total 3,880

Test of equal proportions: chi2(4) = 82.9282, p< 0.001

5%
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7.4 Summary 

In this chapter we revealed the contents of the database and the bivariate analyses to see 
if and to what extent supplier compliance or non-compliance is related to certain factors. 
These were the supplier-related factors, project-related factors, external factors, and state 
variables that were presented in the theoretical framework of Critical Success Factors, 
and the audit-related factors in Chapter 5. The analyses indicate that the type of supplier, 
the type of project, the novelty of project responsibility, the financial capabilities and the 
safety capabilities are linked to supplier compliance. A number of other factors could not 
be measured properly in this research, or they did not show any differences in the 
proportion of negative evaluations. Figure 7.4.1 shows these findings in the theoretical 
framework. 

Quality Management capabilities
Communication capabilities

Technical capabilities
Planning capabilities

Financial capabilities
Safety capabilities

Coordination capabilities
Risk Management capabilities

Supplier’s performance 
(compliance with the 

requirements)

Project-related factors

Output variablesInput variables & State variables

External factors

Complexity
Size

Time span
Time pressure
Project type
Project phase

Flexibility of scope
Procurement related factors

New or common responsibility

Traffic density during execution 
Problems with authorities 

Company size
Company type

Company’s experience / track record
Tendering process

State variables

Supplier-related factors

 
Figure 7.4.1: The factors from the CSF framework that are either related or not to the 
compliance of the supplier 
 
After the factors from the CSF framework, we concentrated on the audit-related factors 
to find the key characteristics of this audit-based monitoring system. Here we found that 
the proportion of negative evaluations varies according to the type of audit and the 
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auditors that conducted the audits (company and background). The number of auditors 
conducting an audit together is also related to the audit outcome. Another finding is the 
difference between the months in which the audits are conducted: the analysis shows that 
the proportion of negative evaluations varies by month. The last finding is that the 
percentage of negative evaluations decreases over time.  
 
A number of the differences established in this chapter are interesting, for example the 
differences among the supplier companies and the differences between the auditors. 
However, these are only bivariate analyses comparing one independent variable with the 
dependent variable, and therefore they only give a first impression of the data. The 
results do not give us a detailed insight into the data because the possible influence of 
other variables is not considered. Multivariate analyses are performed in Chapter 8 in 
order to refine these results. 
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8. EXPLANATORY ANALYSIS 

8.1 Introduction 

The bivariate analyses showed that the audit outcomes vary with several factors from the 
CSF framework and factors related to the audit system. For example, we saw that the 
road construction suppliers had a higher proportion of negative evaluations than the 
structural works supplier, the electrical suppliers and the environmental works suppliers 
(see Table 7.3.1.2). We are not sure whether this occurred because the road suppliers 
perform worse than the other suppliers simply because road construction is inherently 
more difficult, or whether there are still other reasons for this effect. In this chapter we 
attempt to gain a deeper understanding of all the bivariate findings presented in Chapter 
7, which we do by conducting multivariate analyses to test explanations in our data.  
 
We start by discussing our general approach to the issue (section 8.2). In our analysis in 
section 8.2 we added all the variables from our database which we thought might 
influence the audit outcome, based on our theoretical model from Chapter 5 and the 
audit-related factors. In the results table (Table 8.2.1) we see the net effect of, for 
example, the road construction suppliers on the audit outcome, controlling for all other 
variables. If the effect that we observed in the bivariate analyses still persists in this full 
model, we could conclude that none of the possible explanations we thought of for the 
high proportion of negative evaluations, count. If, for example, the effect of the road 
construction suppliers was significant (p<0.05), it would mean that no explanation could 
be found in the fact that road construction is inherently more difficult. Neither would 
other explanations apply. In other words, in that case the reason why road construction 
suppliers get more negative evaluations can have nothing to do with any of the variables 
incorporated in the model. If the effect of the road construction suppliers were to 
disappear in the full model, then apparently there are variables in our model that are 
related to why the road construction suppliers perform worse. In such cases, we attempt 
to find an explanation by performing stepwise logistic regression (see section 8.3). 
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The database we used for these analyses is somewhat different from the database we used 
for the bivariate analyses. We eliminated cases that appeared atypical: the first group are 
the cases in which more than four auditors are involved (50 audit questions, <1%). We 
also eliminated cases in which 33 projects are audited at the same time (69 audit 
questions). Because of an overlap between these cases, we eliminated a total of 107 cases 
leaving us with a database of (3,919-107) 3,812 cases. 

8.2 The logistic regression model 

The research questions of this research are aimed at finding factors that are related to the 
audit outcomes in the audit-based quality monitoring system which is used in the 
Netherlands. In order to give an answer to these research questions, logistic regressions 
have been performed.  
 
The dependent variable in this logistic regression is the audit outcome (compliance or 
non-compliance). As one can expect, the audit outcomes are nested within audits, which 
causes that the separate outcomes cannot be treated as independent findings. We correct 
for “clustering” at the audit level using Huber’s robust regression method (Huber 1973), 
which adapts the standard errors of the coefficients appropriately. Several other levels of 
nesting can be discerned: outcomes are nested within audits, and audits are nested within 
projects, or, one could argue that it would be better to consider the outcomes nested 
within (groups of) auditors. These other ways of correcting for possible dependences 
were tried separately, but showed no strong signs of interdependence. Hence, we only 
cluster at the audit level in all logistic regression analyses.4 
 
Appendix 1 lists all independent variables that are in the database. However, we could 
not incorporate all variables in our analyses. Several explanatory variables were highly 
correlated with others. Including variables that are highly correlated (“multicollinearity”) 
would lead to poor estimates of the net effects of these variables. When this happened, 
we chose to disregard one of the two variables from the analysis (which makes sense 
given that both variables apparently measure more or less the same anyhow). 
 
The following variables have been left out of the model:5  

• Complexity: high negative correlation (-0.92) with general projects. 
• Problems with authorities: high negative correlation (-0.82) with management 

projects 
• Time pressure: high negative correlation (-0.87) with general projects 
• Traffic pressure: high correlation with execution projects (0.87) 

                                                 
4 Estimating the empty model shows that 76% of the variance resides on the audit level 
5 Appendix 3 shows the correlation matrix 
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• Project time span: high correlation with management projects (0.83) and general 
projects (0.88) 

• Electrical works suppliers: high correlation with electrical works projects (1.00) 
• Environmental suppliers: high correlation with environmental projects (0.87) 
• Structural works suppliers: high correlation with structural works projects (0.75) 
• Auditor’s age: high correlation with auditor’s traditional experience (0.78) 
• Experience in a project: high correlation with the number of months since the 

start of the whole project (0.72). 
 
Leaving out these variables implies we cannot say anything about their separate effects 
on the audit outcome. Because the variables that are strongly correlated measure more or 
less the same, we are not able to distinguish between for example “traffic pressure” and 
“execution projects”. Because there is a high correlation between these two (0.87), we 
cannot tell whether potential effects are caused by the fact that there is a certain level of 
traffic pressure or by the fact that it is an execution project. Therefore we include only 
one of the variables per set of two that have high correlations in our analyses. 
 
All analyses have been checked too for cases that might have a (too) strong effect on the 
outcomes of the analyses (“outliers”). No severe outliers were detected, that is: running 
our analyses with and without the outliers did not affect the results substantially. 
 
Table 8.2.1 shows four logistic regressions models. The first model is the full model 
including all variables. The other three models are a model with the strongest predictors 
from the full model (p<0.2), a forward stepwise regression model and a backward 
stepwise regression model (both need not lead to the same choice of strongest 
predictors). As can be seen in the full model, we excluded six variables from our 
analyses. These are variables that we thought could influence the proportion of negative 
evaluations because they were addressed in the literature or by the expert interviews (see 
chapter 5). However, in both the bivariate analyses and in the logistic models including 
all other variables, we did not find any effect of these variables that approached statistical 
significance. The first hypothesis we tested and rejected with our data was the fact that 
larger companies (measured by the number of employees) would have a better quality 
management system and therefore less negative evaluations. Another idea was that if a 
project is concerned with planning and preparation tasks, there are less negative 
evaluations (for instance because this is a common task for the suppliers). From our 
research, however, we could conclude that this is not the case. We could not validate the 
fact that environmental works or electrical works would be any different from other 
project types. The last two hypotheses we could reject were that auditors from company 3 
or 4 would be more or less likely to give positive evaluations. To summarize, we 
excluded six variables i) the number of employees from the supplier, ii) planning and 
preparation projects, iii) electrical works projects, iv) environmental works projects, v) 
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the majority of auditors in the audit team are employed by company 3 and vi) the 
majority of auditors employed by company 4.  
 
We now start with an explanation of the different logistic models in table 8.2.1. After that 
we discuss the differences between the bivariate analyses and the logistic models in more 
detail (section 8.3).  
 
In the next paragraphs we only focus on table 8.2.1. In the first column the variables that 
we included in the analyses are listed. The other columns show the coefficient (coef.) and 
the significance (sign.) expresses the p-value (probability). The size of the coefficient for 
each independent variable gives us the size of the effect that the variable has on the 
dependent variable, and the sign on the coefficient (positive or negative) gives us the 
direction of the effect. The coefficient also tells us how much the (latent) dependent 
variable is expected to increase when that independent variable increases by one, holding 
all the other independent variables constant (usually evaluated at their mean). The p-
value gives us the level at which the hypothesis that the focal coefficient equals zero, is 
rejected. These coefficients and p-values (sign.) are given for four separate logistic 
regressions. The first one is the full model in which all variables are included. In this full 
model we notice that many of our bivariate findings do not have a significant effect on 
the audit outcome. Other effects remained. Note that when a significant bivariate effect 
remains statistically significant (and of roughly the same size) in the multiple logistic 
regression, possible explanations for the bivariate effect that are based on other variables 
in the data, do not hold. If these explanations would have been valid, the bivariate effect 
would have disappeared or at least would have diminished in size substantially. On the 
other hand, when an effect that was significant in the bivariate analyses disappears in the 
full model, apparently other variables in the data moderate the effect which can help us 
understand the reason why the bivariate effect existed in the first place. In the next 
paragraphs we briefly mention the effects that we see in the logistic models. In section 
8.3 we explain in detail what it means and what we learn from it.  
 
We now consider the results from the full model in table 8.2.1. In this full model we see 
that there are eight variables that significantly increase the likelihood of a negative 
evaluation and two that decrease it. Projects that are a new responsibility for the supplier 
are more likely to get a negative evaluation than common projects (coef. = 1.69, p<0.01). 
Road works projects also have a higher proportion of negative evaluations compared to 
the structural works, general works, electrical works and environmental works (coef. = 
1.24, p=0.01).  



81 

Table 8.2.1: The logistic regression containing i) the full model in which all variables 
are included, ii) a model in which only the variables that have a p<0.2 in the full model 
and iii) & iv) two models representing a forward and a backward stepwise logistic 
regression analysis aimed at p<0.2. The deleted variables represent that these were not 
included in these analyses because no effect was found in any of the previous analyses 
that approached statistical significance. 

Variables

Audit outcome (compliance or non-compliance) Coef. Sign. Coef. Sign. Coef. Sign. Coef. Sign.

Supplier-related factors
Road works company -0.67 0.33
Supplier's experience 1.02 0.15 1.17 0.03 0.69 0.01 0.77 0.00
Number of employees of the supplier

Project-related factors
Value of the project (€) 0.00 0.06 0.00 0.20 0.00 0.14
Project new or common responsibility for supplier 1.69 0.00 1.57 0.00 1.43 0.00 1.42 0.00
Design project task -0.78 0.22
Execution project task -0.17 0.77
Road works project 1.24 0.01 0.47 0.16 0.64 0.00 0.50 0.02
Structural works project 0.59 0.30 0.28 0.26 0.34 0.18
Contract amendment project 1.02 0.05 1.06 0.00 0.61 0.00 0.50 0.02
Contract amendment signed in project 0.25 0.57 0.48 0.02 0.48 0.02
Planning & preparation project task
Electrical works project
Environmental works project

State variables (supplier capabilities)
Communication capabilities 0.56 0.38
Coordination capabilities 0.03 0.91 -0.34 0.10 -0.40 0.05
Financial capabilities -1.09 0.17 -1.41 0.05 -1.12 0.04
Planning capabilities 0.40 0.31 0.57 0.01 0.35 0.14
Quality Management capabilities 1.02 0.00 0.89 0.00 0.59 0.00 0.52 0.01
Risk Management capabilities 0.79 0.18 0.74 0.19
Safety capabilities 0.81 0.02 0.69 0.03 0.70 0.00 0.73 0.00

Audit-related factors
2 auditors in team 0.55 0.25 0.55 0.02
3 auditors in team 0.23 0.72 0.73 0.02
4 auditors in team -0.82 0.55 -0.87 0.17
years of traditional experience in audit team 0.03 0.13 0.02 0.20 0.02 0.03 0.02 0.03
years of integrated experience in audit team -0.02 0.79 -0.08 0.05
majority of audit team employed by company 1 0.31 0.40 0.24 0.15
majority of audit team employed by company 2 0.23 0.77
majority of audit team employed by company 3
majority of audit team employed by company 4
majority of audit team design background 0.85 0.01 0.79 0.01 0.48 0.00 0.59 0.00
majority of audit team execution background -0.81 0.10 -0.86 0.07 -0.42 0.08 -0.57 0.03
majority of audit team miscellaneous background 1.50 0.16 1.78 0.05 1.55 0.01
majority of audit team program background -0.99 0.17 -1.01 0.14 -0.70 0.05 -0.56 0.13
centrality of the audit team in the auditors' network -0.11 0.69
number of audits already performed by audit team -0.03 0.03 -0.03 0.00 -0.03 0.00 -0.04 0.00
Audits held in March 0.84 0.06 0.86 0.05 0.67 0.00 0.75 0.00
Audits held in August 1.06 0.01 0.98 0.01 0.82 0.00 0.75 0.00
Months since January 2006 -0.11 0.00 -0.10 0.00 -0.10 0.00 -0.08 0.00
Process Audits 0.69 0.03 0.90 0.00 0.46 0.00 0.35 0.02
System Audits 0.77 0.11 0.90 0.05 0.61 0.01 0.52 0.03
Number of audit questions per audit -0.04 0.08 -0.03 0.23 -0.03 0.01 -0.03 0.01
_cons -3.81 0.36 -5.64 0.02 -2.81 0.02 -3.86 0.00

Full model Variables with a p<.2 
from the full model

forward stepwise 
logistc regression

backward stepwise 
logistic regression

 
 
If a contract amendment occurs on a certain moment in a project, the audits that are 
performed are more likely to have a negative evaluation (coef. = 1.02, p=0.05). If an 



audit questions is related to the Quality Management capabilities or safety capabilities of 
the suppliers, the probability of a negative evaluation is higher than for the other 
capabilities (QM: coef. = 1.02, p<0.01 ; safety: coef. = 0.81, p=0.02). 
Audit teams in which the majority of the auditors have a design background have a 
higher probability to give negative evaluations compared to execution, miscellaneous or 
program teams (coef. = 0.85, p=0.01) and audits held in August are also more likely to be 
evaluated as non-compliant (coef. = 1.06, p=0.01). If an audit is process-related the 
likelihood of being non-compliant is higher than for system or document audits (coef. = 
0,69, p=0.03). If the individuals in the audit team have already performed many audits, 
there is a smaller probability to get a negative evaluation compared to less experienced 
audit teams (coef. = -0.03, p=0.03). Another factor that decreases the probability of a 
negative evaluation is the time: the more months that have passed after the start of the 
project in 2006, the more extensive the likelihood of a positive evaluation (coef. = -0.11, 
p<0.01).  
 
Along with that, there are some factors that are close to the 5% probability limit in the 
full model in table 8.2.1. We could say that the higher the value of a project in Euros, the 
greater the likelihood of a positive evaluation (coef. = -0.0498 per million, p=0.06). 
Audits in March, just like the audits in August, have a higher probability of being 
evaluated as non-compliant compared to the other months (coef. = 0.84, p=0.06) and the 
more question the auditors ask during an audit, the higher the probability for a positive 
evaluation (coef. = -0.04, p=0.08).  
 
Next, we consider the extent to which we find differences across the four logistic models 
in table 8.2.1. In the first column we see the full logistic model including all variables. In 
the second column a logistic model including only the strongest predictors from the full 
model (p<0.2) can be seen. In the third and fourth column we see a forward stepwise 
regression model and a backward stepwise regression model (both need not lead to the 
same choice of strongest predictors). These last three columns have been added because 
as the full model shows there are variables that are not significant and therefore cause 
noise in that logistic model. To keep that noise at a minimum, we only added the 
strongest predictors to the last three columns. For most of the variables the comparison 
between the four columns does not show substantial differences: variables that were 
significant remain significant and variables that were not significant do not become 
significant. However, there are exceptions to that rule. In this paragraph we discuss these 
exceptions. The first variable that we notice then is the supplier’s experience. Here we 
see that it is not significant in the full model and significant in the last three columns. In 
this case we take the combination of the four columns as an indication for the fact that 
the supplier’s experience has an influence on the audit outcomes. Exactly the same 
argument goes for the system audits and therefore we conclude that there is an indication 
that this has an influence on the audit outcome. To conclude we see that both the 
supplier’s experience and the system audits become significant in the last three columns 
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in table 8.2.1 and the coefficient does not decreases drastically. Therefore, we treat these 
two variables as if the data confirms an effect on the audit outcome, although they are not 
significant in the full model.  
 
There are eight variables that we consider as inconclusive because although the 
combination of the four logistic models does give a hint of an effect, this hint is not 
strong enough to consider it as an actual effect. These variables are i) contract 
amendments signed in a project, ii) financial capabilities, iii) planning capabilities, iv) 2 
auditors in a team, v) 3 auditors in a team, vi) years of traditional experience in a audit 
team, vii) majority of the audit team have an execution background and viii) the majority 
of the audit team have a miscellaneous background. Because of this we will treat these 
variables as if they do not have an effect on the audit outcome. 
 
If we look at the full model in table 8.2.1 (first column) we see that there are variables 
that are not even close to significant and of which the other three columns also do not 
indicate significance. Of these variables we conclude that they do not have any effect on 
the audit outcome. These are i) road works companies (coef. = -0.67, p=0.33), ii) design 
project tasks (coef. = -0.78, p=0.22), iii) execution project tasks (coef. = -0.17, p=0.77), 
iv) structural works projects (coef. = 0.59, p=0.30), v) communication capabilities (coef. 
= 0.56, p=0.38), vi) coordination capabilities (coef. = 0.03, p=0.91), vii) risk 
management capabilities (coef. = 0.79, p=0.18), viii) 4 auditors in a team (coef. = -0.82, 
p=0.55), ix) years of integrated experience (coef. = 0.02, p=0.79), x) majority of auditors 
employed by company 1 (coef. = 0.31, p=0.40), xi) majority of auditors employed by 
company 2 (coef. = 0.23, p=0.77), xii) majority of auditors have a program background 
(coef. = -0.99, p=0.17), xiii) centrality of the auditors in the auditors’ network (coef. = -
0.11, p=0.69). In section 8.3 we discuss these variables in more detail.  

8.3 Making sense of the data 

Until now we only looked at the logistic models in table 8.2.1. We now turn to the 
bivariate findings from chapter 7 and use (series of) multivariate analyses to see if we can 
find explanations for the effects that we saw in the logistic models. The effects will be 
discussed in the same order as before, following the CSF framework starting with the 
supplier related factors (8.3.1), the project related factors (8.3.2) and the state variables 
(8.3.3). Subsequently the audit-related factors will be elaborated on in section 8.3.4.  
 
For all these sections we use the same strategy to find the explanations. We can roughly 
distinguish two eventualities that need attention:  
i) A variable shows a significant effect on the audit outcome in the bivariate 

analyses, but looses that significance if we add variables to the analysis. 
ii) A variable does not show a significant effect on the audit outcome in the bivariate 

analyses, but becomes significant if we add more variables to the analysis.  
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If the first event (i) occurs, this implies that it is not the variable itself that is responsible 
for the relatively high proportion of negative or positive evaluations, but instead other 
variables that we also measured in our database are responsible. When this happens we 
considered possible explanations and test these one by one. If we for example see that the 
road works suppliers have a significantly higher proportion of negative evaluations, but 
in the logistic model this effect disappeared, we could argue that this is related to the fact 
that road works projects are generally more difficult and therefore responsible for the 
high proportion of negative evaluations. In that case we add the road works projects to 
the logistic model to test that hypothesis. If the second event (ii) occurs, this means that 
there is no direct effect of that variable on the audit outcome (there is no bivariate effect, 
that is). There is however an indirect effect: part of the effect of the first variable goes via 
another variable. If this event occurs, we try to think of the possible explanations for that 
indirect effect and test these explanations one by one to see which of these explanations 
could be right. We, for example, found that the auditors with a miscellaneous background 
do not have a higher or lower proportion of negative evaluations compared to the other 
audit team backgrounds. But if we look at the audit types that these audit teams usually 
perform (financial audits), a lower proportion of negative evaluations would have been 
expected. Then we could speak of an indirect effect and we would see that the p-value of 
the audit teams with a miscellaneous background could become <0.05 if we would take 
financial audits into account in the analysis.  

8.3.1 Supplier-related factors from the CSF framework 

As we saw, chapter 5 indicated that four supplier-related factors could have an effect on 
the audit outcome. These were the company size (number of employees), the company 
type, the company’s experience and the tendering process. As we saw in the bivariate 
analyses all suppliers were procured in the same way and therefore no distinguishing 
label could be added. In section 8.2 we also showed that we could not make a difference 
between the companies’ sizes and the number of employees from the companies was 
therefore also not taken into account in these analyses. This means that our data allow us 
only to test whether or not it makes a difference which company type performs a certain 
task, and whether it makes a difference how experienced a company is. The reader 
should notice that in section 8.3 we go more deeply into the relatively implicit 
hypotheses from chapter 5 and test these with our data. In chapter 5 we for example 
hypothesized that there is a difference between the different supplier types. In this section 
we look at these differences in detail. 
 
We start with the company type: in chapter 7 we saw that road construction works 
companies had a higher proportion of negative evaluations compared to the other 
company types (19% versus 4, 6 and 8% for respectively environmental works 
companies, electrical works companies and structural works companies). Our first idea is 
that road construction projects have specific characteristics causing the negative 
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evaluations. Another idea - one that emerged from field interviews - is that road 
construction works companies would perform worse than other companies because of 
their relatively simple type of work. A tunnel for example is more complex than a road. 
Therefore, in the past, there was less need for quality management systems and quality 
control in road construction projects compared to the other project types. Or, in line with 
the latter, practitioners argue that road construction works companies typically perform 
worse on their design tasks. As we mentioned before, all construction companies have 
mainly worked in traditional contracts in the past. In these projects the specifications 
were very detailed and the suppliers only had to follow the specs. Because of the 
relatively simple road construction works, these companies could start executing without 
the help of engineers, designers, structural designers, etcetera. One could imagine that for 
the construction of a bridge more help of these types of people was needed and more of 
them were hired and had their influence on the company over the years. This lack of 
confrontation with engineering and design skills might lead to a worse performance on 
the design tasks in a design-Build project. So we considered three possible explanations 
for the high proportion of negative evaluations of road construction works companies: i) 
road construction works have certain characteristics that differ from the other projects ii) 
road construction companies have less quality management skills or iii) they have less 
design skills. 
 
To test the first hypothesis, we compared a bivariate analysis of the road construction 
works companies on the audit outcome (coef. = 0.74, p=0.08) with an analysis that 
includes road works projects as an extra independent variable (coef. of road construction 
works companies = 0.49, p=0.25). This analysis points out that we can accept this 
hypothesis. Therefore we can conclude that the characteristics of road construction 
projects have more influence on the audit outcome than the road construction companies 
and these projects must have some characteristics that are related to the audit outcome.  
 
To test the second hypothesis, we looked for the effect of the management projects on the 
proportion of negative evaluations of the road construction works suppliers. The first we 
saw is that all management projects were performed by road construction companies in 
our data. We need a comparison of the performance on management project tasks 
between the different companies to be able to test this hypothesis. Since these projects 
are all performed by the road construction companies this comparison could not be made 
and therefore this hypothesis can not be accepted nor rejected with our data. To accept 
the third hypothesis, we must be able to find a worse score for the road construction 
works companies on design tasks. Therefore we performed an analysis in which we 
focused on the road works suppliers and the task types they conduct to see if we could 
find a difference. In table 8.3.1.1 this analysis is shown. If we look at the execution, 
planning & preparation and management tasks, we see that the road works suppliers do 
not score worse (coef. = 0.13, p=0.79). The design tasks however, show a significantly 
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worse score (coef. = 2.62, p=0.01). This supports our third hypothesis regarding the 
design skills of the road construction companies. 
 
Table 8.3.1.1: The logistic model of road works construction companies for all task types 
except design (execution, planning and management) and the logistic model of road 
works construction companies for design only 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

Road works company 0.13 0.79 2.62 0.01

_cons -2.97 0.00 -7.56 0.00

Logistic model of road works 
suppliers including execution, 

planning and management tasks

Logistic model of road works 
suppliers including only design 

tasks

 
 
As we saw in section 8.2, there is an indication that the more experience a supplier has, 
the higher the proportion of negative evaluations (backward stepwise regression model: 
coef. = 0.77 , p<0.001). This is a strange effect, because it is widely accepted that if 
companies are more experienced in a certain task, their performance becomes better. On 
the other hand, this could also confirm the hypothesis that experienced companies think 
that they do not need to use quality management systems to complete a certain task 
successfully. If we look at the bivariate analysis of the supplier’s experience and the 
proportion of negative evaluations, we see that there is no reason to believe that more 
experienced suppliers score worse (coef. = -0.31, p=0.574). This indicates an indirect 
effect: the effect of supplier’s experience on the audit outcome goes through another 
variable. This means that there must be factors that are correlated to the supplier’s 
experience that cause the effect that we see in table 8.2.1. Unfortunately, a further search 
for these variables in our database does not bring any results. 

8.3.2 Project-related factors from the CSF framework 

In section 8.2.1 we showed that there are five factors that seem to have an effect on the 
audit outcome. These are the i) road construction projects, ii) projects that are a new 
responsibility for the suppliers, iii) projects in which contract amendments occur, iv) 
projects in which a contract amendment has been signed and v) the value of a project. In 
this section these five effects will be discussed in detail. 
 
Table 7.3.2.1 indicated a high proportion of negative evaluations for road construction 
projects: 24% versus 5% - 17% for the other project types (management, electrical 
works, environmental works, and structural works). There are some possible explanations 
for this difference. The first one is linked to the findings from section 8.3.1: the road 
works projects are executed by the road construction work companies and these 
companies have relatively many problems with their design tasks. The second possible 
explanation is concerned with the contract amendments in the road projects. As we saw 
in section 7.3.2 the contract amendment that was taken into account in this research was 
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one in which the date of the completion of the total project was moved forward meaning 
that many projects had to be accelerated to finish on time. This contract amendment had 
huge impact on the road construction projects because the settlement calculations had to 
be redone and additional measures had to be taken to accelerate the settlement. It is 
imaginable that this could have caused more non-compliant audit evaluations. The third 
possible explanation that we have is that in the road construction works there is more 
focus on safety issues than in the other project types because many of the road works are 
done while parts of the road are blocked for traffic and other parts are not. This could 
lead to safety risks.  
 
If we look at the first hypothesis, we see that the road construction work companies have 
more problems with their design tasks and therefore there are more negative evaluations 
in audits concerning the design tasks of road construction projects. This supports our first 
hypothesis regarding the design tasks of the road construction works companies. The 
second hypothesis is that contract amendments in road construction projects are related to 
a higher proportion of negative evaluations. We can test this by performing an analysis 
with the road projects and the contract amendment variable. If we do this we see that if 
contract amendments occur in road construction projects, the proportion of negative 
evaluations indeed increases. Table 8.3.2.1 shows this effect. Therefore we could say that 
that a part of the negative evaluations in road construction projects are affected by the 
fact that in these projects a contract amendment occurred.  
 
Table 8.3.2.1: The logistic model of the road works projects compared to the logistic 
model of the road works projects and contract amendments 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

Road works project 0.97 0.00 0.51 0

Contract amendment in project 0.80 0.01

_cons -2.95 0.00 -3.19 0.00

Logistic model of road works 
projects

Logistic model of road works 
projects and contract amendments

.16

 
 
If we look at the third hypothesis concerning the safety risks at road construction 
projects, we have to perform an analysis including the road construction projects and the 
supplier’s safety capabilities. While we thought that the many complex traffic safety 
situations during road construction projects could have an influence on the proportion of 
negative evaluations, we cannot find anything in our data that supports this hypothesis. 
 
In the bivariate analyses (see table 7.3.2.2) we found that the project tasks that are new 
to the suppliers have a higher proportion of negative evaluations than other projects 
(common responsibilities). As we saw in chapter 7 these were project 10 (Permits, n=15), 
project 12 (Archaeological findings, n=15), project 14 (quality assurance, n=304) and 
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project 54 (upkeep of all subsystems, n=160). Our first hypothesis is that these projects 
have more negative evaluations than the other projects because the suppliers were not 
used to perform these tasks and take these responsibilities. This means they had to learn 
how to deal with them and because of that more mistakes were made. This hypothesis 
sounds plausible, but unfortunately we cannot test it with our data. What we can test is 
whether or not the new responsibility projects show a performance improvement over 
time and if they do, see if it goes slower or faster compared to the other projects.  
 
Figure 8.3.2.1 shows that the projects that are a new responsibility do have an obvious 
performance improvement over time. To find if there is a difference in the performance 
improvement among common and new projects, we performed three analyses: i) an 
analysis of all audit results for projects that are a new responsibility over time, iii) an 
analysis of all audit results for projects that are a common responsibility over time and 
iii) an analysis of all audit results for all projects over time. If the logistic models of these 
three analyses would differ from each other, there would be a difference in the 
performance improvement. However, table 8.3.2.2 shows almost no difference between 
the three logistic models and therefore we can conclude that the projects that are a new 
responsibility improve their performance over time like the common projects. We also 
find that their initial performance level lags behind compared to the common projects and 
this arrear could not be made up over time. 
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Figure 8.3.2.1: The increase of the proportion of positive evaluations in projects that are 
a new type of responsibility; Cl= Confident level 
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Table 8.3.2.2: The comparison of logistic models showing the decrease of the proportion 
of negative evaluations for projects that are a new type of responsibility, projects that are 
a common responsibility and all projects 

Proportion of negative evaluations Coef. Sign. Coef. Sign. Coef. Sign.

Months since the January 2006 -0.15 0.00 -0.13 0.00 -0.13 0.00

_cons 3.21 0.01 0.81 0.06 0.87 0.03

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for projects 
which are a common 

responsibility

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for  all 
projects

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for projects 
which are a new responsibility

 
 
The performance improvement over time that we indicated here will be further 
elaborated on in section 8.3.4. 
 
The next effect that we discuss is the influence from contract amendments in projects on 
the audit outcome. In chapter 7 (see table 7.3.2.3 and 7.3.2.4) it was indicated that 
projects in which a contract amendment occurred had a higher proportion of negative 
evaluations compared to the other projects (21% negative evaluations versus 14%). 
Along with that, we also indicated that if a contract amendment occurred in a project, 
after the moment of signing that amendment, the evaluations got better compared to 
before it was signed (32% negative before signing versus 12% after signing).  
 
We first focus on the variable representing the existence of a contract amendment in a 
project. If we perform a bivariate analysis concerning the contract amendment and the 
audit outcome, we see that it is likely that projects in which a contract amendment occurs 
have more negative evaluations (coef. = 1.02, p<0.001). As we saw in this section, the 
contract amendments occurred more often in road works projects than in the other 
projects (44% of all contract amendments occurred in road construction projects). 
Because road projects were more often evaluated as non-compliant, this could be a 
reason that the projects with contract amendments are also more often non-compliant. If 
we test that hypothesis, we indeed find that a part of the effect of contract amendments 
was caused by the fact that these were mostly road construction projects (coef. = 0.80, 
p=0.01). Another explanation could be that because there apparently were many 
problems in these projects, the auditors chose to conduct more process and system audits 
to try to detect the problems. If we test that hypothesis, we see that there is no proof that 
there were more system audits causing the high proportion of negative audits. We do find 
proof that there were more process audits that were evaluated as negative and these 
caused part of the worse score in projects with contract amendments (coef. = 0.71, 
p=0.03). Table 8.3.2.3 shows the logistic model with the contract amendments, the road 
projects and the process audits.  
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Table 8.3.2.3: the logistic model of the projects in which a contract amendments occurs 
and a logistic model with the contract amendments combined with road construction 
projects and process audits 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

Contract amendment in project 1.02 0.00 0.71 0.03

Road works project 0.50 0.17

Process Audit 1.23 0.00

_cons -3.16 0.00 -3.64 0.00

Logistic model of contract 
amendments

Logistic model of contract 
amendments, road construction 

projects and process audits

 
 
As we can see in table 8.3.2.3 the road works projects and the process audits partly 
explain the negative effect of the projects with contract amendment, but not the complete 
effect. This is also indicated in table 8.2.1 (coef. of road works projects = 1.02, p=0.05): 
all of the possible reasons we could think of to explain why projects with contract 
amendments have more negative evaluations than the other projects could be rejected.  
 

The other effect that we saw was that after signing a contract amendment, the proportion 
of negative evaluations decreased from 32% to 12%. The contract amendment that is 
taken into account in the analyses is signed in April 2008. If we take in mind that the 
proportion of negative evaluations decreases over time, this finding seems not amazing. 
So our first hypothesis to explain the performance improvement after signing the contract 
amendment is that over time the performance improves anyway. The second hypothesis 
is concerned with the focus of the audits after the signing of the amendment. One might 
think that after the signing the auditors focused more strictly on planning issues and 
organizational issues to make sure that the suppliers could hold to the acceleration of the 
projects, while the suppliers had more problems with these issues because of time 
shortages. Also, we imagine that the quality management, safety and the technical 
performance were audited more often as non-compliant after signing, because the 
auditors did not want to have any problems with the eventual quality of the work, 
because of the strict planning.  
 
To see if we could find any support for these two hypotheses, we conducted two separate 
analyses. First we looked at the influence of time. This analysis points out that the 
proportion of negative evaluations in the first 17 months of all projects (until April 2008) 
is 27% and the proportion of negative evaluations in the last 17 months (from April 
2008-September 2009) is 7%. If we perform an analysis including the contract 
amendment after signing combined with the time variable, it is confirmed that the reason 
for the decrease of the proportion of negative evaluations is mainly caused by the fact 
that over time the performance of the suppliers improved anyway (coef. of the contract 
amendment after signing = -0.72, p=0.34). The second set of analyses we conducted were 
focused on the influence of the state variables on the effect of the signing of the contract 
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amendment. From these analyses we conclude that the scores from the suppliers on the 
planning, coordination, quality management, safety and technical management 
capabilities did not improve or got worse after the signing of the contract amendments, so 
no support for the second hypothesis could be found. 
 
In the full model in table 8.2.1 we see that the higher the value of a project, the higher 
the proportion of negative evaluations in that project. If we conduct a bivariate analysis 
of the project value and the audit outcome, we do not see an effect (coef. = 0.0135 per 
million, p=0.511). In the full model, however, we see that there is an influence. This 
means that there is an indirect effect here of the project value via other variables in the 
database, so there must be factors that are correlated to the project value that cause the 
effect that we see in table 8.2.1. Unfortunately, a further search for these variables in our 
database does not bring any results. 
 
In section 8.2 we indicated that the design (coef. = -0.78, p=0.22) and execution project 
tasks (coef. = -0.17, p=0.77) did not have an effect on the project outcome. We 
hypothesized that there might be a difference between the task types, because in a 
Design-Build contract, the supplier is responsible for more tasks than in the more 
common Design-Bid-Build contracts. Therefore, one could argue that suppliers have 
more difficulties with their design tasks than with the execution tasks. However, as we 
can see in table 8.2.1, this is not supported by the data and we can reject the hypothesis 
that design tasks are more often evaluated as non-compliant than execution tasks. The 
same goes for structural works projects (coef. = 0.59, p=0.30): one could argue that the 
design and construction of bridges and flyovers would be more difficult than road design 
and construction and would therefore cause more negative evaluations. As we can see in 
the results of logistic model however, this thought is not likewise. 

8.3.3 State variables from the CSF framework 

In the bivariate findings (table 7.3.3.1) we saw that the safety capabilities and the 
financial capabilities strongly differed from the other capabilities. The questions related 
to financial capabilities had a lower proportion of negative evaluations (6%) compared to 
the other capabilities and the safety-related questions had a higher proportion of negative 
evaluations (41%). The logistic models (see table 8.2.1) indicate that there is only an 
effect of the quality management and safety capabilities. As we discussed in section 8.2, 
the eventual effects of the financial capabilities and the planning capabilities were 
inconclusive and the communication, coordination and risk management capabilities did 
not seem to have any effect. In the next paragraphs we will discuss all these capabilities 
and their effects in detail.  
 
The first state variable that we discuss is the financial capability because we saw an 
effect of that in the bivariate analyses. Compared to the other capabilities this is a strange 
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one, because all audits concerning financial capabilities are document audits. Therefore, 
our first explanation for the low proportion of negative evaluations is the fact that the 
majority of these audits were document audits in which the periodic instalments were 
checked to see if the amounts of money were correct and compliant to the agreements. 
Since these document audits were mostly held by an audit team with a program 
background, this could also be an explanation for the low proportion of negative 
evaluations. If we conduct an analysis including these variables (see table 8.3.3.1), we 
see that our explanation indeed is valid. So we conclude that the high proportion of 
negative evaluations for financial audits are mainly related to the fact that these audits 
were mostly document audits held by auditors with a program background. 
 
Table 8.3.3.1: The logistic model of the financial capabilities and the logistic model 
including financial capabilities, document audits and auditors with a program 
background 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

Financial capabilities -1.47 0.00 -0.83 0.07

Document audit -1.62 0.00

majority of audit team program background -1.42 0.04

_cons -2.76 0.00 -1.87 0.00

Logistic model financial 
capabilities

Logistic model of financial 
capabilities, document audits and 

auditors with program 
background

 
 
Another idea we had is that the timely paying of the instalments was extremely important 
for the suppliers and therefore a faster performance improvement would be expected. If 
we conduct an analysis to figure this out, we see that our data supports this theory. The 
performance improvement for audits concerned with financial issues (coef. = -0.35, 
p=0.003) is almost three times as big as the performance improvement of the audits 
concerned with all but financial issues (coef. = -0.13, p<0.001). We must note that in 
these document audits concerning financial issues, the same checks were repeated every 
period and therefore it was clear for the suppliers what to expect. This is in contrast with 
the other document audits and the system and process audits. Therefore, we should be 
careful with this conclusion.  
 
The questions concerning the supplier’s safety capabilities have a high proportion of 
negative evaluations. This is indicated if we conduct a bivariate analysis (coef. = 1.17, 
p<0.001). If we look in the logistic model (see table 8.2.1) this effect remains significant 
(coef. = 0.81, p=0.02). This indicates that there are no variables in our data that eliminate 
the negative effect of the questions about safety, but that there are variables that moderate 
it. The first explanation for this is the fact that 80% of the audits regarding safety were 
process audits and only 13% were document audits, while for the other capabilities, 57% 
were document audits. This is because many of the safety issues were detected during 
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audits in the field, for example unsafe situations for the traffic. We can test this 
hypothesis by conducting an analysis including the process audits and the safety 
capabilities. This analysis shows that almost half of the moderation that we see between 
the bivariate analysis and the logistic model is caused by the fact that the majority of the 
safety checks were performed in process audits.  
 
The questions concerning the supplier’s quality management capabilities were also 
more likely to have a higher proportion of negative evaluations than the other 
capabilities. A possible explanation for this is the fact that the suppliers had to become 
familiar with the quality management system that had been developed for the project. If 
this is true, then there is a possibility that there is difference in performance improvement 
for the audits regarding the supplier’s quality management capabilities (compared to the 
other capabilities). If we compare the performance improvement of the quality 
management capabilities over time (coef. = -0.19) with the performance improvement of 
all except the quality management capabilities (coef. = -0.12), we find that there is a 
difference indeed. This gives us some insight in the behaviour of the audits concerning 
the suppliers’ quality management capabilities, but it does not explain why these audits 
are in general more negative than the others. If we compare the logistic model (coef. = 
1.02, p<0.001) with the bivariate analysis of quality management capabilities and the 
audit outcome (coef. = 0.81, p<0.001) we see that there are no variables in our data that 
can explain the high proportion of negative evaluations of audits regarding the supplier’s 
quality management capabilities.  
 
The planning capabilities were labelled as inconclusive in section 8.2, because the 
effect of it did not seem to be strong. Therefore, we could argue that the probability of 
getting a negative evaluation when an audit is concerned with planning issues is not 
bigger or smaller compared to the other capabilities. Along with that we also saw in 
section 8.2 that the risk management capabilities (coef. = 0.79, p=0.18), the 
communication capabilities (coef. = 0.56, p=0.38), and the coordination capabilities 
(coef. = 0.03, p=0.91) do not seem to have any influence on the audit outcome. In 
chapters 3 and 4 we showed that in Design-Build contracts the client leaves more 
responsibilities and risks to the suppliers. This means that the suppliers have to manage 
their risks accurately to minimize the probability of any unwanted event. We thought that 
the suppliers would maybe have problems with this, but as we can see in table 8.2.1, we 
did not find any proof for that. The same goes for the communication capabilities: one of 
the additional tasks compared to the traditional contracts is the handling of permits. The 
suppliers are responsible for the awarding of many permits necessary to build the 
projects. To do this, they need to communicate with the authorities. Because in the 
Design-Bid-Build contracts, this responsibility was with the client, we thought that 
suppliers would have more problems with it. However, no proof can be found for that in 
our data. Along with that we also thought that Design-Build projects would cause more 
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coordination problems (for example the coordination between the design team and the 
execution team), but this is also not supported by our data. 

8.3.4 Audit-related factors 

To find the key characteristics of the quality monitoring system we included variables 
concerned with this system. These were i) the audit types, ii) the time, iii) the auditors’ 
backgrounds, iv) the number of auditors in an audit team and v) the number of auditors 
that the auditors already performed. In this section we try to find out how these factors 
influence the audit outcome. 
 
The bivariate analyses indicated that the process audits and system audits had a high 
proportion of negative evaluations compared to the document audits (22% & 20% versus 
13%). If we look at the full logistic model we see that the process audits indeed have a 
negative influence on the audit outcome that is significant (coef. = 0.69, p=0.03), but the 
effect of the system audits seems to be influenced by other variables in our data (coef. = 
0.77, p=0.11). We will now take a detailed look into these effects to find out what 
happens here.  
 
Starting with the process audits, we see that if the auditors choose for it, it is more likely 
that it will be judged as non-compliant compared to document or system audits. 22% of 
the process audits were evaluated as non-compliant (coef. = 1.45, p<0.001). As we see in 
the full model, that effect has been cut in half. This means there are other variables in our 
data that influence the effect of the process audits. We could think of two reasons for 
that. The first reason is that process audits are more often used for projects in which there 
are many problems. We already saw that these are the road works projects, the projects 
that are new to the suppliers and the projects in which a contract amendment occurred. 
The second reason is that process audits are more often used in the management projects. 
In these projects there have to be well-defined processes and these processes need to be 
followed carefully to be able to manage all other projects. Therefore we argue that in 
these management projects many process audits have been held.  
 
We start with the first hypothesis: a part of the negative process audits are caused by the 
fact that these were held in problematic projects. If we conduct an analysis including the 
process audits, road projects, projects with contract amendments and projects that are 
new to the suppliers, we see that indeed, this has an influence. Table 8.3.4.1 shows this 
influence. As we also see, this explanation does not explain the complete negative effect 
of the process audits, but approximately 30% of it (coef. of the process audits = 0.99, 
p<0.001). If we look at the second hypothesis, we see that 44% of all process audits were 
held in management-related projects (design = 17%, execution = 35% and planning & 
preparation = 4%). This is indeed relatively high. So if we look at the influence of this, 
we see that it has some effect on the high proportion of negative evaluations of process 
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audits, but this effect is not strong (coef. of the process audits = 1.28, p<0.001), so we 
cannot say that our data supports this hypothesis.  
 
Table 8.3.4.1: The logistic model of process audits compared to the logistic model of 
process audits combined with new responsibility projects, contract amendments and road 
construction projects 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

Process audit 1.45 0.00 0.99 0

Project new or common responsibility 2.08 0.00

Contract amendment in project 0.66 0.03

Road construction project 0.88 0.01

_cons -3.47 0.00 -3.81 0.00

Logistic model of process audits

Logistic model of process audits, 
new responsibility projects, 

contract amendments and road 
construction projects

.00

 
 
If we look at the system audits we see that 20% of these audits got a negative evaluation 
(coef. = 1.18, p=0.013). In the full model however, this effect has almost disappeared 
(coef. = 0.77, p=0.11). The first explanation we could think of is related to the nature of 
the system audits. These audits are used to check the quality system on a high level to 
verify the functioning of it. Our idea is that these audits were mainly held in the first part 
of the projects to assure that the system functioned correctly and when it did, the number 
of system audits decreased. The second idea we have is that system audits are mainly 
held in projects concerned with quality management tasks. As we saw in section 8.3.2, 
one of these projects is ‘project 14: quality assurance’. Because this is a new type of 
responsibility, there is reason to believe that this is related to more negative evaluations.  
 
We start with a test of the first hypothesis and we see that 214 system audit checks have 
been done in the first half of the project (31% negative), while in the second half only 79 
checks have been conducted (11% negative). So that part of the hypothesis can be 
accepted. After that we conducted an analysis to see if this decrease over time also had an 
influence on the negative effect of the system audits. The outcome of that analysis 
confirms that that the performance improvement over time that we saw before in 
projects, can also be seen for the system audits (coef = 0.56, p=0.19). This means that the 
system audits have a higher proportion of negative evaluations, but this can be explained 
by the fact that the majority of system audits have been held at the beginning of the 
projects when the performance of the suppliers was on a lower level. In the later stages of 
the projects, we see that there has been a performance improvement for all projects and 
also on the system level. The second hypothesis is concerned with the projects which are 
new responsibilities. If we conduct an analysis including the system audits and the 
projects that are new for the suppliers we see that this explanation is valid too (coef. of 
system audits = 0.38, p=0.41). Table 8.3.4.2 shows a combination of the two hypotheses.  
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Table 8.3.4.2: The comparison of logistic models showing the system audits and the 
system audits combined with new or common projects and the months since January 
2006 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

System audit 1.18 0.01 -0.16 0.69

Project new or common responsibility 1.68 0.00

Months since the January 2006 -0.13 0.00

_cons -3.00 0.00 0.91 0.03

Logistic model of system audits

Logistic model of system audits, 
new responsibility projects and 

months since the start of the 
project

 
 
As we saw already in other analyses and in the bivariate analyses, there is a 
performance improvement over time. The proportion of negative evaluations 
decreased from 52% in 2006 to 6% in 2009. The improvement per month since the start 
of the project in 2006 represents a coefficient of -0.13 and a probability <0.001. The first 
hypothesis we have for this performance improvement is that the suppliers learn in their 
projects and therefore this effect can be seen. The second hypothesis is that the auditors 
change their behaviour over time. This could be the fact because they start to know the 
suppliers better or because they become more at ease with their audit job, can better 
interpret situations and therefore become less rigid in their judgments.  
 
We start with our first hypothesis. If the suppliers did really learn in their projects and 
that learning was related to the performance improvement, this should be the case in all 
projects. To see if this is true, we take four of the most audited projects to get an idea. 
Table 8.3.4.3 shows that our data supports that hypothesis for these four projects. 
Although the coefficient is not exactly the same for all projects, there is a performance 
improvement in all four.  
 
Table 8.3.4.3: the logistic models of project 2 (n=1026), project 6 (n=417), project 14 
(n=223) and project 52 (n=159) and the number of months since the start of each project 

Proportion of negative evaluations Coef. Sign. Coef. Sign. Coef. Sign. Coef. Sign.

Months since the January 2006 -0.14 0.00 -0.10 0.05 -0.16 0.00 -0.17 0.04

_cons -0.44 0.40 -0.14 0.89 1.45 0.03 -0.50 0.65

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for project 
114

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for project 
52

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for project 
2

Logistic model of the decrease of 
the proportion of negative 

evaluations per month for project 
6

 
 
To test our second hypothesis, we try to find out if the behaviour of the auditors has an 
influence on this performance improvement. We do that by looking at the number of 
audit checks that each individual auditor had already performed when he did an audit. If 
we know that, we can see whether or not the non-experienced are more negative than 
experienced auditors. A bivariate analysis of the mean number of audit checks that an 
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audit team had already done shows that this has an influence on the outcome (coef. = -
0.05, p<0.001). This means that there is an indication that the more experienced the 
auditors are the more positive their judgments become. Of course, this could also be 
because of the performance improvement of the suppliers, so we have to see what 
happens if we perform an analysis including the auditor’s experience and the number of 
months since the start of the work. Table 8.3.4.4 shows that the decrease of the 
proportion of negative evaluations can not entirely be explained by a change in the 
auditors’ behaviour and that the performance improvement of the suppliers is stronger. 
Therefore we conclude that the decrease of negative evaluations is related to a 
performance improvement of the suppliers combined with a change of behaviour of the 
auditors. 
 
Table 8.3.4.4: the logistic model of number of months since the project start, the logistic 
model of the auditor’s experience and the logistic model of the number of months 
combined with the auditor’s experience  

Proportion of negative evaluations Coef. Sign. Coef. Sign. Coef. Sign.

Months since the January 2006 -0.13 0.00 -0.11 0.00

number of audits already performed by audit team -0.05 0.00 -0.02 0.02

_cons 0.87 0.03 -1.75 0.00 0.97 0.01

Logistic model of the number of 
the mean experience of all 
auditors in the audit team

Logistic model of the number of 
months since January 2006 

combined with the mean 
experience of all auditors in the 

audit team
Logistic model of the number of 

months since January 2006

 
 
Because the performance improvement over time is a strong effect, we wanted to know if 
there are factors influencing this effect. Although we did not have an actual hypothesis 
concerning this, we thought it might provide us with some additional information. 
Therefore we looked at interaction effects of variables with the performance 
improvement over time variable.  
 
Our first thought was that there might be a different performance improvement in each of 
the years of the projects because in the first year everything is new and many mistakes 
are made and then the learning starts. After a period of learning this might stop or the 
learning decreases. If we perform an analysis to see if we can support that hypothesis, we 
find that it cannot be accepted: there is no difference in the performance improvement 
over the years (coef. of the interaction variable Years*Months = 0.012, p=0.31). Our 
second thought was that there might be a difference in the improvement per project type. 
For example the road construction projects perform worse and that might be influenced 
by the fact that the performance improvement over time is worse compared to other 
projects. An analysis points out that this hypothesis can be supported by our data: road 
construction projects have less performance improvement over time (coef. Road works 
projects*Months = 0.03, p=0.013) compared to the other project types. Because many of 
the execution projects are road projects, it might very well be that these also have less 
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performance improvement over time. An analysis supports that idea (coef. Execution 
projects*Months = 0.025, p=0.006). We also thought that the general projects might have 
a stronger performance improvement if we compare them to the other projects. And 
indeed, this hypothesis can be supported with our data (coef. of Management 
projects*Months = 0.02, p=0.01). Our last hypothesis is related to the projects that are a 
new responsibility. In section 8.2 we saw that the performance improvement over time 
seemed to be as high as for common projects. However, as their performance keeps 
lagging behind compared to the other projects, this additional analysis might give us 
some new information. The analysis indeed points out that, in contrast with our earlier 
findings, the projects that were a new responsibility for the suppliers have a lower 
performance improvement over time (coef. of New projects*Months = 0.06, p<0.001). 
 
Surprisingly, August and March were found to be the months in which the proportion 
of negative evaluations was higher than in the other months. Our first explanations were 
that in both months there are Dutch holidays. In March, normally there are the spring 
holidays and in August there is the construction industry holiday. This provides us with 
two possible explanations: i) the supplier’s employees were not present and ii) the 
client’s employees (auditors) were not present. If a part of the suppliers’ employees were 
not there, then it can be expected that some tasks were not fulfilled correctly. If a part of 
the group of auditors were not there, then maybe other, not-experienced auditors were put 
into action. As we saw in this section the less experienced auditors usually had a higher 
proportion of negative evaluations. In the next paragraph we test these two hypotheses, 
starting with March.  
 
Our first test is whether or not the auditors were less experienced in March. This 
hypothesis, however, cannot be supported by our data. Because of the length of the 
holiday in March (one week), this is not surprising. The next test is whether or not the 
suppliers had more problems in March, for example with their registrations. 
Unfortunately, we could not find any clue in this direction. If we search a little further we 
find that a part of the explanation of the high proportion of negative evaluations in March 
was caused by the fact that in March more process audits have been held compared to the 
other months. We already saw that these audits were usually more negative than the 
document audits. We do not understand why this is the fact, but if we analyse March and 
process audits together, we find that the process audits have a strong influence on the 
effect of March (coef. of March = 0.83, p=0.12).  
 

If we look at August we start looking if the auditors were less experienced. Because of 
the length of the holiday in August (three weeks), this should be a logical explanation. 
The bivariate analysis gives a coefficient of 1.59 and a probability=0.001. The test indeed 
points out that in August there are more inexperienced auditors, but this effect is not 
strong (coef. of August = 1.39, p=0.002), so we cannot say that the inexperienced 
auditors are fully responsible for the higher proportion of negative evaluations in August. 
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So maybe a combination of the first and the second hypothesis is the explanation for the 
effect of August. The second hypothesis is that the suppliers make more mistakes 
because not all employees were present. This could cause for example unsafe traffic 
situations, worse registration (document management) and coordination. Although this 
seems to be a plausible explanation for the worse scores in August, our analyses show 
that it does not explain it at all. This means that we can explain the worse score in August 
only partly by the fact that there are more inexperienced auditors.  
 
The bivariate analyses showed that the design and miscellaneous auditor’s function 
groups had a higher proportion of negative evaluations compared to the other function 
groups. Table 8.2.1 showed that only there is only an effect of the design auditors on the 
audit outcome. No effect could be found for the program background and the effects of 
the execution and miscellaneous backgrounds were inconclusive. In the next paragraphs 
we will show these effects in more detail.  
 
First we look at the audit teams in which the majority of the auditors have a design 
background. Our first possible explanation is that the majority of the design tasks have 
been performed in the first stages of the projects. Knowing that the performance was 
improved over time, this could be an explanation for the more negative audit evaluations 
by the design auditors. Along with that we already saw (section 8.3.1) that the road 
works suppliers had more problems with their design tasks. If these were all audited by 
audit teams with a design background, this could also be an explanation for their high 
proportion of negative judgments. The third hypothesis is that the design audit teams 
might be more focused on technical issues. Even though the bivariate analyses did not 
show more negative evaluations on technical issues, we still try to see if it has any effect. 
Our analyses indicate that our data supports the first hypothesis: the design auditors did 
the majority of their audits in the first stages of the projects and while the performance of 
the suppliers was not very high then, the audits had a higher proportion of negative 
evaluations (coef. of the design auditors = 0.35, p=0.19). No support could be found in 
our data for the second hypothesis: no proof can be found that the low performance of the 
road suppliers influenced the many negative evaluations of the design auditors. The third 
hypothesis could not be supported either: although 42% of their audit checks concerned 
technical issues, this did not seem to be responsible for the many negative evaluations. 
Although we can say that we found an explanation for the high proportion of negative 
evaluations for the audit teams in which the majority of the auditors have a design 
background, we also see that the logistic model indicates that these audit teams are more 
likely to give a negative judgment compared to the other audit teams. This is caused by 
the existence of one or more indirect effects. Unfortunately, a further search for these 
variables does not bring any results. 
 
In the bivariate analysis, it was indicated that the audit teams with a majority of auditors 
with an execution background, judged 10% of their audit evaluations as non-compliant 
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(coef. = -1.27, p=0.009). The logistic model, however, indicates that there are other 
variables in the database that influence that effect (coef. = -0.81, p=0.10). Like with the 
design audit teams, our first idea is that this has something to do with the fact that the 
execution projects always start after the design tasks and this is in the later stages of the 
projects. While we saw that in the later stages, the performance has improved, this could 
be an explanation for the effect of the execution audit teams. Our second hypothesis is 
based on the fact that 52% of the audit checks were technique-related. This might have 
influenced the low proportion of negative evaluations. If we test whether or not the 
execution auditors were more positive than the other auditors because of the fact that 
they started their jobs in a later stage of the project, we find that this hypothesis can be 
supported by our data. This means that the execution auditors do not seem to show 
different behaviour, but the start of the execution auditors in a later stage of the project 
was responsible for the lower proportion of negative evaluations (coef. of execution 
projects = -0.40, p=0.38). In our data no support could be found for the second 
hypothesis, so we can say that the technical audit checks were not more positive 
compared to the other audit checks. 
 
The audit teams in which the majority had a miscellaneous background (auditors that 
do not fit into one of the other groups, for example financial experts) had a proportion of 
20% negative evaluations in the bivariate analyses (coef. = 0.07, p=0.91). This was as 
high as the design auditors and higher than the program and execution auditors. Still, as 
we can see, this is not a significant effect. In the logistic models in table 8.2.1, we see 
that if we control for all variables, the effect seems to be stronger. This indicates that 
there is an indirect effect of the miscellaneous audit teams via other variables in the 
database. These other variables must be correlated to the miscellaneous auditors. If we 
try to find explanations for this, we think of the financial audit questions, because there is 
only one auditor (a financial expert) in this group. As we know, most financial audits 
were document audits. So our idea is that the indirect effect of the miscellaneous auditor 
goes via the financial document audits. If we perform the analysis to test this hypothesis, 
we see that it is supported by our data. Table 8.3.4.5 shows this. 
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Table 8.3.4.5: The logistic model of the audit teams with a miscellaneous background 
and the logistic model of the auditors with a miscellaneous background combined with 
document audits and financial capabilities 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

majority of audit team miscellaneous background 0.07 0.92 2.48 0.00

Document audit -1.75 0.00

Financial capabilities -1.82 0.00

_cons -2.92 0.00 -1.91 0.00

Logistic model of auditors with a 
miscellaneous background

Logistic model of auditors with a 
misc. background combined with 

Document audits and financial 
capabilities

 
 
The bivariate analyses indicated a proportion of negative evaluations of 6% of audits 
performed by auditors with a program background (coef. = -1.78, p=0.007). In the full 
logistic model we see that this significance is moderated by other variables. We think that 
the explanation of this can be found in the fact that these auditors, who are contract 
specialists, lawyers, procurement advisors, etcetera, mainly conduct document audits 
concerning for example the quality plans of the auditors and the procurement processes. 
As we saw before both the document audits and the management projects are generally 
more evaluated as compliant compared to the other audits. If we test this hypothesis, we 
find that it is supported by our data, as can be seen in table 8.3.4.6.  
 
Table 8.3.4.6: The logistic model of the audit teams with a program background and the 
logistic model of the auditors with a program background combined with document 
audits and management projects 

Proportion of negative evaluations Coef. Sign. Coef. Sign.

majority of audit team program background -1.78 0.01 -0.73 0.28

Document audit -1.67 0.00

Management project -0.75 0.01

_cons -2.80 0.00 -1.54 0.00

Logistic model of auditors with a 
program background

Logistic model of auditors with a 
program background combined 

with document audits and 
management projects

 
 
The bivariate analyses indicated a higher proportion of negative evaluations for audit 
teams in which the majority was employed by company 1 (coef. = 0.66, p=0.03). In 
table 8.2 however, we saw that this effect is eliminated by other factors (coef. = 0.31, 
p=0.40). The audit teams, in which the majority was employed by company 3, had a 
lower proportion of negative evaluations (coef. = -1.02, p=0.001). This effect has also 
been eliminated in table 8.2.1. Our idea is that this is caused by the period in which both 
companies were active in the audit teams. The auditors of company 1 were mainly active 
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at the start of the project, while the auditors of company 3 were mainly active after the 
middle of the project. These hypotheses are supported by our data (coef. of company1 = -
0.21, p=0.46 and coef. of company 3 = -0.50, p=0.074).  
 
Another factor, of which we considered that it might have an effect on the audit outcome, 
was the centrality of the auditors in the group of 70 auditors. We thought that if the 
auditors were more or less likely to have performed audits together, this might have an 
influence on their behaviour. Nevertheless, the logistic analyses show that this is not the 
fact (coef. = -0.11, p=0.69).  
 
As we saw in section 8.2, there were no strong indications that two or three auditors in 
an audit team would be responsible for relatively more negative evaluations. The 
bivariate analyses however indicated a higher proportion of negative evaluations for two 
auditors (coef. = 1.42, p<0.001). The most logical explanation for this is that we know 
that document audits are mostly performed by one auditor, while the process and system 
audits are mostly performed by two auditors. If we test this hypothesis for audit teams 
consisting of two auditors, we see that this is only a part of the explanation (coef. = 0.72, 
p= 0.03). We can not think of any other logical explanations why the audit teams with 
two auditors are more negative than the other teams. However, we know that there are 
factors that influence it because from table 8.2.1 we concluded that its effect is 
inconclusive. As we saw in the bivariate analyses, the effect of three auditors was not 
significant (-0.54, p=0.332) and is inconclusive in the logistic models of table 8.2.1. 
Therefore, we can say that there are no strong indications that the number of auditors 
matter for the audit outcome. 
 

Because we also wanted to test the efficiency of the quality monitoring system, we 
conducted an additional analysis. Our database consists of approximately 5,500 audit 
questions that have been asked during three years. Conducting this many audit questions 
took a lot of time for both suppliers and auditors. Our hypothesis is that, although the 
performance in projects improves over time, the performance in a project can be 
predicted if we would know the first ten audit check outcomes. To test this hypothesis, 
we constructed a new variable in the database. We did this by determining the proportion 
of negative evaluations of the first ten audit questions per project. This variable has been 
included into the full model and in this full model only the eleventh and further audit 
questions of each project have been included. This analysis points out that, if we know 
the proportion of negative evaluations from the first ten audit questions, we have a good 
prediction for the future audit outcomes (coef. = 9.27, p<0.001).  

8.4 Survey 

After testing the framework and the key characteristics of the monitoring system, a 
survey was held among a large group of experts (n=58) in the Dutch civil engineering 
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industry to compare the findings from the research to their intuition. This provides 
interesting information about the intuition of the experts and differences between the 
intuition and the findings from the data. Another reason for conducting this survey is to 
find out how the experts’ opinions match with the findings from our study. This is 
interesting because most studies in our field have been done by surveys collecting 
experts’ opinions (see chapter 5). If the opinions of the experts match with the empirical 
findings, this could be an indication that survey studies can be valid in our field. 
 
Table 8.4.1 shows the comparison between the results from the data with the results of 
the survey. It is divided into the four groups from the CSF framework: supplier-related 
factors, project-related factors, state variables and audit-related factors. In the next 
sections we will discuss all factors. 

8.4.1 Supplier-related factors 

In our survey we asked the experts if the size of a company would have an effect on the 
audit outcomes. There was no consensus about this among the experts: 53% accepted the 
fact that large companies have more positive evaluations. Another question we asked was 
if good processes would lead to good products. This is not something we studied, but 
because it is the philosophy of the system it is interesting to know the experts’ opinions 
about it. 91% of the experts accepted this statement. 

8.4.2 Project-related factors 

We asked the experts if they thought that projects that are a new responsibility for the 
suppliers would get more negative evaluations. We found in our data that these projects 
have a higher proportion of negative evaluations. 86% of the experts accepted this 
statement. We also asked if projects with a higher value in Euros would get more positive 
findings. This was not accepted by 75% of the experts. With our data, we also could not 
find a confirmation of this statement.  
 
In our data we found proof for the fact that project in which a contract amendment 
occurred, have a higher proportion of negative evaluations compared to other projects. 
The majority of the experts (95%) however, did not accept that statement. In our data we 
found that after signing the contract amendment, there were more positive evaluations 
than before the signing (32% versus 12%). 73% of the experts however, did not agree 
with that.  
 
We also asked the experts to estimate the percentage of positive evaluations for four 
project types. We can conclude that compared to the findings from our study, the experts 
were very pessimistic about these scores: the mean percentages that the experts estimated 
were between 9 and 33% lower than the percentages we found. If we look a little further 
at the survey results, we see that according to the experts, the road construction works 
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have the highest proportion of positive evaluations, then the structural works, the 
environmental works and the electrical works. This is in sharp contract with our findings: 
we found almost the opposite ranking. Also, the range of the experts’ percentages is 
limited compared to the range that we found. This shows that the experts have a limited 
insight in the judgments that are given in projects. 
 
Table 8.4.1: A comparison of the results of the research with the intuition of 58 experts 
involved in auditing 

Subject Data results survey results

Large companies have more positive findings No No consensus

Project new type of responsibility for a supplier, 
findings more negative

Yes 
(36% negative 
versus 14% in 
other projects)

Yes (86%)

Projects with a higher value in Euros have more 
positive findings

No No (75%)

Contract amendment in a project indicates there were 
many negative findings

Yes No (95%)

After a contract amendment, a project has more 
positive findings

Yes No (73%)

% positive findings for Road construction works 76% 68%

% positive findings for Structural works 88% 67%

% positive findings for Electrical works 94% 61%

% positive findings for Environmental works 95% 65%

% positive findings for Technical management 86% 68%

% positive findings for Quality management 78% 59%

% positive findings for Health and Safety 59% 64%

% positive findings for Planning 81% 65%

In time, the auditor's findings become more positive yes Yes (78%)

Since 2006 the percentage positive findings has 
increased

yes Yes (66%)

Two months more negative than the other months of 
the year

March and August January (22 x) and 
December (18 x)

The auditor influences the findings Yes No consensus (56%)

Auditor with design background:more positive findings 
than an execution auditor

No No consensus (56%)

41-60% = No consensus, 61-100% = Accept

Supplier-related factors

Project-related factors

State variables (supplier capabilities)

Audit-related factors
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8.4.3 State variables (supplier capabilities) 

We asked the experts to estimate the percentage of positive evaluations for four state 
variables. Like with the project types we can conclude that compared to the findings from 
our study, the experts were pessimistic about the supplier capabilities: the mean 
percentages that the experts estimated were between 5 and 19% lower than the 
percentages we found. If we look at the ranking, we see that the experts thought that the 
technical management capabilities were evaluated best. After that, they ranked the 
planning capabilities as second, the safety capabilities as third and the quality 
management capabilities as fourth. This ranking is almost the same as ours, except for 
the fact that we found safety capabilities as fourth. In our data, there is a difference of 
approximately 20% between the safety capabilities and the other capabilities. The experts 
thought that all capabilities were between 59% and 68%.  

8.4.4 Audit-related factors 

We asked the experts two questions concerning the time-factor. The first was if the 
auditor’s findings become more positive in time. 78% accepted this statement and in our 
study we found proof for that. The second question concerning time was the fact if the 
proportion of positive evaluations had increased since the start of the project 2006. We 
found proof for that and 66% the experts accepted it.  
 
We also asked the experts to list the two months with the worst scores. The majority of 
the experts thought that these were January (22x) and December (18x), while we found 
March and August. 
 
The last two questions were concerned with the influence of the auditors on the audit 
outcomes: whether or not there is an influence and if auditors with a design background 
give more positive judgments compared to the other auditors. We found that auditors 
with a design background had a higher proportion of negative evaluations compared to 
the other auditors. There was no consensus about this among the experts (both questions 
no consensus, 53%). This means that the experts are not sure whether or not the auditors 
influence the audit outcome. In our research we found proof for that.  

8.4.5 Conclusions from the survey 

As we can see in the last sections, the experts’ opinions did not match our research 
findings in all cases. For example, we found differences between our data and the 
experts’ opinions on the field of audit influence and the percentages of positive 
evaluations for both project types and supplier capabilities. While the experts conduct 
audits, they were more pessimistic about the proportion of positive outcomes compared 
with our research. If we look at the ranking (based on percentage of positive evaluations) 
of the project types, we see that the experts have a limited insight. One should not believe 
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that this means these experts lack knowledge. It does, however, show that it is difficult to 
oversee this detailed information in a large project based on an expert’s everyday 
practice. 
 
If we look at Table 8.4.1 we can conclude that there are many differences between the 
survey results and the results of our research. One of the most important reasons for 
using real data in this research was that most of the research in our field is conducted by 
surveys. We wanted to see if using real data and analysing it systematically could add 
something to the existing body of knowledge. If we look at the results of this survey, we 
conclude that actual empirical research does indeed add new knowledge and our results 
would not have been the same if we had used survey questionnaires instead of real 
project data. 
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9. CONCLUSIONS AND DISCUSSION 

9.1 Introduction 

In this thesis we successively dealt with the characteristics of the construction industry, 
the procurement process for construction works, quality monitoring in construction, and 
the critical success factors for infrastructural design-build projects which, according to 
the literature, are important for a quality-monitoring process to take account of. We then 
introduced the characteristics of the audit-based monitoring system. With this theory as a 
basis, we analysed approximately 5,500 audit checks that had been performed in a large 
infrastructural design-build project in the Netherlands. In this chapter we consider the 
results of the preceding chapters to be able to establish what this research has taught us. 
We start by discussing the factors from the CSF framework and their applicability for 
infrastructural design-build projects. We then look at the key process characteristics of 
the monitoring system to find out what exactly happened during the monitoring process. 
We then go on to discuss the implications our findings could have for the monitoring 
policy and the major contributions this research delivered. In the discussion we focus on 
the universality of the findings, the demerits of the research, and make recommendations 
for further research.  

9.2 Factors influencing the supplier’s performance 

As we saw in this thesis, quality monitoring is one of the steps in the client’s 
procurement process. The way quality monitoring is implemented in a construction 
project is the result of the strategic and tactical choices that the client makes in this 
procurement process. Opting for a design-build contract means that the moment of 
contracting shifts forward in time and the supplier becomes responsible and liable for 
guaranteeing and controlling product quality. This leads to a different method of supplier 
selection and shifts the client’s quality control effort from the product level to the process 
level. To understand what happens in a quality-monitoring process, we developed a 
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theoretical framework that contained factors that influence supplier performance in a 
construction project. We found five groups of factors in the literature: i) supplier-related 
factors; ii) client-related factors; iii) project-related factors; iv) external factors, and v) 
state variables (supplier capabilities). 
 
The supplier-related factors we found in the literature were the supplier’s experience 
and track record in similar construction projects. The experts we interviewed with a view 
to completing the list of factors for infrastructural design-build projects added the 
company size, company type, and the tendering process that was followed when 
awarding the project to the supplier. The client-related factors deriving from the 
literature were the client’s experience with this type of project, the client’s understanding 
of the project scope, and his project management skills. As we noted before, we 
necessarily excluded these factors from our empirical research because there was only 
one client in all the projects in our data. The project-related factors that were addressed 
in the literature were room for the supplier’s input in a project, flexibility of the scope of 
the work, the size of the project, the complexity of the project and procurement-related 
factors, such as the terms and conditions, and the project procedures. The experts added 
time pressure, project type, project phase and the fact whether or not a project was a new 
responsibility for the supplier. They also added the time span of the project as an addition 
to project size. In the literature, for the external factors we found economic environment 
and technological environment of the project. The experts added traffic density during 
the construction phase, and problems with the authorities (with permits, for example) as 
typical infrastructural items. As noted before, the technological and economic 
environments were not taken into account in this research because all the projects in our 
database were executed in the same country and at the same time, so there can be no 
distinguishing characteristics. The supplier’s capabilities that we found in the literature 
were communication capabilities, technical capabilities, planning capabilities, quality 
management capabilities, financial capabilities, safety and health capabilities, and 
coordination capabilities. Because of the risk-based strategy we see in Dutch 
infrastructural works in which the audits are planned to cover the highest risks in the 
project, the experts added risk management capabilities to that list. These factors were 
the basis for developing a theoretical framework of critical success factors (CSFs) for 
infrastructural design-build projects (see Figure 6.4.1 in chapter 6).  
 
We compared this theoretical CSF model with empirical project data: 721 audit reports 
containing approximately 5,500 audit checks. We enriched these audit data with 
information about the suppliers, the projects and the state variables to be able to ascertain 
which of these factors exert influence in infrastructural design-build projects. We discuss 
the findings of our analyses in the following sections. 
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9.2.1 The supplier-related factors 

We can conclude that of all the supplier-related factors we took into account (company 
size, company type, company track record/experience) only the company type did 
indeed make a difference in terms of the probability to get a negative evaluation. In our 
analyses we saw that road construction companies do in general not perform any worse 
than their colleagues (electrical works suppliers, environmental works suppliers and 
structural works suppliers), but they have more problems with their design tasks. A 
reason for this (based on expert interviews and hands-on experience) could be found in 
the fact that, due to the historic development of the road construction sector and their 
companies, the design skills are not as mature as in other sectors. 
 
Company size was included because we thought that bigger companies might be better 
at implementing and establishing a proper quality system. A reason for not finding an 
effect of company size might be the fact that in the projects we considered, the main 
contractor was a consortium of three companies. The main contractor used a single 
quality management system that had been developed specifically for this project and all 
ten subcontractors also had to use this quality management system. This is an entirely 
different situation than had we been able to compare different companies each of which 
with their own quality management system they are familiar with. A reason for not 
finding a direct effect of a company’s experience could be the fact that all the 
companies involved in the projects were very experienced (so that not much variation in 
experience existed in our sample). We know this from a separate survey filled out by the 
head of the supplier’s planning department: he classified all suppliers as experienced or 
highly experienced (4 or 5 on 5-point Likert scale). These last two reasons cannot be 
corroborated with our data, but are only good guesses to explain the lack of effect. 

9.2.2 The project-related factors 

The project-related factors we measured in our data were the project size (in euros), the 
project type, the project phase, the existence of a contract amendment (flexibility of the 
scope), and whether or not a project was a new responsibility for the supplier. We indeed 
found that three of these factors influenced supplier performance. The first factor we 
found to be related to performance was the project type: performance in the road 
construction projects was worse compared with performance in the other projects 
(electrical works, environmental works, general works, and structural works). This is 
partly influenced by the fact that a contract amendment was made in relatively many of 
these projects, and also by the fact that the road construction suppliers have more 
problems with their design tasks. However, these explanations partly but not completely 
eliminate the fact that the road construction projects perform worse. Apparently, road 
construction works have certain characteristics that lead to more problems, and we did 
not identify these characteristics in our research. 
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Our next finding is that projects that are a new responsibility for a supplier have a lower 
performance level compared with projects with which a supplier is familiar. The 
performance in these new projects improved over time, but not as rapidly as for other 
projects, so the backlog could not be made up.6 We also found that projects in which a 
contract amendment was made had, in general, a lower performance level than other 
projects. This can only be partly explained by the fact that most of the projects in our 
research involved road construction, but we were unable to identify other reasons in our 
data. One possible explanation might be that contract amendments are implemented 
when a project encounters problems, but we cannot use our data to verify this. However, 
the majority of experts in our survey (95%) rejected this possibility. 
 
Two previously published papers also indicated that the size of a project influences 
project performance. In our research, we measured size by the value of the project in 
euros. Although we had many different project values, ranging from €10,000 to €30 
million, we did not find a direct effect of project size on supplier performance. This 
means that the supplier performance does not vary with the size of a project in euros. The 
last variable to be included in the data was the project phase in which a certain task type 
could be classified. The experts we interviewed thought that there could be differences in 
the performance among the construction process phases (design, planning & preparation, 
execution and management activities). However, the data showed no such differences 
among the performances in these phases. Therefore, based on our data, we must reject the 
hypothesis of the experts that supplier performance varies with the phase they are 
working in.  

9.2.3 The state variables 

We included eight state variables that the literature and the experts considered to be 
important for the performance of suppliers in infrastructural design-build projects. In our 
analyses we found that the performance of the financial capabilities of the suppliers 
increased more rapidly than the performance of the other capabilities. One possible 
explanation for this is the interest of the suppliers in getting paid the right amount of 
money on time. The supplier’s performance on his safety capabilities is one of the most 
important issues for the Dutch Directorate-General for Public Works and Water 
Management. We found, regrettably, that the performance of the suppliers on safety 
issues lags behind other capabilities. One reason for this could be that the responsibility 
for safety measures in design-build contracts is broader than in traditional contracts. In 
traditional projects, the client was responsible for the safety of traffic during execution, 
while the client now leaves this to the suppliers. Likewise, the quality management 
capabilities also lag behind. The performance on this capability improved over time, but 

                                                 
6 Note that there were only four projects out of 44 subprojects for which we had observations, which could 
be classified as a new responsibility. These were project “10. permits”, “12. archaeological findings”, “14. 
quality assurance”, and “54. upkeep of all subsystems”. 
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the backlog, compared with the other capabilities, could not be made up over time. An 
explanation for this could be that the suppliers had to become familiar with the quality 
management system that had been developed for the project. Our expectation would then 
be that a difference could be seen in the performance improvement over time compared 
to the other capabilities. Although we found a small difference indeed (quality 
management capabilities had a stronger performance improvement), this did not 
completely explain the lack of performance. One possible reason which we could not 
check in our data, is that this is a relatively new task for the suppliers (at least newer than 
paving roads), because in traditional projects, the role of quality management was not as 
important as in the design-build contracts. 
 
We found no proof that the technical capabilities, the communication capabilities, the 
coordination capabilities, the planning capabilities and the risk management 
capabilities influence the audit outcome. We do not argue that these skills are not 
important for the suppliers, but the audits that involved these capabilities were not 
evaluated as non-compliant either less or more often. 

9.2.4 Scientific implications 

As we saw in the preceding sections, some of the factors that were indicated in the 
literature did indeed have an effect on project performance in our analyses. We were 
unable to establish any influence of the other factors. Let us consider these non-findings 
in more detail. The first factor for which we did not find a direct influence was the 
supplier’s experience. Whereas the literature suggested that more experienced suppliers 
would perform better, we found an indirect effect indicating that more experienced 
companies actually perform worse. This is a strange finding, because it is generally 
accepted in practice and in the previously published literature that experienced 
companies perform better. The three papers that explicitly deal with the experience of the 
suppliers also indicate that. It is important to realize though that these three papers used 
different data and methodology to come to that conclusion. One of the papers (Chua, 
Kog, & Loh 1999) used data from 20 questionnaires that were filled out by experienced 
managers from the construction industry. The fact that these data were based on opinions 
and that respondents were from Singapore (perhaps cultural differences might play a role 
as well) could have led to differences with our empirical project data. The other paper 
that found influence of the supplier’s experience on the performance was focused on 
design-build projects in Hong Kong (Lam, Chan, & Chan 2008). In this study both the 
experience of the construction team leader and the design consultants were taken into 
account. That is a more detailed approach than we used in our study in which we only 
asked the suppliers to rate their experience on a five-point scale. Another difference with 
this study is that, again, no actual project data were used, but the results were based on 92 
questionnaires filled out by design-build professionals, in which the professionals were 
asked whether they thought that experience played a role. The third paper that suggested 
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the supplier’s experience as an important factor was from Singapore and used a 
retrospective questionnaire measuring the performance on a five-point scale. The 
experience was measured in more detail compared to our study: the researchers asked for 
experience in similar project types, similar project size and experience in Singapore. If 
we consider the differences between our research and the three other papers, our finding 
a different (non-existent) influence of supplier’s experience might be caused by the data 
collection method. We asked the suppliers to rate their own experience on a five-point 
scale and compared that to the outcome of the audits. The other scholars asked their 
respondents to give their opinion about the influence of the supplier’s experience on the 
project performance. Along with that, the three papers were focused on Singapore (2x) 
and Hong Kong (1x), while our study was conducted in the Netherlands. However, we 
could not think of any reason, for example cultural issues, why measuring the influence 
of supplier’s experience should be so different for these countries. A more careful and 
elaborate replication with more consistent measurements across studies will be able to 
shed some light on this issue.  
 
The next factor that was indicated in the literature as a factor that influences performance 
was the size of the project expressed in euros. The direction of the effect (a positive or 
negative influence) was not addressed. We did not find any effect of the project size (in 
euros) in our data, although it has been mentioned in at least two earlier papers. In the 
first (Chua, Kog, & Loh 1999) the size was not actually measured in euros like in our 
research, but the influence of the size of the project was estimated by the 20 respondents 
from Singapore. The other paper indicated that the project size in terms of dollars 
impacts project success on a project-by-project basis (Songer & Molenaar 1997). This 
was based on the results of a questionnaire combined with interviews in the United 
Stated of America to find the most critical success factors. Their result was a ranking of 
15 CSFs for design-build project of which the project size expressed in dollars was one. 
The biggest difference between these two papers and our study is the fact that we used 
empirical project data to test the actual influence of project size on the project 
performance. The existing papers used expert interviews to determine whether or not 
there is an influence. Although the influence of the project size addressed by the two 
existing papers was not strong, we did not find any influence in the 57 subprojects that 
we analysed.  
 
Of the eight supplier capabilities that we included in our data, seven were inspired by 
the literature. However, we only found a positive influence of the financial capabilities 
and a negative effect of the quality management capabilities and the safety capabilities on 
the project performance. The communication, coordination, technical and planning 
capabilities were not found to have an impact on performance. This does not mean that a 
supplier does not need to have these capabilities, but in our data we did not find a 
significantly higher (or lower) proportion of negative evaluations for these capabilities. 
The literature, however, indicated that these were critical. We argue that this difference is 
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caused by the research approach and the data collection that were used. All papers in 
which the capabilities were addressed as being critical to the performance of a supplier, 
used interview data in which experts were asked to indicate the relative importance of 
supplier capabilities for the project performance. It is not strange that these practitioners 
thought that the communication, technical, planning and coordination capabilities were 
critical for the project performance. However, our approach regarding these capabilities 
differed from the other papers: we tried to find the capabilities influencing the 
performance in actual projects by searching for capabilities on which higher or lower 
proportions of negative evaluations were given. So what we found was that these four 
were not critical in our data, because we did not find that the performance of the 
suppliers was significantly lower in the case of the communication, technical, planning 
and coordination capabilities. A possible explanation for this - that we cannot test with 
our data - could be that suppliers in the construction industry have the skills to conduct 
their communication tasks, technical tasks, planning tasks and coordination tasks in a 
proper way. Another possible explanation - also not tested with our data - could be that 
the client used his tendering procedure to select only those suppliers that were capable to 
conduct these tasks properly. 
 
The factors that the experts added during the interviews we conducted in order to find out 
which factors were missing in the literature and to apply the theoretical framework to 
infrastructural design-build projects, also did not, in all cases, affect supplier 
performance. We did find proof of the fact that there is a difference between company 
types: the road construction companies have a significantly higher proportion of negative 
evaluations on their design tasks compared to the structural works companies, the 
environmental works companies and the electrical works companies. That means that we 
can add the supplier types to the existing literature. We did not, however, find any proof 
that the size of the company could influence performance. This could be a consequence 
of the data that we used to analyse the influence of the company size. Since almost all 
suppliers in our data were combinations of two or more suppliers, the supplier size that 
we measured was the mean number of employees of the combination. This could have 
influenced our results. Also, we only had data about one large project in which all 
different companies had to comply with one quality management system (not necessarily 
their own). This could have influenced the results, since the reason for the experts to add 
this characteristic was that bigger companies could have better established quality 
systems to be used in a project. As these bigger companies could not use their own 
quality system, this hypothesis could not be tested thoroughly with our data. 
 
Neither did we find any confirmation that the project phase of a certain task made a 
difference. When consistently compared, a supplier’s performance in all phases of the 
process is comparable. The project type, however, influenced performance quite 
considerably, and the same applies for the new or common responsibilities. These two 
can be added to the existing literature. The experts also added one supplier capability as 
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being important to eventual performance: risk management skills. For this, however, we 
did not find a difference compared with the other supplier capabilities. Figure 9.2.4.1 
presents a summary of the factors we included in our research and shows those factors 
for which we found an influence on the performance of the supplier and for which factors 
we did not find anything. 
 

 
Figure 9.2.4.1:The factors influencing supplier performance. For the deleted factors we 
did not find a relation with the compliance of the supplier. For the other factors we did 
find a relation with the compliance of the supplier.  
 
As we can see in Figure 9.2.4.1 we found no confirmation for roughly half of the factors 
that we found in the previously published literature. As we saw before however, there are 
crucial differences between our analysis and the analyses in previous papers. Most 
importantly, while we used empirical project data, the other scholars all used interview 
data in which experts were asked to mention what they thought might be important 
factors. As far as we know, our research is the first that tests the CSFs from previously 
published articles with actual project data. Our results cast some doubt on the findings in 
these previously published articles. These doubts are supported by our own survey in 
which we also found differences between the experts’ opinions and the results of our 
research. Although our findings point in the direction of a lack of validity of interview 
data in cases similar to ours, in all fairness one could argue that more detailed research 
into this issue is warranted. Consider for instance the experience of the supplier. As 
mentioned, we found that more experienced suppliers have a higher proportion of 
negative evaluations. This is in contrast with the results of three scientific papers (Chua, 
Kog, & Loh 1999; Lam, Chan, & Chan 2008; Ling 2004). There are several reasons why 
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our results in this case might be different. First, we asked the suppliers to rate their own 
experience on a five-point scale. This might not be as objective as needed, given that in 
the three articles the experience of the suppliers was measured in more detail by expert 
interviews. Another difference is the fact that we used empirical project data, while the 
others used interview data. The third difference is the fact that data were collected in 
different countries (although we feel this is probably the least likely of causes of 
differences). Nevertheless, some caution in interpreting what even experts say in 
interviews about which factors matter, seems appropriate. 
 
A direct implication of our results concerns the use of critical success factors in 
construction projects. CSFs were originally meant to be used by a CEO to pinpoint key 
areas that require a manager’s attention. If we translate that to the construction projects 
and its quality monitoring systems, these are the factors that should be monitored 
carefully. Our research shows that CSFs that are derived from articles using expert’s 
opinions as their data should not just be implemented in quality monitoring systems. 
They can give a direction and a starting point for a monitoring system, but better 
indicators should be incorporated along the way, and bad indicators removed. In order to 
use the right CSFs for a construction project we would recommend to measure and 
analyse what happens in a project and update the real CSFs along the way. An example 
of this is the importance of technical capabilities of suppliers in construction projects. In 
our research we did not find these capabilities to be critical. A possible explanation for 
this can be that the suppliers were selected in such a way that all had sufficient technical 
skills. If that is the case, then the technical capabilities all of a sudden are not that critical 
anymore. 

9.3 Key characteristics of the monitoring system 

Our research focused on data from audit reports. These audit reports were written as part 
of a quality-monitoring system called system-oriented contract management which is 
used for infrastructural design-build projects in the Netherlands. The audit effort in this 
system focuses on three levels: the quality system level, the process level, and the 
product level. While the suppliers are responsible and liable for assuring and controlling 
their own quality, the system primarily focuses on making sure that the supplier’s quality 
system is functioning properly. In addition, the buyer checks whether or not the supplier 
has implemented his processes in the right way, and after that more checks are done to 
ascertain that the products that the supplier develops comply with the requirements. The 
philosophy behind this system is that a good process leads to good products and therefore 
the major quality monitoring effort is focused on the system and process levels. Because 
this system is relatively new and has only been in use since the start of this millennium, 
there is still a lack of clarity about its functioning. Therefore, our second research 
question was to understand some key process characteristics of this monitoring system.  
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We analyzed the activity that is the backbone of the system: auditing, and enriched the 
data with information about the auditors, the different types of audit conducted in the 
projects, and the auditing frequency. The first thing we can conclude is that the audit 
type matters. We found that the process audits tend to be evaluated more often as non-
compliant, when compared to the document and system audits. We also found that 
document audits are frequently conducted and that they are far more often evaluated as 
compliant. This seems rather strange if we bear in mind the philosophy of the quality 
monitoring system which starts from the idea that the system and the process level are the 
most important aspects to audit, while in our analyses we found that the major number of 
audit checks were product based (documents such as design drawings, calculations, 
etcetera). Based on the findings in our research (high proportion of compliances in 
product audits) combined with the philosophy of the quality monitoring system we 
propose to increase the number of product audits.  
 
We also found a strong performance improvement over time. In section 8.3.4 we 
discussed two matters that give rise to this: i) the suppliers learned in their projects, and 
2) the auditors became more positive as they gained more experience. Of the two we can 
say that supplier learning was the strongest. We also found that the performance 
improvement differed among the different projects. Performance improved less strongly 
over time for road projects, execution projects and ‘new’ projects than for other projects. 
Management projects, on the contrary, displayed a more rapid performance 
improvement. This in fact confirms arguments of the majority of experts in our 
questionnaire (see section 8.4). Along with that, it gives us a good indication of what 
improvements to implement in the contract management approach, i.e. more effort to 
speed up performance improvement in the early stages of projects. This is explained in 
more detail in section 9.4. 
 
Looking at the auditors we found that who the auditor is does indeed make a difference. 
Auditors with a design background are generally more negative than other auditors. This 
cannot be explained by the fact that they conduct many audits at road construction 
companies who have poor design skills compared with the other companies. It can only 
be partly explained by the fact that the designs are generally made at the start of the 
projects when the suppliers still have to get familiar with the way of working. However, 
this does not explain away the effect entirely. Looking beyond our data, we argue that the 
behaviour of the design auditors might be explained by the nature of their work. 
Designing never stops, it can always be a little better. If this is the attitude of a design-
auditor, it does not seem strange that he/she tends to give more negative evaluations than 
the execution auditor who is more familiar with the dynamics of an execution phase in 
which sometimes decisions have to be made quickly without having the time to fully 
underpin these decisions.  
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Another issue regarding the objectivity of the auditors concerns the number of audits 
that an auditor has already conducted in the A2 highway project: auditors, who 
conducted many audits in the A2 project, have a higher proportion of positive 
evaluations. The more positive behaviour of ‘experienced’ auditors could be explained 
by the auditor’s knowledge of the suppliers’ work and the dynamics of the project. The 
first time he detects a small defect he probably judges it as being non-compliant. If this 
defect does not seem to lead to a major quality issue in the future, the auditor might 
change his behaviour the next time by giving a positive evaluation instead of a negative 
one. Another explanation could be that the suppliers know the auditors better over time 
and therefore know how to handle to satisfy the individual auditor. A third explanation 
could be that a certain type of relationship is formed between the auditor and the supplier 
because of which the auditors tend to be more positive to maintain that good relationship. 
Although we did not study all this in detail, we think these are plausible explanations for 
our empirical findings.  
 
While there was no consensus among the experts in our survey about the influence of the 
auditors, these are interesting and probably unwanted findings. The audit checks are such 
that they should be independent of who evaluates them, and this is apparently not the 
case. On the other hand, the differences are not that large, and other possible differences 
between (teams of) auditors did not seem to affect the probability of a negative 
evaluation. As with performance improvement over time, this finding should also be 
something that the audit planners bear in mind when doing their work. Another way to 
improve the reliability of the system is proper training for all auditors to teach them to 
stick completely to the facts that can be established during an audit. We discuss the 
policy implications in more detail in section 9.4. 
 
In practice, there is much discussion about the efficiency of this audit system. One of the 
matters that audit planners and policymakers struggle with is the frequency at which 
audits should be conducted to ensure the required quality. Because our database was so 
large, we can shed at least some light on this issue. To this end we attempted to establish 
whether the first ten audit checks conducted in a project could predict the trend for all 
subsequent audits. And indeed, we found that this is the case. This means that after the 
first ten audit checks, we have a good idea about the outcomes of the subsequent audits. 
So if the first ten checks are all non-compliant, the audit planner and auditors could for 
instance choose to pay extra attention to that project. We get back to this issue in section 
9.4. 
 
Let us consider our results with a bit more distance. For sure, quality monitoring in an 
infrastructural design-build project is a complex and time-consuming activity. Between 
2006 and 2009 721 audits were held in which 5,500 checks were performed. These audits 
should have covered the client’s major risks in order to assure the eventual quality of the 
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projects. This raises questions about the effectiveness and efficiency of the system. In the 
next paragraphs we discuss some aspects of this issue. 
 
Let us start with the most important question, namely whether or not the quality was in 
fact assured by this approach. The philosophy of the approach is that the suppliers are 
responsible for controlling and assuring the quality while the client controls the 
functioning of the supplier’s quality management system. The assumption underlying this 
philosophy is that a good process eventually leads to a good product (Garvin 1988). The 
hypothesis that good processes lead to good quality products was also accepted by 95% 
of the experts in our survey. As we saw, in all 5,500 audit checks that were performed, 
691 defects were detected. The client’s contract manager labelled 137 of these defects as 
‘serious’ meaning that these would cause serious quality problems if nothing was done to 
repair them. For these incidents, the suppliers had to implement improvements in their 
quality management systems to repair the defects. In that sense, one could argue that 
without this quality monitoring approach the suppliers’ quality management system 
could have caused major quality problems on one of the roads, structural works, 
electrical systems or acoustic barriers.  
 
Another aspect of the quality monitoring system is that the compliance of the suppliers 
improves over time. We found two reasons for this: i) auditors that are more experienced 
in terms of number of audits they already performed in the project, have a higher 
proportion of positive evaluations and ii) the suppliers learn to control their own quality 
better during a project. Looking at the second reason, one could argue that the quality 
does not necessarily improve, but that the suppliers know better what the client aspects of 
them. This might indeed be the case, but on the other hand we could then argue that 
actually this is exactly what the client wants. If the client is confident that the 
requirements and the specifications are well-defined, a supplier following these rules 
correctly will lead to a high quality product. This might ask for an improvement of the 
contracts to make sure that the right specifications and requirements are taken into 
account to assure the required quality. To conclude we can say that the fact that this 
system encourages the suppliers to improve their work is a very positive characteristic 
that speaks up for the use of this quality monitoring system in large infrastructural 
design-build projects. 
 
If we look at the efficiency of the quality monitoring system, we start with the three 
different audit types: system audits, process audits and product audits. We found that the 
product audits generally had a high proportion of positive evaluations compared to the 
other two audit types. One could argue that in spite of the problems with the system and 
processes, the products still have a rather low failure-rate, so who cares about the 
processes! Nevertheless, we would argue that the products are the result of the processes 
that have been followed. If we look at it that way, we conclude that controlling the 
processes and detecting and repairing defects timely, as has been done in these projects, 
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in any case here has lead to good quality products. Following this line of thinking, we 
also argue whether or not all product audits were really necessary. If we combine that 
with the fact that product audits in general have a high proportion of positive evaluations, 
we cast doubt on the efficiency of the quality monitoring system while. One possible way 
to decrease the number of product audits - and improve the efficiency - is to only conduct 
these when many problems are detected in the processes leading to these products. 
Another indication to increase the efficiency of the monitoring system is the predictive 
value of the first ten audit checks in a project.  
 
One last remark that we can make based on our knowledge of the process characteristics 
of the monitoring system deals with the strategy of the Dutch Directorate-General for 
Public Works and Water Management. Since it is their strategy to leave more tasks to 
private companies, a quality monitoring approach involving 70 auditors performing 
5,500 audit checks does not seem to be in line with that strategy. Outsourcing the quality 
monitoring completely to the construction suppliers or to an independent third party 
would probably better match the strategy. We do not see many reasons why external 
parties would do a better job. For example, the independent organization should also use 
of large number of auditors for the job. These auditors could also lose some of their 
objectivity during the project and this independent party should also become more 
experienced to improve the efficiency and effectiveness of the monitoring system. 
Leaving the quality monitoring completely to the construction suppliers could likewise 
lead to objectivity problems. We argue that, although we could not study this in any 
detail, it might become easier to leave the quality monitoring to the suppliers when for 
instance the maintenance of a road for a number of years would be added to the contract. 
In that case, it is in the supplier’s interest to deliver a good quality product since he has to 
repair the future product’s failures. Of course, such a contract brings along different 
problems, but when it comes to the strategy of the Dutch Directorate-General for Public 
Works and Water Management, this might be a good idea. 

9.4 Policy implications 

As we saw in section 9.3 the system-oriented contract management approach functions 
properly. The fact that defects in the quality management system were detected in an 
early stage has probably led to a decrease of failures compared to the traditional end-
product quality check. Nevertheless, we still see some measures with which we can 
improve the system. Based on our empirical data we propose a number of implications 
for the monitoring policy to improve the efficiency and effectiveness of the quality 
monitoring system. These implications are presented in this section, starting with 
implications regarding the efficiency of the system.  
 
As we saw in section 9.3 the efficiency of the monitoring system could be improved by 
using the predictive value of the first audit outcomes in a project as a steering instrument 
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as part of the existing risk management approach. Another implication regarding the 
efficiency derives from the performance improvement over time that we observed in our 
data. This indicates that suppliers learn how to behave and what is expected of them to 
satisfy the auditors. In unfamiliar projects with new responsibilities we also see a 
performance improvement, but it is not as fast as for the common projects. With this in 
mind, our recommendation would be to speed up performance improvement by 
informing the suppliers about what is expected at the beginning of the process with an 
extra focus on new responsibilities e.g. quality assurance. This could be done in the 
project start-ups that are quite frequent in the Netherlands, but it would be better to take a 
period of more than one day to train the suppliers and indicate what is expected of them 
(learning-on-the-job). Although this involves more time at the beginning of the project 
for both the suppliers’ and the client’s organisations, we believe this effort is worth it. 
The first reason for this is the fact that the suppliers will faster become familiar with the 
client’s requirements and expectations. An example of this is the development of one of 
the first products that the supplier has to deliver: the project’s quality management plan. 
Although the supplier entirely follows the specifications, it usually takes a long time to 
end up with a plan that completely satisfies the client’s expectations. Most of this time is 
a consequence of the procedure of submitting the plan, checking it, writing the audit 
report about it and sending that to the supplier. This procedure makes it difficult for the 
client to show his expectations and therefore also difficult for the supplier to meet these 
expectations. Because of that the supplier has to submit an improved plan a number of 
times before it can be accepted by the client. This way of working can be the cause for 
the first annoyances between the two parties. So, to strengthen the relationship between 
client and supplier, avoid annoyances, improve the mutual understanding, decrease the 
number of negative evaluations and eventually make the monitoring system more 
efficient, we would argue that a period of intensive cooperation is needed at the 
beginning of a project. 
 
We also have a number of remarks about the audit teams to increase the effectiveness of 
the monitoring system. Although there is no consensus among the majority of the experts 
about the influence of the auditors (see section 8.4), our research indicated that they do 
indeed exert some influence. Less experienced audit teams tend to evaluate more 
negatively than more experienced audit teams. And audit teams in which the majority of 
auditors have a design background also have a higher proportion of negative evaluations. 
We propose to consider these two characteristics when putting an audit team together, 
because unnecessary non-compliance audits might have a negative effect on the 
relationship between client and suppliers. Another idea that we already addressed in 
section 9.3 is to train the auditors to stick to the objective evidence that can be found to 
make sure that the differences between the auditors diminishes. The same applies to 
types of audit. We found in the database that the majority of audits are focused on 
documents. These documents usually have a high proportion of positive evaluations, 
whereas the system and process audits tend to be non-compliant more often. One could 

120 



argue that if the audit effort is divided the right way i.e. if the documents are usually 
correct, should so much audit effort be put into this? In fact, process audits are more 
suitable for detecting defects (while process audits are more often assessed to be non-
compliant). Therefore, our suggestion would be to shift some of the focus from 
documentation to processes.  
 
Another remark about audit types is that we observed that the majority of the audits are 
technique-oriented. This might seem a little strange given the aim of the monitoring 
system i.e. to control the supplier’s quality management system. The fact that the 
technique-oriented audits have a high proportion of positive evaluations, while quality 
management issues and safety issues have a lower proportion of positive evaluations, 
reinforces the idea that the audit effort could be reconsidered. The fact that these safety 
and quality management skills lag behind, also calls for attention in the tendering phase. 
If more criteria concerning these factors were incorporated in the tender, there might be a 
greater chance that projects are awarded to suppliers with more safety and quality 
management capabilities. This recommendation is supported by the fact that quality 
management is the main focus of system-oriented contract management and safety is one 
of the most important concerns of public clients. 
 
Two important questions for users of the monitoring system are whether or not it works 
and if the price-quality ratio is in balance. Although we did not study these questions, we 
can say something about them. We could say that a quality monitoring system works if 
the projects are completed in time, on budget, with the expected quality and a satisfied 
client. We have no information on any of these factors in our database, so no conclusions 
can be drawn. However, if we look at traditional quality-monitoring systems (product-
oriented) we do not see that this process-oriented system actually performs any worse. 
We can confirm this since the auditors in these projects found that many completed 
products complied with the requirements. Therefore, we can find no evidence to state that 
this audit-based monitoring system functions any worse than the traditional product-
monitoring systems. Accordingly, we can conclude at the end of this section that there 
are many possibilities for improving the system, but the system itself could be used for 
infrastructural design-build projects. If we look at this system’s price-quality ratio, we 
estimate that the costs of the audit planner, auditors, contract manager and suppliers 
amount to approximately six million euros over four years in a 200 million euro project 
(3%). If we compare these costs with the costs of traditional product-based quality 
monitoring, we could say that these costs are probably lower than that (approximately 
2% of the project-sum). The main reason for this is the fact that there is more experience 
with this way of working. We therefore believe that the client should implement the 
abovementioned recommendations to render the system more effective and efficient, 
particularly because the Dutch Directorate-General for Public Works and Water 
Management is planning to put projects out to tender with a value of approximately 2.5 
billion in 2011 (these are only projects with a value of over 25 million euros) 
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(Directorate-General for Public Works and Water Management 2010). This means that if 
we are able to improve the system by decreasing the audit effort by 1%, it would lead to a 
saving of 25 million euros in 2011. We must note that these calculations are very rough 
and we did not take account of the savings on failure costs that can be achieved by using 
system-oriented contract management instead of traditional product-based quality 
monitoring. These savings can be achieved because a monitoring effort that is more 
focused on the system and process levels can prevent failures on the product level. The 
failure costs are the costs that have to be made to rectify these failures and they are 
probably higher in traditional contracts. 

9.5 Discussion 

9.5.1 Inadequacies in the research 

Our research concentrated on one large infrastructural project with 11 construction 
companies and 57 different subprojects. That limits the applicability of the results. 
Nevertheless, these limits have been chosen to be able to have a detailed look into these 
projects.  
 
The first remark is about the conclusion we draw with regard to supplier performance. In 
our data we see that supplier performance improves over time. This should be viewed 
with caution because what we measured is a decrease in the proportion of negative 
assessments. This means it is only a performance improvement for the audit assessments 
and does not necessarily say anything about the supplier building better roads or bridges. 
It might simply indicate that the suppliers have a better understanding of what is 
expected of them in the audits and adapt themselves accordingly. In line with this, we 
should note that we did not measure project outcomes in terms of budget, planning or 
quality. There is no link in this research between the audit outcomes and these 
performance criteria. 
 
As far as data collection is concerned, there are some items we could have improved 
upon. One example is the complexity factor. This factor could have considerable 
influence on the audit outcomes, but we measured it in a simple way not taking into 
account all the different types of complexity that are addressed in the literature such as, 
for example, organization complexity, technical complexity etc. By collecting the 
complexity through a limited survey we did not have the opportunity to draw detailed 
conclusions on it. The same applies to traffic pressure, the problems with authorities and 
time pressure. There were also a number of CSFs that we omitted from the analyses i.e. 
client-related factors. We left them out because we assumed that when there is one 
project, there is only one client. This is true on a high level, but if we drill down to a 
more operational project level, we see that there are project managers working for each 
type of project. Although these project managers will probably follow the same 
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guidelines and policy, the behaviour can change for each project manager. We cannot say 
anything about this possible influence. 
 
We chose to classify the state variables by hand. We then executed an interrater 
agreement test. Although the agreement was found to be substantial, there are still labels 
in the database that other raters would disagree on. Perhaps a different methodology for 
labelling could have improved the classification. Our last inadequacy is the fact that we 
used the assessment of the auditors as the independent variable in our analyses. In the 
monitoring process these assessments are again judged by the client’s contract manager 
to determine what to do with the audit outcomes. One possible action could be to 
postpone payment to the supplier until a certain defect has been rectified. Postponing 
payment might have an impact on future audit outcomes, but we did not investigate this. 

9.5.2 Universality of the research results 

This research concentrated on one large project that was divided into 57 subprojects. To 
determine the universality of the research we need to say something about the extent to 
which these projects apply for any other project. We can say that we have a detailed 
overview of the use of the monitoring system of these projects. Along with that we have 
a good overview of all factors that influence the compliance of the suppliers according to 
the literature. Since the Dutch Directorate-General for Public Works and Water 
Management applies this monitoring system for all design-build projects in the 
Netherlands, we argue that our analysis can be applicable for all Dutch design-build 
infrastructural works. We draw this conclusion because in our projects a group of 70 
auditors were observed and other Dutch projects use the same audit types and 
philosophy. As a result, we have no reason to believe that our conclusions and 
recommendations are not universally applicable to the Dutch infrastructural sector.  
 
This leaves us with the question about the international applicability of our results. We 
could imagine that because of cultural differences between the Netherlands and other 
countries the auditors, the client and the suppliers behave in a different manner. One 
example of this is the way how people deal with the law. In the Netherlands, people tend 
to behave to the intention of a law, while in Germany people tend to keep to the letter of 
the law (Favié 2004). One could thus imagine that the behaviour of German auditors 
would differ from the Dutch auditors’. Deriving from both cultural and legal differences, 
we know that the terms and conditions differ for each country. Because of that the basis 
of the contract and thus the projects might be different in countries other than the 
Netherlands. In the Netherlands, the terms and conditions for integrated contracts have 
been developed. In these terms and conditions the specific agreements concerning the 
division of roles and responsibilities for design-build contracts are established. This 
could be different in other countries. Also, in the Netherlands the clients shift the total 
responsibility for the quality of the products to the suppliers in a design-build project. 
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That asks for the type of quality monitoring that has been described in this thesis. In other 
countries, this shift in responsibilities could be different. Although we can think of some 
differences between the Netherlands and other countries that can cause problems when 
applying the results of this research, our data are the first empirical data on this subject 
that we know of. Therefore we conclude that if we had to say something about projects in 
other countries, it could be done based on our results, because no other information is 
available at the moment.  

9.5.3 Future research 

The first recommendation would be to study the link between the audit outcomes and the 
project success in terms of budget, planning and quality (and possibly other criteria such 
as client satisfaction and stakeholder satisfaction). If this research were done properly, 
the link between supplier compliance and project success could be made and many 
discussions about the functioning of the monitoring system could cease. As we saw in 
section 8.4 (survey, question 13) 91% of the auditors accept the hypothesis that good 
processes lead to project success. It would be interesting to test this hypothesis by linking 
the project success criteria to the audit outcomes. 
 
A second recommendation is for future research to focus on the differences between 
project types. We found that audit assessments in road construction projects tend to be 
non-compliant more often than in other projects. Unfortunately we could find no 
explanation for this, so our conclusion was that these projects have certain characteristics 
that lead to certain problems. It would be interesting to establish what these 
characteristics are in order to be able to manage road projects better. One of the 
characteristics we measured was the existence of contract amendments in projects. We 
saw that this was something that led to problems in the road construction projects. 
However, we cannot explain why this happened, so detailed research into this subject 
could provide information so that problems could be anticipated when contract 
amendments are made in projects. 
 
Another recommendation for future research involves the performance improvement we 
observed in all projects. We found that audit checks on financial issues and management 
projects display a more rapid performance improvement than road construction projects. 
It would be interesting to conduct research into the differences in performance 
improvement between different projects. With the findings that this research could 
deliver, we might reach a stage where performance improves more rapidly. With regard 
to the efficiency of the quality monitoring system, we recommended using the outcomes 
of the first ten audit checks as a predictor (see section 9.4). However, we also discussed 
that we could not say anything about the optimum number of audits that should be 
performed to control quality. Therefore, research focused on optimum audit frequency 
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would make a significant contribution, and could save suppliers and client considerable 
sums of money. 
 
Our final recommendation for future research is to measure variables such as project 
complexity. To establish the real influence of complexity, it would be a good idea to 
measure this concept in more detail. This would advance our research significantly. 
Another variables issue is the influence of the client organization on the audit outcomes. 
We measured the auditors’ characteristics in detail, but did not take the client 
characteristics into account. A more thorough study of the effects of the client’s 
organization would be interesting for further research. The same applies to the room for 
supplier’s input in the projects. We assumed that this was the same for all projects, 
because all sections of the specifications were equally detailed. The literature indicates 
that this is one of the CSFs in construction projects, so research into which projects that 
differ on this characteristic are taken into account could also be interesting. 

9.6 Research contributions  

This research contributes to the current state of the art in several ways, of which we want 
to highlight four. The first contribution is the addition of knowledge about quality 
monitoring in infrastructural design-build projects as part of the procurement process. 
This procurement process involves ten complex steps of which monitoring is one. This 
whole process needs to be planned and followed thoroughly and it is important that the 
client is familiar with these steps and the complex options they entail. Therefore, a model 
has been developed based on previous work of 4 scholars (Kumaraswamy & 
Dissanayaka 1998; Momme & Hvolby 2002; Monczka, Handfield, & Giunipero 2009; 
Van Weele 2007). We took elements from their models to develop a procurement model 
for the construction industry. Combined, it depicts a good representation of what should 
be done for a construction project.  
 
This procurement model for the construction industry provides information about the 
entire process including quality monitoring, which is the main focus of this research. We 
performed a detailed analysis of the ‘System-oriented Contract Management’ system that 
is used for all new or renovation projects initiated by the Dutch Directorate-General for 
Public Works and Water Management. This system uses audits to control the quality of 
the supplier’s work and has been applied in over 500 projects since 2001. However, there 
is much discussion in the field about its effectiveness and efficiency compared with the 
traditional way of quality monitoring, and it has not been tested in any scientific study as 
far as we are aware. This research fills this gap by analysing 721 audit reports of 57 
infrastructural projects comprising approximately 5,500 audit questions. This led to the 
second contribution: knowledge about the key process characteristics concerning the role 
of the auditor, the role of the audit types, and audit frequency. This knowledge can help 
improve the system by making it more efficient and effective. The analysis also provided 
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a number of interesting empirical insights, such as the inexplicable lower compliance 
levels among suppliers in August. These insights are the third contribution.  
 
The fourth contribution is a test to examine the influence of Critical Success Factors on 
supplier compliance in design-build infrastructural works. We developed a theoretical 
framework of Critical Success Factors for this test. This framework is based on a 
combination of ‘the supplier as a dynamic system’ (Azzone & Rangone 1996), and the 
theory of Critical Success Factors (Rockart 1979). It was also validated by expert 
interviews in order to adapt it for use in infrastructural design-build projects. To be able 
to measure all factors, we enriched the database and analysed it with the framework. The 
difference between this research and the existing literature is the use of actual empirical 
project data. In the existing literature, we only found studies that used data from expert 
interviews to indicate CSFs. In the present research the findings from the existing 
literature were used and tested with empirical project data. After testing the framework, a 
survey was conducted among a large group of experts in the Dutch civil engineering 
industry to compare the research findings with their own intuition. This provides 
interesting information about the intuition of the experts and differences between their 
perceptions and the findings from the data. 
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APPENDIX 1: THE VARIABLES IN THE DATABASE 
Variable Items Construction of variable
Non-compliance Is the judgement negative or not? dummy variable yes (=1); positive, missing or informative (=0)

Supplier-related factors
Supplier size The number of employees of a supplier In case of a combination of suppliers: the mean number of employees of 

all companies
Eelctrical suppl Is the supplier an electrical works supplier? dummy variable yes (=1); no (=0)

Road suppl Is the supplier a road construction works 
supplier?

dummy variable yes (=1); no (=0)

Str. Works suppl Is the supplier a structural works supplier? dummy variable yes (=1); no (=0)
Env. Suppl Is the supplier an environmental works supplier? dummy variable yes (=1); no (=0)

Experience How experienced is the supplier 5-point scale (1=not experienced; 5=very experienced)
Project exp. How many months is the supplier already 

working on project α at the time of of the audit
month of the audit minus the project starting month

Project-related factors
Complexity How complex is project α? 5-point scale (1=not complex; 5=very complex)
Problems auth. How many problems have occured with the 

authorities in project α?
5-point scale (1=no problems; 5=many problems)

Timepressure How much time pressure was there in project α? 5-point scale (1=no time pressure; 5=much time pressure)

Traffic pressure How much traffic pressure was there during the 
execution phase in project α?

5-point scale (1=no traffic pressure; 5=much traffic pressure)

Project value What is the value of project α? Value in Euros
Project time span What is the length in days of project α? Length in days
New project Is the project a new type of responsibility for the 

supplier?
yes (=1); no (=0)

Management Is project α a management activity? dummy variable yes (=1); no (=0)
Design Is project α a design activity? dummy variable yes (=1); no (=0)
Execution Is project α a execution activity? dummy variable yes (=1); no (=0)
Planning Is project α a planning activity? dummy variable yes (=1); no (=0)
General Is project α a general project? dummy variable yes (=1); no (=0)
Electrical Is project α a electrical works project? dummy variable yes (=1); no (=0)
Road Is project α a road construction work project? dummy variable yes (=1); no (=0)

Environmental Is project α a environmental works project? dummy variable yes (=1); no (=0)

Structural works Is project α a structural works project? dummy variable yes (=1); no (=0)
Amendment Did contract amendment A occur project α? dummy variable yes (=1); no (=0)

Amendm. signed Is contract amendment A implemented in project 
α?

dummy variable yes (=1); no (=0)

State variables (suppler capabilities)
Communication Does this question address to Communication 

Capabilities?
dummy variable yes (=1); no (=0)

Coordination Does this question address to Coordination 
Capabilities?

dummy variable yes (=1); no (=0)

Financial Does this question address to Financial 
Capabilities?

dummy variable yes (=1); no (=0)

Planning Does this question address to Planning 
Capabilities?

dummy variable yes (=1); no (=0)

Quality mgt. Does this question address to Quality Managment 
Capabilities?

dummy variable yes (=1); no (=0)

Risk mgt. Does this question address to Risk Management 
Capabilities?

dummy variable yes (=1); no (=0)

Safety Does this question address to Safety Capabilities? dummy variable yes (=1); no (=0)

Technical Does this question address to Technical 
Capabilities?

dummy variable yes (=1); no (=0)
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Appendix 1: The variables in the database - continued 
Variable Items Construction of variable

Audit-related factors
1 auditor Is the audit performed by 1 auditor? dummy variable yes (=1); no (=0)
2 auditors Is the audit performed by 2 auditor? dummy variable yes (=1); no (=0)
2 auditors Is the audit performed by 3 auditor? dummy variable yes (=1); no (=0)
4 auditors Is the audit performed by 4 auditor? dummy variable yes (=1); no (=0)
traditional exp How many years have the auditors worked in 

traditional contracts?
number of years; in case of multiple auditors: the mean number of years 
of all auditors

integrated exp How many years have the auditors worked in 
integrated contracts?

number of years; in case of multiple auditors: the mean number of years 
of all auditors

Age What is the age of the auditors? age;  in case of multiple auditors: the mean age of all auditors
Auditors comp1 Is the majority of auditors in the audit team 

employed by company 1?
dummy variable yes (=1); no (=0)

Auditors comp2 Is the majority of auditors in the audit team 
employed by company 2?

dummy variable yes (=1); no (=0)

Auditors comp3 Is the majority of auditors in the audit team 
employed by company 3?

dummy variable yes (=1); no (=0)

Auditors comp4 Is the majority of auditors in the audit team 
employed by company 4?

dummy variable yes (=1); no (=0)

Design auditors Is the majority of auditors in the audit team 
function 1 (design)?

dummy variable yes (=1); no (=0)

Exec. Auditors Is the majority of auditors in the audit team 
function 2 (execution)?

dummy variable yes (=1); no (=0)

Maintain auditors Is the majority of auditors in the audit team 
function 3 (maintenance)?

dummy variable yes (=1); no (=0)

Misc. Auditors Is the majority of auditors in the audit team 
function 4 (miscelanneous)?

dummy variable yes (=1); no (=0)

Program auditors Is the majority of auditors in the audit team 
function 5 (program)?

dummy variable yes (=1); no (=0)

Centrality Is the auditor a central person in the network of 
auditors?

weighted network of auditors: the higher the number, the more central

Audit experience How many audits did the the auditor already 
perform in these projects?

The number of audits at the moment of auditing;  in case of multiple 
auditors: the mean number of audits of all auditors

January Is this audit held in January? dummy variable yes (=1); no (=0)
February Is this audit held in February? dummy variable yes (=1); no (=0)
March Is this audit held in March? dummy variable yes (=1); no (=0)
April Is this audit held in April? dummy variable yes (=1); no (=0)
May Is this audit held in May? dummy variable yes (=1); no (=0)
June Is this audit held in June? dummy variable yes (=1); no (=0)
July Is this audit held in July? dummy variable yes (=1); no (=0)
August Is this audit held in August? dummy variable yes (=1); no (=0)
September Is this audit held in September? dummy variable yes (=1); no (=0)
October Is this audit held in October? dummy variable yes (=1); no (=0)
November Is this audit held in November? dummy variable yes (=1); no (=0)
December Is this audit held in december? dummy variable yes (=1); no (=0)
Months since '06 How many months after the start of the first 

project was this audit held?
month number (start counting at the start of the first project)

Document audit Is this a document audit? dummy variable yes (=1); no (=0)
Process audit Is this a process audit? dummy variable yes (=1); no (=0)
System audit Is this a system audit? dummy variable yes (=1); no (=0)
Nr. of questions How many questions did the auditors ask during 

an audit?
Number of audit questions in one audit

1st ten questions What is the mean negative score of the first ten 
audit questions in project α?

mean negative score of the first ten audit questions
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APPENDIX 2: THE CONTENTS OF THE DATABASE 
from to mean

Auditors' age 25 69 47

Number of audit questions asked per auditor 3 728 155

Project's value € 10.000 € 30.000.000 € 3.500.000 

Project's length 25 1931 900

suppliers' company size 15 10000 1500  
 
Evaluation Freq. % of total

Compliance 3.358 63%

Non-compliance 691 13%

Informative 1.181 22%

Not asked 139 3%

Total 5.369 100%

Supplier Freq. % of total

Supplier 1 224 5%

Supplier 2 2.643 58%

Supplier 3 73 2%

Supplier 4 673 15%

Supplier 5 205 5%

Supplier 6 37 1%

Supplier 7 311 7%

Supplier 8 150 3%

Supplier 9 8 0%

Supplier 10 6 0%

Supplier 11 200 4%

Total 4.530 100%

Supplier type Freq. % of total

Electrical works supplier 200 4%

Environmental works supplier 73 2%

Structural works supplier 461 10%

Road works supplier 3.796 84%

Total 4.530 100%  
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Appendix 2: the contents of the database – continued 
Project type Freq. % of total

General works project 2.469 55%

Electrical works project 200 4%

Road works project 1.033 23%

Environmental works project 113 2%

Structural works project 715 16%

Total 4.530 100%

Task type Freq. % of total

Management project 1.879 41%

Design project 1.140 25%

Execution project 1.388 31%

Planning / preparation project 123 3%

Total 4.530 100%

Project new or common responsibility for 
supplier Freq. % of total

Common responsibilty 4.002 88%

New responsibilty 528 12%

Total 4.530 100%

Contract amendment in project Freq. % of total

No 2.393 53%

Yes 2.137 47%

Total 4.530 100%

Evaluations before and after contract 
amendment Freq. % of total

before 930 44%

after 1.207 56%

Total 2.137 100%

Complexity Freq. % of total

0 1.615 36%

1 321 7%

2 558 12%

3 434 10%

4 63 1%

5 1.539 34%

Total 4.530 100%  
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Appendix 2: the contents of the database – continued 
Problems with authorities Freq. % of total

0 1.869 41%

1 1.228 27%

2 442 10%

3 922 20%

4 29 1%

5 40 1%

Total 4.530 100%

Time pressure Freq. % of total

0 15 0%

1 1.562 34%

2 564 12%

3 491 11%

4 1.680 37%

5 218 5%

Total 4.530 100%

Traffic pressure Freq. % of total

0 2.815 62%

1 241 5%

2 516 11%

3 510 11%

4 240 5%

5 208 5%

Total 4.530 100%

State variables (contractor capabilities) Freq. % of total

Communication 88 2%

Coordination 523 10%

Financial 380 7%

Planning 691 13%

Quality Management 984 18%

Risk Management 132 2%

Safety 330 6%

Technical 2.365 43%

Total 5.493 100%

Audit type Freq. % of total

Document audit 3.125 55%

Process audit 2.089 37%

System audit 445 8%

Total 5.659 100%  
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Appendix 2: the contents of the database – continued 
Year Freq. % of total

2006 179 3%

2007 1.787 32%

2008 2.047 36%

2009 1.646 29%

Total 5.659 100%

Month of the year Freq. % of total

January 468 8%

February 430 8%

March 435 8%

April 496 9%

May 583 10%

June 547 10%

July 654 12%

August 480 8%

September 399 7%

October 362 6%

November 513 9%

December 292 5%

Total 5.659 100%

Majority of auditors work for company Freq. % of total

1 1.083 28%

2 366 9%

3 1.895 49%

4 532 14%

Total 3.876 100%

Majority of auditors have background Freq. % of total

Design 1.560 51%

Execution 579 19%

Miscellaneous 143 5%

Program 780 25%

Total 3.062 100%

Number of auditors conducting the audit Freq. % of total

1 1.157 21%

2 3.698 66%

3 519 9%

4 175 3%

5 20 0%

6 4 0%

8 23 0%

33 3 0%

Total 5.599 100%  
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APPENDIX 3: THE CORRELATION MATRIX 
Non-compliance Supplier size Electrical suppl Road suppl Str. works suppl Env. suppl Experience Complexity Problems auth. Timepressure

Non-compliance 1,00
3145

Supplier size 0,06 1,00
3145 3145
0,00

Eelctrical suppl -0,08 -0,15 1,00
3145 3145 3145
0,00 0,00

Road suppl 0,13 0,63 -0,52 1,00
3145 3145 3145 3145
0,00 0,00 0,00

Str. Works suppl -0,08 -0,59 -0,08 -0,75 1,00
3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00

Env. Suppl -0,04 -0,19 -0,03 -0,26 -0,04 1,00
3145 3145 3145 3145 3145 3145
0,02 0,00 0,11 0,00 0,02

Experience 0,00 -0,30 0,42 -0,15 -0,20 0,21 1,00
3145 3145 3145 3145 3145 3145 3145
0,85 0,00 0,00 0,00 0,00 0,00

Complexity 0,04 -0,77 0,28 -0,52 0,41 0,06 0,19 1,00
3145 3145 3145 3145 3145 3145 3145 3145
0,02 0,00 0,00 0,00 0,00 0,00 0,00

Problems auth. 0,08 -0,29 0,09 -0,28 0,22 0,17 -0,13 0,59 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Timepressure 0,04 -0,66 0,17 -0,51 0,46 0,11 0,11 0,92 0,67 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Traffic pressure 0,06 -0,04 0,03 -0,35 0,43 -0,07 -0,15 0,31 0,52 0,35
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,01 0,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Project value -0,09 0,04 -0,14 -0,22 0,43 -0,16 -0,24 -0,11 0,12 0,04
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,03

Project length 0,00 0,53 -0,22 0,51 -0,38 -0,21 -0,06 -0,76 -0,76 -0,87
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,91 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

New project 0,22 0,21 -0,08 0,16 -0,12 -0,04 -0,04 0,07 -0,06 -0,01
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,02 0,03 0,00 0,00 0,74

Management -0,05 0,52 -0,20 0,39 -0,29 -0,10 -0,10 -0,77 -0,82 -0,80
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Design 0,03 -0,54 0,19 -0,01 -0,20 0,18 0,35 0,60 0,22 0,47
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,12 0,00 0,00 0,65 0,00 0,00 0,00 0,00 0,00 0,00

Execution 0,03 -0,08 0,05 -0,43 0,51 -0,05 -0,22 0,30 0,65 0,40
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,15 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Planning 0,01 0,10 -0,04 0,08 -0,06 -0,02 -0,02 -0,10 0,01 0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,75 0,00 0,03 0,00 0,00 0,27 0,30 0,00 0,45 0,13

General 0,01 0,68 -0,26 0,51 -0,38 -0,13 -0,12 -0,85 -0,59 -0,88
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,48 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Electrical -0,08 -0,15 1,00 -0,52 -0,08 -0,03 0,42 0,28 0,09 0,17
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,11 0,00 0,00 0,00 0,00

Road 0,10 -0,15 -0,12 0,23 -0,18 -0,06 0,23 0,39 0,26 0,47
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Environmental -0,04 -0,15 -0,03 -0,21 -0,05 0,87 0,18 0,05 0,15 0,08
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,01 0,00 0,06 0,00 0,01 0,00 0,00 0,00 0,00 0,00

Structural works -0,06 -0,59 -0,11 -0,53 0,76 -0,06 -0,40 0,51 0,40 0,52
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Amendment 0,11 -0,48 -0,17 -0,18 0,38 -0,08 -0,11 0,67 0,72 0,71
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
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Appendix 3: the correlation matrix - continued 
Non-compliance Supplier size Electrical suppl Road suppl Str. works suppl Env. suppl Experience Complexity Problems auth. Timepressure

Amendm. signed -0,06 -0,49 -0,08 -0,38 0,54 -0,04 -0,08 0,48 0,42 0,49
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,03 0,00 0,00 0,00 0,00

Communication 0,00 0,05 -0,03 0,04 -0,03 -0,01 -0,01 -0,02 0,03 0,00
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,98 0,00 0,16 0,02 0,13 0,47 0,68 0,22 0,13 0,84

Coordination -0,02 0,18 -0,06 0,12 -0,09 -0,02 -0,07 -0,05 0,19 -0,02
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,28 0,00 0,00 0,00 0,00 0,38 0,00 0,01 0,00 0,40

Financial -0,10 0,19 -0,07 0,14 -0,11 -0,04 -0,04 -0,35 -0,31 -0,35
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,03 0,04 0,00 0,00 0,00

Planning -0,02 0,22 -0,09 0,16 -0,12 -0,04 -0,04 -0,40 -0,38 -0,40
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,30 0,00 0,00 0,00 0,00 0,04 0,01 0,00 0,00 0,00

Quality mgt. 0,07 0,13 -0,07 0,10 -0,11 0,09 -0,01 -0,07 -0,18 -0,05
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,69 0,00 0,00 0,01

Risk mgt. 0,00 0,05 -0,03 0,06 -0,05 0,00 0,00 -0,08 -0,09 -0,08
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,85 0,00 0,07 0,00 0,01 0,82 0,89 0,00 0,00 0,00

Safety 0,18 0,15 -0,06 0,10 -0,07 -0,03 -0,04 -0,12 0,21 -0,13
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,08 0,04 0,00 0,00 0,00

Technical -0,06 -0,56 0,23 -0,40 0,33 0,01 0,11 0,63 0,36 0,59
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,58 0,00 0,00 0,00 0,00

1 auditor -0,14 0,10 0,12 0,00 -0,10 0,04 0,03 -0,23 -0,16 -0,26
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,80 0,00 0,03 0,14 0,00 0,00 0,00

2 auditors 0,11 -0,14 -0,12 -0,03 0,14 -0,05 -0,04 0,19 0,11 0,23
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,13 0,00 0,01 0,01 0,00 0,00 0,00

2 auditors 0,04 0,08 0,03 0,03 -0,07 0,03 0,01 0,00 0,03 0,00
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,03 0,00 0,11 0,12 0,00 0,09 0,55 0,80 0,10 0,94

4 auditors -0,04 -0,01 -0,03 0,06 -0,04 -0,02 0,05 0,05 0,05 0,04
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,04 0,52 0,09 0,00 0,01 0,40 0,00 0,00 0,01 0,02

traditional exp 0,01 -0,10 0,22 -0,16 0,05 -0,04 0,06 0,22 0,25 0,20
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,55 0,00 0,00 0,00 0,00 0,03 0,00 0,00 0,00 0,00

integrated exp -0,06 -0,34 0,08 -0,39 0,40 0,07 -0,07 0,29 0,17 0,28
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Age -0,07 -0,11 0,21 -0,19 0,10 -0,03 0,00 0,17 0,22 0,14
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,05 0,96 0,00 0,00 0,00

Auditors comp1 0,07 0,14 -0,14 0,26 -0,20 -0,07 -0,01 -0,21 -0,22 -0,22
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,53 0,00 0,00 0,00

Auditors comp2 -0,07 0,02 0,28 -0,10 -0,08 -0,03 0,13 0,08 0,05 0,02
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,33 0,00 0,00 0,00 0,12 0,00 0,00 0,01 0,20

Auditors comp3 -0,05 0,10 0,14 -0,02 -0,10 0,03 0,12 -0,07 0,02 -0,04
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,01 0,00 0,00 0,40 0,00 0,05 0,00 0,00 0,30 0,02

Auditors comp4 -0,06 -0,19 0,06 -0,23 0,22 0,04 -0,11 0,14 0,10 0,12
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00

Design auditors 0,06 0,04 -0,11 0,11 -0,05 0,01 -0,04 -0,09 -0,09 -0,07
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,02 0,00 0,00 0,00 0,44 0,02 0,00 0,00 0,00

Exec. Auditors -0,08 -0,05 0,39 -0,25 0,03 -0,03 0,17 0,10 0,07 0,04
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,06 0,11 0,00 0,00 0,00 0,05

Misc. Auditors 0,00 0,11 -0,04 0,08 -0,06 -0,02 -0,02 -0,21 -0,19 -0,21
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,78 0,00 0,02 0,00 0,00 0,22 0,25 0,00 0,00 0,00
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Appendix 3: the correlation matrix - continued 
Non-compliance Supplier size Electrical suppl Road suppl Str. works suppl Env. suppl Experience Complexity Problems auth. Timepressure

Program auditors -0,06 0,12 -0,06 0,07 -0,09 0,10 0,00 -0,22 -0,18 -0,20
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 1,00 0,00 0,00 0,00

Centrality 0,09 0,03 -0,17 0,19 -0,10 -0,01 0,00 0,10 0,14 0,14
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,08 0,00 0,00 0,00 0,71 0,80 0,00 0,00 0,00

Audit experience -0,13 -0,15 -0,09 -0,06 0,13 0,05 -0,01 0,13 0,03 0,11
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,01 0,43 0,00 0,09 0,00

March 0,02 0,03 -0,06 -0,01 0,06 -0,03 -0,07 -0,01 -0,01 0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,17 0,10 0,00 0,71 0,00 0,09 0,00 0,72 0,68 0,06

August 0,09 0,02 -0,05 0,13 -0,11 -0,04 -0,07 0,04 0,09 0,02
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,22 0,00 0,00 0,00 0,03 0,00 0,03 0,00 0,18

Months since '06 -0,28 -0,19 0,20 -0,32 0,20 0,13 0,11 0,09 -0,01 0,05
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,54 0,01

Document audit -0,16 -0,37 0,12 -0,25 0,20 0,06 0,09 0,24 0,15 0,19
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Process audit 0,13 0,28 -0,08 0,18 -0,14 -0,04 -0,07 -0,17 0,02 -0,11
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,03 0,00 0,00 0,26 0,00

System audit 0,07 0,19 -0,07 0,14 -0,10 -0,04 -0,03 -0,13 -0,30 -0,16
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,04 0,06 0,00 0,00 0,00

Nr. of questions -0,05 -0,40 0,05 -0,34 0,39 -0,04 -0,08 0,37 0,20 0,34
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,02 0,00 0,00 0,00 0,00
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Appendix 3: the correlation matrix - continued 
Traffic pressure Project value Project length New project Management Design Execution Planning General Electrical

Traffic pressure 1,00
3145

Project value 0,36 1,00
3145 3145
0,00

Project length -0,32 -0,16 1,00
3145 3145 3145
0,00 0,00

New project 0,39 -0,36 0,22 1,00
3145 3145 3145 3145
0,00 0,00 0,00

Management -0,41 -0,02 0,84 0,14 1,00
3145 3145 3145 3145 3145
0,00 0,38 0,00 0,00

Design -0,43 -0,47 -0,41 -0,20 -0,48 1,00
3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00

Execution 0,88 0,54 -0,52 0,03 -0,57 -0,39 1,00
3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,15 0,00 0,00

Planning -0,11 -0,27 0,03 0,03 -0,14 -0,09 -0,11 1,00
3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,09 0,13 0,00 0,00 0,00

General -0,14 -0,09 0,88 0,32 0,76 -0,55 -0,35 0,15 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Electrical 0,03 -0,14 -0,22 -0,08 -0,20 0,19 0,05 -0,04 -0,26 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,06 0,00 0,00 0,00 0,00 0,00 0,00 0,03 0,00

Road -0,09 0,07 -0,44 -0,18 -0,43 0,45 0,06 -0,08 -0,56 -0,12
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Environmental -0,03 -0,18 -0,20 -0,05 -0,12 0,14 0,00 -0,02 -0,15 -0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,05 0,00 0,00 0,01 0,00 0,00 0,89 0,20 0,00 0,06

Structural works 0,27 0,19 -0,49 -0,16 -0,38 0,08 0,36 -0,07 -0,50 -0,11
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Amendment 0,43 0,33 -0,71 -0,08 -0,76 0,33 0,55 -0,15 -0,63 -0,17
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Amendm. signed 0,42 0,31 -0,46 -0,05 -0,49 0,07 0,49 -0,10 -0,43 -0,08
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,01 0,00 0,00 0,00 0,00 0,00 0,00

Communication 0,05 0,02 0,00 0,02 0,00 -0,03 0,03 0,02 0,03 -0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,01 0,25 0,79 0,22 0,87 0,07 0,14 0,25 0,10 0,16

Coordination 0,21 0,04 -0,02 0,03 -0,15 -0,04 0,18 0,07 0,10 -0,06
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,01 0,27 0,10 0,00 0,01 0,00 0,00 0,00 0,00

Financial -0,23 0,11 0,30 -0,11 0,35 -0,18 -0,20 -0,03 0,27 -0,07
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,09 0,00 0,00

Planning -0,25 0,12 0,34 -0,10 0,42 -0,20 -0,23 -0,06 0,32 -0,09
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Quality mgt. 0,01 -0,18 0,17 0,26 0,16 -0,10 -0,15 0,19 0,17 -0,07
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,71 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Risk mgt. -0,06 -0,02 0,08 0,00 0,09 -0,03 -0,07 0,01 0,07 -0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,24 0,00 0,99 0,00 0,07 0,00 0,65 0,00 0,07

Safety 0,15 -0,18 0,09 0,23 0,00 -0,14 0,14 -0,03 0,18 -0,06
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,87 0,00 0,00 0,06 0,00 0,00

Technical 0,10 0,04 -0,57 -0,19 -0,52 0,41 0,20 -0,11 -0,66 0,23
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,03 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

1 auditor -0,15 0,13 0,17 -0,18 0,22 -0,12 -0,10 -0,06 0,14 0,12
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
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Appendix 3: the correlation matrix - continued 
Traffic pressure Project value Project length New project Management Design Execution Planning General Electrical

2 auditors 0,08 -0,09 -0,16 0,10 -0,17 0,11 0,06 0,06 -0,14 -0,12
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

2 auditors 0,06 -0,02 0,01 0,13 0,00 -0,04 0,03 -0,01 0,04 0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,26 0,41 0,00 0,84 0,04 0,06 0,76 0,03 0,11

4 auditors 0,05 -0,04 -0,03 -0,04 -0,11 0,07 0,05 -0,02 -0,06 -0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,03 0,14 0,01 0,00 0,00 0,00 0,25 0,00 0,09

traditional exp 0,18 -0,09 -0,21 0,00 -0,27 0,11 0,19 0,00 -0,18 0,22
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,79 0,00 0,00 0,00 0,83 0,00 0,00

integrated exp 0,14 0,10 -0,25 -0,09 -0,19 0,05 0,19 -0,11 -0,30 0,08
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Age 0,13 -0,11 -0,15 -0,02 -0,18 0,05 0,15 0,00 -0,14 0,21
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,23 0,00 0,00 0,00 0,91 0,00 0,00

Auditors comp1 -0,25 0,00 0,22 -0,07 0,25 0,01 -0,24 -0,09 0,14 -0,14
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,82 0,00 0,00 0,00 0,74 0,00 0,00 0,00 0,00

Auditors comp2 0,07 -0,01 -0,05 0,00 -0,05 0,00 0,07 -0,04 -0,09 0,28
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,52 0,01 0,83 0,01 0,78 0,00 0,04 0,00 0,00

Auditors comp3 0,02 -0,06 0,01 -0,01 -0,04 -0,04 0,02 0,18 0,08 0,14
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,32 0,00 0,49 0,53 0,01 0,04 0,28 0,00 0,00 0,00

Auditors comp4 0,08 0,07 -0,15 -0,05 -0,10 0,02 0,10 -0,02 -0,14 0,06
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,01 0,00 0,22 0,00 0,21 0,00 0,00

Design auditors -0,14 0,14 0,04 -0,10 0,11 0,00 -0,09 -0,09 0,01 -0,11
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,02 0,00 0,00 0,94 0,00 0,00 0,76 0,00

Exec. Auditors 0,16 -0,02 -0,07 -0,01 -0,15 -0,01 0,16 0,03 -0,06 0,39
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,32 0,00 0,41 0,00 0,50 0,00 0,09 0,00 0,00

Misc. Auditors -0,14 0,07 0,18 -0,06 0,22 -0,10 -0,12 -0,03 0,16 -0,04
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,10 0,00 0,02

Program auditors -0,14 -0,01 0,18 -0,05 0,18 -0,08 -0,14 0,09 0,19 -0,06
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,64 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Centrality 0,04 -0,06 -0,09 0,07 -0,17 0,12 0,04 0,07 -0,07 -0,17
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,01 0,00 0,00 0,00 0,00 0,00 0,03 0,00 0,00 0,00

Audit experience 0,11 0,08 -0,11 0,01 -0,11 0,04 0,12 -0,12 -0,12 -0,09
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,64 0,00 0,01 0,00 0,00 0,00 0,00

March 0,05 0,08 -0,05 -0,04 -0,07 -0,05 0,10 0,04 -0,05 -0,06
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,01 0,02 0,00 0,01 0,00 0,02 0,01 0,00

August -0,04 -0,01 -0,04 -0,03 -0,06 0,13 -0,04 -0,05 -0,03 -0,05
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,03 0,48 0,02 0,06 0,00 0,00 0,03 0,00 0,07 0,00

Months since '06 0,12 0,16 -0,10 -0,09 -0,04 -0,07 0,15 -0,11 -0,11 0,20
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,02 0,00 0,00 0,00 0,00 0,00

Document audit -0,01 0,13 -0,23 -0,33 -0,18 0,19 0,05 -0,11 -0,27 0,12
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,42 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Process audit 0,02 -0,03 0,07 0,16 0,03 -0,13 0,06 0,09 0,13 -0,08
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,35 0,07 0,00 0,00 0,10 0,00 0,00 0,00 0,00 0,00

System audit 0,00 -0,18 0,28 0,31 0,27 -0,12 -0,19 0,04 0,26 -0,07
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,88 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,00

Nr. of questions 0,16 0,09 -0,25 0,00 -0,23 0,11 0,16 -0,06 -0,29 0,05
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,98 0,00 0,00 0,00 0,00 0,00 0,00
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Appendix 3: the correlation matrix - continued 
Road Environmental Structural works Amendment Amendm. signed Communication Coordination Financial Planning Quality mgt.

Road 1,00
3145

Environmental -0,0702 1
3145,00 3145,00

0,00

Structural works -0,23 -0,06 1,00
3145,00 3145,00 3145,00

0 0,0004

Amendment 0,46 -0,04 0,46 1,00
3145 3145 3145 3145
0,00 0,03 0,00

Amendm. signed 0,1301 -0,0054 0,4752 0,636 1
3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,76 0,00 0,00

Communication 0,02 -0,01 -0,04 0,01 0,01 1,00
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,235 0,4109 0,0229 0,7367 0,4133

Coordination 0,02 -0,03 -0,10 0,09 0,00 -0,04 1,00
3145 3145 3145 3145 3145 3145 3145
0,30 0,16 0,00 0,00 0,81 0,04

Financial -0,1505 -0,035 -0,1431 -0,2804 -0,1749 -0,0332 -0,1079 1
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,05 0,00 0,00 0,00 0,06 0,00

Planning -0,18 -0,04 -0,16 -0,32 -0,20 -0,04 -0,13 -0,12 1,00
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0,0129 0 0 0 0,0267 0 0

Quality mgt. -0,08 0,08 -0,13 -0,19 -0,13 -0,04 -0,14 -0,13 -0,15 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,01 0,00 0,00 0,00

Risk mgt. -0,0327 0,0168 -0,0489 -0,0754 -0,051 -0,0143 -0,0465 -0,0421 -0,0501 -0,0552
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,07 0,35 0,01 0,00 0,00 0,42 0,01 0,02 0,00 0,00

Safety -0,09 -0,04 -0,10 0,06 0,01 -0,03 -0,09 -0,08 -0,10 -0,11
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0,0456 0 0,0009 0,7167 0,1252 0 0 0 0

Technical 0,29 0,02 0,41 0,44 0,33 -0,10 -0,31 -0,28 -0,34 -0,37
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,23 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

1 auditor -0,1623 0,028 -0,0981 -0,2353 -0,07 -0,0127 -0,0994 0,5197 -0,0296 -0,0871
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,12 0,00 0,00 0,00 0,48 0,00 0,00 0,10 0,00

2 auditors 0,12 -0,06 0,14 0,19 0,03 -0,03 0,08 -0,42 0,05 0,01
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0,0007 0 0 0,0763 0,1143 0 0 0,0028 0,6274

3 auditors 0,00 0,02 -0,07 0,01 0,02 0,07 0,03 -0,08 -0,03 0,13
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,87 0,33 0,00 0,50 0,24 0,00 0,13 0,00 0,15 0,00

4 auditors 0,1078 0,0961 -0,0576 0,07 0,0739 0,0111 -0,0268 -0,0213 -0,0468 -0,0076
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,00 0,00 0,00 0,00 0,53 0,13 0,23 0,01 0,67

traditional exp -0,03 -0,03 0,15 0,13 0,13 0,05 0,11 -0,39 -0,07 -0,06
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,0625 0,0766 0 0 0 0,0097 0 0 0,0001

integrated exp -0,06 0,05 0,39 0,18 0,27 0,01 -0,06 -0,11 -0,17 -0,07
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,71 0,00 0,00 0,00 0,00

Age -0,1282 -0,0172 0,1979 0,059 0,1747 0,0699 0,0645 -0,2684 -0,0995 -0,0651
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Auditors comp1 0,08 -0,05 -0,17 -0,14 -0,17 -0,02 -0,08 0,28 0,13 -0,08
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0,0042 0 0 0 0,164 0 0 0 0

Auditors comp2 -0,01 -0,03 -0,03 -0,10 -0,01 0,03 -0,01 -0,07 -0,09 0,01
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,54 0,08 0,13 0,00 0,75 0,08 0,67 0,00 0,00 0,40

Auditors comp3 -0,0368 0,0556 -0,1665 -0,0829 0,0201 0,0386 0,0617 0,0203 -0,115 0,1118
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,04 0,00 0,00 0,00 0,26 0,03 0,00 0,25 0,00 0,00

Auditors comp4 -0,07 0,03 0,21 0,10 0,17 -0,01 -0,04 -0,04 -0,05 -0,06
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,0001 0,0572 0 0 0 0,4191 0,028 0,0172 0,0045

0,0011

0,0018
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Appendix 3: the correlation matrix - continued 
Road Environmental Structural works Amendment Amendm. signed Communication Coordination Financial Planning Quality mgt.

Design auditors 0,16 0,00 -0,11 0,00 -0,07 -0,04 -0,05 0,04 0,18 -0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,97 0,00 0,94 0,00 0,04 0,01 0,04 0,00 0,12

Exec. Auditors -0,1351 -0,0375 0,0024 -0,0448 0,1101 0,0156 0,0589 -0,1137 -0,0477 -0,0624
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,04 0,89 0,01 0,00 0,38 0,00 0,00 0,01 0,00

Misc. Auditors -0,09 -0,03 -0,08 -0,17 -0,11 -0,02 -0,06 0,50 0,00 -0,07
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,16 0,00 0,00 0,00 0,28 0,00 0,00 0,96 0,00

Program auditors -0,1252 0,0769 -0,1128 -0,1961 -0,1439 -0,0261 -0,0585 0,2546 -0,0415 0,0942
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,00 0,00 0,00 0,00 0,14 0,00 0,00 0,02 0,00

Centrality 0,28 0,01 -0,10 0,20 -0,08 0,02 0,15 -0,37 -0,01 0,12
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0,7464 0 0 0 0,3269 0 0 0,7605 0

Audit experience 0,11 0,06 0,07 0,15 0,24 -0,01 0,02 -0,10 0,01 -0,02
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,62 0,37 0,00 0,40 0,25

March 0,07 -0,02 0,02 0,04 0,05 -0,03 0,08 -0,03 0,00 0,01
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,39 0,22 0,01 0,01 0,13 0,00 0,07 1,00 0,54

August 0,0416 -0,0442 0,0451 0,1076 -0,0026 -0,013 -0,0391 -0,0151 -0,0417 0,0256
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,02 0,01 0,01 0,00 0,89 0,47 0,03 0,40 0,02 0,15

Months since '06 -0,13 0,13 0,12 -0,05 0,38 0,03 -0,07 0,05 0,00 -0,05
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0 0 0,0072 0 0,0808 0,0001 0,0066 0,9882 0,0084

Document audit 0,02 0,07 0,24 0,18 0,20 -0,01 -0,15 0,27 -0,22 -0,19
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,28 0,00 0,00 0,00 0,00 0,60 0,00 0,00 0,00 0,00

Process audit 0,0605 -0,0447 -0,1722 -0,0288 -0,1015 0,0219 0,1568 -0,2266 0,2367 0,0095
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0,00 0,01 0,00 0,11 0,00 0,22 0,00 0,00 0,00 0,59

System audit -0,14 -0,04 -0,14 -0,27 -0,18 -0,02 0,00 -0,09 -0,01 0,32
3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00 3145,00

0 0,0189 0 0 0 0,235 0,8153 0 0,4146 0

Nr. of questions -0,02 -0,07 0,40 0,29 0,31 -0,04 -0,09 -0,34 0,02 -0,05
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,16 0,00 0,00 0,00 0,00 0,05 0,00 0,00 0,20 0,00
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Appendix 3: the correlation matrix - continued 
Risk mgt. Safety Technical 1 auditor 2 auditors 3 auditors 4 auditors traditional exp Integrated exp Age

Risk mgt. 1,00
3145

Safety -0,03 1,00
3145 3145
0,05

Technical -0,12 -0,23 1,00
3145 3145 3145
0,00 0,00

1 auditor -0,06 -0,09 -0,09 1,00
3145 3145 3145 3145
0,00 0,00 0,00

2 auditors 0,06 0,05 0,11 -0,80 1,00
3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00

2 auditors -0,02 0,04 -0,08 -0,15 -0,41 1,00
3145 3145 3145 3145 3145 3145
0,31 0,02 0,00 0,00 0,00

4 auditors 0,02 0,00 0,06 -0,07 -0,19 -0,03 1,00
3145 3145 3145 3145 3145 3145 3145
0,22 0,97 0,00 0,00 0,00 0,05

traditional exp -0,05 0,08 0,21 -0,26 0,16 0,12 0,03 1,00
3145 3145 3145 3145 3145 3145 3145 3145
0,01 0,00 0,00 0,00 0,00 0,00 0,15

integrated exp 0,06 0,01 0,24 -0,10 0,03 0,10 0,02 0,06 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,73 0,00 0,00 0,10 0,00 0,20 0,00

Age -0,06 0,11 0,17 -0,14 0,03 0,16 0,02 0,79 0,22 1,00
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,08 0,00 0,25 0,00 0,00

Auditors comp1 0,10 -0,04 -0,14 0,21 -0,19 0,03 -0,07 -0,51 -0,11 -0,44
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,02 0,00 0,00 0,00 0,06 0,00 0,00 0,00 0,00

Auditors comp2 0,00 -0,06 0,11 0,20 -0,19 0,03 -0,03 0,28 0,18 0,24
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,89 0,00 0,00 0,00 0,00 0,10 0,11 0,00 0,00 0,00

Auditors comp3 -0,03 0,03 -0,07 0,09 -0,24 0,18 0,20 0,31 -0,21 0,33
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,11 0,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Auditors comp4 -0,02 -0,04 0,15 0,26 -0,20 -0,04 -0,02 -0,16 0,24 -0,16
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,31 0,05 0,00 0,00 0,00 0,04 0,34 0,00 0,00 0,00

Design auditors -0,06 -0,04 -0,04 0,19 -0,18 0,03 -0,02 -0,32 -0,07 -0,39
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,01 0,01 0,00 0,00 0,05 0,23 0,00 0,00 0,00

Exec. Auditors -0,04 0,04 0,09 0,13 -0,20 0,18 -0,05 0,43 0,05 0,43
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,04 0,03 0,00 0,00 0,00 0,00 0,01 0,00 0,01 0,00

Misc. Auditors -0,02 -0,05 -0,16 0,34 -0,27 -0,05 -0,02 -0,28 -0,18 -0,27
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,17 0,01 0,00 0,00 0,00 0,01 0,20 0,00 0,00 0,00

Program auditors 0,23 -0,06 -0,17 0,29 -0,22 -0,07 -0,03 -0,27 0,09 -0,11
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,08 0,00 0,00 0,00

Centrality -0,03 0,03 0,04 -0,38 0,28 0,09 0,05 0,15 -0,26 -0,10
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,06 0,11 0,04 0,00 0,00 0,00 0,01 0,00 0,00 0,00

Audit experience -0,07 -0,11 0,12 -0,16 0,14 0,00 0,03 -0,03 -0,11 -0,12
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,96 0,07 0,12 0,00 0,00

March 0,01 -0,05 -0,01 0,05 -0,01 -0,05 -0,03 -0,01 -0,02 -0,06
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,72 0,00 0,69 0,00 0,50 0,01 0,07 0,68 0,24 0,00

August -0,02 -0,02 0,06 0,09 -0,03 -0,08 -0,04 -0,09 0,03 -0,11
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,31 0,29 0,00 0,00 0,15 0,00 0,02 0,00 0,13 0,00

Months since '06 -0,07 -0,17 0,14 0,21 -0,20 0,02 0,00 0,05 0,31 0,22
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,20 0,99 0,00 0,00 0,00

Document audit -0,09 -0,19 0,33 0,45 -0,41 -0,05 0,11 -0,07 0,02 0,02
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,37 0,39
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Appendix 3: the correlation matrix - continued 
Risk mgt. Safety Technical 1 auditor 2 auditors 3 auditors 4 auditors traditional exp Integrated exp Age

Process audit -0,04 0,21 -0,23 -0,39 0,34 0,06 -0,09 0,14 -0,03 0,03
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,02 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,07 0,09

System audit 0,23 -0,03 -0,20 -0,14 0,14 -0,01 -0,04 -0,12 0,03 -0,08
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,00 0,09 0,00 0,00 0,00 0,55 0,03 0,00 0,13 0,00

Nr. of questions -0,05 -0,03 0,31 -0,30 0,21 0,07 0,07 0,20 0,26 0,16
3145 3145 3145 3145 3145 3145 3145 3145 3145 3145
0,01 0,09 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Auditors comp1 Auditors comp2 Auditors comp3 Auditors comp4 Design auditors Exec. Auditors Misc. Auditors Program auditors Centrality

Auditors comp1 1
3145

Auditors comp2 -0,1295 1
3145 3145

0

Auditors comp3 -0,364 -0,1467 1
3145 3145 3145

0 0

Auditors comp4 -0,077 -0,031 -0,0872 1
3145 3145 3145 3145

0 0,0818 0

Design auditors 0,3293 -0,1092 -0,1464 0,206 1
3145 3145 3145 3145 3145

0 0 0 0

Exec. Auditors -0,1718 0,2934 0,2492 -0,0509 -0,247 1
3145 3145 3145 3145 3145 3145

0 0 0 0,0043 0

Misc. Auditors 0,3196 -0,0414 -0,1164 -0,0246 -0,1195 -0,0679 1
3145 3145 3145 3145 3145 3145 3145

0 0,0202 0 0,1675 0 0,0001

Program auditors 0,0549 -0,0563 0,164 -0,0335 -0,1625 -0,0923 -0,0447 1
3145 3145 3145 3145 3145 3145 3145 3145

0,0021 0,0016 0 0,0605 0 0 0,0123

Centrality -0,1201 -0,3102 0,107 -0,062 0,246 -0,1825 -0,2866 -0,2073 1
3145 3145 3145 3145 3145 3145 3145 3145 3145

0 0 0 0,0005 0 0 0 0

Audit experience -0,0069 -0,2774 -0,0085 0,0906 0,1772 -0,114 0,0044 -0,2029 0,5128
3145 3145 3145 3145 3145 3145 3145 3145 3145

0,6975 0 0,6352 0 0 0 0,8044 0 0

March -0,0748 -0,0578 0,0584 0,1361 0,0895 -0,0133 -0,0229 -0,0162 0,062
3145 3145 3145 3145 3145 3145 3145 3145 3145

0 0,0012 0,0011 0 0 0,4571 0,1982 0,363 0,0005

August 0,1387 0,0686 -0,0916 0,0306 0,1261 -0,0595 0,0047 0,1056 -0,0419
3145 3145 3145 3145 3145 3145 3145 3145 3145

0 0,0001 0 0,0857 0 0,0008 0,7933 0 0,0188

Months since '06 -0,2699 0,3325 0,1292 0,1956 -0,0357 0,2361 -0,2199 0,062 -0,344
3145 3145 3145 3145 3145 3145 3145 3145 3145

0 0 0 0 0,0453 0 0 0,0005 0

Document audit 0,0438 0,0118 0,0972 0,121 0,0508 0,0062 0,1614 0,0844 -0,1192
3145 3145 3145 3145 3145 3145 3145 3145 3145

0,014 0,5088 0 0 0,0043 0,7294 0 0 0

Process audit -0,0728 -0,0211 -0,0525 -0,1015 -0,0022 0,0511 -0,1354 -0,1584 0,1326
3145 3145 3145 3145 3145 3145 3145 3145 3145

0 0,2373 0,0033 0 0,9032 0,0041 0 0 0

System audit 0,0475 0,0153 -0,0834 -0,0411 -0,0873 -0,0994 -0,0549 0,1229 -0,0159
3145 3145 3145 3145 3145 3145 3145 3145 3145

0,0077 0,3898 0 0,0211 0 0 0,0021 0 0,3719

Nr. of questions -0,2402 0,1002 -0,1241 0,071 -0,0793 0,0262 -0,2412 -0,1894 0,0238
3145 3145 3145 3145 3145 3145 3145 3145 3145

0 0 0 0,0001 0 0,1414 0 0 0,1822
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Appendix 3: the correlation matrix - continued 
Audit experience March August Months since '06 Document audit Process audit System audit Nr. of questions

Audit experience 1,00
3145

March 0,08 1,00
3145 3145
0,00

August -0,08 -0,08 1,00
3145 3145 3145
0,00 0,00

Months since '06 0,24 0,04 -0,04 1,00
3145 3145 3145 3145
0,00 0,02 0,02

Document audit 0,02 -0,07 0,05 0,14 1,00
3145 3145 3145 3145 3145
0,21 0,00 0,00 0,00

Process audit 0,04 0,08 -0,04 -0,05 -0,84 1,00
3145 3145 3145 3145 3145 3145
0,02 0,00 0,01 0,00 0,00

System audit -0,11 -0,02 -0,01 -0,15 -0,34 -0,23 1,00
3145 3145 3145 3145 3145 3145 3145
0,00 0,19 0,45 0,00 0,00 0,00

Nr. of questions -0,03 -0,04 -0,03 0,06 0,09 -0,12 0,03 1,00
3145 3145 3145 3145 3145 3145 3145 3145
0,06 0,02 0,07 0,00 0,00 0,00 0,05  
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SUMMARY 

Quality monitoring in infrastructural Design-Build projects: the analysis of an 
audit-based monitoring system 
 
The roles of stakeholders in traditional construction projects were clear: the client was 
both responsible and liable for developing a detailed design and specifications and the 
construction companies had to build in accordance with these specifications. The use of 
integrated contracts e.g. design-build, is currently more commonplace. In these contracts 
the construction companies take over the liability and responsibility for the design. This 
leads to a different type of procurement process, in which private parties are involved at 
an earlier stage in the project. The shift from traditional to integrated contracts leads to 
different strategic choices for the client, to a new way of selecting and paying the 
supplier, and to different quality monitoring strategies.  
 
Let us consider this shift in the kind of contracts that are being used in more detail. The 
construction industry consists of three kinds of works: i) residential buildings; ii) non-
residential buildings; and iii) civil engineering works. Together they represent an 
estimated output of 1,458 billion euros annually in Europe (forecast 2011). There are five 
phases in any construction process: i) programme phase; ii) design phase; iii) elaboration 
phase; iv) realization phase, and v) the use and maintain phase. Traditionally, the client is 
in charge of the first three phases. Integrated contract types, such as design-build, 
increase the role of the private companies to both design and realization. 
 
The use of integrated contracts requires different choices in the client’s procurement 
process. These choices are on strategic, tactical and operational levels. During the 
strategic procurement stage the client decides the extent to which he is willing to work in 
an integrated contract type by determining the level of supplier integration. Along with 
this he has to decide how to control the quality of the design and realization to ensure that 
the requirements are met. These choices determine the kind of quality control during the 
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design and realization phase of the project. During the tactical procurement phase, the 
client develops the specifications and contracts and selects the suppliers. The suppliers 
then start their work and the client monitors the quality of this work. 
 
There are various ways to monitor and control the quality of a construction project. The 
use of integrated contract types, such as design-build, requires a different kind of quality 
control, causing a shift from product-quality check to process-quality control. The 
difference between product and process control is that product control is designed to 
detect problems with a product or service, and process control attempts to prevent 
problems from arising by tweaking the production process so that it inevitably produces a 
quality product. The literature describes a handful of these quality monitoring systems 
from a theoretical point of view, but these systems have never been used in practice. As 
far as we are aware there are, in practice, only four professional monitoring systems that 
focus on process quality along the lines of the design-build process. Practitioners appear 
to be satisfied with these systems but their effectiveness and efficiency have not come 
under scientific scrutiny. One of these systems is the Dutch system-oriented contract 
management, which is used by the Directorate-General for Public Works and Water 
Management for all their design-build projects. This system must ensure that the supplier 
detects defects in good time, takes corrective measures, and evaluates this process. The 
client’s role shifts from monitoring the product quality to monitoring the quality system. 
Monitoring is implemented through audits conducted by the client’s representatives. The 
objective of audits is to determine whether a supplier is competent enough to deal with 
the project. The audit results are stored in a database and can be used to refine the audit 
strategy in order to improve control. The present research tests the Dutch quality 
monitoring system as one example of a process-monitoring system for design-build 
projects. This is done by answering two research questions:  
 
Research question 1: What are the factors that influence supplier compliance in Dutch 
infrastructural design-build projects? 
 
Research question 2: What are the key process characteristics of the monitoring system 
as implemented in Dutch infrastructural design-build projects?  
 
We first analysed the literature to discover the factors that influence supplier compliance 
with the monitoring system. This leads to a framework consisting of Critical Success 
Factors (CSFs) for construction projects. Five factor groups were indicated in the 
literature: a) supplier-related factors; b) client-related factors; c) project-related factors; 
d) external factors, and e) the state variables (supplier capabilities). We then conducted 
interviews with experts from the civil engineering field to adapt the framework for use in 
infrastructural design-build projects. 
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To determine the factors that influence supplier compliance (first research question) and 
the key characteristics of the monitoring system (second research question), we collected 
empirical data from a large infrastructural project in the Netherlands. This project 
consisted of approximately 5,500 audit checks performed in the period 2006-2009 by 70 
auditors in 57 different subprojects. We enriched the data through additional interviews, 
desk research and smaller surveys, and collected additional information about the 11 
suppliers that were involved in the projects, the 57 subprojectss, the external factors, the 
state variables and the auditors. This resulted in a database that could be used to answer 
the two research questions.  
 
The analysis of our database started with bivariate analyses between the audit outcome 
and several single independent variables taken from the CSF framework and audit-
related. This gave a first impression of the data and the possible factors related to the 
audit outcomes (compliance or non-compliance). For example, we found a higher 
proportion of non-compliance for road construction than for the other types of work 
(general works, electrical works, environmental works and structural works). We also 
found a higher proportion of non-compliance for the road construction companies, the 
projects in which contract amendments were made, and the projects that were not 
common for the suppliers. We also found a higher proportion of non-compliance for 
audit checks related to safety issues and audit checks related to the functioning of the 
supplier’s quality management system. We also found that over time, the proportion of 
non-compliance decreases and that there are differences between the different auditors if 
we looked at their backgrounds. To gain a deeper understanding of the bivariate findings 
we conducted a series of multivariate analyses to investigate possible explanations for 
these findings with our data. For instance, we found that we could explain the high 
proportion of non-compliance for road construction companies by the fact that they had 
more problems with their design tasks.  
 
After these analyses we conducted a survey in which we asked experts to predict several 
of our findings. This showed that the experts’ intuition about the system as a whole 
differs markedly from our actual findings.  
 
We concluded that our research contributes to the current state of affairs in at least four 
ways. The first addition is knowledge about quality monitoring in infrastructural design-
build projects as part of the procurement process. The ten procurement steps that we 
described are a good representation of what should be done to develop a successful 
infrastructural construction project. The second contribution is the knowledge about the 
key characteristics of the quality monitoring process that we gained by analysing 5,500 
audit checks. This knowledge can help to improve the monitoring system by making it 
more efficient and effective. The analysis also provided a number of interesting empirical 
insights, such as inexplicable lower compliance levels among suppliers in August. These 
insights are the third contribution. The fourth and final contribution is a test considering 
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the influence of Critical Success Factors on supplier compliance suppliers in design-build 
infrastructural works. We used CSFs from the literature and tested them with our data. 
For approximately half the factors that were indicated in the literature we did not find an 
influence on supplier compliance. Since our research is the first that we know of that uses 
actual empirical project data, this casts doubt on the findings in the existing literature that 
were all based on expert interviews. The results of our own survey confirm these doubts. 
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