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ABSTRACT 

Research background: The problem of cost overruns in construction megaprojects is a 

‘complex problem’.  Although a considerable amount of research has been conducted to 

identify the isolated factors causing cost overruns in megaprojects, there is a lack of 

holistic understanding of the complex causal interrelationships between the causes of cost 

overruns.  Therefore, to fulfil this research gap, adding a novel contribution to the existing 

body of knowledge, adopting systems thinking approach, this thesis aims to holistically 

examine and understand the cost overrun causation in construction megaprojects and 

develop a model/substantive theory that represents the complex problem of cost overruns 

in construction megaprojects. 

Research methodology and design: The thesis adopted a qualitative research 

methodology based on a case study research design.  California High-Speed Rail project 

was selected as the case study and data were collected from a range of sources.  Data were 

analysed using grounded theory method and systems thinking approach was used to 

develop the model (systems map).  Seven (07) theoretical propositions that emerged from 

the data analysis were developed to explain the drivers of each systems map and their 

cause and effect relationships.  The developed model/substantive theory and the 

underpinning propositions were validated using a two-round modified Delphi survey. 

Important research findings: The holistic examination of the complex problem of cost 

overruns revealed that the project cost overruns were an emergent ‘symptom’ caused by 

multiple interrelated causes and events occurring at different levels and phases of the 

project thus cannot be attributed to one single cause.  Further to the current academic 

explanations on cost overruns in the project management literature, findings of the 

research revealed that that ignorance, impulsive decision-making, immature project 

organisation, and political pressures collectively led to initiating the project with 

unrealistic cost and schedule estimates and an undefined scope.  Scope creep, inflation, 

community pressure, lawsuits, and multiple delays were collectively responsible for cost 

overruns during the execution phase.   

Contribution to knowledge: Using systems thinking approach, this thesis holistically 

examined the cause and effect relationships between the drivers of cost overruns in 

megaprojects by developing a model/substantive theory (systems map) of cost overrun 

causation.  The developed systems map could be used as a tool for strategic decision-

making in megaprojects to understand how cost overruns emerge as a result of multiple 

interrelated causes and events occurring at different levels and phases of the project.   
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Chapter 01   Introduction 

1.1 Introduction 

This chapter introduces the research study undertaken within this thesis.  First, the 

background to the study is discussed highlighting the cost overrun problem in 

construction megaprojects.  Next, the research gap and rationale of the study are 

identified.  Subsequently, the aim and objectives of the thesis are highlighted.  Next, a 

brief description of the adopted methodology and research design is provided.  A 

summary of the thesis chapters is provided at the end of the chapter. 

1.2 Background to the study 

Megaprojects are large-scale, lengthy, high-risk, complex investment projects over 1 

billion USD in monetary value (Kardes et al., 2013; Flyvbjerg, 2014).  As a result of the 

population growth, urbanisation, technological advancements, and increased desire to 

enhance the living conditions, the demand for new physical infrastructure has increased 

over recent years (Kardes et al., 2013; Brookes, 2014).  As such, there is a significant 

growth in infrastructure investment, particularly, the investment in construction 

megaprojects (Flyvbjerg, 2014).  It has also been noted that due to their large size (both 

physically and in monetary terms), duration, and technical complexities, megaprojects 

bear a significant amount of risks and uncertainties and have larger impacts on a country’s 

economy, environment, and society (Ahmed and Othman, 2013; Flyvbjerg, 2014; Zhou 

and Mi, 2017).   

Despite their significance, many notable construction megaprojects have failed to 

complete within their estimated budgets regardless of the type, scale or geographical 

location of the project incurring a significant amount of cost overruns (Flyvbjerg et al., 

2003a; Flyvbjerg, 2014; Sovacool et al., 2014; Locatelli, et al., 2017a; Love et al., 2017).  

For example, the Channel Tunnel – a well-known privately financed megaproject started 

in 1985 and completed in 1994 exceeded its initial budget with a percentage cost overrun 

of 80%.  The initial agreed budget for the project was £2.6 billion and at the completion, 

the actual costs increased to £4.65 billion in 1985 prices largely due to technical reasons 

such as unknown ground conditions and scope changes (Winch, 2013; Flyvbjerg, 2014).   

As a result of significant cost overruns in construction projects, particularly in 

megaprojects, there have been large numbers of research studies conducted and published 

in relation to the magnitude of cost overruns, causes of cost overruns, theoretical 
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explanations, and solutions for cost overruns, over the past years by both academics and 

industry experts.  Scholars in the past have identified various factors causing cost 

overruns in construction projects ranging from psychological, political, technical, 

organisational, and external risks and uncertainties (Flyvbjerg et al., 2003a; Jergeas, 

2008; Cantarelli et al., 2010a; Ahiaga-Dagbui and Smith, 2014a).  However, interestingly, 

despite the efforts, the problem of cost overrun remains the same (Ahiaga-Dagbui et al., 

2017).   

Flyvbjerg et al. (2003a), based on a ‘global’ data set of 258 projects, argued that every 

major infrastructure project is prone to the risk of cost overrun and every nine (09) out of 

ten (10) projects face cost overruns and it is a ‘global phenomenon’ with no evidence of 

lessons learnt.  Flyvbjerg  (2014) argued that despite the number of recurring project cost 

failures and research on cost overruns, the problem of project cost overruns has not 

improved.  In fact, it has become worse than ever considering the case of megaprojects.  

Williams (2005); Ahiaga-Dagbui et al. (2017) highlighted that most of these research 

studies on cost overrun factors focus on identifying and ranking isolated factors 

responsible for cost overruns thus producing replicative and stagnated research findings 

over the past years.  Ahiaga-Dagbui et al., (2017) also argued that there is no evidence of 

paradigm and methodological shifts in cost overrun research focused on the causal 

interrelationships and dynamics of various factors responsible for cost overruns. 

Considering the theoretical explanations for cost overruns, Ahiaga-Dagbui and Smith 

(2014) introduced two prominent schools of thought for construction cost overruns – the 

Psycho-Strategists and the Evolution theorists.  The Psycho-Strategists believe that cost 

overruns in construction projects, especially in megaprojects, happen due to 

psychological (cognitive) biases of decision-makers (e.g. optimism bias, planning fallacy) 

and political influence (strategic misrepresentation) to initiate ‘wrong’ projects 

(Flyvbjerg et al., 2002; Flyvbjerg et al., 2003a; Flyvbjerg, 2008; Cantarelli et al., 2010b; 

Flyvbjerg, 2016).  On the contrary, the Evolution theorists argue that due to errors made 

by key decision-makers and designers (technical errors), the subsequent changes that 

projects undergo (scope changes), and the introduction of a series of events and actions, 

the project costs evolve from inception to completion (cost growth), and the cost overruns 

are a result of accumulated costs caused by changes to the project over time (Love et al., 

2012; Love and Ahiaga-Dagbui, 2018).  As a result of the amount of research with varying 

explanations for cost overruns in construction projects, megaprojects, in particular, the 

topic of cost overruns has led to a new, heated, ongoing academic debate between the 
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contributors of the two schools of thought (e.g. Love and Ahiaga-Dagbui, 2018 vs. 

Flyvbjerg et al., 2018).  This strongly indicates that, despite the plethora of research 

studies conducted on construction cost overruns and their theoretical explanations, a 

thorough scientific inquiry exploring and expanding the current theoretical understanding 

of the cost overrun problem in construction megaprojects is required. 

1.3 Research gap and rationale of the study 

The case of construction cost overruns is a ‘global phenomenon’ with no evidence of 

lessons learnt (Flyvbjerg et al., 2003a).  Apparently, it has become a ‘complex problem’ 

with multiple explanations and attributes (Love et al., 2012).  Rittel and Webber (1973) 

named these global complex problems as ‘wicked problems’ and argued that they involve 

contradictory knowledge, a plethora of opinions, and are interconnected to other 

problems, hence, there are no definitive explanations or solutions to them.  For example, 

apart from the cost overrun problem, other global issues such as terrorism, poverty, drug 

trafficking, climate change, and global economic crisis can be attributed to a range of 

sources and the problem can be approached from multiple directions, hence considered 

as ‘complex’ or ‘wicked’ problems (Rittel and Webber, 1973; Conklin, 2006).     

Considering the complex problem of cost overruns, it is evident that the problem of 

construction cost overruns has been looked into through different lenses, explained with 

multiple competing perspectives, attributed to a diverse range of causes from 

psychological to external risks, and generated multiple solutions by scholars over the past 

decades.  Nevertheless, it should also be acknowledged that there have been numerous 

attempts made and solutions suggested (e.g. introduction of new cost 

estimating/forecasting techniques, project management practices, government policies, 

and the use of new technology) by both academics and industry practitioners to solve or 

at least minimise the cost overruns in construction projects, however, despite these 

attempts the problem still remains at large (Ahiaga-Dagbui et al., 2017).       

This generates an interesting question: whether the cost overrun problem has been 

accurately grasped by the scholars and practitioners in the first place before introducing 

their explanations and solutions?  Despite the plethora of studies conducted on cost 

overruns and their theoretical explanations, the vast number of projects that incurred cost 

overruns rings an alarm bell to say ‘no’ to this question.  As mentioned earlier, complex 

problems have no definitive explanations or solutions.  Therefore, it can be argued that 

the attempted solutions may only have had partial or limited impact to rectify the problem 
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(Williams, 2005; Ahiaga-Dagbui et al., 2017).  However, what if the problem had not 

been understood explicitly or had been overlooked by the scholars?  Head (2008); 

Andersson and Törnberg (2018) stated that the ‘solution’ to a complex problem will 

depend on how the problem is understood.  The understanding and the interpretation of a 

complex problem can vary from one person to another as it is possible to have contrasting 

views and explanations about the nature, constituents, and extent of the problem.  This is 

clearly visible considering the two schools of thought.  Undoubtedly, a rigid dichotomy 

between the contributors of the two schools of thought is observable with their contrasting 

explanations (with agreements on certain aspects) of the cost overrun problem.  Being 

behavioural economists with limited construction industry experience, Psycho-Strategists 

have been very subjective with their explanations on construction cost overruns 

attributing the problem to psychological biases and generalising their results to every 

construction project (Love and Ahiaga-Dagbui, 2018).  Similarly, Evolution theorists 

whose expertise lies around the area of construction project management attribute cost 

overruns to technical, organisational, and external risks (Flyvbjerg et al., 2018).   

Conklin (2006) mentioned that to approach a ‘complex problem’, first it should prioritise 

the understanding of the problem and make the solution secondary as there could be 

multiple explanations to it.  Therefore, in order to understand the problem, it requires 

adopting a ‘holistic view’ (the problem should be studied as a whole) than employing 

partial views (not just looking at its individual constituents/parts) to understand the 

problem (Conklin, 2006; Head, 2008).  None of the contributors of the two schools of 

thought or any other scholar for that matter has attempted to examine the cost overrun 

problem through a holistic lens.  For example, one of the fundamental flaws in the Psycho-

Strategists’ explanations on cost overruns is that they attribute cost overruns solely to two 

sources – psychological biases and (political) strategic misrepresentation.  This, however, 

is far too simple and subjective to explain a complex problem.  The Evolution theorists 

on the other hand acknowledge the presence of psychological biases and strategic 

misrepresentation, however, argue that the cost overrun problem predominantly occurs 

due to errors and subsequent changes in scope, hence, cannot be solely attributed to the 

psychological biases and political explanations.   

Contributors of the Evolution theorist school of thought such as Love and Li (2000); Love 

et al. (2004); Love et al. (2006) have attributed cost overruns to technical drivers such as 

‘rework’ and subsequent delays, Williams (2003); Greiman and Warburton (2009); 

Kardes et al. (2013); Salet et al. (2013) to ‘project complexity’, Morris and Willson 
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(2006); Greiman and Warburton (2009); Kaliba et al. (2009); Rosenfeld (2013); Akanni 

et al. (2015) to ‘external risks and uncertainties’.  This, however, is also a partial way of 

looking at the problem.  For example, one can argue that the external risks were 

responsible for the cost overruns during the construction stage, however, what if the risk 

events were underestimated or neglected (deliberately or erroneously) during the front-

end phase of the project thus resulting in cost underestimation?  Therefore, this question 

can only be answered if the evaluation of the problem was conducted considering all 

aspects involved with the problem (holistic view).  For example, a person taking a partial 

view of a problem may see that rabbits are killed by wolves, therefore, in order to save 

rabbits, the wolves will have to be removed.  However, a person taking a holistic view 

will see that if the wolves were removed, the rabbits will overpopulate and starve due to 

scarcity of food (plants).  This will also affect the other animals that depend on plants and 

the animals that depend on those animals, ultimately affecting the balance of the entire 

ecosystem.  Therefore, to examine a complex problem, all other problems, attributes, and 

their cause and effect (inter)relationships (causation) associated with the problem have to 

be considered.  This is what exactly is missing in the current explanations on cost 

overruns, particularly in the context of megaprojects.    

Scholars such as Williams (2005); Ahiaga-Dagbui et al. (2017) have raised the 

importance of moving towards a holistic approach to understanding the cost overrun 

causation in construction projects rather than relying on reductionist approaches such as 

factor ranking methods.  This, combined with the ongoing academic debate on the broad 

theoretical explanations for cost overruns in megaprojects, i.e. Psycho-Strategists vs. 

Evolution theorists, forms a clear research gap, both theoretically and methodologically, 

to holistically examine and understand the cost overrun causation in construction 

megaprojects.   

Systems thinking is such a holistic approach based on modelling the cause and effect 

relationships (causation) to understand a complex problem by analysing how its 

constituents interrelate and how a problem emerges as a result of these cause and effect 

relationships (Sterman, 2002).  In contrast to linear approaches that focus on the 

individual attributes of a problem, systems thinking focuses on the ‘whole’, hence, it is 

also a framework for examining and understanding causal interrelationships rather than 

individual parts of a problem (Cabrera et al., 2008).  The systems thinking approach 

explores the invisible, deep causal structures that lead to superficially observable effects 

and events within a system (problem) (Omotayo et al., 2019).  This approach is not a new 
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concept to construction management research and has been successfully applied to 

analyse several mainstream problems in construction projects such as delay causation 

(Eden et al., 2000), rework causation (Forcada et al., 2014; Love et al., 2016), design 

errors (Han et al., 2013), client behaviour on project performance (Rodrigues and 

Williams, 1998), and external risks in megaprojects (Boateng et al., 2012).  However, this 

approach has not yet been applied in the context of understanding the cost overrun 

causation in construction megaprojects.  Therefore, in order to fulfil the identified 

research gap and conduct a thorough scientific inquiry that explores and expands the 

current theoretical understanding of the construction cost overruns, this thesis adopts the 

‘systems thinking approach’ to holistically examine and understand the ‘complex’ cost 

overrun problem in construction megaprojects. 

1.4 Thesis aim and objectives 

As stated in the previous section, research has shown that construction megaprojects 

perform poorly in terms of cost.  Two schools of thought – the Psycho-Strategists and the 

Evolution theorists exist in academic literature providing theoretical explanations for cost 

overruns in megaprojects.  Although a considerable amount of research has been 

conducted to identify the causes of cost overruns in megaprojects, there is a lack of 

holistic understanding of the complex interrelationships between the causes of cost 

overruns.  Therefore, to fulfil this research gap, adopting systems thinking approach, this 

thesis aims to holistically examine and understand the cost overrun causation in 

construction megaprojects and develop a model to understand the causal 

interrelationships between the causes and events that lead to cost overruns. 

To address the aim of this research study, the following five (05) research objectives were 

developed: 

1. To critically review and appraise the current theoretical understanding of the cost 

overrun problem in construction megaprojects  

2. To systematically review the methodological gaps in existing research that 

identify the causes of cost overruns in construction projects 

3. To identify the underlying causes of project cost overruns and develop plausible 

propositions explaining the cost overrun causation in construction megaprojects 

4. To develop a model to understand the causal interrelationships between the causes 

and events that lead to cost overruns in construction megaprojects   
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5. To validate the developed model and propositions on their applicability for 

understanding the cost overrun causation in future construction megaprojects  

The first objective focuses on ‘what is already known’ in the subject area.  To address 

this, a critical examination of the existing literature on megaprojects and construction cost 

overruns is conducted in Chapter 02 of this thesis.  The second objective aims to review 

the methodological gaps in existing research that identify the causes of cost overruns in 

construction projects.  Using a rigorous systematic literature review (SLR) process, 

Chapter 03 of this thesis reviews the peer-reviewed research articles that have identified 

causes/factors leading to construction cost overruns and identifies gaps in the 

methodological approaches utilised in construction cost overrun research.  The third 

objective examines the underlying causes of cost overruns in construction projects and 

develops plausible theoretical propositions explaining the cost overrun causation.  Using 

the grounded theory (GT) method as the data analysis strategy, the underlying cause and 

effect relationships leading to cost overruns in construction megaprojects are identified 

and explained in Chapter 06 of this thesis.  The fourth objective focuses on the main 

contribution to knowledge made from the research undertaken within this thesis – 

developing a model to understand the causal interrelationships between the causes and 

events that lead to cost overruns.  The model is a causal-loop diagram/systems 

map/substantive theory developed based on the systems thinking approach using the 

emerging concepts and core categories from the grounded theory analysis.  Chapter 07 of 

the thesis addresses this objective.  Using a modified Delphi approach, the fifth objective 

aims to validate the developed model and its underpinning propositions on their 

applicability for understanding the cost overrun causation in future construction 

megaprojects.  Chapter 08 of this thesis addresses this objective. 

1.5 Adopted methodology and research design 

This thesis focuses on holistically examining and understanding the complex problem of 

cost overruns in construction megaprojects and developing a model (substantive theory) 

that represents the problem.  In doing so, the systems thinking approach was selected as 

the suitable ‘holistic approach’ to examine and understand the cost overrun causation in 

construction megaprojects.  Following the critical realist research paradigm, the thesis 

adopted a qualitative research methodology based on a case study research design.  A 

case study project – the California high-speed rail project was selected as the suitable case 
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study.  Data were collected from multiple sources including semi-structured interviews, 

newspaper articles, and project documents from the case study project.     

The grounded theory (GT) method was used as the data analysis strategy to extract and 

explain the underlying cause and effect relationships leading to cost overruns in 

construction megaprojects.  The data analysis process involved three (03) stages of coding 

– open, axial, selective, and four (04) core categories – ignorant strategic leadership, 

immature project organisation, external actor resistance, and political power relations 

emerged from the data forming a substantive theory of cost overrun causation in 

construction megaprojects.  Using the principles of systems thinking, the substantive 

theory was modelled in the form of a causal-loop diagram/systems map that holistically 

illustrates the cost overrun causation in construction megaprojects.  In contrast to the 

reductionist approaches such as factor isolation techniques that rely on correlation, both 

systems thinking and grounded theory focus on establishing cause and effect relationships 

and causal mechanisms within the phenomenon under investigation.  Also, the analysis 

of data using grounded theory results in a ‘substantive theory’ that is applicable to a 

specific phenomenon/context, hence, the developed model/systems map is a substantive 

theory of cost overrun causation in construction megaprojects.  In addition to the systems 

map, seven (07) theoretical propositions were also developed to explain and understand 

the formed substantive theory.  Four (04) interviews with experts in systems 

thinking/system dynamics were conducted to verify the model structure and identify 

leverage points where corrective actions could be used to alleviate the cost overrun 

problem.  A two-round modified Delphi survey was used to communicate the model to 

experts in construction megaprojects, validate the developed model for its 

representativeness and generalisability, and propose corrective actions and policies to 

alleviate the cost overrun problem in construction megaprojects.  It should be noted that 

the terms – ‘model’, ‘substantive theory’, ‘systems map’, ‘causal-loop diagram’, ‘causal 

map’ are used interchangeably and convey the same meaning.   

1.6 Summary of the thesis chapters 

This thesis comprises nine (09) chapters organised as follows: 

1. Chapter 01 – This chapter introduces the research study undertaken within this 

thesis.  First, the background to the study is discussed highlighting the cost 

overrun problem in construction megaprojects.  Afterwards, the research gap and 

rationale of the study are identified.  Subsequently, the aim and objectives of the 
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thesis are highlighted.  Next, a brief description of the adopted methodology and 

research design is provided.  Finally, a summary of the thesis chapters is provided.   

2. Chapter 02 – Commencing the review of existing literature, this chapter 

addresses the first objective of the thesis.  The chapter starts with an overview of 

construction megaprojects and their salient characteristics.  The chapter then 

moves on to discuss ‘what is already known’ with regard to the focal point of the 

thesis ‘cost overruns in construction megaprojects’.  In doing so, the chapter 

discusses the cost performance of construction megaprojects, sources and 

attributes of cost overruns, the theoretical explanations and the ongoing academic 

debates on cost overruns which have been the most influential in relation to the 

research undertaken within this thesis. 

3. Chapter 03 – Continuing the review of literature, this chapter addresses the 

second objective of the thesis.  The chapter presents the results of a rigorous 

systematic literature review (SLR) of peer-reviewed research articles that have 

identified factors leading to construction cost overruns and identifies gaps in the 

methodological approaches utilised in construction cost overrun research. 

4. Chapter 04 – This chapter explains the adopted methodology and the research 

design in this thesis.  First, the research questions are identified and the approach 

to holistically examine and understand the cost overrun causation in construction 

megaprojects – systems thinking approach is explained.  Next, the adopted 

research methodology and the design – a qualitative research methodology based 

on a case study research design are explained.  Subsequently, the data collection 

instruments – interviews and documentation used in the research study are 

explained.  Next, the data analysis method used to develop causal-loop diagrams 

to understand and examine the cost overrun causation in construction 

megaprojects – the grounded theory method and its steps of analysis are 

explained.  The strategies used to maintain the overall rigour and validity of the 

research design and its findings are discussed at the end of the chapter. 

5. Chapter 05 – This chapter is a prologue to the data analysis chapters 06 and 07 

providing an in-depth review of the chosen case study project and outlining the 

key issues that occurred during the front-end planning and construction phases of 

the project.  The chapter begins by discussing the background information of the 

project including project approval, economic benefit forecasts, funding, key 

milestones and progress, and internal and external stakeholders of the project.  

Next, the chapter elaborates on the issues incurred during the planning, design, 
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and construction phases of the project including scope changes, cost growth, 

budget concerns, political, environmental, and legal issues.   

6. Chapter 06 – This chapter presents the first part of the analysis and the 

interpretation of the results of the data collected from the case study.  The chapter 

addresses the third objective of the research undertaken within this thesis.  The 

chapter explains the emerging key concepts within the four (04) core categories 

and how they causally affected each other.  At the end of this chapter, the 

emerging findings are used to develop seven (07) theoretical propositions to 

explain and understand the formation of a substantive theory on cost overrun 

causation in construction megaprojects. 

7. Chapter 07 – This chapter addresses the fourth objective and the main 

contribution to knowledge made from the research undertaken within this thesis.  

Building on the findings and the cause and effect relationships identified in 

Chapter 06, this chapter discusses the development of the model that represents 

the four (04) core categories in the form of causal-loop diagrams/systems maps 

providing a holistic understanding of the ‘complex problem’ of cost overruns.  

Next, the chapter explains how the developed model was verified for its structural 

appropriateness using four (04) interviews with experts in systems thinking and 

system dynamics modelling.  The chapter also explains how the experts identified 

eleven (11) leverage points where corrective actions could be introduced to 

alleviate the problem of cost overruns. 

8. Chapter 08 – This chapter addresses the fifth and final objective of the research 

undertaken within this thesis.  Using a panel of global experts, two rounds of 

modified Delphi surveys were conducted to validate the developed model and 

propositions.   The Delphi surveys were conducted with two objectives: first, to 

validate the model and propositions on their applicability and generalisability in 

understanding the cost overrun causation in construction megaprojects; second, to 

recommend corrective actions that can be introduced to the leverage points 

identified in the previous chapter that can alleviate the complex problem of cost 

overruns in construction megaprojects. 

9. Chapter 09 – This final chapter concludes the research undertaken within this 

thesis highlighting the achievement of research objectives, the original 

contribution to knowledge, reflecting on the key research findings and their 

relevance to cost overrun research, limitations of the research, and 

recommendations. 
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Chapter 02   Megaprojects and cost overruns – a love story made in 

heaven? 

2.1 Introduction 

The research undertaken within this thesis aims to holistically examine and understand 

the cost overrun causation in construction megaprojects.  Commencing the review of 

existing literature, this chapter addresses the first objective of the thesis – to critically 

review and appraise the current understanding of the cost overrun problem in construction 

megaprojects.  The chapter starts with an overview of construction megaprojects and their 

salient characteristics.  The chapter then moves on to discuss ‘what is already known’ 

with regard to the focal point of the thesis ‘cost overruns in construction megaprojects’.  

In doing so, the chapter discusses the cost performance of construction megaprojects, 

sources and attributes of cost overruns, the theoretical explanations and the ongoing 

academic debates on cost overruns which have been the most influential in relation to the 

research undertaken within this thesis.   

2.2 Megaprojects – an overview 

This section provides an overview of the megaprojects, particularly the construction 

megaprojects and a discussion of their salient characteristics compared to other 

construction projects. 

2.2.1 Definitions 

Megaprojects (also known as major programmes) are large-scale, complex investment 

projects which are being increasingly used in different industrial sectors such as 

infrastructure, oil and gas, IT, energy, defence-security, banking, aerospace, sports and 

commercial events (Kardes et al., 2013; Flyvbjerg, 2014; Brookes and Locatelli, 2015; 

Flyvbjerg et al., 2016).  Although megaprojects are found across various industrial 

sectors, the most common industrial sector that employs megaprojects is the construction 

sector (includes both building construction and infrastructure) (Flyvbjerg, 2014; Locatelli 

et al., 2017a).  Examples of typical construction/infrastructure megaprojects include 

skyscrapers, airports, harbours, canals, tunnels, highways, bridges, high-speed rail 

networks, large dams, and urban regenerations.  According to Flyvbjerg (2017), the 

definition of a megaproject would largely vary depending on the geographical setting of 

the city or the country holding the project, hence, any project exceeding US$ 500 million 

will be reasonable to consider as a megaproject.  However, according to the U.S. 
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Department of Transportation (in Capka, 2004), megaprojects are defined based on their 

significant cost threshold and considered as: 

 “…. large, complex projects that attract a high level of public attention or political 

interest because of substantial direct and indirect impacts on the community, 

environment, and State budgets costing over US$ 1.0 billion”.   

This definition has been adopted by many principal researchers such as Merrow (2011); 

Dimitriou et al., (2013); Flyvbjerg (2014); Brookes and Locatelli (2015).  Hence, for the 

purpose of the research undertaken within this thesis, the same definition has been 

adopted.   

2.2.2 Significance of megaprojects 

The population growth, urbanisation, technological advancements, and increased desire 

to enhance the living conditions have increased the demand for new physical 

infrastructure (Kardes et al., 2013; Brookes, 2014).  Flyvbjerg (2014) has stated that 

infrastructure megaprojects have grown in size during the last century and the term 

“mega” may not be appropriate in defining these large projects anymore.  In monetary 

terms, these ventures have moved from Mega (Millions) to Giga (Billions) and further 

towards Tera (Trillions).  Flyvbjerg (2017) further elaborates that the increase in the 

global investment in infrastructure in the first decade of the 21st century is higher than the 

whole of the 20th century.  The measurement of investment in infrastructure is shown as 

a share of global GDP: the estimated infrastructure investment (megaprojects) from 2013 

to 2030 is 4.0% of global GDP (Flyvbjerg, 2017, p. 07).     

For example, according to the annual report on major projects (2020) of the UK 

Infrastructure and Projects Authority, 34 infrastructure projects have been identified and 

prioritised as megaprojects for improving and maintaining the UK’s transport, energy, 

utility systems, and construction of new public buildings with an estimated expenditure 

of £214 billion.  These projects include highly publicised megaprojects such as the 

Crossrail project, the HS2, the Great Western mainline, and the Cambridge to Huntingdon 

improvement scheme.  In Australia, the Australian infrastructure audit (2019) undertaken 

by Infrastructure Australia revealed that since the audit in 2015 over 123 billion AUD of 

work has commenced with a committed budget of over 200 billion AUD for major 

infrastructure projects such as the Inland Rail project, the Sydney light rail project, and 

the Royal Adelaide Hospital.  In the U.S, the U.S. Department of Transportation (2010) 

revealed its plans for initiation of HSR megaprojects in the states of California, Chicago, 
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Florida, and Michigan which received federal government approval.  Subsequently, 

initiating the country’s first high-speed rail programme reaching over 380 miles, the state 

of California approved the California high-speed rail project with an estimated cost of 53 

billion USD in 2012 (Martinez, 2012). 

These examples from around the globe clearly indicate that there is a significant growth 

in infrastructure investment, particularly, the investment in megaprojects.  However, it 

has also been noted that due to their large size (both physically and in monetary terms), 

duration, and technical complexities, megaprojects have significantly larger impacts on a 

country’s economy, environment, and society (Ahmed and Othman, 2013; Flyvbjerg, 

2014; Zhou and Mi, 2017).  These significant characteristics and their impacts make 

megaprojects unique and distinct from other construction projects (Merrow, 2011).  The 

next section discusses the salient characteristics and problems associated with 

construction megaprojects that make them unique and different from other construction 

projects of smaller scales.  

2.2.3 Salient characteristics and problems associated with megaprojects 

As pointed out in section 2.2.2, megaprojects in academic literature have been primarily 

defined by their size in terms of monetary value.  Nonetheless, many governments across 

the globe have opted to increase the investment in megaprojects due to their long-term 

economic benefits and there has been a significant growth since the beginning of the 21st 

century expecting to grow ever larger in the next few decades (Merrow, 2011; Brookes, 

2014; Flyvbjerg, 2014).  Construction megaprojects usually require the engagement of a 

significant number of individuals and resources over an extended period of time (usually 

5+ years) that takes many years to design, implement and complete the project (Kardes 

et al., 2013; Flyvbjerg, 2014; Brookes, 2014; Boateng et al., 2015).  Adding a notion to 

megaproject characteristics, Greiman (2013) has stated that construction megaprojects 

carry visible distinctive features and compared to other projects of a smaller scale, and 

can be distinguished by - the extreme complexity and interdependencies, use of large 

amounts of resources (human -  labour and management, materials, financial capital, 

machinery and equipment, technology, and operations), long front-end and execution 

phases (duration), multiple stakeholders (internal and external), high political and public 

interest, environmental and cultural impacts, technological challenges, and risks.     

Megaprojects carry inherent complexity within them and as projects increase in size, both 

physically and in monetary terms, they become more and more complex, hence, managing 
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them becomes extremely challenging (He et al., 2015; Omoregie, 2016).  It should be 

noted that the term ‘project complexity’ refers to a project that consists of many varied 

interrelated parts, not ‘complication’  (Baccarini, 1996; Pitsis et al., 2014).  Sterman 

(1992) described large-scale projects as ‘complex systems’ due to multiple, dynamic, 

interdependent components involving multiple nonlinear feedback processes.  Baccarini 

(1996) stated that project complexity can be understood by the number of varied elements 

(differentiation) in a project and the interrelationships between these elements 

(interdependence and connectivity).  He further extended the concept of project 

complexity highlighting that there are two dimensions: organisational complexity and 

technological complexity.  Organisational complexity refers to the number of 

organisational units and their tasks within a project.  Technological complexity refers to 

the level of difficulty of performing diverse tasks within the project.   Williams (1999) 

argued that megaprojects are in fact long-term, complex systems with a great deal of 

uncertainty and there is a need for new paradigms for research on the complexity of 

megaprojects.  He further extended Baccarini (1996)’s definition of project complexity 

and introduced uncertainty as another dimension.  Building upon the works of Sterman 

(1992); Baccarini (1996); Williams (1999), Zhu and Mostafavi (2017) argued that despite 

the nature of the system, the complexity of a project can be considered under detailed 

complexity (consisting of a large number of variables) and dynamic complexity (causal 

nonlinear relationships between the variables changing over time) with adaptive, 

absorptive, and restorative capacities.  Therefore, due to their size, the vast amount of 

resources and the operational tasks involved, complexity is unequivocally a salient 

characteristic of megaprojects, hence, they are considered as ‘complex dynamic systems’ 

(Sterman, 1992; Baccarini, 1996).   

In addition to their physical size, cost threshold, and complexity, megaprojects also 

undergo lengthy front-end and execution (construction) stages (Samset and Volden, 

2016).  The front-end phase refers to the planning, design, and procurement stages until 

the actual construction (execution) begins (Samset, 2010).  Construction megaprojects 

require a number of planning and design approvals for economic benefit forecasts, right 

of way acquisition, and environmental and community impact which may take many 

years to finalise before the decision to build the project is granted (Flyvbjerg, 2017; 

Williams et al., 2019; Bloomfield et al., 2019).  For example, the early proposals for the 

Channel Tunnel – a well-known megaproject completed in 1994, dates back to 1802.  

Although the Channel Tunnel Company was founded in 1874, the approvals for the 
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project swung back and forth until the construction started in 1988 and completed in 1994 

(Winch, 2013; Flyvbjerg, 2014).  The second high-speed rail project in the UK – the High 

Speed 2 (HS2) project which connects major cities – London, Birmingham, Manchester, 

and Leeds was proposed in 2009 and after a ten-year front-end phase, the preliminary 

construction works of the first phase – London to Birmingham commenced in 2020 with 

an estimated completion date between 2029 to 2033 (HS2, 2020).  This shows how long 

both the front-end and the execution phases of a megaproject could be compared to other 

construction projects.  And when complexity is added to this, it creates a long, uncertain 

project timeline exposed to a number of dynamic risks (Williams, 1999; Ackermann et 

al., 2007; Padalkar and Gopinath, 2016; Williams, 2017).  

Usually, any construction project consists of multiple stakeholders such as the 

client/sponsors, consultants, main contractor, sub-contractors, suppliers, local 

government authorities, community, and media with varying interests.  For megaprojects, 

the number of stakeholders could be extremely high, and their interests, involvement, and 

impact on the project will be divergent, hence, it will be an impossible task to fulfil every 

stakeholder requirement (Kumaraswamy and Morris, 2002).  In addition to the 

involvement of multiple stakeholders, public megaprojects in particular, undergo careful 

stakeholder scrutiny (both internal and external) throughout its life and draw a 

considerable amount of political interest and public attention due to the amount of public 

funds invested in them and the long-term economic, environmental, and cultural impacts 

(Ahmed and Othman, 2013; Flyvbjerg, 2014; Zhou and Mi, 2017).  Megaprojects initiated 

by public bodies utilise public funds as long-term investments.  For politicians, if 

delivered successfully, megaprojects can be showcased as achievements during their 

tenure, hence, depicted as ‘political symbols’ (Flyvbjerg, 2005).  However, if gone wrong, 

for example, due to delays, budget overruns, benefit shortfalls, and environmental 

impacts, this could also result in a public outcry towards the project (Boateng et al., 2012; 

Zhang et al., 2020).  Therefore, the transparency of the strategic decision-making process 

at every single-point from the initial stages to the completion is indispensable to deliver 

a successful megaproject within the estimated budget and time, with the promised 

benefits to the public (Bruzelius et al., 2002;  Peters, 2010; Salet et al., 2013; Flyvbjerg, 

2017).    

On the notion of risks, construction megaprojects, due to their size, duration, and 

complexity, are constantly exposed to high micro (internal) and macro (external) level 
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risks and uncertainties (Merrow and Yarossi, 1990; Flyvbjerg et al., 2003b; Boateng et 

al., 2012; Kardes et al., 2013; Greiman, 2013).  The PMI (2013, p. 309) defined risks as:  

“…. an event or condition, that if it occurs, has a positive or negative effect on a project's 

objective”.   

Miller and Lessard (2007) stated that there is a clear distinction between risks and 

uncertainties.  Kardes et al., (2013) explained that, while risks are also uncertain in their 

nature, they (risks) are known and can be described through statistical terms, uncertainties 

are situations that are not fully understood and not expected to happen in future.  Micro-

level (internal) project risks refer to the risks arising within the internal project boundary 

such as client/designer-initiated scope changes, contractual disputes, inadequate funds, 

the bankruptcy of client/contractor, underestimation of project costs, inexperienced 

project teams and management, and delays in decision-making  (Semple et al., 1994; 

Baloi and Price, 2003; Mahamid and Dmaidi, 2013; Jarkas and Haupt, 2015; Rostami and 

Oduoza, 2017).  Macro-level (external) risks refer to the social (community pressures, 

health and safety concerns, and security problems), technological (engineering and 

technical difficulties, introduction of new technology, and the use of obsolete 

technology), environmental (unknown ground conditions, weather conditions, 

environmental impacts from the project, and pollution), economic (inflation, increase of 

material and labour costs, tax rates, government trade policies, and monetary and fiscal 

policies), political (political instability, government policies, corruption, and changes in 

the government) and legal (changes in laws and regulations and lawsuits) risks arising 

from the external project environment beyond the control of the project team (Miller and 

Lessard, 2001; Baloi and Price, 2003; Boateng et al., 2012; Jennings, 2012; Kardes et al., 

2013; Greiman, 2013; Boateng et al., 2015; Flyvbjerg, 2017).        

The topic of risks in construction projects has been well researched for decades by 

scholars such as Kangari (1988); Skitmore et al. (1989); Merrow and Yarossi (1990); 

Berkeley et al. (1991); Bowers and Mould (1994); Leung et al. (1998); Lanza (2000); 

Miller and Lessard (2001); Aleshin (2001); Kartam and Kartam (2001); Carr and Tah 

(2001); Flyvbjerg et al. (2003b); Baloi and Price (2003); Nasirzadeh et al. (2008); 

Boateng et al. (2012); Jennings (2012); Aneziris et al. (2012); Qazi et al. (2016); 

Flyvbjerg (2017).  Identifying the importance of a systematic approach in construction 

risk management, Kangari (1988) developed an integrated knowledge system using fuzzy 

sets for identifying construction project risks.  Merrow and Yarossi (1990) examined the 

project schedule and cost risks and developed a statistical model to evaluate project 
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success under internal and external risks.  Focusing on the specific environmental risks 

in construction projects, Bowers and Mould (1994) analysed the weather risks in offshore 

construction projects.  Aleshin (2001) investigated the risk management of international 

projects in Russia using data from 16 projects.  Kartam and Kartam (2001) analysed the 

key risks and their management in the Kuwaiti construction industry from the contractor’s 

viewpoint.  Baloi and Price (2003) identified the global risk factors affecting costs of 

construction projects, analysed the normative and behavioural risk decision perspectives 

of construction professionals, and discussed the possibility of using risk modelling 

techniques to assess and manage global risk factors affecting the cost performance of 

construction projects. 

Focusing on megaprojects specifically, Flyvbjerg et al. (2003b) published the book titled 

‘Megaprojects and Risk - An Anatomy of Ambition’ highlighting the key risks to be 

considered when planning and initiating megaprojects and how to minimise the effects of 

these risks and deliver a successful megaproject.  Jennings (2012) paid attention to the 

2012 London Olympic Games project which faced numerous challenges due to both 

internal and external risks causing incongruities between the projections made at the 

initial stages and the eventual outturn cost of the project.  Boateng et al. (2012); Boateng 

et al. (2015) further extended the topic of risk management in construction megaprojects 

and simulated the macro level (external) risks that affected time, cost, and quality 

constraints in the Edinburgh Trams project.  

As evident from the scholarly works, construction megaprojects are expensive, complex, 

and prone to high risks and uncertainties over time.  However, one important question to 

be raised is whether these megaprojects with significant impacts on the society and the 

economy of a nation have been able to deliver the benefits they had promised and whether 

they were delivered within the expected timelines and budgets?  Many questions have 

been raised by both academics and practitioners in the construction industry regarding the 

performance of construction megaprojects in terms of cost, time, quality, and benefits 

(Denicol et al., 2020).  Apparently, despite the fact that the public entities consider 

megaprojects as an ideal way to deliver public infrastructure and recreational facilities, 

construction megaprojects are renowned for negative outcomes such as difficulties in 

project financing, lack of public accountability and transparency/corruption, cost 

performance (cost overruns), extensive delays, scope creep, negative socio-economic and 

environmental impacts, and the shortfall of benefits promised to the public (Flyvbjerg et 
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al., 2003b; Jennings, 2012; Greiman, 2013; Flyvbjerg, 2014; Locatelli et al., 2016; Zhou 

and Mi, 2017; Denicol et al., 2020).   

Although there are few success stories, many notable construction megaprojects such as 

the Sydney Opera House (1973), the Thames barrier (1984), the Channel tunnel (1994), 

the Denver International Airport (1995), the Scottish parliament building (2004), 

Boston’s Big Dig (2007), the London Olympics (2012), the Edinburgh Trams (2014), 

along with more recent examples such as the Elbe Philharmonic Hall (2017), Muskrat 

Falls hydroelectric project (2020), Berlin Brandenburg Airport (under construction), and 

the California high-speed rail (under construction) (Greiman, 2013; Flyvbjerg, 2014; 

Boateng et al., 2015; Kostka and Fiedler, 2016; Bailey, 2016; Davis, 2018).  Regardless 

of their geographical location, time period of construction, project type, and ownership 

the above example projects along with many other well-known megaprojects have been 

subjected to difficulties in project financing, lack of public accountability and 

transparency/corruption, cost performance (cost overruns), extensive delays, scope creep, 

negative socio-economic and environmental impacts, and the shortfall of benefits 

promised to the public.   

Among the aforementioned problems ‘cost performance/cost overruns’ has been 

identified as the most prolific and recurring issue common to all construction 

megaprojects (Cantarelli, 2010; Flyvbjerg, 2014; Greiman, 2013; Kostka and Fiedler, 

2016; Flyvbjerg, 2017).   Introducing the ‘Iron law of megaprojects’ Flyvbjerg (2017) 

criticised that construction megaprojects have become ‘over budget, over time, under 

benefits, over and over again’ and the decision to initiate megaprojects should be dealt 

with caution.  According to Flyvbjerg et al. (2003a), every major infrastructure project is 

prone to the risk of cost overrun and every nine (09) out of ten (10) projects face cost 

overruns.   Also, the increased amount of cost is significantly large in monetary terms for 

megaprojects and even though the percentage cost overrun is smaller, the increased cost 

will still be a large sum imposed on the taxpayers and financiers (Flyvbjerg, 2014).  Based 

on their research on megaproject cost overruns, Flyvbjerg et al. (2004, pp. 5-6) stated: 

“…. every passing year from the decision to build a project until construction ends and 

operations begin, the average increase in cost escalation is 4.64%.   Thus, for a US$1 

billion project, each year of delay would cost on average US$46 million.  For a project 

in the size range of the Channel Tunnel, this is equal to an expected average cost of delay 

of approximately US$1 million/day, not including financing costs”.   
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However, Love and Ahiaga-Dagbui (2018) questioned the reliability of Flyvbjerg et al. 

(2003a) and their subsequent work to claim that every nine (09) out of ten (10) projects 

face cost overruns.  Nevertheless, looking at the aforementioned example projects and the 

scholarly works, it is evident that there is a recurring problem of cost overruns in 

construction megaprojects.  As such, the direction of this thesis will move on to address 

the issue of cost overruns in construction megaprojects henceforth.  It should be noted 

that this thesis does not intend to neglect the importance of delays, quality failures, benefit 

shortfalls, public accountability, socio-economic and environmental issues associated 

with megaprojects, rather, it will focus on one specific area of concern.  The next sections 

of this chapter will further elaborate on the cost performance of construction megaprojects 

and discuss the plausible explanations for cost overruns in construction projects. 

2.3 Cost performance of construction megaprojects 

As mentioned earlier, Flyvbjerg et al. (2003a), based on a ‘global’ data set of 258 projects, 

argued that every major infrastructure project is prone to the risk of cost overrun and 

every nine (09) out of ten (10) projects face cost overruns and it is a ‘global phenomenon’ 

with no evidence of lessons learnt.  Consequently, there has been a plethora of research 

studies conducted and published concerning the magnitude of cost overruns, causes of 

cost overruns, and theoretical explanations and solutions for cost overruns, over the past 

years by academics and industry experts.   Despite the number of studies, the problem 

remains at large showing no signs of actual improvement in terms of cost increase in 

different stages of the projects (Flyvbjerg et al. 2003a; Ahiaga-Dagbui et al., 2017).  

2.3.1 Cost overruns - definitions 

Although many studies have been undertaken on construction cost overruns, the terms 

used to define and calculate the cost overruns have been somewhat ambiguous in the 

academic literature.  Authors have used different terms, definitions, and different stages 

of the project to describe and calculate the magnitude of cost overruns.   For example, 

Flyvbjerg et al. (2002) used the term ‘cost increase’ while ‘cost outturn’ was used by 

Cantarelli et al. (2010).  Merrow et al. (1988); Eden et al. (2005); Ahiaga-Dagbui and 

Smith (2014) used the term ‘cost growth’ while ‘cost escalation’ was used by Shane et al. 

(2009) to describe cost overruns in addition to the term ‘cost overrun’.    However, Love 

et al. (2012) highlighted that the term ‘cost escalation’ refers to the mandatory cost 

adjustment due to inflation and should not be considered as ‘cost overrun’.  Further to 

this, Ahiaga-Dagbui and Smith (2014) argued that the term ‘cost overruns’ in existing 
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literature has combined two related, but different issues – ‘cost overruns’ and ‘cost 

underestimation’, hence, often creates confusion among readers.     

Authors such as Flyvbjerg et al. (2002); Cantarelli et al. (2010a) described cost overruns 

as: 

“…. the increased amount of money determined at the time of completing the project 

compared to the estimated amount at the time of the decision to build a project”. 

Flyvbjerg et al. (2003a) further stated that it is ‘virtually impossible to identify the time 

of decision to build’ when needed to figure out the estimated cost of each project.  This, 

however, is a vague expression to define cost overruns and is misleading to make a direct 

comparison between the early stage estimates at the time of ‘decision to build’ and the 

cost at project completion, especially when the estimate at the ‘time of decision to build’ 

can vary based on the procurement route of the project and if only a conceptual design 

has been incorporated to estimate the costs (Love et al., 2016).  For example, the estimated 

cost at the time of ‘decision to build’ in a design-bid-build project will be different from 

that of a design and build project.  The sequence of the phases of the project could change 

according to the procurement option selected.  Therefore, no clear point of reference can 

be made to indicate the time of ‘decision to build’. 

Generally, in every construction project there is an estimated figure available at the time 

of contractor selection/tender action (known as Engineer’s estimate), and an agreed figure 

at the signing of the contract agreement (known as Contract sum) between the client and 

the contractor.  One fundamental flaw of the definition provided by Flyvbjerg et al. 

(2002); Flyvbjerg et al. (2003a) is that the two studies do not mention which 

amount/figure was used as the basis for the estimated cost of each project in their data 

set.  Therefore, the statement “virtually impossible to identify the time of ‘decision to 

build’ shows a lack of confidence and reliability of the authors’ interpretation of ‘cost 

overrun’ (Love and Ahiaga-Dagbui, 2018).  Love et al. (2012); Ahiaga-Dagbui and Smith 

(2014, p. 46) stated that most project costs ‘grow’ until they reach the contract award 

stage to have a fixed estimate as a point of reference for cost overruns, therefore, the point 

of reference for the project ‘cost overrun’ should be considered as the cost difference 

between the cost at project completion and the estimated amount at the contract award 

stage.   

Further, Ahiaga-Dagbui and Smith (2014, p. 46) also proposed a conceptual model to 

illustrate the concept of cost overruns and underestimation in construction projects 
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(Figure 2.1).  Although proposed for any construction project, it is acceptable that this 

illustration is also valid for mega construction projects as they undergo the same phases 

and involve the same processes on a larger scale throughout their project lifecycle. 

 

Figure 2.1: Conceptual model for understanding cost growth (Source: Ahiaga-Dagbui and Smith, 2014, p. 

46) 

As seen in Figure 2.1, cost underestimation occurs during the front-end phase (conception 

and definition) of the project where project sponsors/clients receive the approval to 

initiate the project and funding for the project during the conception phase.  This is the 

stage where there is only limited availability of possible project costs, the information 

about the potential future risks, and the uncertainties are not available.  A large amount 

of cost growth usually occurs soon after the approval for the project is granted, and the 

project scope and the business case are being developed during the project definition 

stage.  The difference between the project cost estimated at inception and the estimated 

cost at the end of the project definition stage is referred to as ‘cost underestimation’ 

(Ahiaga-Dagbui and Smith, 2014).  Similarly, the cost deviation from the estimated figure 

at the end of the project definition stage (contract award) and project completion is 

considered as ‘cost overrun’.  However, it should be noted that cost overruns, in fact, can 

occur before the completion of the project during the construction stage when the costs 

start deviating from the original estimate at the definition stage (contract award) due to 

scope changes, unexpected ground conditions, and inflation (Love and Ahiaga-Dagbui, 

2018). 
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However, one question has to be raised here: which should be the standard baseline to 

measure the cost performance of a project?  Is it the initial cost estimate at project 

definition and decision to build, or is it the cost estimate at contract award after definition 

of the project?  As discussed earlier, Flyvbjerg et al. (2002); Flyvbjerg et al. (2003a) never 

provided any clarity on the term ‘time of decision to build’, hence, at least from a 

theoretical point of view, for a megaproject, it would appear that the cost estimate at the 

time of the decision to build provides little or no value to actual project delivery as the 

front-end phase could be a very long period where many changes could happen.  

However, from a practical point of view, given the amount of resources invested in a 

public megaproject and the promised costs and benefits to the public, the cost estimate at 

project approval (e.g. parliamentary or voters’ approval for a megaproject) is extremely 

vital as the funds for the project are allocated based on this figure alone.  For example, 

the early cost prediction for the infrastructure and facilities of the London Olympics 2012 

project was initially estimated at £403 million in 2002 which increased up to £2.4 billion 

in 2005 at the time of bid to host the Games.  Later, the true costs were estimated to be 

£9.3 billion and the budget was revised to £9.3 billion and eventually completing the 

project at £8.9 billion in 2010.  This was referred to as a ‘significant achievement’ by the 

Olympic minister.  Citing this, the UK government claimed that the Olympics 2012 

project was delivered successfully ‘under budget’, however, it was later revealed that the 

public funding for the Games was increased by £5.9 billion, with an extra £1.05 billion 

of expenditure on infrastructure included in the official budget for the project (The House 

of Commons, 2008; Jennings, 2012; Flyvbjerg et al., 2016).   

As such, although there is a justification for using the cost estimates at the end of the 

project definition phase (contract award) as the reference point for the measurement of 

cost performance, on a public accountability perspective for megaprojects, there is a risk 

of significant budget increases due to scope changes leading to resetting the cost baselines 

(Love et al., 2014; Ahiaga-Dagbui and Smith, 2014; Invernizzi et al., 2018).  Therefore, 

in addition to the aforementioned definitions for cost overruns and cost underestimation, 

for the purpose of research undertaken within this thesis, the collective term ‘cost growth’ 

is also used to manifest the increase of cost from the conception stage to the construction 

and completion stage of projects. 
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2.3.2 Cost overruns in construction megaprojects – the magnitude of the problem 

The cost overrun statistics (both single project studies and large datasets of multiple 

projects) have been well explained and documented for decades in the popular media, 

government and industry publications, and academic literature.  Therefore, this section 

only provides a brief overview and a discussion of the magnitude of the cost overrun 

problem in the construction industry, particularly, with regard to construction 

megaprojects.  One important fact to be noted is that the amount (in monetary terms) and 

the percentage cost overrun reported in previous studies vary widely due to the points of 

reference considered to measure the cost overruns i.e. cost at the time of decision to build 

vs the cost at completion, and cost at contract award vs cost at completion. 

One of the earliest studies on cost overruns in megaprojects was conducted by Merewitz 

(1973).  He compared the cost overruns in urban rapid transit projects (n=17) and road 

projects (n=49) in the U.S.  One particular megaproject highlighted by Merewitz (1973) 

was the San Francisco Bay Area Rapid Transit (BART) project that was completed in 

1972.  The project cost was originally estimated to be 20 million USD, however, delivered 

at a cost of 180 million USD (1.25 billion USD adjusted for inflation in 2020).  

Merrow et al. (1988) used a dataset of 47 global civilian megaprojects that included oil 

refineries, process plants, civil works (dams and pipelines), and nuclear plants and 

reported the percentage cost overrun (based on the cost estimate at the detailed 

engineering stage against cost at completion) to be 188%.  Pickrell (1992) investigated 

08 urban rail megaprojects in the U.S and reported that 86% of projects faced cost 

overruns and the average cost overrun percentage was 50%.  One interesting finding 

mentioned by Pickrell (1992) was that the reason for cost underestimation lies primarily 

within the structure of the governance system of the project where there is little or no 

incentives provided for the officials in local authorities to evaluate alternatives and look 

out for accurate information.   

The Channel Tunnel – a well-known privately financed megaproject started in 1985 and 

completed in 1994 exceeded its initial budget with a percentage cost overrun of 80%.  The 

initial agreed budget for the project was £2.6 billion and at the completion, the actual 

costs increased to £4.65 billion in 1985 prices largely due to technical reasons such as 

unknown ground conditions and scope changes (Winch, 2013; Flyvbjerg, 2014).  In the 

U.S, the Denver city council approved the new Denver International Airport in 1985 with 

a budget of 1.2 billion USD to be delivered in 1993.  After a series of massive delays and 
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technical scope changes the project was finally completed in 1995 at a revised budget of 

5.78 billion USD (The Denver City and County Auditor, 1996).    

The Egan report published in 1998 highlighted that more than 50% of the projects were 

over budget, hence a reformation of the current practices in the construction industry is 

required to address this issue (Egan, 1998).  Claiming to be the use of the first ‘global’ 

dataset of transportation megaprojects (n=258), Flyvbjerg et al. (2002); Flyvbjerg et al. 

(2003a) argued that every nine (09) out of ten (10) projects face cost overruns at an 

average of 28% and ‘cost overruns’ is a ‘global phenomenon’.  The study identified 

systematic cost underestimation and optimism bias as the key drivers of cost overrun.  

Furthermore, Flyvbjerg et al. (2003a) raised the importance of introducing legislation to 

hold the planners and public office-bearers accountable for their deliberate, systematic, 

‘bad decisions’ to initiate disastrous megaprojects.  However, the validity and the 

reliability of the dataset used by Flyvbjerg et al. (2002); Flyvbjerg et al. (2003a) and its 

results are somewhat questionable as Flyvbjerg et al. (2002); Flyvbjerg et al. (2003a) 

never revealed any information related to the selected projects in their sample (Love and 

Ahiaga-Dagbui, 2018).   

The Central Artery tunnel project, commonly known as Boston’s Big Dig was the most 

expensive highway project in the history of the U.S and drew much of the attention from 

the media.  The construction works began in 1991 with a scheduled completion date in 

1998 and an estimated cost of 2.8 billion USD (in 1982 dollars).  However, due to 

significant delays, design flaws, scope changes, and corruption allegations, the 

construction works were dragged until 2007 and completed at a cost of 8.08 billion USD 

(in 1982 dollars) with a percentage cost overrun of 190% (Greiman, 2013). 

Two example major projects from Scotland - the Scottish Parliament Building (Holyrood 

project) and the Edinburgh Trams project were also delivered with massive delays and 

cost overruns.  Originally scheduled to be opened in 2001 with an estimate of £40 million, 

the Scottish Parliament project was completed in 2004 at a cost of £400 million, ten times 

higher than its original budget (White and Sidhu, 2005).  The initial cost of the Edinburgh 

Trams project was estimated as £320 million, however, due to many disruptions, 

completed with a three-year delay at a cost of £776 million (58% cost overrun) (City of 

Edinburgh Council, 2014). 

Lee (2008) used a sample of 161 major projects from South Korea to analyse the average 

cost overrun using a dataset that included 138 road, 16 rail, 2 airport, and 5 port projects 
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completed between 1985 and 2005.  The study revealed that out of the 161 projects, the 

megaprojects: high-speed rail (n=1), airport (n=2), and port (n=5) faced the highest 

amount of percentage cost overrun between 25% to 64% due to scope changes, 

construction delays, and irrational estimates.  Park and Papadopoulou (2012) analysed 

the cost overruns reported in 35 transport infrastructure megaprojects (harbour, rail, 

highway, subway, and bridge) in Asia through a dataset obtained from 12 Asian countries.  

The study reported an average cost overrun between 7% to 54% for the selected project 

types with harbour projects having the highest and subway projects having the lowest cost 

overrun percentage.     

Ansar et al. (2014) used a dataset of 245 major dam projects built between 1934 and 2007 

in 65 different countries.  Their results revealed that three (03) out of every four (04) 

major dam projects incurred cost overruns and the actual costs at completion were on 

average 96% higher than the estimated costs at the time of project approval.  Ansar et al. 

(2014) argued that the cost estimates were subject to frequent systematic underestimation.  

Continuing their quest on megaproject cost overruns, Flyvbjerg et al. (2016) analysed the 

cost overruns in 30 Olympic Games held between 1960 and 2016 (included both Summer 

and Winter Games).  The study revealed that every Olympic Games faced significant cost 

overruns and had the largest average cost overrun for any type of megaproject considered 

in the previous studies.  The London 2012 Olympics was the most expensive Summer 

Games at 15 billion USD while Sochi 2014 being the most expensive at 21.9 billion USD.  

Montreal 1976 at 720% and Lake Placid 1980 at 324% incurred the highest cost overrun 

for Summer and Winter Games respectively. 

Based on the cost data from Italian high-speed rail (n=13) and road (n=13) megaprojects, 

Locatelli et al. (2017b) reported a significantly higher percentage cost overruns at 216% 

and 103% for high-speed rail and road megaprojects respectively.  The study revealed 

that the budget overruns in Italian infrastructure megaprojects are overwhelmingly higher 

than other European counterparts mainly due to political meddling, corruption within the 

public authorities, and over-optimistic cost forecasts.    

Germany, a country well-known for its punctuality and discipline bears the burden of one 

of the highly controversial European airport megaprojects – the Berlin Brandenburg 

Airport (Kostka and Fiedler, 2016).  The construction of the airport started in 2006 and it 

was planned to open in 2011.  However, similar to other failed megaprojects, the project 

underwent successive delays due to faults in planning, construction delays, change of 

management, and corruption.  Although initiated with an initial budget of 2.83 billion 
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EUR, the project costs increased drastically and was delivered nine years later at a final 

cost of 7 billion EUR (Glucroft, 2020).   

The following table (Table 2.1) shows a list of (in)famous construction megaprojects that 

incurred significant cost overruns.  It has to be noted that the percentage cost overrun 

reported in previous studies vary widely due to the points of reference considered to 

measure the cost overruns. 

Table 2.1: Example construction megaprojects and their percentage cost overruns  

Project Cost Overrun (%) 

Suez Canal, Egypt 1,900 

Scottish Parliament Building, Scotland 1,600 

Sydney Opera House, Australia 1,400 

Montreal Summer Olympics, Canada 1,300 

Furka Base Tunnel, Switzerland 300 

Boston’s Big Dig Artery/Tunnel project, USA 220 

Denver International Airport, USA 200 

Panama Canal, Panama 200 

Humber Bridge, UK 180 

Great Belt Rail Tunnel, Denmark  120 

ICE Frankfurt - Cologne  
 

116 

Channel Tunnel, UK, France   80 

Bangkok Metro, Thailand 70 

Madrid-Barcelona HSR, Spain 50 

Edinburgh Trams, Scotland 42 

Paris - Lille TGV, France 25 

(Sources: The Denver City and County Auditor, 1996; White and Sidhu, 2005; Greiman, 2013; Flyvbjerg, 

2014; City of Edinburgh Council, 2014; Winch, 2013; Flyvbjerg et al., 2016; Locatelli et al., 2017b) 

In addition to the above, it has to be noted that the example studies discussed in this 

section are not the only studies to be reported.  A number of similar studies on the 

magnitude of large-scale project cost overruns have been conducted by authors such as 

Shaw (1979); Skamris and Flyvbjerg (1996); Garvin (2007); Pollock et al. (2007); 

Siemiatycki (2009); Ahsan and Gunawan (2010); Baloyi and Bekker (2011); Cantarelli 

et al. (2012a); Cantarelli et al. (2012b); Cantarelli et al. (2012c); Koch (2012); Makovšek 

et al. (2012); Paraskevopoulou and Benardos (2013); Müller (2014); Sovacool et al. 

(2014); Salling and Leleur (2015); Chong and Hopkins (2016); Sarmento and Renneboog 

(2016); Welde and Odeck (2017); Lovering et al. (2017); Love et al., (2017a); Love et al. 

(2017b); Lorentzen et al. (2017); Caffieri et al. (2018); Pinheiro Catalão et al. (2019); 
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Petheram and McMahon (2019); Invernizzi et al. (2019);  Plummer Braeckman et al. 

(2020); Flyvbjerg et al. (2020); Rabe et al. (2021), covering a diverse range of project 

types and procurement methods from different geographical regions. 

These example cases and studies with large datasets from around the world reveal that 

there is a clear, recurring global problem of ‘cost overruns in construction megaprojects’ 

regardless of the time period, project type, geographical region, and ownership as reported 

by Flyvbjerg et al. (2002); Flyvbjerg et al. (2003a); Flyvbjerg et al. (2016); Locatelli et 

al. (2017a) in their respective studies.  One might argue that this, with many other 

examples of ‘mega failures’ discussed in this section, in fact, warrants a strong platform 

for the argument brought in by Flyvbjerg et al. (2003a) to hold the planners and public 

office-bearers accountable for their deliberate, systematic ‘bad decisions’ to plan, initiate, 

and deliver disastrous megaprojects at the cost of taxpayers’ money.  However, this 

argument has been strongly criticised by Love et al. (2012); Love and Ahiaga-Dagbui 

(2018) citing that there is no sufficient evidence to prove that the planners and public 

office-bearers initiate projects with deliberate, malicious intent to cause cost overruns in 

the construction stage of a project. 

Also, from a practical perspective, it should be noted that the decisions made at the 

conception stages are in fact based on the availability of information at the time of 

decision to build.  Therefore, particularly for megaprojects, this means a very long period 

of time for both the front-end and the construction phases with a greater uncertainty lying 

ahead where there is ample room for cost overruns due to a number of reasons.  As such, 

the next section will discuss the plausible explanations and reasons for cost overruns in 

construction projects documented in academic literature.  

2.4 Attributes of cost overruns and their explanations – an overview 

The cost overruns in construction projects have been well documented in the academic 

literature and have been attributed to a number of sources (Cantarelli et al., 2010; Ahiaga-

Dagbui and Smith, 2014).  Therefore, this section provides a general overview of the 

attributes and explanations for cost overruns reported in the literature that apply to all 

types of construction projects, not limited to megaprojects.   

2.4.1 Technical, organisational, and external drivers 

Studies conducted by Love et al. (2004); Love et al. (2006); Love et al. (2008) technical 

drivers of cost overrun and reported that ‘construction errors and rework’ to be blamed 
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for excess costs in construction projects.  According to Love et al. (2004), cost overruns 

due to rework can be largely attributed to design errors and re-design, quality failures due 

to poor workmanship, inadequate supervision, and failure to provide adequate protection 

to works.  Surveys conducted by Arditi et al. (1985); Mansfield et al. (1994); Kaming et 

al. (1997); Zou, et al. (2007); Baloyi and Bekker (2011); Rahman et al. (2013); Belachew 

et al. (2017) in Turkey, Nigeria, Indonesia, China, South Africa, Malaysia, and Ethiopia 

attributed the cost overruns to technical and external risk factors such as material price 

fluctuations, shortages of labour and materials, construction delays, variations and 

additional work, lack of experience of the project team members, poor contract 

management, delayed payments for completed works, and changes in ground conditions.  

Iyer and Jha (2005); Jergeas (2008); Doloi (2013) conducted similar studies in India, 

Canada, and Australia, and concluded that project organisational factors such as 

inadequate funding, poor human resource management, negative attitudes of project 

managers and project participants (project team culture), inadequate project formulation 

at the beginning of the project, and conflicts between the project manager and top 

management to be held responsible for the cost overruns.  Supporting these findings with 

similar results, Pitsis et al. (2004); Rowlinson and Cheung (2008); Le-Hoai et al. (2008) 

Jergeas and Ruwanpura (2010); Foo et al. (2011); Stare (2012) also reported poor site 

management and supervision, poor overall project management, and financial difficulties 

of owner and contractor as key factors to cause cost overruns.   

One important fact to mention here is that most of these studies predominantly refer to 

the factors responsible for cost overruns during the construction phase of a project.  

However, in order to conduct a complete scientific inquiry on the root causes of cost 

overruns, a study should look into both the front-end and the construction phases of a 

project (Rosenfeld, 2013).  In doing so, studies conducted in Zambia, Australia, Taiwan, 

Kuwait, and Brazil by Muya et al. (2013); Doloi (2013); Cheng (2014); Jarkas and 

Marenjak (2014); França and Haddad (2018) reported that scope and design changes, 

inadequate planning during and between the front-end and construction stages were to be 

the primary causes of cost overruns.  Further to this, Flyvbjerg et al. (2002); Flyvbjerg et 

al. (2003a); Ali and Kamaruzzaman (2010); Membah and Asa (2015); Durdyev et al. 

(2017); Derakhshanalavijeh and Teixeira (2017) stated that unrealistic cost estimates, 

errors in cost estimates, and systematic cost underestimation during project definition 

stage are to be blamed for the cost overruns at completion.   
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2.4.2 Psychological and political explanations 

Providing a deeper insight into the explanations on cost overruns and underestimation, 

Flyvbjerg et al. (2002); Flyvbjerg et al. (2003a) made a statement that cost overruns 

primarily occur due to optimism bias and deliberate cost underestimation by the planners 

and estimators.  Citing the works of Kahneman and Tversky (1979); Wachs (1989);   

Kahneman and Lovallo (1993) on cost forecasting and decision-making under risk, 

Bruzelius et al. (2002); Flyvbjerg et al. (2002) in their subsequent work primarily referred 

to the psychological factors (cognitive biases) such as optimism bias, deliberate lying, 

human error, and planning fallacy as the explanations for cost underestimation and cost 

overruns.  In continuation, Flyvbjerg et al. (2003a); Flyvbjerg et al. (2009); Flyvbjerg 

(2009) argued that the true costs are often misrepresented by the planners and estimators 

(strategic misrepresentation) and the possible risks, scope changes, and project 

complexity are deliberately underestimated to get projects approved.  This argument has 

been supported by Gaspar and Leite (1989); Pickrell (1992); Aklnci and Flscher (1998); 

Mackie and Preston (1998); Bruzelius et al. (2002); Shore (2008); Cantarelli et al. 

(2012a); Eliasson and Fosgerau (2013); Flyvbjerg (2014). 

Adding a political dimension to the above explanation, Flyvbjerg (2005) argued that 

projects suffer cost overruns because the planners and politicians prefer the ‘(worst) 

project option which looks best on paper’, for politicians, an attractive project can be 

showcased to the public to get re-elected and if delivered under budget, can be considered 

as achievements during their tenure.  Flyvbjerg (2005); Van Der Westhuizen (2007); 

Flyvbjerg (2009) stated that political interference and manipulation of cost forecasts for 

political survival are also responsible for cost overruns, particularly in mega construction 

projects.  In support of this argument, Locatelli et al. (2017) also reported evidence of 

corruption and political meddling in Italian transportation megaprojects. 

2.4.3 Risks and complexity 

Ahiaga-Dagbui and Smith (2014); Boateng et al. (2015) highlighted the inclusion of risks 

and uncertainties widely mentioned in the literature for explaining cost overruns.  Love 

et al. (2012); Ahiaga-Dagbui and Smith (2014); Invernizzi et al. (2018) argued that 

project-specific organisational, technical, and external risk factors are in fact the actual 

causes of cost overruns and a borderline should be drawn to distinguish between the 

definitions of cost overrun and cost underestimation.  A study conducted by  Kaliba et al. 

(2009) reported that risk factors associated with the external environment such as 
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inclement weather due to heavy rains and floods, and environmental protection and 

mitigation costs were responsible for construction cost overruns in Zambia.  Similar 

findings have been reported by Semple et al. (1994); Molenaar (2005); Morris and 

Willson (2006); Greiman and Warburton (2009).  Boateng et al. (2012); Boateng et al. 

(2015) examined the cost impact due to social, technological, economic, environmental, 

and political risk factors such as community pressures, health and safety concerns, 

engineering and technical difficulties, weather conditions, environmental impacts from 

the project, inflation, increase of material and labour costs, tax rates, and government 

policies. 

Love et al. (2012) pointed out that inadequate attention has been paid to the complex, 

dynamic nature of projects and the activities involved in procurement of construction 

works by Flyvbjerg et al. (2002); Flyvbjerg (2005); Flyvbjerg (2009).  Procurement is the 

process of obtaining goods and services for construction work and is an important part of 

any construction project (Tookey et al., 2001; Ruparathna and Hewage, 2015).  The 

process involves selection of a suitable procurement route based on client’s business goals 

and requirements, allocation of budget for the project, bidding for construction works 

and, contractor selection for the project.  Flyvbjerg et al. (2002); Flyvbjerg (2005); 

Flyvbjerg (2009), in their psychological and political explanations, did not pay attention 

to the aspects of project complexity and how different individuals, tasks, and  activities 

interact with each other during the procurement process of a project.  This, for a 

megaproject, in particular, is an immense number of people, activities, tasks, and 

interrelationships between them (Williams, 1999; Williams, 2003).  The dynamic nature 

of project complexity itself  results in delays and requirement for additional costs if the 

resource allocation for interactions between the individuals, tasks, and activities is 

insufficient (Williams, 1999; Williams, 2003; Greiman and Warburton, 2009; Kardes et 

al., 2013; Salet et al., 2013; Patanakul et al., 2016; Ackermann and Alexander 2016; 

Nguyen et al., 2019). 

In spite of the above, by looking at the causes of cost overruns and their explanations, it 

is apparent that the construction cost overruns can be attributed to a number of sources 

ranging from psychological, political, technical, organisational, and external risks and 

uncertainties.  Therefore, to provide an overview, Table 2.2 presents the causes of cost 

overrun and their explanations under five (05) categories - psychological, political, 

technical, organisational, and external risks and uncertainties.  Section 2.5 further 
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elaborates the theoretical explanations of construction cost overruns and discusses the 

ongoing academic debates on the subject.  
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Table 2.2: Key attributes of cost overruns and their explanations reported in literature 

Explanation Attributes Rationale References Associated Theories 

Psychological: Project 

cost overruns occur 

mainly due to the 

fundamental human 

weaknesses and 

cognitive biases of 

decision-makers 

(managers, planners, and 

estimators) within 

project governance 

structures. 

Optimism bias The tendency to believe (when making decisions) 

that a person is less likely to experience a 

negative event in future. This cognitive bias 

largely results in overoptimistic cost forecasts and 

budget allocation based on optimistic estimates. 

Weinstein (1980); Gaspar and Leite 

(1989); Aklnci and Flscher (1998); 

Mackie and Preston (1998); 

Flyvbjerg et al. (2002); Flyvbjerg et 

al. (2003a); Flyvbjerg (2008); 

Shore (2008); Eliasson and 

Fosgerau (2013); Ahiaga-Dagbui 

and Smith (2014); Meyer (2014) 

Prospect theory: refers 

to how people make 

biased (optimistic) 

decisions in terms of 

expected utility relative 

to a reference point (e.g. 

current money in hand) 

rather than its absolute 

outcomes in the future 

(Kahneman and Tversky, 

1979a). 

 

Decision theory: refers 

to how a person analyses 

the outcomes of 

decisions or determines 

the optimal decisions 

under given constraints 

and assumptions 

(normative), and 

describing how agents 

actually make the 

decisions they are 

required to make 

(descriptive) (Steele and 

Stefánsson, 2015).  

 

Delusion (Honest 

mistakes) 

The tendency to make unintentional (honest) 

mistakes during estimating/planning due to ‘false 

belief of project success’. It is natural for humans 

to make mistakes, therefore, cost estimates and 

project planning could be misguided due to 

‘human error in judgement’. 

Mackie and Preston (1998); 

Nijkamp and Ubbels (1999); 

Lovallo and Kahneman (2003); 

Flyvbjerg (2005); Flyvbjerg et al. 

(2009); Flyvbjerg (2013); Radelet 

(2018); Flyvbjerg et al. (2018) 

Deception (Deliberate 

lying) 

Strategic misrepresentation 

The act of deliberate misinterpretation of 

information during estimating/planning. Usually 

involves understatement of actual costs and 

overstatement of benefits to receiving approvals 

for projects. 

Pickrell (1992); Bruzelius et al. 

(2002); Flyvbjerg (2005); Flyvbjerg 

et al. 2009); Eliasson and Fosgerau 

(2013); Flyvbjerg et al. (2018) 

Planning fallacy The tendency to underestimate the time required 

to complete a future task. This results in 

overoptimistic schedules for project tasks and 

overestimating the benefits of overoptimistic 

future schedules. 

Kahneman and Tversky (1979a); 

Wachs (1989); Kahneman and 

Lovallo (1993); Buehler et al. 

(1994);  Flyvbjerg (2013); 

Flyvbjerg and Sunstein (2016)    

Lock-in The excessive commitment of decision-makers to 

an ineffective or wrong course of action. e.g. 

Cantarelli et al. (2010b); Cantarelli 

and Flyvbjerg (2013)  
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selection and committing to a wrong project 

option. 

Behavioural economics: 

refers to the effects of 

psychological, 

emotional, cultural, and 

social factors on the 

economic decision-

making of individuals 

and institutions (Zeiler 

and Teitelbaum, 2018). 

Escalation of commitment  The tendency to increase the commitment and 

remain locked-in to a decision, action, or 

investment regardless of the negative outcomes 

from them without altering the course. e.g. despite 

the negative outcomes of a wrong project option, 

continuously staying aligned with it and 

supporting it. 

Winch (2013); Flyvbjerg (2014); 

Wang et al. (2020) 

Ignorance A person’s lack of knowledge or information or 

understanding of a particular area. This results in 

‘ignorant’ decision-makers managing projects and 

making decisions based on their limited 

knowledge. 

Kutsch and Hall (2010); Flyvbjerg 

(2014); Flyvbjerg (2016); 

Sinesilassie et al. (2017); Room  

(2018); Lynch (2019); Elbittar et al. 

(2020); Kreiner (2020) 

Dunning–Kruger effect A person’s inability to recognise his/her own 

inability. When ignorant people are unable to 

understand their own ignorance, the result is an 

overestimation of their own abilities leading to 

optimism bias and planning fallacy. 

Dunning and Kruger (1999); 

Dunning (2011); Ahiaga-Dagbui 

and Smith (2014) 

Political: Cost overruns 

in public projects occur 

due to initiating ‘wrong’ 

projects with politically 

meddled cost forecasts 

and power and incentive-

seeking actors within the 

strategic governance 

structures. 

Deception (Deliberate 

lying) 

Strategic misrepresentation 

See the definition under ‘Psychological’ 

explanations. 

Here, deception and strategic misrepresentation 

refer to deliberate lying (misrepresentation of 

costs) by politicians to their voters to promote 

projects. 

Wachs (1989); Bruzelius et al. 

(2002); Flyvbjerg et al (2002); 

Flyvbjerg (2005); Flyvbjerg (2008); 

Eliasson and Fosgerau (2013); 

Flyvbjerg (2014) 

Machiavellianism: 

refers to the personality 

trait of a person who 

focuses only on their 

own interests to achieve 

their goals by 

manipulating, deceiving, 

and exploiting others 

(Jones and Paulhus, 

2009). 

 

Foul-play and Corruption Corruption and foul-play within the project 

governance structures occur when there are high 

interests and incentives offered at the project 

approval stage to promote projects as favourably 

as possible for planners and politicians.  

Baloi and Price (2003); Müller 

(2014); Sarmento and Renneboog 

(2016); Locatelli et al. (2017) 



34 

 

Political survival, 

popularity, and symbolism 

Political interference and manipulation of cost 

forecasts for political survival (re-election). If 

delivered under budget, with the promised 

benefits, projects can be considered as 

achievements during their time at the office. 

Van Der Westhuizen (2007); 

Flyvbjerg (2005); Flyvbjerg (2014); 

Boateng, et al. (2015)  

Agency theory/ 

Principal-agent 

problem: refers to the 

principle used to explain 

problems within business 

organisations that occur 

when one person or 

entity (agent), is able to 

make decisions and/or 

take actions on behalf of, 

or that impact, another 

person or entity 

(principal) (Eisenhardt, 

1989). 

 

Power theory: refers to 

the capacity (influence) 

of an individual to 

influence the actions, 

beliefs, or conduct 

(behaviour) of others 

(French and Raven, 

1959). 

Technical: Cost 

underestimation and 

overruns occur due to 

fundamental technical 

errors, corrections, and 

changes leading to cost 

Design errors and changes Design changes due to previous errors in design 

and new additions to the design. Early changes 

during design development are less likely to cause 

cost overruns, however, changes during 

construction are costly due to variations and 

contractual claims. 

Hadipriono and Tahir (1990); Love 

et al. (2004);  Wu et al. (2005); 

Love et al. (2006); Olawale and 

Sun (2010); Love et al. (2012) 

Design theory: refers to 

the design concepts 

employed by designers 

(architects and 

engineers) when 
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growth during project 

definition, procurement, 

and execution stages. 

Rework Rework occurs during construction or after 

completion of the works due to design errors and 

re-design, quality failures due to poor 

workmanship, inadequate supervision, and failure 

to provide adequate protection to works. Changes 

during construction are expensive due to 

variations and contractual claims. 

Love and Li (2000); Love et al. 

(2004); Love et al. (2006); Forcada 

et al. (2014); Miri and Khaksefidi 

(2015); Mahamid (2016); Love et 

al. (2018) 

designing buildings and 

structures (Zeisel, 2006). 

 

Forecasting theory: 

refers to the examination 

of cost 

estimations/forecasts in 

uncertain future 

situations and aims to 

understand how and why 

various forecasting 

successes and failures 

result in (Armstrong, 

2001).  

 

Planning theory: refers 

to the examination of 

how projects and policies 

are established 

(Faludi,1973).    

Scope changes and Change 

orders 

Scope changes can occur at any stage of the 

project from the conceptualisation until the 

construction works are completed. The early 

definition of project scope and a budget to support 

it is mandatory to avoid cost overruns.   

Semple et al. (1994); Greiman and 

Warburton (2009); Sun and Meng, 

(2009); Alnuaimi et al. (2010); 

Jennings (2012); Doloi (2012); 

Jarkas and Haupt (2015); Hanif et 

al. (2016); Love et al. (2017a); 

Invernizzi et al. (2018) 

Estimating errors Estimating errors can happen due to information 

unavailability and honest mistakes. With more 

information the accuracy of the estimates become 

certain. However, the early wrong estimates can 

mislead decision-makers and result in biased 

decisions. 

Morrison (1984); Kharbanda and 

Stallworthy (1992); Flyvbjerg 

(2005); Membah and Asa (2015); 

Love et al. (2017b)  

Errors, changes in contract 

documentation and 

contractual disputes 

Changes to contract conditions once the contract 

is signed between a contracting organisation and 

the client organisation incur extra costs due to 

variations, disputes, and contractual claims. 

Love et al. (2006); Rosenfeld 

(2013); Verweij et al. (2015); Hanif 

et al. (2016); Love et al. (2017a); 

Invernizzi et al. (2018) 

Geological conditions Unexpected ground conditions can occur during 

construction and involve additional costs. 

However, this should be dealt with with an 

adequate budget and a risk estimate to cover the 

costs incurred.  

Hadipriono and Tahir (1990); Baloi 

and Price (2003); Molenaar (2005); 

Rosenfeld (2013); Membah and 

Asa (2015) 
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Construction delays Construction delays are a result of multiple 

sources. This could be due to delays in decision-

making, design changes, rework, unexpected 

geological conditions, weather conditions, legal 

actions, contractual claims and disputes.  

Semple et al. (1994); Williams et al. 

(1995); Chan and Kumaraswamy 

(1997);  Eden et al. (2000); 

Williams et al. (2003); Timothy et 

al. (2013); Patel et al. (2013); 

Boateng et al. (2015); Jarkas and 

Haupt (2015)  
Project complexity Project complexity can be understood by the 

number of varied elements (differentiation) in a 

project and the interrelationships between these 

elements (interdependence and connectivity). 

This, for a megaproject, in particular, is an 

immense number of people, activities, tasks, and 

interrelationships between them. The dynamic 

nature of project complexity itself results in 

delays and requirement for additional costs if the 

resource allocation for interactions between the 

individuals, tasks, and activities is insufficient. 

Baccarini (1996); Aklnci and 

Flscher (1998); Williams (1999); 

Williams (2003); Greiman and 

Warburton (2009); Kardes et al. 

(2013); Salet et al. (2013); 

Patanakul et al. (2016); Ackermann 

and Alexander (2016); Nguyen et 

al. (2019)  

Organisational: Project 

costs are increased due to 

the behaviour and 

actions of project 

stakeholders and actors 

within the project 

organisation during 

front-end (includes 

definition, design, and 

procurement stages) and 

construction phases (both 

client and contractor 

organisations). 

Deficiencies in project 

governance, procurement, 

and management 

Project governance primarily refers to the 

strategic framework for decision-making on 

projects and their business goals (portfolios) 

during the front-end phase of a project. Project 

management refers to how the project is delivered 

(execution) based on the project scope and its 

goals during the construction phase. Weaknesses 

within the project governance structures and 

deficiencies in project management can lead to 

ambiguous business goals and changes in scope 

resulting in cost growth. 

Iyer and Jha (2005); Jergeas (2008); 

Young et al. (2012); Doloi (2013); 

Flyvbjerg (2014); Ameh and 

Odusami (2014); Samset and 

Volden (2016); Volden and Samset 

(2017); Khan et al. (2019) 

Agency theory/ 

Principal-agent 

problem: refer to the 

previous explanation on 

this. 

 

Management theories:  

refers to the collection of 

ideas that explain how 

supervisors (managers) 

implement strategies to 

achieve goals of an 

organisation (temporary 

Insufficient project 

funding/budget 

Project funding, especially for public projects, 

refers to the funds allocated for a particular 

Iyer and Jha (2005); Garvin (2007); 

Jergeas (2008); Doloi (2013) Winch 
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project from a public authority responsible for the 

project. If started with optimistic estimates, the 

allocated funds will not be sufficient to continue 

the project resulting in the need for extra funds 

(budget overruns).   

(2013); Müller (2014); Yang and 

Chen (2015); Rostami and Oduoza 

(2017) 

or permanent) and how 

employees are motivated 

to perform at their 

highest capacity and 

ability (Cole and Kelley, 

2020). 

 

Organisational theory:  

refers to the set of 

interrelated concepts, 

definitions that explain 

the behaviour and 

interactions of 

individuals or groups or 

subgroups in an 

organisation (temporary 

or permanent) 

performing the activities 

intended towards the 

achievement of a 

common goal (McAuley 

et al., 2006). 

 

Stakeholder theory: 

refers to an alternative 

way of understanding 

how organisations and 

people (stakeholders) 

create value and 

trade/negotiate with each 

other (stakeholder 

Undefined/misguided 

project scope and 

objectives 

When initiating projects, a clear identification of 

the project’s business objectives and the extent of 

the requirements (scope) is necessary to produce 

realistic estimates and allocation of funds. 

Changes to the scope result in scope creep and 

cost growth.  

Jergeas (2008); Jergeas and 

Ruwanpura (2010); Doloi (2012); 

Forcada et al. (2014); Jarkas and 

Haupt (2015); Hanif et al. (2016); 

Love et al. (2017a); Invernizzi et al. 

(2018) 

  
Decision-making based on 

false or unconfirmed 

information 

See the explanation for deception. Unavailability 

of the correct information and project planning 

and estimating based on false data/information 

can result in the revision of estimates requiring 

extra funds to continue the project. 

Kharbanda and Stallworthy (1992); 

Jennings (2012); Odeck and Welde 

(2017) 

Poor communication Communication within the project team and 

stakeholders is essential for the successful 

delivery of projects. Although not directly 

attributed to cost overruns, poor/delays in 

communication leads to the generation of ‘false 

information’, delays in decision-making, and 

contractual disputes resulting in unnecessary cost 

increases.  

Kharbanda and Stallworthy (1992); 

Toor and Ogunlana, (2008); Doloi 

(2013); Allahaim and Liu(2015); 

Mahamid (2016) 

Project team (stakeholder) 

culture and bureaucracy  

The project culture refers to the shared values, 

beliefs, norms, and assumptions of the project 

team and stakeholders working towards a 

common goal. A project consists of many 

individuals performing a diverse range of tasks. 

The culture within a project organisation (both 

Pitsis et al. (2004); Rowlinson and 

Cheung (2008); Le-Hoai et al. 

(2008); Jergeas and Ruwanpura 

(2010); Foo et al. (2011); Stare 

(2012);  Patel, et al. (2013); Arditi 
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client and contractor) affects every individual 

within the project, particularly the performance of 

individual tasks, incentive-seeking behaviour, and 

communication. Delays due to lengthy 

bureaucratic processes can delay the performance 

of individual tasks and incur additional costs.   

et al. (2017); Nguyen and Watanabe 

(2017) 

perspective) (Freeman et 

al., 2018). 

Poor project controls A project should incorporate effective project 

cost, time, and quality control mechanisms to 

ensure time and cost outcomes to ensure that the 

project is within its allocated budget and 

schedules. Poorly managed or inefficient control 

techniques result in delays and excess costs. 

Hirten (1984); Iyer and Jha (2005); 

Taylor et al. (2007); Bradshaw 

(2008); Jergeas (2008); (Olawale 

and Sun (2010); Jarkas and Haupt 

(2015); Yang and Chen (2015) 

Issues with labour 

productivity and quality of 

workmanship 

A project should not only meet its budget and 

deadlines, but also the expected quality. 

Insufficient labour productivity and poor quality 

of workmanship results in ‘rework’ and additional 

costs. 

Love and Li (2000); Love et al. 

(2004); Iyer and Jha (2005); Love 

et al. (2006); Jergeas (2008); Patel 

et al. (2013); Forcada et al. (2014); 

Miri and Khaksefidi (2015); 

Mahamid (2016) 

External risks and 

uncertainties: Increase 

in cost is a result of 

construction projects that 

are prone to 

uncontrollable external 

risks and uncertainties 

predominantly during the 

construction stage. 

 

 

Weather conditions/ Acts 

of God/Force Majeure 

Regardless of the scale, construction projects are 

exposed to various weather conditions including 

heavy rains, flooding, storms, and snow. These 

result in delays to construction works and 

additional costs to both contractor and the client. 

Semple et al. (1994); Molenaar 

(2005); Morris and Willson (2006); 

Greiman and Warburton (2009); 

Kaliba et al. (2009); Rosenfeld 

(2013); Boateng et al. (2015); 

Akanni et al. (2015) 

Stakeholder theory: 

refer to the previous 

explanation on this. 

Here, this refers to the 

external stakeholders 

who still have an 

influence on an 

organisation (e.g. 

project). 

 

Risk theory: refers to 

collective explanations 

Inflation Inflation refers to the rate of price increase over a 

given period of time. For a construction project 

with a long duration, this could increase 

construction material and labour prices. In 

construction contracts, there is a provision for 

price escalations due to inflation that covers the 

Arditi et al. (1985); Kaming et al. 

(1997); Aklnci and Flscher (1998); 

Jennings (2012); Boateng et al. 

(2015); Belachew et al. (2017) 
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costs for the contractors. However, the cost 

escalation results in additional costs for the client. 

on risks and 

uncertainties, analysis, 

and how decisions under 

uncertainty are made to 

face/mitigate future risks 

(Roeser et al., 2012). 

 

Macroeconomic theory: 

refers to the 

understanding of the 

aggregated performance, 

structure, behaviour, and 

decision-making of a 

nation’s economy as a 

whole (O'Sullivan and 

Sheffrin, 2003).  

  

Market conditions and 

Price fluctuations 

Similar to cost escalation due to inflation, 

availability/shortages of material and labour in the 

market could result in market price fluctuations. 

The same contract provision for price escalations 

is applied to cover the costs for the contractors. 

However, the cost escalation results in additional 

costs for the client. 

Aklnci and Flscher (1998); Akanni, 

Oke and Akpomiemie (2015); 

Arditi et al. (1985); Mansfield et al. 

(1994); Kaming et al. (1997); Zou, 

et al. (2007); Baloyi and Bekker 

(2011); Rahman et al. (2013); 

Belachew et al. (2017) 

Tax policies and legal 

regulations 

The construction industry and businesses are 

subject to a number of government taxes that 

could change over the course of the project. This 

directly affects the construction costs. Similarly, 

construction projects require fulfilling many 

government laws and regulations during the front-

end and construction phases. e.g. environmental 

regulations and clearance costs, health and safety 

concerns, compensation for 

community/neighbours, and the right of way 

acquisition. This can result in additional costs and 

delays. The costs generally remain uncertain.  

Baloi and Price (2003); Enshassi et 

al. (2009); Peters (2010); Greiman, 

2013; Boateng et al. (2015); 

Belachew et al. (2017); Catalão et 

al. (2020) 
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2.5 The cost overrun schools of thought – a critique 

This section provides a critique of the current theoretical explanations on cost overruns, 

their schools of thought, and the ongoing academic debate on construction cost overruns 

between the contributors of the schools of thought.  This is particularly relevant to the 

research undertaken within this thesis as it explores the current academic debates on cost 

overruns and provides a basis for the potential research gaps in terms of theoretical 

understanding of the cost overrun problem in construction projects.  Currently, there are 

two main schools of thought for cost overruns – the ‘Psycho-Strategists’ and the 

‘Evolution theorists’ exist in literature (Ahiaga-Dagbui and Smith, 2014). 

Bent Flyvbjerg (Flyvbjerg, 2008), a pioneer in megaproject and construction cost overrun 

research, based on his previous works on cost overruns, provided three broad explanations 

for cost overruns in construction projects – psychological, technical, and political-

economic explanations.  The technical explanations considered the commonly found 

technical drivers of cost overrun reported in the literature such as forecasting errors, price 

escalations, deficiencies in project design, incomplete cost estimates and scope changes.  

Psychological explanations primarily referred to cognitive biases such as optimism bias, 

human-error, and planning fallacy reported in Kahneman and Tversky (1979b); Wachs 

(1989); Pickrell (1992); Kahneman and Lovallo (1993); Bruzelius et al. (2002); Flyvbjerg 

et al. (2002); Flyvbjerg et al. (2003a) and their subsequent work on psychological biases.  

Political-economical explanations were attributed to strategic misrepresentation and 

deliberate cost underestimation, the lack of incentives for planners and decision-makers, 

lack of resources, and insufficient funding. 

Building on the work of Flyvbjerg (2008), Cantarelli et al. (2010) made an attempt to 

combine the studies on cost overruns and provide a broad overview of explanations for 

construction cost overruns discussing their theoretical embeddedness.  They highlighted 

that, although there have been many studies that have focused on cost overruns, none had 

attempted to undertake a deep systematic investigation of the explanations for cost 

overruns and analyse how they are linked to broad theoretical concepts.  In doing so, 

Cantarelli et al. (2010a) identified four (04) broad explanations for construction cost 

overruns namely Technical, Psychological, Economical, and Political.  However, their 

classification was a replication of  Flyvbjerg (2008)’ work merely separating the political 

and economic explanations.    One missing piece of their categorisation is that Cantarelli 

et al. (2010) did not consider the drivers such as external risks and project complexity.  
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Project complexity and external risks, especially in megaprojects have been known to 

cause delays and cost overruns (Williams, 1999; Williams, 2003; Greiman and 

Warburton, 2009; Kardes et al. 2013; Salet et al., 2013; Boateng et al., 2015; Patanakul 

et al., 2016; Ackermann and Alexander, 2016).  Therefore, although Cantarelli et al. 

(2010a) have attempted to provide a theoretical explanation for cost overruns it has to be 

considered as an ‘incomplete’ explanation (Lind and Brunes, 2015). 

Making a contribution to the theoretical understanding of construction cost overruns, 

Ahiaga-Dagbui and Smith (2014) further extended the explanations of Bent Flyvbjerg 

and the rival explanations of Peter E. D. Love – another pioneer in construction cost 

overrun research, by proposing two main schools of thought for cost overruns – the 

‘Psycho-Strategists’ and the ‘Evolution theorists’.   

2.5.1 Psycho-Strategists 

The Psycho-Strategists believe that cost overruns in construction projects, especially in 

megaprojects, happen due to psychological (cognitive) biases of decision-makers and 

political influence to initiate ‘wrong’ projects.  Although the idea of psychological and 

political explanations for cost overruns in construction projects was introduced by 

Flyvbjerg et al. (2002), their explanations were in fact influenced by the works of Nobel 

prize winner - Daniel Kahneman and his colleagues - Amos Tversky and Dan Lovallo 

(Kahneman and Tversky, 1979b; Kahneman and Lovallo, 1993; Lovallo and Kahneman, 

2003) on ‘Prospect theory’ – how people choose between alternatives that are risky and 

uncertain in future (the decision-making under risk).  In summary, the Prospect theory 

explains how people make biased (optimistic) decisions in terms of expected utility 

relative to a reference point (e.g. current money in hand) rather than its absolute outcomes 

in the future (Kahneman and Tversky, 1979a).   

Applying this to megaproject planning and the concept of project cost overruns, based on 

a dataset of 258 megaprojects, Flyvbjerg et al. (2002) controversially argued that 

estimators, planners, and project promoters make decisions on initiating megaprojects 

based on their ‘delusional optimism’ in lieu of rational thinking based on future gains, 

losses, and the probability of (absolute) outcomes thus resulting in deliberate 

underestimation of project costs and overestimation of benefits.  They reported that every 

nine (09) out of ten (10) projects faced cost overruns.  Flyvbjerg et al. (2002) indicated 

the presence of ‘optimism bias’ in the projects that were included in their dataset.   

Optimism bias refers to the tendency to believe (when making decisions) that a person is 
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less likely to experience a negative event in future (Weinstein, 1980).  This cognitive bias 

largely results in overoptimistic cost forecasts and budget allocation based on optimistic 

estimates (Gaspar and Leite 1989; Aklnci and Flscher 1998; Mackie and Preston 1998; 

Flyvbjerg et al., 2002; Flyvbjerg et al., 2003a; Flyvbjerg, 2008).  Interestingly, in their 

original dataset of 258 transportation projects, Flyvbjerg et al. (2002); Flyvbjerg et al. 

(2003a) did not measure the statistical significance of ‘optimism bias’ within the projects 

nor did they conduct any interviews with the decision-makers.  Their analysis was focused 

on identifying the percentage cost overrun and the percentage of the projects that faced 

cost overruns.  However, controversially, they concluded that cost overruns were a result 

of ‘optimism bias’ of planners.  Indicating that the estimators are ignorant or optimistic 

when forecasting costs for projects, Flyvbjerg (2013, p. 772) also stated: 

“…. a majority of forecasters are fools or liars…… Forecasting fools should be sent back 

to school.  They make errors unknowingly and are therefore likely to be motivated to do 

things differently, once the errors are pointed out to them and better ways of forecasting 

are presented.…”.    

In addition to optimism bias, there have been many studies that focused on the presence 

of other cognitive biases within the decision-making process in projects that have not 

been identified in Flyvbjerg’s research.  For example, Shore (2008) reported the presence 

of ‘illusion of control’ (the tendency to overestimate the ability to control an event) and 

‘overconfidence bias’ (the tendency to hold a false and misleading assessment of 

someone’s skills and intellect) in the Denver International Airport project where 

significant delays and cost overruns occurred due to the introduction of a new baggage 

handling system.  Gaspar and Leite (1989) reported evidence of ‘selection bias’ during 

the process of selection of contractors (procurement) in construction projects.  They 

highly criticised the selection of the ‘lowest bidder’ method as it allows potential bidders 

to submit unrealistic, low bids to win construction contracts and decision-makers to be 

biased when selecting the lowest bidder.   

Flyvbjerg et al. (2002); Flyvbjerg et al. (2003a) further indicated that there was strong 

evidence of ‘foul-play’ involved with initiating megaprojects (i.e. for political gains) and 

systematic underestimation of real costs, the result being ‘cost overruns’.  Flyvbjerg 

(2005, p. 18) argued that the formula for getting funds and project approval is simply: 

“Underestimated costs + Overestimated benefits = Project approval” 
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Flyvbjerg (2005) named this the ‘Machiavellian formula’ for project approval.  

Machiavellianism refers to the personality trait of a person who focuses only on their own 

interests to achieve their goals by manipulating, deceiving, and exploiting others (Jones 

and Paulhus, 2009).  Flyvbjerg (2005) associated this with the politicians who make 

decisions to approve megaprojects and argued that they (politicians or promoters) act on 

their own agenda to get re-elected, hence, the real costs of projects are strategically 

misrepresented to the public.  Flyvbjerg (2005) argued that projects suffer cost overruns 

because the planners and politicians prefer the ‘(worst) project option which looks best 

on paper’, and for politicians, an attractive project can be showcased to the public to get 

re-elected and if delivered under budget, can be considered as achievements during their 

tenure.  

Further to this, Bent Flyvbjerg and his colleagues’ work on the psychological and political 

explanations for cost overruns later included the concepts of lock-in - the excessive 

commitment of decision-makers to an ineffective or wrong course of action (Cantarelli et 

al., 2010b; Cantarelli and Flyvbjerg, 2013), escalation of commitment - the tendency to 

increase the commitment and remain locked-in to a decision, action, or investment 

regardless of the negative outcomes from them without altering the course (Winch, 2013; 

Flyvbjerg 2014; Wang et al., 2020), planning fallacy - the tendency to optimistically 

underestimate the time required to complete a future task (Kahneman and Tversky, 1979a; 

Flyvbjerg, 2013; Flyvbjerg and Sunstein, 2016; Flyvbjerg, 2016), ignorance - a person’s 

lack of knowledge or information or understanding of a particular area (Kutsch and Hall, 

2010; Flyvbjerg, 2016; Elbittar et al., 2020).  (See Table 2.2 for further details).  

Put simply, the explanation for cost overruns in construction projects, particularly for 

megaprojects, according to Flyvbjerg and colleagues is: ‘planners and estimators based 

on either false or unknown information (i.e. due to their ignorance), intentionally 

(deception) or unintentionally (delusion), with the optimism of ‘everything goes 

according to plans’ (optimism bias) largely underestimate the (true) costs, the time 

required (planning fallacy), and the risks associated with projects, and overestimate the 

benefits.  If the true costs are known to them at the time of estimate, in order to get projects 

started, they (planners) deliberately misrepresent the true costs (strategic 

misrepresentation).  Politicians/promoters who are interested in their own gains, use the 

information to manipulate the public to gain the support for initiating the projects thus 

ensuring their political survival (Machiavellianism).  However, due to underestimated, 

misrepresented true costs, the actual cost of the project is significantly higher than the 
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original estimates when the projects undergo scope changes and other risks, hence, 

considered a ‘cost overrun’.  Planners and policy-makers later increase their commitment 

to initiate the project (escalation of commitment) despite the cost overruns, delays, and 

benefit shortfalls, and stick with their selected option (the project) to the end (lock-in)’.  

Referring to the above explanations, Ahiaga-Dagbui and Smith (2014) combined the 

psychological and political explanations for cost overruns and introduced the school of 

thought – ‘Psycho-Strategists’.  

2.5.2 Evolution theorists 

Being a frequent critic of Flyvbjerg’s explanations, Peter E. D. Love, and colleagues 

(Love et al., 2012) argued that Flyvbjerg’s centre of attention on strategic 

misrepresentation and optimism bias does not adequately address the ‘complex problem’ 

of cost overruns in construction projects.  Based on the evidence from Australian social 

infrastructure projects Love et al. (2012, p. 570) argued: 

“…. Flyvbjerg and his colleagues’ seminal work has suggested that strategic 

misrepresentation and optimism bias are the primary contributors to economic 

infrastructure overruns.  However, a significant amount of projects experience overruns 

without such actions being present.  To simply assume that strategic misrepresentation 

and optimism bias are overarching actions that lead to the unsuccessful delivery of social 

infrastructure projects is misleading considering the complex array of conditions and 

variables that interact with one another during the project’s procurement.  More 

importantly, solely focusing on addressing such actions may mask the underlying 

conditions that continually contribute to the adoption of opportunistic project and 

managerial practices…”. 

Love et al. (2012) argued that Flyvbjerg’s explanations largely undermine the 

procurement and the contractual arrangement of construction projects (Flyvbjerg et al., 

2002, did not consider the procurement method used in the projects included in their 

sample), and the ‘causal interrelationships’ within a project system.  Love (2011, p. 1198) 

introduced the term ‘pathogens’ in construction projects and stated:  

“…. pathogens are latent conditions and lay dormant within a system until an error comes 

to light”.   
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In a nutshell, this means that there are a number of latent conditions, events, and their 

impacts that the designers do not identify, foresee, or unaware of until they (designers) 

recognise the errors during construction.   

Indicating that Flyvbjerg’s explanations cannot be generalised for every project, Love et 

al. (2012); Love and Ahiaga-Dagbui (2018) argued that due to the addition of new 

information, the accuracy of cost estimates will increase until the contract is awarded, and 

with the addition of new series of events and actions, for example, changes in scope, and 

rework. (Love et al., 2012, referred to them as ‘pathogens’), project costs ‘evolve’ or 

‘grow’ accordingly over the course of their life (Figure 2.2).   

 

Figure 2.2:  Estimating accuracy and the cost growth (Source: Love and Ahiaga-Dagbui, 2018, p. 362) 

As seen in Figure 2.2, the cost estimate in the initial stages (front-end) is far behind being 

an accurate estimate.  This, for a megaproject could be 10-15 years or even more until the 

contract is awarded.  Hence, there is a higher room for error, scope changes, and cost 

growth.  Similarly, due to scope changes during construction, the costs can ‘grow’, hence 

will be considered as ‘cost overrun’ (Love and Ahiaga-Dagbui, 2018, pp. 362-363). 

Eden et al. (2005) reported a similar concept of cost growth in complex construction 

projects.  Their findings indicated that project cost growth is “amoebic” in nature (p. 16).  

In Layman's terms, this indicates that, at the end of a project, it is impossible to trace and 

attribute the cost growth to one source and the costs spread in an amoebic manner (Figure 

2.3).  In Figure 2.3, A, B, and C refer to different aspects of a project with varying degrees 

of uncertainty.  The cost growth (in grey) during construction is untraceable, hence cannot 
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be attributed to one source.  Odeck (2004); Osland and Strand (2010); Odeck (2014); 

Invernizzi et al. (2018) also argued that ‘projects change, from the inception to 

completion, hence the costs are increased accordingly’.  Referring to these explanations, 

Ahiaga-Dagbui and Smith (2014) introduced another school of thought – the Evolution 

theorists. 

   

Figure 2.3: The amoebic cost growth in pre- and post-contract award stages (Source: Eden et al., 2005, p. 

16) 

In summary, the explanation for cost overruns in construction projects, according to the 

Evolution theorists is: ‘due to errors made by key decision-makers and designers, the 

subsequent changes which projects undergo, and the introduction of series of events and 

actions (pathogens), the project costs evolve from inception to completion, and the cost 

overruns are a result of accumulated costs caused by changes to the project over time’. 

Love (2011, p. 1199) was highly critical in the way Flyvbjerg undermined the existence 

of causal chains (cause and effect relationships) within a complex project system.  He 

criticised the approach of Flyvbjerg to associate optimism bias and strategic 

misrepresentation with cost overruns in projects:  

“…. the relationship between strategic misrepresentation and optimum bias with cost 

overruns implicitly assumes causality in terms of counterfactual dependence of the effect 

on the cause: the cause is rendered counterfactually necessary for the effect”. 

For example, according to Flyvbjerg’s explanations, if either optimism bias or strategic 

misrepresentation were the primary causes of cost overruns, if neither had occurred, a 

project may not have any cost overruns (or cost growth from the initial stages of the 
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project) to report (Love, 2011).  However, as discussed in section 2.4, there are a number 

of reasons/factors reported in the literature attributing to cost overruns for decades.  

Flyvbjerg’s explanations largely neglected the cause and effect relationships between 

these factors mentioned in the literature.  Hence, it is apparent that Flyvbjerg’s 

explanations of optimism bias and strategic misrepresentation alone cannot be attributed 

to cost overruns.   

However, Love (2011); Love et al. (2012); Ahiaga-Dagbui and Smith (2014); Caffieri et 

al. (2018) did not completely refuse the existence of optimism bias and strategic 

misrepresentation in projects.  They agreed that optimism bias and strategic 

misrepresentation may trigger the ‘pathogens’ to inhabit within the domain that projects 

are planned and initiated.   They claimed that psychological and political explanations 

cannot be generalised for every project considering the changing nature of projects and 

the dynamics associated with them.  Osland and Strand (2010) also questioned the 

theoretical and methodological plausibility of Flyvbjerg’s strategic misrepresentation 

claim that ‘planners and estimators lie to get projects started’.  Their research conducted 

in Norway concluded that the ‘project approval is not a result of planners’ strategic 

actions’.  Although they acknowledge the concept of optimism bias and strategic 

misrepresentation, Love et al. (2014); Ahiaga-Dagbui and Smith (2014) argued that the 

psychological and political factors should be considered as the drivers of ‘cost 

underestimation’ rather than ‘cost overruns’, hence, it is not reasonable to claim that cost 

overruns are directly caused by psychological and political drivers such as strategic 

misrepresentation and optimism bias. 

2.5.3 Psycho-Strategists vs. the Evolution theorists – the fake news saga 

One might think that the introduction of the two schools of thought was the end of the 

story of construction cost overruns.  However, it was just the beginning of an entirely new 

academic debate over the rival explanations for construction cost overruns.   

Love and Ahiaga-Dagbui (2018) dropped a bombshell and refuted Bent Flyvbjerg’s 

explanations on cost overruns by publishing the article titled “Debunking fake news in a 

post-truth era: The plausible untruths of cost underestimation in transport infrastructure 

projects”.  They argued that, due to a number of reasons, Flyvbjerg’s explanations are 

invalid, hence, ‘fake news’.  Starting with Flyvbjerg (2002)’s article, Love and Ahiaga-

Dagbui (2018) argued that with no evidence to prove his claims of cost overruns due to 

optimism bias and strategic misrepresentation, Bent Flyvbjerg and his colleagues have 
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spread misinformation among the academic world and misled the general public.  In their 

article, Love and Ahiaga-Dagbui (2018) argued that Flyvbjerg is an ‘attention-seeker’ 

who fabricated a dataset with no evidence to prove its existence, (Flyvbjerg’s dataset of 

258 projects was from secondary sources) never measured optimism bias in estimates or 

even examined strategic misrepresentation, and presented no empirical evidence in any 

of his subsequent studies.   

Further to this, Love and Ahiaga-Dagbui (2018) refuted Flyvbjerg (2002)’s branding of 

their dataset as the ‘largest of its kind and the first statistically significant study of cost 

escalation’, the vague expression of ‘decision to build’ to measure the percentage cost 

overrun, the conclusion of every nine (09) out of ten (10) projects face cost overruns and 

cost underestimation is best explained by strategic misrepresentation (lying).  Love and 

Ahiaga-Dagbui (2018) also highlighted that being an Economist, Bent Flyvbjerg 

demonstrated his limited knowledge and understanding of how construction projects 

work and how the estimates are prepared.  Concluding that Flyvbjerg and his colleagues 

have ‘successfully fooled many people’ by trapping them (people) to believe their myth 

of optimism bias and strategic misrepresentation to explain cost overruns, Love and 

Ahiaga-Dagbui (2018) claimed that believing factually incorrect information jeopardises 

the rationality of policy-making in transportation projects and threatens the quality of 

scientific inquiry in research.   

In response to Love and Ahiaga-Dagbui (2018)’s critique of their work, Flyvbjerg et al. 

(2018) replied with an explanatory article titled “Five things you should know about cost 

overrun”.  Flyvbjerg et al. (2018) strongly rebutted the claims made by Love and Ahiaga-

Dagbui (2018) on their work and stated that Love and Ahiaga-Dagbui (2018)’s attempt 

to rebut Flyvbjerg’s work was invalid.  Indicating that Love and Ahiaga-Dagbui (2018)’s 

work has mixed-up inconsistent baselines to measure cost overruns and used the estimate 

at contract award that is used to measure the cost performance of contractors rather than 

the investment in the project, Flyvbjerg et al. (2018, p. 176) stated: 

“…. our focus is on [investment] decision making, and hence on measuring the accuracy 

of information available to decision makers.  With this focus, the budget at the time of 

making the decision to build is the right baseline for measuring cost overrun.  Without 

this baseline it would be impossible to answer the important question of whether decisions 

are well informed or not regarding cost”.   
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Flyvbjerg et al. (2018, p. 185) also questioned Love and Ahiaga-Dagbui (2018)’s 

knowledge of statistics:  

“…. Love and Ahiaga-Dagbui arbitrarily present numbers without statistical analysis 

and scientific validity…… and their limited understanding of statistics and behavioural 

science – expressed more clearly than in their comments….”.  

They also stated that Love and Ahiaga-Dagbui (2018) have misinterpreted Flyvbjerg’s 

dataset and results.  Flyvbjerg et al. (2018) stood by their original explanations and 

affirmed their proposition on cost overruns concluding that the root cause of cost overrun 

is always behavioural biases, i.e. optimism bias, planning fallacy, and strategic 

misrepresentation, as opposed to the explanations in terms of scope changes and project 

complexity.  They further indicated that ‘de-biasing’ of cost forecasts is required to 

produce more accurate cost estimates and avoid cost overruns, hence, ‘Reference Class 

Forecasting (RCF)’ or a similar technique based on behavioural science should be used.  

Reference Class Forecasting was originally proposed by Kahneman and Tversky (1979b) 

to predict future events/estimates by looking at the statistical distribution of outcomes of 

similar past situations (reference class).  This technique was suggested for the 

construction industry by Flyvbjerg and COWI (2004) to forecast costs for financial 

investments in large scale transportation projects by taking an ‘outside view’, i.e. looking 

at the past similar ventures that have been completed and their probability distribution.   

The RCF involves selecting a sample (reference class) of projects, establishing the 

probability distribution of risks, and comparison of the selected project with the reference 

class.  The rationale for proposing a cost forecast based on the ‘outside view’ is to avoid 

the errors and biases such as optimism bias and subsequent cost underestimation caused 

by taking an ‘inside view’, i.e. focusing only on the constituents of a specific project 

(inside view) rather than considering similar past projects (Flyvbjerg, 2009).  Although it 

has been applied in several projects such as the Edinburgh Trams (UK) and Crossrail 

project (UK), the reliability of this method in the field of project management is still to 

be proven as there has been no experimental or statistically validated research conducted 

on it (Prater et al., 2017).   

2.5.4 The Strawman’s fallacy of Planning fallacy? 

In addition to the aforementioned debate on cost overruns, the contributors of the two 

schools of thought are engaged in another debate on the ‘behaviour and the performance 

of projects’.  The starting point of this debate dates back to the 1960s.  In his book titled 
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‘Development Projects Observed’ (Hirschman, 1967), based on a case study analysis of 

11 large projects, Albert O. Hirschman stated that humans bear an inherent weakness of 

underestimating the reality, however, are creative with solving problems and overcoming 

obstacles.  Hirschman (1967) referred to this as ‘creative error’.  In the context of project 

management, Hirschman (1967) argued that out of ‘ignorance’, planners tend to be 

‘unrealistically overoptimistic’ when planning projects.  If they (planners) knew the exact 

cost of the projects, in other words, if they were realistic with their forecasts, the majority 

of the projects that the world sees now and benefits from today, would not have been 

built.  Therefore, this type of ignorance is ‘good’ or a ‘hidden blessing’ as it allows 

humans to make mistakes and use their creativity and innovation to overcome obstacles 

becoming successful in the end.   Hirschman (1967) named this the ‘Principle of Hiding 

Hand’.  Hirschman’s ‘hiding hand’ principle referred to an invisible (hidden) hand which 

initially allows the planners to make wrong decisions and upon failure develop the ability 

to solve problems effectively and improve the resilience of the humankind.  Many authors 

such as Skaburskis and Teitz (2003); Adelman (2013) agree with Hirschman (1967) 

taking the example of Sydney Opera House project as a resemblance of hiding hand and 

creative error.  The Sydney Opera House project was an ultimate failure in terms of the 

budget; however, people only remember the icon it has created not the cost overrun of the 

project.   

With reference to Hirschman (1967)’s principle of Hiding Hand, Flyvbjerg (2014) argued 

that Hirschman (1967) has attempted to praise the wrong decisions made by the planners 

and decision makers by justifying them as essential requirements to the mankind in order 

to face the challenges and be successful in solving problems.  Flyvbjerg (2014) stated that 

Hirschman (1967)’s principle of Hiding Hand and creative error allow the decision 

makers to find a ‘get-away’ (an excuse) for the wrong decisions they make and most 

promoters praise both these principles as they know there is a saviour for their deeds. 

Flyvbjerg (2014) argued that the performance of projects, especially megaprojects, has 

not been able to improve over the last seven decades of which the comparable data is 

available, and the behaviour and the performance of megaprojects can only be explained 

by ‘megaproject paradox’.  Flyvbjerg (2014) mentioned that planners and managers with 

misrepresented information on projects and incapable of handling megaprojects are 

locked-in this paradox by being extremely optimistic and eventually leading to ‘break’ 

the project during its execution.  The project then attempts to reorganise (fix) its way and 



51 

 

finally deliver a similar version of the initially planned project.  This represents a model 

known as the ‘Break-fix’ model of megaprojects (Flyvbjerg, 2014).  

Building on Kahneman and Tversky (1979a)’s work on ‘planning fallacy’, Flyvbjerg and 

Sunstein (2016) argued that if Hirschman (1967)’s Principle of Hiding Hand was to be 

accepted, the poorly performed projects should be able to deliver the promised benefits 

exceeding their poor cost performance once the project had been completed (benefit 

overrun > cost overrun).  However, their statistical test results of data obtained from a 

sample of 2,062 large projects indicated otherwise - the poor cost performance 

overwhelmingly exceeded the benefits of the first year since the projects were completed 

(benefit overrun < cost overrun).  Flyvbjerg and Sunstein (2016) named Hirschman’s 

Principle of Hiding Hand, the ‘Benevolent Hiding Hand’ and argued that the Benevolent 

Hiding Hand is a result of unrealistic optimism, not due to creative error, and the poor 

cost performance (cost overrun) of projects is a result of ‘planning fallacy’ - the 

‘Malevolent Hiding Hand’.  

Continuing his work on cost overruns and planning fallacy, Flyvbjerg (2016) named 

Hirschman’s concept of ‘good ignorance’ as ‘beneficial ignorance’ and stated that 

ignorance in planning is ‘bad’ and in fact it is detrimental to project success, hence, should 

be considered as ‘detrimental ignorance’ and should be avoided at all costs.  Flyvbjerg 

(2016) refuted the principle of Hiding Hand claiming that Hirschman’s work was biased, 

factually incorrect, and only 22% of projects demonstrated Benevolent Hiding Hand and 

78% clearly demonstrated the Malevolent Hiding Hand (planning fallacy) in his dataset 

of 2,062 projects.  In response to this, a number of questions were raised by Lepenies 

(2018) and Ika (2018).  Lepenies (2018) questioned the methodological approach used by 

Flyvbjerg and Sunstein (2016); Flyvbjerg (2016) as Hirschman (1967) never indicated 

that his explanation was statistically testable.  However, Flyvbjerg and Sunstein (2016); 

Flyvbjerg (2016) based on their own reasoning, tested the statistical validity of a non-

testable explanation and concluded with another explanation – the Malevolent Hiding 

Hand (planning fallacy) (Lepenies, 2018).  Lepenies (2018) further stated that Flyvbjerg 

(2016)’s approach is a flawed methodological approach that exemplifies the assessment 

of the value of qualitative scholarship employing quantitative analyses using large-n 

cases.   

Ika (2018) further extended the refutation of Flyvbjerg (2016)’s conclusions on 

Hirschman’s work and argued that Flyvbjerg (2016)’s analysis had largely undermined 

the full life-cycle costs and the benefits of the selected projects as Flyvbjerg (2016) only 
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considered the benefits gained at the end of the first year of project completion.  Further 

to this, Ika (2018) argued that Hirschman’s work focused on how ‘project management 

failures (cost overruns)’ became ‘successful projects (long-term benefits)’ overcoming 

the obstacles and generating the expected benefits from them and he (Hirschman) never 

encouraged the ‘creative error’ in project management.   Ika (2018) analysed a dataset of 

161 development projects and concluded that the principle of Hiding Hand is noticeable 

in projects that were ‘project management failures (with cost overruns)’ that later became 

‘successful projects (with long-term benefits)’.  Ika (2018) however, did not deny the 

existence of planning fallacy in projects, rather, he manifested that planning fallacy can 

be seen in both the projects that were considered as ‘project management successes (cost 

underrun)’ but later became ‘project failures (benefit shortfalls)’ and vice versa.  Hence, 

Flyvbjerg’s attempt to refute the principle of Hiding Hand is in fact a ‘straw man fallacy’ 

as the presence of planning fallacy does not indicate whether the project was successful 

or not (the long-term project success cannot be explained by the presence of planning 

fallacy).   Ika (2018) stated that Flyvbjerg’s refutation of the Hiding Hand is invalid, 

hence, the principle of Hiding Hand prevails in project management.  

Joining this continuous planning fallacy debate, Love et al. (2019a); Love et al. (2019b) 

further justified Ika (2018)’s rebuttal of Flyvbjerg’s claims on planning fallacy as the sole 

explanation for poor project cost performance.  Love et al. (2019a) strongly criticised the 

anecdotal statements of Flyvbjerg et al. (2002); Flyvbjerg (2016); Flyvbjerg et al. (2018) 

on optimism bias, planning fallacy, and strategic misrepresentation to explain cost 

performance in projects, particularly in megaprojects.  Additionally, Love et al. (2019a, 

pp. 397-408) also questioned the use of same unreliable dataset over and over again in 

Flyvbjerg’s scholarly works: 

 “…. put simply, Flyvbjerg’s (2016) dataset is comprised of an aggregation of project 

information derived primarily from secondary and subjective sources that have been 

selectively sampled……… Flyvbjerg et al. (2002) cherry-picked data from published 

research and reports, which was then included in their sample…… Until facts are 

presented and subjected to scrutiny, then Flyvbjerg et al. (2018) will remain in a position 

where ‘he begins with what he’s trying to end with’.  The bias contained in Flyvbjerg’s 

(2016) database and the conclusions that were drawn from it are merely methodological 

artifacts that do not reveal much about ‘how projects work’”.   

Love et al. (2019a, pp. 397-408) also stated that by attempting to prove his explanations 

on ‘how projects work’, Bent Flyvbjerg and his colleagues have become victims of ‘self-
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deception’ and harmed the practice of ‘good science’ that should be underpinned by 

‘empirical facts’: 

 “…. it would appear Flyvbjerg’s (2016) doublespeak is explicitly driven by a desire to 

rebuke the Hiding Hand and replace it with the Planning Fallacy perhaps at the expense 

of ensuring the practice of good science….. If we are to really understand ‘how projects 

work’, then we should let the empirical facts speak louder than theoretical bents or 

beliefs”.   

Love et al. (2019b) used a dataset of 47 large social infrastructure projects in Hong Kong 

to analyse the cost performance and if cost overruns had occurred, whether they can be 

attributed to optimism bias and planning fallacy.  Their results indicated that 43% of 

projects incurred a cost underrun and 57% of projects incurred a cost overrun.  Based on 

their findings Love et al. (2019b) concluded that both underestimation (optimism bias) 

and overestimation (pessimism bias) of costs co-exist.  They argued that, in contrast to 

Flyvbjerg’s arguments, only 57% can be attributed to optimism bias and (honest) 

planning fallacy and 43% can be attributed to ‘overly-cautious’ pessimism bias.  

Although Love et al. (2019b) acknowledge the existence of optimism bias and (honest) 

planning fallacy in projects, they stated that more empirical research should be conducted 

to understand the doubtful, debatable statements on cost overruns, test Flyvbjerg’s claim 

of planning fallacy and optimism bias are the sole causes of cost overrun, and the best 

explanation on ‘how projects work’, particularly in the context of construction 

megaprojects. 

When considering the heated current academic debate between the two schools of 

thought, although, with contrasting explanations, the contributors of the two schools of 

thought agree that after all these decades of research on cost overruns, there is still more 

research to be conducted to understand the problem of cost overruns.  Although the broad 

theoretical explanations on cost overruns in construction projects provide a multi-

perspective theoretical framework for researchers to examine the magnitude and the 

attributes of cost overruns, it is apparent that none had attempted to understand the 

problem by examining the complete picture (holistic view).  This forms a clear gap in 

cost overrun research and a requirement for a thorough scientific inquiry to explore and 

expand the theoretical understanding of the cost overrun problem, particularly with regard 

to the explanations for cost overruns in construction megaprojects. 
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2.6 Chapter summary 

This chapter addressed the first objective of this thesis – to critically review and appraise 

the current understanding of the cost overrun problem in construction megaprojects.  The 

chapter started with an overview of the significance and the salient characteristics of 

construction megaprojects.  These distinctive characteristics of construction megaprojects 

include - extreme complexity and interdependencies, use of large amounts of resources, 

long front-end and execution phases (duration), multiple stakeholders, high political and 

public interest, environmental and cultural impacts, technological challenges, and risks. 

The chapter then went on to discuss the cost performance of construction megaprojects 

beginning with the definitions for cost overruns in the literature and how cost overruns 

have been incurred in construction megaprojects around the world.  From the examples 

of both large datasets analysing the magnitude of cost overruns and individual 

megaprojects that faced significant cost overruns, it was evident that there is a recurring 

problem of cost overruns despite the attempts to minimise them. 

The next section of the chapter focused on providing an overview of the sources and 

attributes of cost overruns in wider academic literature.  It was evident that there is a 

plethora of academic literature on cost overruns in construction projects attributing them 

(cost overruns) to various sources ranging from psychological, political, technical, 

organisational, and external risks and uncertainties; however, the problem remains at 

large particularly in megaprojects.    

The last section of the chapter contained a critique on the broad theoretical explanations 

for the cost overruns in megaprojects and the current ongoing academic debate between 

the two schools of thought – the ‘Psycho-Strategists’ and the ‘Evolution theorists’.  In 

summary, the Psycho-Strategist school of thought argue that cost overruns in construction 

projects, megaprojects, in particular, are caused by psychological biases such as optimism 

bias, planning fallacy, escalation of commitment, and politically motivated deliberate cost 

underestimation and strategic misrepresentation of costs.  Strongly disagreeing with this, 

Evolution theorists argue that due to errors and subsequent scope changes projects change 

over time, hence, costs grow or evolve accordingly causing cost overruns.   This academic 

debate has opened up a research gap for a thorough scientific inquiry to explore and 

expand the theoretical understanding of the cost overrun problem in construction 

megaprojects.   
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In continuation of the literature review, the next chapter (Chapter 03 – A systematic 

review of the overwhelming reductionism of cost overrun causation in construction 

projects) addresses the second objective of the research undertaken within this thesis – to 

systematically review the methodological gaps in existing research that identify the 

causes of cost overruns in construction projects.  The chapter contains a rigorous 

systematic literature review (SLR) of peer-reviewed research articles that have identified 

factors leading to construction cost overruns and then identifies gaps in the 

methodological approaches utilised in construction cost overrun research. 
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Chapter 03   A systematic review of the overwhelming reductionism of 

cost overrun causation in construction projects 

3.1 Introduction 

Chapter 02 presented a critical discussion on cost overruns in construction megaprojects 

and their explanations in wider academic literature.  Through the initial review of 

literature in the previous chapter, it was evident that there is a plethora of previous 

research studies published on construction cost overruns with contrasting explanations 

indicating the need for a thorough scientific exploration into construction cost overrun 

research.  This chapter addresses the second objective of this thesis – to systematically 

review the methodological gaps in existing research that identify the causes of cost 

overruns in construction projects.  The chapter begins with a discussion on the process of 

systematic literature review (SLR) and explains how a SLR was used to retrieve and 

analyse peer-reviewed research articles in the research undertaken within this thesis.  The 

chapter then presents the results of the rigorous SLR of peer-reviewed research articles 

that have identified causes/factors leading to construction cost overruns and identify gaps 

in the methodological approaches utilised in construction cost overrun research.  It should 

be noted that this systematic literature review contains causes/factors that apply to all 

types of construction projects, not limited to megaprojects.   

3.2 The systematic literature review (SLR) methodology 

Critically reviewing the existing literature provides a firm grounding, theoretical 

awareness, and identifies gaps in any scientific study on ‘what is already known and what 

is yet to be done in the subject area’ (Tranfield et al., 2003; White and Schmidt, 2005; 

Jesson and Lacey, 2006; Higgins and Green, 2008; Bryman, 2016, p. 06).  An essential 

element of undertaking a new study is to have a fair and unbiased understanding of the 

issue to be addressed (Ananiadou et al., 2009; Ghadge, 2013).  Most literature reviews 

follow a ‘narrative’ approach which allows the researcher to appraise the importance of 

previously conducted studies and construct the narrative for their theoretical justification 

and analysis on the current issues and themes (Tranfield et al., 2003; Higgins and Green, 

2008; Pickering and Byrne, 2014).  However, considering the amount of multiple data 

sources and the rapid flow of information generated by individual studies, rigorous and 

justifiable knowledge generation for developing new research would be extremely 

challenging for the researchers (Centre for Reviews and Dissemination, 2009; Ghadge, 

2013). 
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Tranfield et al. (2003) opined that the traditional narrative review of literature lacks 

thoroughness and poorly demonstrates the aspects of investigatory science.  The research 

studies conducted through narrative reviews carry an inherent bias throughout all stages 

from selection of the previous studies to the arrival at conclusions of the research as the 

theoretical embeddedness and construction of arguments within the study would solely 

depend on the opinion and interpretations of the researcher who is very likely to include 

only the major studies which are relevant and consistent with his or her results (Petticrew, 

2001; Tranfield et al., 2003; Centre for Reviews and Dissemination, 2009; Nightingale, 

2009).  Hence, a structured methodology that encapsulates all published and unpublished 

studies is indeed required for appraising the quality of the studies and summarising them 

objectively prior to conducting the scientific study (Petticrew, 2001; Nightingale, 2009). 

The Systematic Literature Review (SLR) process has been identified as an effective 

method for retrieving, appraising, and synthesising all relevant published and unpublished 

studies (Jones and Evans, 2000; Petticrew, 2001; Boaz et al., 2002; Centre for Reviews 

and Dissemination, 2009).  For example, Sutherland (2004, p. 48) defined SLRs as: 

“…. summaries of world literature on a specific topic that use explicit methods to 

systematically search, critically appraise, and synthesize evidence”.   

Jones and Evans (2000, p. 66) further explained SLR as: 

“…. a methodical assessment of a subject using a predetermined plan”.   

SLRs were introduced to and are more frequently used in evidence-based medicine and 

healthcare intervention research to ensure that healthcare policy and practice are 

channelled through a more rigorous and challenging evidence base (Mulrow, 1994; 

Tranfield et al., 2003).  However, according to Tranfield et al. (2003), it will not restrict 

the applicability of the systematic reviews in management research thus it will make the 

review to be a process of exploring, discovering, and developing new research ideas in 

the field of study. 

A standard systematic review may incorporate a brief review of the key texts in the subject 

area to identify the need, formulate the problem and develop the protocol for the review 

(Jones and Evans, 2000; Centre for Reviews and Dissemination, 2009).  A systematic 

literature review begins with a well-defined search and inclusion and exclusion criterion 

for the research articles followed by screening, qualitative synthesis (peer-reviewing), 

and quantitative synthesis (meta-analysis) of the selected studies (Mulrow, 1994; Jones 
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and Evans, 2000).  SLRs are designed to minimise the unintended bias within the review, 

therefore, they are often peer-reviewed throughout the stages of the literature analysis.  

These explicit protocols make it less likely to generate bias within SLRs and increase the 

thoroughness and rigour within the scientific study (Tranfield et al., 2003; Bryman, 2016, 

p. 99; Andreini and Bettinelli, 2017). 

Although it has been widely used in evidence-based medicine and healthcare research, 

the use of systematic reviews is not limited to health care and has effectively been applied 

in a range of subject areas such as Management (Tranfield et al., 2003; Andreini and 

Bettinelli, 2017), Education (Pickering and Byrne, 2014), Information Systems (Boell 

and Cecez-Kecmanovic, 2015), Construction (Rinder et al., 2008; Sun and Meng, 2009; 

Membah and Asa, 2015; Adam et al., 2017), and Project Management (Prater et al., 2017).  

Works of the aforementioned authors substantiate that systematic literature reviews can 

be conducted in any field of research within academia and are useful tools for critically 

appraising and synthesising research evidence. 

3.2.1 The SLR process 

As a methodology that follows pre-structured protocols, a systematic literature review has 

a step-by-step approach going through many phases from selection of articles to the final 

review of the articles (Tranfield et al., 2003; Bennett et al., 2005; Higgins and Green, 

2008; Pickering and Byrne, 2014).  Although the illustration and naming of the stages of 

a systematic review by these authors vary from one to another, the key activities in a 

systematic review remain constant across the literature (see Table 3.1).  Therefore, 

regardless of the subject area, a well-structured systematic review should include the 

following steps throughout its process. 

• Step 01 – Planning: When conducting a systematic review, reviewers should 

start with identifying the need for a review and defining the search protocols.  

This involves reviewing the key texts in the subject area to identify the need 

for a systematic review, formulating and refining formulate the research 

question/aim and objectives for the review, developing the literature searching 

criteria including keywords, inclusion and exclusion criteria for the studies 

and decide the databases and type of studies to be considered in the review, 

and establishing the protocol for the review clearly explaining the functions in 

each phase. 
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• Step 02 – Executing: Once the need for the search and its protocols have been 

formulated, the next step involves searching the studies using the pre-set 

keywords in relevant databases as per the defined protocol.  Then, retrieving 

the studies from databases that meet the inclusion criteria defined in the 

protocol, removal of duplicate studies available in multiple databases or 

published multiple times, screening the abstracts of the articles eligible for 

full-text review, full-text review of the selected studies for final quantitative 

analysis.  This should be followed by verification of the quality of studies 

through a peer-review process and (if required) a meta-analysis of the studies 

using statistical tests and graphical representation of the findings. 

• Step 03 – Reporting: This step involves reporting the findings of the review 

for future policy interventions, identifying research gaps and generating new 

research ideas followed by the publication of the findings of the review in 

scientific journals. 

Table 3.1 shows different phases of a systematic literature review identified and 

conducted by different authors. 

3.2.2 Strengths and limitations of SLRs 

As mentioned earlier, SLRs follow a well-defined process for conducting the literature 

search which ensures consistency in the search process.  There is a clear difference 

between the traditional narrative literature reviews and systematic literature reviews as 

the latter follows explicit procedures to overcome the selection and inclusion bias of 

studies by identifying all published and unpublished studies such as journal articles, 

conference proceedings, and theses that address a specific question, and summarising 

them objectively for communicating the results of primary research (Petticrew, 2001; 

Nightingale, 2009). The distinctive advantage of the SLR process is that it creates the 

available evidence more accessible to decision-makers (Centre for Reviews and 

Dissemination, 2009).  

The pre-defined criteria are designed to minimise the unintended bias within the review 

incorporating peer-reviews within the article review process.  These explicit protocols 

make it less likely to generate bias within SLRs and increase the consistency and rigour 

within the scientific study thus ensuring the results are objective and unbiased (Mallett et 

al., 2012; Andreini and Bettinelli, 2017).   Bennett et al., (2005) state that the pre-defined 

protocol of a systematic literature review strengthens the reliability, validity, coherence, 
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and completeness of the analysis thus resulting in enriched information for scientific 

inquiry and policy decision-making. 

As with any other literature review method, systematic literature reviews carry a few 

limitations.  According to Mallett et al. (2012), a SLR is a time consuming and labour-

intensive method for screening and synthesising literature.  The method itself is 

‘mechanical’ and too much of the effort is sacrificed to attain precision and efficiency 

(Ghadge, 2013).  Even though a systematic literature review attempts to represent an 

overall view of the area being studied, the pre-defined criterion restricts the number of 

research articles included in the analysis due to constraints such as time, budget, and the 

number of reviewers.  Although these limitations exist, Mallett et al. (2012) opined that 

SLRs provide a rigorous, reliable, consistent approach for reviewing and synthesising 

literature.  The next section discusses the systematic literature review adopted in the thesis 

to retrieve and analyse the peer-reviewed research articles on construction cost overruns 

exploring the research findings by previous scholars and identifying gaps in research. 
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Table 3.1: SLR process used in different studies      
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3.3 The systematic review process adopted in the thesis 

The systematic review carried out in this study followed the standard guidelines for 

systematic reviews provided by the Cochrane Collaboration, UK (Higgins and Green, 

2008) and Centre for Reviews and Dissemination (2009).  All templates used in the 

review were the standard templates for systematic reviews available at Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) website cited by 

Liberati et al. (2009).  However, the above-mentioned guidelines and templates are 

designed for systematic reviews in medicine and healthcare research. Therefore, in 

addition to following the above standard guidelines and templates, the review also 

referred to two previous systematic literature reviews conducted within the construction 

and project management research context by Membah and Asa (2015) and Prater et al. 

(2017) (see Table 3.1).   

Membah and Asa (2015) conducted a systematic literature review on cost 

underestimation in transportation tunnel projects.  They analysed 39 research articles and 

identified 40 cost (under)estimating factors.  They followed a simple but well-structured 

database search and article retrieval protocol covering 07 major academic research 

databases including Google Scholar.  Applying the SLR in the project management 

context, Prater et al. (2017) analysed 33 articles on unrealistic scheduling due to optimism 

bias within project management using the SLR method.  Therefore, in addition to 

adhering to the standard guidelines on SLRs, the SLR process adopted in this thesis was 

developed to be more applicable to the construction management research context based 

on the works of Membah and Asa (2015) and Prater et al. (2017). 

3.3.1 Systematic review process: Aim and objectives 

Prior to starting the review, a standard systematic review may incorporate a brief review 

of the key texts in the subject area to identify the need, formulate the problem and develop 

the protocol for the review (Jones and Evans, 2000; Tranfield et al., 2003; Centre for 

Reviews and Dissemination, 2009).  Therefore, to have an initial understanding of the 

cost overrun issue in construction projects, a review of key studies in the area of cost 

overrun research was undertaken before designing the systematic review (see Chapter 

02).  The literature review mainly referred to the previous studies on the magnitude of the 

cost overruns in construction projects and the studies focused on providing theoretical 

explanations to the cost overrun issue in construction projects.  Through the initial 

literature review, it was evident that there is a plethora of previous research studies 
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conducted on construction cost overruns with contrasting explanations indicating the need 

for a thorough scientific exploration in construction cost overruns research. 

First, the main objectives of the systematic review were developed as per the guidelines 

of Cochrane Collaboration, UK (Higgins and Green, 2008) and Tranfield et al. (2003). 

The main objectives of this systematic literature review are: 

• to retrieve peer-reviewed research articles which have identified the factors 

causing cost overruns in construction projects 

• to identify the most significant factors causing cost overruns in construction 

projects 

• to identify the research methodologies used to identify and analyse cost overrun 

factors  

• to identify research gaps and recommend future directions for cost overrun 

research 

3.3.2 Article inclusion and exclusion criteria for the SLR 

Once the aim and objectives of the review were defined, the structured article inclusion 

and exclusion were developed as follows: 

Inclusion criteria 

• Articles should be in English 

• Only articles published in peer-reviewed journals were considered in the review 

• Only the empirical research articles containing the factors responsible for cost 

overruns in construction/infrastructure projects were considered in the review 

• The time period considered for the review was articles published between January 

1980 to November 2018 

• For clarification purposes, the articles were grouped by the region/country to 

which the research was applied, rather than the region/country of publication. If 

more than one country was considered in the research article, then the article was 

considered as "Global" 

• Both quantitative and qualitative studies were included in the review 

Exclusion criteria 

• Duplicate papers: Papers were considered as duplicates if the same paper was 

found in multiple databases 
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• Article removal after Abstract review: Papers that focus on other issues in projects 

such as delays, change orders, rework, claims, and variations, but not the 

causes/factors of cost overruns were not considered in the review 

• Article removal after Full-text review: Papers that focus on cost overruns in 

construction projects but do not specifically mention the causes/factors of cost 

overruns or factors causing or likely to cause cost overruns were not considered 

in the review.  For example, review papers, critiques, and the analysis of the 

magnitude of cost overruns in projects i.e. cost overrun percentage in projects. 

were excluded 

3.3.3 Selection of databases for the review 

The selection of suitable databases is one key factor that determines both the quantity and 

quality of a systematic review (Cochrane Collaboration, UK; Centre for Reviews and 

Dissemination, 2009).  According to Moher et al. (2009), a systematic review may include 

both subject-specific databases and other (non-subject specific) databases to access and 

retrieve the maximum number of research articles relevant to the subject area.  Therefore, 

the review referred to previous systematic reviews in construction management research 

conducted by Sun and Meng (2009); Membah and Asa (2015); Adam et al. (2017) to 

identify the subject-specific databases to access and retrieve articles.   

With reference to the aforementioned reviews, five (05) subject-specific databases - 

ScienceDirect, ASCE Library, Emerald, Scopus, Taylor & Francis Online, were selected 

to retrieve the articles on cost overrun factors in construction projects.  In addition to these 

subject-specific databases, Membah and Asa (2015) used Google Scholar as a database 

to retrieve articles.  Therefore, Google Scholar was also included as a database for 

retrieving articles in this study to limit the impact of publication and other selection 

biases.  

3.3.4 Keyword selection for the review 

The overall success of a systematic literature review will largely depend on an unbiased 

comprehensive searching criterion which also makes systematic reviews different from 

the traditional narrative reviews (Mulrow, 1994; Tranfield et al., 2003).  Hence, 

identifying the keywords and developing the search terms relevant to the review is of 

prime importance during the planning stage of a systematic review (Bennett et al., 2005).  

This may be done in two ways:  
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• Identification of subject-specific keywords used in previous literature (Prater et 

al., 2017; Adam et al., 2017) 

• Keyword generation by review members through group discussions (Bennett et 

al., 2005) 

This study adopted the method used by Prater et al. (2017) and Adam et al. (2017) to 

identify the subject-specific keywords used in previous literature, then followed by a peer-

review of the identified keywords as recommended by Bennett et al. (2005) for assuring 

the quality and consistency in the application of keywords. In addition to common 

keywords such as "construction", "infrastructure" and "projects", a string of keywords 

including synonyms was drawn from the previous literature as shown below in Table 3.2. 

Table 3.2: Keywords used in the review 

Search keywords References 

“cost overrun”  
Avotos (1983); Mansfield et al. (1994); Flyvbjerg et al. (2004); Park 

and Papadopoulou (2012) 

“cost increase”  Koushki, and Kartam (2004); Siemiatycki (2009); Adam et al. (2017) 

“cost escalation”  
Knight, and Fayek (2000); Flyvbjerg et al. (2004); Morris, and 

Willson (2006) 

“cost development”  Lee (2008) 

“cost variance”  Hsieh et al. (2004); Aziz (2013) 

“cost failure”  Doloi (2013); Durdyev et al. (2017) 

“cost discrepancies”  Siemiatycki (2009); Mbachu and Cross (2015) 

“cost divergence”  Siemiatycki (2009) 

“cost deviation” Chevroulet et al. (2012); Aziz (2013); Al-Agele and Al-Hassan (2016) 

    

“factors”  Elinwa and Buba (1993); Ameh et al. (2010); Memon et al. (2014) 

“causes”  
Semple et al. (1994); Frimpong et al. (2003); Baloyi and Bekker 

(2011) 

“determinants”  Asamaoh and Offei-Nyako (2013); Cheng (2014) 

“explanations”  Lind and Brunes (2015); Adam et al. (2017) 

“reasons”  Dlakwa and Culpin (1990); Jergeas (2008) 

“contributors” 
Memon et al. (2012); Jarkas and Marenjak (2014); Durdyev et al. 

(2017) 

3.3.5 Article retrieval and selection for the analysis 

The review was designed in August 2018 and started retrieving articles in November 2018 

and completed retrieving articles from the databases in February 2019.  The article search 

process included the use of keywords identified before along with Boolean functions such 

as “OR” and “AND”.  For example, the Boolean search function - 
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Title/Abstract/Keyword ((("construction" OR "infrastructure") AND ("cost overrun" OR 

"cost increase" OR "cost escalation" OR "cost development" OR "cost variance" OR "cost 

failure" OR "cost discrepancies" OR "cost divergence" OR "cost deviation") AND 

("factors" OR "causes" OR "determinants" OR "explanations" OR "reasons" OR 

"contributors") AND (projects))) was used in ScienceDirect database to search and 

retrieve articles. 

Figure 3.1 illustrates a summary of the systematic literature review process adopted in the 

study.  In total 12,887 articles were retrieved from the databases and 12,501 articles were 

removed after the initial article title screening.  Of the 12,501 articles, 8,763 were 

completely irrelevant to the subject area (cost overruns and construction/infrastructure 

industry) and 3,738 papers found in multiple databases were duplicates.  386 Articles 

were selected for further screening.  The selected 386 articles were grouped into 07 

categories based on the country/region of the publication namely Global, North America, 

South America, Europe, Asia, Oceania, and Africa.  

The articles were reviewed using the pre-determined article inclusion/exclusion criteria 

and the screening was started with an abstract review.  271 articles were removed after 

the abstract review stage which reduced the number of remaining articles to 115.  Once 

the abstract review was completed, the full-text analysis of the articles was carried out.  

During the full-text review, it was identified that 73 articles which did not meet the 

inclusion/exclusion criteria – articles that focused on other issues in projects such as 

delays, change orders, rework, claims, and variations, but not the causes/factors of cost 

overruns and the articles that focused on cost overruns in construction projects but do not 

specifically mention the causes/factors of cost overruns, factors causing or likely to cause 

cost overruns. This resulted in the selection of 42 articles for the final analysis.  In order 

to minimise selection bias, the review process from the initial phases was examined by 

two expert academics in the construction project management field and their opinions 

verified the applicability of article searching, retrieving, and inclusion/exclusion criteria 

throughout the SLR process.  

 



67 

 

 

Figure 3.1: PRISMA flowchart of the search and selection process of the SLR adopted in the study (Adapted 

from: Liberati et al., 2009) 
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3.4 Findings of the systematic literature review 

Before conducting the full-text review, all articles had been already sorted into 07 

categories based on the country/region of the publication namely Global, North America, 

South America, Europe, Asia, Oceania, and Africa at the abstract review stage.  Once the 

full-text review was completed, a dual data recording approach – general information and 

article-specific information, as suggested by Tranfield et al. (2003); Andreini and 

Bettinelli (2017) was used to extract and record information of the 42 articles selected.  

General information of the articles was recorded on an MS Excel sheet (see Table 3.4) 

which included the title of the research paper, authors, year of publication, country/region 

of publication, and the database.  Specific information about project type/sector, study 

type and research methodology (qualitative/quantitative/mixed), sample size, analysis 

method, and identified causes/factors of cost overrun were also recorded in the same 

sheet.  The articles were arranged in chronological (by year and decade of publication) 

order starting from 1985 to 2018.  

Table 3.3: Articles by database (initial and final) 

Database No. of articles (initial) No. of articles (final) 

Google Scholar 2,583 16 

ScienceDirect 1,688 09 

ASCE Library 983 07 

Taylor & Francis Online 713 05 

Scopus 3,640 03 

Emerald 3,280 02 

Total 12,887 42 

 

Table 3.3 shows the initial search results and the selected final articles from each 

database.  Interestingly, Google Scholar was found to be the database with the highest 

number of articles published while Scopus included the least number of publications. 

However, it should be noted that Scopus contained many research articles that were 

considered to be ‘duplicates’.  Research articles published in the 1980s, 1990s, and 2000 

were published in subject-specific databases such as ScienceDirect (09), ASCE Library 

(07), and Emerald (02). From the 2010s there is a clear indication of articles made 

available on Google Scholar (16). Table 3.4 contains the details of the articles included 

in the SLR arranged by the year of publication.  
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Table 3.4: Details of the articles included in the SLR 

No. Authors  Country/ 

Region 

Database Project 

type(s) 

Study type Methodology Most significant factors 

1 Arditi et al. (1985) Turkey ScienceDirect Construction Quantitative Literature review to identify the cost 

overrun factors, Questionnaire survey 

(n=78) to rank the factors, Ranking 

the factors using Relative Weights, 

Analysis of average cost overrun 

percentage of completed projects 

(n=384) 

Increase in material prices, Inflation, 

Difficulties in obtaining construction 

materials at official current prices, 

Reasons that yield construction 

delays, Deficiencies in cost estimates 

prepared by public agencies, 

Increase in wages, Unexpected 

subsoil conditions, Deficiencies in 

the infrastructure, Labour problems, 

Insurance problems 

2 Okpala and Aniekwu 

(1988) 

Nigeria ASCE Library Construction Mixed Identify factors (n=22) through expert 

interviews (n=20), Ranking the factors 

using Severity Index, Cross-

Comparison of Relative Importance of 

the rankings using Maximum 

Absolute Difference 

Price fluctuations, Delays, 

Fraudulent practices and kickbacks, 

Additional work, Shortening of the 

contract period, Inaccurate estimates, 

Insurance, Shortage of materials, 

Financing and payment of completed 

works, Poor contract management 

3 Dlakwa and Culpin 

(1990) 

Nigeria ScienceDirect Construction Quantitative Questionnaire survey (n=175), 

Ranking factors using Mean Scores 

Fluctuations in material, labour and 

plant costs, Construction delays, 

Inadequate pre-planning, 

Deficiencies in the initial estimates, 

Unforeseeable circumstances 

4 Elinwa and Buba (1993) Nigeria ASCE Library Construction Mixed Literature review and experts' 

interviews to identify the cost and 

time overrun factors (n=31), 

Questionnaire survey (n=110) to rank 

the factors, Ranking using Severity 

Index, Kendall's correlation 

coefficient and Chi-squared tests used 

Shortage of materials, Price 

fluctuations, Financing and payment 

for completed works, Delays, 

Additional works, Poor contract 

management, Imported materials, 

Fraudulent practices and kickbacks, 
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to explore the degree of association of 

the survey responses among the three 

parties – Architects, Engineers, 

Quantity Surveyors 

Design changes, Subcontractors and 

nominated suppliers 

5 Mansfield et al. (1994) Nigeria ScienceDirect Construction Quantitative Literature review to identify the cost 

and time overrun factors (n=23), 

Questionnaire survey (n=37) to rank 

the factors, Ranking using Severity 

Index 

Price fluctuations, Inaccurate 

estimates, Delays, Additional work, 

Poor contract management, 

Financing and payment of completed 

works, Changes in site conditions, 

Shortages of materials, Imported 

materials and plant items 

6 Kaming et al. (1997) Indonesia Taylor & 

Francis Online 

Building Quantitative Literature review to identify the cost 

overrun factors (n=07), Questionnaire 

survey (n=31) to rank the factors/ 

follow-up interviews with the 

respondents, Ranking the factors using 

Importance index, Frequency index, 

and Severity index, Analysis using 

Principal Component Factor Analysis 

(PCFA) technique, Creation of 

Correlation matrix for variables of 

cost overrun using Spearman 

correlation analysis, Varimax rotation 

conducted to achieve factor loadings 

of determinants of cost control 

Lack of experience of local 

regulation, Lack of experience of 

project type, Lack of experience of 

project location, Labour cost 

increased due to environment 

restriction, Inaccurate quantity take-

off, Materials cost increased by 

inflation, Unpredictable weather 

conditions 

7 Frimpong et al. (2003) Ghana ScienceDirect Groundwater 

projects 

Quantitative Literature review to identify the cost 

and time overrun factors (n=26), 

Questionnaire survey (n=72) to rank 

the factors, Analysis using Relative 

Importance Weight (RIW), Kendall’s 

Coefficient of Concordance used to 

explore the degree of association of 

the survey responses among the three 

Monthly payment difficulties, Poor 

contract management, Material 

procurement, Inflation, Contractor’s 

financial difficulties, Escalation of 

material prices, Cash flow during 

construction, Planning and 

scheduling deficiencies, Bad 
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parties – owner, consultants and 

contractors 

weather, Deficiencies in cost 

estimates prepared 

8 Iyer and Jha (2005) India ScienceDirect Construction Quantitative Literature review and expert 

interviews to identify the cost overrun 

factors (n=55), Pilot study to verify 

the questionnaires, Questionnaire 

survey (n=112) to rank the factors, 

Ranking the factors using Relative 

Importance Index (RII), Factor 

analysis used to group (n=07) and sort 

the main factors 

Poor human resource management 

and labour strike, Negative attitude 

of the project manager, and project 

participants, Inadequate project 

formulation in the beginning, Vested 

interest of client representative in not 

getting the project completed in 

time, Conflicts between the project 

manager and top management, 

Mismatch in capabilities of client 

and architect, Conflicts between the 

project manager and other outside 

agency such as owner, sub-

contractor or other contractors, 

Reluctance in timely decisions by the 

project manager, Lack of 

understanding of operating 

procedure by the project manager, 

Conflicts among team members 

9 Zou et al. (2007) China ScienceDirect Construction Quantitative Literature review to identify the cost 

overrun factors (n=12), Questionnaire 

survey (n=83) to rank the factors, 

Ranking the factors using Significance 

index score method 

Variations by the client, Price 

inflation of construction materials, 

Design variations, Tight project 

schedule, Project funding problems, 

Contractors’ difficulty in 

reimbursement, Incomplete or 

inaccurate cost estimate, 

Contractors’ poor management 

ability, Inadequate site information 

(soil test and survey report), 

Inadequate programme scheduling 



72 

 

10 Le-Hoai et al. (2008) Vietnam Scopus Construction Mixed Literature review to identify the cost 

overrun factors (n=21), Pilot 

questionnaire survey and interviews 

conducted to develop the main 

questionnaire, Questionnaire survey 

(n=87)  to rank the factors, Internal 

reliability tested using Cronbach’s 

alpha, Ranking of the factors using 

Severity, Frequency, and Importance 

indices, Spearman’s Rank Order 

Correlation test used to test the degree 

of association between the factors, 

Bartlett’s test of sphericity used to 

compare the correlation matrix, 

Kaiser-Meyer-Olkin (KMO) Test 

performed to measure the suitability 

of the data for Factor analysis, 

Principal component factor analysis 

used to group and sort the main 

factors, Comparison of the results with 

studies from other countries in Africa 

and Asia 

Poor site management and 

supervision, Poor project 

management assistance, Financial 

difficulties of the owner, Financial 

difficulties of contractor, Design 

changes, Unforeseen site conditions, 

Slow payment of completed works, 

Inaccurate estimates, Shortages of 

materials, Mistakes in design 

11 Enshassi et al. (2009) Palestine Emerald Construction Quantitative Literature review and pilot study to 

identify the cost overrun factors 

(n=42) and sort into 12 categories, 

Questionnaire survey (n=124) to rank 

the factors, Internal Consistency tested 

using Cronbach’s alpha, Agreement 

between Respondents tested using 

Spearman’s rank correlation, Ranking 

the factors using Importance Index (II) 

Increment of materials prices due to 

continuous border closures, Delay in 

construction, supply of raw materials 

and equipment by contractors, 

Fluctuations in the cost of building 

materials, Project materials 

monopoly by some suppliers, 

Unsettlement of the local currency in 

relation to dollar value, Low 

commitment of donor to compensate 

any bad result that may come from 
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the bad economic and political 

situation, Donor policy in biding 

tender to the lowest price one, 

Design changes, Additional work at 

owner’s request, Resources 

constraint: funds and associated 

auxiliaries not ready 

12 Kaliba et al. (2009) Zambia ScienceDirect Road  Mixed Analysis of cost and time performance 

of selected projects (n=13), Literature 

review to identify the cost and time 

overrun factors, Structured interviews 

(n=10) to identify challenges faced in 

implementing road projects and 

obtaining all possible factors that 

would cause cost escalation and 

schedule delays in road construction 

projects, Questionnaire survey (n=26), 

Ranking of factors using Weighted 

Opinion Averages (perceived 

significance) 

Bad or inclement weather due to 

heavy rains and floods, Scope 

changes, Environmental protection 

and mitigation costs, Schedule delay, 

Strikes, Technical challenges, 

Inflation, Local government 

pressures 

 

13 Shane et al. (2009) USA ASCE Library Road Qualitative Case study (n=1) to review the cost 

growth in construction projects, 

Literature review to identify and 

classify the cost overrun factors 

(n=18), Interviews (n=20) to confirm 

the identified factors 

Bias, Delivery/procurement 

approach, Project schedule changes, 

Engineering and construction 

complexities, Scope changes, Scope 

creep, Local concerns and 

requirements, Effects of inflation, 

Market conditions, Unforeseen 

events 

14 Ali and Kamaruzzaman 

(2010) 

Malaysia Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=23), Questionnaire 

survey (n=30) to rank the factors, 

Ranking the factors using mean values 

Inaccurate/poor estimation of the 

original cost, Construction cost 

underestimation, Improper planning, 

Poor project management, Lack of 

experience, Poor contract 
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management, Inflation of project 

costs, High cost of machinery, 

Fluctuation in price of raw materials, 

Unforeseen site conditions 

15 Creedy et al. (2010) Australia ASCE Library Road Mixed Analysis of project completion reports 

(n=231) and semi-structured 

interviews to identify the cost overrun 

factors (n=37), Nominal group 

technique using experts (n=08) to 

obtain expert agreement on suitable 

groupings of cost overrun factors, 

Ranking the factors using Importance 

Index (II), Multivariate regression 

analysis used to analyse the 

correlation between the cause, effect, 

and other relationships relating to cost 

overruns 

Design and scope change, 

Insufficient investigations and latent 

conditions, Deficient documentation 

(specification and design), Owner 

project management costs, Services 

relocation, Constructability, Price 

escalation, Right-of-way costs, 

Contractor risks, Environment 

16 Memon et al. (2010) Malaysia Google Scholar Construction Mixed Literature review to identify the cost 

overrun factors (n=24), Pilot 

questionnaire survey and interviews 

conducted to develop the main 

questionnaire, Questionnaire survey 

(n=37)  to rank the factors, Internal 

reliability tested using Cronbach’s 

alpha, Ranking of the factors using the 

mean rank score, Spearman’s Rank 

Order Correlation test used to test the 

degree of association between the 

factors. 

Cash flow and financial difficulties 

faced by contractors, Contractor's 

poor site management and 

supervision, Inadequate contractor 

experience, Shortage of site workers, 

Incorrect planning and scheduling by 

contractors, Fluctuation in prices of 

materials, Practice of assigning the 

contract to the lowest bidder, Lack of 

communication among parties, 

Underestimate project duration 

resulting, Schedule delay, Delay in 

material procurement 

17 Olawale and Sun (2010) UK Taylor & 

Francis Online 

Construction Quantitative Literature review to identify the cost 

and time overrun factors (n=20), 

Questionnaire survey (n=110) to rank 

Design changes, Risk and 

uncertainty associated with projects, 

Inaccurate evaluation of project’s 
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the factors, Ranking the factors using 

Relative Importance Index (RII) 

method, Spearman Correlation 

Coefficient analysis used to test the 

agreement or disagreement between 

the two rankings (cost and time), 

Semi-structured interviews to 

understand the difficulties in 

controlling the construction costs, 

Comprehensive literature review to 

develop mitigating measures for the 

top ranked factors 

time/ duration, Non-performance of 

subcontractors and nominated 

suppliers, Complexity of works, 

Conflict between project parties, 

Discrepancies in contract 

documentation, Contract and 

specification interpretation 

disagreement, Inflation of prices, 

Financing and payment for 

completed works 

18 Baloyi and Bekker (2011) South 

Africa 

Google Scholar Construction Quantitative Literature review to identify the cost 

and time overrun factors (n=18 and 

34), Questionnaire survey (n=22) to 

rank the factors, Ranking the factors 

using Relative Importance Index (RII) 

Increase in material cost, Inaccurate 

material estimates, Shortage of 

skilled labour, Client’s late contract 

award, Project complexity, Increase 

in labour cost, Inaccurate quantity 

take-off, Difference between selected 

bid and the consultants’ estimate, 

Change orders by the client during 

construction, Shortage of manpower 

19 Memon et al. (2011) Malaysia Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=78), Questionnaire 

survey (n=15) to rank the factors, 

Ranking the factors using the average 

index method 

Poor design and delays in design, 

Unrealistic contract duration and 

requirements imposed, Lack of 

experience, Late delivery of 

materials and equipment, 

Relationship between management 

and labour, Delay Preparation and 

approval of drawings, Inadequate 

planning and scheduling, Poor site 

management and supervision, 

Mistakes during construction, 
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Changes in Material Specification 

and type 

20 Al Jurf and Beheiry 

(2012) 

Qatar Google Scholar Building Mixed Literature review to identify the cost 

overrun factors (n=42), Experts 

review to verify the factors, 

Questionnaire survey (n=15) to rank 

the factors and obtain details of 

completed projects (n=29), Interviews 

with contractors to verify the 

questionnaires (n=15), Analysis of 

average cost overrun in projects 

(n=29), Ranking the factors using 

Relative Importance Index (RII), 

Spearman rank correlation carried out 

to examine the degree of commonality 

of the factor importance between the 

larger and smaller projects, 

Comparison of the results with other 

studies (n=02) from different countries 

Escalation of basic construction 

material prices in the local market, 

Change of other materials prices in 

the local market, Inflation, Material 

procurement cost from the outer 

countries, Improper pushing from the 

owner on the contractor to reduce 

contract price, Unrealistic tender cost 

estimation, Inaccurate estimates 

21 Memon et al. (2012) Malaysia Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors, Questionnaire survey 

(n=140) to rank the factors, Ranking 

the factors using Relative Important 

Index (RII) method, Semi-structured 

Interviews (n=15) with experts to 

develop mitigation measures, 

Spearman’s rank correlation 

coefficient used to measure the rank 

correlation between time and cost 

overrun factors 

Design and Documentation Issues, 

Financial Resource Management, 

Project Management and Contract 

Administration, Contractors Site 

Management, Information and 

Communication Technology, 

Material and Machinery Resource, 

Labour (Human) Resource, External 

Factors 

22 Memon et al. (2012) Malaysia Google Scholar Construction Mixed Literature review to identify the cost 

overrun factors, Interviews with 

professionals (n=05) to validate the 

Fluctuation in prices of materials, 

Cash-flow and financial difficulties 

faced by contractors, Delay in 
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contents of the questionnaire, 

Questionnaire survey (n=97) to rank 

the factors, Ranking the factors using 

Relative Important Index (RII) 

method, Spearman’s rank correlation 

coefficient used to measure the 

relationship between pairs of 

variables, Internal consistency tested 

using Cronbach’s alpha 

progress payment by the owner, 

Frequent design changes, Shortage 

of materials, Poor financial control 

on site, Schedule delay, Financial 

difficulties of the owner, 

Incompetent subcontractors, 

Incomplete design at the time of 

tender 

23 Park and Papadopoulou 

(2012) 

Global 

(More 

than one 

country 

Emerald Transport 

infrastructure 

projects 

(harbour and 

marine, 

railway, 

bridge, road, 

and subway) 

Quantitative Percentage cost overrun analysis of 

Case study projects (35), Regression 

analysis, and Questionnaire survey (n 

= 145) to rank the causes (27) using 

Significance Index 

Contract awarded to the lowest 

bidder, Inadequate site 

investigations, Unforeseen site 

conditions, Inadequate pre-

construction study, Inaccurate 

estimates, Inadequate duration of the 

contract period, Incompetent 

subcontractors, Inappropriate 

procurement route/contract, Change 

orders by client leading to variations, 

Poor site management by the 

contractor 

24 Doloi (2013) Australia ASCE Library Construction  Quantitative Literature review to identify the cost 

overrun factors (n=73), Questionnaire 

survey (n=94)  to rank the factors, 

Ranking of the factors using Relative 

Importance Weight, Kendell’s 

coefficient of concordance test used to 

test the degree of association between 

the respondents, Adequacy of the 

survey data examined using Bartlett’s 

test of sphericity and Kaiser-Meyer-

Olkin (KMO) tests, Principal 

component factor analysis used to 

Planning and scheduling 

deficiencies, Methods/techniques of 

construction, Effective monitoring 

and feedback process, Complexity of 

design and construction, Improper 

control over site resource allocations, 

Contractor’s deficiencies in planning 

and scheduling at tender stage, 

Extent of completion of precontract 

design, Escalation of material prices, 

Mistakes and discrepancies in 
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group and sort the main factors, 

Multiple regression analysis used to 

analyse the relationship between the 

factors and the success of achieving 

cost performance 

construction documentations, Client-

initiated variations 

25 Muya et al. (2013) Zambia Taylor & 

Francis Online 

Construction  Quantitative Literature review and interviews to 

identify the cost and time overrun 

factors (n=31), Questionnaire survey 

(n=53), Use of Correction Factors to 

stratify the responses thus generalise 

the frequency of responses, Weighting 

of factors using Frequency Index (FI), 

Severity Index and Generation of 

Factor Importance Indices (FII) to 

rank the factors for each respondent 

group, Overall ranking the factors 

using Rank Agreement Factor (RAF) 

and the Percentage Rank Agreement 

Factor (PRAF) methods,  Spearman's 

coefficient of rank correlation used to 

test the degree of statistical 

dependence of the factors ranked by 

the four parties – financier, client, 

consultants and contractors 

Insufficient initial analysis of costs, 

Change orders/Scope changes, 

Inflation, Schedule delay/overrun, 

Delayed or non-payment of Interim 

Payment Certificates, Inexperienced 

administrative personnel, 

Corruption, Bad weather (Heavy 

rains and floods), Disruption of 

management continuity, Lack of 

organisational capacity/capabilities 

26 Alinaitwe et al. (2013) Uganda Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=22), Pilot study 

conducted to improve the wording of 

the questionnaire and increase the 

reliability of the questions, 

Questionnaire survey (n=247) to 

indicate the frequency, severity, and 

importance of the factors, Internal 

reliability tested using Cronbach’s 

Changes in the work scope, High 

inflation and interest rates, Fuel 

shortages, Poor monitoring and 

control, Delayed payments to 

contractors          
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alpha, Ranking of the factors using 

Frequency Index (FI), Severity Index 

(SI), Importance Index (II), 

Spearman's coefficient of rank 

correlation used to test the degree of 

statistical dependence of the factors 

ranked by the three parties – client, 

consultants and contractors, Analysing 

the magnitude of cost overruns using 

30 completed projects 

27 Aziz (2013) Egypt ScienceDirect Wastewater 

projects 

Mixed Literature review and experts' 

opinions to identify the cost overrun 

factors (n=52), Questionnaire survey 

(n=2700) to rank the factors, Ranking 

using Relative Importance Index (RII) 

Lowest bidding procurement 

method, Additional work, 

Bureaucracy in bidding/tendering 

method, Wrong method of cost 

estimation, Funding problems, 

Inaccurate cost estimation, Mode of 

financing and payment for completed 

work, Unexpected ground 

conditions, Inflation, Fluctuation in 

prices of raw materials 

28 Rahman et al. (2013) Malaysia Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=20), Questionnaire 

survey (n=53) to rank the factors, 

Ranking the factors using Mean rank 

score method, Spearman’s rank 

correlation coefficient used to measure 

the relationship between pairs of 

variables, Internal consistency tested 

using Cronbach’s alpha 

Fluctuation of prices of materials, 

Cash flow and financial difficulties 

faced by contractors, Shortages of 

materials, Shortage of site workers, 

Financial difficulties of the owner, 

Mode of financing, bonds and 

payments, Changes in material 

specification and type, Delay in 

progress payment by the owner, Poor 

financial control on site labour 

productivity, Late delivery of 

materials 
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29 Rosenfeld (2013) Israel ASCE Library Construction Quantitative Literature review followed by Root-

cause analysis, Questionnaire survey 

(n = 195) to rank the identified 15 

global root-causes (most influential), 

Causes are sorted into 03 major 

categories and illustrated on a 

fishbone diagram (systemic causes, 

organizational causes, and project-

related causes) 

Premature tender documents 

(drawings, bill of quantities, 

specifications, contracts and legal 

documents), Too many changes in 

owners’ requirements or definitions, 

Tender-winning prices are 

unrealistically low (suicide 

tendering), Unclear, ambiguous, and 

contradicting terms in the tender 

documents, Insufficient, 

unstandardized owner’s brief, Too 

small a design budget, Insufficient 

information about ground conditions, 

Late start of the planning process, 

and with too low a budget, Shortage 

in high-quality management 

personnel, Unbalanced distribution 

of risk between owner and 

contractor, Culture of conflicts and 

lack of trust, Lack of standard 

requirements from designers and 

poorly enforced professional liability 

of designers 

30 Cheng (2014) Taiwan ScienceDirect Construction Mixed Literature review and experts' 

interviews to identify the cost overrun 

factors (n=90), Kawakita Jiro method 

(KJ) used to consolidate the experts' 

opinions and refine the factors (n=42), 

Modified Delphi Method (MDM) with 

2 groups of experts (n=22) and 2 

rounds used to identify the key cost-

influencing factors, Ranking the 

factors using Severity Index (SI) 

Clearly define the scope of the 

project in the contract, Cost control, 

Contract dispute (unclear drawings 

or guidelines/regulations), High 

fluctuation in commodity, The gap 

between the construction plan and 

the reality is too great, Material 

shortage or supply delay, Time 

management, Practical experience, 

Modifications to the scope of 
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method, Verification of the results 

using a case study project (n=01) 

construction, The level of demand on 

quality, Project team (coordination 

capability and the understanding of 

operational procedure), Project 

valuation does not match the 

collected payment, Procurement 

contract, Geology, Topography, 

Climate factor 

31 Jarkas and Marenjak 

(2014) 

Kuwait Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=45), Pilot study 

using contractors (n=22) conducted to 

improve the questionnaire, 

Questionnaire survey (n=162) to rank 

the factors, Internal reliability tested 

using Cronbach’s alpha, Ranking the 

factors using Relative Importance 

Index (RII) 

Frequent change orders issued by the 

client during construction, Errors 

omissions in design drawings, 

Incomplete design details at the 

tendering stage, Design changes 

during construction, Slow decision-

making process by client, 

Discrepancy in contract documents, 

Unavailability or shortage of 

specified materials, Clarity of 

technical specifications, Delay in 

payment process by client, 

Contractual clauses and 

specifications interpretation 

32 Memon et al. (2014) Malaysia Google Scholar Construction Mixed Literature review to identify the cost 

overrun factors, Interviews and 

Questionnaire survey (n=36) to rank 

the factors, Ranking the factors using 

Mean values, Internal consistency 

tested using Cronbach’s alpha 

Fluctuation in prices of materials, 

Cash flow and financial difficulties 

faced by contractors, Shortage of site 

workers, Lack of communication 

among parties, Incorrect planning 

and scheduling by contractors, 

Contractor's poor site management 

and supervision, Delay in Material 

procurement, Underestimated project 

duration resulting schedule delay, 
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Unforeseen ground conditions, Low 

speed of decision making 

33 Muhammad et al. (2015) Nigeria Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=14), Analysis of 

cost overruns of civil engineering and 

building projects (n=62), Paired t-test 

(hypothesis testing) used to test 

whether there is a significant 

difference between the initial and final 

cost of  projects, Questionnaire survey 

(n=40) to rank the factors, Ranking 

the factors using Mean Score (MS) 

method, Multiple Regression Model 

used to establish the relationship 

between the initial and final sums of 

building and civil engineering projects 

Fluctuation of the price of materials, 

Variations, Government policies, 

Change of Government and political 

instability, Poor financial control on 

site, Long period between design and 

tendering time, Wrong method of 

estimation, Design errors, Poor 

supervision and liquidation damages, 

Lack of coordination between 

contractors and consultant 

34 Allahaim and Liu (2015) Saudi 

Arabia 

Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=41), Pilot study 

using experts (n=15) to verify the 

questionnaire, Questionnaire survey 

(n=160) to rank the factors, Ranking 

the factors using Importance Index 

(II), Kendall’s Tau coefficient of rank 

correlation used to analyse the 

agreement or disagreement among 

each pair of parties: owners, 

contractors and consultants, Analysis 

of overall cost overrun by project 

type, Comparison of the results with 

studies form other countries 

Market conditions (materials and 

labour), Design changes, Practice of 

assigning the contract to the lowest 

bidder, Delays (decision making, in 

approval of drawings, material 

delivery), Design errors, 

Deficiencies in the infrastructure, 

Additional work and rework, Slow 

payment of completed work, Change 

in the scope of the project, Changes 

in material specifications and type 

35 Zewdu and Aregaw 

(2015) 

Ethiopia Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=41), Questionnaire 

survey (n=140), Relative Importance 

Poor planning, Fluctuation of prices 

of materials, Poor productivity, 

Inflationary pressure, Project 
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Index (RII) to rank the factors, 

Spearman's rank correlation 

(Hypothesis test) to test the ranking 

agreement or disagreement between 

the respondents - Contractors, Clients, 

Consultants 

financing, Duration of the contract 

period, Poor financial control on site, 

Monopoly by suppliers, Contract 

management, Cost of machinery 

36 Zafar (2016) Pakistan Scopus Construction Quantitative Literature review and interviews 

(n=09) to identify the cost overrun 

factors (n=18), Questionnaire survey 

(n=63) to rank the factors, Ranking 

the factors using mean values 

Non-availability of suitable 

contractors, Project location within 

the area, Security issues resulting in 

idling cost of plant/equipment due to 

suspension of work, Differing site 

conditions within the same project 

(unknown due to lack of proper 

survey), Security issues preventing 

proper site investigation/survey, 

Additional cost of ensuring security 

due to terrorist threat, Low 

productivity and excessive rework 

due to the unskilled workforce, 

Inadequate security and hostile 

environment reducing productivity, 

Inaccurate cost estimation due to 

lack of preliminary investigation, 

Change in road alignment due to 

difficulty in land acquisition 

37 Larsen et al. (2016) Denmark ASCE Library Construction Mixed Semi-structured interviews (n=08) and 

archival records to identify the factors 

that affect construction time, cost, and 

quality (n=26), Questionnaire survey 

to rank the factors, Internal reliability 

tested using Cronbach’s alpha, 

Ranking of the factors using Relative 

Importance Index (RII), Friedman’s 

Errors or omissions in the consultant 

material, Errors or inconsistencies in 

project documents, Late user 

changes affecting the project or 

function, Lack of preliminary 

examination before design or 

tendering, Inexperienced or newly 

qualified consultants 



84 

 

test to test if the factors affect time, 

cost, and quality to significantly 

different degrees, Post-hoc analysis 

using Wilcoxon test and Kendall’s tau 

test to find patterns and connections 

within the factors that would 

otherwise remain undetected            

38 Belachew et al. (2017) Ethiopia Google Scholar Road Quantitative Literature review to identify the cost 

overrun factors (n=40), Case study 

projects (n=8) to identify the 

magnitude of cost overruns, 

Questionnaire survey (n=45) in 

selected projects (n=18) to rank the 

factors, Ranking the factors using 

Relative Importance Weight (RIW), 

Spearman Correlation Coefficient 

analysis used to explore the 

association degree of the survey 

response among the three parties – 

client, consultants and contractors, 

Cronbach α value used to test the 

Reliability of the responses 

Material price fluctuation, Cost 

underestimation, Delay in the supply 

of raw materials and equipment, 

Inadequate review and contract 

documents, Lack of coordination at 

the design phase, Lack of cost 

planning/monitoring during pre-and 

post-contract stages, Inaccurate 

evaluation of project time duration, 

Lack of experience of technical 

consultants, Schedule delay and 

change, Inaccurate quantity take-off 

39 Durdyev et al. (2017) Cambodia Taylor & 

Francis Online 

Building Mixed Literature review and Expert 

interviews (n=04) to identify the cost 

overrun factors (n=26), Questionnaire 

survey (n=43) to rank the factors, 

Kaiser-Meyer-Olkin (KMO) measure 

of sampling adequacy and Bartlett’s 

test of sphericity to rotate factors, 

Factor analysis used to extract and 

build the factor matrix (03), Internal 

Consistency tested using Cronbach’s 

alpha 

Inaccurate estimation, Rework, 

Delays, Poor project management, 

Unsuitable construction method, 

Poor cost control, Low speed of 

decision-making, Lack of skilled 

workforce, Labour productivity, 

Inadequate monitoring and control 
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40 Derakhshanalavijeh and 

Teixeira (2017) 

Iran Taylor & 

Francis Online 

Oil and Gas Quantitative Literature review followed by a pilot 

study to identify the cost overrun 

factors (n=51), Experts’ evaluation 

(n=03) of the questionnaire, 

Questionnaire survey (n=78) to rank 

the factors, Ranking the factors using 

Frequency (FI), Severity (SI), and 

Importance indices, Spearman 

Correlation Coefficient analysis used 

to explore the association degree of 

the survey response among the three 

parties – client, consultants and 

contractors 

Inaccurate cost estimation, Improper 

planning, Frequent design 

changes/errors in design, Inadequate 

labour/skill availability, Inflation of 

machinery, labour, raw material and 

transportation prices, Prices 

fluctuation of raw construction 

materials, Inappropriate contract 

policies, Inadequate cost estimating 

approach, Lack of coordination 

between the design team and the 

general contractor, Obsolete or 

inadequate construction methods, 

Inadequate preconstruction study, 

Errors during construction, 

Inappropriate government policies 

41 Kim et al. (2018) Vietnam Scopus Building Mixed Expert interviews (n=13) to identify 

the cost overrun factors (n=22), 

Questionnaire survey (n=197) to rank 

the factors, Internal Consistency tested 

using Cronbach’s alpha, Kaiser-

Meyer-Olkin (KMO) measure of 

sampling adequacy and Bartlett’s test 

of sphericity to rotate factors and 

determine if the variables were 

significantly correlated among 

themselves, Exploratory Factor 

analysis used to group factors (03),  

Spearman’s rank correlation 

coefficient  used to measure the 

agreement between the respondents, 

Interviews with experts (n=24) to 

propose solutions for cost overruns, 

Additional work, Wet weather 

effects/rework, Quantity increased 

measure, Resumption/ 

accommodation works, Project 

administration cost increase, 

Services relocation costs, Design 

scope change - design error, Contract 

tender price higher than the original 

estimate, Specification change, 

Remote location costs 
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Comparison of the results with studies 

from different countries 

42 França and Haddad 

(2018) 

Brazil Google Scholar Construction Quantitative Literature review to identify the cost 

overrun factors (n=85), Questionnaire 

survey (n=47) to rank the factors, 

Ranking the factors using Frequency, 

Severity, and Importance indices 

Lack of design detail during 

budgeting, Changes/additives in 

scope, High indirect cost in periods 

of low productivity, Low labour 

productivity, Restrictions such as 

expropriations and interference, 

Undefined scope, Unrealistic initial 

budget assumptions, Delay in the 

preparation of design projects, 

Excess overtime, Lack of knowledge 

of the real productivity in the 

elaboration of the compositions 
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3.4.1 Region/country of publication 

As mentioned earlier, the research articles were sorted into 07 geographical contexts 

namely Global, North America, South America, Europe, Asia, Oceania, and Africa. For 

clarification purposes, the articles were grouped by the region/country in which the 

research was applied to or conducted, rather than the region/country of publication.  If 

more than one country was considered in the research article, then the article was 

considered as “Global”.  As shown in Tables 3.5, 3.6 and Figures 3.2, 3.3, the selected 42 

articles were from 27 countries belonging to Asia (22), Africa (13), Europe (02), Oceania 

(02), North America (01), South America (01), and Global (1).  Within these geographical 

categories, Malaysia was the country with the highest number of articles published (07) 

while Nigeria being the second highest with 07 articles published.  From the European 

region, the UK and Denmark had published 01 article each, and from Oceania, Australia 

with 02 articles published.  From the North America and South America regions, the USA 

and Brazil had published 01 article each.  17 countries from Asia and Africa had published 

01 article each.  Only 01 article was selected to be included in the Global category.   

However, these numbers only show the number of research articles published, hence, they 

do not reflect the quality of the research carried out. 

Table 3.5: Articles by the region selected for final analysis 

Region No. of articles 

Asia 22 

Africa 13 

Oceania 02 

Europe 02 

North America 01 

South America 01 

Global 01 

Total 42 
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Figure 3.2: Articles by region (final) 

Table 3.6: Articles by country selected for final analysis 

Country No. of Articles 

Malaysia 07 

Nigeria 05 

Australia 02 

Vietnam 02 

Zambia 02 

Ethiopia 02 

Ghana 01 

Palestine 01 

India 01 

USA 01 

Turkey 01 

UK 01 

Indonesia 01 

South Africa 01 

Qatar 01 

Uganda 01 

Egypt 01 

Israel 01 

Taiwan 01 

2
1 1 1

2

13

22

 Asia

 Africa

 Oceania

 Europe

 North America

 South America

 Global
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Kuwait 01 

Saudi Arabia 01 

China 01 

Pakistan 01 

Denmark 01 

Cambodia 01 

Iran 01 

Brazil 01 

Global 01 

Total 42 

   

 

Figure 3.3: Articles by country (final) 

3.4.2 Year/time period of publication 

Tables 3.7, 3.8 and Figures 3.4, 3.5 present the 42 publications by the year of publication 

and the articles by the time period of publication in each region.  The figures clearly 

indicate that the number of publications on identifying cost overrun factors remained 

relatively low from the 1980s to 2009 and then showing a rapid growth rate in the period 

2010–2013.  Considering the geographical contexts, the number of articles published 

from Asian countries shows a significant growth during the 2011-2018 period when 

compared to the number of articles published between 1980-2000. 

This growth rate could be due to two main reasons.  First, both academics and 

practitioners have increasingly become aware of the cost overrun issue in construction 

projects (Ahiaga-Dagbui and Smith, 2014).  Second, and related to the first reason, 
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interest in the topic has been boosted by several articles published by academics such as 

Flyvbjerg et al. (2002; 2003a; 2004); Love et al. (2012); Love et al. (2014); Ahiaga-

Dagbui and Smith, (2014); Love and Ahiaga-Dagbui (2018); Flyvbjerg et al. (2018); Ika 

(2018).  However, as seen in the figure, from 2014 to 2018 there is also a decline in the 

number of publications on identifying cost overrun factors.  It should be noted that the 

number of publications on identifying cost overrun factors does not reflect the amount of 

overall research and academic publications on cost overruns in construction projects.  

There has been an excessive amount of research conducted by Flyvbjerg et al. (2016); 

Locatelli et al. (2017); Love et al. (2017a); Welde and Odeck (2017); Love and Ahiaga-

Dagbui (2018); Flyvbjerg et al. (2018) that primarily focused on the magnitude of the cost 

overruns in construction projects and their theoretical explanations (see Chapter 01).  

Table 3.7: Articles by the year of publication selected for final analysis 

Year No. of articles 

1980 0 

1981 0 

1982 0 

1983 0 

1984 0 

1985 1 

1986 0 

1987 0 

1988 1 

1989 0 

1990 1 

1991 0 

1992 0 

1993 1 

1994 1 

1995 0 

1996 0 

1997 1 

1998 0 

1999 0 

2000 0 

2001 0 

2002 0 

2003 1 

2004 0 

2005 1 

2006 0 
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2007 1 

2008 1 

2009 3 

2010 4 

2011 2 

2012 4 

2013 6 

2014 3 

2015 3 

2016 2 

2017 3 

2018 2 

Total 42 

 

 

Figure 3.4: Articles by the year of publication (final) 

Considering the geographical contexts, the number of articles published from African and 

Asian countries such as Nigeria and Malaysia show significant growth during the 2011-

2018 period when compared to the number of articles published between 1980-2000 

period (see Table 3.8 and Figure 3.5).  This growth could be linked to the rapid growth in 

the construction industries in the two countries (Memon et al., 2014; Muhammad et al., 

2015).  
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Table 3.8: Articles by the time period of publication selected for final analysis 

  No. of articles published in each time period 

Region 1980-1990 1991-2000 2001-2010 2011-2018 

Global 0 0 0 1 

Africa 1 3 2 7 

Asia 1 1 6 14 

Europe 0 0 1 1 

North America 0 0 1 0 

Oceania 0 0 1 1 

South America 0 0 0 1 

Total 2 4 11 25 

 

 

Figure 3.5: Articles by the time period of publication (final) 

3.4.3 Causes of cost overruns 

The previous section discussed the general descriptive findings of the SLR.  This section 

presents a summary of key findings relevant to the causes of cost overruns identified from 

the selected articles in Table 3.4.   

In the 1980s, as identified by Arditi et al. (1985) and Okpala and Aniekwu (1988), in 

Turkey and Nigeria, the dominant causes of cost overruns have been material price 
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fluctuation due to inflation, construction delays, and additional work.  Conspicuously, 

these factors directly affect the project costs during the construction stage and were still 

found to be dominant causes in the 1990s by Dlakwa and Culpin (1990); Elinwa and Buba 

(1993); Mansfield et al. (1994), and in the 2010s by Baloyi and Bekker (2011); Al Jurf 

and Beheiry (2012); Memon et al. (2012); Muhammad et al. (2015).  Interestingly, in the 

Nigerian construction industry, the material price fluctuation due to inflation was still 

identified as the dominant cause of cost overruns in the 2010s by Muhammad et al. 

(2015).  

Since the 2000s there is a shift towards identifying poor project and site management 

issues, variations, owner and contractor’s financial issues, and site management issues as 

the main drivers of cost overrun by authors such as Frimpong et al. (2003); Iyer and Jha 

(2005); Zou et al. (2007); Le-Hoai (2008).  In addition to this, country-specific factors 

such as continuous border closures (Enshassi et al., 2009) and terrorism/security issues 

Zafar (2016) have been identified to be critical factors in the articles.  Interestingly, in 

developing countries such as India, Vietnam, and Malaysia, labour and site management 

issues have been reported by Iyer and Jha (2005); Le-Hoai (2008); Ali and 

Kamaruzzaman (2010).  As mentioned by Ofori (2007), labour and site management 

issues can be significant causes of construction delays and cost overruns in projects. In 

contrast to this, in developed countries such as the USA, UK, and Australia, design, 

schedule and scope changes have been identified as the significant causes of cost overrun 

by Shane et al. (2009); Creedy et al. (2010); Olawale and Sun (2010).  

From the 2010s there is a trend towards identifying the significance of factors such as 

scope and design changes, change orders, inaccurate cost estimates by authors such as 

Muya et al. (2013); Alinaitwe et al. (2013); Rosenfeld (2013); Cheng (2014); Zewdu and 

Aregaw (2015); Durdyev et al. (2017); França and Haddad (2018).  Interestingly, none of 

the articles had analysed whether the technology – e.g. information technology, 

digitalisation, novel construction techniques affect the cost of construction projects.   

In order to summarise the key factors and for clarification purposes, similar factors from 

each article (first 05 factors) were aggregated to common groups and categorised into two 

main groups - internal factors (20) and external factors (09) as shown in Table 3.9.  The 

aggregation and categorisation of the identified factors were based on the SLR conducted 

by Membah and Asa (2015).  Membah and Asa (2015) identified 40 factors that contribute 

to cost underestimation for tunnel projects and categorised them into four main groups - 

internal factors, external factors, project-specific factors, and other factors.  However, this 
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review did not identify four categories to allocate the factors, hence, only two categories 

were considered.  The aggregation of the factors included identifying factors similar in 

their meaning and combining them as one factor.  For example, factors such as poor 

estimating practices, poor estimates, inaccurate cost estimates were aggregated as ‘cost 

underestimation’.  Subsequently, factors arising from the internal project environment 

and stakeholders were considered as internal factors and the macro-environmental factors 

such as weather conditions, price fluctuations, and local government/political pressures 

were considered as external factors.  

Table 3.9: Significant factors contributing to construction cost overruns (aggregated)  

Category  Factors  Reference(s)  

 

In
te

rn
a

l 
fa

ct
o

rs
 (

a
g
g

re
g

a
te

d
) 

Lack of experience/expertise  6, 12, 18, 22, 23, 24, 28, 29, 37, 38, 39, 42  

Bias  13  

Procurement and tendering approach   13, 22, 26, 28, 32, 34  

Unrealistic initial budget  28, 42  

Cost underestimation  1, 2, 3, 5, 6, 7, 9, 13, 17, 19, 22, 24, 26, 38, 39, 40  

Contractual conflicts  8, 16, 29  

Ambiguous/premature contract 

provisions   

14, 16, 23, 28, 29, 30, 37, 38  

Inadequate project planning  3, 7, 8, 9, 13, 15, 16, 18, 22, 23, 34, 37, 38, 40  

Scope/design changes   4, 5, 10, 13, 14, 16, 17, 21, 22, 24, 25, 28, 30, 31, 33, 

37, 40, 41, 42  

Fraudulent practices and kickbacks  2, 4  

Design and construction delays  1, 3, 4, 5, 10, 11, 18, 33, 38  

Additional work/variations 2, 4, 5, 9, 10, 23, 26, 32, 34, 39, 41  

Project schedule changes  2, 12, 18  

Contract management issues 2, 4, 7, 13  

Contractor’s financial difficulties/ 

payments 

2, 4, 5, 7, 15, 16, 20, 21, 24, 25, 27, 30, 31, 33  

Financial/funding difficulties of owner  7, 8, 14, 21, 26, 27, 34  

Engineering and construction 

complexities   

1, 13, 16, 17, 23  

Project management issues at site  1, 8, 9, 11, 15, 18, 20, 21, 22, 23, 25, 31, 32, 39  

Construction site productivity  8, 15, 27, 29, 31, 35, 36, 42  

Project location  36, 41  
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Inflation  1, 7, 11, 12, 13, 16, 25, 26, 34, 40  

Material and labour price fluctuations  1, 2, 3, 4, 5, 6, 7, 9, 10, 12, 14, 15, 17, 19, 21, 23, 26, 

27, 29, 31, 32, 35, 38, 40  

Material and labour shortages  2, 4, 5, 9, 17, 21, 27, 28, 29, 30, 31, 38, 40  

Unforeseen geological/ground 

conditions  

1, 3, 5, 9, 12, 13, 22, 26, 31, 36  

Weather conditions  6, 7, 12, 24, 41  

Environmental protection and mitigation 

costs  

6, 11, 15  

Local government/political pressures  10, 11, 12, 32, 42  

Services relocation and Right-of-way 

costs  

15, 41  

Security issues  36  
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Although this SLR was aimed at identifying significant factors causing cost overruns in 

construction projects, sorting the identified factors into main categories provided 

additional insights into the factors causing cost overruns in construction projects which 

may not have been possible with a simple list of factors.  As clearly evident from the 

above table, ‘material and labour price fluctuations’ was a recurring significant factor in 

the selected articles.  In addition to that ‘scope/design changes, poor estimating/inaccurate 

estimates, project management issues at site, contractor’s financial difficulties/ payments’ 

were identified and considered to be salient in many articles.  Although the external 

‘material and labour price fluctuations’ factor was considered to be a significant cause of 

cost overrun during the construction stage of a project in many articles, the next four main 

factors were in the internal factors category.  This manifests how front-end project issues 

such as inaccurate cost estimates, and scope changes are vital in assuring the cost certainty 

of a project (Flyvbjerg et al., 2003a; Love et al., 2004; Jergeas and Ruwanpura, 2010; 

Love et al., 2017a; Invernizzi et al., 2018). 

3.4.4 Research methodologies used in the studies 

From the SLR it was identified that several research methodologies have been used to 

study the cost overrun factors in construction projects.  These methods employed by 

researchers were considered under three main categories as suggested by Andreini and 

Bettinelli (2017) - qualitative, quantitative, and mixed/multiple methods. 

Qualitative data collection and analysis methods which included primarily interviews, 

single case studies, multiple case studies, documentation analysis (content), and thematic 

analysis were considered in the qualitative category in the review.  The quantitative 

methods considered in the review included surveys (questionnaires), longitudinal 

analysis, documentation analysis (numerical/statistical).  Studies that included multiple 

methods were considered under the mixed methods category.  This included studies with 

interviews and surveys, documentation analysis and surveys, case studies and surveys, 

case studies and interviews, and documentation analysis and interviews (Andreini and 

Bettinelli, 2017). 

29 studies (64.29%) had employed quantitative research techniques to identify and rank 

the cost overrun factors using different ranking indices such as mean scores (Dlakwa and 

Culpin, 1990; Ali and Kamaruzzaman, 2010), relative important index (Frimpong et al., 

2003; Baloyi and Bekker, 2011; Memon et al., 2012), and severity index (Elinwa and 

Buba, 1993; Mansfield et al., 1994).  Compared to the number of articles based on 
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quantitative analysis, the articles which employed qualitative methods such as interviews, 

case studies, and multiple methods were significantly low.  Only 01 study (2.38%) 

conducted in the USA by Shane et al. (2009) had employed qualitative data collection 

and analysis methods to identify the cost overrun factors.  Notably, this study revealed 

that ‘bias’ as the most significant factor which attributes to Flyvbjerg (2008)’s claim - 

inaccurate projections of costs and cost overruns are caused by biased decisions made by 

the estimators.  14 studies (33.33%) had employed mixed methods in their research.  

These included qualitative methods such as interviews, single case studies, multiple case 

studies, documentation analysis combined with quantitative data and quantitative analysis 

techniques.  For example, Okpala and Aniekwu (1988) used both interviews (n=20) and 

quantitative data analysis techniques in their study.  Similarly, Aziz (2013) used experts’ 

opinions to identify the cost overrun factors (n=52) followed by a questionnaire survey 

(n=2700) to rank the factors base on their relative importance.  Therefore, it has to be 

noted that although the studies were considered as ‘mixed’, most of them had adopted 

quantitative data analysis techniques such as relative important index, severity index, and 

factor analysis.  This largely contributes to the argument brought in by Williams (2005); 

Ahiaga-Dagbui et al. (2015); Ahiaga-Dagbui et al. (2017) that the current research 

methodologies adopted in cost overrun research is largely unidirectional, repetitive, and 

needs a holistic viewpoint than using simple ranking methods.  The next sections further 

elaborate this and later provides a discussion on the research gaps identified through the 

SLR positioning the basis for the research undertaken in this thesis.  

3.4.5 Ambiguous definitions 

Considering the research studies on cost overruns reviewed in the SLR, it was observed 

that the definition of cost overrun in the studies was ambiguous.  For example, some 

studies had used the term ‘cost overrun’ while some had used ‘cost escalation’.  However, 

Love, et al. (2012) established that cost escalation refers to the cost adjustments made due 

to inflation and market price fluctuations while cost overrun refers to the actual cost 

increase of the project.  In addition to this, although there is a general agreement on the 

definition of cost overrun - the difference between the estimated cost and the cost at 

completion (predicted vs. actual cost), there are many stages in the project 

implementation period that can yield the predicted cost of the project.  And these stages 

can vary widely based on the procurement route of the project as well.  For example, in 

the traditional procurement route, the contract is awarded when the designs are 

completed, and the cost estimate is available.  However, in design and build projects the 
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contract starts even before the designs are completed.  Noticeably, many studies did not 

specify the predicted vs. actual cost definitions used in their studies, i.e. the interpretation 

of the point of reference for the measurement of cost overrun.  Therefore, the general term 

‘cost overrun’ may have conveyed different meanings to respondents based on their 

experience, type of projects they have worked in, and the procurement approach.   Further 

to this, the factors mentioned in the articles seem to convey ambiguous meanings.  For 

example, factors mentioned as ‘poor estimating’ or ‘poor contract management skills’ 

may not indicate a clear meaning to a survey respondent.  It is also questionable whether 

vague terms such as ‘poor’ can provide an accurate basis for a respondent to make his/her 

judgement.          

3.4.6 Causality or something else? 

From the SLR it was also conspicuous that the majority of the studies had employed 

quantitative methods and ranking the cost overrun factors using various ranking indices.  

The studies conducted from 1985 to 2018 were repetitive and stagnated, confirming the 

argument made by Ahiaga-Dagbui et al., (2017), and had not built upon the previous 

scholarly work on cost overruns.  Instead, they had used a similar list of causes and 

methodologies for ranking factors based on their significance or importance.  Although 

most of the articles have used the term ‘causes’, no evidence of demonstrable causality 

has been identified by any of the authors.  Instead, most studies had relied on measuring 

the importance of isolated factors.   

For example, in the SLR it was noted that Rosenfeld (2013) conducted a study on 

identifying ‘universal’ root causes of construction cost overruns and distinguished 

between the direct causes and root causes of cost overrun.  Although Rosenfeld (2013) 

attempted to showcase the direct causes and root causes of cost overrun in construction 

projects, no causality was identified, instead, ranked the factors based on their mean 

scores.  Similarly, the majority of the articles included in the SLR did not identify 

causality between the cost overrun factors, however, incorrectly referred to causality (e.g. 

Baloyi and Bekker, 2011; Memon et al., 2011; Park and Papadopoulou, 2012; Durdyev 

et al., 2017).  Does this solve the problem of cost overruns in construction projects?  This 

was a question raised by Williams (2005); Ahiaga-Dagbui et al. (2017) arguing that one 

factor on its own is unlikely to cause cost overruns, hence, still, there is a lack of 

understanding on project systematicity and how the behaviour of these factors/causes 
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interact with each other and collectively affect the project costs over time causing a 

deviation from the originally estimated amount.   

3.4.7 Need for a change in the methodological approaches? 

Although with contrasting viewpoints on the theoretical explanations for construction 

cost overruns, Psycho-Strategists and Evolution theorists, for example, Love and Ahiaga-

Dagbui (2018) vs. Flyvbjerg et al. (2018) and Flyvbjerg (2018) vs. Ika (2018), agree on 

the fact that the research on cost overruns has been largely ‘reductionist’ and repetitive 

(Ahiaga-Dagbui et al., 2017) with no lessons learnt from past project failures (Flyvbjerg 

et al., 2003a).  Flyvbjerg  (2014) argued that despite the number of recurring project cost 

failures and research on cost overruns, the problem of project cost overruns has not 

improved.  In fact, it has become worse than ever considering the case of megaprojects.  

Williams (2005); Ahiaga-Dagbui et al., (2017) stated that the lack of holistic thinking in 

research (overreliance on reductionist approaches) may have been the reason behind this.  

Ahiaga-Dagbui et al., (2017) also argued that there is no evidence of paradigm and 

methodological shifts in cost overrun research focused on the connections and dynamics 

of various factors responsible for cost overruns.   For example, as identified through the 

SLR, although the researchers had identified the factors causing cost overruns, none has 

attempted to analyse the cause and effect relationships between the factors and how they 

interact with each other thus collectively causing cost overruns.   

As defined by Bunge (2012, p. 01), causality refers to: 

“…. the influence of one event, process, state or object (a cause) which contributes to the 

creation of another event, process, state or object (an effect) where the cause is partly 

responsible for the effect, and the effect is partly dependent on the cause”. 

The ‘causality’ or the ‘cause and effect relationship’ is clearly distinct from correlation 

where the latter only tests the existence of a ‘mutual relationship’ between two things 

(variables) (Love et al., 2016).  Researchers such as Williams (2003); Williams (2005); 

Ackermann and Eden (2005); Love, et al. (2008); Love, et al. (2012); Brahm and Tarzij 

(2015); Ahiaga-Dagbui et al., (2017) have highlighted the importance of identifying the 

‘true cause and effect relationships’ between the factors and studying their complex 

dynamic relationships leading to cost overruns in projects rather than relying on 

identifying and ranking of cost overrun factors. According to Sterman (1992), large scale 

projects belong to the class of complex systems with highly dynamic, interdependent 

causal interactions between the individuals, processes, and events over time.  Therefore, 
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understanding these causal interactions leading to cost overruns in construction projects 

requires adopting holistic approaches such as systems thinking (Ackermann and 

Alexander, 2016) that focuses on examining and modelling the complex dynamic 

interrelationships rather than employing reductionist methods (Williams, 2005; Ahiaga-

Dagbui et al., 2017).   

From the results of this SLR, it is evident that the problem of cost overruns in construction 

projects requires a deeper understanding than simple ranking methods.  As pointed out 

by Williams (2005); Ahiaga-Dagbui et al., (2017), the cost overrun causation in projects 

can be better understood through a holistic lens – by looking at the whole project system 

and the dynamic causal interactions within the project.  This, combined with the ongoing 

academic debate on the broad theoretical explanations for cost overruns in megaprojects, 

i.e. Psycho-Strategists vs. Evolution theorists as explained in Chapter 02, forms a clear 

research gap, both theoretically and methodologically, to understand the cost overrun 

causation in construction projects.  Therefore, in order to fulfil this research gap, this 

thesis adopts a ‘holistic view’ – based on the ‘systems thinking approach’ to understand 

the ‘complex’ cost overrun problem in construction megaprojects (this is further 

elaborated and justified in Chapter 04 – Research methodology and design). 

3.5 Chapter summary 

This chapter addressed the second objective of this thesis – to systematically review the 

methodological gaps in existing research that identify the causes of cost overruns in 

construction projects.  In doing so, the chapter presented the results of a rigorous 

systematic literature review (SLR) of peer-reviewed research articles that have identified 

factors leading to construction cost overruns and discussed the possible gaps in the 

methodological approaches in construction cost overrun research.     

Although this SLR followed a pre-defined structured protocol, it may have encompassed 

the inherent limitations of SLRs.  For example, concerning the duration, it was lengthy 

and immensely time-consuming compared to narrative literature reviews.  Also, the SLR 

only focused on peer-reviewed journal articles that have identified the factors causing 

cost overruns in construction projects.  It did not include articles that have focused on 

other aspects of project cost overruns such as theoretical explanations for cost overruns, 

the magnitude of cost overruns, and delay/change/rework causes that may also lead to 

cost overruns. 
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Through the SLR it was noted that the previous studies on cost overruns in construction 

projects have focused on factor isolation methods (reductionist) rather than attempting to 

analyse how the factors interact with each other thus collectively causing cost overruns.  

Considering the number of factors that have been accused of causing cost overruns, it 

should be stated that the problem of cost overrun is a ‘complex’ problem that cannot be 

understood or resolved using reductionist/linear approaches that rely on isolating the 

factors.  Hence, it was apparent that, in addition to the requirement of extending the broad 

theoretical explanations for cost overruns in megaprojects, there is also an existing 

methodological research gap requiring a ‘holistic’ understanding of cause and effect 

relationships between the drivers of cost overruns in construction projects, megaprojects 

in particular, due to their size, duration, resources involved, and impact on a 

country/region’s economy.   

On this presumption, the next chapters of this thesis focus on explaining the development 

of a model based on systems thinking and grounded theory to explain and understand the 

cost overrun causation in construction megaprojects.  The next chapter (Chapter 04 – 

Research methodology and design) explains the adopted research methodology and 

design.   
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Chapter 04   Research methodology and design 

“The significant problems we face cannot be solved at the same level of thinking with 

which we created them” – Albert Einstein 

4.1 Introduction  

The previous chapters set the theoretical framework and explained and identified the gaps 

in theoretical and methodological approaches utilised in construction cost overrun 

research.  This chapter explains the adopted methodology and the research design in this 

thesis.  First, the research questions are identified and the approach to holistically examine 

and understand the cost overrun causation in construction megaprojects – systems 

thinking approach is explained.  Next, the adopted research methodology and the design 

– a qualitative research methodology based on a case study research design are explained.  

Subsequently, the data collection instruments – interviews and documentation used in the 

research study are explained.  Next, the data analysis method used to develop causal-loop 

diagrams to understand and examine the cost overrun causation in construction 

megaprojects – the grounded theory method and its steps of analysis are explained.  The 

strategies used to maintain the overall rigour and validity of the research design and its 

findings are discussed at the end of the chapter. 

4.2 Adopted holistic approach for the research 

This section elicits the research questions and explains the systems thinking approach 

selected to holistically examine and understand the cost overrun causation in construction 

megaprojects. 

4.2.1 The systems thinking approach for complex problems 

As stated in the previous chapters, the cost overrun problem is a ‘complex problem’ that 

requires the use of a holistic approach to understanding the problem which had not been 

adequately addressed by scholars in the past.  When the insights from the literature review 

and the aim of the study, that is, to holistically examine and understand the cost overrun 

causation in construction megaprojects, are combined, the following research questions 

emerged as the focal points of the investigation: 

1. What approach can be used to holistically examine and understand the cost 

overrun causation in construction megaprojects? 
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2. How can the cause and effect relationships that lead to cost overruns in 

construction megaprojects be extracted and explained?  

To address the first research question, in lieu of an approach that relies on the individual 

parts of a complex problem, an approach that focuses on how each attribute/component 

causally interacts with (interrelation) each other had to be employed.  In doing so, the 

research undertaken within this thesis selected ‘systems thinking’ as the suitable approach 

to holistically examine and understand the problem of cost overruns in construction 

megaprojects.  Systems thinking is an approach that has derived from ‘system dynamics’ 

– a holistic approach that is used to model and simulate complex systems and examine 

their behaviour over time (Forrester, 1961; Sterman, 2000).  Compared to system 

dynamics, systems thinking is a predominantly qualitative approach that conceptualises 

and models the cause and effect relationships (causation) to understand a complex 

problem by analysing how its constituents interrelate and how the problem emerges as a 

result of the causal interactions (Coyle, 1996).   

Systems thinking is sometimes considered as the qualitative phase of system dynamics 

that conceptualises and illustrates a complex problem prior to the development of 

simulation models (quantitative) but is also considered as a discrete qualitative problem 

eliciting approach (Wolstenholme, 1999).  In contrast to linear approaches that focus on 

the individual attributes of a problem, systems thinking focuses on the ‘whole’, hence, it 

is also a framework for examining and understanding causal interrelationships rather than 

individual parts of a problem (Cabrera et al., 2008).  The systems thinking approach 

explores the invisible, deep causal structures that lead to superficially observable effects 

and events within a system (problem) (Omotayo et al., 2019).  As seen in Figure 4.1, a 

three-layered model for understanding the core principles of systems thinking based on 

the analogy of an iceberg exist in literature.   

The iceberg model helps to explore and distinguish the symptoms of a problem from its 

root causes that lie deep within the system.  The first level refers to the observable/visible 

events that can be easily recognised by individuals.  For example, in a construction 

project, these could be the additional construction costs, material price changes, and 

disputes.  As discussed in the SLR in Chapter 03, most articles that focused on identifying 

cost overrun factors had held these visible events responsible for causing cost overruns.  

However, what is seen at the superficial level can be understood by examining the 

‘patterns’ or ‘trends’ at the second level which are largely invisible and has been 

happening over time.  For example, the excessive number of contract variations or change 
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orders, changes in fiscal and monetary policies, and continuous delayed payments for the 

contractor could be patterns that have been happening frequently in a project.  Hidden in 

the third level are the underlying systemic or causal structures that influence the observed 

patterns, events, and interrelationships between them.  These are the roots or the mental 

models that explain how something works in the real world, however, often remain 

unnoticed by the individuals (Sheffield et al., 2012).  These could be policies, laws, 

assumptions, values, and beliefs that trigger the structure of a system (Stroh, 2015).  For 

example, cognitive biases such as optimism bias and planning fallacy leading to 

optimistic estimates and schedules are deeply rooted in the mental models as the 

individuals that make decisions will rely on their assumptions, instincts, and beliefs when 

making decisions in a project.  Therefore, in order to examine and understand a problem 

using systems thinking, all superficially observable events, patterns, and the underlying 

root causes should be traced and examined (Stroh, 2015).  If any changes are required to 

alleviate or correct the problem, leverage points of the system structure should be 

identified and corrective actions should be applied (Meadows, 2008).  A leverage point 

is a place to intervene within a system where a small change can produce large changes.  

As seen in Figure 4.1, the ability to intervene at a leverage point in a system increases at 

the bottom level, indicating that the changes should be implemented to the root causes of 

a problem. 

    

  

Figure 4.1: The ‘iceberg model’ of systems thinking (Source: Stroh, 2015, p. 37) 
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Both systems thinking and system dynamics focus on identifying causal relationships and 

their effects and modelling the ‘nonlinear’, ‘counterintuitive’, and ‘dynamic’ feedback 

loops as opposed to the linear/reductionist approaches based on net correlation (Fan et 

al., 2015).  According to Sterman (2000), there are no correlations and side effects in 

systems thinking, and only causes, effects, and feedbacks are considered.  These causal 

relationships can be either positive (+) or negative (–) and are connected by arrows, 

meaning that the relationships increase or decrease in the same or opposite directions.  

Feedback loops are closed, continuous cause and effect chains in which the output is 

routed back as an input creating a ‘loop’.  These can be either positive/reinforcing 

(increase/decrease in the same direction) or negative/balancing (increase/decrease in the 

opposite direction).  Figure 4.2 is a simple illustration of a feedback loop of population 

growth. 

 

Figure 4.2: Feedback loop of the population growth (Adapted from: Sterman, 2000) 

As seen in Figure 4.2, when births increase (decrease), the population also increases 

(decreases), and when population increases (decreases), it increases (decreases) the births 

creating a positive or a reinforcing feedback loop (R).  Also, when the population 

increases (decreases), the number of deaths also increases (decreases).  However, when 

the number of deaths increases (decreases), the population decreases (increases) creating 

a ‘balance’ in the system, hence, known as a balancing or a negative feedback loop (B). 

The combined feedback structures of complex problems modelled using systems thinking 

are illustrated as causal loop diagrams (Coyle, 1996; Sterman, 2000).  A causal-loop 

diagram (CLD) is a diagram that illustrates how different variables in a system are 

causally interrelated.  According to Sterman (2000), causal-loop diagrams based on 

systems thinking are recommended for eliciting and capturing mental models of 

individuals and communicating the important cause and effect relationships and 

feedbacks that are believed to be responsible for a complex problem.  These are also 

known as causal maps/systems maps; hence, the terms causal-loop diagrams/causal 

maps/systems maps are used interchangeably in this thesis, and they convey the same 

meaning.  The indispensable quality of the systems thinking approach is to demonstrate 
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how causes lead to effects in a system and how they are represented in causal-loop 

diagrams (Sheffield et al., 2012; Omotayo et al., 2019).   

Figure 4.3 illustrates an example of a comprehensive causal-loop diagram/systems map 

of the rising fuel prices and counterintuitive impact of electric vehicles developed by Rees 

et al. (2017).  The causal-loop diagram illustrates multiple sources/factors that are 

interrelated, creating three (03) reinforcing loops and one (01) balancing loop.  The 

diagram centres around the themes of population growth and urbanisation that increase 

traffic congestion, investment in public and active transport, and new technologies that 

replace the current technologies resulting in increased investment in electric vehicles.  

The high investment in electric vehicles results in a decreased reliance on oil for transport.  

However, as seen in the causal-loop diagram, this impacts the profitability of oil 

companies and it is also connected to other aspects such as concern for energy security, 

future investment in fossil fuels, and traffic congestion.  Therefore, compared to linear 

approaches, a complex problem examined through the systems thinking approach 

provides a ‘holistic view’ of the problem as well as the other problems associated with it.   

 

Figure 4.3: Causal-loop diagram of the rising fuel prices and counterintuitive impact of electric vehicles 

(Source: Rees et al., 2017, p. 798) 

As with any other approach, the systems thinking approach also bears several limitations 

and criticisms from the practitioners who are keen on using system dynamics simulations 

for analysing a system’s behaviour over time.  Systems thinking is predominantly a 

conceptual, highly abstract approach that may ignore the fine details of a system.  For 
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example, a causal-loop diagram/systems map may not illustrate every individual property 

of actors (people), products, and discrete events in a system but only provides a general 

representation of a complex problem that can be used to support long-term, strategic 

policy decisions (Currie et al., 2018).  Also, Sterman (2000) argued that when developing 

the causal maps that are predominantly qualitative and conceptual, the heuristics that are 

used to judge casual structures may systematically lead to causal maps that ignore 

feedbacks, multiple interconnections, stocks and flows, nonlinearities, and other elements 

of the dynamic complexity of a system, therefore, quantitative simulation (system 

dynamics) is essential to test the developed qualitative models.  In order to minimise the 

bias when developing causal-loop diagrams/systems maps, Forrester (1992) 

recommended the use of expert human judgment and verifying the structural 

appropriateness of the models to represent the problem under investigation.   

Despite the above limitations, the systems thinking approach has been successfully 

utilised as a distinct qualitative problem eliciting approach to examine and understand 

mainstream problems in the real world.  Some of the successful applications of systems 

thinking approach to examine and understand the real-world complex problems include: 

Mexico’s cartel problem (Mcgee et al., 2013); train accident analysis in China (Fan et al., 

2015); homelessness in the USA (Stroh, 2015); sustained functionality of rural water 

services in developing countries (Neely and Walters, 2016); status of child protection 

activities in England (Lane et al., 2016); stability and change in transport systems (Rees 

et al., 2017); health promotion in the Australian healthcare system (Baugh Littlejohns et 

al., 2018); and the complexity of the SARS-CoV-2 crisis (Klement, 2020).   

The systems thinking approach is not a new concept to construction management research 

and it has been successfully applied to analyse several mainstream problems in the 

construction industry such as delay causation (Eden et al., 2000), rework causation 

(Forcada et al., 2014; Love et al., 2016), design errors (Han et al., 2013), client behaviour 

on project performance (Rodrigues and Williams, 1998),  external risks in megaprojects 

(Boateng et al., 2012).  However, this approach has not been applied in the context of 

understanding the cost overrun causation in construction megaprojects.  Therefore, 

although with its inherent limitations, the systems thinking approach was chosen as the 

suitable ‘holistic’ approach to address the first research question of this thesis and thereby 

examine and understand the ‘complex’ cost overrun problem in construction 

megaprojects.   
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4.3 Research methodology and design 

Research is a systematic investigation towards generating new knowledge through 

collecting, analysing, and interpreting the data (Fellows and Liu, 2003).  The research 

process is driven by a number of assumptions based on the worldviews of the researcher 

that influence how research questions and objectives are formulated, and what research 

methods are chosen for collecting, analysing, and interpreting the data (Creswell 2013; 

Bryman, 2016).  Research, therefore, is a way of acquiring knowledge with the emphasis 

on ‘nature and what constitutes reality’ (ontology), ‘how to understand reality’ 

(epistemology), and ‘what is the approach to generate knowledge’ (methodology) 

(Creswell, 2003; Gray 2018).  As such, a research study will follow methodological 

choices, designs and strategies, and instruments/tools of an established ‘paradigm’ to 

acquire reality and knowledge (Creswell, 2003).  Based on the chosen research 

methodology, data collection and analysis tools, research may be considered as 

quantitative, qualitative, and mixed methods research (Fellows and Liu, 2003).  Table 4.1 

is a summary of various research paradigms, methodologies, strategies, and tools used by 

researchers to generate ‘new knowledge’. 
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Table 4.1: Summary of research paradigms, methodologies, strategies, and tools 

  Positivism Interpretivism Pragmatism Critical Realism 

Ontology (The nature of 

reality) 

Reality has observable facts, 

follows natural laws, and is 

external to the human mind  

Reality needs to be interpreted and is 

socially constructed rather than 

existing independently  

Reality is constantly renegotiated, 

debated, and interpreted 

There is an external reality and a 

social reality. Reality is 

distinguished between the ‘real’ and 

the ‘observable’ worlds.   

Epistemology (The nature 

and scope of knowledge 

and justified belief) 

- Scientific method 

- Observable and measurable 

facts 

 

 

- Theories and concepts 

- Narratives, perceptions, and 

interpretations 

- Knowledge based on experience is 

true.  

- Best method to use is the one that 

solves the problem (pragmatic 

solution) 

- Facts are social constructs 

- Causal structures and mechanisms 

connect the ‘real’ and the 

‘observable’ worlds 

Methodology 

(The approach to generate 

knowledge) 

- Quantitative            - 

Deductive (theory testing 

through deductive reasoning) 

- Objective      

- Qualitative 

- Inductive (theory building through 

inductive reasoning) 

- Subjective 

- Mixed (qualitative and/or 

quantitative)  

- Deductive and/or inductive       

- Qualitative  

- Inductive, deductive, and 

retroductive (reasoning about why 

things happen including why the 

data appear the way they do) 
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Research design/ 

Strategy (General 

plan/orientation to the 

conduct of research) 

- Experimental 

- Survey 

- Survey 

- Case study 

- Grounded theory 

- Ethnography 

- Action research 

- Phenomenological research 

Multiple strategies (qualitative 

and/or quantitative)  

 

Single or multiple strategies 

(qualitative)  

 

Data collection tools - Experiments 

- Tests                            

- Questionnaires 

- Scales 

- Interviews                          

- Focus groups 

- Questionnaires 

- Observations 

- Document reviews 

- Archival records 

- Visual data analysis 

A combination of both qualitative 

and/or quantitative tools 

- Interviews                          

- Focus groups 

- Questionnaires 

- Observations 

- Document reviews 

- Archival records 

- Visual data analysis 

Data analysis methods - Statistical                          

- Numerical                     

- Grounded theory  

- Thematic analysis                 

- Discourse analysis                    

- Content analysis 

A combination of both qualitative 

and/or quantitative techniques 

Qualitative and/or quantitative 

techniques 

Research output - Numerical values           - Detailed explanations (in words) 

- Theories 

A combination of both qualitative 

and/or quantitative outputs 

- Detailed explanations (in words) 

- Theories with causal explanations 

(Sources: Creswell, 2003; Fellows and Liu, 2003; Creswell and Clark, 2010; Bryman, 2016) 
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4.3.1 Philosophical positioning of the research 

As stated in section 4.2, the research undertaken in this thesis examines the cost overrun 

causation in construction megaprojects using the systems thinking approach.  This 

requires a research paradigm that considers multiple realities and explores the causal 

mechanisms and structures within the phenomenon under investigation.  Considering the 

ontological and epistemological stances of the four (04) research paradigms mentioned in 

Table 4.1, the research undertaken within this thesis aligns with the ‘critical realist’ 

research paradigm. 

Critical realism is the philosophical doctrine that believes that ‘reality’ is layered, hence, 

independent of human interpretation, and the ‘real (deep)’ causal mechanisms structure 

the human experiences of events in a non-deterministic manner (Sayer 1992; Archer, 

1998).  In terms of ontology, a critical realist believes that ‘reality’ is distinguished 

between the ‘real’ and the ‘observable’ worlds (Bhaskar 1989; Collier, 1994).  Adding an 

explanation to this, Volkoff et al. (2007, p. 835) stated: 

“…. critical realism uses perceptions of empirical events (those that can be observed or 

experienced) to identify the mechanisms that give rise to those events [cause and effect]”. 

As stated in the previous chapter, causality, in general, refers to: 

“…. the influence of one event, process, state or object (a cause) which contributes to the 

creation of another event, process, state or object (an effect) where the cause is partly 

responsible for the effect, and the effect is partly dependent on the cause” (Bunge, 2012, 

p. 01).   

Additionally, Salmon (1984, p. 132) also opined: 

“…. causal processes, causal interactions, and causal laws provide the mechanisms by 

which the world works; to understand why certain things happen, we need to see how 

they are produced by these mechanisms”. 

Compared to the positivist and interpretivist paradigms, the critical realist paradigm 

argues that the social events and experiences are triggered by a number of underlying 

causal mechanisms, and these structures and mechanisms connect the ‘real’ and the 

‘observable’ worlds aiming to identify and explain the ‘unseen’ powers that produce the 

empirically observable events (Bhaskar, 1978; Margolis, 1986; Archer, 1998). 
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Interestingly, the core principles of the systems thinking approach are also based on 

exploring the cause and effect interrelationships that form a problem, identifying 

trends/patterns over time, and examining the underlying causal structures that trigger 

those events and patterns (Stroh, 2015).  As stated earlier, in critical realism, reality is 

layered into three levels, namely, empirical, actual, and real.  Empirical level refers to the 

superficially observable events experienced by humans.  These events/objects are 

generated by the causal mechanisms of the actual level and can be examined empirically 

and mediated through human interpretation and experience (Fletcher, 2017).  This is very 

much similar to the observable/visible events that can be easily recognised and explained 

by individuals in the first level of systems thinking.  Similar to the trends and patterns in 

the second level of systems thinking, in the actual level, there is no filter of human 

experience and actual events exist in time and space whether or not they are interpreted 

and experienced by individuals (Mingers and Willcocks, 2004).  At the third level, real 

or deep powers with underlying causal structures exist even when they are often 

unobserved and interpreted by individuals.  Lying in the deep, these real powers bear the 

properties that trigger causal forces producing actual and empirical events (Fleetwood, 

2004; Fletcher, 2017).  These deep causal powers may not be directly observed with 

reference to the events in the empirical level, but rather, they are usually interpreted and 

explored by understanding the cause and effect relations between the actions that produce 

effects (agency) and the arrangement of the elements (structure) that forms the 

phenomenon under investigation (Archer, 1995; Reed, 1997).  This level also resembles 

the third level of systems thinking where underlying systemic or causal structures that 

influence the observed patterns, events, and interrelationships between them. 

Explaining social events/problems by referring to causal mechanisms and their effects 

within the three layers is, therefore, the primary objective of the critical realist paradigm 

(Fitzpatrick, 2005; Fletcher, 2017).   The systems thinking approach further extends this 

understanding by producing illustrative models (causal-loop diagrams/systems maps) 

representing these causal mechanisms and their effects that contribute to a problem.  

Mingers and Standing (2017) opined that, in critical realism, as a result of the underlying 

causal powers and mechanisms, the events generated at the empirical level are in fact 

emergent properties of the mechanism.  An emergent property refers to ‘an entity that 

emerges as a result of the dynamic, causal interactions between the elements that form 

the particular entity which bears properties that its individual elements (parts) do not have 

on their own’ (Uhl-Bien and Marion, 2008).  In simple terms, an emergent property 
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cannot be explained by its individual parts, hence, should be examined and understood as 

a whole (holistically).  Interestingly, this concept, in fact, is the core principle of the 

holistic approaches such as systems thinking that focus on examining how a complex 

problem emerges as a result of underlying causal interactions between the attributes 

(elements) that feed on each other.  Therefore, the systems thinking approach is strongly 

underpinned by the critical realist research paradigm (Mingers, 2011).  The critical realist 

paradigm is also flexible, hence, the research methodology and its design can be 

inductive, deductive, and/or retroductive (Creswell, 2003; Bryman, 2016).   

Underpinned by the critical realist paradigm, this thesis adopted a qualitative research 

methodology based on a case study research design to explore the root causes and causal 

interactions that lead to the ‘complex problem’ of construction megaprojects and model 

the problem using the principles of systems thinking.  In order to grasp and establish the 

causal structures and mechanisms within the phenomenon under investigation, the thesis 

employed multiple data collection tools and the ‘grounded theory (GT)’ method as the 

data analysis technique.  The following sections will further explain the research 

methodology and design, data collection, and how the data were analysed.  

4.3.2 Qualitative research methodology 

To address the second research question, and to explore the root causes and causal 

interactions that lead to the ‘complex problem’ of construction megaprojects, following 

the critical realist research paradigm, this thesis adopted a qualitative research 

methodology based on a case study research design.  A qualitative research approach is 

inductive in nature focusing on building theories from data rather than testing theories 

(deductive) (Creswell and Clark, 2010; Bryman, 2016).  Qualitative research is flexible, 

grounded in data, provides ‘rich’ perspectives/information on the phenomenon under 

investigation, and can be designed by incorporating strategies such as survey, case study 

(single or multiple), grounded theory (can be used as both a methodology and a data 

analysis method), ethnography, action research, and phenomenological research (Fellows 

and Liu, 2003; Corbin and Strauss, 2008; Creswell and Clark, 2010; Bryman, 2016).  A 

research study based on a qualitative methodology would use various data collection 

instruments such as interviews, focus groups, observations, document reviews, archival 

records, and visual data that generate rich knowledge explaining multiple social realities 

through perceptions, explanations, experiences, and observations of the research 

participants (Creswell, 2003; Leech and Onwuegbuzie 2007).   
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A qualitative approach was particularly considered for the research undertaken within this 

thesis as systems thinking is a predominantly qualitative approach that conceptualises and 

models the cause and effect relationships (Coyle, 1996).  In the context of system 

dynamics modelling/systems thinking, a model refers to: 

“…. a representation or a construction of a reality” and “…. a conceptual construction 

of an issue under study” (Schwaninger and Grösser, 2008, p. 450). 

Developing the causal-loop diagrams/systems maps (models) requires eliciting and 

capturing mental models of individuals through qualitative inquiry and communicating 

the important cause and effect relationships and feedbacks that are believed to be 

responsible for a complex problem (Wolstenholme and Coyle, 1983; Wolstenholme, 

1999; Sterman, 2000).  Research studies that intend to incorporate systems thinking, 

therefore, require qualitative research designs that employ methods that can extract the 

mental models of individuals and capture the important underlying causal structures 

through their perceptions, explanations, experiences, and observations (Luna-Reyes and 

Andersen, 2003; Creswell, 2003; Leech and Onwuegbuzie 2007; Sterman, 2018).  Also, 

when considering the aim and objectives of a research study, Creswell (2013) argued that 

a qualitative approach is suitable for addressing objectives that seek to understand the 

ways in which a certain problem that belongs to a specific context is addressed.  

Therefore, to explore the root causes and causal interactions that lead to the ‘complex 

problem’ of construction megaprojects, a qualitative research design was deemed 

appropriate for the research undertaken within this thesis.   

4.3.3 Case study based research design 

Considering the research strategies commonly used in qualitative research (e.g. survey, 

case study, grounded theory, ethnography, action research, and phenomenological 

research), a case study based research design was particularly considered as applicable 

for this research.  Yin (2009, p. 18) defined a case study as:  

“…. an empirical inquiry that investigates a contemporary phenomenon (the case) in 

depth and within its real-life context, especially when the boundaries between 

phenomenon and context are not clearly evident”.   

A case study research design is preferred for a research study when the phenomenon 

under investigation (problem) and its context are indistinguishable, and to explore both 

contemporary and historical events by interacting with the individuals experiencing them 
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(Eisenhardt and Graebner, 2007; Yin, 2018).  A case study research design also provides 

a holistic perspective into the investigation allowing the researcher to incorporate 

multiple data sources (Creswell, 2003; Flyvbjerg 2006; Yin, 2009).   

The research design was based on a single case study.  A research design can be based on 

a single case when seeking plausible alternative explanations for existing theories through 

the case (Flyvbjerg 2006; Yin, 2018).  In doing so, as opposed to the existing explanations 

for cost overruns in construction megaprojects, this thesis seeks to holistically examine 

the cost overrun causation using a single case.  Commenting on the applicability of a 

single case, Yin (2018, p. 49) further stated:  

“…. the single case can represent a significant contribution to knowledge and theory 

building by confirming, challenging, or extending the theory”.   

A single case-based similar research design had been previously used by Boateng (2014); 

Kolar (2017) in their doctoral research in the same subject area of construction 

megaprojects, therefore, a single case study research design was deemed appropriate for 

this study.  A construction megaproject – the California high-speed rail project was 

selected as the suitable case to holistically examine the cost overrun causation in 

construction megaprojects.  Considering the nature of the research undertaken within this 

thesis, a case-study based research design was preferred as it allowed the researcher to 

select an appropriate case – a construction megaproject that has incurred cost overruns.  

This allowed the selection of an appropriate case study project from a ‘representative 

sample’ and probe causal mechanisms of the phenomenon under investigation (Seawnght 

and Gerring, 2008).     

The selection of the case study satisfied the case study selection criteria identified by Yin 

(2018, pp. 09-12), that is, 1. the form of research questions, 2. the level of control over 

relevant behaviours, and 3. the focus on contemporary events.  Yin (2009) stated that case 

study research is suitable for addressing ‘how’ and ‘why’ questions which are explanatory 

in nature.  The second research question of this thesis ‘how can the cause and effect 

relationships leading to cost overruns in construction megaprojects be extracted and 

explained’ is a ‘how’ question that deals with the ‘tracing of operational processes’ (Yin, 

2018, p. 10), therefore, fulfils the first criterion.  Case study research is preferred when 

the researcher is ‘external’ to the case and has no control over the behaviour of 

contemporary events (Yin, 2018, p. 12).  The selected case study project is an ongoing 

construction megaproject, therefore, is current, and the researcher was an ‘outsider’ to the 
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case who had no control over the manipulation of relevant behaviours.  This fulfilled the 

second and third criteria.       

In addition to the above criteria, the researcher also included pre-defined criteria for the 

selection of the case study project.   

1. The cost threshold of the megaproject should be over 1 billion USD 

2. The project should have incurred cost overruns compared to its original estimated 

cost 

3. The project should be an ongoing project (construction stage) that has passed the 

front-end phase (for the convenience of access to data that belong to both front-

end and construction stages) 

4. The project can be any construction megaproject (e.g. building, transportation, 

and marine) 

Based on the above criteria, first, a list of current construction megaprojects was prepared.  

This included megaprojects such as the Edinburgh to Glasgow Improvement Programme 

(EGIP), the Berlin Brandenburg airport, the Bayonne Bridge project, the California high-

speed rail project.  Formal requests were made to the relevant authorities to gain access 

to project data and conduct interviews with the stakeholders of each project, however, 

most requests were declined due to confidentiality concerns of sharing project 

information and non-availability of interview participants.  However, a positive response 

was received from the California high-speed rail Authority, therefore, the project was 

selected as the suitable case.   

The California high-speed rail project (Cal HSR) is the first and the largest high-speed 

rail project in the USA, which dates back to 1996.  The project received its approval from 

the voters in 2008 and was planned to be completed in 2020.  As per early plans, the 

California HSR project was originally formulated as an 800-mile long, stand-alone 

system connecting California’s major cities - San Diego, Los Angeles, San Francisco, and 

Sacramento.  However, the project has undergone a number of impediments including 

multiple lawsuits, planning and scheduling delays, construction delays, significant cost 

increases, funding unavailability, and political friction since its initiation.  The current 

construction works of the project operate under three (03) design and build construction 

package contracts that mainly involve the preliminary infrastructure works with a cost of 

more than 5 billion USD.  Although originally initiated as a stand-alone project, the 

project was divided into two phases in 2012.  The first phase is expected to be completed 
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in 2033 and the date of completion for the second phase remains unknown.  The total cost 

of the entire project was estimated as 45 billion USD in 2008, however, the current 

estimates indicate that the cost of phase one alone could be 80 billion USD or even higher.  

The project has received much negative reputation and criticism from the citizens of 

California, political parties, and the federal government for its cost overruns and delayed 

completion.  With massive amounts of additional costs, delays, and reduced benefits to 

the public, it has reached a point to consider whether to continue or abandon the entire 

project, therefore, the project’s future remains uncertain.  It has to be noted that the project 

is still in progress and the data collected from the case study apply to both the overall Cal 

HSR project and the current contracts in progress (design and build packages – CP 01, 

CP 02-03, CP 04).  A detailed, in-depth review of the case study is provided in Chapter 

05 elaborating on the issues incurred during the planning, design, and construction phases 

of the project including scope changes, cost growth, budget concerns, political, 

environmental, and legal issues.   

As with any other research strategy, the case study based research design also bears 

several limitations and criticisms with regard to lack of rigour, bias, and the difficulty of 

generalisation of the findings (Yin, 2003; Bazeley, 2013).  To address the concerns of 

lack of rigour, bias, and generalisation, and enhance the quality of a research design, four 

(04) empirical tests – construct validity, internal validity, external validity, and reliability 

can be utilised (Patton, 2002; Luna-Reyes and Andersen, 2003; Leech and Onwuegbuzie, 

2007; Yin, 2018).  All four (04) of these criteria were considered during the research 

design, data collection, and data analysis phases of this study, hence, fulfilled the quality 

criteria for the validity of the research design and its findings (see Table 4.7 at the end of 

this chapter).  

4.4 Data collection 

When research is designed based on a case study, it requires data from multiple sources 

to strengthen the quality of results and reduce bias (Yin, 2018).  This also grants the 

researcher to utilise a number of different data collection instruments/tools.  In addition 

to that, since the research undertaken within this thesis is based on the application of the 

systems thinking approach, data collection instruments/tools that can capture the mental 

models of individuals were prioritised.  However, being predominantly a qualitative 

approach, the recommended data collection instruments for systems thinking are also very 

much similar to the instruments recommended for case study research by Yin (2018). 
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Forrester (1994) identified three categories of data sources for systems thinking/system 

dynamics model building – mental database, written database, and the numerical 

database.  Of the three databases, the mental database residing in the actors’ heads 

contains the richest information (Luna-Reyes and Andersen, 2003).  The primary focus 

of the data collection instruments in systems thinking/system dynamics is, therefore, to 

access the mental database of the individuals and extract the important underlying causal 

structures through their perceptions, explanations, experiences, and observations 

(Forrester, 1992; Luna-Reyes and Andersen, 2003; Sterman, 2018).  The mental database 

can be accessed using qualitative data collection methods such as interviews, focus 

groups, oral history, and participant observation (Sterman, 2000; Luna-Reyes and 

Andersen, 2003).  In addition to the mental database, the written database also contains 

valuable information that can provide insights into the causal mechanisms relevant to a 

problem but have been missed by the individuals (Forrester, 1992).  The written database 

refers mainly to documents such as reports, newspaper articles, internal memos/letters 

that contain information about the problem under investigation (Luna-Reyes and 

Andersen, 2003).  Also, the numerical database can provide quantitative inputs 

particularly for simulation (system dynamics) models (Forrester, 1992).  This could be 

economic/financial information, and statistics that are published in documents.  However, 

as seen in Figure 4.4, the ‘richness’ of information to completely represent a problem 

changes drastically when one moves from mental to written to numerical information 

(Forrester, 1992; Luna-Reyes and Andersen, 2003).  Therefore, to construct a successful 

model/causal-loop diagram/systems map, accessing the mental database of individuals is 

of prime importance and the triangulation of data representing all three databases should 

also be considered (Sterman, 2018).    

 

Figure 4.4: The three databases of information (Source: Luna-Reyes and Andersen, 2003, p. 280)  
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4.4.1 Data collection instruments/tools 

The data collection and analysis process when developing models/causal-loop diagrams 

involves four (04) main steps – conceptualisation, formulation, testing, and 

implementation (Randers, 1980).  There are a number of qualitative data collection and 

analysis methods that can be incorporated in each stage of the model building process 

(Luna-Reyes and Andersen, 2003; Sterman, 2018).  Table 4.2 presents a summary of data 

collection and analysis methods that can be utilised in each stage of the model building 

process. 

This thesis adhered to all four (04) steps of the model building process used in systems 

thinking as stated by Randers (1980).  During the conceptualisation stage, data were 

collected from multiple sources – interviews with key actors of the case study project and 

a range of documents including project reports (internal and external), newspaper articles, 

contract documents, and internal memos (letters).  The formulation stage involved 

documentation of the collected data from the case study, using the grounded theory 

method as the data analysis method to extract and explain the cause and effect 

relationships, and the development of the model/systems map representing the cost 

overrun causation in construction megaprojects (Chapters 06 and 07).  During the testing 

stage, four (04) interviews with experts in systems thinking/system dynamics were 

conducted to verify the model structure and identify leverage points where corrective 

actions could be used (Chapter 07).  The implementation stage used a two-round modified 

Delphi survey to communicate the model to experts in construction megaprojects, 

validate the developed model for its representativeness and generalisability, and propose 

corrective actions and policies to alleviate the cost overrun problem in construction 

megaprojects (Chapter 08). 
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Table 4.2: Data collection and analysis methods used in systems thinking 

Stage Key activities involved Useful qualitative methods Resources 

Conceptualisation Definition of the problem to be examined, system 

conceptualisation, triangulation and collection of data 

(accessing mental, written, and numerical databases) 

Interviews, focus groups, oral history, participant 

observation, documentation, archival records 

Individuals/ groups (stakeholders), 

documents – reports, newspaper 

articles, internal memos/letters 

Formulation Documentation of the data collected, analysis of data 

– extraction of cause and effect relationships, creation 

of model structure, development of feedback loops 

and explanations on causality 

Interviews (elicitation of policies and parameters with 

individuals), focus and Delphi groups (elicitation of 

policies and parameters with groups), participant 

observation (observation of policies and registering data 

to estimate parameters), grounded theory (identifying 

cause and effect relationships, explanations on causality, 

and documentation), ethnographic decision models 

(policy identification), content analysis (identification of 

parameters for simulation models) 

Individuals/ groups (stakeholders), 

documents – interview transcripts, 

reports, newspaper articles, 

internal memos/letters 

Testing Obtain expert judgment about model structure, 

evaluation of the model structure to represent a 

complex problem, validation of the developed model 

for its representativeness and generalisability 

Interviews, focus and Delphi groups, experimental 

approaches (simulation), statistical tests 

Individuals, groups  

Implementation Communication of model results, generate discussion 

among problem actors, identifying corrective actions 

and test policies for future improvement, model 

application in real-world scenarios  

 

Oral history (creation of insightful stories to 

communicate model results), focus and Delphi groups 

(generate discussion among problem actors, identifying 

corrective actions and test policies for future 

improvement) 

Individuals, groups  

(Sources: Randers, 1980; Wolstenholme and Coyle, 1983; Barlas, 1989; Forrester, 1992; Barlas, 1996; Wolstenholme, 1999; Sterman, 2000; Luna-Reyes and Andersen, 2003; Eker 

and Zimmermann, 2016; Sterman, 2018; Eker et al., 2019) 
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4.4.2 Data collection and model conceptualisation process 

As stated earlier, interviews with key actors and a range of documents were used as the 

primary data collection instruments.  Interviews are considered as the most important 

source of data in both case study research and systems thinking as they explain the key 

events, participants’ insights, observations, and perspectives of the phenomenon under 

investigation (Sterman, 2000; Yin, 2018).  Sterman (2000, p. 157) further stated that 

interview data is: 

“…. rich, including descriptions of decision processes, internal politics, attributions 

about the motives and characters of others, and theories to explain events”.   

Interviews can be structured, semi-structured, or unstructured (Creswell, 2003).  Yin 

(2009) stated that semi-structured interviews with key actors/stakeholders involved with 

the case provide the richest insights into a matter.  Semi-structured interviews use a list 

of pre-prepared questions, however, due to their semi-structured nature, can include 

additional questions or change the questions while conducting the interviews as 

applicable (Gomm, 2004).  Therefore, semi-structured interviews were chosen as the 

main mental database access tool due to their flexibility allowing the interviewer to ask 

additional questions to gain further insights (Sterman, 2000; Bryman, 2016).  

Twenty-three (23) semi-structured interviews were conducted with key actors involved 

with the California HSR project representing various stakeholder groups (client, main 

contractor, client’s consultants, and external consultants) and operating at different 

capacities (see Appendix 01: Interview participant details).  Two (02) sampling 

techniques commonly used in qualitative research were used to select the interview 

participants.  As the first sampling technique, the selection of interview participants was 

based on purposive sampling as it allows the researcher to use his/her judgement on the 

selection of participants based on their experience, relevance for the study, and the 

specific objective of the investigation (Patton, 1990).  The research undertaken within 

this thesis required interviews with key actors involved with the California HSR project.  

Therefore, as the initial step, the researcher contacted the California high-speed rail 

Authority (CHSRA) and expressed interest in conducting interviews.  Nine (09) 

participants who were closely working with the CHSRA agreed to participate in the 

interviews.  Additionally, the snowball sampling technique was also used to select 

interview participants.  Snowball sampling allows the selection of individuals on the basis 

of information obtained from other selected sample members (Tashakkori and Teddlie, 
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1998).  Therefore, another fourteen (14) participants were selected using the snowball 

sampling technique, mainly through mutual contacts of the first nine (09) interview 

participants. 

Every interview participant possessed more than ten years (10+) of industry experience 

with the average experience being thirty-two (32) years.  Prior to conducting the 

interviews, a set of open-ended interview questions were prepared (see Appendix 02: 

Interview questions).  These questions were mainly ‘what’, ‘how’, and ‘why’ type of 

questions that were prepared to encourage the participants to elaborate on their 

experience, observations, and perceptions related to the California HSR project and cost 

overruns, root causes and issues/events that led to an increase in project costs during 

construction, and what steps were taken to prevent the cost overruns in the project.  The 

questions were designed based on the guidelines given by Bryman (2016) – avoiding the 

use of complex language, maintaining the flow of the questioning and answering process, 

and the flexibility to include follow-up questions.  In addition to that, previous works on 

rework causation in construction and STEEP risk modelling by Love et al. (2008); 

Boateng (2014) were examined and the questions were prepared accordingly.  To ensure 

the clarity and appropriateness of the questions, they were also examined by two 

academics in the university (research supervisors) as suggested by Naoum (2013).  This 

provided a test run for the questions where the two academics evaluated the wording of 

the questions and provided constructive feedback to avoid any ambiguities when 

conducting the interviews.  The interviews were conducted between 12/02/2019 and 

08/06/2019, and due to time restrictions in participants’ schedules and the travelling 

concerns of the researcher, all interviews were conducted as telephone interviews.  The 

interviews lasted between 20 – 62 minutes.  All interviews were recorded and later 

transcribed by the researcher.  The interview transcripts were e-mailed back to the 

interview participants to verify the accuracy of their statements and explanations.  The 

interview participants agreed that the transcripts were accurate in recording their 

statements and explanations.   

In addition to the semi-structured interviews, the study also collected data from project 

documents and newspaper articles written about the case study project (written database).  

The use of documentation in case study research is strongly recommended by Yin (2018) 

as they record invaluable information relevant to the case.  The use of documents (written 

database) is also recommended for developing causal-loop diagrams as they include 

information about the causal mechanisms and events that may have been missed by the 
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individuals (Forrester, 1992).  The documentation can be anything from official letters, 

emails, memos, diaries, agendas, minutes of meetings, progress reports, proposals, formal 

studies/evaluations, and media articles (newspapers, social media, television recordings) 

(Yin, 2018).  Documents such as newspaper articles provide valuable insights into a 

problem from an external perspective which is imperative to understand the complete 

picture (Forrester, 1994).  Therefore, a variety of internal and external project documents 

and newspaper articles that were published between 2000 – 2019 were used as primary 

data in this study.  This triangulation of data also strengthened the construct validity 

aspect of the research design (Yin, 2009).  Some of the project documents were available 

on the official websites of CHSRA and other associated state agencies, however, 

confidential documents such as contract agreements and official letters were retrieved 

through ‘Freedom of Information Act (FOI)’ requests.  Table 4.3 presents a summary of 

the documents used as primary data for the analysis. 

Table 4.3: Type of documents used in the research 

Document type No. of 

documents 

Newspaper articles  64 

CHSRA Business Plans 8 

Contract Documents – Design and build contracts and Rail delivery partner contracts 6 

Project Update Reports submitted to the Legislature 1 

Financial Plan Studies 2 

Change order file database 1 

Economic Impact Analysis Reports  3 

Legislative Analyst’s Office Reports  12 

Peer-review Group statements and official letters exchanged between the California 

Senate and the CHSRA 

22 

California Auditor Reports 10 

Due Diligence Reports 2 

US Government Accountability Office Reports  6 

Senator John M. W. Moorlach Report on the California High-Speed Rail Project 1 

(Source: Own data collection) 

Despite their suitability as rich data sources, these data collection instruments bear certain 

limitations particularly accessing and retrieving data from a case study (Bryman, 2016; 

Yin, 2018).  Table 4.4 includes a summary of the strengths and weaknesses of the data 

collection instruments used in this thesis. 
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Table 4.4: Strengths and weaknesses of the data collection instruments 

Data collection 

instrument/tool 
Strengths Limitations 

How the limitations 

were addressed in 

the research design 

Interviews (semi-

structured) 

- Targeted – focuses 

directly on case study 

topics  

- Insightful – provides 

explanations and 

observations as well as 

personal views  

(perceptions, attitudes, and 

meanings) 

- Bias due to poorly 

articulated questions 

- Response bias 

- Inaccuracies due to 

poor recall 

- Reflexivity – 

interviewee says what 

interviewer wants to hear 

- Interview questions 

were examined and 

verified by two 

expert academics  

- Additional follow-

up questions were 

asked to clarify the 

explanations 

- Interviews with 

multiple actors 

representing different 

stakeholder groups 

were conducted 

- Confidentiality of 

the interview 

participants was 

assured 

Documentation – 

project reports, 

newspaper articles, 

internal 

memos/letters 

- Stable – can be reviewed 

repeatedly 

- Unobtrusive – not created 

as a result of the case study 

- Specific – can contain 

exact names, references, 

and details of an event 

- Broad – can cover a long 

span of time, many events 

- Retrievability – can be 

difficult to find 

- Biased selectivity, if the 

collection is incomplete 

- Reporting bias – 

reflects the (unknown) 

bias of any given 

document’s author 

- Access – may be 

deliberately withheld 

- Documents from 

multiple data sources 

were included 

covering both 

internal and external 

aspects and FOI 

requests were made 

where documents 

cannot be retrieved 

(Source: Yin, 2018, p. 114) 

4.4.3 Ethical considerations 

When conducting a research study that particularly involves people and confidential 

information, a researcher must ensure that ethical standards are followed (Ramcharan and 

Cutcliffe, 2001; Bryman, 2016; Yin, 2018).  According to Cassell (1980); Kimmel 

(1988); Bryman (2016), four ethical principles should be followed when conducting 

research – not harming participants, obtaining informed consent from the participants, 

avoiding the invasion of privacy, and avoiding any deception of the participants.  The 

research undertaken within this thesis required contacting participants from the case study 

project.  Therefore, the study followed the ‘Heriot-Watt University Code of Practice’ 

governing the recruitment of research participants guidelines when recruiting the 

participants and received full ethics approval from the Ethics Committee of the School of 

Energy, Geoscience, Infrastructure and Environment of Heriot-Watt University on 

14/12/2017.  During the data collection phase, it was made sure that the research ethics 
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guidelines of the Heriot-Watt University were followed when conducting interviews and 

retrieving documents.  The participants were assured that their identities will be kept 

anonymous and considerable care will be taken when using any of these methods so that 

the person contacted does not feel pressured to participate.  Any confidential information 

will not be revealed when reporting research findings or published without the consent of 

the participants in accordance with the UK Data Protection Act.  Further to that, verbal 

and written consent from the participants was obtained to participate in the interviews by 

signing the consent form prepared by the researcher and verified by the research 

supervisors.  The documents were retrieved only after receiving approval from the 

relevant authorities responsible for the case study project.  Confidential documents such 

as contract agreements and official letters were retrieved through ‘Freedom of 

Information Act (FOI)’ requests and any confidential information related to the project 

will not be revealed when reporting research findings or published without prior approval 

from the relevant authorities. 

4.5 Data analysis method 

This section explains how the grounded theory (GT) method was used as the main data 

analysis method to analyse qualitative data collected from interviews (mental database), 

newspaper articles and project documents (written database), and how causal links were 

extracted from data to generate a substantive theory in the form of causal-loop diagrams 

(systems maps) and propositions explaining the underlying causal interrelationships 

between the principal drivers of project cost overruns. 

4.5.1 Grounded theory as a data analysis method 

Addressing the second research question– ‘how can the cause and effect relationships 

leading to cost overruns in construction megaprojects be extracted and explained’, this 

thesis used the ‘grounded theory (GT)’ method which is a common qualitative data 

analysis strategy used to develop ‘substantive theories’ applicable to a specific case of 

inquiry through an analytic process that aims to systematically develop causal 

explanations for the phenomenon under investigation (Glaser and Strauss, 1967; Glaser, 

1992; Strauss and Corbin, 1998; Charmaz, 2006).  This method was first introduced by 

Glaser and Strauss (1967) to ‘discover’ mid-range theories using qualitative data.  GT fits 

particularly well within case study based research designs and can be used both as a 

research design strategy or as a data analysis technique (Bazeley 2013; Urquhart, 2013; 

Yin 2018).  Since this thesis adopted a case study based research strategy, GT was only 
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used as the data analysis technique in this thesis to extract and explain the cause and effect 

relationships leading to cost overruns in construction megaprojects.  

One of the distinctive characteristics of GT is that the collection and analysis of data 

begins simultaneously and involves continuous data collection and analysis until there 

are no new emerging findings (data saturation) (Glaser and Strauss, 1967; Corbin and 

Strauss, 2008).  When analysing data based on GT, it is recommended not to have any 

pre-conceived ideas or assumptions and only ‘discover’ the theory by allowing the 

concepts to emerge from data (Glaser, 1992).  Therefore, the theory is ‘grounded’ in data 

(Charmaz, 2006).  However, compared to the initial version of GT, developments made 

by Glaser (1992); Charmaz (2006); Corbin and Strauss (2008) have split the 

methodological approach of GT with Glaser (1992) adopting the initial version 

(Classical) of the GT while Strauss and Corbin (1990) introducing a ‘modified’ version 

of the GT (Straussian GT) which recommends pre-literature review and inputs from the 

researcher when interpreting data in addition to the emerging concepts from data.  The 

GT approach used in this thesis, therefore, followed the ‘Straussian’ version of the GT 

introduced by Strauss and Corbin (1990), further developed by Strauss and Corbin (1998) 

that allowed the researcher to examine the existing body of literature on cost overruns in 

construction and establish the theoretical framework required for the research undertaken 

within this thesis. 

Morgan (2018) stated that a theory ‘explains the links between a set of key concepts’ and 

developing a theory from qualitative data involves a ‘chain of analytical activities’ 

starting from codes, themes, models, and the formation of the theory.  In the process of 

formation of a theory, building causal explanations in qualitative data analysis begins by 

examining the possible data sources of the phenomenon to be explained, searching for 

similarities and relationships that could lead to common concepts (Robinson, 1951).  

Being a theory building method, developing substantive theories through this analytic 

process in GT involves ‘coding’ of textual data, identifying concepts/themes and core 

categories, explaining the causal relationships between and within the core categories 

through memoing and constant comparison (Charmaz, 2006).  The textual data used in 

GT can be interview transcripts, newspaper articles, and published reports.  As seen in 

Figure 4.5, the coding process and the formation of theory in GT involves four (04) main 

stages – open coding, axial coding, selective coding, and the formation of theory (Strauss 

and Corbin, 1998; Charmaz, 2006; Chandrasegaran et al., 2017). 
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Figure 4.5: The main steps of the coding and formation of theory in GT (Source: Chandrasegaran et al., 

2017, p. 202) 

As the initial stage, open coding involves the conceptualisation of textual data using line-

by-line coding and identifying the key concepts of interest (Charmaz, 2006).  During this 

stage, the key phrases are marked and initial labels are attached to the data.  Next, axial 

coding involves identifying relationships between the emerging concepts from open 

coding, grouping codes into larger core categories with similar meanings, and connecting 

them by forming hierarchical links (Strauss and Corbin, 1998; Urquhart, 2013).  These 

groupings are given a conceptual title by the researcher based on their meanings (Glaser, 

1992).  During the selective coding stage, the identified relationships between codes 

within each main category are abstracted and the emerging concepts are systematically 

connected (Strauss and Corbin, 1998).  Throughout the coding process, the researcher 

will take notes (memos) and the emerging concepts and core categories will be constantly 

compared until the causal interrelationships between the concepts/themes become 

apparent.  Therefore, the interpretation of data and each finding are compared with 

existing findings as they emerge from the data analysis (Charmaz, 2006).  Once the three 

stages are completed, the substantive theory that explains the identified relationships is 

formed.  The substantive theory can be presented as a set of theoretical propositions, an 

illustrative diagram, or a combination of both (Urquhart, 2013).     

Luna-Reyes and Andersen (2003) identified GT as a powerful data analysis strategy that 

can be incorporated with system dynamics modelling/systems thinking during the model 

formulation stage (see Table 4.2).  The theory building process of GT is identical to the 

model formulation stage of systems thinking when developing causal-loop diagrams 

(Kopainsky and Luna-Reyes, 2008; Kim and Andersen, 2012; Eker and Zimmermann, 

2016).  In contrast to the reductionist approaches such as factor isolation techniques that 

rely on correlation, both system dynamics modelling/systems thinking and grounded 

theory focus on establishing cause and effect relationships and causal mechanisms within 

the phenomenon under investigation (Corbin and Strauss, 2008; Kim and Andersen, 
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2012).  Commenting on the applicability of GT in system dynamics/systems thinking 

model building, Kim and Andersen (2012, p. 316) highlighted: 

“…. grounded theory generates substantive theory applicable to a specific case of inquiry 

as opposed to formal theory for generic applications.  Similarly, system dynamics models 

describe a system focused on a problem.  [….] (this) will generate a dynamic theory (or 

causal map) from qualitative data that is applicable to the specific substantive area”. 

The grounded theory method has been previously applied in systems thinking/system 

dynamics by Kim and Andersen (2012); Yearworth and White (2013); Eker and 

Zimmermann (2016) when developing models (causal-loop diagrams/systems maps).  For 

example, Eker and Zimmermann (2016) developed a model (causal-loop diagram) for 

integrated decision-making in the UK’s housing sector based on GT in systems thinking.   

Additionally, providing a deeper insight into the ‘model-based theory building’ in system 

dynamics/systems thinking, Schwaninger and Grösser (2008, p. 449) stated: 

“…. A SD model is a theoretical statement.  The theory is created as the model is 

accomplished”. 

A system dynamics model/causal-loop diagram/systems map developed using GT is, 

therefore, a representation of a ‘substantive theory’ which in this thesis is a substantive 

theory of cost overrun causation in construction megaprojects that holistically illustrates 

and explains the cause and effect relationships leading to cost overruns.  The developed 

systems map/causal-loop diagram/substantive theory is a model of a system structure 

(structure of the complex problem) based on cause and effect relationships grounded in 

data, hence, it does not analyse the system behaviour (i.e. simulation).  As stated earlier, 

developing a theory in qualitative research involves a ‘chain of analytical activities’ 

(Morgan, 2018).  Figure 4.6 presents the analytic process of theory building which 

involves codes, themes, and models to form a theory.   
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Figure 4.6: Theory building process in qualitative research (Source: Morgan, 2018, p. 339) 

A similar analytical framework for building systems maps/causal-loop 

diagrams/substantive theories (model formulation) using GT was introduced by  Kim and 

Andersen (2012) based on Strauss and Corbin (1998) version of GT.  Therefore, this 

thesis followed the steps of building causal-loop diagrams (formation of a substantive 

theory/model) using GT introduced by Kim and Andersen (2012) based on Strauss and 

Corbin (1998) which was further developed by Eker and Zimmermann (2016) by 

incorporating a computer-aided qualitative data analysis software.  Table 4.5 outlines the 

key stages of the analytical framework adopted in this thesis for the analysis of data and 

building causal-loop diagrams/systems maps. 
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Table 4.5: Steps of building causal-loop diagrams using GT 

Data analysis 

stage in GT 

Description of the process Input Output 

Open coding   Identifying variables and 

concepts/themes in the data 

(refers to ‘codes’ as in Figure 

4.6) 

   

Textual data (raw data) 

 

A list of concepts and corresponding codes 

 

Axial coding  Establishing core categories 

through themes and 

identifying causal 

relationships between the 

concepts/themes (refers to 

‘themes’ as in Figure 4.6) 

List of concepts and their corresponding codes  

 

A coding chart - nodes tree on data analysis software with 

core categories, memos written on the emerging causal 

relationships (inductive and retroductive reasoning) 

 

Selective coding  Abstraction and connection of 

the identified causal 

relationships: transforming the 

coding chart into  

systems maps/causal-loop 

diagrams (refers to ‘models’ 

as in Figure 4.6)  

Coding chart - nodes tree on data analysis software with 

core categories, memos written on the emerging causal 

relationships (inductive and retroductive reasoning) 

 

Systems maps for each core category, explanation of the 

causal relationships with references to the data 

     

Formation of the 

substantive theory  

Formation of the substantive 

theory that explains the 

identified causal relationships 

(refers to ‘theories’ as in 

Figure 4.6) 

Systems maps for each core category, explanation of the 

causal relationships with references to the data 

    

Final systems map and the underpinning theoretical 

propositions 

 

(Sources: Own data collection; Strauss and Corbin, 1998; Kim and Andersen, 2012; Turner et al., 2013; Eker and Zimmermann, 2016) 
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4.5.2 Data analysis and model formulation process 

As mentioned in the previous section, the analysis of collected data followed the steps of 

building causal-loop diagrams using GT introduced by Kim and Andersen (2012) which 

was further developed by Eker and Zimmermann (2016) by incorporating a computer-

aided qualitative data analysis software.  Similar to any other GT analysis, the collection 

and analysis of data began simultaneously and involved continuous data collection and 

analysis throughout the coding stages.  First, the open coding began with transcribing the 

initial nine (09) interviews and identifying variables, concepts and core categories in the 

data.  This was a continuous process while conducting other scheduled interviews, and 

the subsequent interviews (14) were transcribed and used for coding as soon as they were 

available.  An automatic audio transcription service – Happy Scribe was used to transcribe 

the interview recordings.  Once the interviews were transcribed, the transcripts were 

emailed to the interview participants to verify the accuracy of their statements and 

explanations.  A file database was created on ‘NVivo 12’ software and the transcripts 

were stored as text files on the database.  In addition to the interviews, the newspaper 

articles (28) and other project documents that were initially available (47) were also 

included in the database for open coding.  Other newspaper articles (36) and project 

documents (27) were included and used for coding as soon as they were available.  During 

the open coding stage, the interview transcripts and other text files were carefully read, 

line-by-line coding was used to identify and highlight the key concepts of interest, and 

coded them using the coding tool available on NVivo 12 software.  Figure 4.7 shows an 

example of the emerging concepts and corresponding codes identified during open 

coding. 

 

Figure 4.7: Example of concepts and corresponding codes identified during open coding 

Codes 

Textual data 

File database 
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As the next step, axial coding was important in identifying the core categories and causal 

relationships between the concepts.  Both inductive and retroductive reasoning were 

utilised when building the theory from data and explaining the cause and effect 

relationships between the concepts (variables).  For this, Eker and Zimmermann (2016) 

recommended the creation of a hierarchical coding chart – a nodes tree on the data 

analysis software where the emerging concepts can be grouped under each core category 

based on their cause and effect relationships.  These concepts (variables) were arranged 

in a way that a hierarchical coding tree is formed.  Notes were taken throughout the data 

analysis stage and a memo was written for each code on NVivo software explaining the 

causal relationship between the emerging concepts, relationship type (positive or 

negative), supporting quotes from data, and a data source reference.  Constant comparison 

was used to compare the emerging findings and codes with the existing findings.  Codes 

were refined when required.  For example, a code (core category) that was named as 

‘legislative and social scrutiny’ was later changed to ‘external actor resistance’ based on 

the new emerging findings.   

As a result of coding, four (04) core categories (constructs), namely, ignorant strategic 

leadership, immature project organisation, external actor resistance, and political power 

relations emerged from the data.  As seen in Figure 4.8, the core categories were placed 

as ‘parent nodes’ on the nodes tree with several ‘child nodes’ under each parent node 

based on the causal relationships that emerged from data as explained by the interview 

participants and written in the documents.  Each core category was given a distinct colour 

code for identification and the same colours were used in the causal-loop diagrams.  For 

example, the ignorant strategic leadership model was drawn in blue, the immature project 

organisation was drawn in green, the political power relations model was drawn in orange, 

and the external actor resistance was drawn in pink colour.   



132 

 

 

Figure 4.8: NVivo nodes tree 

The child nodes were also further expanded linking them to the emerging concepts under 

them.  These emerging concepts and their causal relationships were supported by multiple 

data sources and the researcher’s own memos were used to compare the emerging 

concepts and causal relationships constantly.  For example, as seen in Figure 4.9, under 

the core category – political power relations, a child node ‘commitment’ was created.  

This code refers to the escalation of commitment to initiate the project.  However, what 

led to an escalation of commitment is explained by the subsequent nodes – 

misrepresentation of real costs, political promotion, consent to the project, and pressure 

from labour unions to initiate the project.    

 

Figure 4.9: Expanded child node on the nodes tree 
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Further collection and analysis of data were terminated when there were no ‘new’ 

emerging concepts from the data (data saturation).  These emerging concepts, core 

categories, their causal relationships, and supportive quotes from data sources are 

explained in detail in Chapter 06 – Drivers and underlying causes of project cost overruns.   

Once the nodes tree with causal relationships was formed, abstraction of the identified 

causal relationships was completed in the selective coding stage.  This mainly involved 

connecting these concepts/variables based on their positive (+) or negative (–) causality 

using arrows and constructing causal-loop diagrams/systems maps that represent each 

core category.    In order to build the causal-loop diagrams representing the cause and 

effect relationships, the standard symbols used in systems thinking/system dynamics 

models were used as suggested by Sterman (2000).  The diagrams were drawn using 

VENSIM – a specialised software for system dynamics modelling.  Once the 

development of causal-loop diagrams/systems maps was completed, the final systems 

map/substantive theory was formed.  Similar to the four (04) causal-loop diagrams, the 

causal links in the final systems map were also extracted based on the cause and effect 

relationships that emerged from the data analysis.  Using the hierarchical coding structure, 

the variables that were common to multiple core categories were used to connect the sub-

systems maps completing the final model.  In addition to the systems maps, seven (07) 

theoretical propositions were also developed to explain and understand the formed 

substantive theory.  Chapter 07 – Holistic understanding of the cost overrun causation – 

the model discusses the development of the systems maps and the final model (substantive 

theory) in detail.  

4.5.3 Testing, implementation, and the overall validity of the research  

Although the model/substantive theory/systems map was developed based on the 

emerging findings grounded in data and using the standard symbols used in systems 

thinking/system dynamics models, it was still important to verify the structure of the 

model to assess whether it has followed the correct model building principles used in 

systems thinking and whether the cause and effect relationships and feedback loops are 

represented accurately.  For this, expert judgement – four (04) interviews with experts in 

systems thinking/system dynamics was used.  The interviews were conducted in two 

stages.  First, the model was emailed to the interview participants, explaining the problem 

of cost overruns in the California HSR project and the purpose of developing the systems 

map, and requested them to examine the model structure and identify appropriate 
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‘leverage points’ that can introduce corrective actions to solve or at least to reduce the 

problem being addressed in the systems map.  Once the participants had completed 

identifying the leverage points, interviews were conducted and obtained their feedback 

on the model structure and leverage points (see Chapter 07).  

As the final step of the research study, the developed model and theoretical propositions 

were validated on their applicability for understanding the cost overrun causation in future 

construction megaprojects.  Using a panel of global experts (08), two rounds of modified 

Delphi surveys were conducted to validate the developed model and propositions (see 

Chapter 08).   The Delphi surveys were conducted with two objectives: first, to validate 

the model and propositions on their applicability and generalisability in understanding 

the cost overrun causation in construction megaprojects (testing the model); second, to 

recommend corrective actions that can be introduced to the leverage points identified in 

Chapter 07 that can alleviate the complex problem of cost overruns in construction 

megaprojects (implementation stage).  Both Delphi rounds received a good degree of 

consensus and invaluable constructive feedback from the experts which was useful in 

inserting corrective actions for the leverage points, formulating the modified propositions, 

and adding reflection into the findings of the research conducted within the thesis. 

Considering the overall validity of the research design and results, four (04) empirical 

tests – construct validity, internal validity, external validity, and reliability recommended 

by Patton (2002); Luna-Reyes and Andersen (2003); Leech and Onwuegbuzie (2007); 

Yin (2018) were considered during the research design, data collection, analysis, and 

model validation phases of this study, hence, fulfilled the quality criteria for the validity 

and rigour of the research design and its findings as shown in Table 4.6. 
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Table 4.6: Overall rigour and validity of the research design and its findings 

Validity criterion Recommended strategies Strategies used in this study 

Construct validity – 

identifying correct 

operational measures 

for the concepts being 

studied to avoid any 

personal bias of the 

researcher 

- use of multiple sources of 

evidence 

- review of drafts by key 

informants  

- pilot studies 

- triangulation of data (interviews, 

newspaper articles, and project documents) 

- representation of different realities 

(interviews with multiple stakeholders 

involved with the project)  

- interview transcripts verified by the 

participants 

- data collection tools (interview questions, 

Delphi survey questions) examined by 

expert academics (peer-review by research 

supervisors) 

Internal validity – 

seeking to establish a 

causal relationship, 

whereby certain 

conditions are believed 

to lead to other 

conditions 

- pattern matching 

- explanation building 

- address rival explanations 

- use of logic models 

- causal explanation building through 

inductive and retroductive reasoning using 

the GT method 

- applying the principles of systems 

thinking to illustrate the causal 

relationships 

- development of theoretical propositions 

to explain the emerging substantive theory 

External validity – 

knowing whether the 

findings of a study are 

generalisable beyond 

the immediate study 

- use of theory to generalise 

- rationale for case selection 

- identification of theoretical 

propositions 

- expert validation 

- rationale for case selection explained 

- model structure verification by experts 

- Delphi survey to assess the validity and 

generalisability of the developed model 

and theoretical propositions 

Reliability – 

demonstrating that the 

operation of a study 

(e.g. data collection 

and data analysis) can 

be repeated by another 

researcher 

- use of case study protocol 

- maintain a chain of evidence 

- create a case study database 

 

- use of pre-defined case selection criteria 

- sampling approaches explained and 

justified 

- use of well-established data collection 

and analysis methods for case study 

research and systems thinking 

- a case study database was created on 

NVivo software to store text files for 

analysis 

- data analysis process using GT explained 

- building systems maps based on GT and 

the principles of systems thinking 

explained  

- use of pre-defined Delphi panel selection 

criteria for validation of the research 

findings 

(Sources: Patton, 2002; Luna-Reyes and Andersen, 2003; Leech and Onwuegbuzie, 2007; Yin, 2018) 

4.6 Chapter summary 

This chapter explained the adopted methodology and the research design in this thesis.  

First, the chapter identified two (02) research questions applicable to the research 

undertaken within this thesis.  Addressing the first research question, the systems thinking 

approach was selected as the suitable approach to holistically examine and understand the 
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cost overrun causation in construction megaprojects.  The chapter briefly explained the 

systems thinking approach and its applicability for addressing ‘complex problems’.   

Next, the chapter went on to discuss the adopted methodology and research design.  The 

thesis was underpinned by the critical realist research paradigm and adopted a qualitative 

research methodology based on a case study research design.  A case study project – the 

California high-speed rail project was selected as the suitable case study.  Data were 

collected from multiple sources including semi-structured interviews, newspaper articles, 

and project documents.  Research ethical considerations were followed in accordance 

with the Heriot-Watt University Code of Practice for recruiting participants for research.   

Addressing the second research question, this thesis used the grounded theory (GT) 

method to extract and explain the cause and effect relationships leading to cost overruns 

in construction megaprojects through inductive and retroductive reasoning.  The data 

analysis process involved three (03) stages of coding – open, axial, selective, and the 

formation of a model/substantive theory in the form of a causal-loop diagram/systems 

map holistically illustrating the cost overrun causation in construction megaprojects.  In 

addition to the systems maps, seven (07) theoretical propositions were also developed to 

explain and understand the formed substantive theory.  Next, the strategies used to 

maintain the overall rigour and validity of the research design and its findings were 

discussed at the end of the chapter. 

The next chapter (Chapter 05 – Case study – California high-speed rail project) lays a 

prologue to the data analysis chapters 06 and 07 providing an in-depth review of the 

chosen case study project and outlining the key issues that occurred during front-end 

planning and construction phases of the project. 
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Chapter 05   Case study – the California high-speed rail project 

5.1 Introduction 

This chapter is a prologue to the data analysis chapters 06 and 07 providing an in-depth 

review of the chosen case study project and outlining the key issues that occurred during 

front-end planning and construction phases of the project.  The chapter begins by 

discussing the background information of the project including project approval, 

economic benefit forecasts, funding, key milestones and progress, and internal and 

external stakeholders of the project.  Next, the chapter elaborates on the issues incurred 

during the planning, design, and construction phases of the project including scope 

changes, cost growth, budget concerns, political, environmental, and legal issues.   

5.2 Background to the California high-speed rail project (Cal HSR) 

5.2.1 History and formation of the project 

Although being one of the leading developed nations in the world, the United States is 

yet to complete its first high-speed rail project – the California high-speed rail project 

(Cal HSR).  When several European and Asian countries began to construct high-speed 

rail networks in the 1980s, the state of California showed an interest in constructing the 

country’s first high-speed rail network and explored the possibility of working with 

technical experts from Japan to develop a high-speed rail network in Southern California 

(California State Auditor, 2018).  However, this plan did not succeed until the mid-1990s.  

Through the High-Speed Rail Development Act of 1994, it was identified that California 

could be one of the five corridors in the USA fitting to host a high-speed rail network 

(California High-Speed Rail Authority, no date).  Additionally, the California state 

Legislature also created the ‘Intercity High-Speed Rail Commission’ to conduct a 

feasibility study on the possibility of constructing a high-speed rail system in California 

(California High-Speed Rail Authority, no date). 

The Intercity High-Speed Rail Commission determined that the high-speed rail 

programme was feasible, subsequently, on the 23rd of January 1996, Senator Quentin L. 

Kopp of San Francisco submitted the Senate Bill 1420 creating the ‘California High-

Speed Rail Authority (CHSRA)’ to oversee the USA’s first high-speed rail project and 

the Governor approved the bill on the 22nd of September 1996 (Moorlach, 2019).  

Following this, in September 1996, the California High-Speed Rail Authority (CHSRA) 

was formed by the Legislature mainly consisting of former employees of the California 
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Department of Transportation (Caltrans) with the primary responsibility of beginning the 

formal planning, construction, and operational activities of high‑speed passenger train 

service in the state of California connecting the major cities - Los Angeles, San Francisco, 

Sacramento, and Anaheim in the Los Angeles Basin, the Bay Area, and Central Valley 

(California High-Speed Rail Authority, no date; California High-Speed Rail Authority, 

2008).  Since the planning phase began in 1996, in 2000, the CHSRA produced the first 

investment forecasts for the high-speed rail system covering the aspects of ridership, 

revenue, cost and benefits (California High-Speed Rail Authority, 2008).  During the 

planning phase from 1996 to 2008, the CHSRA developed and certified the state-wide 

environmental impact reports, obtained planning approvals for the intended high-speed 

train route that connects the San Francisco Bay Area with the Central Valley region, 

formed an institutional structure to manage the construction of high-speed rail network 

infrastructure, and developed a financial investment plan that shares the financial 

responsibility with the local, state and federal governments plus the investment from the 

private sector (California High-Speed Rail Authority, 2008). 

The California state law requires the CHSRA to operate without a subsidy, hence it is a 

state agency governed by a board of directors.  The first CHSRA board of directors was 

appointed in 2003 under the California Public Utilities Code §185020 (Moorlach, 2019).  

With nine (09) members – five (05) appointed by the Governor, two (02) appointed by 

the Senate Committee on Rules, and two (02) appointed by the Speaker of the Assembly, 

the board of directors is responsible for overseeing the planning, construction, and 

operation of the Cal HSR system (California High-Speed Rail Authority, no date).  In 

addition to the board of directors, the CHSRA is run by a chief executive officer (CEO) 

along with supportive divisions such as financial office, audit office, legal office, 

legislative affairs office, strategic communications office, programme delivery office, 

risk management office, and regional offices in Central Valley region, Northern 

California region, and Southern California region reporting to the board of directors (See 

Figure 5.1).  The board of directors, the CHSRA management and staff are responsible 

for setting the policy directives, developing the Authority’s key policy documents such 

as business plans, financial plans, strategic plans, environmental documents, and contract 

documents, and obtaining necessary approvals (California High-Speed Rail Authority, no 

date).  Further to the CHSRA management and staff, since 2006, consulting firms such 

as WSP and Network Rail Consulting have been working with the CHSRA as ‘rail 

delivery partners’ (RDP) (California State Auditor, 2018).             
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Figure 5.1: The CHSRA organisational structure (Source: California High-Speed Rail Authority, 2021)      
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5.2.3 Project approval 

In 2002, Senate Bill 1856 was passed authorising a bond measure of 9.95 billion USD to 

finance the HSR system (California High-Speed Rail Authority, no date).  One of the 

major milestones – the state legislature approval for the Cal HSR project received on the 

04th of November 2008 when California voters approved the “Proposition 1A – the High-

speed Rail Act” for the issuance of 9.95 billion USD in general obligation bonds (state’s 

portion) to initiate the construction of the initial segment of the network from San 

Francisco to Los Angeles (Ballotpedia, 2008).  Proposition 1A requested the voters to 

approve a down payment to initiate the HSR project and it was promised to the voters 

that the project would cost 45 billion USD to construct, completed by 2020, speed of the 

high-speed train would reach at least 200 mph (Moorlach, 2019).  Figures 5.2 and 5.3 

show the proposed route, stations, and the respective high-speed train speeds promised to 

the voters in the 2008 election. 

 

Figure 5.2: The high-speed train route (Source: California High-Speed Rail Authority, 2008, p. 07) 
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Figure 5.3: The high-speed train speeds (Source: California High-Speed Rail Authority, 2008, p. 03) 

5.2.3 Economic projections and environmental benefits 

The CHSRA’s Business Plan 2008 reported that more than 500 million trips were made 

within the region of California in 2000.  Of that, 96% of the trips were by car, 4% by air, 

and 1% by passenger rail (California High-Speed Rail Authority, 2008, p. 06).  The 

California Department of Finance had forecasted that, by 2030, the population and 

employment of the state will grow by 40% and 51% respectively.  This growth was 

expected to double the travel statistics in 2000 (500 million) to one billion trips per year 

with an 80% increase in air travel (California High-Speed Rail Authority, 2008, p. 06). 

Prior to the election in 2008, the impact of the high-speed train on the local economies 

was evaluated by independent economic studies of six regions in California.  The studies 

focused on the socio-economic benefits in the regions of Los Angeles, San Diego, San 

Francisco Bay Area, Orange County, Central Valley, and the Inland Empire.  The studies 

confirmed that a high-speed rail system in California will create a large number of jobs, 

increase safe travel between major cities, and significantly decrease the traffic congestion 
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in California (California High-Speed Rail Authority, 2008, p. 06).  In addition to the 

economic benefits, the electrified HSR system was considered to have many 

environmental benefits including reduced greenhouse gas emissions, improved energy 

efficiency, and a reduction of the state’s dependence on fossil fuels and the expenditure 

on foreign oil (California High-Speed Rail Authority, 2009; Deakin, 2010).  Table 5.1 

shows a summary of the projected economic, social, and environmental benefits during 

the planning phase of the project up to 2010.  

Table 5.1: Projected economic, social, and environmental benefits during the planning phase 

Economic  Social  Environmental  

Revenue:  

- generate 3.6 billion USD in 

gross revenues per year costing 

only half of the airfare to the 

passengers per one trip from 

HSR between Los Angeles and 

San Francisco 

- a net operating revenue of 2.23 

billion USD by 2023 generated 

by HSR between Los Angeles 

and San Francisco  

- further economic development 

around stations 

- 150 billion USD in the present 

value of benefits by 2050 - 

nearly three times the total 

present value of the cost of the 

project 

- enhance the quality of the state 

of California as a place to live 

and do business 

 

 

Transportation: 

- relieve congestion on freeways 

and at airports 

- 11 billion USD in direct 

benefits to riders, drivers, and 

air passengers  

- faster travel between major 

metropolitan areas 

- reduction of accidents 

- enhanced public safety due to 

separation of tracks and 

highways 

- reduce travel by car on 

California’s highways and roads 

by over 400 billion miles of 

travel over a 58 year period from 

2022 to 2080 

 

Ridership: 

- more than 230-weekday trains 

- carry more than 90 million 

passengers per year 

 

Employment: 

- creation of construction-related 

jobs: up to 100,000  

- creation of permanent new jobs 

over 25 years: up to 450,000 

 

Pollution and air quality: 

- less environmental impact than 

expanding highways and airports 

- pollution reduction  

- improved air quality 

- reduction of between 100,000 

and 300,000 metric tons of 

greenhouse gas emissions (CO2) 

in the first year (equals to 

between 17,700 and 53,000 

personal vehicles taken off the 

road) 

- annual reduction of 

greenhouse gas emissions (CO2) 

by 12 billion pounds  

 

Energy: 

- improved energy efficiency: 

only 33% energy use of planes 

and 20% that of cars 

- reduced reliance on foreign oil 

imports: reduction of 12.7 

million barrels per year 

 

(Sources:  California High-Speed Rail Authority, 2008; California High-Speed Rail Authority, 2009; 

Deakin, 2010; California High-Speed Rail Authority, 2012b) 

 

 

 



143 

 

5.2.4 Project funding 

In 2002, Senate Bill 1856 was passed authorising a bond measure of 9.95 billion USD 

(both federal and state funds) to finance the HSR system (California High-Speed Rail 

Authority, no date).  Even though the CHSRA had started the preliminary planning tasks 

since its creation in 1996, the Authority did not have an allocated revenue stream until 

November 2008, when voters approved Proposition 1A, which granted a dedicated source 

of funding for the HSR system.  The California HSR was planned to build with funding 

from multiple sources including the local, state, and federal governments plus private 

sector investors.  According to Proposition 1A, the project is not allowed to use state bond 

funds until matching local, federal, and private funding has been secured (Ballotpedia, 

2008).  The costs of operation and maintenance are to be covered through paid fares by 

passengers (California High-Speed Rail Authority, no date).   

Of the general obligation bonds worth 9.95 billion USD (both federal and state funds) 

under Proposition 1A, 9.0 billion USD was allocated for the planning and construction of 

an 800-mile high-speed rail system running down between the cities of San Francisco and 

Los Angeles.  The remaining 950 million USD was allocated for the local commuter rail 

systems that connect to the high-speed rail system (Ballotpedia, 2008; California High-

Speed Rail Authority, 2008).  In 2010, the CHSRA received 2.6 billion USD under the 

American Recovery and Reinvestment Act (federal grant) to initiate the project and 

additional federal funding worth 929 million USD, bringing the total federal support to 

3.5 billion USD (California High-Speed Rail Authority, 2016; California State Auditor, 

2018).   

In addition to that, the Cal HSR project received 650 million USD from the State’s 

Greenhouse Gas Reduction Fund (Cap-and-Trade auction funds) in 2014 and receives 25 

per cent of revenues until 2030 and as of December 2019, had received 3.2 billion USD 

from the fund (California High-Speed Rail Authority, 2020).  The CHSRA expects to 

receive continuous future revenues from the fund until 2030 worth between 4.0 to 4.5 

billion USD.  By the end of 2019, the Authority had secured a total of 15.1 billion USD 

in funding from local, state, and federal, sources (California High-Speed Rail Authority, 

2020).  The CHSRA expects to secure additional funding worth 15.6 billion USD that 

would be possible in the future (California High-Speed Rail Authority, 2018).  However, 

these funding sources have not yet been confirmed by the CHSRA (California State 

Auditor, 2018).    
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5.2.5 HSR system planning, procurement, and construction  

As per early plans, the California HSR project was originally formulated as an 800-mile 

long, stand-alone system connecting California’s major cities - San Diego, Los Angeles, 

San Francisco, and Sacramento.  However, this was changed in the CHSRA’s revised 

Business Plan in 2012 introducing a ‘blended system’ that shares the existing 

infrastructure with other rail operators in the state rather than constructing an entirely 

new, separate rail infrastructure for high-speed trains (California High-Speed Rail 

Authority, 2012a).  However, blending results in lower train speeds and imposes other 

service limitations as opposed to the system promised to the voters in 2008 (California 

State Auditor, 2018).  In contrast to the early plans of a stand-alone system, the CHSRA 

announced that the project will opt for a two-phase, segmental approach due to 

uncertainty of funding for the whole system.  As seen in Figure 5.4, the first phase is a 

520-mile long route connecting major cities of San Francisco, Los Angeles, and Anaheim 

through the Central Valley region expected to be completed in 2029.  The second phase 

would extend the route further to the north from the Central Valley to Sacramento, east 

from Los Angeles through the Inland Empire, and then south to San Diego.  The length 

of the total system is expected to be 800 miles upon completion (California High-Speed 

Rail Authority, 2012a; California State Auditor, 2018).  

 

Figure 5.4: California high-speed rail phases (Source: Legislative Analyst’s Office, 2011, p. 05) 

In 2012, the California Legislature approved the construction of California HSR.  

Following this, the CHSRA requested design proposals from potential bidders for the 

design and construction of segments under phase 01 between the cities of Madera and 

Bakersfield in 2012 (California High-Speed Rail Authority, 2014).  Three (03) 
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construction contract packages were awarded to three (03) local contractors in 2013, 

2015, and 2016 respectively (Project 1, Project 2/3, and Project 4), based on the ‘design 

and build’ procurement option with a total contract price of 2.5 billion USD and to be 

completed in 2019 (California High-Speed Rail Authority, 2016).  The overseeing of the 

contracts and key planning tasks, however, remains with the CHSRA.  Despite the lack 

of detailed planning, environmental clearance, and funding availability, the CHSRA 

board of directors decided to proceed with construction works of the segments in the 

Central Valley region in 2015 in order to utilise the 2.6 billion USD funding received 

under the American Recovery and Reinvestment Act (federal grant) before its deadline – 

2017 (California High-Speed Rail Authority, 2016; California State Auditor, 2018).  

Since 2015, the construction works in the Central Valley are underway and mainly 

focused on the development of the initial infrastructure required for the rail lines.  This 

includes structures such as bridges, grade separations, tunnels, viaducts, underpasses, and 

overpasses.  The physical track, other support services, and maintenance facilities will be 

installed in the future once the initial infrastructure works are completed (Build HSR 

California, no date).  As opposed to the original completion date of 2019, the projects are 

expected to be completed in 2022 (Project 4) and 2022 (Project 1 and Project 2/3) 

(California High-Speed Rail Authority, 2020).  Figure 5.5 shows the current construction 

projects in progress from Madera to North Bakersfield.  
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Figure 5.5: Current construction projects in progress (Source: California State Auditor, 2018, p. 13) 

Prior to the design and build contracts, since 2006, the CHSRA had issued several 

regional contracts to contractors with the responsibility of key planning activities such as 

preliminary engineering works, right of way clearance, environmental approvals and 

clearance, and utility relocation arrangements (15% to 30%) in each region within the 

state (California High-Speed Rail Authority, 2009).   At the time the design and build 

contracts were awarded, the CHSRA and its regional contractors had only completed 30% 

of the preliminary engineering designs, right of way acquisition, and environmental 

clearance (California High-Speed Rail Authority, 2016; California State Auditor, 2018).   

The design and build contractors were responsible for developing the designs from 30% 

and carrying out construction works on site.   

The CHSRA also appointed a ‘Programme Director’ to work alongside the design and 

build contractors and manage the construction works from 15% to 30% until the project 

is completed and ready for operations.  A team of regional programme managers are 

responsible for the works carried out including overseeing the construction contracts, 

right of way acquisition, environmental clearance, testing and commissioning, and 
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service operations in each segment in their regions and report to the programme manager 

(see Figure 5.7) (California High-Speed Rail Authority, 2016).    

For general information of the California HSR project, a summary of its basic information 

is presented in Table 5.2, a summary of key past and future milestones of the project as 

of December 2018 in Figure 5.6, the key stakeholders of the project in Table 5.3, the 

design and construction phase organisation chart in Figure 5.7, images of construction 

progress up to 2020 in Figure 5.8, and map of the current status of the project as of April 

2021 in Figure 5.9. 

Table 5.2: Basic information of the California HSR project 

Project California High-Speed Rail  

Owner California High-Speed Rail Authority (under the State of California) 

Location 
State of California - Areas of San Francisco Bay Area, San Joaquin 

Valley, Southern California 

Main objective(s) of the 

project 

Initiate high-speed rail passenger service in the state of California 

In doing so,  

- relieve congestion on freeways and at airports 

- faster travel between major cities 

- develop regional economies and improve social benefits 

- promote sustainability and improve environmental 

conditions 

Scope of the project 

Construction of 800-mile long high-speed rail infrastructure with a 

speed of at least 200 mph and connect major cities: Sacramento, San 

Francisco, Los Angeles, and San Diego 

Phase 01: San Francisco to Anaheim (520 miles) 

Phase 02: Sacramento to San Diego (171 miles) 

No. of stations: 21 

Procurement framework 

A series of design and build contracts for design development and 

construction of the works 

Consultancy contracts with rail delivery partners (consultants) 

Service operation contracts  

Current contracts in progress 

Three design and build contracts under phase 01 for segments in the 

Central Valley region (119 miles)  

Project 01 (CP 1): Design-Build contract executed in August 2013 

- Contractor: Tutor-Perini/Zachry/Parsons (TPZP) 

- Contract value: 1,022,988,000.00 USD 

- Contract duration: 57 months 

- Connecting areas: Avenue 19 in Madera County to East 

American Avenue in Fresno County 

- Stretch: 32 miles 

- Main works undertaken:  12 grade separations, 02 viaducts, 

01 tunnel, 01 major river crossing over the San Joaquin 

River, and realignment of State Route 99 

- No. of employees: 2300 

 

 

Project 02 (CP 2-3): Design-Build contract executed in June 2015 

- Contractor: Dragados/Flatiron (DF) 
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- Contract value: 1,205,335,890.00 USD 

- Contract duration: 47 months 

- Connecting areas: from the terminus of Construction 

Package 1 at East American Avenue in Fresno to one mile 

north of the Tulare-Kern County line 

- Stretch: 65 miles 

- Main works undertaken: 36 grade separations including 

viaducts, underpasses, and overpasses 

- No. of employees: 2000 

 

Project 03 (CP 4): Design-Build contract executed in February 2016 

- Contractor: California Rail Builders 

- Contract value: 444,247,000.00 USD 

- Contract duration: 38 months 

- Connecting areas: one mile north of the Tulare/Kern 

County Line at the terminus of Construction Package 2-3 

and Poplar Avenue to the south 

- Stretch: 22 miles 

- Main works undertaken: construction of at-grade 

embankments, retained fill overcrossings and viaducts, 

aerial sections of the high-speed rail alignment and the 

relocation of four miles of existing Burlington Northern 

Santa Fe (BNSF) tracks 

- No. of employees: 1200 

Total cost of the project  

Estimated total cost (project approval in 2008): 45 billion USD 

Estimated total cost at completion (phase 01): 80 billion USD 

Estimated total cost at completion (phase 02): unknown 

Contract value of current contracts: 2.5 billion USD 

Anticipated cost of current contracts at completion: 5.5 billion USD 

Total funding received (as of 31/12/2020): 10.6 billion USD 

Total funds expended (as of 31/12/2020): 7.7 billion USD 

Total available funds (as of 31/12/2020): 2.9 billion USD 

Date of completion of the 

entire project 

Planned date of completion: 2020 

Expected date of completion (phase 01): 2033 

Expected date of completion (phase 02): unknown 

Date of completion of the 

current contracts 

Planned date of completion: 2019 

Expected date of completion: 2023 

(Sources: California High-Speed Rail Authority, 2008; California High-Speed Rail Authority, 2009; 

California High-Speed Rail Authority, 2012; California High-Speed Rail Authority, 2016; California State 

Auditor, 2018; California High-Speed Rail Authority, 2020; Build HSR California, no date; California 

High-Speed Rail Authority, no date) 
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Figure 5.6: Key milestones of the Cal HSR project as of December 2018 (Source: California State Auditor, 

2018, p. 08) 
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Table 5.3: Key stakeholders of the project 

Stakeholder type Main stakeholders 

Internal 

Client 

Client: California High-Speed Rail Authority 

 

Financiers: the State of California, the US federal government 

 

Rail delivery partners (consultants): WSP USA, Network Rail Consulting USA 

 

Cost consultants: Parsons Brinckerhoff (WSP USA), and KPMG USA 

 

Construction project managers (on behalf of the CHSRA): PGH Wong Engineering Incorporated, Harris & Associates, Arcadis U.S. Incorporated, 

and HNTB Corporation 

 

Contractors 

Regional contractors (planning and engineering work): HNTB Corporation, Parsons, AECOM USA, URS, Hatch Mott MacDonald, ARUP, and 

STV Incorporated 

 

Design and build contractors: Tutor-Perini/Zachry/Parsons, Dragados/Flatiron, California Rail Builders 

 

Other contractors (financial and legal): Newlands & Company Incorporated, Infrastructure Management Group Incorporated, and Nossaman LLP 

 

Service operations contractor: DB USA 

 

 

 

 

 

 

 

Public bodies 

Government: the State of California, the US federal government 

 

Regional county and city councils: Millbrae, Tustin, Buena Park, Pomona, Temecula, Murrieta, San Bernardino, Bay Area Council, Menlo Park, 

San Bruno, Burlingame, Mountain View, South San Francisco, San Francisco, Bell, Palmdale, Escondido, Claremont, San Fernando, Burbank, 

Glendale, Orange, Montebello, Sunnyvale, Rancho Cucamonga, Anaheim, Santa Clarita, Pico Rivera, Upland Commerce, and Los Angeles 
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External 

Cities of: San Francisco, Brisbane, Sunnyvale, Fremont, Morgan Hill, Gilroy, Los Banos, Chowchilla, San Jose, Millbrae, Atherton, Redwood, 

Menlo Park, South San Francisco, San Bruno, Santa Clara, and Palo Alto  

 

Other state agencies, departments, and authorities: California Department of Transportation, California Public Utilities Commission, California 

State Auditor, California State Legislative Analyst’s Office, California Department of Fish and Game, State Historic Preservation Office, Palo 

Alto Transportation Department, San Diego Metropolitan Transit System (MTS), San Francisco Transportation Authority, San Mateo 

Transportation Authority, Santa Clara Valley Transportation Authority, Bay Area Rapid Transit (BART), Los Angeles County Metropolitan 

Transit Authority (MTA), Riverside County Transportation Commission, and San Diego Regional Airport Authority 

 

Other federal agencies: Federal Railroad Administration, US Department of Transportation, US Army Corps of Engineers, US Fish and Wildlife 

Service, US Environmental Protection Agency, and US Government Accountability Office 

 

Other connecting transportation service providers 

Rail services: ACE, Caltrain, Brightline West, BART, Capitol Corridor, Cross Valley Corridor, Coast Starlight, VTA Light Rail, E Embarcadero, 

F Market & Wharves, Muni Metro, San Joaquins, Metrolink, Metro, Pacific Surfliner, Southwest Chief, Sunset Limited, and Texas Eagle 

 

Bus services: AC Transit, Amtrak Thruway Motorcoach, Antelope Valley Transit Authority, ART, Blue & Gold Fleet, Big Blue Bus, Chariot 

Transit, California Shuttle Bus, Citadel Outlets Express, DASH, Dodger Stadium Express, Flixbus, FlyAway, Fresno Area Express, Foothill 

Transit, Golden Gate Ferry, Golden Gate Transit, Greyhound Lines, Highway 17 Express, Kern Transit, Metro, Metro Bus Rapid Transit, 

Monterey-Salinas Transit, OC Bus, Paratransit Service, Red & White Fleet, San Francisco Bay Ferry, Santa Clarita Transit, Muni, RTD, 

SamTrans, San Benito County Express, Torrance Transit, VTA, WestCAT Lynx, and YARTS 

 

Airports: Ontario International Airport, San Diego International Airport, Los Angeles International Airport 

 

Individual and industry stakeholder groups 

American Planning Association – California Chapter, Alameda CMA, Access Los Angeles, Alhambra Rotary Club, Audubon Society, Breathe 

California Clean Air Awards, Beverly Hills Realtors Association,  Brookhurst Community Center, Anaheim Green Expo, Anaheim State of the 

City, Anaheim Transportation Network Board, Altamont Working Group, Assembly members, Burbank Rotary Club, Gateway Cities Council of 

Governments, Green LA Transportation Working Group, Monterey County Nature Conservancy, Howard Jarvis Taxpayers Association, Citizens 

for California High-Speed Rail Accountability, Derail High-Speed Rail, Against California High-Speed Rail, North Willow Glen Neighborhood 

Association, Metro Gold Line Construction Authority, Palo Alto – Southgate Community, Peninsula Cities Coalition, Railway Industrial 
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Clearance Association, Northridge West Neighborhood Council, Hollywood Community Police Advisory Board, Downtown San Mateo 

Association, East Bay Engineers Club, Grasslands Water District, Greater Gardner Community Association, Greenbelt Alliance, Lake Merritt 

Breakfast Club, Los Angeles Mayor’s Transportation Staff,  Los Angeles Parks & Recreation, Los Angeles County Supervisors, Los Angeles 

Technical Group, Latino Issues Forum, , San Bernardino Association of Governments, San Bruno Leadership, San Delmas Park Neighborhood, 

San Francisco Building and Construction Trades Council, San Francisco Labor Council, San Joaquin Partnership, San Mateo Building Trades 

Council, Sierra Club, Loma Prieta Chapter, Silicon Valley Land Trust, CalTrain, Capitol Corridor, Committee for Green Foothills, Community 

Club of Rossmoor, Downey Kiwanis Club, Downtown Los Angeles Neighborhood Council, Labor Issues Solutions, S.A.F.E DontRailRoadUs, 

Train Riders Association of California (TRAC), High-Speed Boondoogle, California High-Speed Rail Scam with Twitter feed @CaHSR_Scam, 

Earth Day Market Festival, Electric Vehicle Association, Fullerton Municipal Airport Noise & Safety Committee, Fullerton Sunrise Rotary Club, 

Silicon Valley Leadership Group, Silicon Valley Projections Conference, Stanislaus Council of Governments, Sustainable San Mateo, Tri-Valley 

Policy Advisory Committee, WTS – East Bay Construction Specification Institute, Urban Land Institute, Women’s Environmental Council, WTS 

Leadership, WTS Luncheon, DamTrain, California High-Speed Rail Finance Reports, Californians Advocating Responsible Rail Design 

(CARRD), Transportation Solutions Defense and Education Fund (TRANSDEF), and Kings County Farm Bureau  

 

Chambers of Commerce of: Berkeley, Mountain View, Concord, San Mateo, San Francisco (Global Warming Summit), Palo Alto and Menlo 

Park, Universal City, North Hollywood, Burbank, Quartz Hill, Montebello, Anaheim, OCBC, Los Angeles, Southeast Regional, City of 

Commerce Industrial Council, San Diego, San Fernando, VICA, Bell Gardens, Ontario, and Riverside 

 

Private 

Residents, farmland owners, and utility suppliers - Pacific Gas & Electric, Southern California Edison  

 

Technical advisory committees 

Peer Review Group appointed by the State of California, Center for Environmental Public Policy, University of California, Berkeley, Mineta 

Transportation Institute 

(Sources: California High-Speed Rail Authority, 2008; California High-Speed Rail Authority, 2009; California High-Speed Rail Authority, 2012; California High-Speed Rail Authority, 

2016; California State Auditor, 2018; California High-Speed Rail Authority, 2020; Build HSR California, no date; California High-Speed Rail Authority, no date; Citizens for California 

High-Speed Rail Accountability, 2016) 
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Figure 5.7: Design and construction phase project organisation chart (Source: California High-Speed Rail Authority, 2009, p. 23) 
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Figure 5.8: Images of construction progress (Source: California High-Speed Rail Authority, 2020, pp. 44-45)
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Figure 5.9: Map of the current status of the project as of April 2021 (Source: Build HSR California, 2021) 
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5.3 Change of plans, cost growth, risk management, and external impediments 

Although originally planned and promised to be an 800-mile long stand-alone system, 

since its approval in 2008, the California HSR has come across a number of barriers and 

problems with its planning, cost forecasts, budget, environmental clearance, right of way 

acquisition, thus leading to massive scope changes, cost increases, delays, lawsuits, and 

political debates on the continuation of the project.  This section provides a summary of 

the aforementioned problems and how they have led to cost overruns in the project.   

5.3.1 Changes to original plans 

According to the Business Plan 2000, the California HSR project was originally 

formulated as an 800-mile long, stand-alone system connecting California’s major cities 

- San Diego, Los Angeles, San Francisco, and Sacramento to be completed by 2020 

(California High-Speed Rail Authority, 2000).  This was also the plan approved by the 

voters in the 2008 election (California High-Speed Rail Authority, 2008; California State 

Auditor, 2018).  However, this was changed in the CHSRA’s revised Business Plan in 

2012 which introduced divided the project into two phases as seen in Figure 5.4.  The 

first phase is a 520-mile long route connecting major cities of San Francisco, Los Angeles, 

and Anaheim through the Central Valley region expected to be completed in 2029.  The 

second phase would extend the route further to the north from the Central Valley to 

Sacramento, east from Los Angeles through the Inland Empire, and then south to San 

Diego.   

The Business Plan 2012 introduced a ‘blended system’ that shares the existing 

infrastructure with other rail operators between San Francisco and San Jose instead of 

constructing an entirely new, separate rail infrastructure for high-speed trains between the 

two cities in order to reduce the costs (California High-Speed Rail Authority, 2012a).  

The plan also indicated that the project will be constructed in segments mainly due to 

uncertainty of funding and incomplete environmental clearance.  The first segment was 

planned to be constructed between Merced and Los Angeles with plans to operate 

high‑speed service before completing the rest of the system. 

In the Business Plan 2016, the CHSRA further extended its plan to use the ‘blending’ 

approach adding the cities of Burbank and Los Angeles to the plan.  This was further 

extended in the Business Plan 2018 adding the route between San Jose to Gilroy to the 
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blended system (California High-Speed Rail Authority, 2018).  Figure 5.10 shows the 

changes to the original route of phase 01 of the HSR system over time.   

 

Figure 5.10: Changes to phase 01 of the HSR system over time (Source: California State Auditor, 2018, p. 

11) 

Further to the changes to the phase 01 route, the Sacramento and San Diego extensions 

under phase 02 have been postponed indefinitely, however, the CHSRA still has plans to 

eventually complete phase 02 once phase 01 has been completed.  In addition to the 

changes to the routes, the blended approach significantly reduces the train speeds as 

opposed to the 200+ mph promised to the voters. 
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5.3.2 Cost growth and budget concerns 

Although the CHSRA promoted a ‘vision’ with many benefits to the voters of California 

in 2008, it was soon apparent that the forecasted costs did not reflect the real capital cost 

of the project.  As per Business Plan 2000, the entire project cost was estimated as 25 

billion USD in 1999 dollars (California High-Speed Rail Authority, 2000).  The estimated 

project cost promised to the voters in the 2008 election under Proposition 1A was 45 

billion USD, however, the costs significantly increased to 68.4 billion USD in 2012 only 

for phase 01 and phase 02 costs being unknown (California High-Speed Rail Authority, 

2012a).  This figure was revised again in 2016, projecting a reduced cost of 64.2 billion 

USD due to blending (California High-Speed Rail Authority, 2016).  However, the 

current estimates show that it would reach 77.3 billion USD to 80 billion USD only to 

complete phase 01 of the project (California State Auditor, 2018; California High-Speed 

Rail Authority, 2020).   

In addition to the estimated total project cost, the costs of current projects in progress – 

CP 1, CP 2-3, and CP 4 have increased from 2.5 billion USD to 4.7 billion USD due to 

various changes to the contracts (in the form of change orders) (California State Auditor, 

2018).  As of 19/06/2019, the total value of additional costs due to change orders was 700 

million USD (700,238,185.00) (California High-Speed Rail Authority, 2019).  These 

change orders are a result of multiple reasons such as changes to plans and specifications, 

utility relocation costs, environmental clearance costs, differing site conditions, additional 

intrusion protection barriers, inflation, administrative costs, right of way acquisition, 

dispute resolution and litigation costs, compensation for contractors, and third-party 

compensation costs (California High-Speed Rail Authority, 2019).  California State 

Auditor (2018) reported that the CHSRA will require at least 1.6 billion USD to complete 

the current construction projects. 

Further to the changes and costs arising within the projects in progress, the project has 

suffered numerous delays since 2008 hindering the progress.  These delays have also 

occurred due to changes to plans and specifications, inadequate personnel to oversee 

contracts, utility relocation, environmental clearance, differing site conditions, right of 

way acquisition, contractual disputes, and lawsuits (California State Auditor, 2018).  As 

a result of the delays, the CHSRA has had to extend the completion schedules for the 

current contracts to 2022 and 2023 as opposed to the original completion schedule in 2019 

incurring further additional costs (California High-Speed Rail Authority, 2020).  This has 

put the project under a serious funding risk as the construction works in the Central Valley 



159 

 

region will need to be completed by December 2022 to avoid violating the federal grant 

agreements (2.6 billion USD and 929 million USD) under the American Recovery and 

Reinvestment Act (California State Auditor, 2018, p. 32).  The California State Auditor 

(2018) stated that the CHSRA initiated the construction works in 2013 knowing the risks 

associated with inadequate critical planning tasks thus leading to contract changes, 

delays, and cost overruns.  California State Auditor (2018, p. 33) further stated that the 

CHSRA will need to double the rate of Central Valley Construction to meet the federal 

deadlines (Figure 5.11), however, as per the Business Plan 2020, the completion of the 

current contracts is not possible until 2023 (California High-Speed Rail Authority, 2020).   

 

Figure 5.11: Planned vs actual progress of the current contracts as of June 2018 (Source: California State 

Auditor, 2018, p. 33) 

In addition to cost increases and delays, the foremost problem faced by the CHSRA is the 

lack of a committed funding source to complete the project.  Initiated with a plan of an 

800-mile long high-speed rail track with an estimated cost of 45 billion USD, the CHSRA 

had not identified potential long-term funding from any of the federal, state, local, or 

private sources (The Legislative Analyst’s Office, 2011).  Although Proposition 1A 

granted the CHSRA 9.95 billion USD to initiate the project, with the significant cost 

increases and the current cost forecasts at 80 billion USD, apart from the Cap-and-Trade 

auction funds and American Recovery and Reinvestment Act funds, no significant 

continuous funding has been secured by the CHSRA to cover the total cost of the project 

(The Legislative Analyst’s Office, 2011; California State Auditor, 2018; California High-

Speed Rail Authority, 2020).  It has to be noted that the state Legislature did not clearly 

establish an adequate and consistent funding stream for the CHSRA securitise income 
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streams and extend any payment guarantees to potential private sector sponsors 

(Thompson, 2016).  The CHSRA has, however, secured funding to complete the current 

contracts in the Central Valley region but not the rest of the system (California State 

Auditor, 2018; California High-Speed Rail Authority, 2020).  Further to this, in May 

2019, the Federal Railroad Administration, based on orders from the Trump 

administration, cancelled the federal funding grant of 929 million USD highlighting that 

the CHSRA had failed to achieve reasonable progress on the project (Federal Railroad 

Administration, 2019).  This, combined with the unavailability of other significant state 

or federal funding sources has put the Cal HSR project in a seriously vulnerable position 

where even continuing phase 01 of the project has become uncertain.  Figure 5.12 shows 

the currently available funding and the required funding for phase 01 of the project as of 

December 2018.   

 

Figure 5.12: Costs and funding requirement for phase 01 of the project as of December 2018 (Source: 

California State Auditor, 2018, p. 12)  
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As shown in Figure 5.12, the project requires at least 47.8 billion USD to reach the 

estimated cost of 77.3 billion USD as of December 2018.  Any other committed funding 

sources apart from the Cap-and-Trade auction funds have not been identified by the 

CHSRA to date (California High-Speed Rail Authority, 2020).  Table 5.4 provides a 

summary of key changes to the scope, cost estimates, and funding sources of the project 

since 2000. 

5.3.3 Changes to the CHSRA’s risk management plans 

Despite being a large, long-term, complex project with significant risks associated with 

it, the CHSRA did not propose a definite, realistic risk management strategy with a stage-

gate process until their 2020 Business Plan.  The risks identified and their mitigation 

methods have also changed over time in the Business Plans published since 2008.  In the 

earliest Business Plan published in 2000, the CHSRA did not identify any potential risks 

or mitigation strategies (California High-Speed Rail Authority, 2000).  The first risk 

management plan was issued with the Business Plan 2008 which only identified the key 

programme level risks for the whole system such as construction risks, technology and 

operations risks, legislative risk, ridership risk, completion risk, and the possible 

mitigating strategies (California High-Speed Rail Authority, 2008, pp. 23-25).  With the 

introduction of the two-phased, segmental approach, the Business Plan 2012, however, 

identified the project level risks such as cost and schedule risks, staffing and 

organisational risks, project approval risks (environmental and right of way acquisition), 

demand/ridership and revenue risks, funding risks for the design and build contracts to be 

initiated in 2013 (CP 1, CP 2/3, and CP 4) (California High-Speed Rail Authority, 2012, 

pp. 169-190).   

The Business Plan 2016 introduced a robust risk management programme that uses state-

of-the-practice risk management tools and analyses such as Monte Carlo simulations in 

order to detect early warning signs associated with potential cost and schedule risks.  

These techniques were never employed in the previous years since 2000.  The identified 

key risks were grouped under three (03) main categories: program level, construction, 

and technical risks with their proposed mitigation measures (California High-Speed Rail 

Authority, 2016, pp. 101-107).  Building on this, the Business Plan 2018 was the first to 

assign costs to the risks previously identified in prior plans.  It identified the key risks and 

their impact on cost and acknowledged that the early start of construction in the Central 

Valley region resulted in unforeseen/underestimated costs, hence, included a risk plan 

based on ‘lessons learnt’ to move forward (California High-Speed Rail Authority, 2018, 
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pp. 53-63).  The Business Plan 2018, however, included the same risk factors and 

mitigating measures identified in the Business Plan 2016.  It was noted that, although 

some risk factors have been mitigated over the past few years, many of these risks were 

expected to remain for years to come.  In addition to the mitigation measures proposed in 

2016, measures were included in the 2018 Business Plan with regard to the cost risks 

arising from the early start of construction and organisational readiness.  

The first significant response to risks was finally introduced in the Business Plan 2020.  

The CHSRA created a ‘Risk Management Office’ to enhance risk management oversight 

and implement project risk controls in 2020.  This move implemented an ‘enterprise risk 

management programme’ and developed a ‘stage-gate project development and delivery 

process’ to provide more rigour and focus on risk-informed decision-making at every 

stage of project development (see Figure 5.14).  The enterprise risk management 

programme includes a risk management governance and reporting structure for the 

CHSRA and the HSR project.   In order to increase communication, transparency, and 

accountability, the governance and reporting structure is intended to be both bottom-up 

and top-down where the risk information will be channelled through the Board of 

Directors and provide the stakeholders with information on risks, their status, and 

mitigation approaches (Figure 5.13) (California High-Speed Rail Authority, 2020, pp. 

113-131).  Table 5.5 provides a summary of identified key risks and how the mitigation 

strategies proposed by the CHSRA evolved since 2000. 

 

Figure 5.13: Risk management governance and reporting structure (Source: California High-Speed Rail 

Authority, 2020, p. 116) 
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Figure 5.14: The HSR stage-gate process (Source: California High-Speed Rail Authority, 2020, p. 118-119) 
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Table 5.4: Summary of key changes to the scope, cost estimates, and the funding sources of the project since 2000 

CHSRA Business 

Plan 
Scope and overall project objectives Cost estimate 

Estimated year of 

completion  

Funding (approved and 

expected) 

Business Plan 2000 A 700-mile-long high-speed train system reaching 

speeds in excess of 200 mph connecting the major 

cities of Los Angeles, San Diego, Bakersfield, 

Merced, Sacramento, San Jose, San Francisco, and 

Oakland. 

25 billion USD 2020 (entire system) State-wide sales tax, freight 

revenues, no guaranteed federal 

funds 

 

Business Plan 2008 An 800-mile-long, stand alone, high-speed train 

system reaching speeds in excess of 200 mph 

connecting the major cities of Los Angeles, San 

Diego, Bakersfield, Merced, Sacramento, San Jose, 

San Francisco.  

Oakland removed from the HSR plan, however, 

will be connected to San Jose by a commuter rail 

service. 

45 billion USD 2020 (entire system) 9.0 billion USD under 

Proposition 1A, 12.0 – 16.0 

billion USD federal funding, 2 – 3 

billion USD local financial 

support, 6.5 – 7.5 billion USD 

from Public-Private Partnerships 

Business Plan 2012 A two-phased system, built in segments and sharing 

the existing infrastructure with other rail operators 

in the region (blending) to reduce costs.  

Phase 01: a 520-mile long route connecting major 

cities of San Francisco, Los Angeles, and Anaheim 

through the Central Valley region.  

The first segment planned to be constructed 

between Merced and Los Angeles with plans to 

operate high‑speed service before completing the 

rest of the system.  

Initial operating section to be from Merced to San 

Fernando Valley (IOS South). 

Phase 01: 68.4 billion 

USD 

Phase 02: unknown 

Phase 01: 2029 

Phase 02: unknown 

9.0 billion USD under 

Proposition 1A (State), 3.5 billion 

USD under American Recovery 

and Reinvestment Act and U.S. 

Department of Transportation 

Annual Appropriations (Federal), 

Dedicated Passenger Rail Trust 

Fund (Federal), 6.0 billion USD 

under Dedicated Passenger Rail 

Trust fund (Federal), Federal 

Transportation Financing 

programmes, Cap-and-Trade 
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Route between San Francisco and San Jose blended 

to reduce costs. 

Phase 02: extend the route further to the north from 

the Central Valley to Sacramento, east from Los 

Angeles through the Inland Empire, and then south 

to San Diego 

programme funds, locally 

generated revenues 

Business Plan 2016 Stay committed to the phased, segmental approach, 

approach to sequencing the phase 01 system that 

will connect San Francisco, Los Angeles, and 

Anaheim through the Central Valley region with 

high-speed passenger rail service.  

Initial operating section changed from IOS South to 

IOS North - from San Jose to Bakersfield (Silicon 

Valley to Central Valley line). 

Further extended the plan to use the ‘blending’ 

approach adding the cities of Burbank and Los 

Angeles to the plan to reduce costs.  

Complete the design and build contracts (CP 1, CP 

2/3, and CP 4) in progress by 2019. 

Phase 02 continuation to be decided in the future. 

 

Phase 01: 64.2 billion 

USD (current design 

and build contracts in 

progress: 2.5 billion 

USD) 

Phase 02: unknown 

Phase 01: 2029 

(current design and build 

contracts to be completed 

in 2019, begin service 

operations in the Central 

Valley region in 2025) 

Phase 02: unknown 

9.95 billion USD under 

Proposition 1A (State), 3.5 billion 

USD under American Recovery 

and Reinvestment Act, 650 

million USD Cap-and-Trade 

programme funds and then 25% 

of revenues until 2030 

Business Plan 2018 Stay committed to the phased, segmental approach, 

complete the 119-mile long route between 

Merced/San Francisco-Los Angeles/Anaheim.  

Further extended the plan to use the ‘blending’ 

approach adding the cities of San Jose and Gilroy to 

reduce costs. Complete the design and build 

contracts (CP 1, CP 2/3, and CP 4) in progress by 

2021. 

Phase 02 continuation to be decided in the future. 

 

Phase 01: 77.3 billion 

USD (current design 

and build contracts in 

progress: 4.7 billion 

USD) 

Phase 02: unknown 

Phase 01: 2033 

(current design and build 

contracts to be completed 

in 2021, begin service 

operations in the Central 

Valley region in 2026-

27) 

Phase 02: unknown 

12.7 billion USD secured (both 

state and federal funds), 15.6 

billion USD Cap-and-Trade 

programme funds unsecured  
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Business Plan 2020 Stay committed to the phased, segmental approach, 

complete the 119-mile long route between 

Merced/San Francisco-Los Angeles/Anaheim.  

Complete the design and build contracts (CP 1, CP 

2/3, and CP 4) in progress by 2023. 

Phase 02 continuation to be decided in the future. 

Phase 01: 80.0 billion 

USD (current design 

and build contracts in 

progress: 5.0 billion 

USD) 

Phase 02: unknown 

Phase 01: 2033 

(current design and build 

contracts to be completed 

in 2023, begin service 

operations in the Central 

Valley region in 2029) 

Phase 02: unknown 

15.7 billion USD secured (both 

state and federal funds), 929 

million USD federal grant 

cancelled, 4.9-7.3 billion USD 

Cap-and-Trade programme funds 

unsecured 

(Source: California High-Speed Rail Authority, 2000; California High-Speed Rail Authority, 2008; California High-Speed Rail Authority, 2012; California High-Speed Rail Authority, 

2016; California High-Speed Rail Authority, 2018; California High-Speed Rail Authority, 2020) 

 

Table 5.5: Evolution of the identified key risks and the proposed mitigation strategies by the CHSRA  

CHSRA Business 

Plan 

Identified key risks and changes to the approaches  Proposed mitigation strategies 

Business Plan 2000 Not identified Not identified 

Business Plan 2008 Programme level risks for the whole system: 

Construction risks, technology and operations risks, legislative risk, 

ridership risk, completion risk  

 

Construction risks 

Risk transfer to the contractors, working closely with the design team to maintain 

efficient designs and incorporate value engineering  

Technology and operations risks  

Provision of contract incentives to encourage project participants  

Legislative risk 

Transparency in disbursement of state bond proceeds, developing a federal funding 

strategy that addresses both existing federal programmes as well as opportunities 

for new legislation  

Ridership risk 

Promoting state policies to encourage high-speed train ridership, locating well-

placed stations in large urban centres 

Completion risk 

Developing a possible segmental approach  
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Business Plan 2012 Identified only project level risks for the design and build contracts 

(CP 1, CP 2/3, and CP 4): 

Cost and schedule risks, staffing and organisational risks, project 

approval risks (environmental and right of way acquisition), 

demand/ridership and revenue risks, funding risks, stakeholder risks 

Cost and schedule risks 

Adopting the phase 1 blended systems strategy, including higher contingencies, 

inclusion of inflation estimates, and schedule extensions in the financial plan, 

procurement using design-build method that transfer significant cost and schedule 

risks to the contractor, developing cost estimates based on a range of alternative 

alignments with, underlying cost assumptions, escalation factors, and 

implementation timing to understand impacts to the programme’s commercial and 

financial viability  

Staffing and organisational risks 

Request for candidates to fill open positions to lead major work streams, increasing 

the CHSRA’s internal staffing, continuing to coordinate with federal agencies to 

increase the CHSRA’s inter-agency collaboration efforts  

Project approval risks (environmental and right of way acquisition) 

Focusing on ensuring that the right of way acquisition and environmental approval 

processes are legally compliant and aligned to project delivery schedules, 

identifying right of way acquisition risk and uncertainty early in the process, cost 

control throughout the appraisal and acquisition process 

Demand/ridership and revenue risks 

Developing a range of revenue and ridership projections, assessing innovative 

ways to transfer risk related to demand and revenue to the private sector  

Funding and financing risks 

Securing backup funding, developing the system in functional phases and placing 

completed sections into immediate service, monitoring private-sector investor 

interest 

Stakeholder risks 

Focusing on maintaining stakeholder support for the programme, enhancing 

stakeholder outreach and maintaining effective communication, developing a right 

of way acquisition plan for the first design-build contracts 

Business Plan 2016 Introduction of a robust risk management programme that uses state-

of-the-practice risk management tools and analyses (e.g. Monte Carlo 

Program level risks 

Secure a long term continuous funding stream of proceeds from the Cap-and-Trade 

funds, continuing to identify all necessary sources for the cost of the first 
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simulations) in order to detect early warning signs associated with 

potential cost and schedule risks.  

Risks grouped under three (03) categories: 

1. Programme level risks - financing and funding risks, legal and 

litigation risks, decline in stakeholder support, ridership and 

revenue risks, operations and maintenance risks, capital 

rehabilitation and replacement costs differ from forecasts 

2. Construction risks - right of way acquisition delays, 

environmental risks, third-party agreements 

3. Technical risks - engineering and environmental risks, 

alignments passing through energy project areas, availability 

of traction power substations to supply power for operations,  

construction segment in the Central Valley, continue to review and adjust scope of 

work over multiple phases to fit within available funding, working closely with 

affected stakeholders to address issues before they become formal lawsuits, 

conducting regular outreach meetings to provide information and facilitate 

communication opportunities between the programme and stakeholders, 

developing a risk analysis model to estimate a ridership and revenue forecast 

ranges and probabilities, cost risk analysis using Monte Carlo simulations 

Construction risks 

Establishing a settlement team to focus on high priority construction sections, 

execution of purchase agreements for CP 1 and 2/3, assigning a right of way 

programme manager for strategic planning, work jointly with the contractor(s) to 

potentially re-sequence or accelerate work, increasing the CHSRA’s and 

contractors’ environmental resources, working with the Federal Railroad 

Administration and other state agencies to assign sufficient resources for 

environmental approval processes, changing utility work to be under the control of 

the design-build contractor to allow for better scheduling and control, employing 

value engineering to make utility relocation designs more cost-effective 

Technical risks 

Establishing a geotechnical steering committee to review and support 

environmental analyses and confirm feasibility, complete preliminary hazard 

analysis on: tunnelling, ventilation, and geotechnical risks, conduct engineering 

studies to investigate viable safety/protection methods, identify different levels of 

stakeholders before reaching out, provide plans to relevant stakeholders and 

discuss various alternatives, continue discussions with utility agencies to plan for 

additional network upgrades, negotiate scope with all utility agencies to complete: 

impact analysis studies, design, engineering, environmental, and construction 

permits 

Business Plan 2018 First Business Plan that assigned costs to the risks previously identified 

in prior plans.  

The Business Plan 2018 included the same risk factors and mitigating measures 

identified in the Business Plan 2016. Although some risk factors have been 

mitigated over the past few years, many of these risks were expected to remain for 

years to come. In addition to the above mitigation measures proposed in 2016, the 



169 

 

Identified the key risks and their impact on cost due to early start of 

construction in the Central Valley that resulted in 

unforeseen/underestimated costs:  

Early start of construction, organisational readiness 

Other programme risks identified in the previous Business Plans:  

Financing and funding risks, litigation risks, stakeholder support, 

engineering and environmental risks, ridership and revenue risks, 

operations and maintenance and capital replacement cost risks, new 

technology 

 

following measures were included in 2018 Business Plan with regard to the cost 

risks: 

Reorganisation of the CHSRA’s acquisition process,  updating staffing and 

aggressive management and mitigation strategies, not repeating the CHSRA’s 

internally prepared estimates of third-party utility relocation costs without 

thorough vetting with respective utility companies, completion of right of way 

acquisition before awarding contracts and review design changes for right of way 

requirements, better organisational definition to improve environmental and 

contract compliance oversight, addition of construction management expertise and 

expanding project controls expertise in the field and at the programme level, 

expanding the CHSRA’s reporting tools to provide project managers with real-

time performance information, development of new contract management and 

oversight procedures to improve: contract performance monitoring and reporting, 

invoicing and payments, contract risk management, contract change management, 

and contract claim and dispute management 

Business Plan 2020 First Business Plan that implemented an ‘enterprise risk 

management programme’. 

Also, developed a ‘stage gate project development and delivery 

process’ to provide more rigour and focus on risk-informed decision-

making at every stage of project development.  

Included the key programme level risks identified in the previous 

plans:  

Funding risks, litigation risks, stakeholder support risks, organisational 

development risks, programme delivery risks (engineering, right of 

way acquisition and third-party agreements, environmental 

documentation), ridership/revenue risks, future risks, and new 

technology 

Key risk mitigation measures remain same as Business Plan 2018 to address the 

key programme level risks identified in the previous plans.  

Creation of a ‘Risk Management Office’ to enhance risk management oversight 

and implement project risk controls. 

Appointment of an ‘Enterprise Risk Committee’ within the Risk Management 

Office to evaluate and prioritise emerging risks, review management risk responses 

and provide transparent reporting. 

 

 

(Source: California High-Speed Rail Authority, 2000; California High-Speed Rail Authority, 2008; California High-Speed Rail Authority, 2012; California High-Speed Rail Authority, 

2016; California High-Speed Rail Authority, 2018; California High-Speed Rail Authority, 2020) 
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5.3.4 Legal, environmental, and political impediments 

Further to the cost increases and delays arising within the internal project environment, 

the California HSR project has undergone a number of legal, political, and environmental 

impediments externally which have significantly affected the project progress resulting 

in further cost growth and delays.  The CHSRA has had to undergo several lawsuits 

related to environmental clearance, right of way acquisition, and utility relocation from 

both the government authorities and members of the public (Rice, 2011).  For example, 

in August 2008, the town of Atherton filed a lawsuit against the CHSRA claiming that 

the environmental impact review for the Bay Area to Central Valley section violates the 

California Environmental Quality Act (California High-Speed Rail Authority, 2009).  The 

petitioners argued that the environmental review did not provide an adequate analysis of 

the vertical profile options for rail track alignment, the Business Plan 2008 uses a flawed 

revenue and ridership model, has an inadequate range of alternative route plans 

(specifically because the CHSRA rejected an alternative route proposed by an expert 

consulting company).  The court issued a ruling in favour of the CHSRA approving the 

Business Plan and the environmental impact review (California High-Speed Rail 

Authority, 2009).  The Court, however, indicated that the project environmental impact 

review had to be revised and recirculated in order to comply with the California 

Environmental Quality Act.   

Further to the above lawsuit, the Kings County Board of Supervisors filed another lawsuit 

against the CHSRA in 2014.  The plaintiffs challenged the Cal HSR’s compliance with 

statutory obligations in terms of the changed project objectives – the new blending 

approach and the segmentation of the project as opposed to what was promised to the 

voters under Proposition 1A (Citizens for California High-Speed Rail Accountability, 

2016).  In March 2016, the Court ruled in favour of the CHSRA highlighting the 

following: 

“…. although serious issues were raised [by citizens], they are not ‘ripe for review’ and 

because this is ‘an ongoing, dynamic, changing project’ the authority may be able to 

accomplish these objectives at some point in the future” (Warmerdam, 2016, para. 07).   

The plaintiffs, however, appealed against the ruling in May 2019 and a decision is yet to 

be given (California High-Speed Rail Authority, 2020).   

In addition to the above lawsuits, the CHSRA is currently dealing with a number of 

lawsuits filed by individuals (farmland owners, environmentalists, and tribal landowners) 
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and other organisations (town councils, utility companies, and minority groups) on right 

of way acquisition, utility relocations, environmental impact reviews and clearance, 

dispute resolution which have caused significant cost increases (litigation costs and 

compensation) (Rice, 2011; California High-Speed Rail Authority, 2018; California 

High-Speed Rail Authority, 2020).  The CHSRA also sued the US Department of 

Transportation in 2019 over the Trump Administration’s decision to terminate federal 

funds for the HSR project (Vartabedian, 2019a).   

Since 2000 the CHSRA has been involved with conducting the environmental impact 

reviews in accordance with California’s environmental laws and obtaining necessary 

approvals from the state and federal environmental agencies (California High-Speed Rail 

Authority, 2009).  According to California and federal law, construction of the HSR or 

selection of a specific alignment is not permitted until the environmental review process 

is fully completed.  Due to the complexity and geographic scale of the project, it was 

projected to take 16 years from the start of the environmental review process to full 

operation (California High-Speed Rail Authority, 2000).  The environmental impact 

review process has been an ongoing process since 2002, which involved identifying the 

HSR route, alignments, stations, and comparison of possible alternatives to minimise the 

environmental impact.  The alternative proposals were communicated to the state 

agencies and other external stakeholders (public) through a series of regional ‘scoping 

meetings’ for their comments and feedback on them (California High-Speed Rail 

Authority, 2008; California High-Speed Rail Authority, 2009).  The input received from 

the scoping meetings has been used to further develop additional alternatives and design 

options.  By the end of 2009, two program-level environmental impact reviews had been 

prepared by the CHSRA - a state-wide review in 2005 and the Bay Area to Central Valley 

review in 2008 (California High-Speed Rail Authority, 2009). 

The early plans of the CHSRA indicated obtaining the environmental clearance for the 

entire 800-mile long project, however, in the later stages it was apparent that 

environmental clearance for each segment would be a more sensible option (California 

High-Speed Rail Authority, 2012a).  Despite the efforts since 2000, the environmental 

clearance process has been significantly delayed due to a number of reasons ranging from 

lawsuits, unsupportive state agencies, and unrealistic schedule estimates at deadlines for 

environmental approvals (California State Auditor, 2018).  As a consequence, the 

environmental clearance even for phase 01 of the project has not been completed as of 

April 2021 (Build HSR California, 2021).  When the first design and build contracts were 
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awarded, the CHSRA and its regional contractors had only completed 30% of the 

preliminary engineering designs, right of way acquisition, and environmental clearance 

process (California High-Speed Rail Authority, 2016; California State Auditor, 2018).  

Not only the environmental clearance has delayed the project progress but also it has 

caused a significant amount of direct and indirect cost growth due to lawsuits (litigation 

costs), revision of technical designs, and compensation to the contractors (California State 

Auditor, 2018; California High-Speed Rail Authority, 2020).  

However, the CHSRA’s Business Plan 2020 stated that the environmental clearance for 

the Central Valley region has been fully completed while the reviews for Northern 

California and Southern California are still underway.  Figure 5.15 shows the 

environmental schedules and project cost summary by segment (phase 01) as of 

December 2020 (California High-Speed Rail Authority, 2020). 

 

Figure 5.15: Environmental clearance schedules and project cost summary by segment as of December 

2020 (Source: California High-Speed Rail Authority, 2020, p. 111) 
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Further to the legal and environmental impediments, the multi-billion dollar, nation’s first 

high-speed rail project has also become a hot topic in both state and national politics.  As 

with any public megaproject, the Cal HSR project was subject to heavy political 

negotiation and influence since its initiation.  The initial plans to build a high-speed rail 

network in the state of California was subject to political discussion.  Eventually, this 

resulted in the California State Legislature creating the ‘Intercity High-Speed Rail 

Commission’ in 1994.  Based on the recommendations from the Intercity High-Speed 

Rail Commission, in 1996, the state Legislature Senator Quentin L. Kopp of San 

Francisco submitted the Senate Bill creating the ‘California High-Speed Rail Authority.  

The state lawmakers focused on the wider economic benefits of a high-speed rail system 

in California approved the Senate Bill.  Since 1996, the project has been supported by the 

state governments particularly by the governors - Pete Wilson, Gray Davis, Arnold 

Schwarzenegger, Jerry Brown, and Gavin Newsom regardless of their political 

representation.  Although, being supportive in the beginning, members of the state 

Congress and the Senate, however, have expressed their disapproval of the project since 

the revelation of its true costs as opposed to what was promised to the voters in 2008.  

The Republican lawmakers particularly have been very critical of the CHSRA’s ever-

changing cost estimates and benefit forecasts raising questions on the continuity of the 

project (Felde, 2011).  Although the project was supported by the federal government in 

the beginning, significant delays and cost overruns have put the CHSRA under immense 

pressure from the federal government as well.  For example, it was during President 

Barack Obama’s tenure when the federal funds were made available for the project in 

2010 (California High-Speed Rail Authority, 2012).  However, since President Donald 

Trump came to power in 2017, the project itself has become a topic for political debates 

between the state government and the Trump administration.   

Being a Democratic party controlled state, the California state government led by 

Governor Gavin Newsom has been very critical of President Donald Trump and his 

policies on trade, immigration, and climate change, identifying their state as a ‘counter-

proposal’ to Trump's America (Zurcher, 2019).  This, however, resulted in a political 

clash between the California government and the Trump administration eventually having 

a negative impact on the HSR project.  For example, displeased with the current progress 

of the project, in February 2019, President Donald Trump tweeted twice:  

“California now wants to scale back their already failed ‘fast train’ project by 

substantially shortening the distance so that it no longer goes from L.A. to San Francisco.  
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A different deal and record cost overruns.  Send the Federal Government back the Billions 

of Dollars WASTED!” (Trump, 2019a), and,  

“California has been forced to cancel the massive bullet train project after having spent 

and wasted many billions of dollars.  They owe the Federal Government three and a half 

billion dollars.  We want that money back now.  Whole project is a ‘green’ disaster!” 

(Trump, 2019b).   

In response to that Governor Gavin Newsom tweeted: 

“Fake news.  We’re building high-speed rail, connecting the Central Valley and beyond.  

This is CA’s money, allocated by Congress for this project.  We’re not giving it back.  The 

train is leaving the station - better get on board!” (Newsom, 2019a).   

However, in his State of the State Address delivered on 12th February 2019 Governor 

Gavin Newsom admitted that the project is a failure in terms of achieving its original 

objectives, costs, and schedules: 

“…. But let’s be real. The project, as currently planned, would cost too much and take 

too long.  There’s been too little oversight and not enough transparency.  Right now, there 

simply isn’t a path to get from Sacramento to San Diego, let alone from San Francisco to 

LA.  I wish there were” (Newsom, 2019b).   

The Governor, however, expressed his support towards the continuation of the project 

highlighting its wider sustainable economic and environmental benefits:  

“I know that some critics will say this is a ‘train to nowhere’.  But that’s wrong and 

offensive. The people of the Central Valley endure the worst air pollution in America as 

well as some of the longest commutes.  And they have suffered too many years of neglect 

from policymakers here in Sacramento.  They deserve better.  High-Speed Rail is much 

more than a train project.  It’s about economic transformation and unlocking the 

enormous potential of the Valley. We can align our economic and workforce development 

strategies, anchored by High-Speed Rail, and pair them with tools like opportunity zones, 

to form the backbone of a reinvigorated Central Valley economy …… Abandoning high-

speed rail entirely means we will have wasted billions of dollars with nothing but broken 

promises and lawsuits to show for it” (Newsom, 2019b). 

The political clash between the state government supporting the project and the Trump 

administration opposing the project, however, finally resulted in the withdrawal of 

political support for the HSR project from the federal government.  As a result, in May 
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2019, the Federal Railroad Administration, based on orders from the Trump 

administration, cancelled the federal funding grant of 929 million USD highlighting that 

the CHSRA had failed to achieve reasonable progress on the project (Federal Railroad 

Administration, 2019).  Not only the Trump administration cancelled the 929 million 

USD federal funds, but also demanded that California send back the 2.5 billion USD in 

federal funds already spent on the project (Kilgore, 2019). 

Put aside the state vs. federal politics, the CHSRA also did not receive the full support 

and leadership it required from the state government as the state lawmakers did not 

establish a clear, long-term, adequate government funding stream for the project and left 

the sole responsibility of obtaining funds with the CHSRA (Thompson, 2016).  

Consequently, the Cal HSR project has suffered from political clashes and inadequate 

political support/leadership from both state-level and federal governments which have 

put the CHSRA under a serious funding risk to continue the project.   With massive 

amounts of additional costs, delays, and reduced benefits to the public, it has reached a 

point to consider whether to continue or abandon the entire project after the Central 

Valley segment has been completed (Vartabedian, 2019b).  Therefore, the project’s future 

still remains uncertain.   

5.4 Chapter summary 

This chapter provided an in-depth review of the chosen case study project in the thesis.  

The chapter started by giving an insight into the background of the California HSR 

project.  In doing so, the first section discussed the history and formation of the project, 

how the project was approved by the voters in 2008, the forecasted economic, social, and 

environmental benefits, how the project is funded, and the HSR system planning, 

procurement, and construction.  The chapter also provided a summary of key milestones 

and current progress of the project, information on the major internal and external 

stakeholders (actors) involved with the project, and the project level organisational 

structure during the construction phase.     

The chapter then went on to provide an overview of the key changes to the original 

plans/scope, budget/funding concerns, change of risk management plans, and legal, 

political, and environmental impediments that have pushed back the project resulting in 

significant cost growth and delays.  The next chapter (Chapter 06 – Drivers and 

underlying causes of project cost overruns) presents the first part of the analysis and the 

interpretation of the results of data collected from the case study. 
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Chapter 06   Drivers and underlying causes of project cost overruns 

6.1 Introduction 

The previous chapter provided an insight into the chosen case study for this research – 

the California High-speed rail project (Cal HSR).  This chapter presents the first part of 

the analysis and the interpretation of the results of the data collected from the case study.  

The chapter addresses the third objective of the research undertaken within this thesis – 

to identify the underlying causes of project cost overruns and develop plausible 

propositions explaining the cost overrun causation.  The analysis of data using grounded 

theory resulted in four (04) core categories, namely, ignorant strategic leadership, 

immature project organisation, external actor resistance, and political power relations.  

The chapter explains the emerging key concepts within each core category and how they 

causally affected each other.  Grounded in data, the analysis indicates the presence of 

superficially observable effects, events, and deep causal structures within the California 

HSR project that led to the ‘complex problem’ of cost overruns and other associated 

problems.  At the end of this chapter, the emerging findings are used to develop seven 

(07) underpinning theoretical propositions to explain and understand the formation of a 

substantive theory on cost overrun causation in construction megaprojects.  The holistic 

illustration of substantive theory (systems map) to understand the cost overrun causation 

is discussed in the next chapter. 

6.2 Ignorant strategic leadership 

The first core category that emerged from the analysis was themed as ‘ignorant strategic 

leadership’.  This refers to how ignorant strategic decision-makers (Client/project 

sponsor) with limited expertise, plan and initiate public megaprojects that result in risk 

negligence, cost underestimation, and impulsive strategic decisions.  During the coding 

process, the analysis indicated a strong presence of ignorance and multiple cognitive 

biases among decision-makers that led to impulsive decisions, risk negligence and cost 

underestimation, particularly during the front-end phase of the project.  Therefore, the 

main categories within this construct were coded as ‘ignorance’ and ‘cognitive biases’.  

Under each main category, emerging concepts such as technical expertise, experience, 

planning fallacy, optimism bias, the illusion of control, false hope, risk negligence, cost 

underestimation, and impulsive decisions were coded.  The emerging findings manifest 

superficially unobservable (deep) theoretical constructs such as ignorance and cognitive 
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biases which generated observable events such as cost underestimation, aggressive 

schedules, and risk negligence.   

6.2.1 Ignorance, experience, and expertise 

When it was established in 1996, the CHSRA project planning and management staff 

primarily consisted of former employees of the California Department of Transportation 

(Caltrans) with the primary responsibility of beginning the formal planning, construction, 

and operational activities of high‑speed passenger train service in the state of California.  

The first CHSRA board of directors was appointed in 2003 with nine (09) members 

responsible for overseeing the planning, construction, and operation of the Cal HSR 

system (California High-Speed Rail Authority, no date).   However, it was soon apparent 

that the strategic leadership that was appointed to manage a multi-billion dollar 

megaproject had no capability, experience, or understanding of the management and 

execution of a project at this scale from the beginning.  The strategic decision-makers 

were largely ignorant of their own capabilities and expertise in planning and managing 

the project.  Here, ‘ignorance’ is considered as the lack of knowledge, competence, 

information, and being unaware of them (Dunning, 2011).  Any of the decision-makers 

or managerial staff did not have experience or competence in planning and managing 

high-speed rail projects.  For example, interview participant no. 17 (consultant) stated the 

following: 

“…. And almost by definition, they didn't know what they were doing…... They knew what 

they wanted but they were not usually capable of forming a lot…... [The Cal HSR project] 

was certainly born from people who didn't know how to estimate costs and they didn't 

know realistically how to estimate a budget because they had never actually been through 

management of a project like this.  So, they put up broad optimistic ideas about scope, 

schedule, budget, and performance” (Int 17). 

This was further strengthened by interview participant 16 who represented one of the 

main contractors involved with the project: 

“…. It's difficult to say whether or not the Authority had a full grasp on how difficult it 

[project] was going to be…… they were very inexperienced and, in our opinion, and our 

observation, we just feel that they didn't have a good grasp on how to deliver the project 

at all” (Int 16).  Moreover, interview participant no. 18 stated that “so they [Cal HSR 

management team] were used to building constructing roads and highways and bridges 

and things but they weren't used to being in charge of constructing a high-speed rail 
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project… They treated this one [Cal HSR project] very much just like any other civil 

construction project” (Int 18). 

The existence of ‘ignorance’ within the decision-making channels largely aligns with the 

explanations of the ‘Psycho-Strategist’ school of thought.  However, this should not be 

interpreted as ‘all decision-makers were ignorant in planning and managing every 

project’, rather it means that they were not competent enough to plan and manage a high-

speed rail megaproject at the scale of Cal HSR, and above all, they were unaware of their 

‘own ignorance’.  Confirming this, for example, interview participant no. 04 stated the 

following: 

“…. One of the biggest issues that they did not evaluate carefully is their own self 

performance risks.  Most human beings can evaluate risks.  And when they are looking 

at the risks, they are looking at the risk of other entities.   Here, what was needed was 

they had to evaluate their own capabilities.  And they didn’t do this at all [.…] meaning 

they didn't have the right skill set of the project managers for managing this large 

project.” (Int 04). 

Not only this argument aligns with Flyvbjerg (2016)’s explanations on ‘bad’ ignorance 

in planning and initiating megaprojects, it also attributes to ‘meta-ignorance/Dunning-

Kruger effect’, that is ‘being ignorant of one’s own ignorance’ (Dunning and Kruger, 

1999; Dunning, 2011).  The decision-makers and the management staff of Cal HSR 

project were inexperienced, incompetent, acted on incomplete information, and largely 

unaware of their own ignorance which led to irrational decisions on planning and 

executing the project.   

6.2.2 Cognitive biases 

Along with ignorance and Dunning-Kruger effect, the presence of many other cognitive 

biases within the decision-making channels also emerged from the data analysis.  Cost 

underestimation and negligence of risks caused by (in)famous ‘optimism bias’ was a 

recurring concept in the findings.  For example, interview participant no. 08 stated: 

“…. The original budget was too low.  The project was born in undue optimism.   So, they 

had this bias.  It was an optimistic bias.  People [planners and management] were so 

motivated to want to do this project.  They didn't do a thorough risk assessment.  And 

when they did a thorough risk assessment, they ignored the likelihood or impact of the 
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risk itself and they either undervalued the risk or undervalued their likelihood that’s going 

to occur.  And sometimes they just skipped the risks entirely….” (Int 08). 

In addition to optimism bias, the presence of causal structures of other cognitive biases 

such as planning fallacy, illusion of control, and false hope were also visible throughout 

the analysis.  In terms of planning fallacy, interview participant no. 22 stated: 

“…. The entire project was put out on a very aggressive schedule and the Authority 

seriously underestimated the completion deadlines.  [..…] They put very aggressive 

timelines for the design build contracts and putting them out early before finalising the 

scope and issuing before fully worked out designs” (Int 22).   

This was further confirmed by Vartabedian (2019b, para. 02) who stated: 

“…. Now, more than a decade later, that decision has proved to be a foundational error 

in the project’s execution - a miscalculation that has resulted in the California High-

Speed Rail Authority being overly reliant on a network of high-cost consultants who have 

consistently underestimated the difficulty of the task” (NP 57). 

The fact that the project that was originally planned to be completed in 2020 is already 

delayed by more than ten (10) years with massive cost overruns, the existence of planning 

fallacy within the decision-making channels cannot be denied.  For example, the 

California State Auditor’s report published in 2018 stated: 

“…. To meet the current schedule, the Authority will need to ensure that construction 

proceeds twice as fast as it has thus far.  Meeting this schedule, which the Authority 

acknowledges is aggressive, will be possible only if it effectively monitors and mitigates 

risks tasks it has performed inconsistently to date” (California State Auditor, 2018, p. 02).  

This also largely aligns with Flyvbjerg (2016)’s argument on planning fallacy 

(malevolent hiding hand) being responsible for the cost and schedule overruns, and 

benefit shortfalls.  Despite this, although having already made wrong decisions on cost 

and schedule estimates, the decision-makers were, however, in the ‘false hope’ that 

‘everything would go according to the plan’.  For example, interview participant no. 02 

stated the following: 

“When someone’s going to put something out without really understanding that there is 

a huge risk, you believe that what you are doing is the right thing.  You are in the right 

eye because it’s the best thing you know.  I think we had hope and maybe that’s probably 
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a hope versus expectation, expectation versus reality.  We believed that things were going 

to happen in a certain way, and they didn’t” (Int 02). 

With false hopes of the success and effectiveness of their decisions, the decision-makers 

were also in the ‘illusion of control’ that they had full control over the forthcoming risks 

and changes.  The illusion of control refers to the tendency for people to overestimate 

their ability to control events (Thompson, 1999).  For example, the CHSRA did not 

employ consultants/experts with experience in delivering high-speed rail megaprojects 

and decided that the CHSRA could solely control the project risks and future changes.  

This also hindered them from introducing new technical expertise to the project 

environment and curbing their ignorance.  Confirming this, interview participant no. 18 

stated: 

“…. I think if they had brought in the proper construction experience from elsewhere that 

was used to building these big rail projects, then I think some of these things would have 

probably turned out differently.  They could have probably used external agencies 

consultants whatever more effective to guide them through with the potential pitfalls that 

some of these could have been avoided.  But they thought they had everything under 

control, and they were wrong” (Int 18). 

6.2.3 Risk negligence, cost underestimation, and impulsive decisions 

The data from multiple sources strongly indicated that ignorance and cognitive biases 

collectively resulted in decision-makers acting impulsively without forethought on the 

real consequences of their decision to initiate construction works even before the 

completion of the right of way acquisition, utility relocation, environmental clearance, 

and a secured funding source.  Impulsive decisions refer to ‘risky decisions made by 

individuals, motivated more by immediate rewards than potential long-term negative 

consequences’ (Thompson, 1999; Moeller et al., 2001). 

First, all aspects of project risks and their impacts were neglected by the planners.  In fact, 

the CHSRA’s risk management plans changed over time and did not have a detailed 

programme level risk management plan until 2016 as noted in Chapter 05.  With changes, 

the first significant response to risks was finally introduced in the Business Plan 2020, 

twelve (12) years later since the project approval.  This, however, was a very late response 

to the consequences that have already resulted in massive cost increases and delays.  The 

CHSRA’s risk negligence was first flagged by the California State Auditor’s report 

published in 2009.  The report stated the following: 
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“…. The 2008 business plan of the high‑speed rail Authority lacks detail regarding how 

it proposes to finance the high‑speed rail network and mitigate associated risks.  […..] 

The business plan identifies a number of risks associated with the program, but it provides 

little detail on how it will manage those risks.  Risks identified in the business plan include 

those associated with government funding, ridership projections, and construction costs.  

However, the plan does little otherwise to describe its processes for monitoring and 

controlling risk.  According to the communications director, the Authority acknowledges 

that risk management will be an organisational weakness if it remains as is moving 

forward” (California State Auditor, 2009, p. 25).  

Despite acknowledging the weaknesses in their risk management plans and having 

already known the possible consequences of risk negligence, the CHSRA, however, 

decided to issue the first contracts in 2013 and initiate construction works in 2015.  The 

critical planning tasks, environmental clearance, right of way acquisition, and the 

relocation of utilities had only been completed between 15% to 30% and yet the CHSRA 

decided to initiate construction citing the loss of federal grants to be used by 2017.  When 

asked about their preparation for the forthcoming problems subsequent to this decision, 

interview participant no. 14 stated:  

“…. No, I don't think we were ready.  So, we had President Obama at the time, and this 

is when the worldwide economic downturn came around, and he made available our 

funding which put 3.2 Billion USD out and we wanted construction to utilise that money 

as much as possible.  But the pre-construction services weren’t probably ready yet.  Like 

we didn't have all the acquisition of property, we didn't have utilities relocated” (Int 14). 

This confirms that the CHSRA management did knowingly make impulsive decisions 

based on immediate rewards without forethought on potential long-term negative 

consequences.  The California State Auditor’s report published in 2018 further confirmed 

this by stating the following: 

“…. The Authority began construction in the Central Valley in October 2013 despite 

being aware of the risks associated with beginning construction early.  [….] These 

unmitigated risks have contributed to $600 million in costs overruns thus far for the three 

active Central Valley construction projects, with another $1.6 billion in additional costs 

needed to complete the projects.   The Authority has cited the terms of a 2010 federal 

grant - which originally required construction to be complete by 2017 - as the primary 

factor in its decision to begin construction when it did.  However, we determined that 
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even with a grant deadline extension until December 2022, the Authority could miss the 

new deadline unless Central Valley construction progresses twice as fast as it has to date.   

Missing the deadline could expose the State to the risk of having to pay back as much as 

$3.5 billion in federal funds” (California State Auditor, 2018, p. iii). 

In addition to the risk negligence and impulsive decisions, the interview participants 

stated that the project cost estimates were frequently underestimated due to optimism bias 

and risk negligence (Int 08).  With a similar explanation attributing cost underestimation 

to optimism bias, interview participant no. 20 stated: 

“…. All of us in the transportation industry saw the amount of money that they were 

talking about at that point in time [2008].  It was not even close to dealing with 

preliminary engineering works on the construction of that.  I’d say, you know my first 

ballpark estimate just from my gut said two hundred billion dollars for that programme 

which looks like it’s about telling our that if you keep it going like this” (Int 20). 

The entire project cost was originally estimated and promised to the voters as 45 billion 

USD in 2008 but the latest projections made by the CHSRA predicts the cost to be 80 

billion USD only for the first phase.  The cost growth from 45 billion USD to 80 billion 

USD clearly indicates that the costs were underestimated.  Confirming this interview 

participant no. 23 stated the following: 

“…. I think the interesting thing about the high-speed rail project is that they actually 

really didn't think it would cost that much in real dollars.  A former colleague of mine 

estimated the cost, he at one point said 80 billion and that’s probably in 2012 dollars.  

That's probably about what it would cost if they go with the whole thing.  So, I think the 

clear thing is that there was a chance of producing a reasonable cost estimate even back 

then, but the cost estimate done early [by the CHSRA] was like 45 billion” (Int 23). 

As a result of cost underestimation, the budget was set too low for the project and when 

the project costs grew, the project contingencies were not enough to cover the costs: 

“…. The original budget was too low.  […..] They sold a vision, but they didn’t have a 

budget to support it.  Estimates were too low, and the contingencies were not enough” 

(Int 17).   

This, however, backfired when the costs started to grow as the original project funds were 

not sufficient to cover the additional costs and complete the project.  Confirming this, the 

California State Auditor (2018, p. 09) stated:  
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“…. The Authority expects the current funding will be sufficient to complete initial 

segments of the system between Madera and north of Bakersfield and between San 

Francisco and Gilroy, but not to connect those segments or finish the rest of the system 

between San Francisco and Los Angeles.  Its most recent cost estimate for the larger 

system, which it presented in its 2018 business plan, is $77.3 billion.  The Authority stated 

in the 2018 business plan that it would continue to pursue all possible options for funding 

the project, including additional federal grants and private sector partnerships.  

However, these funding sources have not yet materialised”.   

The theoretical constructs that emerged from the analysis and the causal structures 

grounded in data clearly indicate that the origins of impulsive decisions and cost 

underestimation to be cognitive biases and ignorance among the strategic decision-

makers.  However, the analysis indicates that not only did the ignorant strategic decision-

makers make impulsive decisions, but they also created an ‘immature’ project 

organisation with unclear strategic business objectives and minimal staff to plan and 

initiate a multi-billion dollar megaproject.  The next section further elaborates on the 

construct ‘immature project organisation’. 

6.3 Immature project organisation 

The second core category that emerged from the analysis was named as the ‘immature 

project organisation’.  This represents how the formation of an immature project 

organisation (CHSRA) with a limited number of staff members who had no prior 

experience in high-speed rail megaprojects led to planning and initiating a megaproject 

with incomplete strategic business objectives and an undefined scope.  The emerging 

concepts refer to more observable events caused by an ‘immature’ project organisation 

such as undefined strategic business objectives, scope changes, high level of bureaucracy 

within the decision-making channels, and stakeholder (dis)engagement.   

6.3.1 Strategic business objectives and project scope 

At the formation and during the front-end phase of the project, the CHSRA remained an 

‘immature’ project organisation with both executive level (strategic leadership) and other 

employees with no prior expertise or experience in planning and managing a high-speed 

rail project.  For example, when asked about the formation and the suitability of the 

CHSRA to deliver a high-speed rail megaproject, interview participant no. 21 stated: 
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“…. This is a challenge with almost everything I've been involved in - lack of proper 

management and team maturity.  A good effective simple team takes five people.  It can 

take five years for a simple team of people to really work together.  For a large 

organisation that can take 50 years to develop a very mature delivery model.  So, this 

[CHSRA]was then an organisation that had to be built.  [….] And then the state had to 

reach out to find the technical experts to do the work.  […..] So, as a consequence they 

had to administer a set of administrative functions for what they were trying to achieve.  

They had people who were not experts in handling a project like this and the only 

expertise that they had was primarily on the technical side or the engineering side.  [….] 

Cost, scope, schedule, quality and then I would add to that the thing that connects all of 

that is the administrative interfaces.  As an organisation, they failed in all aspects” (Int 

21). 

Multiple data sources indicated that the CHSRA (project organisation) had no clear vision 

or strategic business goals set to plan and initiate the Cal HSR project.  Strategic business 

objectives refer to the overall, long-term goals for the organisation and what the 

organisation will do to try to fulfil its mission (Artto and Dietrich, 2004).  As stated in 

Chapter 05, the strategic goals and scope of the project changed from one business plan 

to another drastically since 2008.  The business plan approved by the voters in the 2008 

election was changed in the CHSRA’s revised Business Plan in 2012 which introduced 

divided the project into two phases.  The Business Plan 2012 also introduced a ‘blended 

system’ that shares the existing infrastructure with other rail operators between San 

Francisco and San Jose instead of constructing an entirely new, separate rail infrastructure 

for high-speed trains between the two cities in order to reduce the costs.  This, however, 

would significantly reduce the speed of the high-speed trains resulting in a rail system 

that would no longer be a high-speed rail line.  In the Business Plan 2016, the CHSRA 

further extended its plan to use the ‘blending’ approach and this was further extended in 

the Business Plan 2018.   

When asked about the business plans and strategic business objectives of the CHSRA, 

interview participant no. 01 stated: 

“…. Well, the highest level in the owner’s organisation [the CHSRA] there should have 

been an agreement on what the strategic business objectives of doing the project are.  You 

know they didn’t have a large team. They were quite a small organisation and generally 

were made up of people who used to come from the state transportation agency.  You 

know there's a whole lot of things that weren’t in place when the project was initiated 
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and only in this last year [2018] there's been a big change around in the executive level 

within the authority.  And they appointed the new CEO and appointed a new chief 

operating officer.  They’ve appointed a new top executive team who’s got far more 

experience than you see with previous state transportation staff” (Int 01). 

As a consequence of undefined strategic business objectives, the project scope changed 

frequently leading to ‘scope creep’.  Scope creep is defined as “adding additional features 

or functions of a new product, requirements, or work that is not authorised” (Larson and 

Larson, 2009, para. 05) that results in continuous changes or uncontrolled growth in a 

project’s scope.  In every business plan published by the CHSRA, the scope of the overall 

programme and individual design and build contracts were changed from the scope in the 

previous business plan.  When asked about the scope changes, participant no. 10 stated 

the following: 

“…. I guess that one of the biggest was uncertainty around the scope.  You know early 

stage cost estimates are often based on a scope that’s not well-defined.  And you know, 

as a result, those costs and the scope can vary quite a bit from one stage to the next.  And 

that was probably the biggest factor.  The scope kept on growing.  […..] I guess a big 

part of that had to do with partly lack of good project management and also a lack of 

political will to reach consensus on what’s required” (Int 10). 

Confirming this, Garcia (2016, para. 01-03) reported: 

“…. Leaked documents show that the California high-speed rail is reversing course – 

quite literally – and changing construction plans on the first 250-mile stretch of track.  

The new plan will now connect the Central Valley to the Bay Area – not Los Angeles as 

originally planned [….].  News of the route change comes in the same week consultants 

projected a $260 million increase in additional costs for the first 22-mile leg of 

construction – which amounts to a 5 per cent increase in price for a project that has yet 

to lay a single foot of track.  The proposed change may also violate state law” (NP 42). 

Interview data and other data sources also indicated that the impulsive decision to execute 

the design and build contracts with an incomplete scope led to inadequate contract 

coverage of the contracts issued to the design and build contracts.  For example, interview 

participant no. 16 stated: 
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“…. So, that the way the contract is written, there’s a lot of ambiguity.  Basically, the 

contracts weren’t sufficiently managed. They were not nearly sufficient and didn't cover 

everything that needed to be covered” (Int 16). 

Interview participant no. 17 also confirmed this by stating the following: 

“…. So, one stage after the other they had to change the scope and the contract was 

exposed to valid cost claims by the contractor” (Int 17).   

This also increased the contractors’ control over the project, the result being an excessive 

number of change orders and cost claims by the contractors.  The continuous wave of 

change orders also largely contributed to scope creep.  Confirming this interview 

participant no. 10 stated the following: 

“…. Well, again I think the lack of proper definition is number one.  You know the project 

is awarded based on a certain scope.  The officials who were responsible for project 

delivery started to play with the scope and that was a big problem with the project.  It 

was not just the officials, the contractors also had some liability there, but the officials 

decided that - yes, we want to do that station, or we want to build a tunnel instead of a 

bridge.  And once you have completed your competitive selection process for contractors 

you lose all price leverage.  So, that lack of clarity on the scope once construction has 

started is a very expensive time to make changes” (Int 10).   

Participants also stated that the execution of the three design and build contracts with an 

undefined scope led to contractors anticipating possible changes and placing low bids in 

order to win the contracts.  For example, interview participant no. 12 stated: 

“…. the contracts that were awarded to the three construction teams were generally 

awarded based on the lowest price.  So, you know if there’s a lack of clarity around scope, 

contractors are pretty savvy, and they are going to see an opportunity if there’s a lack of 

clarity.  They knew they can bid a low price for the initial contract and then anticipate 

that these changes are coming.   And you know makeup their low price later on through 

change orders” (Int 12). 

Therefore, as a result of continuous changes to the scope, change orders had to be issued 

resulting in additional costs.  Although the observable evidence and events link the cost 

growth to change orders caused by scope changes, as the emerging concepts suggest, the 

deep causal chains originate at the immature project organisation and ignorant strategic 

leadership categories. 
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6.3.2 Bureaucracy, project governance, and accountability 

Being a newbie organisation, the CHSRA did not have the right amount of state 

employees to make key decisions on the project.  The project governance structure did 

not have a clear decision-making strategy to plan and initiate the project, hence, the 

number of decisions that had to be made was immense and the number of decision-

making channels the decisions had to go through was also lengthy.  According to Alie 

(2015), a project’s governance refers to the framework for how project decisions are 

made.  And to accomplish this, there has to be an understanding of the established 

strategic goals of the organisation.  Longevity, effective monitoring and controlling of the 

governance plan throughout the planning and execution phases of the project are essential 

features of a successful governance structure (Muller, 2009).  However, in the Cal HSR 

project, the bureaucratic procedures within the project governance delayed the whole 

decision-making process ultimately resulting in delays to the project progress.  

Confirming this, for example, interview participant no. 03 stated: 

 “So, the first one is.  Slow decision making.  So, decision-making goes back to that very 

first point about alignment around strategic objectives if you will.  What happened in this 

project was there were thousands and thousands and thousands of decisions that had to 

be made by somebody.  And there’s this theory of constraints about management's 

capability to make a certain number of decisions every day. And you can make some 

decisions on the spot.  Some decisions take a day or two, some decisions take many days 

and what happens is those decisions are not well understood.  And there was an overload 

in the organisational chart on some of the key people.  And those key people either there 

was not enough of them or they were not experienced enough.  And when you map those 

key decisions and how long it’s actually going to take to make those decisions on to the 

capabilities to make those decisions, you’ll get a mismatch.  And once that bottleneck 

happens there's a domino effect or a knock-on effect that becomes difficult to control after 

that.  And so, it starts to cause out of sequence work.  And that’s exactly what happened 

here.  It was a cumbersome bureaucratic process” (Int 03). 

In addition to the delays due to internal bureaucratic processes, a similar cumbersome 

bureaucratic process existed outside the internal project environment as well.  For 

example, the CHSRA did not receive full support from the state Legislature, town 

councils, and other established state and federal agencies such as Caltrans, Federal 

Railroad Administration, California Public Utilities Commission, and California 

Department of Fish and Game who delayed their responses and approvals to the requests 
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of environmental clearance, right of way acquisition, and utility relocation on a number 

of occasions.   Therefore, it was particularly difficult for the CHSRA to set clear deadlines 

for environmental clearance, right of way acquisition, and utility relocation delaying the 

whole process.  For example, interview participant no. 23 stated the following: 

“So, right of way, environmental clearance, and third party agreements were main issues.  

Again, for agreements - agreements with railroads, agreements with other third parties 

like city councils.  There was not much support from other state agencies.  They took too 

long for the approvals.  They had a lot of different actors involved.  For example, I don’t 

think the role of the Federal rail administration helped a lot, they took forever to make a 

decision about what the operating conditions are going to be right in places if there was 

a shared line.  And the Authority did not set clear deadlines.  And therefore, nobody was 

held responsible for not getting decisions made or things done.  So, it was just they took 

a long time.  There were a lot of actors taking their time getting things done some time 

elements all beyond the control of an agency.  And it was also hard, therefore, to set a 

deadline because there can be causes that were beyond the control.  The other thing is 

that time is money and construction costs go up faster than inflation.  And if you can’t do 

things in a timely way, it costs them too much money” (Int 23). 

In addition to the slow decision-making process caused by bureaucratic procedures, from 

the empirical data it was apparent that the CHSRA suffered from both staffing and 

contract management issues.  This also strongly link the observable evidence to the 

underlying ‘immaturity’ of the project organisation.  For example, the detailed comments 

from the Peer Review Group appointed by the state Legislature raised concerns about the 

staffing issues within the CHSRA: 

“…. Though not explicitly addressed as a part of the Business Plans, we are concerned 

after discussions with the Authority that the staff level now permitted is totally inadequate 

to oversee a project of this magnitude, no matter what business model is ultimately 

chosen.  In fact, one of the dangers in public sector management of major projects like 

High-speed Rail (HSR) is that staffing levels and compensation may not be related to the 

needs of the job at hand because of unrelated funding or bureaucratic limitations.  The 

massive imbalance between Authority staff and consultants has been a legitimate source 

of continuing criticism; the problem will be much exacerbated as the project moves into 

implementation.  The future risks in terms of cost control and accountability are very 

high, and every adverse experience will further decrease the project’s credibility at a time 

when the public seems increasingly concerned about the capability and accountability of 
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government.  We believe that a number of the auditing difficulties reported by the 

Inspector General are the result of this problem.  We strongly urge the Authority, the 

Governor and the Legislature to ensure that the Authority has access to the staff numbers 

and compensation needed for managing the project. Anything less will ensure major 

problems of budget management, cost control, project accountability and schedule 

slippage” (Peer Review Group, 2010, p. 03). 

This was also reported in Los Angeles Times by Vartabedian (2019b) who stated: 

“When California shifted its bullet train plan into high gear in 2008, it had just 10 

employees to manage and oversee design of the largest public construction project in 

state history.  Consultants assured the state there was little reason to hire hundreds or 

thousands of in-house engineers and rail experts, because the consultants could handle 

the heavy work themselves and save California money.  It would take them only 12 years 

to bore under mountains, bridge rivers and build 520 miles of rail bed - all at a cost of 

just $33 billion.  State officials followed that advice, and for the next several years, 

development of the nation’s first high-speed rail line was overseen by a minuscule 

government staff.    […..] But significant portions of this work have been flawed or 

mismanaged, according to records reviewed by The Times and interviews with dozens of 

people involved in the project.  Despite repeated warnings since 2010 about weaknesses 

in its staffing, the rail authority believed it could reduce overall costs by relying on 

consultants and avoiding a large permanent workforce.  But that strategy has failed to 

keep project costs from soaring.  Ten years after voters approved it, the project is $44 

billion over budget and 13 years behind schedule” (NP 57). 

The limited amount of state employees (e.g. contract management personnel) allocated 

for overseeing the contracts ultimately resulted in the contractor hiring consultants to 

complete the required tasks.  This eventually led to the contractors taking over the control 

of the project and increasing their influence over the scope changes and change orders.  

This was confirmed by interview participant no. 09 who stated: 

“…. Contractor had incentives over design and hired too many people and spend money.  

And as a result, the civil contractors have basically taken the authority for a little bit of 

a ride in terms of how they’d manage those contracts over the last ten years or so.  And 

when the contractor ultimately made a mistake, they didn’t bear the responsibility.  The 

State did.  And the contractors benefitted from it” (Int 09).   
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This was also flagged by the California State Auditor’s report published in 2018.  The 

report stated the following: 

“The Authority’s inadequate enforcement of its contract management policies and 

procedures may encourage its reliance on contractors to perform important functions, 

further hindering its ability to control costs.  As we noted in our 2012 audit report, the 

Authority’s organizational structure places large portions of its program planning, 

construction, and oversight in the hands of the RDP consultants, who may not have the 

best interests of the State as their primary motivation.  Further, the Authority’s internal 

audits concluded that roles and responsibilities for contract managers and RDP 

consultants were not clearly defined.  In fact, during our review, the Authority’s contract 

managers for the regional planning contracts directed our contract management 

questions to the RDP consultants for answers and were generally unable to provide 

documentation related to contract management that did not originate from the RDP 

consultants.  As a result, the RDP consultants have become the de facto contract 

management body, working closely with contractors with insufficient Authority 

oversight” (California State Auditor, 2009, pp. 40-41). 

The emerging findings indicate that not only did the staffing and contract oversight issues 

lead to contractors’ control over the project, but also the accountability for the outcomes 

was also disregarded by the actors involved in the project.  Adding a notion to this, 

interview participant no. 07 stated: 

“…. The reason having to do with the Authority’s high-level bureaucracy is, at the state 

level, a decision was made that the project would be run by a bare minimum of state 

employees.  The net result was that a lot of design decisions and a lot of contracting 

decisions were managed by people who were not directly working for the state.  So, there's 

a whole ton of different issues that have resulted in delays.  And no one took responsibility 

for their decisions.  No one was held accountable” (Int 07).  

Similar comments from the Peer Review Group in their 2012 report confirmed this: 

“The Group has repeatedly and forcefully argued that the management capability of the 

Authority is not up to the immense challenge of managing a construction program of the 

proposed size and complexity of the HSR project.  The Authority has long had a shortage 

of staff to supervise its contractors, and this has, at times, forced contractors to take on 

roles or make decisions that are more appropriate for Authority employees.  The 

Authority has had continuing problems obtaining skilled people, and uncertainty about 
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the future of the program has compounded the problem” (Peer Review Group, 2012, p. 

05). 

6.3.3 Stakeholder (dis)engagement and third-party negotiations 

As a multi-billion dollar, megaproject spanning over 800 miles, the Cal HSR project was 

surrounded by an immense number of stakeholders at different levels with varying 

interests and influence on the project (see Table 5.3: Key stakeholders of the project).  

Therefore, continuous engagement with the stakeholders and negotiations with the third 

parties was a must to ensure that the project suffered minimal hindrances during its 

execution.  However, emerging findings indicate that the CHSRA completely disregarded 

this aspect and initiated the construction works even before third-party agreements were 

arranged.  Additionally, the CHSRA did not allow the contractors to engage with the 

external stakeholders and even with a limited amount of staff decided to retain the sole 

authority of the stakeholder negotiations.  This also strongly links to the ‘immaturity’ of 

the project organisation and impulsive decision to execute construction works without 

forethought as stated by interview participant no. 16: 

“And you know, the efficiency to be able to negotiate may not have been well understood 

by the Authority.  There were situations where the contractor would do all the 

negotiations and relocations, and this one was solely done by the Authority.  So, my 

understanding is that they tried to do everything.  We (contractor) had no participation 

in that other than what they tell us we are ready.  We cannot coordinate with third parties.  

A lot of these agreements were not yet in place and had to be negotiated afterwards the 

design and build contracts were awarded.  That is because those negotiations with the 

railroad administration became very contentious and time-consuming” (Int 16). 

Interview participants also indicated the inherent weakness of CHSRA not having a clear 

stakeholder engagement plan.  For example, interview participant no. 02 stated: 

“…. They didn’t have a clear strategy to get stakeholder support for the project.  And 

didn’t have enough people to reach out to other agencies and community groups.  You 

know, these external stakeholders are acted on by their stakeholders and their 

stakeholders.  If you think of it as kind of a mesh where the nodes represent.  Sitting 

outside the project pulsating and setting up flows into the project that is disrupting the 

flow of the project.   That mesh isn’t static it’s throbbing and pulsating” (Int 02). 

A similar explanation was given by interview participant 16 who stated the following: 
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“Right of way was never worked out.  And in some of the Northern packages, towns where 

they may have looked at some of the key players in the utilities but then the Authority 

forgot to look at the irrigation districts around them.  And the farmers themselves who 

have private irrigation lines along and we are going right through their farmland.  So, 

the first couple of years of the project were essentially frozen by litigation” (Int 16). 

In any megaproject, the number of stakeholders could be extremely high, and their 

interests, involvement, and impact on the project will be divergent, hence, it will be an 

impossible task to fulfil every stakeholder requirement.  However, with a limited number 

of employees, the CHSRA seemingly did not have the capacity and capability to 

sufficiently address the stakeholder engagement and ongoing negotiations with other state 

and federal agencies, community groups, town councils, and landowners in a timely 

manner before starting construction works, resulting in multiple lawsuits over right of 

way acquisition, environmental clearance, and utility relocations that have led to delays 

and significant cost overruns.   

6.4 External actor resistance   

The third core category that emerged from the analysis was labelled as the ‘external actor 

resistance’.  This represents more superficially observable events triggered by the 

resistance of the external actors (stakeholders) that led to delays and cost overruns in the 

Cal HSR project.  The main categories within this construct were coded as ‘community 

opposition’, ‘authority’ and ‘laws and regulations’.  Under each main category, 

observable events that directly led to schedule delays and cost overruns such as the right 

of way acquisition, environmental clearance delays, delays to construction progress, 

litigation costs, and compensation were coded. 

6.4.1 Community opposition, lawsuits, and schedule delays 

As with any megaproject, the Cal HSR project was influenced by many stakeholders at 

different levels with varying interests and influence on the project.  Since its initiation, 

the Cal HSR project was well received by many external stakeholders considering its 

wider economic benefits, however, was also strongly opposed by stakeholders who were 

directly affected by the project.  For example, being an 800-mile long transportation 

project, the project was required to acquire land that belonged to farming communities, 

residential neighbourhoods, and other state and federal authorities.  This, however, 
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particularly met with many obstacles due to multiple lawsuits and delayed the right of 

way acquisition and environmental clearance processes.   

For example, interview participant 14 stated:  

“…. Well property right of way and acquisitions was the main problem when those 

property owners not willing to sell their property, they ask the court to do condemnation 

process and they go to court and have the right to fight the acquisitions so those caused 

great delays.  The utilities around the power lines, the water canals, delays in responding 

to the inquiry from the authority or contractors - trying to get permits to cross their 

property was also problematic, and we have the Union Pacific railroad - Burlington 

Northern which had very specific authority on their right of way with the railroad that 

has been here since before California was a state, then trying to interact with them on 

their freight lines has caused delays.  And also, people filing lawsuits challenging the 

designs.  So, there have been many change orders, there have been re-designs, the local 

community sometimes want elevated track systems, and for a project that searches for 

hundreds of miles is going to go through design changes a lot and we have seen that in 

this project.  Some of them based on the community reactions and some based on 

changing circumstances.  So, mainly it was third party permits and the utility relocation 

which caused delays and additional costs” (Int 14). 

Similar explanations were given by interview participants 15 and 18 who stated the 

following: 

“…. This is a long-term project.  Our programme management has to take that into 

consideration.  You know there’s legal issues, and you know just people that are against 

the project.  And in a democracy every person has a voice.  Which is a good thing for 

democracy but it’s a hard thing when it comes to delivering megaprojects having one 

person submit a lawsuit can cause things to be delayed.  And so, everything we do just 

about that affects a third party, we have to negotiate.  Would you go for that?  […..] And 

just about everything they do affect others and affects third parties, and those third parties 

expect compensation for that impact.  But there’s a lot of things that are unanticipated 

and out of control of the owners that come from third party that ultimately affect the scope 

and require additional scope, so they cost additional money” (Int 15). 

“…. You know that the state and the authority has faced and still continues to face 

multiple lawsuits from people who were affected by high speed rail who obviously don’t 
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want it coming through their farmland or through their ranching and through their 

homes” (Int 18).  

Although the delays caused by community pressures are quite visible here, multiple data 

sources also noted that the CHSRA’s lack of preparedness, lack of comprehension, and 

initiating construction works before completing the critical planning tasks (right of way 

acquisition, utility relocation, environmental clearance) also contributed to the delays 

caused by community pressures. 

For example, interview participant 20 stated:   

“…. As far as the right of way acquisitions, they actually started construction before they 

had all of the right of way acquired and as a result there was a lot of money spent for the 

delays caused with the contractors because they couldn’t even get on to some areas.  I 

think they really didn’t take a close look at what's the right of way going to cost assuming 

that the majority of lines is going to be to the Central Valley.  I think a lot of folks didn't 

realise how expensive that was going to be” (Int 20). 

Similar findings were reported by the California State Auditor’s report published in 2018: 

“…. The Authority began construction in the Central Valley in October 2013 despite 

being aware of the risks associated with beginning construction early - the fact that the 

Authority had not acquired sufficient land for building, had not determined how it would 

relocate utility systems, and had not obtained agreements with external stakeholders.  

These unmitigated risks have contributed to $600 million in costs overruns thus far for 

the three active Central Valley construction projects” (California State Auditor, 2018, p. 

iii). 

As a result of the delays caused by the right of acquisition, utility relocations, and 

lawsuits, the entire project schedule was significantly delayed.  For example, the 

contractors were not able to carry out construction works due to incomplete right of way 

acquisition, and in addition to the compensation for the property owners and town 

councils, the CHSRA had to compensate the contractors for the delays caused.  This was 

confirmed by interview participants no. 12 and 16 who stated: 

“…. Farmland is extremely expensive.  Even if you only to get a little part of it because 

if you divide it up into two pieces.  And that probably it’s an additional claim that can 

cost you a lot of money.  If you’re not able to reach a solution with the property owner, 

you know you got to go through the court process, and you’ve got to convince the court 
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that there’s an immediate need.  And that leads to delays and that lead to additional 

overhead for our contractors.  You’ve got to compensate him for that.  That’s out of their 

control.  But there are other reasons too as I mentioned, the utility relocation and third 

parties - reaching resolution with these third parties is not only federal railroads, but 

their cities and counties and you know where you are affecting their infrastructure, their 

systems and they would say well you have to fix that for it, you have to compensate us for 

that.  And you know that may be building them additional overpasses or that may be 

building them new drainage systems.  And all that all that costs money.   That was another 

big issue with it.   So, I would say those are some of the systemic things that owners are 

required to play by rules that are given to them and they’re not always ideal.  And then 

they do the best they can to manage and mitigate within that.  And so, for us that was one 

of the factors was not having the right of way which meant delays which led to additional 

costs” (Int 12). 

“…. You know when you don’t have complete delivery of our right of way, and we can’t 

just keep that same activity and same crew working here for the total quantity of whatever 

it is that we’re producing or constructing and then you know they have to go home.  […..] 

So, there’s a lot of that from the major contractors or subcontractors I should say.   And 

then also the overhead costs.   The staffing you mobilise people are being mobilised to be 

able to do X amount of work.  You do your staff curves.  You familiar with staff curves 

and all other projections and how you would staff a project.  So, we would assume at this 

duration this time in the project we would have this much staff.   So, we mobilised that 

staff and the hiring plan associated with that, but that staff hasn’t had as a fixed cost yet 

if you have to pay and you cannot demobilise the staff for things like procurement, 

engineering, project management.  And then you’re paying them basically at a premium 

rate.  And they’re not able to demobilise. So, you’re essentially extending the project by 

a certain duration and piling up additional costs” (Int 16). 

6.4.2 Laws, regulations, and legal authority 

Further to the delays caused by community pressures and right of way acquisition process, 

as stated earlier, the project did not have the complete approvals for the environmental 

clearance.  This was due to multiple reasons such as unsupportive state agencies, 

bureaucracy, strict environmental laws and regulations, and unrealistic, aggressive 

schedules set by the CHSRA.  For example, interview participant 15 stated: 
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“…. Well in California we have an even worse problem than anywhere else in terms of 

mitigation environment which commits almost anybody to stop a project.  The 

environmental process is generally here in the US is far more stringent than perhaps in 

other parts of the world.  There is both a state environmental process and there is also a 

federal environmental process both of which have to be achieved.  There was the National 

Environmental Protection Act (NEPA) and the California Environmental Quality Act 

sequel.  So, there’s a lot of barriers to that as well.  A lot of stopped work as a result of 

the California Department of Fish and Wildlife.  [….] Some of the delays were really 

opposition to the project and right of away acquisition but framed as environmental 

issues at various sites.  Not all, but they said OK it’s going to cause this environmental 

problem without any environmental problems.  So, the delays and environmental 

litigation certainly are related.  And the Authority did not set clear deadlines” (Int 15). 

A similar explanation was given by interview participant no. 20: 

“…. There were some real issues with the way they approached property acquisition and 

environmental review.  California is a very complex situation because you have all of the 

federal regulatory laws will apply since they were going to be obtaining federal funding 

for the project.  I am in California.  And California has all of its state analogues.  Through 

the federal process which are a little bit different.  So, you have to deal with all of those 

as well.  [….] For example, different freight operators - the Union Pacific and BNSF are 

also part of the agreement.  Our alignment that’s part of the environmental process which 

should be within their right of way or very close to theirs for environmental reasons not 

to disrupt other social communities and such like that.  [….] So, under California law 

that’s hard to do because environmental litigation is freely available for anyone” (Int 20). 

However, in their defence, the interview participants from the CHSRA also stated that 

they (the CHSRA) did not have the legal authority and the support from the state 

Legislature to enforce control over legal matters unlike the other transportation agencies 

such as Caltrans and FRA.  For example, interview participant no. 15 stated: 

“…. And in delivering this project, I think another major issue for us is, as a brand-new 

project we didn’t receive any support from the Legislature.  And so, everything we do just 

about that affects a third party, we had to negotiate.  Well, I could take the comparison 

when I came from as I mentioned Caltrans six years ago.  And you know the state highway 

system has been around for many decades.  Caltrans has been delivering projects for well 

over 100 years.  And so, for them everything is established.  It’s like hey if we need to go 
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to construction and this utility needs to be moved you contact the utility company and 

Caltrans has the legal right for the utility company to have to come in and move and pay 

for it.  And so, we couldn’t do that.  We didn’t have direct control over of them” (Int 15). 

A similar explanation was given by interview participant no. 23: 

“…. So, you know that process was too challenging because high-speed rail did not have 

the same authority that for instance Caltrans the Department of Transportation those 

highways have.  So, you know if you got the Legislature out of it that wasn’t going to 

happen.  Maybe you would have had a better option, but you know clearly the Legislature 

has to be there in California” (Int 23). 

From the explanations given by the participants and other data sources, it is evident that 

the Cal HSR project faced multiple delay events and subsequent cost overruns caused by 

external actors.  However, it should also be noted that the cost overruns caused by the 

stakeholder influence and lawsuits were mostly beyond the CHSRA’s control.  The 

CHSRA did not have the legal authority or the control over regulations compared to other 

public organisations.  And the project was also subject to environmental and right of way 

laws and regulations.  Nevertheless, as evidence suggests, knowing the scale of the project 

and the vast number of stakeholders and their impact, the CHSRA did not sufficiently 

address the critical planning tasks related to third party agreements and environmental 

clearance in a timely manner.  Moreover, the CHSRA also did not have the capacity or 

the required amount of state employees to undertake the planning tasks.  Therefore, 

although it can be acknowledged that the CHSRA did not have control over external actor 

resistance, the superficially observable events that caused cost overruns and the causal 

chains are in fact deeply rooted into project organisational immaturity and ignorant 

strategic leadership.   

6.5 Political power relations 

The final core category that emerged from the analysis was titled as ‘political power 

relations’.  This represents how the megaproject was muddled and impacted by state and 

federal level political influences inadvertently leading to cost increases and inadequate 

funding.  This addresses both the observable events that occurred due to political 

influence and the causal mechanisms deeply rooted within the domain of ‘power’.  Power 

refers to the capacity (influence) of an individual to influence the actions, beliefs, or 

conduct (behaviour) of others (French and Raven, 1959) such as the influence of 
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politicians (power bearers) on people (Fuqua et al., 1998).  The emerging core categories 

under this construct were coded as ‘commitment’, ‘polarisation’, and ‘pressures’.   

6.5.1 Political commitment 

Although the project has been supported by state politicians since its initiation, the 

emerging findings suggest that state politicians were ‘committed’ to initiating this multi-

billion dollar project not only because of the wider economic benefits to the communities, 

but for their own political gains as well.  For example, interview participant no. 10 stated: 

“…. Well, what happened in California - you know in the US one of the real challenges 

is the many of the decisions are politically based.  These are usually seized upon by 

politicians who for one reason or the other want to sell the project.  Politicians are 

committed to the project not because they care about the public but because they care 

about themselves.  And so, all of a sudden you get a lot of promoters who want to promote 

one or the other aspects of the project but none of them are interested in the public 

interest.  And then the labour unions pile in because they want the work, and they don’t 

care how much it will cost” (Int 10).   

As a result of escalated commitment and promotion, the project proposal was presented 

to the public in the 2008 election and eventually received public approval.  However, the 

estimated cost promised to the public was 45 billion USD and it is questionable whether 

the public was aware of the real costs of the project.  For example, interview participant 

20 stated: 

“…. I think that’s one where there was just a political desire that this fits the classic 

mould of ‘we don’t want to deal with the real numbers’” (Int 20).   

These explanations clearly indicate that political influence on a large scale project may 

not entirely represent the requirements of the public and strategic misrepresentation can 

exist in order to get the project approved by the public.  However, interestingly, the 

participants indicated that not only did the politicians have the desire to promote, initiate, 

and stay committed to the project but also, they influenced the decisions of the CHSRA 

management to accomplish their own political goals through the project.  For example, 

interview participant no. 17 stated the following: 

“…. I knew a fair amount about what was going on over there.  You know they had a real 

desire which was driven by one of the earlier executive directors to have the first line be 

between Fresno and Bakersfield which was really an engineering decision, and you know 
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I talked to him about it, and he was really clear that he believed that it was important to 

have the first open stretch of functioning rail be a nice flat straight stretch where you 

could really demonstrate how fast high-speed rail could go.  You know it might have made 

more sense to have it connected up with one of the major urban centres which really 

means probably either Sacramento or San Francisco because the tunnelling that’s going 

to be required for Los Angeles is the priciest component of the system.  So, making 

technical decisions was a little bit more challenging on the political front because if it 

does not connect up with any of your major population centres in the state which makes 

the political discussion even more difficult than when you are saying ‘oh by the way the 

system should cost more money’” (Int 17).   

A similar explanation was given by interview participant no. 23 who also stated that the 

decisions made by the strategic leadership was also politically influenced and may not 

have served the best interest of the planners, hence resulting in scope changes: 

“…. So, the entire planning of the route is politically influenced.  And one of the factors 

to be aware of is that the elections which happen every two or every four years can really 

cause a big change in the leadership of the public sector side about what they want to see 

built and how they want it built and how quickly they want to build.  And you know as a 

result, costs and the scope can vary quite a bit from one stage to the next” (Int 23). 

Interestingly, despite the constant cost overruns and delays, and knowing that the project 

has already failed, both the political leaders and the project leadership decided to stay 

committed to the project regardless of its costs.  For example, as mentioned in Chapter 

05, the new Governor of California - Gavin Newsom expressed his political support and 

commitment for the project in his State of the State address.  Similarly, Greenhut (2017, 

para. 10) reported that the CHSRA leadership was also committed to the project despite 

the cost overruns:  

“…. In its draft business plan released last year, the rail agency announced the train 

would first be routed to the San Jose area before heading over the formidable Tehachapi 

Mountains and into the Los Angeles basin.  ‘The High-Speed Rail Authority is desperate 

and wants to lay as much track as possible so that it becomes more difficult to stop the 

project’, said Board of Equalization Vice President George Runner, at the time.  

Meanwhile, the agency’s reaction to the Federal Railroad Administration document 

suggests it is going to keep forging ahead, regardless of costs, in the hopes that a funding 

source will materialize to complete a project estimated at $64 billion before the latest 
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projected cost overruns.  Supporters are counting on revenues from the state’s cap-and-

trade auctions and state funding to help keep the project moving ahead, but it remains 

far shy of full funding” (NP 36). 

6.5.2 Political polarisation and pressures 

Despite the commitment from the state-level politicians, the commitment from the federal 

level politics was polarised since the 2016 US Presidential election.  Multiple data sources 

suggested that this was due to conflicting political consensus over government policies 

between the Trump administration and the Democratic party led California state 

government.  For example, interview participant no. 18 stated: 

“…. Now the other challenge faced is that the federal government is under the Trump 

administration and it doesn’t like California and has asked for that money back.  Now 

two and a half billion of it is already being spent.  So, the Federal Railroad 

Administration had written to the authorities saying that they want the money back that 

they’ve already provided because they don’t believe that the Authority has met the terms 

of the agreement.  And they are refusing to hand over the remaining 935 million.  They 

haven’t yet been provided. So, I mean the State is pushing back against that but that’s 

turning into a very political argument about Trump vs. the state of California rather than 

anything to do is the project itself.  And because the new governor has of showed his 

support for the project bought with a ton of conditions attached and that is being used as 

a term it’s legal by the Trump administration to tend to withdraw its support for the 

project” (Int 18). 

This confirms that the political rift between the federal and state-level politicians and the 

direct pressure from the federal government on the CHSRA has directly and indirectly 

affected the project.  For example, as mentioned in Chapter 05 the federal government 

funding scheme was withdrawn in 2019 and the CHSRA has faced funding uncertainty 

to continue the project.  Participants also mentioned that although the new Governor is 

supportive of the project, he also wants the CHSRA to complete the usable segments.  For 

example, interview participant no. 18 stated:  

“…. The state has recently changed government, so the previous governor Jerry Brown 

was a real advocate for this programme.  The new governor is still supportive but wants 

to see the program live within its means.  And he wants the Authority and the state to 

basically first finish what they started” (Int 18). 



201 

 

Moreover, due to the negative reputation caused by the cost overruns and delays, the 

CHSRA’s plans for private financiers has also become uncertain.  Confirming this, 

interview participant 22 stated the following: 

“…. Part of the issue is the controversy and the political polarisation of a high-speed rail 

project in the United States.  It’s very unique in terms of polarised politics. And you’re 

seeing that play out between the Trump administration and the California governments.  

The intent behind this project was always at some point to enter into a public-private 

partnership.  And have a concessionaire became principally the project and manage it.  

And so, there is a funding gap and that’s probably the biggest risk right now to the project, 

getting it to a point where a concessionaire or a public-private partnership get into an 

agreement to go forward. Given all the controversies surrounding the project, funding is 

at risk” (Int 22). 

Although not directly linked to cost overruns, the emerging concepts exemplify how 

underlying political power relations such as the influence of legitimate power bearers 

(politicians) can trigger causal mechanisms and events that can affect the decisions and 

outcome of a megaproject.   

6.5.3 Inflation and other economic concerns 

Data sources also indicated that economic drivers such as inflation and material price 

changes also escalated the construction costs of the project.  Not only did inflation 

increase construction costs but also additional costs such as litigation costs, compensation 

for the third parties and the contractor were also escalated.  For example, when asked 

about the inflated costs, interview participant no. 21 stated: 

“…. Surprisingly, there is a set of common causes, probably the largest single cost 

increase we faced is just simple inflation.  Our project was started back in something like 

1996.  So, we’ve had a lot of inflation between then and now.  We had to purchase five 

hundred and eighty miles of property.  So, it’s impossible to know what the cost of that is 

going to be.  [….]  The other thing is that, time is money and construction costs go up 

faster than inflation.  And if you can’t do things in a timely way, it costs them too much 

money.  And all because there’s no empirical data so that information is not well 

understood.  With inflation, it’s really challenging to say it’s going to cost this amount of 

money.  But when we made progress what happens is you discover that there’s more that 

you don't know than what you do know that’s your cost estimate” (Int 21). 
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Participants also indicated how recent changes in the political regime has caused changes 

in trade policies and market prices.  For example, interview participant no. 16 stated the 

following: 

“…. A lot of things that could not be predicted recently were the escalation of material 

pricing over time.  We had a global market that was just a dramatic escalation in areas 

of steel and concrete primarily because of the trade war with China.  If there were no 

delays, you can assume a certain level of escalation.  But because of the political change 

that occurred just last year here in the US you know the steel tariff alone has increased 

the prices of steel by 45 per cent.  So, the material escalations are just you know 

something that couldn’t have been predicted” (Int 16). 

This also indicates how the level of inflation and the subsequent market price changes 

were unpredictable partly due to political influences that inadvertently affected the Cal 

HSR project, causing the project costs to escalate.  The emerging findings manifest that 

the Cal HSR project was subject to heavy political clout from both the state and federal 

levels.  First, the project initiation and the decisions were influenced by power bearers 

and when the project encountered problems, again it was subject to political scrutiny, 

finally resulting in the withdrawal of project funds.  However, as evidence suggests, this 

was mainly due to conflicting political consensus between the federal and state 

governments, however, resulting in negative outcomes for the project.   

6.6 Cost overrun causation and the underpinning theoretical propositions 

The emerging findings grounded in data indicate that the cost overruns/cost growth in 

California high-speed rail project is a result of a series of multiple immediate and 

underlying causes and cannot be attributed to one single cause.  For example, the 

superficially observable (immediate) causes such as change orders due to scope creep, 

litigation costs, compensation for third parties and the contractor, schedule delays, and 

inflation seem to have directly increased the costs of the project.  However, the analysis 

indicates that the causal structures generated by the underlying root causes such as 

ignorance and cognitive biases resulted in the events such as risk negligence, cost 

underestimation, and impulsive decisions that led to undefined strategic objectives and 

optimistic cost estimates.  Further to that, the mechanisms within the immature project 

organisation such as stakeholder (dis)engagement and bureaucracy also contributed to 

delays to the critical planning activities within the project schedule such as environmental 
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clearance, right of way acquisition, and utility relocations resulting in excessive scope 

changes, community pressure, and lawsuits.   

Moreover, being the first high-speed rail project and one of the largest public 

megaprojects, the Cal HSR project was subject to immense scrutiny by both state and 

federal level politics.  For example, as the evidence suggests, decisions made at various 

stages of the project were subject to political commitment, promotion, and pressures.  In 

addition to that, the political polarisation due to regime changes also negatively affected 

the project by adding additional pressure on funding and increasing the risk of abandoning 

the project after the completion of the Central Valley segment.  Interestingly, the findings 

include explanations of both schools of thought such as ignorance, cognitive biases, scope 

changes, and external risks.  The emerging results clearly indicate that, as with any other 

complex problem, the cost overrun problem can be attributed to a number of sources, 

generated and magnified by the causal interactions between actors, actions, and events, 

and also it is associated with other problems surrounding a project.  This will be further 

illustrated in the next chapter with the use of systems maps. 

In addition to the systems maps presented in the next chapter, seven (07) theoretical 

propositions were developed to explain and understand the formed substantive theory.  

As suggested by Urquhart (2013), the resulting substantive theory in grounded theory 

method can be abstracted and presented as a set of theoretical propositions or statements.  

For example, the use of propositions to explain the emerging substantive theories has 

been previously used by  Fernández (2003); Kolar (2017) in project management 

research.  According to Wilson (1999, p. 250), in model-based theory building: 

“…. a model may be described as a framework for thinking about a problem and may 

evolve into a statement of the relationships among theoretical propositions”. 

Therefore, in addition to the model (systems map) that represents the complex problem 

of cost overruns, the theoretical propositions are also used to explain the emerging core 

categories from the data analysis.  These propositions underpin and encapsulate the cause 

and effect relationships in the developed model (systems map) succinctly and are reliable 

as they have directly derived from empirical data.  The developed propositions and their 

applicable core categories are presented in Table 6.1 with an explanation of each 

proposition.  Along with the systems map, the underpinning propositions were also 

modified and validated by an expert panel (see Chapter 08) for their applicability in 

understanding the cost overrun causation in construction megaprojects.   
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Table 6.1: Emerging theoretical propositions and their explanations 

Applicable core category Underpinning theoretical proposition Summarised explanation (grounded in data) 

Ignorant strategic leadership 

Immature project organisation  

Strategic decision-makers (Client/project sponsor) who are 

unconsciously ignorant of how deficient their expertise is 

when planning and initiating public megaprojects, create 

immature project organisations. 

Once a megaproject is approved, the next move will be the establishment 

of a ‘business organisation’ to execute the project strategy.  Strategic level 

decision-makers in project organisations (Client) are often inexperienced, 

and incapable of planning and initiating megaprojects.  This forms an 

immature project organisation and a governance system. 

Ignorant strategic leadership When planning and initiating public megaprojects, high 

levels of ignorance, cognitive biases, political pressures, and 

overcommitment collectively result in impulsive decisions 

made by strategic decision-makers (Client/project sponsor). 

When ignorant decision-makers (actors with high levels of responsibility 

for the outcome of the project) within an immature project organisation 

are influenced by cognitive biases such as optimism bias, false hope, the 

illusion of control, planning fallacy, and Dunning-Kruger effect, this 

collectively leads to impulsive decisions such as initiating the project 

without ‘foresight’ and underestimating the complexity of the project. 

Immature project organisation Project organisations initiating public megaprojects with an 

undefined scope, incomplete designs, unrealistic cost and 

schedule estimates, and insufficient management personnel 

are likely to result in scope creep and additional costs when 

they are encountered with technical, economic, political, 

social, and legal risks. 

Megaprojects are prone to technical, economic, political, social, and legal 

risks.  When an immature project organisation initiates a megaproject with 

an undefined scope and unrealistic cost and schedule estimates, exposure 

to technical, economic, political, social, and legal risks results in scope 

creep and changes leading to cost overruns and delays. 
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Immature project organisation Bureaucratic governance within the project organisations and 

state agencies negatively affects the decision-making process 

at various levels and stages of a project. 

Public megaprojects involve multiple actors, agencies, strict order, and 

rules within the decision-making channels throughout the lifespan of the 

project.  Having slow information flows within the decision-making 

channels and scheduling project timelines neglecting these delays caused 

by cumbersome bureaucracy at executive, organisational, and production 

levels will cause delays to the project approvals and decisions being made 

while executing the project thus eventually delaying the whole decision-

making process and approvals at various stages of the project. 

Political power relations Public megaprojects are laid on political commitment and are 

prone to conflicting consensus on the project scope and 

funding certainty if faced with high levels of political 

polarisation and regime changes. 

Megaprojects cost large amounts of money, take many years to build, and 

affect millions of people, thus are politically driven, and the outcome will 

be affected by the political consensus and commitment of the governing 

regime.  Power bearers can influence the decisions made on the project 

such as scope and funding, affecting the outcome of the project.  The 

divergence of political attitudes (polarisation) can affect the approvals and 

grants for the projects at different stages.  agreements or disagreements 

will determine whether the project is receiving the approvals and funds.  

If the governing regime approved the project changes while the project is 

being executed, the consensus on project approvals will result in changes 

to the project scope.  This eventually leads to scope creep and uncertainty 

of funds to continue the project.  Economic policies of the governing 

regime can also change the material prices and inflation which directly 

affect the certainty of the allocated budget for the project. 
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Immature project organisation 

External actor resistance 

Low levels of external actor relationships (e.g. stakeholder 

engagement and third-party negotiations on asset acquisition, 

utility relocations, and environmental clearance) will 

augment the likelihood of delays and cost overruns caused by 

legal actions (e.g. protests, disputes, lawsuits, and 

compensation). 

When an immature project organisation makes the decision to initiate a 

public megaproject with low levels of stakeholder engagement and third-

party negotiations it is highly likely to undergo immense scrutiny from the 

community groups and legislation such as lawsuits when acquiring 

public/private assets, relocating utilities, environmental clearance, third-

party agreements, which are beyond the project organisations’ authority.  

As a result, these impediments involve paying large amounts of money as 

compensation to third parties and the contractor thus causing continuous 

delays to the project progress leading to schedule uncertainty and cost 

overruns. 

Ignorant strategic leadership 

Immature project organisation 

External actor resistance 

Political power relations 

 

 

Cost overruns in megaprojects is an emergent ‘symptom’ 

caused by multiple inter-related causes and events occurring 

at different levels and phases of the project thus cannot be 

attributed to one single cause. 

Cost overruns are a result of the dynamic causal interactions between a 

series of causes and events occurring at different levels and phases of the 

project, hence, cannot be attributed to one single cause such as ignorance, 

cognitive biases, organisational immaturity, scope creep, technical, 

economic, political, social, and legal risks.  The result (cost overruns) is 

not intended and cannot be defined by its individual attributes.  Hence, it 

can only be understood through a holistic view. 
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6.7 Chapter summary 

This chapter presented the first part of the analysis and the interpretation of the results of 

the data collected from the case study.  The chapter addressed the third objective of the 

research undertaken within this thesis – to identify the underlying causes of project cost 

overruns and develop plausible propositions explaining the cost overrun causation.  The 

analysis used grounded theory method as the data analysis technique and the analysis 

resulted in four (04) core categories, namely, ignorant strategic leadership, immature 

project organisation, external actor resistance, and political power relations.   

The first core category – ignorant strategic leadership addressed the concepts of cognitive 

biases and ignorance of the strategic decision-makers and how their decisions lead to risk 

negligence, cost underestimation, and impulsive strategic decisions.  The second core 

category – immature project organisation represented the concepts of the formation of 

immature project organisations, bureaucracy within the decision-making channels, and 

project governance and how they collectively result in incomplete strategic business 

objectives, scope changes, delays, and stakeholder (dis)engagement. 

The third construct – external actor resistance addressed more superficially observable 

events triggered by the resistance of the external actors (stakeholders) that led to delays 

and cost overruns in the case study project.  The fourth construct – political power 

relations relate to the state and federal level political influences that inadvertently led to 

cost increases and inadequate funding to continue the project.  The chapter also presented 

seven (07) theoretical propositions that were developed from the findings to explain and 

understand the formed substantive theory.  These propositions underpin and encapsulate 

the cause and effect relationships in the developed model (systems map) presented in the 

next chapter and are reliable as they have directly derived from empirical data. 

Grounded in data, the emerging substantive theory manifests the presence of superficially 

observable effects, events, and deep causal structures within the case study project that 

led to the ‘complex problem’ of cost overruns and other associated problems.    As the 

main contribution of the research undertaken within this thesis, the model developed from 

the analysis (systems map) to holistically examine and understand the cost overrun 

causation is discussed in the next chapter. 
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Chapter 07   Holistic understanding of the cost overrun causation – the 

model 

7.1 Introduction 

This chapter addresses the fourth objective and the main contribution to knowledge made 

from the research undertaken within this thesis – to develop a model to understand the 

causal interrelationships between the causes and events that lead to cost overruns.  As 

explained in Chapter 06, the analysis of data using grounded theory resulted in four (04) 

core categories – ignorant strategic leadership, immature project organisation, external 

actor resistance, and political power relations.  Building on the findings and the cause and 

effect relationships identified in Chapter 06, this chapter discusses the representation of 

the four (04) core categories in the form of causal-loop diagrams/systems maps providing 

a holistic understanding of the ‘complex problem’ of cost overruns.  The final systems 

map representing the substantive theory of cost overrun causation in construction 

megaprojects was developed by connecting the variables between the four (04) systems 

maps.  Next, the chapter explains how the developed model was verified for its structural 

appropriateness using four (04) interviews with experts in systems thinking and system 

dynamics modelling.  The chapter also explains how the experts identified eleven (11) 

leverage points where corrective actions could be introduced to alleviate the problem of 

cost overruns.  As stated in Chapter 04, the terms – ‘construct’, ‘model’, ‘substantive 

theory’ ‘causal-loop diagram’, and ‘systems map’ are used interchangeably, and they 

convey the same meaning. 

7.2 Causal-loop diagrams 

The indispensable quality of the systems thinking approach is to demonstrate how causes 

lead to effects in a system and how they are represented in causal-loop diagrams 

(Sheffield et al., 2012; Omotayo et al., 2019).  In doing so, this section illustrates the 

cause and effect relationships and feedback loops within the four systems maps.  As 

explained in Chapter 04, the cause and effect relationships and concepts from the coding 

process were used to construct the causal-loop diagrams representing each main category.  

The causal structures are grounded in data as discussed in Chapter 06 and linked as they 

were explained by interview participants (mental database) and written in other data 

sources (written database).  As stated in Chapter 04, the developed systems map/causal-

loop diagram is a model of a system structure (structure of the complex problem) based 

on cause and effect relationships grounded in data, hence, it does not analyse the system 
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behaviour (i.e. simulation).  In order to examine the cost overrun causation, the model 

has focused on understanding the constituents (variables) of the complex problem and 

illustrating how they are inter-connected and influence each other.   

In order to build the causal-loop diagrams representing the cause and effect relationships, 

the standard symbols used in systems thinking/system dynamics models were used as 

suggested by Sterman (2000).  The diagrams were drawn using VENSIM software – a 

specialised software for system dynamics modelling.  Table 7.1 shows the symbols used 

in the causal-loop diagrams.   

Table 7.1: Symbols used in causal-loop diagrams 

Symbol Explanation 

 

 

Positive causality: All else equal, if either (a) A adds to B or (b) a 

change in A produces a change in B in the same direction (when A 

increases, B increases, and when A decreases, B decreases). 

For example, as grounded in data, optimism bias caused risk 

negligence, therefore, when optimism bias increases risk 

negligence also increases. 

 

 

Negative causality: All else equal, if either (a) A subtracts from B 

or (b) a change in A produces a change in B in the opposite 

direction (when A increases, B decreases, and when A decreases, 

B increases). 

For example, ignorance could have been reduced by adding 

technical expertise. Therefore, an increase in technical expertise 

results in a decrease in ignorance. 

 

                  

Clockwise reinforcing-loop (positive): A loop in which an action 

produces a result that influences more of the same action thus 

resulting in growth or decline. 

 

                

Counterclockwise reinforcing-loop. 

                  

Clockwise balancing loop (negative): A balancing loop attempts to 

resist change in one direction by producing a change in the 

opposite direction. 

 

                

Counterclockwise balancing-loop. 

 

Delay: A time delay in a feedback loop. 

 

The emerging complex problem being analysed (cost overruns). 

A B

+

A B

-

R

R

B

B

A B
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A leverage point where a corrective action or a solution could be 

applied.  

           

A shadow variable: A variable that is defined elsewhere in the 

systems map.  No arrows can enter (cause) shadow variables.  

Arrows can leave shadow variables. 

 

A shadow variable connecting another variable in the system. 

(Source: Sterman, 2000, pp. 138-139) 

Variables and the causal links for the systems maps were extracted from the hierarchical 

coding structure based on the emerging core categories, concepts, and causal relationships 

as explained in the mental (interviews) and written (documents) databases.  In addition to 

the codes, the same colour schemes used for the four core categories in the Nvivo coding 

chart were used to draw causal-loop diagrams.  For example, the ignorant strategic 

leadership model was drawn in blue, immature project organisation was drawn in green, 

political power relations model was drawn in orange, and external actor resistance was 

drawn in pink colour.  The use of different colours to draw the causal-loop diagrams 

provides clarity and effortlessly distinguishes between each causal-loop diagram (Eker 

and Zimmermann, 2016).    

The polarity of each causal link was denoted with a + or − sign to indicate whether the 

link is a positive link (+) or a negative link (−).  Loops were determined as reinforcing or 

balancing based on the overall behaviour of the variables in the loop as suggested by 

Sterman (2000).  Sterman (2000, p. 144) stated that to identify a loop as positive or 

negative, first, the number of negative polarities (−) within the loop should be counted.  

If the number of negative polarities (or none are present) is ‘even’, the loop is reinforcing.  

If the number of negative polarities is ‘odd’, it is a balancing loop.   According to Sterman 

(2000, p. 141), connecting variables within the causal-loop diagrams should only 

represent causality as explained in mental or written databases, hence, no assumed 

correlation should be considered.  Based on this, the causal links in the developed systems 

maps only represent the cause and effect relationships that emerged from the data 

analysis.  For example, as stated in Chapter 06, interview participants stated that when 

AB

<A>

B
<A>
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optimism bias increased (or decreased) the risk negligence also increased (or decreased).  

This indicates a positive causal relationship.  Data also indicated that increased (or 

decreased) risk negligence reduced (or increased) the allocation of contingencies for the 

project.  This indicates a negative causal relationship.  This approach was followed 

throughout the development of causal-loop diagrams to link the causal interactions with 

positive or negative polarity.  The following sections illustrate each systems map, 

feedback loops, and how the cause and effect relationships collectively contribute to the 

complex problem of cost overruns in construction megaprojects.      

7.2.1 Ignorant strategic leadership 

Figure 7.1 represents the observable and deep underlying causal structures within the 

domain of ignorant strategic leadership that emerged from the analysis.   

 

Figure 7.1: Systems map of ignorant strategic leadership  
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As seen in Figure 7.1, in addition to the cause and effect relationships, two (02) 

reinforcing feedback loops and two (02) balancing feedback loops can be identified in the 

causal-loop diagram.  As indicated in Chapter 06 ‘ignorance’ is a key variable in the 

system map with a positive causal relationship with the illusion of control, false hope, 

planning fallacy, and impulsive decisions.  Loops R1 and R2 are reinforcing loops that 

explain how ignorance increases the illusion of control leading to the formation of two 

reinforcing loops.   

In loop R1, ignorance of the strategic decision-makers increases the illusion of control to 

believe that they (strategic decision-makers) have full control of the project, hence, the 

illusion of control increases the reluctance to obtain professional support from the 

external technical experts.  When reluctance to obtain professional support increases, it 

decreases the available technical expertise within the project environment and further 

contributes to ignorance.  As data suggested, this could have been corrected with the 

availability of information and the addition of the right experience and expertise on high-

speed rail projects.  If not corrected, the loops created by ignorance will continue to grow 

further contributing to ignorance within the strategic leadership. 

Loop R2 shows as the illusion of control increase it causes an increase in optimism bias 

leading to risk negligence and cost underestimation.  The more optimistic the decision-

makers of their decisions, the more false hope they have, thus forming a reinforcing cycle.  

Loop B1 manifests the formation of a balancing loop as an increase in cost 

underestimation decreases the allocation of contingencies, however, if more 

contingencies are allocated, it also increases the tendency to underestimate the project 

costs.  Loop B2 is also a balancing loop, which shows that when there is an increase in 

cost underestimation, it results in low/unrealistic cost estimates.  And when the 

low/unrealistic estimates are increasingly produced, the allocation of contingencies is 

significantly reduced.      

In addition to the loops, other causal interrelationships that emerged from data show that 

ignorance directly increased planning fallacy and impulsive decisions.  Interestingly, data 

also indicated that the increase in planning fallacy also contributed to impulsive decisions 

and putting in aggressive schedules.  Further to that, when optimism bias, false hope, and 

risk negligence increased, cost underestimation also increased indicating a positive causal 

relationship.  Both cost underestimation and impulsive decisions also increased the 

production of low/unrealistic cost estimates.  Data also indicated that experience in high-
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speed rail megaprojects could have reduced or corrected ignorance and planning fallacy 

among decision-makers which manifest a negative causal relationship.   

7.2.2 Immature project organisation 

Figure 7.2 represents the systems map of the cause and effect relationships within the 

domain of project organisation immaturity that emerged from the analysis.   

 

Figure 7.2: Systems map of immature project organisation 
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As seen in Figure 7.2, the cause and effect relationships within the immature project 

organisation centre around the themes of undefined strategic objectives, stakeholder 

engagement, incomplete scope, and bureaucracy, forming six (06) reinforcing feedback 

loops and one (01) balancing feedback loops in the causal-loop diagram.  Loop R3 is a 

positive loop that explains how undefined strategic objectives increase the risk of 

incomplete scope.  With the incompleteness of the project scope increases, the inadequacy 

of the contract coverage also increases, and again fed back to the variable of undefined 

strategic objectives forming a reinforcing loop until it is corrected with defined strategic 

objectives.   

Loop R4 also originates from undefined strategic objectives.  As emerged from the 

analysis, an increase in the variable – undefined strategic objectives, causes a decrease in 

the engagement with stakeholders.  Similarly, when the aspect of stakeholder engagement 

is increased over time, it decreases the number of undefined strategic objectives.  

Interestingly, with two negative polarities feeding on each other, the loop is a positive 

loop as the number of negative polarities are even.  Loops R5 and R6 are reinforcing 

loops and refer to the cumbersome bureaucracy within the decision-making channels that 

delayed the progress of decisions made in a timely manner.  In loop R5, an increase in 

the number of unsupportive state agencies adds to bureaucracy, and the increased 

bureaucracy results in an increase in the unsupportiveness of the state agencies. 

Data also indicated that the number of decision-makers also added to the level of 

bureaucracy.  Therefore, loop R6 shows that an increase in the number of decision-makers 

within the internal project organisation and external state agencies increases bureaucracy 

thus forming another reinforcing loop.  Loop R7 manifests how accountability and 

responsibility for the decisions increases resulting in a need for additional management 

staff in the project organisation.  When the variable - unsupportive state agencies 

increases, the responsibility for the decisions decreases as no state agency is responsible 

for the outcomes.  However, when responsibility increase, it also increases the 

accountability for the actions.  Growth of responsibility also results in a need for more 

management staff (state employees).  The increased requirement for accountability for 

actions, however, results in a decrease in the unsupportive state agencies. 

Loop R8 explains how the contractor increases his control over the project due to 

incomplete scope.  As explained by interview participants, an incomplete scope increases 

the contractor’s ability to influence the changes thus increasing the contractor’s control 

over the project.  Similarly, once the contractor gains control over the project, his ability 



215 

 

to influence the changes also increases.  This also forms another reinforcing loop.  Loop 

B3 is a balancing loop that refers to the inadequate project governance and deficiencies 

in contract oversight with a limited number of staff members.  For example, when the 

allocation of the management staff is increased, it decreases the need to outsource contract 

management responsibilities to external consultants.  Also, when the outsourcing of 

contract management responsibilities increases, the contractor hiring the external 

consultants also increases.  This again increases the contractor’s control over the project.  

Since there is only one negative polarity present in the loop (odd), the loop forms a 

negative loop.   

In addition to the aforementioned loops, other causal relationships that emerged from data 

show that an increase in the undefined strategic objectives and inadequate contract 

coverage decreases the effectiveness of third party negotiations such as the right of way 

acquisition, utility relocations, and environmental clearance.  Interestingly, when the 

stakeholder engagement increases, it also increases the effectiveness of the third party 

agreements.  Although it did not form a feedback loop, the emerging findings indicated 

that despite the growing unsupportiveness of the state agencies, no one was held 

accountable for the negative outcomes of the project indicating a decrease in the 

responsibility and accountability for the outcomes.  Data also indicated that if the CHSRA 

had allocated a sufficient number of employees to oversee the contracts and manage the 

project, it could have increased the number of decision-makers and the engagement with 

stakeholders.   

Moreover, the causal links also include time delays within the decision-making channels.  

For example, in loops R5 and R6, the delay marks represent the delays due to bureaucracy 

in decision-making channels.  Also, the delay mark on the causal link between undefined 

strategic objectives and third party negotiations indicate the delays experienced during 

negotiations with third parties due to undefined strategic objectives.   

7.2.3 External actor resistance 

Figure 7.3 represents the causal-loop diagram of superficially observable causal 

structures within the core category of external actor resistance that emerged from the 

analysis.  As seen in Figure 7.3, the cause and effect relationships within the external 

actor resistance domain centres around the concepts of community opposition, laws and 

regulations, and authority, forming one (01) positive and three (03) negative feedback 

loops in the causal-loop diagram.   
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Figure 7.3: Systems map of external actor resistance 
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additional costs.  When compensation for the community increased, however, the 

opposition to the project decreased completing the loop as a balancing loop.  Loop B6 

represents delays induced on the right of way acquisition process by the community.  

When community opposition grows, the right of way acquisition progress declines.  

However, when the CHSRA attempts to acquire land and assets the community 

opposition increases forming a negative loop.   

In addition to the loops, other causal links indicate that, with strict laws and regulations 

in the state of California, the community opposition to the project increased as the 

landowners who refused to hand over their land sought legal action for compensation.   

When there is an increase in strict laws and regulations, the environmental clearance is 

also delayed due to the cumbersome approval process, hence, the progress of the 

environmental clearance is declined.  In addition to this, an increase in lawsuits also 

delays the environmental clearance, therefore, the progress is declined.  Interview 

participants also stated that compared to other established state and federal agencies, the 

CHSRA did not have the legal authority to acquire assets and expedite the environmental 

clearance process.  Therefore, when authority increases, the length of the acquisition 

process decreases, and the progress of the environmental clearance process increases.   

7.2.4 Political power relations 

Figure 7.4 represents the causal-loop diagram of political power relations that emerged 

from the analysis.  As seen in Figure 7.4, the cause and effect relationships within the 

political power relations domain centre around the concepts of commitment, political 

polarisation, and funding uncertainty, forming four (04) positive feedback loops in the 

causal-loop diagram.   

Loop R10 shows how the political commitment towards the project escalates.  When the 

demand for transportation and pressure from the labour unions to initiate new projects 

increase, the political commitment to initiate the project increases.  However, an increase 

in commitment also increases the need to justify the real costs of the project.  When the 

need to justify real costs increases, it results in an increased strategic misrepresentation 

of the costs.  When the costs are strategically misrepresented by both politicians and the 

project organisation (CHSRA), it increases the promotion of the project for public 

consent.  An increase in promotion, therefore, results in an increase in public consent to 

the project.   When the public consent to the project increases, it once again escalates the 

commitment to the project forming a reinforcing loop. 
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Figure 7.4: Systems map of political power relations 
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According to the emerging findings, the political polarisation was primarily caused by 

the regime change in 2016.  The change of regime further increased the changes to the 

investment policies and trade policies of the government.   

An increase in the changes to trade policies increases the changes to material prices in the 

market.  This further increases the uncertainty of the budget allocated for the project.  

Loop R13 represents the pressure on funding and its consequences.  As data indicated, 

when funding availability increases, the funding uncertainty faced by the project 

organisation decreases.  However, the uncertainty of funding largely increases the 

negative reputation of the project as well.  The negative reputation of the project being 

unable to secure funds decreases the availability of external financiers for the project.  An 

increase in the availability of financiers, however, increase the availability of funds 

forming a reinforcing loop.  In addition to that, an increase in political support towards 

the project increases the availability of funds for the project.  However, an increase in the 

changes to investment policies from the federal government particularly decreases the 

funding availability as happened in the Cal HSR project, and also increased the funding 

uncertainty as well.  Further to that, when the funding requirement for the project 

increases (due to cost overruns), both the funding uncertainty and budget uncertainty 

increase as well.  Increases in economic variables such as inflation and material price 

changes in the market also increase the budget uncertainty of the project.   

7.2.5 Final systems map – the emergence of cost overruns 

The previous sections explained the four systems maps developed based on the findings 

of data analysis.  However, one important fact to mention here is that the four causal-loop 

diagrams only represented the causal interactions within each core category, and they did 

not illustrate the causal links between each causal-loop diagram to provide a ‘complete 

picture’ of the cost overrun problem.  Therefore, in order to understand the cost overrun 

causation, the causal relationships between each individual system map were linked 

completing the final systems map/substantive theory (see Figure 7.5).  Similar to the 

previous causal-loop diagrams, the causal links in the final systems map were also 

extracted based on the cause and effect relationships that emerged from the data analysis.  

Using the hierarchical coding structure, the variables that were common to multiple core 

categories were used to connect the sub-systems maps completing the final model.  For 

example, data sources indicated that an increase in commitment towards the project 

increased the impulsive decisions made by the strategic leadership.  Hence, the two 
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variables that belonged to two different causal-loop diagrams were connected with 

appropriate polarity.  In addition to that, variables that were shown elsewhere in the 

systems map were linked using the ‘shadow variable’ function available on VENSIM 

software.  A shadow variable that appears in the diagram is surrounded by angle brackets 

< > with a connecting arrow in dashes.  Using shadow variables allows connecting 

variables located in different areas of the causal-loop diagram without making any 

changes to the structure of the model (Bureš, 2017).   

As seen in Figure 7.5, in addition to the causal links that were shown in the previous 

causal-loop diagrams, the complete systems map contains additional variables such as 

design complexity, errors, changes, scope creep, change orders, litigation costs, and 

construction costs that contribute to the problem of cost overruns.  These variables were 

not included in the previous models as the previous causal-loop diagrams only contained 

the causal interrelationships within the boundary of each model.  The reason for that is, 

in systems models, every variable should only feed into the system but not go out of the 

system (Keating, 1999).     

However, when formulating the complete model with causal links between each sub-

systems map, these variables were included as they are connected to other variables 

within the system and most importantly, they directly contribute to the emergence of the 

cost overrun problem.  As seen in Figure, 7.5, in addition to the cognitive biases and 

ignorance arising within the ignorant strategic leadership domain, impulsive decisions are 

influenced by multiple causes such as commitment, number of decision-makers, pressure 

to invest funds, and accountability.   

Multiple data sources indicated that the increase in commitment to initiate the project 

resulted in increased impulsive decisions leading to the execution of construction works 

with undefined strategic objectives.  The impulsive decisions were also influenced by the 

pressure from the federal government to invest funds before the funding deadlines passed.  

Therefore, an increase in pressure to invest funds increases the impulsive decision of 

execution of construction works before the critical planning tasks were completed.  Data 

sources also indicated that when impulsive decisions increased, the contract execution 

with an incomplete scope and the inadequacy of contract coverage also increased.  Further 

to that, aggressive schedules placed in by the CHSRA also decreased the completion of 

third-party negotiations on time.  An increase in low estimates due to cost underestimation 

increases the commitment towards the project and budget approvals from the public and 

the Legislature as the expected costs are significantly low.  
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Figure 7.5: Final systems map 
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One of the foremost drivers of cost overruns were the ‘changes’ and subsequent ‘scope 

creep’ in the project.  The changes were increased by the contractor’s ability to influence 

changes, errors due to complexity of the designs, and when the management with the 

illusion of control trying to rectify the additional costs by introducing changes such as 

blending.  This, however, resulted in scope creep leading to change orders.  Therefore, 

when scope creep increases, the number of change orders also increase.  The increased 

change orders also increase the construction costs by adding extra/adjusted costs resulting 

in cost overruns.   

In the external actor resistance model, when factors such as aggressive schedule and 

incomplete scope increase, the right of way acquisition process and utility relocations are 

delayed and the progress declines.  However, effective stakeholder engagement and third 

party negotiations can increase the progress of the right of way acquisition process and 

utility relocations.  Further to that, when scope changes and the number of decision-

makers increase, they increase the schedule uncertainty delaying the construction 

progress.  Similarly, scope creep and errors delay and negatively affect the construction 

progress at site.   Interestingly, the immediate causes of that trigger cost overruns are 

inflated compensation payments, inflated litigation costs, inflated construction costs, and 

the changes to material prices in the market.    

As seen in Figure 7.5, the emergence of cost overruns is not a result of one single source.  

It is a result of multiple underlying causal interrelationships occurring at different levels 

and phases of the project that lead to superficially observable events such as scope 

changes, community opposition, and lawsuits leading to inflated additional costs in the 

form of compensation, litigation costs, and additional material costs.  The resulting 

complex problem is not intended and cannot be defined by its individual attributes, and it 

can only be understood by holistically modelling the problem as in Figure 7.5.  For 

example, although a correlation may exist between the presence of ignorance and cost 

overruns in a project, it is inaccurate to state that cost overruns were a direct result of 

ignorance.  As clearly evident from the findings and the systems map, ignorance is one 

of many attributes within the complex problem of cost overruns, however, cost overruns 

do not directly emerge from ignorance. 

The emergence of cost overruns is, however, not the end result of the problems faced by 

the project.  As seen in Figure 7.5, the growth of cost overruns leads to other problems 

within the project.  For example, when cost overruns increase, the funding required to 

complete the project also increases resulting in uncertainty of the project budget (loop 
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R11).  Cost overruns also increase the negative reputation, resulting in a decrease in the 

available external financiers (loop R13).    Therefore, as with any other complex problem, 

the cost overrun problem emerges from multiple sources that are interrelated, and it is 

also interconnected to other problems as well.  The model/substantive theory of the cost 

overrun problem in construction megaprojects (systems map) presented in Figure 7.5, 

therefore, provides a more complete understanding of the problem by illustrating the 

cause and effect relationships that lead to cost overruns and other associated problems 

within a project.   

7.3 Verification of the model structure and leverage points 

Both systems thinking and system dynamics incorporate qualitative data and human 

judgment when developing and verifying the appropriateness of the models (Forrester, 

1992; Keating, 1999).  Therefore, although the substantive theory (systems map) 

presented in this chapter was developed based on the emerging findings grounded in data 

and using the standard symbols used in systems thinking/system dynamics models, it was 

still important to verify the structure of the model to assess whether it has followed the 

correct model building principles used in systems thinking and whether the cause and 

effect relationships and feedback loops are represented accurately.  Also, the developed 

system structures based on the mental databases can include subjective bias of the 

modeller (researcher), therefore, the models have to be verified by experienced systems 

modellers at every stage of the model building process (Forrester and Senge, 1980). 

Another important aspect of verifying the developed systems map was to identify 

appropriate ‘leverage points’ that can introduce corrective actions to solve or at least 

reduce the problem being addressed in the systems map.  According to Meadows (2008), 

a leverage point is a place to intervene within a system where a small change can produce 

large changes.  This could be in the form of introducing effective corrective actions to the 

system by expert systems modellers and solving or at least reducing the severity of a 

complex problem (Nguyen and Bosch, 2013; Roxas et al., 2019).  These corrective actions 

may involve: changing the mindset of which the system (problem) arises, the introduction 

of new policies that replace the current variables in the system, minimising delays within 

the system, changing the variables that drive positive feedback loops, and regulating 

negative feedback loops with new variables (Meadows, 2008).  However, changing the 

variables within a system is not a simple task considering the practicability of the exercise.  

For example, if the corrective actions are to be introduced to address the problem of cost 
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overruns in a megaproject of the scale of the Cal HSR project, this could be an extremely 

time-consuming, strenuous task given the number of individuals, activities, and processes 

that involve in the project.  Therefore, most of these corrective actions can only be 

recommended theoretically, but may not be able to fully implement considering the 

practical difficulties surrounding the problem (Meadows, 2008; Nguyen and Bosch, 

2013).  However, still, it is of vital importance to analyse the system structure, identify 

leverage points and corrective actions to put forth a framework with solutions to complex 

problems arising in the future.   Verifying the structure of the developed systems map and 

identifying leverage points using experts who bear experience in systems thinking/system 

dynamics, therefore, was identified as an important step of the research undertaken within 

this thesis. 

To verify the systems maps using expert judgement, however, there is no single method 

that exists in the literature.  Luna-Reyes and Andersen (2003) stated that similar to the 

qualitative tools that can be used to build systems models, the same qualitative tools such 

as interviews, focus groups, Delphi method and surveys can be utilised to verify or 

validate the models.  For example, Rees et al. (2017) used a modified Delphi approach to 

collect data for building causal-loop diagrams and verifying them.  Andersen et al. (2012) 

highlighted the importance of interviews as a tool for assessing system dynamics models 

evaluating the previous doctoral studies of Rich (2002); Black (2002); Diker (2003).  Rees 

et al. (2018) also verified the causal-loop diagrams of implementing innovative practices 

in primary healthcare management in New Zealand using seven (07) interviews.   

Based on the recommendations of Andersen et al. (2012); Rees et al. (2018) on the use of 

interviews for verifying systems models, interviews were conducted with four (04) 

system dynamics experts to verify the structure of the developed model and requested 

them to suggest leverage points where corrective actions can be introduced.  Compared 

to other model verification tools such as focus groups, surveys, and the Delphi method, 

interviews are less time and resources consuming, allow the flexibility for the interviewer 

to work around the questions, and provide opportunities for respondents to expand their 

answers (Andersen et al., 2012).   

The selection of interview participants was based on purposive sampling as it allows the 

researcher to use his/her judgement on the selection of participants based on their 

experience, relevance for the study, and the specific objective of the investigation (Patton, 

1990).  For the particular objective of verification of the models, it required experts who 

possessed experience in system dynamics/systems thinking, therefore, the interview 
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participants who were known to the researcher in a professional capacity were selected 

for the interviews.  The selected participants included two (02) academics with scholarly 

experience in systems thinking and two (02) industry practitioners who possessed 

extensive experience in system dynamics modelling.  The selected interview participants 

had more than sixty (60+) years of collective experience in the fields of system dynamics 

and systems thinking.  Due to time restrictions in participants’ schedules and the 

travelling concerns of the researcher, all four (04) interviews were conducted as telephone 

interviews via Skype (video call).   

The interviews were conducted in two stages.  First, the model was emailed to the 

interview participants, explaining the problem of cost overruns in the Cal HSR project 

and the purpose of developing the systems map, and requested them to examine the model 

structure and identify leverage points.  Once the participants had completed identifying 

leverage points, interviews were conducted through Skype (video call) and obtained their 

feedback on the model structure and leverage points.  The interviews were relatively short 

since they were simply confirmatory interviews with a limited number of questions and 

lasted only about 20 – 30 minutes.  The interview participants agreed that the structure of 

the model was accurate, cause and effect relationships are linked using appropriate 

polarities, and it represents an important ‘complex problem’, however, recommended 

minor changes to the naming of certain variables used in the model.  For example, in the 

political power relations model, the term ‘public approval’ was changed to public consent.  

Participants identified eleven (11) leverage points where corrective actions could be 

introduced with the objective of changing the dynamics of the system that can alleviate 

the problem of cost overruns.  Table 7.2 presents the identified leverage points and the 

summarised comments from the participants. 

Table 7.2: Identified leverage points and the summarised comments from the participants 

Leverage point Participant(s) Comments (aggregated) 

Ignorance 01, 02, 04 In the model, the variable – ignorance is coupled with 

other cognitive biases that create two feedback loops 

leading to negative effects.  This is, therefore, an 

important leverage point that should be addressed. 

Cost underestimation 01, 02, 03, 04 The cost underestimation variable is linked to many 

other variables leading to negative effects.  Therefore, 

this is a leverage point where a corrective action can 

be introduced.   

Impulsive decisions 02, 03 Impulsive decisions variable leads to the project 

execution without a proper definition of scope and 

other planning activities.  If this had been corrected, 
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many problems that occurred lately could have been 

avoided. 

Stakeholder engagement 01, 02, 04 The stakeholder engagement variable is linked to 

undefined strategic objectives and right of way 

acquisition variables.  In a project, this is a key point 

where an early defined corrective action could have 

applied to minimise the forthcoming problems. 

Third-party negotiations 03 Similar to the stakeholder engagement variable, the 

third party negotiations variable is linked to the right 

of way acquisition and utility relocations variables that 

could have been prevented with an early defined 

corrective action. 

Bureaucracy 01, 03, 04 This is a variable with many delays within the model 

and linked to two feedback loops where an effective 

corrective action could be introduced. 

Incomplete scope 01, 02, 03, 04 Initiating a large project with an incomplete scope is 

never a good idea.  Multiple corrective actions could 

be introduced to remodel this variable to a ‘complete 

scope’. 

Community opposition 01, 02, 03, 04 This variable is where problems from the external 

environment begin leading to two important feedback 

loops responsible for increasing costs.  Therefore, it is 

an important leverage point, and a corrective action 

could be introduced here.   

Commitment 02, 03 The commitment variable is definitely a starting point 

of an important feedback loop that can be corrected.   

Political polarisation 01, 02, 03, 04 This is also another variable that leads to two feedback 

loops leading to uncertainty around the project budget.  

A corrective action could be introduced here, 

however, it is uncertain how this could be 

implemented with politicians. 

Funding availability 01, 02, 03, 04 A project cannot go ahead without a proper funding 

stream.  This variable is also responsible for creating 

a loop that results in negative reputation for the project 

and limiting the number of external financiers.   

Therefore, this is a leverage point where a corrective 

action could be introduced. 

 

Based on the recommendations and feedback from the interview participants, the model 

structure was updated with leverage points as seen in Figure 7.6.  The leverage points are 

represented by a ‘hexagon’ to make them clearly identifiable.   In addition to verifying 

the structure of the developed systems map, this thesis adopted a ‘modified Delphi 

approach’ to validate the emerging substantive theory (systems map) for its applicability 

in representing the cost overrun causation in construction megaprojects, the emerging 

theoretical propositions that explain the causal mechanisms within the substantive theory, 

and the possible corrective actions that can be introduced to alleviate the cost overrun 

problem, using a panel of global experts with extensive experience in planning and 

managing construction megaprojects (see Chapter 08).  
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Figure 7.6: Systems map with leverage points 
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7.4 Chapter summary 

This chapter addressed the fourth objective and the main contribution to knowledge made 

from the research undertaken within this thesis – to develop a model to understand the 

causal interrelationships between the causes and events that lead to cost overruns.   Using 

the systems thinking approach, the cause and effect relationships within and between the 

four (04) core categories that emerged from the data analysis were illustrated as causal-

loop diagrams/systems maps.   

The chapter then went on to discuss the cause and effect relationships and feedback loops 

that trigger events illustrated in the four (04) systems maps.  In the ignorant strategic 

leadership systems map, in addition to the cause and effect relationships, two (02) 

reinforcing feedback loops and two (02) balancing feedback loops were identified in the 

causal-loop diagram.  As indicated in Chapter 06 ‘ignorance’ was a key variable in the 

system map with a positive causal relationship with the illusion of control, false hope, 

planning fallacy, and impulsive decisions.  The cause and effect relationships within the 

immature project organisation systems map centred around the concepts of undefined 

strategic objectives, stakeholder engagement, incomplete scope, and bureaucracy, 

forming six (06) reinforcing feedback loops and one (01) balancing feedback loops in the 

causal-loop diagram.   

The cause and effect relationships within the external actor resistance domain centred 

around the concepts of community opposition, laws and regulations, and authority, 

forming one (01) positive and three (03) negative feedback loops in the causal-loop 

diagram.  The systems map of the political power relations domain centred around the 

concepts of commitment, political polarisation, and funding uncertainty, forming four 

(04) positive feedback loops in the causal-loop diagram.  The final systems map 

representing the substantive theory of cost overrun causation in construction 

megaprojects was developed by connecting the variables between the four (04) systems 

maps.     

In this chapter, it was established that the emergence of cost overruns is not a result of 

one single source.  It is a result of multiple underlying causal interrelationships occurring 

at different levels and phases of the project that lead to superficially observable events 

such as scope changes, community opposition, and lawsuits leading to inflated additional 

costs in the form of compensation, litigation costs, and additional material costs.  

Therefore, the resulting complex problem is not intended and cannot be defined by its 
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individual attributes, and it can only be understood through a holistic lens that examines 

the cause and effect relationships starting from the roots of the problem and its associated 

problems. 

The chapter also explained how the developed model was verified for its structural 

appropriateness using four (04) interviews with experts in systems thinking and system 

dynamics modelling.  The experts agreed that the structure of the model was accurate and 

identified eleven (11) leverage points where corrective actions could be introduced to 

alleviate the problem of cost overruns. 

The next chapter (Chapter 08 – Validation of the developed model and theoretical 

propositions) explains how the emerging substantive theory (systems map) and the 

propositions were validated for its applicability in representing the cost overrun causation 

in construction megaprojects, and the possible corrective actions that can be introduced 

to alleviate the cost overrun problem, using a modified Delphi approach. 
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Chapter 08   Validation of the developed model and theoretical 

propositions 

8.1 Introduction 

The previous chapter discussed the development of a model to understand the causal 

interrelationships between the causes and events that lead to cost overruns in construction 

megaprojects.  This chapter addresses the fifth and final objective of the research 

undertaken within this thesis – to validate the developed model and propositions on their 

applicability for understanding the cost overrun causation in future construction 

megaprojects.  Using a panel of global experts, two rounds of modified Delphi surveys 

were conducted to validate the developed model and propositions.   The Delphi surveys 

were conducted with two objectives: first, to validate the model and propositions on their 

applicability and generalisability in understanding the cost overrun causation in 

construction megaprojects; second, to recommend corrective actions that can be 

introduced to the leverage points identified in the previous chapter that can alleviate the 

complex problem of cost overruns in construction megaprojects.   

8.2 Validation of research findings 

Validation of research findings, whether quantitative or qualitative is of prime importance 

in any scientific research study (Sousa, 2014).  For example, De Souza and Da Silva 

(2011, p. 779) stated: 

“…. validation contributes to the verification of the representativity and extension of each 

item in the phenomenon under investigation, as well as to establish the domain of interest 

and dimension of each category within the one revealed by the phenomenon under 

investigation, that is, to show that the interpretations that the researcher made represent 

the ‘reality’ and are more than the product of the fertile imagination of the researcher”. 

Therefore, for the purpose of validating the developed model and propositions for their 

‘representativeness’ of the phenomenon under investigation, that is ‘cost overrun 

causation in construction megaprojects’, a suitable validation method had to be employed.   

As with any other research approach, validation of results and models is an important 

aspect of system dynamics (Forrester and Senge, 1980; Barlas, 1996).  System dynamics 

models focused on quantitative results, for example, simulations, can be validated using 

the in-built validation tests within the VENSIM software.  However, since this study 

focused on producing a qualitative output – a substantive theory in the form of a systems 
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map constructed using the grounded theory method, a rigorous qualitative technique was 

required to validate the model and propositions on their applicability and generalisability 

in understanding the cost overrun causation in construction megaprojects.   

When constructing a substantive theory based on the grounded theory method, the 

validation is primarily a methodological strategy that ends with the ‘validation’ of the 

constructed theory (Corbin and Strauss, 2008).  Therefore, when compared to quantitative 

research, the validation of a theory in qualitative research does not mean ‘testing’, rather 

it involves the comparison of concepts and determining how appropriate they are for the 

phenomenon under investigation (De Souza and Da Silva, 2011).  As such, the selection 

of a validation technique that is suitable for validating constructs of both the grounded 

theory and systems thinking/system dynamics was an important consideration in this 

thesis.   

8.2.1 Selection of an appropriate validation technique 

As mentioned in Chapter 07, Luna-Reyes and Andersen (2003) stated that similar to the 

qualitative tools that can be used to build causal-loop diagrams, the same qualitative tools 

such as interviews, focus groups, Delphi method and surveys can be utilised to verify or 

validate the models.    Of the above methods, a modified Delphi approach was particularly 

considered appropriate for validating the propositions and the conceptual systems map 

using an expert panel.  The Delphi approach involves obtaining the opinion of a selected 

panel of experts, about complex problems, through a series of questionnaires (iterative) 

and retrieving controlled feedback (Day and Bobeva, 2005).  However, in addition to 

obtaining the opinion of experts about complex problems, a modified version of the 

Delphi method can be used as an effective tool to build confidence in research results, 

validate research findings, and obtain the opinion/consensus of the expert panel on the 

problem under investigation (Chan et al., 2001; Sourani and Sohail, 2014; Rees et al., 

2017).   

The modified Delphi technique has been used for validating both system dynamics 

models and theoretical propositions constructed using the grounded theory method.  For 

example, Rees et al. (2017) applied a modified Delphi technique in system dynamics 

model building to explore stability and change in transport systems and verify the models 

using a panel of twenty-two (22) experts.  Similarly, Kolar (2017) used a modified Delphi 

approach to validate a set of theoretical propositions in his doctoral research study focused 
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on ‘improving the link between project management and strategy to optimise project 

success’ using a panel of seven (07) experts from a case study project.     

Usually, a Delphi study is conducted in the form of a survey, therefore, the anonymity of 

the panel members is assured.   The Delphi process involves pre-defined selection criteria 

for the expert panel, identifying the set of issues to be examined by the experts, design of 

the data collection instruments (questionnaires), and piloting of the data collection 

instruments before sending them out to the expert panel (Chan et al., 2001).  The process 

is usually iterative, however, there is no maximum number of rounds to be conducted, 

hence, can be iterated depending on the purpose of the research or until the consensus of 

the panel is reached (Hasson et al., 2000; Sourani and Sohail, 2014).  Conspicuously, 

compared to other methods, the modified Delphi technique offers a flexible, yet rigorous 

elicitation of experts’ opinions and feedback in building confidence in research results 

and validating research findings.  Also, one of the main advantages of using a modified 

Delphi approach is its flexibility (e.g. minimal scheduling difficulties and avoiding 

lengthy discussions) as it can be conducted as an online survey, and most importantly, 

assuring the anonymity of the participants when reaching consensus (Hasson et al., 2000; 

Toepoel and Emerson, 2017).  Therefore, based on the above justification and following 

the approaches used by Rees et al. (2017); Kolar (2017), a modified Delphi approach was 

considered appropriate for validating the propositions and the conceptual systems map 

using an expert panel.   

8.2.2 Design of the modified Delphi survey 

The first step of the modified Delphi survey was to select the panel of experts.  For this, 

the following pre-defined criteria were used as suggested by Chan et al. (2001).   

1. Experts should have extensive experience (at least 15+ years) in planning and 

managing construction megaprojects over 1 billion USD in the capacity as a 

contractor or a consultant 

2. Experts should have been involved in construction megaprojects other than their 

own country of residence (in order to maximise the generalisation of the 

applicability of the model)  

3. Experts should have been involved in at least one recent construction megaproject 

that suffered from cost overruns 

Based on the above criteria, only experts who met all the criteria were selected for the 

survey.  Similar to the selection of interview participants for verification of the model 
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structure, the researcher used purposive sampling to select the panel of experts and 

selected professionals who were known to the researcher in a professional capacity.  

Fourteen (14) global experts in megaprojects - four (04) from the UK and ten (10) from 

the USA were selected and contacted to obtain their consent to participate in the Delphi 

study.  However, out of fourteen (14), only eight (08) professionals participated in the 

study with a 57% response rate consistent with Kolar (2017) (see Appendix 03 for 

participant profiles).  All selected participants had extensive experience working in the 

construction industry, particularly in delivering megaprojects in the UK, USA, Canada, 

Brazil, Germany, United Arab Emirates, South Africa, India, and Australia covering a 

wider geographical context.    

Since the systems map and the propositions were already completed at the time of 

selecting the panel, an online questionnaire with a five (05) point Likert scale (1 = 

Strongly Disagree to 5 = Strongly Agree) and space for comments/feedback was designed 

(see Appendices 04 and 05).  The questionnaire consisted of two parts: part one included 

the systems map and its explanation, and requested the panel to provide their 

agreement/disagreement with the model and comments/feedback on the model for its 

applicability to represent cost overrun causation in construction megaprojects and any 

suggestions for improvement; part two included the seven (07) theoretical propositions 

and the applicable leverage points identified by the system dynamics experts, and 

requested the panel of experts to provide their agreement/disagreement with the 

propositions and any suggestions for improvement and identify corrective actions that 

can be introduced to change the overall outcome (cost overruns).  In order to minimise 

irrelevant/non-productive communication, participants were encouraged to provide 

written feedback to improve both the system map and propositions as suggested by 

Strauss and Zeigler (1975); Loo (2002).  In addition to that, a pilot survey was conducted 

using two academics in the university (research supervisors) to examine the clarity of 

questions and the overall appropriateness of the questionnaire as suggested by Naoum 

(2013).  This provided a test run for the questions where the two academics evaluated the 

wording of the questions and provided constructive feedback to avoid any ambiguities in 

the questionnaire. 

In addition to the pre-defined selection criteria for the expert panel, the researcher defined 

the group stability and consensus criteria to enhance rigour based on Rowe and Wright 

(1999); Kolar (2017).  This included: defining the mean score to be ≥ 3.5, the coefficient 

of variation (the relative dispersion of data points in a data series around the mean) to be 
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≤ 0.30 (30%), and a ≥ 75% agreement between the panel members scoring 4 = Agree or 

5 = Strongly Agree on a five (05) point Likert scale.  The termination of the Delphi rounds 

was determined if the consensus was achieved based on the above criteria and no further 

improvements to the model and propositions were recommended by the panel.  The 

survey was conducted using the ‘Survey Monkey’ online questionnaire design website 

and the link for the questionnaire was emailed to the participants.  The intended 

completion period for the questionnaires was set as fourteen (14) days and the participants 

were notified regarding this in the email sent to them.   

8.2.3 Delphi round 01 

The first Delphi round started on 06/04/2020 and was completed on 20/04/2020.  As 

mentioned in the previous section, only eight (08) experts participated in the survey.  

Feedback from the experts was collated and Table 8.1 presents the summarised results of 

the Delphi round 01.  The first round achieved a good degree of consensus for all 

propositions and the systems map.  As seen in Table 8.1, the expert panel provided 

recommendations for corrective actions and constructive feedback to improve the systems 

map and propositions.  The expert panel agreed that an accurate representation of the cost 

overrun problem and its underlying causes is provided in the systems map.  The model 

was, therefore, considered validated with no further changes.  However, most experts also 

noted that when considering a megaproject and the number of variables associated with 

it, it would be impracticable to show every single relationship occurring at various stages 

of a project in one diagram.  The use of multiple diagrams for different stages of the 

project would be an alternative for this.  However, since the model was developed using 

the emerging core categories and concepts grounded in data, after consultation with the 

research supervisors it was determined that there was no requirement for changing the 

model.  The use of multiple diagrams for different stages of the project could, however, 

be considered for any future work in this research area. 

The expert panel also agreed with the propositions providing their comments on each.  

Although the expert panel agreed with all propositions, they suggested 

amending/modifying propositions 02, 03, 04, and 05 to increase their generalisability in 

the context of megaprojects while propositions 01, 06, and 07 remain unchanged.  Based 

on the constructive feedback and suggestions of the panel, modifications were made to 

propositions 02, 03, 04, and 05.  The wording of propositions 02 and 04 was changed and 

propositions 03 and 05 were broken down to construct two additional propositions 
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resulting in four propositions (3a, 3b, 5a, 5b).  The modified propositions and their 

explanations are presented in Table 8.2.
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Table 8.1: Summarised results of the Delphi round 01 

Aggregated comments on the systems map Round one score (Mean, Median, Standard Deviation, Coefficient 

of Variation) 

Causal relationships and leverage points are clear.  An accurate representation of the cost overrun 

problem in megaprojects is provided.  However, when considering a megaproject and the number 

of variables associated with it, it would be impracticable to show each and every single 

relationship occurring at various stages of a project in one diagram.  

 

4.13, 4.00, 0.64, 0.16 

4.13, 4.00, 0.64, 0.16 

Proposition  Aggregated comments from the experts Recommended corrective actions for 

leverage points 

(Aggregated) 

Round one score 

(Mean, Median, 

Standard Deviation, 

Coefficient of 

Variation) 

P1: Strategic decision-makers 

(Client/project sponsor) who are 

unconsciously ignorant of how 

deficient their expertise is when 

planning and initiating public 

megaprojects, create immature 

project organisations.   

Decision-makers often do not articulate clear strategic 

outcomes that the project is to deliver instead burying any 

such notions in a pile of platitudes.  On megaprojects, it is 

not possible that a single individual can understand all of 

the nuances of the factors that will influence the project.   

Immature project organisations seek to return to a plan 

which may no longer deliver what is required.  Denial is a 

trait of poor performing owner teams.  Therefore, it is 

essential that a decision-making methodology is used - 

which forces consideration of multiple factors and that 

unbiased expert advice is taken at the outset of the project. 

Leverage point: Ignorance 

 
Corrective actions: Decision-makers with 

the right expertise and knowledge, 

information availability, acceptance of own 

ignorance, early agreement over a decision-

making methodology, use of unbiased 

expert advice  

4.25, 4.00, 0.71, 0.17 

Ignorance
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P2: When planning and initiating 

public megaprojects, high levels of 

ignorance, cognitive biases, 

political pressures, and 

overcommitment collectively 

result in impulsive decisions made 

by strategic decision-makers 

(Client/project sponsor). 

Often decision-makers have selective listening, only 

hearing what they want to hear.  A decision-maker needs to 

encourage dissent.  When elected officials are the decision-

makers, they may be honest, willing to listen to info, but this 

is just one of many issues on their plate, they have limited 

time to devote to it, and they depend to some extent on their 

staff, who also may be only partially informed.  And some 

are as interested in what contributors and supporters want to 

see.  Decision-makers would prefer to delay any budget bad 

news as long as possible, putting the funding agencies in a 

difficult position. 

Leverage point: Impulsive decisions 

 

 
Corrective actions: Continuous stakeholder 

engagement with project teams and 

contractors, communication, setting out 

realistic strategic objectives and timelines, 

the decision to build after securing 

continuous funding, accountability for the 

actions and outcomes, understanding and 

acceptance of own biases 

4.38, 4.00, 0.52, 0.12 

P3: Project organisations initiating 

public megaprojects with an 

undefined scope, incomplete 

designs, unrealistic cost and 

schedule estimates, and 

insufficient management 

personnel are likely to result in 

scope creep and additional costs 

when they are encountered with 

technical, economic, political, 

social, and legal risks. 

With realistic budgets, many of these megaprojects would 

not get built.  Optimistic estimates are often a political 

imperative.  A project needs strategic objectives and scope 

defined, but decisions have to be made on megaprojects 

well before the design could possibly be completed and 

detailed cost and schedule estimates could be made.  The 

greater the level of political interest the more likely it is that 

an early, inappropriate, decision is made. 

Leverage points: Incomplete scope, cost 

underestimation 

 

      
Corrective actions: Definite strategic 

objectives and scope, realistic cost and 

schedule estimates with realistic 

contingencies allocated for risks and 

inflation, finalising third-party agreements 

prior to initiating construction 

3.88, 4.00, 1.13, 0.29 

Impulsive

Decisions

Incomplete

Scope

Cost

Underestimation
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P4: Bureaucratic governance 

within the project organisations 

and state agencies negatively 

affects the decision-making 

process at various levels and 

stages of a project. 

It could also be argued that if this is the bureaucracy that 

clients or suppliers know that they will be working with then 

they should take account of it in the schedule.  This is a 

known risk on most projects that is often simply ignored.  

Also, publicly funded projects necessarily have more 

bureaucracy (procurement and legal) than private projects.  

This is usually because the procurement and legal 

specialists do not report directly to the project manager. 

Leverage point: Bureaucracy 

 

 
Corrective actions: Setting out realistic 

timelines for project approvals, 

communication, early agreement over the 

information flow and the construction 

schedule, removal of “slow channels” 

within the information flow 

4.38, 4.00, 0.52, 0.12 

P5: Public megaprojects are laid 

on political commitment and are 

prone to conflicting consensus on 

the project scope and funding 

certainty if faced with high levels 

of political polarisation and 

regime changes. 

The political agenda will always be controlled by the party 

in power, and they will often attempt to use the positive 

impact of megaprojects as a way of maintaining power.  

Continuous and adequate funding is absolutely critical.  

Projects suffer from inadequate and unreliable funding 

caused by unrealistic promises from the promoters. 

Leverage points: Commitment, political 

polarisation, funding availability 

 

 
Corrective actions: Transparency on real 

project costs, continuous availability of 

funding regardless of the political agenda, 

avoiding false promises for re-election 

4.00, 4.00, 0.76, 0.19 

Bureaucracy

Commitment Political

Polarisation

Funding

Availability
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P6: Low levels of external actor 

relationships (i.e. stakeholder 

engagement and third-party 

negotiations on asset acquisition, 

utility relocations, and 

environmental clearance) will 

augment the likelihood of delays 

and cost overruns caused by legal 

actions (i.e. protests, disputes, 

lawsuits, and compensation). 

Consultation in megaprojects is driven by legislation and 

should not come as a surprise to anyone contemplating a 

megaproject.  Client teams often seek to ‘manage 

stakeholders’.  That is not possible.  The best you can do is 

engage.  Making that mindset change is often the difference 

between success and failure.  With patience and time, most 

of the legal issues can be resolved - but not if the project 

budget is success-based and does not allow for adjustments 

caused by political compromise of legal delays. 

Leverage points: Stakeholder engagement, 

third-party negotiations, community 

opposition 

 

                       
Corrective actions: Continuous stakeholder 

engagement with project teams and 

contractors, early contractor involvement 

and allocating realistic schedules for third-

party/stakeholder requirements 

3.88, 4.00, 0.99, 0.26 

P7: Cost overruns in megaprojects 

is an emergent ‘symptom’ caused 

by multiple inter-related causes 

and events occurring at different 

levels and phases of the project 

thus cannot be attributed to one 

single cause. 

Cost overruns are definitely multivariate and can result from 

a wide range of factors.  Although the situation would likely 

vary from one megaproject to another, the proposition is 

accurate.  However, there is no good metric for complex 

problems (or even relative complexity to compare approach 

A to approach B).  We treat megaprojects as closed systems 

when they are very much open systems.  And the problems 

they face are also ‘grand’.  Gantt and Fayol lived with 

projects that were very much closed systems with limited 

and highly visible coupling between activities.  That is not 

the world of megaprojects.  ‘Classical’ project management 

theory fails at scale when megaprojects encounter complex 

problems, yet we keep trying to perfect it.  The emergence 

of cost overruns may be real, but they are not inevitable.

    

Corrective actions: Systemic thinking 

before making decisions and taking new 

actions, understanding how the 

actions/changes could affect the whole 

project resulting in cost overruns 

 

 

4.25, 4.50, 1.04, 0.24 

Third-party

Negotiations
Stakeholder

Engagement

Community

Opposition
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Table 8.2: Modified propositions 

Proposition 

no. 

Proposition Explanation Leverage points 

P1 Strategic decision-makers (Client/project sponsor) who 

are unconsciously ignorant of how deficient their 

expertise is when planning and initiating public 

megaprojects, create immature project organisations. 

Once a megaproject is approved by the legislature, the next 

move will be the establishment of a ‘business organisation’ 

to execute the project strategy.  When strategic level decision-

makers in project organisations (Client) are inexperienced, 

and incapable of understanding their own deficiencies in 

knowledge and ability to plan and initiate such large and 

complex projects, this collectively forms an immature project 

organisation. 

Ignorance 

 

P2 High levels of selective listening, ignorance, cognitive 

biases, political pressures, and overcommitment will 

collectively result in impulsive decisions made by 

strategic decision-makers (Client/project sponsor). 

Organisations executing public megaprojects are prone to 

political (over)commitment and pressures (i.e. pressure on 

early execution, and pressure on completion).  When ignorant 

decision-makers (actors with high levels of responsibility for 

the outcome of the project) within an immature project 

organisation are influenced by such political influences and 

cognitive biases such as optimism bias, false hope, illusion of 

control, planning fallacy, and Dunning-Kruger effect, this 

collectively leads to an impulsive decision to initiate the 

project without ‘foresight’ and underestimating the 

complexity of the project. 

Impulsive decisions 

 

P3 a. High levels of impulsive decision-making (i.e. caused 

by ignorance, cognitive biases, direct or indirect 

political influence) result in project initiation with an 

undefined scope, unrealistic cost and schedule 

estimates. 

 

When an immature project organisation impulsively makes 

the decision to build (with no foresight on the uncertainties 

lying ahead), the result is the project being initiated with a 

premature scope, undefined strategic objectives, and 

unrealistic cost and schedule estimates.   

 

Due to their long planning and execution period, 

megaprojects are prone to higher levels of both internal and 

Incomplete scope, cost 

underestimation 
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b. Project initiation with an undefined scope will 

escalate the risk of scope creep and additional costs due 

to changes during construction. 

external risks - technical, economic, political, social, and 

legislative throughout their lifespan.  When an immature 

project organisation impulsively initiates a megaproject with 

an incomplete scope, unrealistic cost and schedule estimates, 

and insufficient, inexperienced personnel to manage the 

project, the exposure to technical, economic, political, social, 

and legislative risks results in frequent changes to the scope 

leading to cost overruns and delays during construction. 

P4 High levels of organisational bureaucracy within 

immature project governance structures negatively 

affect the decision-making process (i.e. delays on 

project approvals and information flow) at various 

levels and stages of a project. 

Public megaprojects involve multiple actors, agencies, strict 

order, and rules within the decision-making channels 

throughout the lifespan of the project.  Having slow 

information flows within the decision-making channels and 

scheduling project timelines neglecting these delays caused 

by cumbersome bureaucracy at executive, organisational, and 

production levels will cause delays to the project approvals 

and decisions being made while executing the project thus 

eventually delaying the whole decision-making process and 

approvals at various stages of the project. 

Bureaucracy 

 

P5 a. High levels of commitment, unrealistic promises (i.e. 

using megaprojects as a mechanism of maintaining 

power, strategic misrepresentation), and promotion will 

manipulate the decision to approve megaprojects. 

 

b. High levels of political polarisation (i.e. due to regime 

changes, project (under)performance) negatively affect 

the consensus on the project scope and funding certainty 

during execution. 

Megaprojects cost large amounts of money, take many years 

to build, and affect millions of people, thus are subject to 

political influence, and the outcome will be affected by the 

consensus and commitment of the governing regime.  Power 

bearers can directly influence the decisions on project scope 

and funding, affecting the outcome of the project.  

Megaprojects are initiated by legislation and the elected 

officials may promote ‘(un)realistic promises’ to win the 

public approval for initiating a megaproject. 

 

The divergence of political attitudes (polarisation) can affect 

the approvals and grants for the projects at different stages.  

Political agreements or disagreements will determine whether 

Commitment, political 

polarisation, funding 

availability 
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the project is receiving the approvals and funds.  If the 

governing regime approved the project changes while the 

project is being executed, the consensus on project approvals 

will result in changes to the project scope.  This eventually 

leads to scope creep and uncertainty of funds to continue the 

project.  Economic policies of the governing regime can also 

change the material prices and inflation which directly affect 

the certainty of the allocated budget for the project. 

P6 Low levels of external actor relationships (i.e. 

stakeholder engagement and third-party negotiations on 

asset acquisition, utility relocations, and environmental 

clearance) will augment the likelihood of delays and 

cost overruns caused by legal actions (i.e. protests, 

disputes, lawsuits, compensation). 

When an immature project organisation makes the decision 

to initiate a public megaproject with low levels of stakeholder 

engagement and third-party negotiations it is highly likely to 

undergo immense scrutiny from the community groups and 

legislation such as lawsuits when acquiring public/private 

assets, relocating utilities, environmental clearance, and 

third-party agreements which are beyond the project 

organisations’ authority.  As a result, these impediments 

involve paying large amounts of money as compensation to 

third parties and the contractor thus causing continuous 

delays to the project progress leading to schedule uncertainty 

and cost overruns. 

Stakeholder engagement, 

third-party negotiations, 

community opposition 

 

P7 Cost overruns in megaprojects is an emergent 

‘symptom’ caused by multiple inter-related causes and 

events occurring at different levels and phases of the 

project thus cannot be attributed to one single cause. 

Cost overruns are a result of the dynamic interactions 

between a series of causes and events occurring at different 

levels and phases of the project, hence, cannot be attributed 

to one single cause such as ignorance, cognitive biases, 

organisational immaturity, scope creep, technical, economic, 

political, social, and legislative risks.  The result (cost 

overruns) is not intended by and cannot be defined by its 

individual attributes.  Hence, it can only be understood by 

reference to the whole. 
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Although the expert panel validated the representativeness and the generalisability of the 

model/systems map for understanding the cost overrun causation in construction 

megaprojects, the recommended corrective actions and the modified propositions were 

required to be validated through another Delphi round.  Therefore, another questionnaire 

was prepared with a summary of comments from the expert panel in Delphi round 01 and 

included the corrective actions and the modified propositions to be validated by the panel 

using the same five-point Likert scale.  Once again, the same pre-defined group stability 

and consensus criteria were used for round 02 and the questionnaire was piloted before 

sending out to the participants.  The participants were notified by email and the online 

questionnaires were sent out only to the eight (08) participants who responded to the 

previous Delphi round.  The intended completion period for the questionnaires was set as 

fourteen (14) days same as round 01 and the participants were notified regarding this in 

the email sent to them.   

8.2.4 Delphi round 02 

The second Delphi round started on 11/05/2020 and was completed on 25/05/2020.  It 

should be noted that the survey was conducted during the lockdown period due to the 

Covid-19 pandemic, hence, one of the experts who participated in the first round could 

not participate due to health considerations.  Therefore, only seven (07) out of eight (08) 

experts participated in Delphi round 02 with a 88% response rate.  Similar to round 01, 

feedback from the experts was collated and Table 8.3 presents the summarised results of 

the second round.   

The second round achieved a good degree of consensus for all propositions and the 

corrective actions.  Since the expert panel did not recommend any major modifications 

for the propositions and corrective actions, it was determined that there was no 

requirement for an additional round.  The experts particularly commended proposition 

no. 07 for its representativeness of cost overrun causation in megaprojects.  One 

participant stated: 

“…. I think this is pretty much correct.  [....] I would all that the situation would likely 

vary from one megaproject to another”.   

The propositions were, therefore, considered validated and they accurately provided 

generalisable theoretical explanations for cost overrun problem in construction 

megaprojects supported by the model.  Upon termination of the two Delphi rounds, a 

short report containing the summarised results of the Delphi rounds 01 and 02 was 
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compiled and distributed to all experts who participated, and thanked them for their 

invaluable time and contribution to the research.  
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Table 8.3: Summarised results of the Delphi round 02 

Aggregated comments on the corrective actions Round two score (Mean, Median, 

Standard Deviation, Coefficient of 

Variation) 

The corrective actions are clear.  However, it is difficult to know how one would implement the corrective actions.   When elected 

officials are the decision-makers, this is just one of many issues on their plate, they have limited time to devote to it, and they 

depend to some extent on their staff, who also may be only partially informed.   

4.29, 4.00, 0.49, 0.11 

Proposition  Aggregated comments from the experts Round two score (Mean, Median, 

Standard Deviation, Coefficient of 

Variation) 

P1: Strategic decision-makers (Client/project 

sponsor) who are unconsciously ignorant of how 

deficient their expertise is when planning and 

initiating public megaprojects, create immature 

project organisations. 

Decision-makers have to have the right project team with appropriate 

experience, processes, and procedures in place to be followed as well.  But 

with the qualification that such people are hard to find and are often not 

acceptable to the initial project promoters specifically because they will tell 

the truth, and that is usually not welcome at the outset.  A related tendency 

is for outcomes to shift over the project time frame. 

4.57, 5.00, 0.53, 0.12 
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P2: High levels of selective listening, ignorance, 

cognitive biases, political pressures, and 

overcommitment will collectively result in 

impulsive decisions made by strategic decision-

makers (Client/project sponsor). 

The client, if often not receptive to the kind of advice needed, quite often, 

the political coalition needed to create a megaproject can only be built if 

scope, budget, and objectives are kept vague. Often delaying bad news on 

budgets allows a project to move forward.  Therefore, management and 

auditing of the process periodically by an outsider is key. 

4.43, 4.00, 0.53, 0.12 

P3a: High levels of impulsive decision-making (i.e. 

caused by ignorance, cognitive biases, direct or 

indirect political influence) result in project 

initiation with an undefined scope, unrealistic cost 

and schedule estimates. 

 

P3b: Project initiation with an undefined scope will 

escalate the risk of scope creep and additional costs 

due to changes during construction. 

A project needs strategic objectives and scope defined, but decisions have 

to be made on mega projects well before the design could possibly be 

complete and detailed cost and schedule estimates could be made.  Many 

projects have suffered from inadequate and unreliable funding that was 

caused by unrealistic promises from the promoters.  Bad faith has led to 

damaging instability in scope and schedules (and ultimate performance). 

4.57, 5.00, 0.53, 0.12 

P4: High levels of organisational bureaucracy within 

immature project governance structures negatively 

affect the decision-making process (i.e. delays on 

project approvals and information flow) at various 

levels and stages of a project. 

Expert bureaucracies also can provide sound advice that leads to more 

realistic schedules.  Also, do not ignore the contract as a tool.  Both parties 

require contracts that penalise the consumption of time that is not theirs.  

Client organisation will have to bear the cost of the delays caused by 

cumbersome bureaucratic processes. 

4.43, 4.00, 0.53, 0.12 



247 

 

P5a: High levels of commitment, unrealistic 

promises (i.e. using megaprojects as a mechanism of 

maintaining power, strategic misrepresentation), and 

promotion will manipulate the decision to approve 

megaprojects. 

 

P5b: High levels of political polarisation (i.e. due to 

regime changes, project (under)performance) 

negatively affect the consensus on the project scope 

and funding certainty during execution. 

 

 

Project funding vs. annual funding/appropriations is essential.  Funding can 

be linked to intermediate segments that provide independent benefits.  An 

alternative to ‘continuous funding’ is to build ‘usable projects’ and link 

them as demand for the service grows. 

4.14, 4.00, 0.69, 0.17 

P6: Low levels of external actor relationships (i.e. 

stakeholder engagement and third-party negotiations 

on asset acquisition, utility relocations, and 

environmental clearance) will augment the 

likelihood of delays and cost overruns caused by 

legal actions (i.e. protests, disputes, lawsuits, and 

compensation). 

Stakeholder engagement is never without its own biases.  Transparency is 

aided by making stakeholders part of the ‘team’.  The stage gate process 

must be coupled with strong independent reviews and a willingness to 

engage with what is recommended not just to justify what you had already 

decided. 

4.14, 4.00, 0.69, 0.17 

P7: Cost overruns in megaprojects is an emergent 

‘symptom’ caused by multiple inter-related causes 

and events occurring at different levels and phases 

of the project thus cannot be attributed to one single 

cause. 

Cost overruns are definitely multivariate and can result from a wide range 

of factors.  There is no good metric for complex problems in megaprojects.  

Emergent outcomes and objectives are a characteristic of large complex 

projects but how those emerging problems are handled is the key.  For the 

problem of cost overruns, ultimately there is no substitute for thorough 

examination and review at the outset, experience and competence in the 

management, stable and adequate funding, and patience. 

4.29, 4.00, 0.76, 0.18 
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8.3 Reflection on the validation of the model and propositions 

The validation of the model (systems map) was focused on both the ability to represent 

the reality of the cost overrun problem in construction megaprojects experienced by the 

experts as well as the model being understandable in the graphical expression, in terms 

of the relationships established between the causes and effects that lead to cost overruns.  

From a systems thinking perspective, the corrective actions recommended by the panel 

of experts could be applied to the leverage points where a small change could result in a 

relatively larger change to alleviate the problem of cost overruns.  For example, as the 

experts recommended, ‘ignorance’ can be corrected by introducing the right expertise and 

knowledge to a project, decision-makers accepting their own ignorance, early agreement 

over a decision-making methodology, and the use of unbiased expert advice.  In the case 

of Cal HSR project, these policies were never utilised when the CHSRA initiated the 

project ultimately resulting in much severe problems. 

For the leverage point ‘impulsive decisions’, the experts recommended corrective actions 

such as continuous stakeholder engagement with project teams and contractors, 

communication, the decision to build after securing continuous funding, accountability 

for the actions and outcomes, and understanding and acceptance of own biases.  As the 

data sources suggested, once again, in the Cal HSR project, most of these aspects were 

neglected by the ignorant decision-makers.  For example, the impulsive decision of 

execution of construction works before completing critical planning tasks was proven to 

be a costly decision, however, this was also influenced by the funding pressure that the 

CHSRA was going through at the moment.  When looking at the impulsive decisions that 

led to many negative effects as illustrated in the systems map it is clearly evident that the 

decisions were made without realising their consequences. 

Similar to the above corrective actions, the corrective actions recommended for leverage 

points such as incomplete scope, cost underestimation, included definite strategic 

objectives and scope, realistic cost and schedule estimates with realistic contingencies 

allocated for risks and inflation, and finalising third-party agreements prior to initiating 

construction.  In the case of the Cal HSR project, these were some of the aspects that were 

overlooked by the strategic decision-makers throughout the front-end phase of the project.  

However, the panel of experts also noted: 

“…. With realistic budgets, many of the megaprojects would not get built.  A project needs 

strategic objectives and scope defined, but decisions have to be made on megaprojects 
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well before the design could possibly be completed and detailed cost and schedule 

estimates could be made.  The greater the level of political interest the more likely it is 

that an early, inappropriate, decision is made”.   

This was also apparent in the case of Cal HSR project, as the decision to initiate 

construction was made before completing the critical planning activities and producing 

realistic cost estimates due to the political pressure from the federal government to invest 

funds.   

For the leverage points stakeholder engagement, third-party negotiations, and community 

opposition, the corrective actions included, continuous stakeholder engagement with 

project teams and contractors, early contractor involvement and allocating realistic 

schedules for third-party/stakeholder requirements.  However, the experts also noted that 

not every stakeholder would willingly support the project and those who oppose the 

project would take actions resulting in delays and additional costs, however, the important 

factor is how prepared the client organisation to mitigate these challenges to minimise the 

delays and cost impact.  As discussed in the previous chapters, these practices and policies 

were never put in place in the Cal HSR project with regard to stakeholder engagement 

and third party negotiations which resulted in scope changes, delays, lawsuits, and lastly, 

cost overruns.   

Corrective actions recommended for other leverage points such as bureaucracy, 

commitment, political polarisation, and funding availability can be somewhat difficult to 

implement as most of these actions are beyond the control of a project organisation in 

public projects.  Participants also noted that publicly funded projects necessarily have 

more bureaucracy (procurement and legal) than private projects, however, expert 

bureaucracies also can provide sound advice that leads to more realistic schedules.  Since 

the public megaprojects are governed by Legislature, the corrective actions for 

commitment, political polarisation, and funding availability could be considered early 

and agreed upon prior to the ‘decision to build’.  For example, the Cal HSR project was 

never provided with a continuous funding stream.  The funding that was provided was 

also subject to political negotiation and was muddled by the polarised politics in the USA.  

Therefore, it is also the responsibility of the lawmakers to commit to megaprojects with 

realistic budgets and continuous funding schemes while assuring transparency of real 

costs and accountability for the actions to the public. 
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Although the experts agreed with the corrective actions, they also pointed out that it is 

difficult to know how the corrective actions would be implemented.  For example, the 

corrective action – ‘accepting own ignorance’ may not be able to implement if the 

decisions are made based on the available information at the time of making the decision 

and also, there are no metrics to measure the ‘ignorance’ of people.  Participants also 

noted that when elected officials are the decision-makers (as in the California HSR 

project): 

“…. This would be ‘just one of many issues on their plate’, they have limited time to 

devote to it, and they depend to some extent on their staff, who also may be only partially 

informed”.   

This argument is in fact a valid notion highlighted by Meadows (2008) that most of these 

corrective actions in systems thinking can only be recommended theoretically, but may 

not be able to fully implement them considering the practical difficulties surrounding the 

problem.  For example, as mentioned in Chapter 07, if these corrective actions are to be 

introduced to address the problem of cost overruns in a megaproject of the scale of the 

Cal HSR project, this could be an extremely time-consuming, strenuous task given the 

number of individuals, activities, and processes that involve in the project.   

The experts also highlighted that there is no good metric for complex problems in 

megaprojects and many project managers tend to treat megaprojects as closed systems 

when they are very much open systems.  According to the experts of the Delphi panel: 

“…. The ‘classical’ project management theory fails at scale when megaprojects 

encounter complex problems, yet we keep trying to perfect it”.   

Hence, the resulting problems such as cost overruns cannot be rectified with the current 

practices in project management.  Understanding a complex problem through a holistic 

lens and how underlying causal mechanisms lead to that problem is, therefore, of prime 

importance for the project managers when planning and delivering megaprojects.  

When considering the corrective actions proposed and validated by the experts, the most 

important corrective action to counter the problem of cost overruns in megaprojects was 

to utilise systemic thinking before making decisions and taking new actions and 

understanding how the actions/changes could affect the whole project resulting in cost 

overruns (under proposition 07).  Regardless of whether the recommended corrective 

actions could be practically applied in a megaproject to address the problem of cost 
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overruns, the decision-makers should at least be able to understand how the 

actions/changes could affect the whole project resulting in cost overruns and incorporate 

systemic thinking before making decisions and taking new actions.  To address this, the 

developed model could be used as an effective support tool in decision-making as it 

illustrates how the underlying causal structures that are sometimes unseen by the 

decision-makers lead to complex problems such as cost overruns in megaprojects.   

8.4 Chapter summary 

This chapter addressed the fifth and final objective of the research undertaken within this 

thesis – to validate the developed model and propositions on their applicability for 

understanding the cost overrun causation in future construction megaprojects.  The 

developed substantive theory/systems map and the theoretical propositions were 

validated by qualitative rigour using a modified Delphi approach. 

The chapter explained how the modified Delphi approach was conducted to validate the 

research findings and the subsequent feedback received from the panel of experts.  The 

Delphi survey was conducted in two rounds.  In the first round, a questionnaire containing 

the model and the propositions was distributed to the panel of experts and requested the 

panel to provide their agreement/disagreement and comments/feedback on the model and 

propositions for their applicability to represent cost overrun causation in construction 

megaprojects and recommend any corrective actions that can be applied to the leverage 

points.   The expert panel validated the model, agreed that the model represents an 

accurate reality of the cost overrun causation in construction megaprojects, recommended 

improvements for propositions, and recommended corrective actions for the leverage 

points.   

In the second Delphi round, the questionnaire included a summary of comments from the 

expert panel in Delphi round 01, corrective actions, and the modified propositions to be 

validated by the panel.  The experts agreed with the corrective actions and the modified 

propositions; therefore, it was decided that there was no requirement for an additional 

round.  Both rounds received a good degree of consensus and invaluable constructive 

feedback from the experts which was useful in formulating the modified propositions and 

adding reflection into the findings of the research conducted within the thesis. 

The next chapter (Chapter 09 – Research conclusions and recommendations) concludes 

the research, highlights the key research findings and the original contributions to 
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knowledge, and provides recommendations for policy-makers, academics, and future 

research. 
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Chapter 09   Research conclusions and recommendations 

“The end of all our exploring will be to arrive where we started” – T. S. Eliot 

9.1 Introduction 

The previous chapter explained how the developed model/substantive theory/systems 

map and the theoretical propositions were validated on their applicability for 

understanding the cost overrun causation in future construction megaprojects.  This final 

chapter concludes the research undertaken within this thesis highlighting the achievement 

of research objectives, the original contribution to knowledge, reflecting on the key 

research findings and their relevance to cost overrun research, limitations of the research, 

and recommendations.  

 9.2 Achievement of research objectives 

The overall focus of the research undertaken within this thesis was to holistically examine 

the cost overrun causation in construction megaprojects and develop a model using 

systems thinking approach.  In order to holistically examine and understand the cost 

overrun causation in construction megaprojects, the research undertaken within this thesis 

was conducted with the need to achieve the following objectives. 

1. To critically review and appraise the current understanding of the cost overrun 

problem in construction megaprojects 

2. To systematically review the methodological gaps in existing research that 

identify the causes of cost overruns in construction projects 

3. To identify the underlying causes of project cost overruns and develop 

plausible propositions explaining the cost overrun causation in construction 

megaprojects 

4. To develop a model to understand the causal interrelationships between the 

causes and events that lead to cost overruns in construction megaprojects 

5. To validate the developed model and propositions on their applicability for 

understanding the cost overrun causation in future construction megaprojects 

Objective 1 focused on appraising the current understanding of the cost overrun problem 

in construction megaprojects.  Chapter 02 of this thesis specifically addressed this 

objective by critically examining the existing literature on megaprojects and cost 

overruns.  The chapter started with an overview of construction megaprojects and their 

salient characteristics.  This included the discussion of distinctive characteristics of 
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construction megaprojects – extreme complexity and interdependencies, use of large 

amounts of resources, long front-end and execution phases (duration), multiple 

stakeholders, high political and public interest, environmental and cultural impacts, 

technological challenges, and risks. 

The chapter then moved on to discuss ‘what is already known’ with regard to the focal 

point of the thesis ‘cost overruns in construction megaprojects’.  This included the 

discussion of the cost performance of construction megaprojects beginning with the 

definitions for cost overruns in the literature and how cost overruns have incurred in 

construction megaprojects around the world.  From the examples of both large datasets 

analysing the magnitude of cost overruns and individual megaprojects that faced 

significant cost overruns, it was evident that there is a recurring problem of cost overruns 

despite the attempts to minimise them. 

The next section of the chapter focused on providing an overview of the sources and 

attributes of cost overruns in wider academic literature.  It was evident that there is a 

plethora of academic literature on cost overruns in construction projects attributing them 

(cost overruns) to various sources ranging from psychological, political, technical, 

organisational, and external risks and uncertainties; however, the problem remains at 

large particularly in megaprojects.    

The last section of the chapter contained a critique on the broad theoretical explanations 

for the cost overruns in megaprojects and the current ongoing academic debate between 

the two schools of thought – the ‘Psycho-Strategists’ and the ‘Evolution theorists’.  In 

summary, the Psycho-Strategist school of thought argue that cost overruns in construction 

projects, megaprojects, in particular, are caused by psychological biases such as optimism 

bias, planning fallacy, escalation of commitment, and politically motivated deliberate cost 

underestimation and strategic misrepresentation of costs.  Strongly disagreeing with this, 

Evolution theorists argue that due to errors and subsequent scope changes projects change 

over time, hence, costs grow or evolve accordingly causing cost overruns.   This academic 

debate has opened up a research gap for a thorough scientific inquiry to explore and 

expand the theoretical understanding of the cost overrun problem in construction 

megaprojects.   

Objective 2 focused on systematically reviewing the methodological gaps in existing 

research that identify the causes of cost overruns in construction projects.  In continuation 

of the literature review, Chapter 03 of this thesis addressed this objective.  The chapter 
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included the results of a rigorous systematic literature review (SLR) of peer-reviewed 

research articles which have identified factors leading to construction cost overruns and 

discussed the possible gaps in the methodological approaches in construction cost overrun 

research.   

The SLR started with a pre-defined article search and retrieve protocol that only included 

peer-reviewed journal articles in the review.  In total 12,887 articles were retrieved from 

the databases and only 42 articles were included in the final analysis following a rigorous 

screening process.  Results of the SLR revealed that the previous studies on cost overruns 

in construction projects have focused on factor isolation methods (reductionist) rather 

than attempting to analyse how the factors interact with each other thus collectively 

causing cost overruns, hence, considering the methodological approaches adopted in 

previous scholarly works, the problem of cost overruns in construction projects requires 

a deeper holistic understanding than simple ranking methods.  It was established that the 

cost overrun causation in projects can be better understood through a holistic lens – by 

looking at the whole project system and the dynamic causal interactions within the 

project.  This presumption, combined with the ongoing academic debate on the broad 

theoretical explanations for cost overruns in megaprojects, i.e. Psycho-Strategists vs. 

Evolution theorists as explained in Chapter 02, formed a clear research gap, both 

theoretically and methodologically, to understand the cost overrun causation in 

construction projects using a holistic lens – the systems thinking approach. 

Objective 3 of this thesis focused on identifying the underlying causes of cost overruns 

and developing plausible theoretical propositions to explain the cost overrun causation in 

construction megaprojects.  Chapter 06 of this thesis was dedicated to achieving this 

objective by using ‘grounded theory’ as the data analysis method and a theory-building 

approach to construct a substantive theory that is ‘grounded’ in actual data.  For this, 

multiple data sources from the selected case study project were used.  The substantive 

theory that emerged from the data analysis represented the ‘complex problem of cost 

overruns in construction megaprojects’.   

Grounded in data, the analysis indicated the presence of superficially observable effects, 

events, and deeply rooted causal structures within the California HSR project that led to 

the ‘complex problem’ of cost overruns and other associated problems.  The analysis of 

data using grounded theory resulted in four (04) core categories, namely, ignorant 

strategic leadership, immature project organisation, external actor resistance, and political 
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power relations.  The chapter explained the emerging key concepts in each core category 

and how they causally affected each other.     

The first core category – ignorant strategic leadership addressed the concepts of cognitive 

biases and ignorance of the strategic decision-makers and how their decisions lead to risk 

negligence, cost underestimation, and impulsive strategic decisions.  The second category 

– immature project organisation represented the concepts of the formation of immature 

project organisations, bureaucracy within the decision-making channels, and project 

governance and how they collectively result in incomplete strategic business objectives, 

scope changes, delays, and stakeholder (dis)engagement.  The third construct – external 

actor resistance addressed more superficially observable events triggered by the 

resistance of the external actors (stakeholders) that led to delays and cost overruns in the 

case study project.  The fourth category – political power relations relate to the state and 

federal level political influences that inadvertently led to cost increases and inadequate 

funding to continue the project.  Finally, the emerging constructs from the analysis were 

summarised and were developed as a set of theoretical propositions to explain the formed 

substantive theory of cost overrun causation in construction megaprojects.    

Objective 4 focused on the main contribution to knowledge made from the research 

undertaken within this thesis – developing a model to understand the causal 

interrelationships between the causes and events that lead to cost overruns in construction 

megaprojects.  Chapter 07 of the thesis specifically addressed this objective by 

developing a ‘systems map’ based on the principles of systems thinking and provided a 

holistic representation of the complex problem of cost overruns in construction 

megaprojects.  

Using the systems thinking approach, the cause and effect relationships within and 

between the four (04) core categories that emerged from the data analysis in Chapter 06 

were illustrated as causal-loop diagrams/systems maps.  The chapter then went on to 

discuss the cause and effect relationships and feedback loops that trigger events illustrated 

in the four (04) systems maps.  The final systems map (model/substantive theory) 

representing the cost overrun problem in construction megaprojects was developed by 

connecting the variables between the four (04) systems maps.   

One of the key manifestations of the developed model was that the emergence of cost 

overruns is not a result of one single source.  The model clearly indicated that cost 

overruns are a result of multiple underlying causal interrelationships occurring at different 
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levels and phases of the project that lead to superficially observable events such as scope 

changes, community opposition, lawsuits leading to inflated additional costs in the form 

of compensation, litigation costs, and additional material costs.  The resulting complex 

problem (cost overrun) is not intended and cannot be defined by its individual attributes 

and it can only be understood by holistically modelling the problem.  The 

model/substantive theory of cost overrun causation in construction megaprojects (systems 

map), therefore, provides a more complete understanding of the problem by illustrating 

the cause and effect relationships that lead to cost overruns and other associated problems 

within a project. 

The developed model was also verified for its structural appropriateness using four (04) 

interviews with experts in systems thinking and system dynamics modelling.   The experts 

agreed that the structure of the model was accurate and identified eleven (11) leverage 

points – ignorance, cost underestimation, impulsive decisions, stakeholder engagement, 

third-party negotiations, bureaucracy, incomplete scope, community opposition, 

commitment, political polarisation, funding availability, where corrective actions could 

be introduced to alleviate the problem of cost overruns.   

Objective 5 aimed at validating the developed model and propositions on their 

applicability for understanding the cost overrun causation in future construction 

megaprojects.  The successful achievement of this objective was explained in Chapter 08.  

Using a panel of global experts, two rounds of modified Delphi surveys were conducted 

to validate the developed model and propositions.   In addition to the main objective of 

validating the developed model and theoretical propositions, the Delphi surveys were 

conducted with a secondary objective – to recommend corrective actions that can be 

introduced to the leverage points identified in Chapter 07 that can alleviate the complex 

problem of cost overruns in construction megaprojects.   

In the Delphi first round, a questionnaire containing the model and the propositions was 

distributed to the panel of experts and requested the panel to provide their 

agreement/disagreement and comments/feedback on the model and propositions for their 

applicability to represent cost overrun causation in construction megaprojects and 

recommend any corrective actions that can be applied to the leverage points.   The expert 

panel validated the model, agreed that the model represents an accurate reality of the cost 

overrun causation in construction megaprojects, recommended improvements for 

propositions, and recommended corrective actions for the leverage points.   
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In the second Delphi round, the questionnaire included a summary of comments from the 

expert panel in Delphi round 01, corrective actions, and the modified propositions to be 

validated by the panel.  The experts agreed with the corrective actions and the modified 

propositions; therefore, it was decided that there was no requirement for an additional 

round.  Both rounds received a good degree of consensus and invaluable constructive 

feedback from the experts which was useful in formulating the modified propositions and 

adding reflection into the findings of the research conducted within the thesis. 

Having successfully achieved the four objectives, this thesis intends to conclude the 

research highlighting the key research contributions, a brief revisitation to the two schools 

of thought discussed in Chapter 02, research limitations, and recommendations for 

scholars and practice. 

9.3 Original contributions to knowledge 

The research undertaken within this thesis made an original contribution to knowledge 

by developing a model (substantive theory) to understand the causal interrelationships 

between the causes and events that lead to cost overruns using systems thinking approach.  

A clear existing research gap in cost overrun research was first identified in Chapters 01, 

02 and 03 of this thesis.  The cost overrun problem in construction projects, megaprojects, 

in particular, is a ‘complex problem’ that has been analysed through predominantly 

reductionist approaches in the past, however, requires adopting a holistic approach to 

examine and understand the problem.  Examining a complex problem requires the 

understanding of the problem to be prioritised and make the solution secondary as there 

could be multiple explanations to the problem (Conklin 2006, pp. 05-06). 

Therefore, this thesis focused on understanding the complex problem of cost overruns in 

construction megaprojects using systems thinking approach and developing a model 

(substantive theory) that represents the problem.  The problem was modelled based on 

the principles of systems thinking approach using grounded theory as the data analysis 

method.  In contrast to the reductionist approaches such as factor isolation techniques that 

rely on correlation, both systems thinking and grounded theory focus on establishing 

cause and effect relationships and causal mechanisms within the phenomenon under 

investigation (Corbin and Strauss, 2008; Kim and Andersen, 2012), hence, were selected 

as the appropriate approaches to holistically examine the complex problem of cost 

overruns.  Also, the analysis using grounded theory results in a ‘substantive theory’, 

hence, the developed model/systems map is considered a substantive theory of cost 
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overrun causation in construction megaprojects.  The emerging findings centralised 

around four (04) core categories – ignorant strategic leadership, immature project 

organisation, external actor resistance, and political power relations.  Extending the 

existing body of knowledge in project management and cost overrun research, this thesis 

explained the emerging key concepts in each core category and how causal mechanisms 

within and between each construct led to cost overruns in the case study project.   

In addition to the model, the thesis also proposed and validated seven (07) theoretical 

propositions that emerged from data analysis to explain and understand the core concepts 

within the developed model.  The model also includes eleven (11) leverage points where 

corrective actions could be introduced along with a series of corrective actions proposed 

by a panel of global experts.  The developed model, propositions, corrective actions, and 

systems thinking as an alternative approach could be used as decision-support tools when 

planning and delivering construction megaprojects, particularly when making strategic 

decisions in the front-end phase (with modifications to suit each individual project 

characteristics and requirements) to first understand how cost overruns emerge as a result 

of multiple inter-related causes and events and how recurring feedback loops at different 

levels and phases of the project contribute to the cost overrun problem. 

As a secondary contribution to the literature, the thesis also conducted a systematic 

literature review (SLR) of peer-reviewed research articles which have identified factors 

leading to construction cost overruns and discussed the possible gaps in the 

methodological approaches in construction cost overrun research.  The SLR revealed that 

the previous studies on cost overruns in construction projects have focused on factor 

isolation methods rather than attempting to analyse how the factors interact with each 

other thus collectively causing cost overruns.  Therefore, it was evident that there is an 

existing research gap requiring a ‘holistic’ understanding of the problem of cost overruns 

in construction projects than the use of simple ranking methods.  As such, this thesis 

addressed a fundamental gap in research that required a holistic illustration of the cost 

overrun problem which had been overlooked by scholars in the past and extended the 

existing body of knowledge in project management and cost overrun research.   

9.4 Reflection on the main research findings  

This section briefly reflects on the main research findings of this thesis and their relevance 

to the two schools of thought discussed in the literature review chapters.   
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To understand the current status of cost overrun research in wider academic literature, 

first, the theoretical explanations of the two schools of thought for cost overruns in 

construction projects – the Psycho-Strategists and the Evolution theorists were critically 

examined in Chapter 02.   As mentioned in Chapter 02, the Psycho-Strategists argue that 

the explanation for cost overruns in construction megaprojects are a result of 

psychological (cognitive biases) and political drivers such as optimism bias, planning 

fallacy, ignorance, escalation of commitment, and strategic misrepresentation.  The 

Evolution theorists on the other hand argue that the cost overruns are a result of 

accumulated costs caused by rework and scope changes to the project over time.  

As stated in Chapters 01 and 02, the problem of cost overruns is a ‘complex problem’ that 

requires a holistic approach such as systems thinking to examine and understand the 

problem.    One of the fundamental flaws in the Psycho-Strategists’ explanations on cost 

overruns is that they attribute cost overruns solely to two sources – psychological biases 

and (political) strategic misrepresentation.  This, however, is far too simple and subjective 

to explain a complex problem.  The Evolution theorists on the other hand acknowledge 

the presence of psychological biases and strategic misrepresentation, however, argue that 

the cost overrun problem predominantly occurs due to errors and subsequent changes in 

scope, hence, cannot be solely attributed to the psychological biases and political 

explanations.  However, none of the contributors of the two schools of thought or any 

other scholar for that matter had attempted to examine the cost overrun problem through 

a holistic lens.  This formed a clear gap in cost overrun research and a requirement for a 

thorough scientific inquiry to explore and expand the theoretical understanding of the cost 

overrun problem, particularly with regard to construction megaprojects adopting a 

holistic approach such as systems thinking.   

Interestingly, adopting systems thinking approach, the research undertaken within this 

thesis was able to address this research gap and manifest that the explanations of both 

schools of thought can be present in a project resulting in cost overruns and the cost 

overruns are a result of a series of multiple immediate and underlying causes and their 

effects that feed on each other, hence, cannot be attributed to one single cause.  For 

example, from the data analysis, it was inevitable that due to lack of experience and 

expertise in planning and managing a high-speed megaproject the strategic decision-

makers were ‘ignorant’ when making decisions, and were also influenced by multiple 

cognitive biases such as optimism bias, the illusion of control, false hope, and planning 

fallacy throughout the decision-making process (ignorant strategic leadership).  These 



261 

 

drivers resulted in cost underestimation and executing the project with undefined strategic 

objectives.  Also, the case study project was subject to political influence at various levels 

(political power relations).  For example, as the evidence suggests, decisions made at 

various stages of the project were subject to political commitment, promotion, and 

pressures.   

Moreover, the causal mechanisms within the ‘immature project organisation’ such as 

stakeholder (dis)engagement and bureaucracy also contributed to delays to the critical 

planning activities within the project schedule such as environmental clearance, right of 

way acquisition, and utility relocations resulting in excessive scope changes, community 

pressure, and lawsuits.  Therefore, the psychological and political drivers were deeply 

rooted within the complex problem of cost overrun and the direct causes of cost overrun 

were in fact the superficially observable (immediate) causes such as change orders due to 

scope creep, litigation costs, compensation for third parties and the contractor, schedule 

delays, and inflation.  These causes and their effects that led to cost overruns also recurred 

throughout the front-end and construction phases of the project creating multiple 

feedback loops as illustrated in the model/ systems map.  The developed model based on 

the data from the case study project, therefore, contains the interconnected essences of 

both schools of thought, an aspect that has been overlooked by scholars in the past.   

This thesis, therefore, argues that the explanations for cost overruns of both schools of 

thought are causally interconnected, hence, the cost overrun causation in construction 

megaprojects can only be examined and better understood through a holistic lens using 

an approach such as systems thinking.  This lays a foundation for the introduction of a 

new school of thought – the ‘Holistic thinkers’ school of thought which in fact is the 

‘missing link’ between the Psycho-Strategist and the Evolution theorist schools of 

thought.   

9.5 Research limitations 

An important aspect of any research study is to identify and discuss its limitations.  The 

research study undertaken in this thesis is also underpinned by its own limitations, hence, 

some of the key limitations are discussed below. 

First, Chapter 03 of this thesis included a systematic literature review (SLR) of peer-

reviewed articles which have identified factors leading to construction cost overruns.  

Although the SLR followed a pre-defined structured protocol, it may have encompassed 

the inherent limitations of SLRs.  For example, concerning the duration, it was lengthy 
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and immensely time-consuming compared to narrative literature reviews.  Also, the SLR 

only focused on peer-reviewed journal articles that have identified the factors causing 

cost overruns in construction projects.  It also did not include articles that have focused 

on other aspects of project cost overruns such as theoretical explanations for cost 

overruns, the magnitude of cost overruns, and delay/change/rework causes that may also 

lead to cost overruns. 

In terms of the selected case study for the research, the results are based on data from a 

single case study.  Although the results have been validated by a panel of experts, 

generalising the emerging findings and the model may not be possible for every 

construction megaproject.  For example, the data were collected from an 800-mile long 

high-speed rail project that was affected by factors such as the right of way acquisition 

and utility relocations.  However, these factors may not be dominant factors to be 

considered in a building or a marine megaproject.  Therefore, as stated earlier, if the 

developed model is to be utilised for front-end decision-making in megaprojects, 

individual project characteristics of the project should be considered, and the model may 

be modified to suit the individual project attributes. 

Another important limitation to be mentioned is that the cost overruns here in this thesis 

referred only to the cost to the public (taxpayers), not the cost overruns faced by the 

contractors involved in the project.  Therefore, aspects such as supply chain logistics, 

labour shortages, workmanship and rework that can incur additional costs to the 

contractors have not been considered in the developed model.  The model, therefore, is 

primarily suited as a decision-support tool for client organisations/public authorities that 

are responsible for making strategic decisions in megaprojects.   

Although the study examined the causal interaction between the drivers of cost overrun, 

it did not analyse the dynamic behaviour of the model over time.  A quantitative 

simulation, for example, system dynamics could be used to examine the cost growth over 

time when the drivers of cost overrun causally interact with each other.  This would 

convert the developed model from a ‘static substantive theory’ into a ‘dynamic 

substantive theory’.  Also, the model and the theoretical propositions provide an abstract 

view of the problem of cost overruns in megaprojects.  The model does not reflect each 

and every cause and effect relationship, entity, and action in every phase of the project.  

This was also pointed out by the panel of experts in the first Delphi round.  Therefore, 

developing separate models for each phase and combining the systems thinking/system 

dynamics approach with a computation modelling technique such as ‘Agent-based 
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modelling’ could be useful for the decision-makers to simulate the actions and 

interactions of the agents (decision-makers, organisations, and stakeholders) involved in 

the project.   

Furthermore, although the Delphi panel agreed with the proposed corrective actions to 

the leverage points, they also pointed out that it is difficult to know how the corrective 

actions would be implemented.  For example, the corrective action – ‘accepting own 

ignorance’ may not be able to implement if the decisions are made based on the available 

information at the time of making the decision and also, there are no metrics to measure 

the ‘ignorance’ of people.  Delphi panel also noted that when elected officials are the 

decision-makers (as in the California HSR project): 

“…. This would be ‘just one of many issues on their plate’, they have limited time to 

devote to it, and they depend to some extent on their staff, who also may be only partially 

informed”.   

This argument is in fact a valid notion highlighted by Meadows (2008) that most of these 

corrective actions in systems thinking can only be recommended theoretically, but may 

not be able to fully implement them considering the practical difficulties surrounding the 

problem.  For example, as mentioned in Chapter 07, if these corrective actions are to be 

introduced to address the problem of cost overruns in a megaproject of the scale of the 

Cal HSR project, this could be an extremely time-consuming, strenuous task given the 

number of individuals, activities, and processes that involve in the project.   

9.6 Recommendations 

Based on the research findings of this thesis, this final section provides important 

recommendations for future research in megaproject management and cost overruns, for 

practitioners and policy-makers involved in planning and delivering construction 

megaprojects.  

9.6.1 Recommendations for practitioners in the industry and policy-makers 

The contribution made from this thesis not only intended to extend the existing body of 

knowledge but also to provide valuable insights for the practitioners in the industry and 

policy-makers who are involved in planning and delivering construction megaprojects. 

When considering the case study project (Cal HSR) explored in the thesis, it was quite 

evident that the key decision-makers and the managerial staff were affected by their 
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ignorance and cognitive biases that resulted in getting the key strategic decision wrong.  

However, how this ignorance and cognitive biases are understood and addressed would 

be the key to avoid problems such as cost overruns, delays, funding risks, and community 

opposition to a project.  As recommended by the Delphi panel, it is essential that a 

decision-making methodology that forces consideration of multiple factors is being used 

throughout the project life cycle along with unbiased expert advice taken at the outset of 

the project.  The developed systems map, therefore, could be used as a decision-support 

tool when planning and initiating megaprojects.  Also, considering the dominant factors 

such as the Dunning-Kruger effect, that is ‘not being able to recognise one’s own 

ignorance’, acceptance of own ignorance and the use of unbiased expert advice could be 

potential solutions.  However, whether the decision-makers are willing to accept their 

own ignorance and cognitive biases is still debatable. 

Moreover, holding decision-makers accountable for the decisions they make is also of 

prime importance.  For example, in the Cal HSR project, no public official or any key 

decision-maker was held accountable for the ‘wrong decisions’ they repeated over and 

over again and then denying the negative outcomes of the project.  As noted by the Delphi 

panel, ‘denial’ is a trait of poor performing owner teams.  Therefore, a framework that 

ensures the accountability of the public officials and key strategic decision-makers of a 

project organisation should be established prior to planning and initiating megaprojects 

with taxpayers’ money.  In addition to that, since the public megaprojects are governed 

by Legislature, the corrective actions recommended by the Delphi panel for commitment, 

political polarisation, and funding availability should be considered early and agreed upon 

prior to the ‘decision to build’.  For example, the Cal HSR project was never provided 

with a continuous funding stream.  The funding that was provided was also subject to 

political negotiation and was muddled by the polarised politics in the USA.  Therefore, it 

is also the responsibility of the lawmakers to commit to megaprojects with realistic 

budgets and continuous funding schemes while assuring transparency of real costs and 

accountability for the actions to the public. 

The practitioners and decision-makers should also consider sharing the ‘true information’ 

about projects, particularly with academics/researchers.  For example, when searching for 

case study projects for this research study, the researcher’s first choice was the 

‘Edinburgh Glasgow Improvement Programme (EGIP)’ which is a rail infrastructure 

improvement megaproject in Scotland.  By 2018, this project had incurred more than 

£200 million additional costs and it was particularly considered due to the convenience 
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for the researcher to access the project stakeholders and conduct interviews.  The project 

was funded by the Scottish Government and was operated by Transport Scotland (project 

organisation).  However, when the researcher expressed his interest in using the project 

as a case study and requested to interview key decision-makers of the project, the response 

was ‘abysmal’.  The official email received from Transport Scotland stated: 

“…. Unfortunately, due to diary constraints Transport Scotland Directors are 

unavailable to undertake the proposed interview for the next 18 months.  As you may be 

aware the Edinburgh Glasgow Improvement Programme (EGIP) remains in delivery with 

final costs still to be determined.  Ministers have previously committed to informing 

Parliament of the Final Costs once confirmed by Network Rail.  Apologies that we cannot 

be more helpful on this occasion”.   

This response from a public organisation that invested public money on a megaproject 

that has exceeded its cost by £200 million raises an alarm bell as to whether the Directors 

are actually unavailable for 18 months or whether they want to refrain from revealing 

their own mistakes and ‘true information’ that resulted in additional £200 million.  

Therefore, if the practitioners and policy-makers are genuinely interested in improving 

the performance of projects and delivering them with the best value for the public money, 

it is of prime importance that they (practitioners and policy-makers) share information 

that can contribute towards creating ‘new knowledge’ through research that would 

alleviate complex problems such as ‘cost overruns’. 

9.6.2 Recommendations for future research 

As stated in section 9.4 this thesis argues that the explanations for cost overruns of both 

schools of thought are causally interconnected, hence, the cost overrun causation in 

construction megaprojects can only be examined and better understood through a holistic 

lens using an approach such as systems thinking.  This lays a foundation for the 

introduction of a new school of thought – the ‘Holistic thinkers’ school of thought.  

However, this has to be further examined using multiple cases and apply the systems 

thinking and grounded theory approach adopted in this thesis.  Future research can look 

into the core categories of ignorant strategic leadership, immature project organisation, 

external actor relations, and political power relations and holistically examine how cost 

overruns emerge in different types of megaprojects located in different geographical 

contexts. 
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Future research could also consider analysing the dynamic behaviour of the model over 

time.  A quantitative simulation, for example, system dynamics could be used to examine 

the cost growth over time when the drivers of cost overrun causally interact with each 

other.  Also, developing separate models for different phases of a project and combining 

the systems thinking/system dynamics approach with a computation modelling technique 

such as ‘Agent-based modelling’ to simulate the actions and interactions of the agents 

(decision-makers, organisations, and stakeholders) involved in a project can also be 

considered for future research.   

In addition to the explanations of the two schools of thought such as optimism bias, 

planning fallacy, ignorance, strategic misrepresentation, escalation of commitment, scope 

changes, and delays, interesting concepts such as false hope, the illusion of control, 

Dunning-Kruger effect, selective listening, impulsive decision-making, and political 

polarisation that have been somewhat neglected in the scholarly works relevant to 

megaprojects also emerged from the data analysis.  The presence of these cognitive biases 

and other drivers contributing to cost overruns should be further explored with the use of 

multiple cases or through a statistical analysis using larger datasets of construction 

megaprojects. 

 

 

 

 

 

 

 

 

   

  

 

“It is good to have an end to journey towards; but it is the journey that matters, in the 

end” – Ursula K. Le Guin 
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Appendices 

Appendix 01: Interview participant details 

Participant 

ID 

Profession/Role in 

the project 

Experience Highest 

Qualification(s) 

Interview 

type 

Interview 

length 

Int 01 Director – CHSRA  32 years Licenced Civil 

Engineer (P.E) 

Telephone 44 minutes 

Int 02 Contract Manager – 

Main contractor  

27 years BSc Telephone 48 minutes 

Int 03 Vice President – Main 

contractor 

33 years MBA Telephone 33 minutes 

Int 04 Consultant – Design 

and Engineering 

34 years BSc Telephone 42 minutes 

Int 05 Project Director – 

Main contractor  

34 years MSc Telephone 38 minutes 

Int 06 Consultant – Claims 

and Estimating 

38 years Doctor of Law 

(JD) 

Telephone 35 minutes 

Int 07 Consultant – Design 

and Build 

Management Services 

24 years Licenced Civil 

Engineer (P.E) 

Telephone 

(Skype) 

50 minutes 

Int 08 Former Director – Rail 

Delivery Partners 

35 years Chartered 

Engineer 

Telephone 62 minutes 

Int 09 Design and 

Construction Manager 

– CHSRA 

31 years BSc Telephone 40 minutes 

Int 10 Consultant – Project 

procurement  

26 years 

 

MBA 

 

Telephone 34 minutes 

Int 11 Estimating Manager – 

Rail Delivery Partners 

37 years Certified Cost 

Engineer 

(AACE) 

Telephone 51 minutes 

Int 12 Former Chief 

Executive Officer – 

CHSRA  

36 years BSc Telephone 42 minutes 

Int 13 Director – XX 

Regional Rail 

Commission 

21 years MBA Telephone 27 minutes 

Int 14 Legislative and 

Regulatory Advocate  

19 years BA 

 

Telephone 22 minutes 

Int 15 Chief Engineer – 

CHSRA  

33 years 

 

Licenced Civil 

Engineer (P.E) 

Telephone 39 minutes 

Int 16 Contract Change 

Manager – Main 

contractor 

14 years MSc 

 

Telephone 36 minutes 

Int 17 Consultant – 

California HSR Peer 

Review Group 

54 years MBA Telephone 41 minutes 

Int 18 Consultant – Rail 

Operations and 

Maintenance 

32 years 

 

Chartered – 

Logistics and 

Transport 

(FCILT) 

Telephone 48 minutes 
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Int 19 Consultant – Dispute 

Resolution  

45 years Licenced Civil 

Engineer (P.E) 

Telephone 24 minutes 

Int 20 Consultant – 

Programme 

Management 

37 years Doctor of Law 

(JD) 

 

Telephone 31 minutes 

Int 21 Consultant – Design 

and Engineering 

30 years MSc Telephone 

(Skype) 

22 minutes 

Int 22 Former Chief 

Operating Officer and 

Director of Risk 

Management and 

Project Controls – 

CHSRA  

36 years Licenced Civil 

Engineer (P.E) 

Telephone 34 minutes 

Int 23 University Professor – 

Transportation 

Planning  

46 years PhD, Doctor of 

Law (JD) 

Telephone 56 minutes 
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Appendix 02: Interview questions 

 

“Understanding the cost overrun causation in construction megaprojects – A 

grounded systems approach” 

Purpose of the research:  This research study focuses on developing a model based on 

systems thinking approach to identify causal linkages between the causes and events that 

lead to cost overruns in construction megaprojects. 

Purpose of the interview: Causal-loop diagrams are developed based on the explanations 

provided by the actors involved with the project.  Therefore, the purpose of this semi-

structured interview is to obtain the viewpoint and explanations of professionals 

representing the client, designers, consultants, and contractors on the cost overrun 

factors/events and how the factors/events led to cost overruns in the California HSR 

project.  

Interview questions: I will ask questions about your experience, observations, and 

perceptions related to the California HSR project and cost overruns, root causes and 

issues/events that led to an increase in project costs during construction, and what steps 

were taken to prevent the cost overruns in the California HSR project.  You are also 

expected to identify and explain the root causes during the planning and procurement 

stages of the project that had a direct and indirect impact on the cost overruns the project 

is currently facing during the construction phase. 

Questions for the interview participants 

These questions are designed to understand the root causes, causal events, linkages, and 

their effects responsible for cost overruns in the California HSR project. 

Profile/Demography of the Interviewee  

1. Can you tell me about your professional background including your 

qualifications, professional or research experience in the construction industry? 

2. What type(s) of megaprojects have you been involved in? 

3. What is/was your profession and your role in the California HSR project? 
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Causes of cost overruns in the California HSR project 

Most megaprojects are known for having significant amounts of cost overruns and benefit 

shortfalls.  There are many explanations for cost overruns in megaprojects.  These 

explanations range from political influences, psychological biases, scope changes, 

rework, bad project management, disputes, economic and environmental factors.  

California HSR project is also known to have suffered from massive cost overruns over 

the past years.   

1. Can you first give an insight into the project and explain the problems that 

occurred during the planning and construction stages of the California HSR 

project? 

2. Have you experienced any cost increases/overrun in the California HSR 

project? 

3. Based on your experience, what do you think are/were the main/root 

causes/factors for these cost increases in the project? 

4. Have you observed any interrelationships and/or interdependencies between 

these root causes/factors? 

5. If so, can you explain the interrelationships and/or interdependencies between 

the causes/factors you identified before? 

6. Based on your experience, what were the issues/hindrances that occurred 

during the construction phase of the project that led to cost overruns?  

7. Do you think these events were caused by any events that occurred during the 

planning and procurement stages of the project? 

8. If so, why? 

9. How did these issues/hindrances increase the project cost over time?  

10. Would it have been possible to predict these issues/hindrances in advance? 

11. If not, why do you think they were not predicted? 

12. Based on your experience, were there any steps taken to prevent the cost 

overruns before they occurred? 

13. Did these attempts solve the problem or were they at least partially successful? 

14. In either case, why? 
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Appendix 03: Delphi survey participant details 

Participant ID Profession Experience  Highest 

Qualification(s) 

Participant 01 Managing Director - Berkeley 

Research Group LLC 

43 years  MSc, Licenced Civil 

Engineer (P.E) 

Participant 02 Global Board Director - Rider 

Levett Bucknall, UK 

37 years MBA, FRICS 

Participant 03 Chairman and CEO - Strategic 

Program Management LLC 

42 years MSc 

Participant 04 Director - Global Construction 

practice, Berkeley Research 

Group LLC 

21 years PhD 

Participant 05 

(Did not 

participate in the 

second round) 

Independent Consultant, Former 

Managing Director – KPMG 

USA 

26 years MBA 

Participant 06 Consultant – California HSR 

Peer Review Group 

54 years MBA 

Participant 07 University Professor – 

Transportation Planning  

46 years PhD, Doctor of Law 

(JD) 

Participant 08 Independent Consultant, 

Former Chief Executive Officer 

- Crossrail Ltd. 

44 years BSc 
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Appendix 04: Delphi round 01 questionnaire 

 

“Understanding the cost overrun causation in construction megaprojects – A 

grounded systems approach” 

Delphi Survey to Validate the Systems Map and Propositions 

Thank you for agreeing to participate in the first round of this Delphi survey. 

Background of the research: This research study focuses on identifying causal linkages 

between the causes and events that lead to cost overruns in construction megaprojects and 

provide a holistic understanding of the complexity of these causal interactions using 

systems thinking approach. 

The following model (systems map/causal-loop diagram) and the propositions explaining 

the causal linkages have been developed using the ‘California High-Speed Rail’ project 

as a case that has faced massive amounts of cost overruns and delays.  The data has been 

gathered from the interviews with the professionals and stakeholders involved in the 

project, and review of project reports and newspaper articles.  

Four systems maps – Ignorant Strategic Leadership, Immature Project Organisation, 

External Actor Resistance, and Political Power Relations have been developed using 

grounded theory as the data analysis method and several intervention points (leverage 

points) where corrective actions could be applied have been identified.  Seven (07) 

propositions that emerged from the data analysis are included to explain the drivers of 

each systems map and their cause and effect relationships. 

Purpose of the Delphi survey: You have been selected to participate in round 01 of 

this Delphi survey as an expert who has professional/research experience in the 

construction industry and have been involved with construction megaprojects over 1 

Billion USD in value. 

As the panel of experts, you are kindly requested to provide your 

agreement/disagreement on the developed model, propositions, leverage points, and 

propose corrective actions which could change the overall outcome (cost overrun) of a 

project.  Your comments on the systems map, propositions for agreement/disagreement, 

and any recommended changes for the propositions will be highly appreciated. 
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The information shared is completely confidential, and will be stored securely, assuring 

anonymity of individuals and/ or institutions. 

Causal-loop diagram (Systems map) of cost overrun problem in construction 

megaprojects (based on California High-Speed Rail project) 
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Causal-loop diagram symbols 

Symbol Explanation 

 

 

Positive causality: All else equal, if either (a) A adds to B or (b) a 

change in A produces a change in B in the same direction (when A 

increases, B increases, and when A decreases, B decreases). 

For example, as grounded in data, optimism bias caused risk 

negligence, therefore, when optimism bias increases risk 

negligence also increases. 

 

 

Negative causality: All else equal, if either (a) A subtracts from B 

or (b) a change in A produces a change in B in the opposite 

direction (when A increases, B decreases, and when A decreases, 

B increases). 

For example, ignorance could have been reduced by adding 

technical expertise. Therefore, an increase in technical expertise 

results in a decrease in ignorance. 

 

                  

Clockwise reinforcing-loop (positive): A loop in which an action 

produces a result that influences more of the same action thus 

resulting in growth or decline. 

 

                

Counter clockwise reinforcing-loop. 

                  

Clockwise balancing loop (negative): A balancing loop attempts to 

resist change in one direction by producing a change in the 

opposite direction. 

 

                

Counter clockwise balancing-loop. 

 

Delay: A time delay in a feedback loop. 

 

The emerging complex problem being analysed (cost overruns). 

 

A leverage point where a corrective action or a solution could be 

applied.  

           

A shadow variable: A variable that is defined elsewhere in the 

systems map.  No arrows can enter (cause) shadow variables.  

Arrows can leave shadow variables. 

A B

+

A B

-

R

R

B

B

A B

AB

AB

<A>
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A shadow variable connecting another variable in the system. 

 

Validation of the systems map for its applicability and generalisability in 

understanding the cost overrun causation in construction megaprojects 

Please carefully examine the above model (systems map) and state your 

agreement/disagreement on the causes, events, linkages, and the illustration of the 

diagram. 

Based on your experience in construction megaprojects, do you agree/disagree that the 

above model (systems map) is a true representation of the cost overrun causation in 

construction megaprojects? 

1 = Strongly 

Disagree 
2 = Disagree 

3 = Neither 

Agree/Disagree 
4 = Agree 

5 = Strongly 

Agree 

 

 

 

 

 

 

Based on your experience in construction megaprojects, do you agree/disagree that the 

above model (systems map) is applicable to represent the cost overrun causation in any 

construction megaproject? 

 

 

 

 

 

 

B
<A>

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments: 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments: 
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Please examine the following propositions explaining causal relationships within the 

developed systems map propose corrective actions to the leverage points which could 

change the overall outcome (cost overrun) of the project. 

Proposition 01 

Strategic decision-makers (Client/project sponsor) who are unconsciously ignorant of 

how deficient their expertise is when planning and initiating public megaprojects, create 

immature project organisations. 

Leverage point: Ignorance 

 

 

 

 

 

 

Proposition 02 

When planning and initiating public megaprojects, high levels of ignorance, cognitive 

biases, political pressures, and overcommitment collectively result in impulsive decisions 

made by strategic decision-makers (Client/project sponsor). 

Leverage point: Impulsive Decisions 

 

 

 

 

 

 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

Suggested corrective actions: 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

Suggested corrective actions: 



323 

 

Proposition 03 

Project organisations initiating public megaprojects with an undefined scope, incomplete 

designs, unrealistic cost and schedule estimates, and insufficient management personnel 

are likely to result in scope creep and additional costs when they are encountered with 

technical, economic, political, social, and legal risks. 

Leverage point: Incomplete Scope, Cost Underestimation 

 

 

 

 

 

 

Proposition 04 

Bureaucratic governance within the project organisations and state agencies negatively 

affects the decision-making process at various levels and stages of a project. 

Leverage point: Bureaucracy 

 

 

 

 

 

 

Proposition 05 

Public megaprojects are laid on political commitment and are prone to conflicting 

consensus on the project scope and funding certainty if faced with high levels of political 

polarisation and regime changes.  

Leverage points: Commitment, Polarisation, Funding Availability 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

Suggested corrective actions: 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

Suggested corrective actions: 
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Proposition 06 

Low levels of external actor relationships (i.e. stakeholder engagement and third-party 

negotiations on asset acquisition, utility relocations, and environmental clearance) will 

augment the likelihood of delays and cost overruns caused by legal actions (i.e. protests, 

disputes, lawsuits, and compensation). 

Leverage points: Stakeholder engagement, third-party negotiations, community 

opposition 

 

 

 

 

 

 

Proposition 07 

Cost overruns in megaprojects is an emergent ‘symptom’ caused by multiple inter-related 

causes and events occurring at different levels and phases of the project thus cannot be 

attributed to one single cause.  

 

 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

Suggested corrective actions: 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

Suggested corrective actions: 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

Suggested corrective actions: 
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Appendix 05: Delphi round 02 questionnaire 

 

“Understanding the cost overrun causation in construction megaprojects – A 

grounded systems approach” 

Delphi survey to validate the propositions and corrective actions 

Thank you for agreeing to participate in the second round of this Delphi survey.  The 

expert panel agreed that an accurate representation of the cost overrun problem and its 

underlying causes is provided in the systems map.  The model was, therefore, considered 

validated with no further changes.  Your recommendations for further improving the 

propositions, and the suggested corrective actions for the systems map have been 

immensely valuable, and I have modified the propositions accordingly.  Based on the 

expert panel’s recommendations of the first Delphi round, propositions 02, 03, 04, and 05 

have been modified and propositions 01, 06, and 07 remain unchanged.  Please find the 

attached summary of the first Delphi round results for your reference. 

Purpose of the Delphi survey: You have been selected to participate in round two of 

this Delphi survey as an expert who has professional/research experience in the 

construction industry and have been involved with construction megaprojects over 1 

Billion USD in value.  As the panel of experts, you are kindly requested to review the 

summarised comments and provide your judgements on the modified propositions, 

leverage points, and the corrective actions which could change the overall outcome (cost 

overrun) of the project.  Your comments on the propositions, and the corrective actions 

and any recommended changes will be highly appreciated. 

The information shared is completely confidential, and will be stored securely, assuring 

anonymity of individuals and/ or institutions. 
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Summarised results of the first round (08 Respondents) 

Aggregated comments on the systems map Round one score (Mean, Median, Standard 

Deviation, Coefficient of Variation) 

Causal relationships and leverage points are 

clear.  An accurate representation of the cost 

overrun problem in megaprojects is provided.  

However, when considering a megaproject and 

the number of variables associated with it, it 

would be impracticable to show each and every 

single relationship occurring at various stages of 

a project in one diagram. 

4.13, 4.00, 0.64, 0.16 

4.13, 4.00, 0.64, 0.16 

Proposition 

no. 

Aggregated comments Recommended 

corrective actions for 

leverage points 

(Aggregated) 

Round one score 

(Mean, Median, 

Standard Deviation, 

Coefficient of 

Variation) 

P1 Decision-makers often do not 

articulate clear strategic 

outcomes that the project is to 

deliver instead burying any such 

notions in a pile of platitudes.  On 

megaprojects, it is not possible 

that a single individual can 

understand all of the nuances of 

the factors that will influence the 

project.   Immature project 

organisations seek to return to a 

plan which may no longer deliver 

what is required.  Denial is a trait 

of poor performing owner teams.  

Therefore, it is essential that a 

decision-making methodology is 

used - which forces consideration 

of multiple factors and that 

unbiased expert advice is taken at 

the outset of the project. 

Decision-makers with the 

right expertise and 

knowledge, information 

availability, acceptance 

of own ignorance, early 

agreement over a 

decision-making 

methodology, use of 

unbiased expert advice 

4.25, 4.00, 0.71, 0.17 

P2  Often decision-makers have 

selective listening, only hearing 

what they want to hear.  A 

decision-maker needs to 

encourage dissent.  When elected 

officials are the decision-makers, 

they may be honest, willing to 

listen to info, but this is just one 

of many issues on their plate, they 

have limited time to devote to it, 

and they depend to some extent 

on their staff, who also may be 

only partially informed.  And 

some are as interested in what 

contributors and supporters want 

to see.  Decision-makers would 

prefer to delay any budget bad 

Continuous stakeholder 

engagement with project 

teams and contractors, 

communication, setting 

out realistic strategic 

objectives and timelines, 

the decision to build after 

securing continuous 

funding, accountability 

for the actions and 

outcomes, understanding 

and acceptance of own 

biases 

4.38, 4.00, 0.52, 0.12 
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news as long as possible, putting 

the funding agencies in a difficult 

position. 

P3  With realistic budgets, many of 

these megaprojects would not get 

built.  Optimistic estimates are 

often a political imperative.  A 

project needs strategic objectives 

and scope defined, but decisions 

have to be made on megaprojects 

well before the design could 

possibly be completed and 

detailed cost and schedule 

estimates could be made.  The 

greater the level of political 

interest the more likely it is that 

an early, inappropriate, decision 

is made. 

Definite strategic 

objectives and scope, 

realistic cost and 

schedule estimates with 

realistic contingencies 

allocated for risks and 

inflation, finalising third-

party agreements prior to 

initiating construction 

3.88, 4.00, 1.13, 0.29 

P4 It could also be argued that if this 

is the bureaucracy that clients or 

suppliers know that they will be 

working with then they should 

take account of it in the schedule.  

This is a known risk on most 

projects that is often simply 

ignored.  Also, publicly funded 

projects necessarily have more 

bureaucracy (procurement and 

legal) than private projects.  This 

is usually because the 

procurement and legal specialists 

do not report directly to the 

project manager. 

Setting out realistic 

timelines for project 

approvals, 

communication, early 

agreement over the 

information flow and the 

construction schedule, 

removal of “slow 

channels” within the 

information flow 

4.38, 4.00, 0.52, 0.12 

P5  The political agenda will always 

be controlled by the party in 

power, and they will often 

attempt to use the positive impact 

of megaprojects as a way of 

maintaining power.  Continuous 

and adequate funding is 

absolutely critical.  Projects 

suffer from inadequate and 

unreliable funding caused by 

unrealistic promises from the 

promoters. 

Transparency on real 

project costs, continuous 

availability of funding 

regardless of the political 

agenda, avoiding false 

promises for re-election 

4.00, 4.00, 0.76, 0.19 

P6 Consultation in megaprojects is 

driven by legislation and should 

not come as a surprise to anyone 

contemplating a megaproject.  

Client teams often seek to 

‘manage stakeholders’.  That is 

not possible.  The best you can do 

is engage.  Making that mindset 

change is often the difference 

Continuous stakeholder 

engagement with project 

teams and contractors, 

early contractor 

involvement and 

allocating realistic 

schedules for third-

party/stakeholder 

requirements 

3.88, 4.00, 0.99, 0.26 
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between success and failure.  

With patience and time, most of 

the legal issues can be resolved - 

but not if the project budget is 

success-based and does not allow 

for adjustments caused by 

political compromise of legal 

delays. 

P7 Cost overruns are definitely 

multivariate and can result from a 

wide range of factors.  Although 

the situation would likely vary 

from one megaproject to another, 

the proposition is accurate.  

However, there is no good metric 

for complex problems (or even 

relative complexity to compare 

approach A to approach B).  We 

treat megaprojects as closed 

systems when they are very much 

open systems.  And the problems 

they face are also ‘grand’.  Gantt 

and Fayol lived with projects that 

were very much closed systems 

with limited and highly visible 

coupling between activities.  That 

is not the world of megaprojects.  

‘Classical’ project management 

theory fails at scale when 

megaprojects encounter complex 

problems, yet we keep trying to 

perfect it.  The emergence of cost 

overruns may be real, but they are 

not inevitable. 

Systemic thinking before 

making decisions and 

taking new actions, 

understanding how the 

actions/changes could 

affect the whole project 

resulting in cost overruns  

4.25, 4.50, 1.04, 0.24 

 

Please examine the above corrective actions that can be applied to the leverage 

points where the cost overrun problem could be alleviated and provide your 

comments, agreement/disagreement with the corrective actions. 

 

 

 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on the corrective actions: 
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Please examine the following propositions (propositions 01, 06 and 07 are unchanged 

and propositions 02 – 05 have been modified) that explain the causal relationships 

within the developed systems map and provide your agreement/disagreement. 

Proposition 01 

Strategic decision-makers (Client/project sponsor) who are unconsciously ignorant of 

how deficient their expertise is when planning and initiating public megaprojects, create 

immature project organisations. 

Leverage point: Ignorance 

 

 

 

 

 

Proposition 02  

High levels of selective listening, ignorance, cognitive biases, political pressures, and 

overcommitment will collectively result in impulsive decisions made by strategic 

decision-makers (Client/project sponsor). 

Leverage point: Impulsive Decisions 

 

 

 

 

 

Proposition 03  

a. High levels of impulsive decision-making (i.e. caused by ignorance, cognitive biases, 

direct or indirect political influence) result in project initiation with an undefined scope, 

unrealistic cost and schedule estimates. 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 
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b. Project initiation with an undefined scope will escalate the risk of scope creep and 

additional costs due to changes during construction. 

Leverage point: Incomplete Scope, Cost Underestimation 

 

 

 

 

 

Proposition 04 

High levels of organisational bureaucracy within immature project governance structures 

negatively affect the decision-making process (i.e. delays on project approvals and 

information flow) at various levels and stages of a project.  

Leverage point: Bureaucracy 

 

 

 

 

 

Proposition 05  

a. High levels of commitment, unrealistic promises (i.e. using megaprojects as a 

mechanism of maintaining power, strategic misrepresentation), and promotion will 

manipulate the decision to approve megaprojects. 

b. High levels of political polarisation (i.e. due to regime changes, project 

(under)performance) negatively affect the consensus on the project scope and funding 

certainty during execution.  

Leverage points: Commitment, Polarisation, Funding Availability 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 
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Proposition 06 

Low levels of external actor relationships (i.e. stakeholder engagement and third-party 

negotiations on asset acquisition, utility relocations, and environmental clearance) will 

augment the likelihood of delays and cost overruns caused by legal actions (i.e. protests, 

disputes, lawsuits, and compensation). 

Leverage points: Stakeholder engagement, third-party negotiations, community 

opposition 

 

 

 

 

 

Proposition 07 

Cost overruns in megaprojects is an emergent ‘symptom’ caused by multiple inter-related 

causes and events occurring at different levels and phases of the project thus cannot be 

attributed to one single cause. 

 

 

 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 

☐ Strongly Disagree      ☐ Disagree     ☐ Neither Agree/Disagree    ☐ Agree     ☐ Strongly Agree 

Your comments on this proposition: 

 

 


